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Foreword 

When we published Ed Solari's first book "AT Bus Design" in 
early 1990, the PC revolution had been under way for over eight 
years. And for all of those years, clones and add-on cards had been 
designed by hundreds of designers working without a formal and 
uniform specification. Millions of pes and tens of millions of add
in cards were produced, sold to the masses, installed usually by 
amateurs, and, in spite of the nearly limitless number of possible 
combinations, the resulting systems almost always worked. Truly a 
tribute to the conservative original designers at IBM, and to the 
idea of an open architecture. Unfortunately, however, not quite so 
open as to provide engineers with everything they needed to know. 
So let's also have a round of applause for all the nervous designers 
betting their company on their reverse engineering talents! 

As the performance demands on the PC grew, designs became 
less and less conservative. The need for publicly available 
specifications grew as the bus speed increased and the timing 
tolerances became tighter. One result was the formation of the 
IEEE 996 committee, which reverse engineered the newly-named 
Industry Standard Architecture (ISA) bus so that a uniform 
standard could be published. And since Solari and Annabooks 
came out with "AT Bus Design" we have shipped thousands of 
copies to over 60 countries. 

The Extended Industry Standard Architecture (EISA) bus is 
being formally specified from the start, as is necessary for a higher
performance bus. And an important consideration is backwards 
compatibility to the ISA bus. So while the pure 32 bit portion of 
the EISA bus (or 64 bits for Fast EISA) holds promise for a fresh, 
pristine architecture, the important requirement for ISA 
compatibility adds a great deal of complication. Which brings us to 
this book. 

There are now, and probably always will be, more ISA designs 
in progress than EISA designs. Just the growth in popularity of ISA 
compatibility for embedded systems practically guarantees this. So 



we don't want to force the ISA designer to extract from the EISA 
specification the information he needs to produce his design. On 
the other hand, we didn't want to keep "AT Bus Design" in print. 
The reason is that Ed wants to present ISA in an improved way, 
more consistent with the way in which EISA is presented. So aside 
from correcting a few errors in the original book, the most 
important consideration is a slightly different, more consistent, and 
better organized presentation. 

The first part of each chapter covers ISA, so the ISA designer 
shouldn't have too much concern with the rest of the material until 
it is needed. The remainder of each chapter concerns E-ISA (8 
and 16 bit systems that use some of the EISA features) and EISA. 
Much of the remaining detail involves the mixture of 8, 16,24, and 
32 bit platforms and resources. We've tried to bring order to the 
bewildering array of possibilities. 

As Ed points out in the Preface, there are actually two sets of 
numbers presented in this book. It should always be clear which 
direction the conservative designer should go. When adequate 
time has not been allowed for bus settling times, Ed says so, and 
suggests an appropriate number. And if the designer uses a 
different pull-up value or has a different capacitive load, the effect 
should be evident. The important thing is to build stuff that works. 

It's been a pleasure to work with Ed on such a challenging 
subject. His productivity and attention to detail are amazing. And 
we've also been impressed, along with the students, by his classes at 
Annabooks University. The direct feedback we get from you, the 
designer, is valuable in organizing material for presentation in 
person or in a book. So we all benefit from your comments. Please 
let us hear from you. 

John P. Choisser 
Annabooks 
San Diego, California 



Preface 

The ISA bus, based on the IBM AT, continues to dominate the 
personal computer platform architecture. As more power is 
needed for network servers and workstations, some platforms are 
implementing the Enhanced ISA (EISA) bus as an extension of the 
ISA bus. The widening use of these two busses requires solid bus 
specifications. The lack thereof is the key motivation for writing 
this book. 

The ISA bus at first evolved without any generally-available 
written specifications, in spite of the highly desirable open nature 
of the architecture. The IEEE 996 committee and my previous 
book "AT Bus Design" attempted to document the architecture, 
timing, and mechanical specifications to promote the compatible 
design of ISA platforms and add-on cards. The early versions of 
the EISA bus specification from COMPAQ also attempted to 
document the ISA bus, as well as the enhancements added to form 
the EISA bus. This book represents the next step in documenting 
both the ISA and EISA busses. It corrects errors in the IEEE 996 
specification that "AT Bus Design" was based upon and clarifies the 
bus operation as outlined in both my previous book and the 
COMPAQ EISA specification. In addition, this book provides 
missing information in the EISA specification to insure proper 
operation of EISA or ISA add-on cards installed in EISA 
compatible platforms. 

You will notice that this book contains two sets of A.C. bus 
timings. One set is from the EISA Rev. 3.12 bus specification. 
This specification does not always indicate if the timings were 
based on an 8.00 or 8.33 MHz bus clock, does not always include 
sufficient bus settling time, and, in some cases, is overly restrictive 
in its A.C. timing requirements. Consequently, the other set of 
numbers represents a recalculation that includes bus settling, and 
includes entries for both 8.00 and 8.33 MHz bus clocks. Also, 
where the EISA bus specification was unclear, too restrictive, or 
incomplete, the recalculations have used the Intel 350DT chip set 



timings as the defacto standard. (After all, in some ways the EISA 
standard has been guided by the implementation of the bus by the 
Intel chip set.) 

Both Annabooks and I are interested in the continuing 
evolution, clarification, and corrections to this book. Please direct 
any related inputs to Annabooks. 

Finally, special thanks to John Choisser of Annabooks for the 
editing and data transcription. Also special thanks to Phil Vargas 
of Designline Creative Services for the graphics and jacket design. 

Ed Solari 
Monmouth, Oregon 



CHAPTER ONE 

ARCHITECTURAL OVERVIEW 

INTRODUCTION 


There are now three basic iterations of the IBM Personal 
Computer: the original PC, the XT, and the AT. The platform 
CPU for the PC and XT is the 8 bit Intel 8088, and for the AT it is 
the 16 bit Intel 80286. The platforms vary in other ways besides the 
processor, such as memory capacity, existence of an audio cassette 
interface, and the number of slots for the add-on cards. There are 
two versions of the add-on card slots: the 8 bit slots on the PC and 
XT, and the 8 and 8/16 bit slots on the AT. 

The PC and XT both use the Intel 8284A chip for clock 
generation, the Intel 8288 chip for bus control, a 4.77 MHz 
platform CPU and bus clock, and the Intel 8237 A-5 DMA 
controller. The operation of the 8 bit slots on the two platforms is 
identical, and establishes the standard 8 bit compatibility for 
processor access cycles and DMA transfer cycles. Both platforms 
use one of the DMA channels to execute refresh cycles on the bus. 

The AT differs from the PC and XT in other ways besides 
processor type and the data width of the bus slots. First, the AT 
uses the Intel 82284 chip for clock generation and the Intel 82288 
chip for bus control. Second, the AT comes in two versions with 
two different system and platform CPU clocks: 6 and 8 MHz. 
Third, additional DMA channels and interrupt signal lines are 
present on the bus. Fourth, add-on cards can replace the platform 
CPU as the bus owner. Fifth, an additional signal line is available 
to support faster no-wait-state cycles. Finally, the refresh cycle 
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execution by the DMA controller on the PC and XT is replaced by 
discrete circuitry. 

The differences in the AT relative to the PC and XT are further 
complicated because companies other than IBM have replaced the 
platform CPU with the Intel 80386 or 80486 CPUs. The use of 
these CPUs eliminates the use of the Intel bus controller and clock 
generation chips, and permits the use of other platform CPU clock 
frequencies. 

Compaq has introduced a further extension of the mM 
Personal Computer. This extension supports all PC, XT, and AT 
hardware (add-on cards) and software. Additionally, it supports an 
enhancement for a bus width of 32 data bits in a 32 bit address 
space. 

In order to permit the development of add-on cards in some 
reasonable fashion, the IEEE, Intel, and a consortium of 
companies (lead by Compaq) have developed three sets of bus 
specifications. The IEEE and Intel have focused on the 8 and 8/16 
bit slots of the AT as the standard. The COMPAQ-led consortium 
also focused on the 8 and 8/16 bit slots of the AT as part of its 
expanded 32 bit standard. 

In developing the EISA bus specification, the COMPAQ-led 
consortium added features beyond the increase of the data and 
address width. Some of these features can be used by ISA 
platforms that only support 8 and 8/16 bit slots. Thus, for the 
purposes of this book, the following definitions will be used: 
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ISA refers to the PC, XT (8 slot), and AT compatible (8 or 8/16 
slot) bus specification. It does not use any of the enhancements of 
the EISA bus specification, and does not have the extra connector 
pins to support the enhanced 32 data bit EISA bus. 

An E-ISA platform is the same as an ISA platform, except it 
includes those EISA enhancements that do not require EISA cycles 
or the additional pins of the 8/16/32 bit EISA slots. An E-ISA 
platform can be viewed as the 8 and 8/16 bit slots of an EISA 
platform that uses only ISA compatible signal lines. 

An EISA platform conforms to the full EISA bus specification, 
which includes all of the ISA and E-ISA features. It also contains 
extra circuitry and connector pins to support EISA cycles and 8, 
8/16, and 8/16/32 bit EISA slots. In that the additional signal lines 
needed to support EISA are not included in the 8 and 8/16 bit 
slots, by definition these slots are E-ISA compatible. 

Finally, by definition, the references to ISA compatible signal 
lines also apply to E-ISA. 

ISA COMPATIBLE PLATFORM 

The ISA platform is the basic model for all PC, XT, and AT 
platforms. (See Figure 1-1.) The basic platform consists of the 
following: 

HOST BUS 

This is the generic bus for all platform resources (i.e. the 
resources not attached via the connectors on the ISA bus). On 
most systems, the Host bus consists of several busses; usually the 
platform CPU and cache are one bus, the platform memory 
another, and the balance of the resources are on a third bus. 
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ISABUS 

This is a set of connectors interconnected by the ISA bus signal 
lines. Each connector site is called a slot. Two types of connectors 
can reside at each slot: 8 bit and 8/16 bit. The 8 bit slot is a single 
62 pin connector, and only supports 8 bit add-on slave cards. The 
8/16 bit slot contains both the 8 bit slot 62 pin connector and an 
additional 36 pin connector. This expanded connector supports a 
larger address space, additional DMA channels, additional 
interrupt request lines, and additional data lines. The expanded 
connector also allows add-on bus owner cards to be used. PC and 
XT compatible platforms only support the 8 bit slot (62 pin 
connector). 

PLATFORM CPU 

This is the primary CPU of the platform. It is the first bus 
owner after power up and after every reset. All other bus owners 
must obtain bus ownership by halting code execution by the 
platform CPU. It is directly tied to the clock circuitry which drives 
the bus clock; consequently, it is the only resource that can use the 
no-wait-state access cycles. For software compatibility, it must be 
compatible to the Intel 8088, 80286, 80386, 80486, X86 family of 
processors. 

MATH CO-PROCESSOR 

This resource is a companion to the platform CPU. It is an 
option that computes math-related functions faster than the 
platform CPU. It is invisible to the slot in terms of bus cycles. In 
some of the more advanced Intel processors, it is integrated into 
the platform CPU. 
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CACHE 

This is a high speed memory resource accessible only by the 
platform CPU. 

MEMORY 

Memory resources can exist either on the platform or on the 
bus as an add-on slave card. Platform memory can be of any byte 
width compatible to the platform CPU. The data width of the add
on memory slave card does not have to match the platform CPU. 
Circuitry exists to compensate for data size mismatches. 
Conversely, the data size for bus owner add-on cards accessing the 
platform memory does not have to match the data size of the 
platform memory. Platform memory is commonly implemented 
with DRAM. 

DMA CONTROLLER 

This is one of the platform resources that can become system 
owner. Its purpose is to transfer data between I/O and memory 
resources with minimum circuitry needed by either resource. It is 
the only resource on the bus that monitors the DMA signal lines on 
the bus. An active DMA request signal line will cause the DMA 
controller to obtain bus ownership and execute transfer cycles. 

On an ISA or E-ISA platform, the DMA controller also 
operates as the arbiter for the system ownership by the platform 
CPU, DMA controller, refresh controller, and add-on bus owner 
cards. 

REFRESH CONTROLLER 

This is one of the other platform resources that can become 
system owner. Its purpose is to execute refresh cycles for platform 
and bus memory components. On the PC and XT it is actually a 
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DMA channel 0 cycle. On the AT, E-ISA and EISA compatible 
platforms it is composed of separate dedicated circuitry. 

INTERRUPT CONTROLLER 

This platform resource supports all of the bus interrupt request 
signal lines. The software can enable or disable individual 
interrupt channels. An active interrupt signal line on an enabled 
channel generates an interrupt to the platform CPU, and provides 
information to identify which interrupt signal lines are active. 

KEYBOARD and MOUSE 

On the PC and XT platforms, the keyboard interface is handled 
by discrete circuitry. On the AT, E-ISA, and EISA compatible 
platforms, this function is provided by the Intel 8042 
microcontroller with a built-in BIOS. Recent platforms have 
implemented the mouse interface using the Intel 8042. 

VIDEO 

There is a wide variety of video controllers that are software 
compatible. The reading and writing of registers and video 
memory creates a display on the user's CRT. 

TIMER and REAL TIME CLOCK (RTC) 

These platform resources are needed for software compatibility 
and have no direct relationship with the ISA bus. The timer 
generates a pulse every 15.6 microseconds to the refresh circuitry 
to request a refresh cycle. The real time clock provides time and 
date information. 
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INTERFACE CIRCUITRY 

This circuitry consists of three parts: Control Interface, Address 
Buffer, and Data Buffer with Swap. The purpose of these platform 
resources are to interface the resources on the host bus with the 
resources on the ISA bus. 

- Control Interface: Translates the Host Bus control lines 
protocol to the ISA bus control lines protocol and vice 
versa. 

- Address Buffer: Buffers the address signal lines between 
the two buses. 

- Data Buffer With Swap: Buffers the data signal lines 
between the two buses. It also contains the circuitry to 
swap data between the low and high byte lanes for data 
size mismatches. 

ADD-ON CARDS 

The bus allows for the insertion of add-on cards. Add-on cards 
that only respond to access, transfer, or refresh cycles are defined 
as add-on slave cards. Add-on cards that can become bus owners 
are defined as add-on bus owner cards. An add-on card may be of 
both types; but, for a given bus cycle, it can only be either a bus 
owner or a slave. 

ISA add-on slave cards will work on AT compatible platforms. 
The ISA 8 bit version of these cards will also work on PC and XT 
platforms. 

Add-on bus owner cards can only be installed in AT compatible 
platforms of the ISA family. 
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E·ISA COMPATIBLE PlATFORM 

The lack of a generally available industrial standard for the AT 
bus, prior to the efforts of Intel, the IEEE P996 committee, and the 
EISA consortium, has resulted in the defacto ISA standard. 
Unfortunately, this defacto standard has had to reflect design 
errors in early platforms, misinterpretation of bus cycles, and other 
types of errors and inconsistencies. The operation of the 8 and 
8/16 bit slots in a platform compatible with the EISA bus 
specification must maintain compatibility with the ISA standard, at 
the same time allowing the use of the enhancements outlined in the 
EISA bus specification. In order to differentiate between 8 and 
8/16 bit slots on platforms that adhere to the ISA standard versus 
platforms and add-on cards that adhere to the full EISA bus 
specification, the concept of E-ISA compatible platforms and add
on cards has been adopted. 

THE E-ISA COMPATIBLE PLATFORM SHOULD BE 
VIEWED SIMPLY AS A CONCEPT. IT IS USED TO 
DISTINGUISH BETWEEN "HISTORICAL" ISA BUS 
PLATFORMS (PC, XT, and AT) AND THE "ENHANCED" ISA 
BUS (8 AND 8/16 BIT SLOTS CONFORMING TO THE EISA 
BUS SPECIFICATION). 

An E-ISA compatible platform is conceptually the same as the 
ISA compatible platform. It only supports 8 and 8/16 bit slots, and 
is compatible with ISA add-on cards. However, it provides 
enhancements provided by the EISA bus specification that can be 
exploited by E-ISA compatible add-on cards. 

An E-ISA add-on card is conceptually the same as an ISA add
on card. It can function in ISA and E-ISA 8 and 8/16 bit slots, and 
can also be used in a platform that adheres to the full EISA bus 
specification. 

The significance of an E-ISA compatible platform is that it is an 
enhanced ISA platform that only adopts the 8 and 8/16 
"asynchronous" slots of the EISA bus specification. It does not 
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adopt the additional overhead of the full 8/16/32 "synchronous" 
slots of the EISA bus specification. 

The enhancements of an E-ISA compatible platform or add-on 
card versus an ISA compatible platform or add-on card are as 
follows: 

- Configuration space is supported. 

-I/O space addressing is slot specific. 

- Maximum frequency of the BCLK signal line is 8.33 MHZ. 

- The INTERRUPT signal lines can be programmed for 
edge or level trigger. The level trigger provides the 
"ORING" of several interrupts on a single INTERRUPT 
signal line. 

- The IOCHRDY and DRQx signal lines are referenced to 
the BCLK signal line. 

- The SRDY* signal line (permitting no-wait-state access 
cycles) can be supported by add-on bus owner cards. 

- 8 data bit memory and I/O resources support an expanded 
definition of no-wait-state access cycles. 

- Any DMA channel may be programmed for 8 or 16 bit 
transfers. 

- Add-on I/O slave cards can support faster DMA transfer 
rates (TYPE A and TYPE B). 

- The TC signal line is bi-directional. 
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CONFIGURATION SPACE 

Except for the Configuration Space, the above enhancements 
do not change the architecture of the platform or add-on cards. 
The Configuration Space consists of input and output registers 
within the I/O address space which are reserved for platform and 
add-on card configuration. These input and output registers allow 
software configuration and monitoring of hardware. (See Figure 1
1.) 

E-ISA add-on slave cards will work on AT platforms. The 8 bit 
version of these cards will also work on PC and XT platforms. Any 
software written for these add-on cards must be adjusted for the 
loss of the configuration space when these cards are installed in an 
ISA compatible platform. 

E-ISA add-on bus owner cards can execute cycles 
commensurate with an 8.33 MHz BCLK signal line frequency. On 
an AT platform, the E-ISA add-on bus owner card must execute 
cycles commensurate with an 8 MHz BCLK signal line frequency. 
E-ISA add-on bus owner cards cannot be installed into PC or XT 
compatible platforms. 

CONTROL INTERFACE WITH ARBITER & AENx 
CONTROL 

This functional block is enhanced over the version used for an 
ISA compatible platform. The Arbiter actually only applies to the 
EISA compatible platform. The AENx CONTROL function is 
used by both E-ISA and EISA compatible platforms. The AENx 
CONTROL circuitry decodes a portion of the I/O address space, 
and drives individual AENx signal lines to the slots to support 
specific slot I/O addressing. 
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EISA COMPATIBLE PLATFORM 

The EISA platform is conceptually identical to an ISA 
compatible platform with enhancements outlined for the E-ISA 
compatible platform. Its support of 8 and 8/16 bit slots is the same 
as the slots on an E-ISA compatible platform. The major 
distinction for EISA is that some slots have a special connector. 
The design of the connector allows add-on cards compatible to ISA 
or E-ISA compatible platforms to use the slot without contacting 
the EISA specific signal lines. The special connector supplies 
additional ADDRESS and DATA signal lines, additional add-on 
bus owner card support functions, and synchronous control signal 
lines to support EISA compatible add-on cards. The extra 
ADDRESS and DATA signal lines provide a full 32 data bits over 
a four gigabyte address space. The additional add-on bus owner 
card functions provide a more sophisticated arbitration structure 
for the card to become bus master. 

The synchronous control signal lines provide a new set of 
capabilities. The ISA and E-ISA buses are essentially 
asynchronous; that is, most of the signal lines on the 8 and 8/16 bit 
slots become active and inactive independent of the BCLK signal 
line. The EISA compatible platform bus still operates the signal 
lines on the 8 and 8/16 bit slots asynchronously, but some 
additional cycle types unique to EISA are executed using only the 
synchronous control signal lines on the special connector. The 
support of both asynchronous and additional synchronous cycles 
allows EISA compatible platforms to be compatible with ISA and 
E-ISA compatible add-on cards, and also provides a method for 
improved bus performance with the synchronous cycles. 

Even though the SRDY* signal line on the ISA platform is 
synchronized to the BCLK signal line, the ISA platform is still 
defined as an asynchronous bus. Similarly, an E-ISA platform is 
essentially an asynchronous bus, even though it does synchronize 
some other bus signal lines. 

The EISA specific functions shown in Figure 1-1 are as follows: 
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CONTROL INTERFACE WITH ARBITRATION &. AENx 
CONTROL 

The existence of slots on an EISA compatible platform that 
support 8 and 8/16 bit slots with asynchronous cycles and 8/16/32 
bit slots with synchronous cycles presents some problems. First, the 
EISA bus must be able to execute both asynchronous and 
synchronous access cycles using two sets of control lines. Thus, an 
EISA compatible platform adds some functions to the ISA or E
ISA compatible CONTROL INTERFACE. It functions in the 
same fashion on the ISA and E-ISA platforms; that is, it translates 
the CONTROL signal lines between HOST and ISA, E-ISA, or 
EISA bus. It also translates the control signals when an add-on bus 
owner card accesses platform resources. In addition, it provides an 
interface between EISA and ISA or E-ISA compatible add-on bus 
owner cards and ISA or E-ISA and EISA compatible add-on slave 
cards, respectively. 

Another functional difference between EISA and ISA or E-ISA 
compatible platforms is arbitration. On an ISA or E-ISA platform, 
the arbitration for system ownership is through the DMA 
controller. This is also true on an EISA platform for ISA and E
ISA compatible add-on bus owner cards. For EISA compatible 
add-on bus owner cards, the arbitration is not through the DMA 
controller. Separate circuitry is added to arbitrate for system 
ownership between platform CPU, DMA controller, refresh 
controller, and EISA compatible add-on bus owner card. 

SUMMARY OF BUS STANDARD DIFFERENCES 

Tables 1-1 to 1-5 are summaries of the differences between 
platforms relative to the platform CPU, add-on cards, and DMA 
controllers. The other chapters in this book will explain these 
differences in detail. 

Table 1-1 provides an overview of the different attributes of the 
platforms, aside from the EISA compatible platform supporting 
EISA specific cycles. Of particular note is the DATA SIZE 
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column, which indicates the "rated" data size of the bus master or 
resource. The actual data size of access or transfer cycle is a 
"subset" of the rated size. That is, a 16 data bit resource supports 
the access or transfers of 8 and 16 data bits. A 32 data bit resource 
supports the access or transfer of 8, 16, 24, and 32 data bits. 

IOCHRDY MAX INTERRUPT CONFIG I/O SLOT MEMORY I/O DATA DATA 
PLATFORM REF. TO BCLK TRIGGER SPACE ADDRESS ADDRESS ADDRESS SIZE SIZE 

BCLK (MHZ) SPACE SPACE MISMATCH 

PC/XT NO 4.77 EDGE NO NO 1 M 768 + 8 NA 
(3) 256 FOR 

PLAT. 

AT NO 8.00 EDGE NO NO 16 M 768 + 8 DOUBLE 
(3) 256 FOR 16 MASTER 

PLAT. CYCLES 

E-ISA YES 8.33 EDGE/LEV YES YES 16 M 768 + 8 DOUBLE 
+ 1K / 16 MASTER 
SLOT(1) CYCLES 

EISA YES 8.33 EDGE/LEV YES YES 4 G 768 8 SINGLE 
+ 1K / 16 MASTER 
SLOT(1) 32 CYCLE(2) 

TABLE 1-1: GENERAL PLATFORM FEATURES 

NOTES: 
(1) The platform has reserved 1 K bytes. 
(2) /SA and E-/SA bus masters as platform and add-on bus owner cards must do 
double master cycle. 
( 3) CoUectively called /SA. 
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ISA OR E-ISA PLATFORM CPU EXECUTES 
DMA DMA TYPES 

PLAT. CHANNEL SUPPORTED 
SIZE 

PROGRAM. 

ADD-ON BUS 
OWNER CARD 

EXECUTES 
READY &NO 
WAIT STATE 

8 BIT 16 BIT 16 BIT BCLK 
MEM & I/O I/O MEMORY IS 
RESOURCE RSRCE RSRCE STAR

(4) (4) (4) BURST 
NO WAIT NO WAIT NO WAIT 

CYCLE LIKE STATE STATE STATE 
PLAT. CPU CYCLE CYCLE CYCLE 

PC/XT NO COMPAT. NA NA NA NA NO 

AT NO COMPAT. NO 
(2) 

YES 
(1) 

NO YES NO 

E-ISA YES COMPAT. ,
"A" &"B" 

WITH NO 

YES YES NO YES YES 

CONYER. 

EISA YES COMPAT. ,
"AII, IIBII, 

&"C" 
WITH 

YES YES 
(3) 

NO YES YES 

CONYER. 

TABLE 1-1: GENERAL PLATFORM FEATURES (CONTINUED) 

NOTES: 
(1) The IBM AT platform suppotted 8 data biJ no-waU-state cycles. It is unclear if 
all clone platforms do. 
(2) IBM AT platform did not suppon this access. It is unclear how many clone 
platforms do. 
(3) WO" for I/O resources. 
(4) ISA orE-ISA resource. 

Tables 1-2 to 1-4 summarize the various access cycles that are 
supported for the different platforms and bus masters. Of 
particular importance is the following definition of data size: 

- Data size of an ISA or E-ISA bus master is defined by the 
SAO and SBHE* signal lines at the time of access. Data 
size requested is either 8 or 16 bits. 

- Data size of an EISA bus master is defined by the 
MASTERI6* signal line. When the MASTERI6* signal 
line = 0, the data size is 16 bits. When the MASTERI6* 
signal line = 1, the data size is 32 bits. (MASTERI6* is 
also called MASTER* on ISA and E-ISA platforms.) 
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- Data size of an ISA or E-ISA compatible accessed 
resource is defined by MEMCS16* and IOCS16* signal 
lines. 

- Data size of an EISA compatible accessed resource is 
defined by the EX16* and EX32* signal lines. 

,i~1.'tlif«6~~~~;II~~'t;i~-: 

~1_DlIII~I'II~~~~I~-I~~ 

l.l_ti~~~_}~t;'!I!I~~I~; 


The data size requested is not always equal to the data size of 
the bus master or accessed resource. For an ISA or E-ISA 
compatible access, the data size requested is defined by the SBHE* 
and SAO signal lines. The data size of an ISA or E-ISA bus master 
(platform CPU or add-on bus owner card) equals the data size 
requested. For an EISA compatible access, the data size requested 
is defined by the BE* signal lines; consequently, the data size 
requested does not always equal the data size of the bus master. 
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PLATFORM CYCLES TO PLATFORM RESOURCES OR ADD-ON SLAVE CARD 
TYPE/ 	 P ATFORM CPU VIEWP INT 

ACCESSED NO WAIT STANDARD READY 
RESOURCE 8 BIT 16 BIT 8 BIT 16 BIT 8 BIT 16 BIT 

PC or XT/ NA NA MEM NA MEM NA 
PC 	 or XT I/O I/O 

AT/ NA NA MEM (1) MEM (1)
PC or XT CARD I/O I/O 

AT/ (3) MEM MEM MEM MEM MEM 
AT or E-ISA 	 I/O I/O I/O I/O

CARD 


E-ISA/ NA NA MEM (1) MEM (1)

PC 	 or XT CARD I/O I/O 

E-ISA/ I/O MEM MEM MEM MEM MEM 
AT CARD (3) I/O I/O I/O I/O 


E-ISA/ MEM MEM MEM MEM MEM MEM 

E-ISA CARD I/O I/O I/O I/O I/O 


TABLE 1-2-A: ADD-ON CARD SUPPORT ON Pc, XT, AT, OR E-ISA 

PLATFORMS. PLATFORM CPU DATA SIZE LESS THAN OR EQUAL TO 


ACCESSED RESOURCE DATA SIZE 
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CYCLES TO PLATFORM RESOURCES OR ADD-ON SLAVE CARD 
PLATFORM TYPE/ 	 P ATFORM CPU VIE~ INT 

ACCESSED RESOURCE NO WAIT STANDARD READY 
8 BIT 16 BIT 8 BIT 16 BIT 8 BIT 16 BIT 

(4) (4) (4) 

PC 	 or XT/ 8 BIT NA NA (2) NA (2) NA 
PC 	 or XT CARD 

AT/ 8 BIT NA NA (2) MEM (2) MEM 
PC 	 or XT CARD I/O I/O 

AT/ 8 BIT (2) NA (2) MEM (2) MEM 
AT or E-ISA CARD 	 I/O I/O 

E-ISA/ 8 BIT NA NA (2) MEM (2) MEM 
PC or XT CARD I/O I/O 

E-ISA/ 8 BIT (2) MEM (2) MEM (2) MEM 
AT CARD I/O I/O 

E-ISA/ 8 BIT (2) MEM (2) MEM (2) MEM 
E-ISA CARD 	 I/O I/O 

TABLE 1-2-B: ADD-ON CARD SUPPORT ON Pc, XT, AT, AND E-ISA 

PLATFORMS. PLATFORM CPU DATA SIZE GREATER THANACCESSED 


RESOURCE DATA SIZE 


NOTES for TABLE 1-2: 
(1) See Table 1-2-B. 
(2) See Table 1-2-A. 
( 3) Historically, it is unclear if ail A T compatible clone platforms support no-wait
stoU cycles for 8 data bit memory or I/O. The IBM ATplatform CPU sampled the 
SRDY* signal line in the fourth perWd of the BCLK signa/line to support this cycle 
for 8 data bits. 
(4) Executed as two 8 data bit access cycles. 
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PLATFORM CYCLES TO PLATFORM RESOURCES OR ADD-ON SLAVE CARD 
TYPE/ ISA BUS OWNER ADD-ON CARD VIEWPOINT 

ACCESSED NO WAIT STANDARD READY 
RESOURCE SBIT 16 BIT SBIT 16 BIT SBIT 16 BIT 

(5,6) (6) (5,6) (6) (3,5,6) (3,6) 

AT/ NA NA MEM (1) MEM (1)
PC or XT CARD I/O I/O 

E-ISA or EISA! NA NA MEM (1) MEM (1) 
PC or XT CARD I/O I/O 

AT/ (2) (2) MEM MEM MEM MEM 
AT or E-ISA 	 I/O I/O I/O I/O

CARD OR PLTFRM 

E-ISA or EISA/ MEM MEM MEM MEM MEM MEM 
AT, or I/O I/O I/O I/O I/O

E-ISA CARD 
or 	PLATFORM 

EISA! MEM NA MEM NA MEM,I/O MEM,I/O
EISA CARD 	 ( ) ( ) 

TABLE J-3-A: ADD-ON CARD SUPPORT. ADD-ON BUS OWNER CARD 

DATA SIZE LESS THAN OR EQUAL TO ACCESSED RESOURCE DATA 


SIZE 


PLATFORM CYCLES TO PLATFORM RESOURCES OR ADD-ON SLAVE CARD 
TYPE/ ISA ADD-ON BUS OWNER CARD VIEWPOINT 

ACCESSED RESOURCE NO WAIT STANDARD READY 
SBIT 16 BIT SBIT 16 BIT 8 BIT 16 BIT 
(5,6) (6,7) (5,6) (6,7> (3,5,6) (3,6,7) 

AT! 8 BIT NA NA (8) MEM (8) MEM 
PC or XT CARD I/O I/O 

E-ISA or EISA/ 8 BIT NA NA (8) MEM (8) MEM 
PC or XT CARD I/O I/O 

AT/ 8 BIT (8) (2) (8) MEM (8) MEM 
AT, E-ISA CARD, or 	 I/O I/O

PLATFORM 

E-ISA or EISA/ 8 BIT (8) MEM (8) MEM (8) MEM 
AT or 	 I/O I/O I/O

E-ISA CARD 
or PLATFORM 

EISA! 8 BIT (8) MEM (8) MEM (8) MEM, I/O
EISA CARD 	 ( ) 

TABLE J-3-B: ADD-ON CARD SUPPORT. ADD-ON BUS OWNER CARD 
DATA SIZE GREATER THAN ACCESSED RESOURCE DATA SIZE 
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PLATFORM CYCLES TO PLATFORM RESOURCES OR ADD-ON SLAVE CARD 
TYPE/ E-ISA ADD-ON BUS OWNER CARD VIEWPOINT 

ACCESSED NO WAIT STANDARD READY 
RESOURCE 8 16 8 16 8 16 

BIT BIT BIT BIT BIT BIT 

AT / NA NA MEM (1) MEM (1)
PC or XT CARD I/O I/O 


E-ISA or EISA/ NA NA MEM (1) MEM (1 )

PC 	 or XT CARD I/O I/O 

AT/ AT or (2) (2) MEM MEM MEM MEM 
E-ISA CARD or 	 I/O I/O I/O I/O

PLATFORM (6) (6) (6) (6) 

E-ISA or EISA/ MEM MEM MEM MEM MEM MEM 
AT, or I/O I/O I/O I/O I/O

E-ISA CARD 
or PLATFORM 

EISA/ MEM NA MEM NA MEM MEM 
EISA 	 I/O I/O
CARD 	 (4) (4) 

TABLE I-3-C: ADD-ONBUS OWNER CARD CYCLE SUPPORT. ADD-ON 

BUS OWNER CARD DA TA SIZE LESS THAN OR EQUAL TO ACCESSED 


RESOURCE DATA SIZE 


PLATFORM CYCLES TO PLATFORM RESOURCES OR ADD-ON SLAVE CARD 
TYPE/ E-ISA ADD-ON BUS OWNER CARD VIEWPOINT 

ACCESSED NO WAIT STANDARD READY 
RESOURCE 8 16 8 16 8 16 

BIT BIT(7) BIT BlTa) BIT BlTa) 

AT / 8 BIT NA NA (8) MEM (8) MEM 
PC or XT CARD I/O I/O 

E-ISA or EISA/ 8 BIT NA NA (8) MEM (8) MEM 
PC or XT CARD I/O I/O 

AT / 8 BIT (8) (2) (8) MEM (8) MEM 
AT 	 or E-ISA CARD I/O I/O 

or PLATFORM (6) (6) 

E-ISA or EISA/ 8 BIT (8) MEM (8) MEM (8) MEM 
AT or E-ISA CARD I/O I/O I/O 

or PLATFORM 

EISA/ 8 BIT (8) MEM (8) MEM (8) MEM 
EISA CARD 	 I/O

(4) 

TABLE I-3-D: ADD-ON BUS OWNER CARD CYCLE SUPPORT. ADD-ON 

BUS OWNER CARD DATA SIZE GREATER THAN ACCESSED RESOURCE 


DATA SIZE 
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NOTES FOR TABLE 1-3: 
(I) See Tables 1-3-B or 1-3-D. 
(2) Add-on bus owner cards on AT compatible platforms cannot support no-wail
state cycles because of BCLK skew. No-wail-state access cycles are not defined for 
PC/XT cards. 
(3) Not allISA add-on bus owner cards suppon ready cycles because the IBM AT 
platform did not drive the IOCHRDY signal line when platform resources were 
accessed. 
(4) As an I-MIX cycle ifthe accessed resource is an 8 data bit EISA I/O resource or 
16 data bit EISA memory or I/O resource. 
(5) Not all AT add-on bus owner cards support 8 bit accesses because the IBM AT 
platforms did not suppon 8 bit accesses to platform resources. 
(6) Not all add-on bus owner cards suppon accesses to I/O resources because the 
IBM ATplatforms did not supponl/O access cycles to platform resources. 
(7) Executed as two 8 bit access cycles. 
(8) See Tables I-3-A or I-3-C. 

CYCLES TO PLATFORM RESOURCES OR ADD-ON SLAVE CARD 
PLATFORM EISA PLATFORM CPU &EISA ADD-ON BUS OWNER CARD VIEWPNT 

TYPEI E-MIX VERSION OF EISA STANDARD EISA READY 
ACCESSED EISA STANDARD 
RESOURCE 16 32 16 32 16 32 

BIT BIT BIT BIT BIT BIT 

EISA! (1) (1) NA NA NA NA 
PC or XT 

CARD 

EISAI MEM (1) NA NA NA NA 
AT CARD I/O 

EISA/ (1) (1) MEM MEM MEM MEM 
PLATFORM I/O I/O I/O I/O 
or EISA 

CARD 

TABLE I-4-A: EISA BUS MASTER CYCLE SUPPORT. DATA SIZE 

REQUESTED (BE·) LESS THAN OR EQUAL TO ACCESSED RESOURCE 


DATA SIZE (MEMCSI6·, IOCSI6·, EXI6·, AND EX32·) 


NOTES: 
(1) See Table I-4-C. 



22 lSA & EISA Theory and Operation 

CYCLES TO PLATFORM RESOURCES 
OR ADD-ON SLAVE CARD 

PLATFORM EISA PLATFORM CPU OR EISA ADD-ON BUS 
TYPE/ OWNER CARD VIEWPOINT 

ACCESSED EISA COMPRESSED(1) EISA BURST 
RESOURCE 16 32 16 32 

BIT BIT BIT BIT 

EISA! NA NA NA NA 
PC or XT 

CARD 

EISA/ NA NA NA NA 
AT CARD 

EISA! MEM MEM MEM MEM 
PLATFORM I/O I/O 
or EISA 

CARD 

TABLE 1-4-B: EISA BUS MASTER CYCLE SUPPORT. BUS MASTER DATA 

SIZE REQUESTED (BE*) LESS THAN OR EQUAL TO ACCESSED 

RESOURCE DATA SIZE (MEMCSI6*, IOCSI6*, EXI6*, AND EX32*) 


NOTE: 
(I) EISA add-on bus owner cards do not supporl COMPRESSED cycles. Only 
platform CPUs can execute compressed cycles. 

CYCLES TO PLATFORM RESOURCES OR ADD-ON SLAVE CARD 
EISA PLATFORM CPU OR EISA ADD-ON BUS OWNER CARD VIEWPOINT 

PLATFORM TYPE/ E-MIX VRSN OF EISA 
ACCESSED RESOURCE STD OR DATA-MATCHING 

EISA STANDARD W/
DATA-MATCHING 

EISA READY 

16 32 16 32 16 32 
BIT BIT BIT BIT BIT BIT 

EISA/ 8 
PC or XT 

CARD 

BIT MEM 
I/O
(3) 

MEM 
I/O
(3) 

NA NA NA NA 

EISA! 8 BIT MEM MEM NA NA NA NA 
AT CARD 

16 BIT 

I/O
(3)
(1 ) 

I/O
(3)
MEM 
I/O 

NA NA NA NA 

EISA! 8 BIT MEM MEM NA NA NA NA 
PLATFORM 
or EISA 

CARD 16 BIT 

32 BIT 

I/O I/O
(2,3) (2,3) 

NA NA 

NA NA 

(1) 

(1) 

MEM 
I/O
(4) 
(1) 

(1) 

(1 ) 

NA 

(1) 

TABLE 1-4-C: EISA BUS MASTER CYCLE SUPPORT. BUS MASTER DATA 

SIZE REQUESTED (BE*) GREATER THAN ACCESSED RESOURCE DATA 


SIZE (MEMCSI6*, IOCSI6*, EXI6*, AND EX32*). 
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NOTES: 
(1) See Table 1-4-A. 
(2) Platfonn circuiJry cannot teU the difference between an ISA, E-ISA, or EISA 
compatible 8 data bit memory resource and must execute as if it were an ISA or E
ISA compatible 8 data bit memory resource. The resource only uses ISA or E-ISA 
compatible signal lines. For an EISA compatible 8 data bit I/O resource, the above 
statement is also true, except the I/O resource uses the EISA compatible signal lines. 
(3) If the BE· signal lines indicate an 8 data bit access lor memory an E-MIX 
access cycle is executed. 
(4) 1/ the BE· signal lines indicate a 16 data bit access, the EISA standard access 
cycle is executed. 

CYCLES TO PLATFORM RESOURCES 
OR ADD-ON SLAVE CARD 

PLATFORM TYPE! EISA PLATFORM CPU &ADD-ON BUS OWNER 
ACCESSED RESOURCE CARD V EWPOINT 

EISA COMPRESSED(3)
16 32 
BIT BIT 

EISA BURST 
16 32 
BIT BIT 

EISA! 
PC or XT 

8 BIT NA NA NA NA 

CARD 

EISA! AT 8 
or E-ISA 

BIT NA NA NA NA 

CARD 16 BIT NA NA NA NA 

EISA! 
PLATFORM 

8 BIT NA NA NA NA 

or EISA 
CARD 

16 BIT 

32 BIT 

(1) 

(1) 

NA 

(1) 

(1) 

(1) 

MEM 
(2) 
(1) 

TABLE 1-4-D: EISA BUS MASTER CYCLE SUPPORT. BUS MASTER DATA 

SIZE REQUESTED (BE·) GREATER THANACCESSED RESOURCE DATA 


SIZE (MEMCS16*, IOCS16*, EX16*, AND EX32*) 


NOTES: 
( 1) See Table 1-4-B. 
(2) Only i/EISA bus master suppolts downshift. 
(3) Only plat/onn CPU can execute. 

Tables 1-5-A and B outline the DMA transfer cycles types that 
can be executed for a given pair of resources on a given platform. 
See Chapters 3 and 7 for more information. 
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TRANSFER TYPES TC PROGRAM CONVER. DEMAND &IlOCK 
PLATFORM PARTICIPANTS 

MEMORY: I/O 
COMP "A" "I" "C" (1) CHANNEL 

SIZE 
SUPPORT TRANSFER 

INTERRUPTI alE 

PC/XT PC/XT : PC/XT YES NO NO NO UNI NO NO NO 

AT PC/XT
PC/XT

AT 
AT 

PC/XT
AT 

PC/XT
AT 

YES 
YES 
YES 
YES 

NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 

UNI 
UNI 
UNI 
UNI 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

E-ISA PC/XT
AT 

PC/XT
AT 

: 

: 
: 

AT 
AT 

E-ISA 
E-ISA 

YES 
YES 
YES 
YES 

NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 

UNI 
UNI 
BI 
BI 

YES 
YES 
YES 
YES 

NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 

E-ISA 
(2)

E-ISA 

: 

: 

PC/XT 

AT 

YES 

YES 

NO 

NO 

NO 

NO 

NO 

NO 

UNI 

UNI 

YES 

YES 

NO 

NO 

NO 

NO 
(2)

E-ISA : E-ISA YES NO NO NO BI YES NO NO 
(2)

E-ISA 
(3)

E-ISA 
(3)

E-ISA 
(3) 

: 

: 

: 

PC/XT
(4)

AT 
(4)

E-ISA 
(4) 

YES 

YES 

YES 

YES YES NO 

YES YES NO 

YES YES NO 

UNI 

UNI 

BI 

YES 

YES 

YES 

NO 

NO 

NO 

YES (5) 

YES (5) 

YES (5) 

TABLE J-5-A: pc, Xl, AT, AND E-/SA PLATFORM DMA TRANSFER 

CYCLES 
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PLATFORM PARTICIPANTS 
MEMORY: I/O 

TRANSFER TYPES TC PROGRAM 
COMP "A" "B" "C" (1) CHANNEL 

SIZE 

CONVER. 
SUPPORT 

DEMAND &BLOCK 
TRANSFER 

INTERRUPTI BlE 
(5) 

EISA PC/XT : PC/XT
(4)

PCIXT : AT 

YES 

YES 

YES YES NO 

YES YES NO 

UNI 

UNI 

YES 

YES 

YES 

YES 

YES 

YES 
(4)

AT : PC/XT
(4)

AT : AT 

YES 

YES 

YES YES NO 

YES YES NO 

UNI 

UNI 

YES 

YES 

YES 

YES 

YES 

YES 
(4)

PC/XT : EISA 
EISA : PC/XT

(4)
AT/ISA : EISA 

EISA : AT 

YES 
YES 

YES 
YES 

YES YES YES BI 
YES YES NO UNI 

YES YES YES BI 
YES YES NO UNI 

YES 
YES 

YES 
YES 

YES 
YES 

YES 
YES 

YES 
YES 

YES 
YES 

(4)
EISA : EISA 
PLATFORM EISA 
MEMORY : EISA 

YES 
YES 

YES YES YES BI 
YES YES YES BI 

YES 
YES 

YES 
YES 

YES 
YES 

PLATFORM EISA 
MEMORY: PC/XT

(4)
PLATFORM EISA 

MEMORY:AT 

YES 

YES 

YES YES NO 

YES YES NO 

UNI 

UNI 

YES 

YES 

YES 

YES 

YES 

YES 

(4) 

TABLE 1-5-B: EISA. PLATFORM DMA. TRANSFER CYCLES 

NOTES: 
(1) UNI = UNIdirectional ... DMA. controller to I/O resource, BI = BIdirectional. 
(2) E-ISA. memory is an add-on card ONLY. 
(3) E-ISA. memory is the platform memory ONLY. 
(4) Most DMA. add-on slave cards support 1YPE A. DMA. transfer cycles, and some 
DMA. add-on slave cards support TYPE B DMA. transfer cycles. 
(5) "NO" ifa DMA. COMPA.TIBLE transfer cycle is executed. 
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Notes 



CHAPTER TWO 

MEMORY AND I/O ADDRESS SPACE 

INTRODUCTION 


ISA, E-ISA, and EISA platforms contain two address spaces: 
memory and I/O. To maintain compatibility for software written 
for earlier platforms, there are certain requirements placed on the 
memory and I/O address spaces. This chapter will briefly outline 
the requirements relative to add-on card design. For software 
development, more detailed information is required from the 
platform developer. 

MEMORY ADDRESS SPACE 

The memory address space is divided into three sections: 
platform memory, EPROM, and slot memory resources. The first 
640K bytes (00 OOOOH to 09 FFFFH) are reserved for platform and 
bus memory resources. (See Figure 2-1.) The next 256K bytes (OA 
OOOOH to 00 FFFFH) are assigned for bus memory resources such 
as video and hard disk. (Some of these resources may be built on 
the platform, so not all of the accesses to these address locations 
will result in bus cycles.) The next 128K bytes (OE OOOOH to OF 
FFFFH) are assigned to the ROM sockets, which include space for 
the BIOS. 

For a PC or XT compatible platform, 20 ADDRESS signal 
lines are supported; consequently, the total address space of one 
megabyte is defined from 00 OOOOH to OF FFFFH. AT and E-ISA 
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16384K 
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~~ 
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K= 1024 BYTES 

FIGURE 2-1: MEMORY ADDRESS SPACE 
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compatible platforms support 24 ADDRESS signal lines; 
consequently, a total address space of 16 megabytes is defined from 
00 OOOOH to FF FFFFH. The EISA compatible platform supports 
32 ADDRESS signal lines; consequently, a total address space of 4 
gigabytes is defined from 0000 OOOOH to FFFF FFFFH. 

The first one megabyte on the AT, E-ISA, and EISA 
compatible platforms is defined in the same fashion as for the PC 
and XT compatible platforms. The 128K at the top of the 16 
megabyte address space (FE OOOOH to FF FFFFH) is a copy of the 
ROM (BIOS) space (OE OOOOH to OF FFFFH) in the first 
megabyte. The remaining memory address space is assigned to bus 
(slot) memory resources. 

110 ADDRESS SPACE 

The size of the I/O address space of the platform CPUs used 
on the ISA, E-ISA, EISA compatible platforms is 64K. However, 
the size of the available I/O address space varies from platform to 
platform. 
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On ISA compatible platforms, it historically has been assumed 
that only 1K of the total 64K I/O address space is used. The first 
256 bytes are reserved for I/O platform resources, such as the 
interrupt and DMA controllers (addresses OOOOH to OOFFH). (See 
Figure 2-2.) The remaining 768 bytes are available to "general" 
add-on I/O slave card resources (addresses 0100H to 03FFH). In 
that only 1K of the address space was supported, ISA add-on I/O 
slave cards only decode the first 10 ADDRESS signal lines; 
consequently, the SA<10-15> signal lines can be any value. The 
result of not decoding all of the ADDRESS signal lines results in 
the 256 platform address locations and the 768 bus address 
locations being repeated 64 times in the address space. (See 
Figure 2-2.) This repetition occurs on 1K address boundaries. 
Software running on the platform needs only one of the 64 
repetitions of the 256 address locations to access platform 
resources. The E-ISA and EISA compatible platforms exploit 
these facts by assigning 63 of the 64 repetitions of the 256 address 
locations to specific add-on card slots. The partitioning is such that 
four groups of 256 address locations is assigned to each slot for a 
total of 1024 specific address locations per slot. (See Figure 2-3.) 

!f.i~$llr'.~gt~fci.·•
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Since existing ISA add-on I/O slave cards only decode the first 
ten ADDRESS signal lines, they will respond to the "general" 768 
bytes that are repeated 64 times. To maintain compatibility with 
these boards, this repetition is maintained on all platforms 
including E-ISA and EISA compatible platforms. (See Figure 2-3.) 

In order for the 1K I/O addresses to be uniquely accessed for 
each slot, individual AEN (AENx) signal lines are routed to each 
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slot. During an access to a slot specific address, the associated 
AENx signal line is driven inactive. 

The AENx signal lines of the other slots are driven active. Of 
course, when the access is to the "general" 768 address locations, all 
AENx signal lines of all of the slots are driven inactive. During a 
DMA transfer cycle, all the AENx signal lines are driven active . 
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Notes 



CHAPTER THREE 

GENERIC BUS CYCLES 

This Chapter consists of the following Subchapters: 

3.0 ISA SPECIFIC ACCESS CYCLES ON ISA and E-ISA PLATFORMS 
3.1 EISA BUS MASTER ACCESS CYCLES TO EISA RESOURCES ON 

EISA PLATFORMS 
3.2 EISA BUS MASTER ACCESS CYCLES TO ISA AND E-ISA 


RESOURCES ON EISA PLATFORMS 

3.3 ISA AND E-ISA BUS MASTER ACCESS CYCLES TO EISA 


RESOURCES ON EISA PLATFORMS 

3.4 DMA TRANSFER CYCLES ON ISA AND E-ISA PLATFORMS 
3.5 DMA TRANSFER CYCLES ON EISA PLATFORMS 
3.6 REFRESH CYCLES 
3.7 ARBITRATION CYCLES 

INTRODUCTION 

This chapter is an introduction to the basic bus cycles. It is 
important to understand the basic bus cycle concepts in order to 
understand the information in Chapter 4. A more detailed 
explanation of the signal lines and bus cycles are in Chapters 5 
through 9. 

The basic bus cycles on an ISA platform are asynchronous. 
With one exception, signal lines are not referenced to the system 
clock. Some signal lines change logic state at any time, while 
others change within a specific time relative to a logic state change 
of other signals. The basic bus cycles on an E-ISA platform are 
also essentially asynchronous, although a few signal lines are 
referenced to the system clock. 
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On ISA, E-ISA, and EISA compatible platforms, there are four 
different bus cycles: bus master (platform CPU and add-on bus 
owner cards) access cycles, DMA transfer cycles, memory refresh 
cycles, and bus arbitration cycles. The bus master access cycle 
(access cycle) is executed by the platform CPU or an add-on bus 
owner card to read or write data from or to a memory or I/O 
resource. The DMA transfer cycle (transfer cycle) is executed by 
the DMA controller to transfer data between memory and I/O 
resources. The memory refresh cycle (refresh cycle), is executed by 
the refresh controller to refresh any volatile memory. The add-on 
bus owner card arbitration cycle (arbitration cycle), is executed by 
the add-on bus owner card to obtain bus ownership. 

There are three types of access cycles executed on ISA or E
ISA compatible platforms: standard, ready, and no-wait-state. 
There are seven types of access cycles executed on EISA 
compatible platforms: EISA standard, EISA ready, EISA data
matching, EISA compressed, EISA burst, E-MIX, and I-MIX. The 
first five are EISA specific; that is, both resources involved in the 
cycle must be EISA compatible. The other two access cycles 
involve a mixture of EISA and ISA or E-ISA compatible resources. 

DMA transfer and refresh cycles on an EISA platform operate 
in a similar fashion as on ISA or E-ISA platforms. The major 
differences relate to the EISA specific signal line supported, and 
the finer details of transfer cycle execution. 

The arbitration cycles on an EISA compatible platform are a 
superset of the arbitration cycles on an ISA or E-ISA compatible 
platform. 
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3.0 ISA SPECIFIC ACCESS CYCLES ON ISA and E-ISA 
PLATFORMS 

The ISA specific access cycle is executed by the platform CPU 
or the add-on bus owner card to read and write data with memory 
and I/O resources. There are three types of access cycles: 
standard, ready, and no-wait-state. 

NOTE: TIlE TERMS "STANDARD", "READY", AND "NO
WAIT-STATE" BY CONVENTION REFERS TO TIlE ISA 
COMPATIBLE ACCESS CYCLES. SIMILARLY NAMED EISA 
COMPATIBLE CYCLES WILL HAVE AN "EISA" PREFIX. 

NOTE: TIlE ISA SPECIFIC ACCESS CYCLES ALSO 
REPRESENT E-ISA SPECIFIC ACCESS CYCLES. ANY 
DIFFERENCES WILL BE SO NOTED. 

The standard access cycle executed when the platform CPU is 
bus owner is shown in Figure 3-1. The bus address latch enable 
line, BALE, is pulsed active at the beginning of a valid bus cycle, 
and indicates that the ADDRESS and associated signal lines on the 
bus are valid. 

The accessed resource on the bus responds to the address with 
an indication of its size. Either the MEMCS16* or IOCS16* signal 
line is activated if the resource is 16 data bits in size; otherwise, the 
resource is assumed to be 8 data bits. The COMMAND signal 
lines, which include MEMR *, MEMW*, lOR*, and 10W*, are 
activated by the bus owner. The COMMAND signal lines also 
include the SMEMR * and SMEMW* signal lines, which are driven 
by platform circuitry. The length of the active COMMAND signal 
line is predetermined, and depends on the resource data width and 
whether the cycle is memory or I/O. For a write cycle, the active 
COMMAND signal line indicates to the accessed resource valid 
data on the bus. For a read cycle, the active COMMAND signal 
line provides a reference point to the accessed resource as to when 
data on the bus must be valid. 
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The standard access cycle executed by an ISA or E-ISA add-on 
bus owner card is the same as for the platform CPU, except that 
the BALE signal line is held active. Consequently, the 
COMMAND signal lines becoming active are the only indication of 
the beginning of the cycle. (See Figure 3-2.) The lack of a pulsed 
BALE signal line also requires that both the LA < 17-23 > and 
SA<O-19> signal lines are held valid for the entire active period of 
the COMMAND signal lines. See Chapter 6 for more detailed 
information. 

The second type of access cycle is the ready access cycle. (See 
Figures 3-1 and 3-2.) It can be executed by either the platform 
CPU or by an ISA or E-ISA add-on bus owner card. The standard 
access cycle becomes a ready access cycle when the accessed 
resource deactivates the IOCHRDY signal line. The COMMAND 
signal line will remain active until the IOCHRDY signal line 
becomes active. The result is a longer active COMMAND pulse 
than the standard access cycle, which allows access cycles to be 
lengthened for slower resources. 

The increase in the length of a ready cycle is a multiple of one 
BCLK signal line period. The ISA compatible platform 
implementation of the IOCHRDY signal line does not reference it 
to the BCLK line; however, the E-ISA compatible platform 
implementation does. See Chapter 5 for more detailed 
information. 

If the IOCHRDY signal line is inactive at the same time that 
the SRDY· signal is active, the cycle is executed as a ready cycle. 

The third type of access cycle is the no-wait-state access cycle, 
which can only be executed by the platform CPU in an ISA 
compatible platform, or by the platform CPU and E-ISA add-on 
bus master card in an E-ISA compatible platform. (See Figure 3
3.) The no-wait-state access cycle allows access cycles to be 



Chapter 3, Generic Bus Cycles 39 

N 

BCLK -~~1"4~~IL-r

r--

AENx , 
BALE r '\ I~ , ~h 

LA<17·23> ::x. VALID x X VALID X 

SA<O·19>SBHE* X VAlin X VALID 

IOCS16*& I~ 

,- .I 
I _.IMEMCS16* -

IOCHRDY , '
\ -- _.I \- .I 

COMMAND ,, 
DATA (READ) X VALID r

~ 

DATA (WRITE) X VALID X X VALID 

ONE CYCLE BEGINNING OF NEXT CYCLE 

FIGURE 3-1: GENERIC ISA AND E-ISA STANDARD AND READYACCESS 
CYCLE (PLATFORM CPU) 



40 lSA & EISA Theory and Operation 

____~A~__________________________________
AENx 

BCLK 

~~--------------------------------------------
BALE 

____---'I 
LA<17·23> 

X VALID XSA<0019>SBHE* 

IOCS16*& __ J 

MEMCS16* ,

IOCHRDY 
"----,, 

COMMAND 

DATA (READ) ~ VALID JL..~ 

DATA (WRITE) X VALID X 

FIGURE 3-2: GENERIC ISA AND E-ISA STANDARD AND READY ACCESS 
CYCLE (ADD-ON BUS OWNER CARD) 



--

Chapter 3, Generic Bus Cycles 41 

BCLK 

AEN 

BALE 

LA<17-23> 

SA<O-19>SBHE* 

IOCS16* & 
MEMCS16* 

SRDV* 

COMMAND 

DATA (READ) 

DATA (WRITE) 

N 

I 1 / I -., 

/ 

.I 

/ \. I
I' 

L 

VALID f 
l 
/ VALID 

, , ; 
_oJ 7 

1
\ /I' 

\ I' V
/ 

L 
/ / VALID 

/ 

l.. 

X f VALID 
-., L 

FIGURE 3-3: GENERIC ISA AND E-ISA NO WAIT STATE CYCLE (PLATFORM 
CPU AND E-ISA ADD-ON BUS OWNER CARD) (BALE IS HIGH) 



42 ISA & EISA Theory and Operation 

shortened for faster resources. A standard access cycle becomes a 
no-wait-state access cycle when the accessed resource activates the 
SRDY· signal line. The result is a shorter active COMMAND 
pulse than in the standard access cycle. See Chapter 6 for more 
detailed information. 

The original IBM AT samples the SRDY* line in such a 
manner that with an 8 MHz system clock the SRDY* signal line is 
very difficult to use for a 16 data bit memory resource. However, 
the ISA and E-ISA implementation samples the SRDY* signal line 
so that it works with an 8.0 and 8.33 MHz system clock, 
respectively. 

The E-ISA implementation of the ISA bus has made the 
implementation easier. It has also expanded the definition of no
wait-state cycles to include 8 bit memory and I/O access cycles. 
See Chapters 5 and 6 for more detailed information. 

The access cycles can support either 8 or 16 data bit cycles in 
both the memory and I/O address spaces. However, not all 
platforms and bus owners can support all types of access cycles to 
all resources. The platform CPU does not require the add-on 
slave cards to support all access cycles for all data widths. Table 3
I-A summarizes the different support levels. 

BUS MASTER BUS MASTER ACCESSED RESOURCE ACCESSED RESOURCE CYCLE 
VIEWPOINT VIEWPOINT CATEGORY 

AT, E-ISA 
PC/XT (3) 

ISA STANDARD AT, E-ISA 
PC/XT 

ISA STANDARD STANDARD 

AT, E-ISA 
PC/XT (1,3) 

ISA READY AT, E-ISA 
PC/XT 

ISA READY READY 

AT, E-ISA 
(2) 

ISA NO WAIT 
STATE 

AT, E-ISA ISA NO WAIT 
STATE 

NO WAIT 
STATE 

TABLE 3-J-A: pc, XT, /SA, AND E-/SA PLATFORM ACCESS CYCLES ... ALL 

DATAS/ZES 
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NOTES: 

(J) Not alllSA add-on bus owner cards support ready access cycles because the 
IBM AT platform did not drive the IOCHRDY signalUne when plat/ann resources 
were accessed. 

(2) lSA or E-ISA add-on bus owner cards CANNOT execute no-wail-state access 
cycles on ISA compatible platforms because the SRDY· signal Une requiTes the 
BCLKsignalUne to be distributed in a storburst fashion. Also, the IBMATplatform 
did not drive the SRDY* signalUne when platform resources were accessed. E-ISA 
add-on bus owner cards CAN execute no-wail-state access cycles on E-ISA 
compatible platforms because E-ISA compatible platforms "storburst" the BCLK 
signalUne. 

(3) On PC and XTplatforms, only the platform CPU can be bus master. 
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3.1 EISA BUS MASTER ACCESS CYCLES TO EISA 
RESOURCES ON EISA PLATFORMS 

As previously discussed, there are five types of access cycles 
that execute between EISA bus masters (platform CPU or EISA 
add-on bus owner card) and EISA compatible accessed resources: 
EISA standard, EISA ready, EISA data-matching, EISA 
compressed, and EISA burst. Additionally, an EISA bus master 
can access an ISA or E-ISA add-on slave card with E-MIX access 
cycles. An ISA or E-ISA add-on bus owner card can access an 
EISA compatible resource (platform or add-on card) with an 1
MIX access cycle. See subsequent subchapters concerning E-MIX 
and I-MIX access cycles. 

Table 3-1-B outlines all the ACCESS CYCLES on an EISA 
PLATFORM, including those not executed by an EISA bus master. 
The interpretation of the table is as follows: 

- The data size requested by an EISA bus master is defined 
by the number of BE * signal lines driven at the beginning 
of the cycle. The data size requested by an ISA or E-ISA 
bus master is defined by the SAO and SBHE * signal lines. 

- The data size of the ACCESSED RESOURCE is defined 
by the EX16* and EX32* signal lines for EISA resources, 
and MEMCS16* and IOCS16* for ISA or E-ISA 
resources. 
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BUS MASTER! 
SIZE REQ. 

BUS MASTER 
VIEWPOINT 

ACCESSED 
RESOURCE 

ACCESSED RESOURCE 
VIEWPOINT 

CYCLE 
CATEGORY 

EISA! EISA STANDARD EISA EISA STANDARD EISA STANDARD 
16 BIT 16 BIT 

EISA! EISA STANDARD EISA EISA STANDARD EISA STANDARD 
32 BIT 32 BIT 

EISA! EISA STANDARD EISA EISA STANDARD EISA STANDARD 
8-16-24 BIT 32 BIT 

EISA! EISA STANDARD EISA EISA STANDARD EISA STANDARD 
8 BIT 16 BIT 

EISA! EISA READY EISA EISA READY EISA READY 
16 BIT 16 BIT 

EISA! EISA READY EISA EISA READY EISA READY 
32 BIT 32 BIT 

EISA! EISA READY EISA EISA READY EISA READY 
8-16-24 BIT 32 BIT 

EISA! EISA READY EISA EISA READY EISA READY 
8 BIT 16 BIT 

EISA!(1)
16 BIT 

EISA 
COMPRESSED 

EISA 
16 BIT 

EISA COMPRESSED EISA COMPRESSED 

EISA!(1)
32 BIT 

EISA 
COMPRESSED 

EISA 
32 BIT 

EISA COMPRESSED EISA COMPRESSED 

EISA!(1)
8 BIT 

EISA 
COMPRESSED 

EISA 
16 BIT 

EISA COMPRESSED EISA COMPRESSED 

EISA!(1)
8-16-24 BIT 

EISA 
COMPRESSED 

EISA 
32 BIT 

EISA COMPRESSED EISA COMPRESSED 

EISA! EISA BURST EISA EISA BURST EISA BURST 
16 BIT 16 BIT 

EISA! EISA BURST EISA EISA BURST EISA BURST 
32 BIT 32 BIT 

EISA! EISA BURST EISA EISA BURST EISA BURST 
8 BIT 16 BIT 

EISA! 
8-16-24 BIT 

EISA BURST EISA 
32 BIT 

EISA BURST EISA BURST 

EISA! 
8 BIT 

E-MIX VERSION 
EISA STANDARD 

AT ,E-ISA 8 BIT 
XT, EISA 8 BIT(4) 

ISA STANDARD OR 
READY 

E-MIX VERSION 
OF STANDARD 

EISA! 
16 BIT 

E-MIX VERSION 
EISA STANDARD 

AT ,E-ISA 16 BIT ISA STANDARD OR 
READY 

E-MIX VERSION 
OF STANDARD 

EISA! 
8 BIT 

E-MIX VERSION 
EISA STANDARD 

AT ,E-ISA 8 BIT 
& EISA 8 BIT (4) 

ISA NO-WAlT-STATE E-MIX VERSION 
OF STANDARD 

EISA! 
16 BIT 

E-MIX VERSION 
EISA STANDARD 

AT ,E-ISA 16 BIT ISA NO-WAlT-STATE E-MIX VERSION 
OF STANDARD 

TABLE 3-1-B: ALL EISA PLATFORM ACCESS CYCLES ... BUS MASTER 

REQUESTED DATA SIZE IS EQUAL TO OR LESS THAN ACCESSED 


RESOURCE DATA SIZE 
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BUS MASTERI BUS MASTER ACCESSED ACCESSED RESOURCE CYCLE 
SIZE REQ. VIEWPOINT RESOURCE VIEWPOINT CATEGORY 

ISA,E·ISA/ ISA READY EISA EISA STANDARD I-MIX 
8-16 BIT (6) 16 BIT OR READY 

ISA,E-ISA/ ISA READY EISA EISA STANDARD I·MIX 
8-16 BIT (6) 32 BIT OR READY 


ISA,E-ISA/ ISA STD, ROY, EISA MEMORY ISA STD, ROY, ISA STD, ROY,

8 BIT (6) OR NO WAIT ST 8 BIT (7) OR NO-WAlT-STATE OR NO WAIT ST 

ISA,E-ISA/ ISA READY EISA I/O ISA STANDARD I-MIX 
8 BIT (6) 8 BIT (5) OR READY 

SPEC. 8 BIT VER. 

ISA,E-ISA/ ISA STANDARD AT, XT, E-ISA ISA STANDARD ISA STANDARD 
8 BIT (6) OR READY PC 8 BIT OR READY OR READY 

ISA,E-ISA/ ISA NO WAIT ATA E-ISA' ISA NO-WAlT-STATE ISA NO WAIT 
8 IT (6) STATE BIT STATE (3) 

ISA,E-ISA/ ISA STANDARD AT, E-ISA 16 BIT ISA STANDARD ISA STANDARD 
8-16 BIT (6) OR READY OR READY OR READY (2) 

ISA,E-ISAI ISA NO WAIT AT, E-ISA 16 BIT ISA NO WAIT ISA NO WAIT 
8-16 BIT (6) STATE STATE STATE (3) 

TABLE 3-1-B: ALL EISA PLATFORMACCESS CYCLES ... BUS MASTER 

REQUESTED DATA SIZE IS EQUAL TO OR LESS THANACCESSED 


RESOURCE DATA SIZE (CONTINUED) 

NOTES: 
(1) Plat/onn CPU only. 
(2) Traditional ISA add-on bus owner cards do not execute ready access cycles 
because the IBM ATplat/onn did not drive the IOCHRDYsignal line when plat/onn 
resources were accessed. E-ISA add-on bus owner cards do support the ready access 
cycle. 
( 3) Traditional ISA add-on bus owner cards did not execute no-wait-state access 
cycles because the IBM AT plat/onn resources did not drive the SRDY* (NOWS*) 
signal line, and BCLK signal line skew was a problem. E-ISA add-on bus owner 
cards do support the no-wait-state access cycle when installed in an E-ISA or EISA 
plat/onn. 
(4) Plat/onn circuiJry cannot tell the difference between an ISA, E-ISA, or EISA 8 
bit resource. The EISA 8 data bit memory resource uses only ISA or E-ISA 
compatible signal lines. The EISA 8 data bit I/O resource uses the EISA 
compatible signal lines with an E-MIX access cycle. 
(5) Plat/onn circuiJry cannot tell the difference between an ISA or EISA 8 bit 
resource. 
(6) By definition an ISA or E-ISA bus master on an EISA plat/onn is an add-on 
bus owner card. 
(7) An 8 data bit EISA memory resource is HactuallyH only an 8 data bit ISA or E
ISA resource. 
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BUS MASTER/ BUS MASTER ACCESSED RESOURCE ACCESSED RESOURCE CYCLE 
SIZE REQ. VIEWPOINT VIEWPOINT CATEGORY 

EISA! EISA EISA EISA STANDARD EISA DATA 
24-32 BIT DATA-MATCHING 16 BIT OR READY MATCHING 

EISA! EISA AT &E-ISA ISA STANDARDA E-MIX VERSION 
24-32 BIT DATA-MATCHING 16 BIT READY, OR NO WIT OF EISA 

DATA-MATCHING 

EISA/ EISA ISA,E-ISA~EISA ISA STANDARDA E-MIX VERSION 
16-24-32 BIT DATA-MATCHING 8 BIT ( ) READY, OR NO WIT OF EISA 

DATA-MATCHING 

EISA! EISA PC~XT ISA STANDARD OR E-MIX VERSION 
16-24-32 BIT DATA-MATCHING 8 IT READY OF EISA 

DATA-MATCHING 

EISA/(2) EISA BURST EISA EISA BURST EISA BURST 
24-32 BIT 16 BIT 

ISA,E-ISA/ ISA STANDARD PC,XT6A~t~-ISA, ISA STANDARD ISA STANDARD 
16 BIT (6) OR READY OR READY OR READY (3) 


ISA,E-ISA ISA NO AT6E-ISA, ISA ISA NO WAIT 

16 BIT (6) WAIT STATE BIT NO-WAIT -STATE STATE (4) 

ISA~E-ISA/ ISA STD, ROY, EISA MEMORY ISA STD READY, ISA STD t ROY 
16 IT (6) OR NO WAIT ST 8 BIT (7) OR NO-WAIT-STATE OR NO WA T ST 

ISA, E-ISA ISA READY EISA I/O EISA STD. READY, I-MIX 
16 BIT (6) 8 BIT (5) OR NO-WAIT-STATE 

SPEC. 8 BIT VER. 

TABLE 3-J-C: ALL EISA PLATFORMACCESS CYCLES ... BUS MASTER 

REQUESTED DATA SIZE IS GREATER THAN ACCESSED RESOURCE 


DATA SIZE 

NOTES: 
(J) Platform CPU only. 
(2) Only ifEISA master supports downshifting. 
(3) Traditional ISA add-on bus owner cards do not execute ready access cycles 
because the IBM AT platform did not drive the IOCHRDYsignal/ine when platform 
resources were accessed. E-ISA add-on bus owner cards do support the ready access 
cycle. 
( 4) Traditional ISA add-on bus owner cards did not execute no-waU-sUlte access 
cycles because the IBM AT platform resources did not drive the SRDr' (NOWS*) 
signal/ine, and BCLK signal line skew was a problem. 
(5) Platform circuitry cannot teU the difference between an ISA, E-ISA, or EISA 8 
ba resource. 
(6) By definition, an ISA or E-ISA bus master on an EISA platform is an add-on 
bus owner card. If the no-waU-state access cycle is going to be used, the MstarburstM 

implementation of the BCLK signal line is required. 
(7) An 8 data ba EISA memory resource is MactuallyM only an 8 data ba ISA or E
ISA resource. 
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The EISA standard access cycle is executed by the platform 
CPU or the EISA compatible add-on bus owner card (collectively 
called EISA bus masters) to access platform and EISA compatible 
resources (collectively called EISA accessed resources). (See 
Figure 3-4). The START* signal line is driven active by the EISA 
bus master to indicate to other bus resources that a cycle is 
beginning and that it has driven ADDRESS (LA <2-31 > ) and M
10 signal lines valid. The accessed resource responds by driving 
the EX16* or EX32* signal lines active. Driving either EX16* or 
EX32* active indicates an EISA resource, as well as indicating the 
data size of the resource. 

Subsequent to an active STAR T* signal line, the EISA bus 
master drives the BE*< 0-3> and W -R signal lines valid. The BE* 
signal lines complete byte level addressing and indicate the data 
size requested. The W-R signal line indicates data direction. For 
the cycle to execute as an EISA standard access cycle, the data size 
requested must be equal to or less than the data size of the EISA 
accessed resource, the EXRDY signal line must remain active, and 
the accessed resource must be EISA compatible. If these 
conditions are not met, the cycle is completed as one of the other 
EISA access cycles. 

In response to an active STAR T* signal line, the CMD- signal 
line is driven active by platform circuitry (not the EISA bus master) 
and establishes the length of the cycle. The START- signal line is 
driven active only for one BCLK period and the LA, M-IO, BE-, 
and W-R signal lines remain valid until the START* signal line is 
driven inactive. 

The active length of the CMD* signalline for an EISA standard 
cycle is one BCLK period. Thus, the total length of an EISA 
standard cycle is two BCLK periods. For a write cycle, the active 
CMD* signal line indicates to the EISA accessed resource valid 
data on the bus. For a read cycle, the active CMD* signal line 
provides a reference point to the EISA accessed resource as to 
when data on the bus must be valid. 
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FIGURE 3-4: GENERIC EISA STANDARD AND READY ACCESS CYCLE 
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The second type of access cycle is the EISA ready access cycle 
(see Figure 3-4). The EISA standard access cycle becomes an 
EISA ready access cycle when the accessed resource drives the 
EXROY signal line inactive. The other conditions for a cycle to be 
executed as an EISA ready access cycle are that the data size 
requested is equal to or less than the data size of the accessed 
resource, and the accessed resource must be EISA compatible. If 
these conditions are not met, the cycle is completed as one of the 
other access cycles. 

The EISA ready access cycle executes in the same fashion as an 
EISA standard access cycle, the only difference being the length of 
the cycle. The CMO* signal line will remain active until the 
EXROY signal line becomes active which allows access cycles to 
be lengthened for slower resources. The EXROY* line is sampled 
by the platform circuitry in the middle of each BCLK. signal line 
period; consequently the increase in the length of a ready access 
cycle is a multiple of one BCLK. signal line period. When the 
EXROY signal line is sampled active, the access cycle is completed 
at the end of the same BCLK. signal line period. 

The third type of access cycle is the EISA data-matching access 
cycle (see Figure 3-5). The EISA standard access cycle becomes an 
EISA data-matching access cycle when the EISA bus master 
requests a 24 or 32 data bit (indicated by the BE* signal lines) 
access cycle and the EISA accessed. resource drives the EX16* 
signal line active. The active EX16* signal line indicates that the 
accessed resource can only support an 8 or 16 data bit access. In 
response to this condition, the EISA bus master holds the LA and 
the W-R signal lines valid for the entire cycle. 

For explanation purposes, observe a 32 data bit access to a 16 
data bit accessed resource in Figure 3-5. The initial BE* signal 
lines indicate a 32 data bit access, and the accessed resource simply 
honors the value of the BE*<0-1 > signal lines; that is, only the 
lower word. For a read access cycle, the word is latched into a 
holding register by the platform circuitry. For a write access cycle, 
the accessed resource only accepts the lower word in the first part 
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FIGURE 3-5: GENERIC EISA DATA-MATCHING ACCESS CYCLE (32 DATA BIT 
BUS MASTER TO 16 DATA BITACCESSED RESOURCE EXAMPLE) 
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of the cycle. As an example, Figure 3-5 demonstrates that the first 
part of the EISA data-matching cycles appears as an EISA 
standard access cycle to the EISA accessed resource. 

As with the EISA standard access cycle, the first START
signal line pulse is driven by the EISA bus master and the CMD
signal line pulse is driven by the platform control circuitry. Unlike 
an EISA standard access cycle, the EISA data-matching cycle has a 
second set of START- and CMD- signal line pulses. The second 
pulse of both signal lines are driven by the platform circuitry. Also, 
the second set of BE-signal lines are driven by the platform 
circuitry to indicate the upper word of the access. The accessed 
resource responds by activating the EX16- signal line a second 
time. For a read access cycle, the upper word is latched into a 
holding register by the platform circuitry. For a write access cycle, 
the accessed resource accepts the upper word on the lower byte 
lanes after it was swapped by the platform circuitry. 

The EISA data-matching cycle is completed by the platform 
circuitry activating the EX32- signal line. For a read cycle, the 
active EX32- signal line indicates to the EISA bus master that the 
bytes requested (according to the initial BE-signal lines) are 
available from the platform circuitry holding registers one BCLK 
signal line period later. For a write cycle, the active EX32- signal 
line indicates to the EISA bus master that all of the bytes available 
according to the initial BE- signal lines have been accepted by the 
accessed resource. Note: the EISA Rev. 3.12 bus specification 
indicates that only EX32- is driven active at the end of the cycle. 
The Intel 358DT chip set indicates that both EX16- and EX32
signal lines are driven active at the end of the cycle. 

The data-matching cycle can be executed with or without the 
EXRDY signal line becoming active. The portion of the cycle that 
samples the EXRDY signal line always active resembles an EISA 
standard access cycle. The portion of the cycle that samples the 
EXRDY signal line inactive resembles an EISA ready access cycle, 
as shown in Figure 3-5. 
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The fourth type of access cycle is the EISA compressed access 
cycle. The EISA compressed access cycle can only be executed by 
the platform CPU and is shown in Figure 3-6. This access cycle 
allows for a longer memory address decode time than the EISA 
burst access cycle and higher data rates than the EISA standard 
access cycle. The EISA compressed access cycle begins as an EISA 
standard access cycle. The START* signal line is driven active by 
the platform CPU to indicate to other bus resources that a cycle is 
beginning and the ADDRESS and M-IO signal lines are valid. The 
accessed resource responds by driving the EX16* or EX32* signal 
lines active. Driving either EX16* or EX32* active indicates an 
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FIGURE 3..6: GENERIC EISA COMPRESSED ACCESS CYCLE 



Chapter 3, Generic Bus Cycles 55 

EISA resource, as well as the data size of the resource. Subsequent 
to an active START* signal line, the platform CPU drives the 
BE* < 0-3 > and W-R signal lines valid. 

The EISA standard access cycle becomes an EISA compressed 
access cycle when three events happen. First, the EISA compatible 
accessed resource drives the SRDY* (NOWS*) signal line active. 
Second, the platform circuitry responds to the active NOWS* signal 
line with a "shorter" active pulse for the CMD* signal line. Third, 
also in response to an active NOWS* signal line, the platform 
circuitry drives longer "low" portions of the BCLK signal line. 

The platform control circuitry continues sampling the NOWS * 
signal line and maintaining longer low portions of the BCLK signal 
line and shorter active pulses for the CMD* signal line. The 
sequence of compressed cycles terminates at Point "A" when the 
BCLK signal is high earlier than previous cycles and the STAR T* 
signal line remains inactive. This "termination" of the EISA 
compressed access cycle results from the accessed resource not 
driving the NOWS* signal line active at Point "B". The EISA 
compressed access cycle can also be terminated by the platform 
circuitry unilaterally driving the BCLK and the STAR T* signal 
lines as previously described at Point "A". 

For a write cycle, the active CMD* signal line indicates to the 
accessed resource valid data on the bus. For a read cycle, the 
active CMD* signal line provides a reference point to the accessed 
resource as to when data on the bus must be valid. 

The fifth type of access cycle is the EISA burst access cycle. 
The EISA burst access cycle can only be executed by the platform 
CPU or EISA add-on bus owner (collectively called EISA bus 
masters) when accessing EISA compatible memory resources. The 
generic cycle is shown in Figure 3-7. 

The EISA burst access cycle begins as an EISA standard access 
cycle. The START* signal line is driven active by the EISA bus 
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master to indicate to other bus resources that a cycle is beginning 
and the LA and M-IO signal lines are valid. The accessed resource 
responds by driving the EX16* or EX32* signal lines active, which 
indicates an EISA resource, as well as the data size. Subsequent to 
an active STAR T* signal line, the EISA bus master drives the BE* 
and W-R signal lines valid. The EISA standard access cycle 
becomes an EISA burst access cycle when two events happen: first, 
the accessed resource drives the SLBURST* signal line active to 
indicate support of EISA burst access cycles; secondly, in response 
to the active SLBURST* signal line, the EISA bus master drives 
the MSBURST* signal line active. 

In response to an active STAR T* signal line, the CMD* signal 
line is driven active by platform circuitry. The platform control 
circuitry samples the active SLBURST* and MSBURST* signal 
lines active and maintains a constant active CMD* signal line until 
the cycle is completed. The sequence of burst cycles terminates at 
Point "A" when the MSBURST* signal line has been sampled 
inactive at Point "B". Notice that the SLBURST*, EX16*, and 
EX32* signal lines are sampled only once. Also notice that the 
MSBURST* signal line is only sampled when data is valid as 
dictated by an active EXRDY signal line a half BCLK signal line 
period earlier. 

The entire burst access cycle is unidirectional; that is, data is 
either all read or all written. The read data must be valid relative 
to the rising edge of the BCLK signal if the EXRDY* signal line 
was sampled valid at the previous falling edge of the BCLK signal 
line. The write data is always valid prior to the rising edge of the 
very next BCLK signal line under the assumption that the 
EXRDY* signal line may be inactive. 



58 ISA & EISA Theory and Operation 

3.2 EISA BUS MASTER ACCESS CYCLES TO ISA AND 
E·ISA RESOURCES ON EISA PLATFORMS 

The sixth type of access cycle supported on an EISA-platform is 
the E-MIX access cycle. (See Table 3-1-B for a summary of when 
an E-MIX access cycle is executed.) The E-MIX access cycle can 
be executed by the platform CPU or an EISA compatible add-on 
bus owner card (collectively called EISA bus masters) when the 
access is to an ISA or E-ISA compatible resource. The E-MIX 
access cycle relies on the intermixing of the different EISA and ISA 
access cycles. From the EISA bus master viewpoint, the E-MIX 
access cycles implement the EISA standard or data-matching 
access cycles. From the ISA compatible accessed resource 
viewpoint, the E-MIX access cycles implement the ISA or E-ISA 
compatible standard, ready, and no-wait state access cycles (see 
Figures 3-8-A to 3-8-D). There are two versions of the E-MIX 
access cycle. One, called the E-MIX version of the EISA standard 
access cycle, does no data byte assembly or disassembly. The other, 
called the E-MIX version of the EISA data-matching access cycle, 
does data-byte assembly and disassembly. 

When the E-MIX version of the EISA standard access cycle is 
being executed by an EISA add-on bus owner card, it appears 
slightly different than a "regular" EISA standard access cycle. First, 
the LA and M-IO signal lines are held untill/2 BCLK signal line 
period after the CMD* signal line is driven inactive. The W-R 
signal line is driven valid until one BCLK signal line period after 
the CMD* signal line is driven inactive. Second, the EISA bus 
master must tri-state the START* and BE* signal lines (Point Din 
Figures 3-8-A to D) as is done for the EISA data-matching access 
cycle. Third, the platform circuitry supports the appropriate ISA 
compatible signal lines. Fourth, the EX16* and EX32* signal lines 
are not driven active until the end of the cycle to indicate cycle 
completion (Point C in Figures 3-8-A to D). If the EX16* or 
EX32* signal lines were driven active at Point B, by definition it 
would not be an E-MIX access cycle. Fifth, for a write access cycle, 
the DATA signal lines are also tri-stated by the EISA bus master 
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FIGURE 3-8-B: 	 E-MlX VERSION OF EISA STANDARD ACCESS CYCLE (16 DATA 
BITACCESS CYCLE TO ISA OR E-ISA 16 DATA BITADD-ON 
SlAVE CARD) (MASTER16* = 0) 
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(Point D in Figures 3-8-A to D) and then driven by platform 
circuitry. Sixth, for a read access cycle, the platform circuitry "re
drives" the DATA signal lines one BCLK signal line period after 
the CMD* signal line is driven inactive (Point E in Figures 3-8-C 
and D) when the EISA bus master data size (indicated by the 
MASTER16* signal line) is greater than the ISA or E-ISA 
compatible accessed resource data size (indicated by the 
MEMCS16* and IOCS16* signal lines). (See Table 6-25 in 
Chapter 6.) Otherwise data is read directly from the accessed 
resource and not redriven by platform circuitry (see Figure 3-8-A 
and B). 

The timing for the EISA bus master tri-stating certain signal 
lines and then driving them for the next cycle mimics the timings 
outlined for the EISA data-matching access cycle. 

The E-MIX version of the standard access cycle takes place 
when an EISA bus master accesses an ISA or E-ISA compatible 
resource, and under the following conditions: 

- The initial BE* signal lines indicated an 8 data bit access. 
OR 

- The initial BE* signal lines indicated a 16 data bit access 
when the MEMCS16* (when M-IO = 1) or IOCS16* 
(when M-IO =0) signal line is active. 

··.\When·the.The•• E-MIX.version·of.the•• EISA.sfandardaccesscyc/e 
... is beingexecuted·bytheplatformCPU,·it executes>the<,*ccess 

cycle.in·· the ··same··fashlc>n as>an.·EISAadd-on·bus·ownetc8.rr./.> . 
. Howeve',··there> are·thteediffetences:>fitst,··theSTART*,af1r./· 
·••• C;MO*·signal.·lines ·are·not. tri-statec/ .• because.theplatfoffn·.CPU 

..... antJ.·•• platfornl.·.·••.citcuitry·•. ·are···••• essentia/ly •• ··of1e.•.•••and.••··.the·•.same. 
$ecof1d,>the.EX16*·andEX32*.$igna/.lines·stenot.drivenactive 

·at·the.endofthe>cycle. Third,fo,·a·readaccess,>theDATA 
signa/lines are> not. "re-driven"·One>BCLK signal line<period 

. aitertheCMD*signalline is driveninactive. 

http:as>an.�EISAadd-on�bus�ownetc8.rr
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(Point D in Figures 3-8-A to D) and then driven by platform 
circuitry. Sixth, for a read access cycle, the platform circuitry "re
drives" the DATA signal lines one BCLK. signal line period after 
the CMD* signal line is driven inactive (Point E in Figures 3-8-C 
and D) when the EISA bus master data size (indicated by the 
MASTER16* signal line) is greater than the ISA or E-ISA 
compatible accessed resource data size (indicated by the 
MEMCS16* and IOCS16* signal lines). (See Table 6-25 in 
Chapter 6.) Otherwise data is read directly from the accessed 
resource and not redriven by platform circuitry (see Figure 3-8-A 
and B). 

The timing for the EISA bus master tri-stating certain signal 
lines and then driving them for the next cycle mimics the timings 
outlined for the EISA data-matching access cycle. 

The E-MIX version of the standard access cycle takes place 
when an EISA bus master accesses an ISA or E-ISA compatible 
resource, and under the following conditions: 

- The initial BE* signal lines indicated an 8 data bit access. 
OR 

- The initial BE* signal lines indicated a 16 data bit access 
when the MEMCS16* (when M-IO = 1) or IOCS16* 
(when M-IO = 0) signal line is active. 

WHeilthe77Jf1E-MI)(VerSionOffhij€lsAstancfatda6~e~$cyclif 
>isl:f~ltfgexecl.ltedPythf1platf()tmCPtJ,itexe¢(Jtesth~.cC8$S 

......~~b'lr~~~fU'~;&S£rfe·a@i:Cri/,~~$~dl/,~~,".~~s~l:t*Cf:d··. 

> •• $igl1tJl •• lil1es•. ate .. fl()t.tri-stated •• becau$e.tlJs.• pla"qfirJ•.•QPV•••••. ·QMP.~ 


>Md ••• p'a"()firJ ••••• circl.lit/'y>•.. $re •• >essehtitJIIY...·onf1<·tJnc/ •• tlJij.· •• sBmef 

•· ••••$e¢()l)d,·.the.EX16*•• and.EX32~ ••signa/.line$·ate.·nt>tdt1Wll1·active ••• 
<tJt.f1lff~l)d.()fthe·cy¢le•••••·Thitd,·.·fota•• reac/>a¢C~$S, •• thtiPATA.·· 
~igl1tJl/il1i1satel1(Jf·"re-driven/'>()l1ijBCLl(signtJllil1e>p:eriod 

.~fj~rtl1~9Iy1p*signallin~· isdriVehjnac~\le.•••••••••••••••••.• >•••••••••••••••••••••••• >y/....../ .......... 

mailto:b'lr~~~fU'~;&S�rfe�a@i:Cri/,~~$~dl/,~~,".~~s~l:t*Cf:d
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When the E-MIX version of the EISA data-matching access 
cycle is being executed, it appears as a "regular" EISA data
matching access cycle to the EISA add-on bus owner card (see 
Figure 3-5). The differences are: first, the ISA compatible signal 
lines operate as outlined in Figure 3-8-A to D; secondly, both the 
EXI6* and EX32* signal lines are only driven active at the end of 
the cycle. 

The E-MIX version of the EISA data-matching cycle is 
different than the E-MIX version of the EISA standard access cycle 
in two ways: first, the data read is always redriven one BCLK. signal 
line period after the CMD* signal line is driven inactive; secondly, 
the platform circuitry executes multiple ISA access cycles in 
conjunction with multiple active START* and CMD* signal line 
pulses. 

The E-MIX version of the EISA data-matching access cycle 
occurs when an EISA bus master is accessing an ISA or E-ISA 
resource under the following conditions: 

- The data size requested by the initial BE* signal lines 
is larger than the data size of the accessed resource as 
defined by MEMCSI6* and IOCSI6* signal lines being 
inactive (8 data bit resource). 

- The initial BE* signal lines indicated a 24 or 32 data bits 
access when the MEMCSI6* (when M-IO = 1) or 
IOCSI6* (when M-IO =0) signal line is active. 

- The initial BE* signal lines indicate a word access to an 
odd address (BE*3 =1, BE*2 =0, BE*1 =0, and BE*O = 
1). 
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The E-MIX (either the EISA standard or EISA data-matching 
access cycle version) access cycle begins as an EISA standard 
access cycle. The STAR T* signal line is driven active by the EISA 
bus master to indicate to other bus resources that a cycle is 
beginning and the LA and M-IO signal lines are valid. Subsequent 
to an active STAR T* signal line, the EISA bus master drives the 
BE* and W-R signal lines valid. The EISA standard access cycle 
becomes an E-MJX access cycle when neither the EX16* nor the 
EX32* signal lines are sampled active when the START* signal 
line is active. The EISA bus master will then execute an E-MIX 
version of the EISA standard or data-matching access cycle. The 
platform circuitry drives the ISA compatible COMMAND signal 
lines (MEMR *, MEMW*, SMEMR *, SMEMW*, lOR*, or IOW*) 
active. Simultaneously, the platform circuitry drives the EISA 
compatible CMD* signal line active. 

In order to meet any of the possible cycle requirements, the 
platform circuitry (prior to determining if an ISA or E-ISA 
compatible resource is involved) has driven the SA and SBHE* 
signal lines active (from the LA and BE* signal lines) and has 
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pulsed the BALE signal line. From the ISA or E-ISA compatible 
accessed resource viewpoint, it executes ISA compatible standard, 
ready, and no-wait-state access cycles. If data-matching is required, 
the platform circuitry will execute multiple ISA compatible access 
cycles. 

The EISA bus master (except a platform CPU) waits until the 
EX16* and EX32* signal line is sampled active when the CMD* 
signal line is active to complete the total access cycle. 

Figures 3-8-A to D provide examples of the E-MIX version of 
the EISA standard access cycle. The E-MIX version of the EISA 
data-matching access cycle is not shown, but is simply a regular 
EISA data-matching cycle with EX16* and EX32* driven at the 
end of the cycle, and DATA (read) redriven. 
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3.3 ISA AND E-ISA BUS MASTER ACCESS CYCLES 
TO EISA RESOURCES ON EISA PLATFORMS 

The seventh type of access cycle supported on an EISA 
platform is the I-MIX access cycle. (See Table 3-1-B for a 
summary of when an I-MIX access cycle is executed.) The I-MIX 
access cycle is executed by platform circuitry when an ISA or E-ISA 
add-on bus owner card accesses an EISA compatible resource. 
The I-MIX access cycle relies on the intermixing of EISA and ISA 
access cycles. From the ISA or E-ISA bus master's viewpoint, the 1
MIX access cycle permits the ISA ready access cycle to access a 16 
data bit EISA compatible memory or I/O resource. Also, from the 
ISA or E-ISA bus master's viewpoint, the I-MIX access cycle 
implements an ISA ready access cycle for an 8 data bit EISA 
compatible I/O resource. The EISA compatible 16 data bit 
accessed resource implements the EISA standard and ready access 
cycles. The 8 data bit EISA compatible I/O resource implements a 
"special version" of the EISA standard and ready access cycles. 
(See Figure 3-9.) 

The I-MIX access cycle begins with the ISA bus master driving 
the LA< 17-23>, SA<0-19>, and SBHE* signal lines valid. These 
signal lines are translated into the LA<2-16> and BE* <0-3> 
signal lines by the platform circuitry. Subsequently, the ISA bus 
master drives one of the COMMAND (MEMR *, MEMW*, lOR*, 
and 10W*) signal lines active. The platform circuitry translates the 
active COMMAND signal line and drives the M-IO and W-R 
signal lines valid, and drives the START* signal line active. The 
platform circuitry also drives the 10CHRDY signal line inactive 
because of the time constraints for a valid 10CHRDY signal line to 
be returned to the ISA or E-ISA bus master. 
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After a minimum period of time, the START* signal line is 
driven inactive and the CMO* signal line is driven active. 
Simultaneously, the EISA accessed resource has driven the EX16*, 
EX32 * , and EXROY signal lines valid. The platform circuitry 
translates these signal lines into the MEMCS16* and IOCHROY 
signal lines. The EISA slave also drives the IOCS16* signal lines 
valid if appropriate. (See Chapter 6 for more information as to 
why an EISA accessed resource is driving an ISA compatible signal 
line.) 

For a write access cycle to a 16 data bit EISA resource, the 
platform circuitry monitors the EXROY signal lines and 
accordingly drives the CMO* and IOCHROY signal lines active 
and inactive, respectively. Once the IOCHROY signal line is 
driven active, the ISA or E-ISA bus master can terminate the 
access cycle according to the ISA access cycle protocol. 

For a read access cycle, the platform circuitry monitors the 
EXROY signal lines and accordingly drives the IOCHROY signal 
lines inactive. Once the IOCHROY signal line is driven active, the 
ISA bus master can terminate the access cycle according to the ISA 
access cycle specifications. The platform circuitry holds the CMO* 
signal line active until the ISA bus master drives the appropriate 
COMMANO signal line inactive to insure that the data read from 
the EISA resource is valid for the ISA bus master. 
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3.4 DMA TRANSFER CYCLES ON ISA AND E-ISA 
PLATFORMS 

Transfer cycles operate differently than access cycles. A 
transfer cycle is executed only by the platform DMA controller to 
transfer data between I/O and memory resources. 

There are two versions of transfer cycles: standard and ready. 
The execution of either version of the transfer cycle begins with the 
activation of both a single DMA acknowledge (DACKx*) signal 
line and the AENx signal line by the platform. (See Figures 3-10 
and 3-11.) The activation of these lines is in response to an I/O 
resource driving a DMA request (DRQx) signal line active. The 
activation of the DACKx* signal line defines which I/O resource is 
part of the transfer, and that a transfer cycle is beginning. The 
AENx line indicates to all other I/O resources that a transfer cycle 
specific to an I/O resource is occurring, and that the ADDRESS 
and COMMAND lines must be ignored. Figure 3-10 illustrates the 
I/O read and memory write transfer cycle, and Figure 3-11 
illustrates the I/O write and memory read transfer cycles. 

The LA<17-23> and SA<0-19> signal lines are both driven 
valid prior to the activation of the memory COMMAND signal 
lines. They are held constant for the entire cycle. The ADDRESS 
signal lines are only referenced to the memory COMMAND signal 
lines, because only the memory resources can be addressed. The 
I/O resources involved in the cycle are "accessed" solely by 
enabling their specific DACKx* signal line. 

The length of the COMMAND pulses for the standard transfer 
cycle is predetermined. A standard transfer cycle becomes a ready 
transfer cycle if the memory resource deactivates the IOCHRDY 
within a specific time relative to an active memory COMMAND 
line. The memory COMMAND line will remain active until the 
IOCHRDY signal line becomes active. 
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The increase in the length of a ready cycle is a multiple of two 
BCLK periods on an ISA platform. 'The E-ISA platform extends 
the ready cycles in multiples of one and two BCLK periods. 'The 
ISA platform implementation of the IOCHRDY line does not 
reference it directly to the BCLK line; however, the E-ISA 
platform implementation does. See Chapter 5 for more detailed 
information. 

During a transfer cycle, only the memory resource can 
inactivate the IOCHRDY signal line. 'The I/O resource must be 
ready for the transfer within the cycle length of a standard cycle. 

On an ISA compatible platform, the bus contains several DMA 
channels. An add-on slave card can be either the I/O or memory 
resource in the transfer. Each DMA channel has a pair of DMA 
request and acknowledge lines. DMA channels numbered 0-3 
support only 8 data bit transfers, and channels numbered 5-7 
support only 16 data bit transfers. 16 data bit memory resources 
are designed to allow single bytes to be read and written; 
consequently, an 8 data bit I/O resource can interact with a 16 data 
bit memory resource. The 16 data bit I/O resource does not allow 
single bytes to be read or written. Therefore, transfers between 16 
bit I/O and 8 data bit memory resources are not supported. 'These 
restrictions allow the data to be transferred in a single transfer 
cycle. Table 3-2 summarizes DMA transfer cycles in ISA 
compatible platforms. 

PLATFORM PARTICIPANTS 
MEMORY: I/O 

TRANSFER TYPES TC RESOURCE TRANSFER DEMAND &BLOCK 
COMP "A" "B" "C" (1) SIZE SIZE TRANSFER 

MEM:I/O INTERRUPTIBLE 

PC.XT PC.XT : PC.XT YES NO NO NO UNI 8 8 8 NO 

AT PC.XT 
PC.XT 

AT 
AT 

: PC.XT 
: AT 
: PC,XT 
: AT 

YES 
YES 
YES 
YES 

NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 

NO UNI 
NO UNI 
NO UNI 
NO UNI 

8 
8 

8/16
8/16

16 

8 
8 
8 
8 
16 

8 
8 
8 
8 
16 

NO 
NO 
NO 
NO 
NO 

TABLE 3-2: ISA COMPATIBLE PLATFORM DMA TRANSFER CYCLES 
NOTE: 
(1) UNI = UNIdirectional ... DMA controUer to I/O resource. BI = BIdirectional. 
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The EISA bus specification has expanded the definition to 
support TYPE A, TYPE B, and TYPE C (BURST) transfer cycles 
in addition to the COMPATIBLE transfer cycles. E-ISA platforms 
support have adopted TYPE A and TYPE B transfer cycles 
WITHOUT "CONVERSION" in addition to supporting the 
COMPATIBLE transfer cycle. The conditions for support of the 
TYPE A and TYPE B transfer cycles on an E-ISA compatible 
platform are as follows: 

- The memory resource must be the platform memory. 

- The I/O resource data size must be less than or equal to 
the data size of the memory resource. 

- The I/O resource is designed for TYPE A and TYPE B 
transfer cycles, and the associated DMA channels have 
been programmed for these transfer cycle types. 

- The DMA controller on an E-ISA platform allows each 
DMA channel to be programmed individually for 8 or 16 
data bits. 

Table 3-3 outlines the broader transfer cycle support on an E
ISA platform. 
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PLATFORM PARTICIPANTS 
MEMORY: I/O 

TRANSFER TYPES TC 
COMP "A" liB II "C" (1) 

RESOURCE TRANSFER DEMAND &BLOCK 
SIZE SIZE TRANSFER 

MEM: I/O INTERRUPTIBLE 

E-ISA PC,XT : AT YES NO NO NO UNI 8 8 8 NO 

AT 

PC,XT 

: 

: 

AT 

E-ISA 

YES 

YES 

NO 

NO 

NO 

NO 

NO UNI 

NO BI 
81~6 
8 

8 
16 
8 

8 
16 
8 

NO 

NO 

AT 

E-ISA 
(2)

E-ISA 
(2)

E-ISA 
(2) 

E-ISA 
(3)

E-ISA 
(3)

E-ISA 
(3) 

: 

: 

: 

: 

: 

: 

: 

E-ISA 

PC,XT 

AT 

E-ISA 

PC~XT 
( ) 

AT 
(4)

E-ISA 
(4) 

YES NO NO 

YES NO NO 

YES NO NO 

YES NO NO 

YES YES YES 

YES YES YES 

YES YES YES 

NO BI 

NO UNI 

NO UNI 

NO BI 

NO UNI 

NO UNI 

NO BI 

81~6 
8,16 

81~6 
81~6 
8,16 

81~6 
81~6 

8 
16 
8 

8 
16 
8 
16 
8 

8 
16 
8 
16 

8 
16 
8 

8 
16 
8 
16 
8 

8 
16 
8 
16 

NO 

NO 

NO 

NO 

YES (5) 

YES (5) 

YES (5) 

TABLE 3-3: E-ISA COMPATIBLE PLATFORM DMA TRANSFER CYCLES 

NOTES: 
(1) UNI = UNIdirectional ... DMA controller to I/O resource. BI =BIdirectional. 
(2) E-ISA memory is an add-on card ONLY. 
(3) E-ISA memory is the platform memory ONLY. 
(4) Most DMA add-on slave cards support the TYPE A transfer cycle. Some DMA 
add-on slave cards support the TYPE B transfer cycle. 
(5) "NO" ifDMA COMPATIBLE transfer cycle. 

On the E-ISA compatible platform, the basic operation of the 
COMPATIBLE cycle is the same as on the ISA compatible 
platform. (See Figures 3-10 and 3-11.) The operation ofthe TYPE 
A and TYPE B transfer cycles are similar to the COMPATIBLE 
transfer cycles except cycle length and associated cycle timings have 
been shortened. In that only the platform memory is the memory 
resource, the focal point of these transfer cycles are the I/O 
resource. Also, the length of the TYPE A and TYPE B transfer 
cycles can be lengthened in increments of one BCLK signal line 
periods. The IOCHRDY signal line is not shown in the following 
figures because only platform memory is used. The comparison of 
the transfer cycle lengths are outlined in Figure 3-12. Figures 3-13
A and Band 3-14-A and B outline I/O read and I/O write transfer 
cycles, respectively. 
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3.5 DMA TRANSFER CYCLES ON EISA PLATFORMS 

As mentioned above, the EISA bus specification has expanded 
the definition of transfer cycles to support TYPE A, TYPE B, and 
TYPE C (also called BURST) transfer cycles in addition to the 
COMPATIBLE transfer cycles. The EISA platform operates these 
transfer cycles in the same fashion as the ISA and E-ISA platforms 
with the following enhancements: 

- COMPATIBLE transfer cycles include ISA, E-ISA, and 
EISA compatible memory located on both platform and 
add-on slave cards. 

- TYPE A and TYPE B transfer cycles include ISA, E-ISA, 
and EISA compatible memory located on both platform 
and add-on slave cards. CONVERSION allows these 
transfer cycles to occur with ISA and E-ISA compatible 
memory add-on slave cards, which were not supported on 
the E-ISA platform for TYPE A and TYPE B transfer 
cycles. 

- TYPE A and TYPE B transfer cycles are supported 
between I/O resources with a data size greater than the 
data size of the memory resource. CONVERSION 
allows the support of this data size mismatch. 

- The EISA platform also supports the TYPE C transfer 
cycle. The primary purpose of the TYPE C transfer cycle 
is to do "burst-like" transfer cycles between EISA 
compatible memory and I/O resources. 

- TYPE C transfer cycles include ISA, E-ISA, and EISA 
compatible memory located on both platform and add-on 
slave cards. "CONVERSION" allows the TYPE C transfer 
cycle to interface with ISA and E-ISA add-on memory 
slave cards. 
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- TYPE C transfer cycles are supported between I/O 
resources with a data size greater than the data size of the 
memory resource. "CONVERSION" allows the support of 
this data size mismatch. 

Table 3-4 outlines the broader transfer cycle support on an 
EISA platform. 

PARTICIPANTS TRAN FER TYPES RESOURCE TRANSFER DEMAND & 
MEMORY: I/O COMP "A" "A"/W "B" "B"/W "C" "C"/W TC SIZE SIZE BLOCK 

CONY CONY CONY MEM:1/0 XFER 
(1) (1) (7) (1&7) (2) (5) INTERUP

(8) ( ) TlBlE 

PC,XT:PC,XT YES NO YES NO YES NO NO UNI 8 8 8 YES 
(3) 


PC,XT : AT YES NO YES NO YES NO NO UNI 8 8 8 

(3) NO NO YES NO YES NO NO UNI 8 16 2x8 MUlT 


AT : PC,XT YES NO YES NO YES NO NO UNI 8,16 8 8 

(3) 


AT : AT YES NO YES NO YES NO NO UNI 8 8
8~l6(3) YES NO YES NO YES NO NO UNI 16 16 
NO NO YES NO YES NO NO UNI 8 16 2x8 MUlT 


PC,XT : EISA YES NO YES NO YES NO YES BI 8 8 8 

NO NO YES NO YES NO YES BI 8 16 2x8 MUlT 
NO NO YES NO YES NO YES BI 8 32 4x8 MUlT 


EISA : PC,XT YES NO YES NO YES NO NO UNI 8 8 8 

(3) YES YES NO YES NO NO NO UNI 16,32 8 8 


AT,ISA: EISA YES NO YES NO YES NO YES BI 8 8
8~l6YES NO YES NO YES NO YES BI 16 16 
NO NO YES NO YES NO YES BI 8 16 2x8 MUlT 
NO NO YES NO YES NO YES BI 8 32 4x8 MUlT 
NO NO YES NO YES NO YES BI 16 32 2x16MULT 

TABLE 3-4: EISA COMPATIBLE PLATFORM DMA. TRANSFER CYCLES 
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PARTICIPANTS TRANSFER TYPES RESOURCE TRANSFER DEMAND & 
MEMORY : I/O COMP "A" "A"/W "B" "B"/W "C" "C"/W TC SIZE SIZE BLOCK 

CONY CONY CONY MEM: I/O XFER 
(1) (1) (7) (1~7) (2) (5) INTERUP

(8) ( ) T1BLE 

EISA : AT 
(3) 

YES 
YES 

NO 

NO 
YES 
NO 

YES 
NO 
YES 

NO 
YES 
NO 

YES 
NO 
YES 

NO 
NO 
NO 

NO 
NO 
NO 

UNI 
UNI 
UNI 

8 8 8 
16,32 8 8 
8 16 2X8 MULT 

YES 

YES YES NO YES NO NO NO UNI 16,32 16 16 

EISA : EISA YES 
YES 
YES 
YES 

NO 
NO 
NO 

NO 
YES 
YES 
YES 
NO 
NO 
NO 

YES 
NO 
NO 
NO 
YES 
YES 
YES 

NO 
YES 
YES 
YES 
NO 
NO 
NO 

YES 
NO 
NO 
NO 
YES 
YES 
YES 

YES 
YES 
YES 
YES 
NO 
NO 
NO 

YES 
YES 
YES 
YES 
YES 
YES 
YES 

BI 
BI 
BI 
BI 
BI 
BI 
BI 

8 8 8 
16 32 8 8 
16~32 16 16 
3 32 32 
8 16 2x8 MULT 
8 32 4x8 MULT 
16 32 2x16MULT 

PLAT. EISA YES YES NO YES NO YES YES BI 8 8 8 
MEMORY: EISA YES YES NO YES NO YES YES BI 16 32 8 8 

YES 
YES 

NO 

YES 
YES 
NO 

NO 
NO 
YES 

YES 
YES 
NO 

NO 
NO 
YES 

YES 
YES 
NO 

YES 
YES 
YES 

BI 
BI 
BI 

16~32 16 16 
3 32 32 
8 16 2x8 MULT 

NO NO YES NO YES NO YES BI 8 32 4X8 MULT 
NO NO YES NO YES NO YES BI 16 32 2x16MULT 

PLAT. EISA YES 
MEMORY:PC,XT YES 

(3) 

YES 
YES 

NO 
NO 

YES 
YES 

NO 
NO 

NO 
NO 

NO 
NO 

UNI 
UNI 

8 8 
16,32 8 

8 
8 

PLAT. EISA 
MEMORY:AT 

(3) 

YES 
YES 
YES 

YES 
YES 
NO 

NO 
NO 
YES 

YES 
YES 
NO 

NO 
NO 
YES 

NO 
NO 
NO 

NO 
NO 
NO 

UNI 
UNI 
UNI 

8 8 8 
16,32 16 16 
8 16 2x8 MULT 

TABLE 3-4: EISA COMPATIBLE PLATFORM DMA TRANSFER CYCLES 
( CONTINUED) 

NOTES: 
(1) A "YES" in this column, when the memory data size is greaJ.er than or equal to 
the I/O data size, indicaJ.es a "SINGLE CONVERSION" cycle wiJhout multiple 
reads or writes of the memory resource. From the I/O resource viewpoint, the timing 
is that of a COMPATIBLE TRANSFER CYCLE. Otherwise, a "MULTIPLE 
CONVERSION" cycle is executed. 'W/CONv." means "wiJh conversion ". 
(2) UNI = UNIdirectional ... DMA controller to I/O resource. BI =BIdirectional. 
(3) Most DMA add-on slave cards can support the 1YPE A transfer cycle, and some 
DMA add-on slave cards can support the 1YPE B transfer cycle. 
(S) MULT = "MULTIPLE CONVERSION" ... when the memory resource data size 
is smaller than the I/O resource data size, multiple assembly/disassembly will occur. 
(6) A "YES" in this column, when an EISA compatible memory resource is 
involved, indicaJ.es that the memory data size is greaJ.er than or equal to the I/O data 
size, and the memory resource did not drive the SLBURST* signal line active. 
(7) All transfer cycle types support SINGLE, DEMAND, and BLOCK DMA modes 
except 1YPE C and 1YPE C wiJh conversion, which only support DEMAND and 
BLOCK DMA modes. 

http:greaJ.er
http:indicaJ.es
http:indicaJ.es
http:greaJ.er
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(8) A "YES" in this column indicates that the memory resource drove the 
SLBURST* signal line active. 

Transfer cycles operate differently than access cycles. A 
transfer cycle is executed only by the platform DMA controller to 
transfer data between I/O and memory resources. 

On an EISA platform, the DMA controller drives the ISA, E
ISA, and EISA signal lines. For a DMA COMPATIBLE transfer 
cycle,ISA and E-ISA compatible MEMR *, MEMW*, BALE, SA, 
and SBHE * signal lines are driven valid in case the memory 
resource is ISA or E-ISA compatible. The DMA controller must 
monitor the IOCHRDY and EXRDY signal lines to properly 
control the length of the cycle. If the memory resource drives the 
EXRDY (for EISA) or IOCHRDY (for ISA or E-ISA) signal lines, 
the transfer cycle length is extended as a ready transfer cycle. 
Otherwise, the length of the transfer cycle is the standard transfer 
cycle. (See Figures 3-15-A and 3-15-B.) For a DMA 
COMPATIBLE transfer cycle, the data size of the memory 
resource must be greater than or equal to the data size of the I/O 
resource. 

As with the DMA COMPATIBLE transfer cycle, the TYPE A, 
TYPE B, and TYPE C transfer cycles can be supported on an 
EISA compatible platform. As for a DMA COMPATIBLE 
transfer cycle, the ISA and E-ISA compatible MEMR *, MEMW*, 
SA, and SBHE* signal lines are driven valid in case the memory 
resource is ISA or E-ISA compatible. The DMA controller must 
monitor the IOCHRDY and EXRDY signal lines to properly 
control the length of the cycle. If the memory resource drives the 
EXRDY (for EISA) or IOCHRDY (for ISA or E-ISA) signal lines, 
the transfer cycle length is extended as a ready transfer cycle. 
Otherwise, the length of the transfer cycle is the standard transfer 
cycle. (See Figures 3-16-A, B, C, and D.) 
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FIGURE 3-J6-B: 	 E-ISA & EISA STANDARD AND READY TYPE B TRANSFER 
CYCLE (NO CONVERSION) ... DMA CONTROLLER AND 
PLATFORM CIRCUITRY VIEWPOINT 
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The DMA COMPATIBLE transfer cycle is only supported 
between ISA, E-ISA (add-on slave card), and EISA (platform or 
add-on slave card) compatible memory resources. Also, the data 
size of the I/O resource must be less than or equal to the data size 
of the memory resource. The DMA TYPE A, TYPE B, and TYPE 
C transfer cycles on an EISA compatible platform support a 
broader set of memory resources than on an E-ISA compatible 
platform due to CONVERSION as follows: 

- For a DMA TYPE A, TYPE B, or TYPE C transfer cycle, 
the memory resource does not have to be a platform 
resource. The memory resource can be an ISA or E-ISA 
add-on slave card. If the memory resource is ISA or E-ISA 
compatible, the DMA controller does a CONVERSION 
version of the transfer cycle. 

- If the data size of the memory resource is less than the I/O 
resource, the transfer cycle for a DMA TYPE A, TYPE B, 
or TYPE C is completed as a CONVERSION version of 
the transfer cycle. 

- In order for the DMA controller to properly execute the 
transfer cycle, it must monitor the MEMCS16*, EX16*, 
and EX32* signal lines. These signal lines indicate 
memory resource type and data size. 

The CONVERSION version of the transfer cycle is a simple 
extension of the regular transfer cycle. The DMA controller simply 
executes access cycles within the CONVERSION PORTION of the 
transfer cycle. If the memory resource is ISA or E-ISA compatible, 
the appropriate signal lines are supported. If the data size of the 
memory resource is less than the I/O resource, the 
CONVERSION PORTION contains multiple memory accesses 
with the appropriate signal lines. See Chapter 7 for more detailed 
information concerning DMA transfer cycles with CONVERSION. 

When the DMA transfer cycle is executed without 
CONVERSION, the increments in ready transfer cycle times are 



92 ISA & EISA Theory and Operation 

defined as two BCLK signal line periods if a COMPATIBLE 
transfer cycle is executed. Otherwise, the increment in the ready 
transfer cycle is one BCLK signal line period. 

When the DMA transfer cycle is executed WITH 
CONVERSION, the memory resource operates as if it is executing 
an access cycle. 

3.6 REFRESH CYCLE 

On an ISA or E-ISA compatible platform, the refresh cycle is 
executed only by the platform refresh controller. There are two 
versions of the refresh cycle: standard and ready. The execution of 
either version of the refresh cycle begins with the activation of the 
REFRESH· signal line. The REFRESH· signal line is driven 
active by the add-on bus owner card (when it is bus owner) or by 
the refresh controller. The actual refresh cycle is a simplified 
memory access cycle. (See Figure 3-17 and IS.) The platform or 
add-on bus owner card will tri-state the ADDRESS and 
COMMAND signal lines prior to the refresh controller driving 
them. The SA < 0-7 > signal lines contain the valid refresh address. 
The ADDRESS signal lines are driven valid before the MEMR· 
and SMEMR * signal lines are driven active. The ADDRESS 
signal lines are held valid until the COMMAND signal lines are 
driven inactive. 

The length of the standard refresh cycle is predetermined. A 
standard refresh cycle becomes a ready refresh cycle if the memory 
resource of the transfer deactivates the IOCHRDY signal line 
within a specific time relative to active MEMR· signal line. This 
signal line will remain active until the IOCHRDY signal line 
becomes active. During a refresh cycle, only the memory resource 
can inactivate the IOCHRDY signal line. 

The increase in the length of a ready cycle is a multiple of one 
BCLK period. The ISA platform implementation of the 
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IOCHROY signal line does not reference it to the BCLK signal 
line, but the E-ISA platform implementation does. See Chapters 5 
and 8 for more detailed information. 

The refresh cycle on an EISA compatible platform is a superset 
of the refresh cycle on an ISA or E-ISA compatible platform. In 
addition to the aforementioned signal lines, an EISA compatible 
platform drives the START*, W-R, CMO*, and l.A signal lines. In 
addition to monitoring the IOCHROY signal line, the refresh 
controller also monitors the EXROY signal line if the cycle needs 
to be lengthened (in increments of one BCLI( signal line periods). 
The EISA refresh controller places an expanded refresh address on 
both the l.A and SA signal lines. 
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3.7 ARBITRATION CYCLE 

There are two methods for add-on bus owner cards to arbitrate 
for bus ownership. ISA and E-ISA add-on bus owner cards 
"sublease" bus ownership from the DMA controller. The EISA 
add-on bus owner cards arbitrate through central arbiter circuitry 
on the platform. 

The arbitration cycle for an ISA or E-ISA add-on bus owner 
card begins as a DMA transfer cycle. The add-on bus owner card 
drives one of the DRQx signal lines active. (See Figure 3-19.) The 
DMA controller responds by driving the associated DACKx* signal 
line active. The add-on bus owner card has a finite amount of time 
to drive the MASTER16* signal line active to obtain ownership of 
the bus. Once the DMA controller has determined that it is not a 
normal transfer cycle, it tri-states the ADDRESS, COMMAND, 
and DATA signal lines. The add-on bus owner card can proceed to 
execute access cycles to memory and I/O resources. The add-on 
bus owner card relinquishes bus ownership by driving the DRQx 
and MASTER16* signal lines inactive. See Chapter 9 for more 
detailed information. 

The arbitration cycle for EISA add-on bus owner cards are 
simpler. Each slot (that can support a bus master) has a pair of 
signal lines MREQx* and MAKx*. The EISA add-on bus owner 
card simply drives the MREQx* signal line active and obtains bus 
ownership when the associated MAKx* signal line is driven active 
by the central arbiter. See Chapter 9 for more information. 
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Notes 



CHAPTER FOUR 

INTERACTION AMONG ISA, E-ISA, and EISA ADD

ON CARDS AND PLATFORM RESOURCES 


This Chapter consists of the following Subchapters. 

4.0 GENERAL INFORMATION 
4.1 ISA COMPATIBLE ADD-ON SLAVE CARDS 
4.2 ISA COMPATIBLE ADD-ON BUS OWNER CARDS 
4.3 E-ISA COMPATIBLE ADD-ON SLAVE CARDS 
4.4 E-ISA COMPATIBLE ADD-ON BUS OWNER CARDS 
4.5 EISA COMPATIBLE ADD-ON SLAVE CARDS 
4.6 EISA COMPATIBLE ADD-ON BUS OWNER CARDS 
4.7 REFRESH 
4.8 ARBITRATION 

4.0 GENERAL INFORMATION 

An add-on card can operate in two basic modes on the bus: 
either as a slave or as a bus owner. An add-on card can be 
designed to support either or both modes. The interaction details 
between add-on cards are sometimes different than the interaction 
between add-on cards and platform resources. 

As outlined in Chapter 1, add-on card resources can also reside 
on the platform. The exact add-on card resources that reside on 
the platform vary from platform to platform. Thus, in order to 
understand the operation of the ISA, E-ISA, and EISA buses the 
following conventions have been adopted: 
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- The main focus of this book is the operation of the ISA, E
ISA or EISA bus relative to add-on cards. 

- The platform CPU accessing a platform resource, such as 
platform memory, will not execute a bus cycle. Similarly, 
the DMA controller executing a transfer cycle between 
platform resources will not execute a bus cycle. 

- A platform CPU accessing an add-on slave card will 
generate a bus cycle. Similarly, an add-on bus owner card 
accessing an add-on slave card or a platform resource will 
also execute a bus cycle. Finally, a DMA controller 
executing a transfer cycle involving an add-on slave card 
will execute a bus cycle. 

TO PROVIDE THE PROPER FOCUS, THE EMPHASIS OF 
THIS BOOK IS ON THE PLATFORM CPU ACCESSING AN 
ADD-ON SLAVE CARD. AN ADD-ON BUS MASTER CARD 
ACCESSING AN ADD-ON SLAVE CARD OR PLATFORM 
RESOURCE IS COVERED BY THIS METHOD. IF THERE IS 
ANY DIFFERENCE BETWEEN AN ACCESS TO A 
PLATFORM RESOURCE OR AN ADD-ON SLAVE CARD IT 
WILL BE NOTED. THUS ANY DISCUSSION OF AN ADD
ON SLAVE CARD ACCESS BY AN ADD-ON BUS OWNER 
CARD IS APPUCABLE TO AN ACCESS TO A PLATFORM 
RESOURCE. 

SIMILARLY, THE FOCUS OF A DMA TRANSFER CYCLE 
IS BETWEEN ADD-ON MEMORY AND I/O SLAVE CARD 
RESOURCES. IF THE I/O PARTICIPANT IS A PLATFORM 
RESOURCE, IT WILL FUNCTION IN THE SAME FASHION 
AS AN ADD-ON SLAVE CARD AND IS COVERED BY THIS 
METHOD. IF THE MEMORY PARTICIPANT IS A 
PLATFORM RESOURCE, IT WILL NOT ALWAYS 
FUNCTION AS AN ADD-ON SLAVE CARD; THE IOCHRDY, 
MCS16*, EXRDY, EX16*, AND EX32* SIGNAL LINES MAY 
NOT BE DRIVEN ONTO THE BUS BECAUSE THE DMA 
CONTROllER IS INTEGRAL TO THE PLATFORM. 
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HOWEVER, THE BASIC OPERATION IS COVERED BY THE 
AFOREMENTIONED FOCUS. IF THERE IS ANY 
DIFFERENCE BETWEEN A TRANSFER CYCLE 
INVOLVING A PLATFORM RESOURCE OR AN ADD-ON 
SLAVE CARD IT WILL BE NOTED. THUS ANY 
DISCUSSION OF TRANSFER CYCLE INVOLVING AN ADD
ON SLAVE CARD IS APPliCABLE TO A PLATFORM 
RESOURCE. 

4.1 ISA COMPATIBLE ADD-ON SLAVE CARDS 

An add-on slave card can support bus access and transfer cycles 
as outlined in Table 1-1. Refresh and arbitration cycles are also 
supported. ISA add-on slave cards collectively refer to PC, XT and 
AT add-on cards. 

MEMORY ACCESS CYCLES TO ISA COMPATIBLE ADD-ON 
SLAVE CARDS 

An ISA add-on slave card can support memory cycles as an 8 or 
16 bit resource. As an 8 data bits resource it can reside in either an 
8 bit slot of a PC or XT compatible platform, the 8 or 8/16 bit slot 
of an ISA or E-ISA compatible platform, or the 8 or 8/16 or 
8/16/32 bit slot for an EISA compatible platform. As a 16 bit 
resource, the add-on slave card can only reside in an 8/16 or 
8/16/32 bit slot. 

8 DATA BIT MEMORY RESOURCE 

An 8 data bit add-on slave card installed in an 8 bit slot only has 
the first 20 ADDRESS, SMEMR·, and SMEMW· signal lines 
available. Therefore, an 8 data bit add-on slave card memory cycle 
is restricted to the first one megabyte of the address space. In 
order to work properly in AT, E-ISA, and EISA compatible 
platforms, the SMEMR· and SMEMW· signal lines are only 
driven active by the platform circuitry for the first one megabyte of 
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the address space. An 8 data bit add-on slave card installed in an 
8/16 bit slot has access to all 24 ADDRESS signal lines. 
Consequently, it can reside anywhere within the 16 megabyte 
address space. If it wants to respond beyond the first one 
megabyte, it must only use the MEMR * and MEMW* signal lines 
and properly decode all of the ADDRESS signal lines. 

The various types of access cycles that can be used with an 8 
data bit add-on slave card are outlined in Chapter 1 as follows: 

- Platform CPU access: Tables 1-2-A and B, and 1-4-A to D 

- ISA or E-ISA add-on bus owner card access: Tables 1-3-A 
to D. 

- EISA add-on bus owner card access: Tables 1-4-A to D 

16 DATA BIT MEMORY RESOURCE 

An add-on slave card that is designed as a 16 bit memory 
resource can only reside in 8/16 or 8/16/32 bit slots of the various 
platforms. The MEMR * and MEMW* signal lines, in conjunction 
with the 24 ADDRESS signal lines, are available to support the full 
16 megabyte address space. 

The various types of access cycles that can be used with a 16 
data bit add-on slave card are outlined in Chapter 1 as follows: 

- Platform CPU access: Tables 1-2-A and B, and 1-4-A to D 

- ISA or E-ISA add-on bus owner card access: Tables 1-3-A 
toD 

- EISA add-on bus owner card access: Tables 1-4-A to D 

An add-on slave card that is designed as a 16 data bit memory 
resource must support the MEMCS16* signal line. The activation 
of this line indicates to a platform CPU or add-on bus owner card 
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that either 8 or 16 data bits can be accessed or transferred. It also 
indicates that the add-on card is either ISA or E-ISA compatible. 

The MEMCS16* signal line is monitored by platform CPUs, 
ISA and E-ISA add-on bus owner cards, and byte swapping 
circuitry during access cycles and transfer cycles. 

A 16 bit resource above the first one megabyte must use the 
MEMR* or MEMW* signal lines, and not the SMEMR * or 
SMEMW* signal lines. The latter two command lines are only 
active for the first one megabyte of the address space. 

ISA COMPATIBLE ADD-ON MEMORY SLAVE CARD ISSUES 

The use of the SRDY* signal line allows a shorter cycle time. 
Because a platform CPU or add-on bus owner card is not required 
to support a no-wait-state access cycle, the add-on slave card must 
be designed to support the longer standard or ready access cycles 
even if it activates the SRDY* signal line. 

The SRDY* signal line is available on an 8 bit slot on an ISA 
compatible platform. On the PC and XT compatible platform, this 
signal line was not used as an SRDY* signalline. 
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On some AT compatible clone platforms, a no-wait-statecycle 
is restricted to 16 bit memory resources. A no-wait-state memory 
access cycle was supported on the IBM AT platform for both 8 and 
16 data bit accesses. 

The use of the IOCHRDY signal line by ISA compatible add
on slave cards allows the cycle to be extended. Some add-on bus 
owner cards do not recognize the IOCHRDY signal line, and all of 
the memory access cycles are run as standard access cycles. An 
add-on slave card that activates the IOCHRDY signal line will 
expect a ready access cycle; consequently, the data may not be valid 
at the end of the standard access cycle. Add-on slave cards should 
support standard access cycles when being accessed by an ISA 
compatible add-on bus owner card. When an E-ISA or EISA 
compatible add-on bus owner card is the bus owner, the 
IOCHRDY signal line is supported; consequently, a ready access 
cycle can be executed. See the aforementioned tables in Chapter 1 
for more information. 

Table 4-1 summarizes which signal lines are driven by which 
resource during a memory access cycle to an add-on slave card. 
"PLAT. CIRCUIT" in some cases may simply be a pull-up resistor. 
In this table, "PLAT." is the abbreviation for "platform". "BUS 
MASTER" may be either a platform CPU or add-on bus owner 
card. 

LINE DRIVEN BY LINE DRIVEN BY 

AENx PLAT. CIRCUIT MEMR* BUS MASTER 
BALE PLAT. CIRCUIT MEMW* BUS MASTER 
DACKx* PLAT.DMA OSC PLAT. CIRCUIT 
DRQx I/O RESOURCE REFRESH* PLAT. REF. CONT. 
10CHK* ANY RESOURCE RESET PLAT. CIRCUIT 
10CHRDY ADD-ON SLAVE SA BUS MASTER 
IOCS16* I/O RESOURCE SBHE* BUS MASTER 
IOR* BUS MASTER SO BUS MASTER (WR)
IOW* BUS MASTER SO ADD-ON SLAVE (RD)
IRQx ANY RESOURCE SMR/SMW* PLAT. CIRCUIT 
LA BUS MASTER BCLK PLAT. CIRCUIT 
MASTER* ADD-ON BUS OWN TC PLAT. DMA 
MEMCS16* ADD-ON SLAVE SRDY* ADD-ON SLAVE 

TABLE 4-1: /SA AND E-/SA ADD-ON SLAVE CARD AS MEMORY 

RESOURCE 
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I/O ACCESS CYCLES TO ISA COMPATIBLE ADD·ON SLAVE 
CARDS 

An ISA add-on slave card can support I/O cycles as an 8 or 16 
bit resource. As an 8 bit resource, it can reside in either an 8 bit 
slot of a PC or XT compatible platform, the 8 or 8/16 bit slot of an 
ISA or E-ISA compatible platform, or the 8 or 8/16 or 8/16/32 bit 
slot of an EISA compatible platform. As a 16 bit resource, the add
on slave card can only reside in an 8/16 or 8/16/32 bit slot. 

8 DATA BIT I/O RESOURCE 

An 8 data bit resource installed in either an 8 bit or 8/16 bit 
slot has access to the first 16 ADDRESS lines, plus the lOR· and 
10W* lines. The entire 64K address space in theory could be 
supported (see the ISA COMPATIBLE ADD-ON I/O SLAVE 
CARD ISSUES section). 

The various types of access cycles that can be used with an 8 
data bit add-on slave card are outlined in Chapter 1 as follows: 

- Platform CPU access: Tables 1-2-A and B, and 1-4-A to D 

- ISA or E-ISA add-on bus owner card access: Tables 1-3-A 
toD 

- EISA add-on bus owner card access: Tables 1-4-A to D 

16 DATA BIT I/O RESOURCE 

A 16 bit I/O resource can only be installed in 8/16 or 8/16/32 
bit slots. It interacts with the bus in nearly the same fashion as an 8 
bit resource, since the ADDRESS and COMMAND signal lines 
are the same in the two cases. 

The various types of access cycles that can be used with a 16 
data bits add-on slave card are outlined in Chapter 1 as follows: 
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- Platform CPU access: Tables 1-2A and B, and 1-4-A to D 

- ISA or E-ISA add-on bus owner card access: Tables 1-3-A 
toD 

- EISA add-on bus owner card access: Tables 1-4-A to D 

An add-on slave card that is designed as a 16 data bit I/O 
resource must support the IOCSI6* signal line. The activation of 
this line indicates to platform CPU or add-on bus owner cards that 
either 8 or 16 data bits can be accessed or transfered. It also 
indicates that the add-on card is either ISA or E-ISA compatible. 
The only method that can be used to determine a 16 bit cycle is the 
decode of the SA < 0-15 > address lines by the add-on slave card. 
Because the entire I/O address space can be decoded down to the 
byte level, there are no restrictions on the grouping together of 
identical byte widths, as there are for memory resources. 

The IOCSI6* signal line is monitored by platform CPUs, ISA 
and E-ISA add-on bus owner cards, and byte swapper circuitry. 

ISA COMPATIBLE ADD-ON 110 SLAVE CARD ISSUES 

The use of the SRDY* signal line allows a shorter cycle time. 
Since a platform CPU or add-on bus owner card is not required to 
support a no wait state access cycle, the add-on slave card must be 
designed to support the longer standard or ready access cycles even 
if it activates the SRDY* signal line. 
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16 bit I/O resources do not support the SRDY· signal line. 
The I/O command signal line for a 16 data bit access is activated 
later relative to the memory and 8 data bit I/O commands; 
consequently, there is insufficient time for the add-on slave card to 
properly drive the SRDY· signal line. 

The SRDY* signal line is available on an 8 bit slot on an ISA 
compatible platform. On PC and XT compatible platforms, this 
signal line was not used as an SRDY· signal line. On some .AT 
compatible platforms, a no-wait-state cycle is restricted to 16 data 
bit I/O resources. A no-wait-state I/O access cycle was supported 
on the IBM AT platform for 8 data bit accesses. 

The use of the~JOCHRDY signal line by the add-on slave card 
allows the cycle to be extended. Some ISA compatible add-on bus 
owner cards do not recognize the 10CHRDY signal line, and all of 
the I/O access cycles are run as standard access cycles. An add-on 
slave card that activates the 10CHRDY signal line will expect a 
ready access cycle; consequently, the data may not be valid at the 
end of the standard access cycle. Add-on slave cards should 
support standard access cycles when being accessed by an ISA 
compatible add-on bus owner card. When an E-ISA or EISA 
compatible add-on bus owner card is the bus owner, the 
10CHRDY signal line is supported; consequently, a ready access 
cycle can be supported. See the aforementioned tables in Chapter 
1 for more information. 

All SA<0-15> signal lines are available to the add-on I/O 
slave card. However, by convention, only the first 10 ADDRESS 
signal lines are decoded. Consequently, only 1K bytes are 
addressable in the I/O address space on an ISA compatible 
platform. See Chapter 2 and Subchapter 4.2 for further 
information. 

Table 4-2 summarizes which signal lines are driven by which 
resources during an I/O access cycle to an add-on slave card. 
"PLAT. CIRCUIT" in some cases may simply be a pull-up resistor. 
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In this table, "PLAT" is the abbreviation for "platform". "BUS 
MASTER" may be either platform CPU or add-on bus owner card 

LINE DRIVEN BY LINE DRIVEN BY 

AENx PLAT. CIRCUIT MEMR* BUS MASTER 
BALE PLAT. CIRCUIT MEMW* BUS MASTER 
DACKx* PLAT. DMA OSC PLAT. CIRCUIT 
DRQx I/O RESOURCE REFRESH* PLAT. REF. CONT. 
IOCHK* All RESOURCES RESET PLAT. CIRCUIT 
IOCHRDY ADD-ON SLAVE SA BUS MASTER 
IOCS16* ADD-ON SLAVE SBHE* BUS MASTER 
IOR* BUS MASTER SO BUS MASTER (WR)
10\1* BUS MASTER SD ADD-ON SLAVE 
IRQx ANY RESOURCE SMR/SMW* PLAT. CIRCUIT 
lA BUS MASTER BClK PLAT. CIRCUIT 
MASTER* ADD-ON BUS OWN TC PLAT. DMA 
MEMCS16* MEM. RESOURCE SRDY* PLAT. CIRCUIT 

TABLE 4-2: ISAAND E-ISAADD-ON SLAVE CARD AS I/O RESOURCE 

ACCESS CYCLE DATA SIZE MISMATCH WITH ISA 
COMPATIBLE ADD-ON SLAVE CARDS 

An add-on slave card that is a 16 data bit resource (indicated by 
an active MEMCS* or IOCS16* signal line) cannot force the bus 
master to execute a 16 data bit access if the bus master only 
requested an 8 data bit (as indicated by the SAO and SBHE* signal 
lines) access cycle. Conversely, a bus master that intends to 
execute a single 16 data bit access cycle cannot do so if the 
accessed resource is only an 8 data bit resource (indicated by an 
inactive MEMCS16* or IOCS16* signal line). The proper 
interpretation of the MEMCS16*, IOCS16*, SAO, and SBHE* 
signal lines allows data size mismatch to occur on the ISA or E-ISA 
platforms. 

If the SAO line is a logic low and the SBHE * signal line is 
active, the bus master intends to execute a single 16 data bit access. 
The activation of the MEMCS16* or IOCS16* signal line by the 
accessed resource indicates to the bus master that the access can be 
completed in the present cycle, since the SD <0-15 > signal lines 
map directly to an even address new word location. The non
activation of the MEMCS16* or the IOCS16* signal line by the 
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accessed resource forces the access to be completed in two 8 data 
bit cycles. The first cycle will be completed as an 8 data bit cycle 
with the SD < 0-7 > signal lines mapped directly to an even address 
memory byte location. The next cycle the bus master executes will 
be an 8 data bit access in order to access the upper order byte of 
the word in the previous cycle. The bus master will drive the SAO 
signal line to a logic high and the SBHE* signal line active to 
indicate an 8 data bit access cycle with the data byte accessed on 
the SD < 8-15> signal lines. For a read access cycle, the platform 
byte swapping circuitry insures that the data available on the lower 
byte (SD < 0-7 » is also available on the upper byte (SD < 8-15 > ). 
For a write cycle, the bus master must tri-state the SD < 0-7 > lines; 
the data byte has been swapped between the upper order and the 
lower order data lines by the platform byte swapping circuit. 

If the SAO signal line is a logic low and the SBHE* signal line is 
inactive, the bus master intends to execute a single 8 data bit access 
to an even address byte. The data byte will be on the SD < 0-7 > 
signal lines, and can be directly mapped to the even address byte. 
The state of the MEMCS16* or IOCS16* signal line does not affect 
the cycle, because the bus master will complete the access as an 8 
data bit cycle. 

If the SAO signal line is a logic high and the SBHE* signal line 
is active, the bus master intends to execute a single 8 data bit access 
to an odd address byte with the data on the upper data lines. In 
that the value of the MEMCS16* or IOCS16* signal line is not 
known until the middle of the cycle, the byte swapping circuitry 
copies the lower byte (SD < 0-7 > ) to the upper byte (SD < 8-15 > ). 
For this reason, the bus master must tri-state the lower byte 
(SD<0-7> ). 
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Table 4-3 outlines the interpretation by the platform byte 
swapper circuitry of specific signal lines. 

BUS MASTER ADD-ON SLAVE BYTE AT ADD-ON CARD 
VALID SBHE* SAO DATA XXCS16* SWAP VALID MAPPING 
DATA DATA ADDRESS 

8 BITS 
50<0-7> INACT. 0 8 INACT. NO 50<0-7> EVEN BYTE 
SO<8-15> ACTIVE 1 8 INACT. YES SO<0-7> 000 BYTE 
SO<0-7> INACT. 0 16 ACTIVE NO so<0-7> EVEN BYTE 
SO<8-15> ACTIVE 1 16 ACTIVE NO (1) 50<8-15> 000 BYTE 

16 BITS 
SO<0-15> ACTIVE 0 8 INACT. NO SO<0-7> EVEN BYTE 
SO<0-15> ACTIVE 0 16 ACTIVE NO SO<0-15> EVEN WORD 

TABLE 4-3: BYTE SWAPPING FOR ACCESS CYCLES TO ISAAND E-ISA 
ADD-ON SLAVE CARDS 

NOTE: 
(1) In that data can be successfully accessed on the upper byte lane (SD<8-15», 
the byte swapping is NOT needed. BUT, because the value 0/ the XXCS16* is not 
known until the "middle" o/the cycle, byte swapping must occur in case an 8 data bit 
resource is being accessed. 

TRANSFER CYCLES AND ISA COMPATIBLE ADD-ON SLAVE 
CARDS 

An add-on slave card can request the DMA controller on the 
platform to transfer data between memory and I/O resources. The 
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add-on I/O slave card requests the transfer by activating one of the 
DRQx signal lines. The DMA controller acknowledges that the 
ensuing cycles are DMA transfer cycles that involve the add-on I/O 
slave card by activating the appropriate DACKx* signal line. The 
memory resource of the transfer may be on the platform or another 
add-on slave card. 

One difference between a platform CPU or add-on bus owner 
card access cycle and a DMA transfer cycle is that the I/O and 
memory COMMAND signal lines are active simultaneously for the 
DMA transfer cycle. The simultaneous activation of the I/O and 
memory COMMAND signal lines allows the data to be placed onto 
and retrieved from the bus during the same cycle. During a 
transfer cycle, the address on the bus is for memory and does not 
represent a valid I/O address. The AENx signal line is activated by 
the platform as indication to the add-on I/O slave cards to ignore 
the ADDRESS and the I/O COMMAND signal lines. Only the 
add-on I/O slave card that has activated the DRQx and DACKx* 
signal lines responds to the activation of the I/O COMMAND 
signal lines. If the transfer includes memory on an add-on memory 
slave card, only that card responds to the ADDRESS and memory 
COMMAND signal lines. 

Another difference between a platform CPU or add-on bus 
owner card access cycle and a DMA transfer cycle is the operation 
of BALE and the LA < 17-23> signal lines. BALE is driven to 
logical "1" by platform circuitry. Consequently, the LA< 17-23 > 
signal lines must be driven valid by the DMA controller for the 
entire transfer cycle. 

Table 1-S-A in Chapter 1 outlines the various DMA transfer 
cycles supported on ISA and E-ISA compatible platforms. Tables 
4-4 to 4-7 outline which signal lines are driven by which of the 
resources under the four transfer structures. "PLAT. CIRCUIT" in 
some cases may simply be a pull-up resistor. In the following 
tables, "PLAT." is the abbreviation for "platform circuitry". 
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LINE DRIVEN BY LINE DRIVEN BY 

AENx PLAT. CIRCUIT MEMR* PLAT. DMA 
BALE PLAT. CIRCUIT MEMW* PLAT. DMA 
DACKx* PLAT. DMA OSC PLAT. CIRCUIT 
DRQx ADD-ON SLAVE REFRESH* PLAT. REF. CONT. 
IOCHK* ALL RESOURCES RESET PLAT. CIRCUIT 
10CHRDY MEMORY RESOURCE SA PLAT. DMA 
IOCS16* PLAT. CIRCUIT SBHE* PLAT. DMA 
10R* PLAT. DMA SD MEM. RES. (RD)
IOW* PLAT. DMA SD ADD-ON SLAVE (WR)
IRQx ANY RESOURCE SMRISMW* PLAT. CIRCUIT 
LA PLAT. DMA BCLK PLAT. CIRCUIT 
MASTER* PLAT. CIRCUIT TC PLAT. DMA (1)
MEMCS16* PLAT. CIRCUIT SRDY* PLAT. CIRCUIT 

TABLE 4-4: ISA AND E-ISA ADD-ONSLAVE CARD AS I/O RESOURCE 
(DATA DESTINATION) FOR TRANSFER CYCLES 

LINE DRIVEN BY LINE DRIVEN BY 

AENx PLAT. CIRCUIT MEMR* PLAT. DMA 
BALE PLAT. CIRCUIT MEMW* PLAT. DMA 
DACKx* PLAT. DMA OSC PLAT. CIRCUIT
DRQx ADD-ON SLAVE REFRESH* PLAT. REF. CONT. 
10CHK* ALL RESOURCES RESET PLAT. CIRCUIT 
10CHRDY ADD-ON SLAVE SA PLAT. DMA 
IOCS16* PLAT. CIRCUIT SBHE* PLAT. DMA 
10R* PLAT. DMA SD MEM. RES. (WR)
IOW* PLAT. DMA SD ADD-ON SLAVE (RD)
IRQx ANY RESOURCE SMRISMW* PLAT. CIRCUIT 
LA PLAT. DMA BCLK PLAT. CIRCUIT 
MASTER* PLAT. CIRCUIT TC PLAT. DMA (1)
MEMCS16* PLAT. CIRCUIT SRDY* PLAT. CIRCUIT 

TABLE 4-5: ISA AND E-ISA ADD-ON SLAVE CARD AS I/O RESOURCE 
(DATA SOURCE) FOR TRANSFER CYCLES 

LINE DRIVEN BY LINE DRIVEN BY 

AENx PLAT. CIRCUIT MEMR* PLAT. DMA 
BALE PLAT. CIRCUIT MEMW* PLAT. DMA 
DACKx* PLAT. DMA OSC PLAT. CIRCUIT 
DRQx I/O RESOURCE REFRESH* PLAT. REF. CONT. 
10CHK* ALL RESOURCES RESET PLAT. CIRCUIT 
10CHRDY I/O RESOURCE SA PLAT. DMA 
IOCS16* PLAT. CIRCUIT SBHE* PLAT. DMA 
10R* PLAT. DMA SD MEM. RES. (WR)
IOW* PLAT. DMA SD ADD-ON SLAVE (RD)
IRQx ANY RESOURCE SMRISMW* PLAT. CIRCUIT 
LA PLAT. DMA BCLK PLAT. CIRCUIT 
MASTER* PLAT. CIRCUIT TC PLAT. DMA (1)
MEMCS16* PLAT. CIRCUIT SRDY* PLAT. CIRCUIT 

TABLE 4-6: ISA AND E-ISA ADD-ONSLAVE CARD AS MEMORY 

RESOURCE (DATA DESTINATION) FOR TRANSFER CYCLES 
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LINE 

AENx 
BALE 
DACKx* 
DRQx
10CHK* 
10CHRDY 
IOCS16* 
10R* 
IOIl* 
IRQx
LA 
MASTER* 

DRIVEN BY 

PLAT. CIRCUIT 
PLAT. CIRCUIT 
PLAT. DMA 
I/O RESOURCE 
ALL RESOURCES 
ADD-ON SLAVE 
PLAT. CIRCUIT 
PLAT. DMA 
PLAT. DMA 
ANY RESOURCE 
PLAT.DMA 
PLAT. CIRCUIT 

MEMCS16* PLAT. CIRCUIT 

LINE DRIVEN BY 

MEMR* PLAT. DMA 
MEMIl* 
OSC 

PLAT. 
PLAT. 

DMA 
CIRCUIT 

REFRESH* PLAT. REF. CONT. 
RESET PLAT. CIRCUIT 
SA PLAT. DMA 
SBHE* PLAT. DMA 
so I/O RES. (WR) 
so ADD-ON SLAVE (RD)
SMRISMW* PLAT. CIRCUIT 
BCLK PLAT. CIRCUIT 
TC PLAT. DMA (1)
SRDY* PLAT. CIRCUIT 

TABLE 4-7: ISAAND E-ISAADD-ON SLAVE CARD AS MEMORY 
RESOURCE (DATA SOURCE) FOR TRANSFER CYCLES 

NOTE: 
(1): On an E-ISA compatible platform, the TC signalUne can also be driven by the 
add-on I/O slave card. 

TRANSFER CYCLE DATA SIZE MISMATCH WITH AN ISA 
COMPATIBLE ADD-ON SLAVE CARD 

The I/O resource that uses one of the 8 data bit DMA channels 
must be an 8 data bit resource. The data will be transferred 
between the add-on I/O slave card and the memory resource only 
on the SD <0-7 > signal lines. The memory resource, whether on 
the platform or on an add-on slave card, can be either 8 or 16 data 
bits in size. The data will be swapped between the SD < 0-7 > and 
SD <8-15> signal lines by the platform byte swapping circuitry if 
the SAO signal line equals logic 1 to indicate an odd address and in 
case the memory resource is 16 data bits in size (MEMCS16* = 0). 
For this reason, the 16 data bit memory resource must tristate the 
lower byte (SD<0-7» during a read cycle. Otherwise, the data 
will be only available on the SD < 0-7 > signal lines. In either case, 
the memory resource can directly map the byte into odd address 
locations. A transfer cycle involving an even address memory byte 
requires both SAO to be logic 0 and SBHE* to be inactive. The 
data will only be available on the SD < 0-7 > signal lines 
independent of the MEMCS16* or IOCS16* signal line being 
activated. The data can be directly mapped into the even address 
location. 
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The I/O resource that uses one of the 16 data bit DMA 
channels must be a 16 data bit resource. The data can only be 
transferred with a memory resource, whether on the platform or on 
an add-on slave card, that is also a 16 data bit resource, for ISA and 
E-ISA resources. No transfers are allowed between 16 data bit I/O 
and 8 data bit memory resources except on EISA compatible 
platforms. The 16 data bit transfer involving a memory word 
requires both the SAO signal line to be logic 0 and the SBHE* 
signal line to be active. The data is available on the SD <0-15 > 
signal lines, and can be directly mapped to the even memory 
address location. 

The MEMCS16* signal line is used in transfer cycles on EISA 
compatible platforms. Transfer cycles between 16 data bit I/O 
resources and 16 bit memory resources do not require the 
MEMCS16* or IOCS16* signal line to be activated on ISA and E
ISA compatible platforms. By definition, a 16 data bit transfer 
cycle can only occur between resources of the same size because 
data assembly and disassembly are not supported as on ISA and E
ISA compatible platforms. The transfer cycles between 8 data bit 
I/O resources and 16 bit memory resources do not require the 
MEMCS16* signal line to be activated to properly control the byte 
swapping circuitry. 

Table 4-8 outlines the interpretation by the platform byte 
swapping circuitry of specific signal lines during a transfer cycle. 
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1/0 RESOURCE MEM. RESOURCE DMA BYTE 
VALID VALID MEMCS16* MAPPING SBHE* SAO SWAP 
DATA DATA ADDRESS 


8 BITS 

SD<0-7> SD<0-7> INACT EVEN BYTE INACT 0 NO 
SD<0-7> SD<0-7> INACT ODD BYTE ACT 1 NO (1)
SD<0-7> SD<0-7> ACT EVEN BYTE INACT 0 NO 
SD<0-7> SD<8-15> ACT ODD BYTE ACT 1 YES 

16 BITS 
50<0- 15> SD<0-15> ACT EVEN WORD ACT 0 NO 

TABLE 4-8: BYTE SWAPPING FOR ISA AND E-ISA COMPATIBLE 

MEMORYAND I/O RESOURCES FOR TRANSFER CYCLES 


NOTE: 
(J) In that daUz can be successfully transferred on the lower ~ lane (SD<D-7», 
~ swapping is NOT needed. BUT, because the value of the XXCSI6* is not 
known until the "middle" of the cycle, byte swapping must occur in case a 16 daUz bit 
resource is being accessed. 

4.2 ISA COMPATIBLE ADD-ON BUS OWNER CARDS 

An add-on card can be designed as a bus owner. This type of 
add-on bus owner card is only supported on AT, E-ISA, and EISA 
compatible platforms. To become bus owner, it must first execute 
the obtain portion of the arbitration cycle, and after it no longer 
has an immediate need for bus ownership, it executes the release 
portion of the arbitration cycle. See Chapter 9 for more detailed 
information. 

The various types of access cycles that can be executed by an 
add-on bus owner card are outlined in Chapter 1 as follows: 

- ISA add-on bus owner card access: Tables 1-3-A and B 
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An add-on bus owner card has complete access to the entire 
memory and I/O address space. However, the platform 
architecture and software executing on the platform CPU assume 
that only the platform CPU has access to certain specific memory 
and I/O resources. For example, an add-on bus owner card cannot 
normally access the math co-processor memory registers. An add
on bus owner card usually does not access the I/O registers of the 
interrupt, DMA, and keyboard controllers, nor the timer, DMA 
page, and real time clock. In addition, the add-on bus owner card 
usually does not access the NMI chip select circuitry and Port B. 

Of particular note is the fact that ISA bus ownership is awarded 
via the platform's DMA controller. Throughout the add-on card's 
bus ownership, the platform CPU and other platform resources 
assume that DMA transfer cycles are being executed. The 
activation of the MASTER16* signal line by the add-on bus owner 
card immediately deactivates the AENx signal line, so I/O 
resources will respond to access cycles. Access cycles are the only 
bus cycles that can be executed by the add-on bus owner. 

Add-on bus owner cards can be designed to execute access 
cycles in the same manner as the platform CPU. Resources on the 
bus are unable to determine if the platform CPU or an add-on bus 
owner card is executing the cycle unless the MASTER16* and 
BALE signal lines are monitored. The single major difference 
between a platform CPU and an add-on bus owner card access 
cycle is the operation of BALE and the LA<17-23> lines. Since 
BALE is driven to logical "1" by platform circuitry, the LA< 17-23> 
signal lines must be driven valid by the add-on bus owner card for 
the entire access cycle, with the same timing as the SA<O-19> 
signal lines. 
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43 E-ISA COMPATIBLE ADD-ON MEMORY AND I/O 
SLAVE CARDS 

E-ISA compatible add-on memory and I/O slave cards operate 
in the same fashion as ISA compatible add-on slave cards. The 
various types of access cycles that can be used with an E-ISA 
compatible add-on slave card are described in Chapter 1 as follows: 

- Platform CPU access: Tables 1-2-A and B, and 1-4-A to D 

- ISA or E-ISA add-on bus owner card access: Tables 1-3-A 
toD 

- EISA add-on bus owner card access: Tables 1-4-A to D 

There are two important differences between ISA and E-ISA 
compatible add-on card memory or I/O slave cards., First, the E
ISA compatible add-on I/O slave card supports slot specific I/O 
addressing beyond the non-slot specific lK I/O address space for 
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ISA compatible add-on I/O slave cards. Second, the E-ISA and 
EISA compatible add-on cards can optionally support 
configuration space. The configuration space is contained within 
the I/O address space of an E-ISA or EISA compatible platform. 
The support of these two differences is explained in the following 
paragraphs. 

As described in Chapter 2, certain I/O address spaces are 
reserved. The need to reserve these addresses can be traced back 
to the history of I/O add-on slave card design. Even though the 
original PC supplied all 16 address lines to the bus, early add-on 
slave cards only decoded the first 10 address lines. The decode of 
only the first 10 address lines caused duplicate data to be read or 
written at every lK increment from the base address. The first 256 
byte block was reserved for platform I/O resources, and is 
repeated 63 additional times in the 64K address space at lK 
boundaries. E-ISA and EISA compatible platforms exploit this fact 
by assigning the first four blocks to the platform I/O resources. 
The next four blocks are assigned to slot 1, the next four blocks are 
assigned to slot 2, and so forth. This results in lK bytes of 
addresses being uniquely assigned to each slot. 

For add-on I/O slave cards that decode only the first 10 address 
lines, any I/O access in the address range of 0100H to 03FFH is 
valid. The data written and read to this 768 byte block equals those 
at the same address displaced by lK multiples. For those add-on 
slave cards that want to be compatible to ISA-only platforms, the 
first 10 address signal lines (SA < 0-9> ) must be decoded, and only 
the addresses within the 768 byte block will be valid. All other 
addresses will not constitute valid I/O bus accesses. 

The previously described ISA compatible add-on card will also 
work with E-ISA and EISA compatible platforms. However, it will 
not support the E-ISA or EISA configuration space and slot 
specific I/O addressing. To support these special E-ISA or EISA 
functions, the first twelve signal lines (SA <0-11 » must be 
decoded by an E-ISA compatible add-on slave card. See Chapters 
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2 and 12 for more information on the configuration space and slot
specific I/O addresses. 

Finally, an 8 data bit E-ISA compatible add-on card supports an 
expanded definition of no-wait-state access cycles. See Chapter 6 
for more information. 

TRANSFER CYCLES AND E-ISA COMPATIBLE ADD-ON 
SLAVE CARDS 

The operation of DMA transfer cycles with an E-ISA 
compatible add-on card resource is nearly the same as with ISA 
compatible add-on cards. The only difference is that the TC signal 
line is bi-directional on an E-ISA compatible add-on I/O slave card 
when installed in an E-ISA or EISA compatible platform. 

The ISA compatible platform supports only the DMA 
COMPATIBLE transfer cycle. The E-ISA compatible platform 
supports COMPATIBLE, TYPE A, and TYPE B DMA transfer 
cycles. "All", "most", and "some" ISA compatible add-on I/O slave 
cards support COMPATIBLE, TYPE A, and TYPE B transfer 
cycles, respectively. E-ISA compatible add-on I/O slave cards 
support the same DMA transfer cycle types; the difference is that 
the configuration space clarifies which DMA cycle type is 
supported. 

Table 1-5-A in Chapter 1 outlines the various DMA transfer 
cycles supported on ISA and E-ISA compatible platforms. 



120 ISA & EISA Theory and Operation 

TRANSFER CYCLE DATA SIZE MISMATCH WITH AN E-ISA 
COMPATIBLE ADD-ON SLAVE CARD 

The data size mismatch is managed in the same fashion as with 
ISA compatible add-on slave cards. The only difference is that the 
DMA channels do not have a fIxed data size. The data size for 
each DMA channel is programmable in the DMA controller. 

4.4 E-ISA COMPATIBLE ADD-ON BUS OWNER 
CARDS 

An E-ISA compatible add-on bus owner card operates in the 
same fashion as an ISA compatible card. The types of access cycles 
are outlined in tables 1-3-C to 1-3-D. The only differences in an E
ISA compatible add-on bus owner card relative to an ISA one are 
as follows: 

- The E-ISA compatible platform by convention distributes 
the BCLK signal line in a "starburst" pattern; consequently, 
the slot to slot skew on the bus is minimized. The 
minimum clock skew allows the add-on bus owner card to 
support the SRDY* signal line and, consequently, no wait 
state access cycles. Also, in addition to supporting the ISA 
compatible asynchronous IOCHRDY signal line, the 
starburst BCLK signal line distribution allows the add-on 
bus owner card to support the enhanced version of the 
IOCHRDY signal line. 

- The E-ISA compatible platform supports the MEMCS16*, 
IOCS16*, SRDY*, and IOCHRDY signal lines when the 
accessed resource is on the platform. Thus, an E-ISA add
on bus owner card can execute all of the access cycles to 
platform resources that can be executed by the platform 
CPU of ISA, E-ISA, and EISA (E-MIX cycles) compatible 
platforms to add-on slave cards. 
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li_IIIJIII: 
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If an E-ISA compatible add-on bus owner card is installed in 
ISA compatible platform, then by convention it operates as an ISA 
compatible add-on bus owner card. 

4.5 EISA COMPATIBLE ADD·ON SLAVE CARDS 

EISA add-on slave cards can be divided into two types. One 
type consists of ISA or E-ISA compatible add-on slave cards which 
can also be installed in ISA and E-ISA compatible platforms and 
will operate in their respective "native" modes. These add-on slave 
cards can also be installed in EISA compatible platforms, and will 
operate in the ISA and E-ISA "native" modes; consequently, these 
add-on slave cards are not defined as EISA compatible add-on 
slave cards. The other type of add-on slave cards do not use the 
ISA or E-ISA bus protocols to operate and can only be installed in 
an EISA compatible bus. Their "native mode" implements the 
EISA specific signal lines; consequently, they are defined as EISA 
compatible add-on slave cards. 

http:and>MEMCS16'1r>.�or�.��,OCS16*��.si
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MEMORY ACCESS CYCLES TO EISA COMPATIBLE ADD-ON 
SlAVE CARDS 

An EISA add-on slave card can support memory cycles as a 16 
or 32 data bit resource. It can reside in the 32 bit EISA slot on an 
EISA compatible platform, but cannot reside on an 8 or 8/16 bit 
ISA or E-ISA slot. 

8 DATA BIT MEMORY RESOURCE 

The EISA bus specification only supports EXI6* and EX32* 
signal lines; consequently, it is not possible for an 8 data bit add-on 
slave card to indicate that it is EISA compatible. An 8 data bit 
EISA memory resource cannot be distinguished from an ISA 
compatible one; consequently, an E-MIX cycle must be executed 
which drives the MEMR *, SMEMR*, MEMW*, and SMEMW* 
signal lines active. The 8 data bit EISA add-on memory card is 
accessed as if it were an ISA or E-ISA compatible resource. See 
Subchapter 6.2 for more information. 

:::.:>:> ....:.. .:. ::::::.:<::.:.: ..... :.::.. .. . .. ... . :... ........... :.: 

·•••• AhQ •• t:iBta•• bil.EISA•• add-OhrneI7JOryctird•• is·.s1rrrply •• s11 •• ISA:add
::.0l1f1le:ff)pty.pard;.p()n~eq(Jently,:1t ••¢Bn..b.e:.installed111::@11·./SA:ot: 

.•••·.E;.f$A •. COmpatible.Pfatform~s:8 .•• 0r •• 8716bit:slots.:.:./tcana/so:be 
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The various types of access cycles that can be used with an 
EISA compatible add-on slave card are outlined in Chapter 1 as 
follows: 

- EISA compatible platform CPU or EISA add-on bus 
owner card: Tables 1-4-A to D 

- ISA or E-ISA add-on bus owner card access: Tables 1-3-A 
toD 

mailto:inSct~lIedJ'f:@I1:EI$AC()",patible::Q7J6732::bitsl()t.<The:only
mailto:Bn..b.e:.installed111::@11
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16 & 32 DATA BIT MEMORY RESOURCES 

An add-on slave card that is designed as a 16 or 32 data bit 
memory resource can only reside in an EISA slot. The M-IO and 
W-R signal lines, in conjunction with the BE- and LA signal lines, 
are available to support the full four gigabyte address space. The 
add-on slave card can respond to several different types of access 
cycles. Unless "special" signal lines are active, the access cycles 
executed are standard and ready. When the "special" signal lines 
(NOWS*, MSBURST*, and SLBURST*) are driven active, a 
compressed or burst access cycle is executed, respectively. 

The various types of access cycles that can be used with a 16 or 
32 data bit add-on slave card are outlined in Chapter 1 as follows: 

- EISA compatible platform CPU or EISA add-on bus 
owner card access: Tables 1-4-A to D 

- ISA or E-ISA compatible add-on bus owner card access: 
Tables 1-3-A to D 

An add-on slave card that is designed as a 16 data bit memory 
resource must support the EXI6- signal line. The activation of this 
line indicates to a platform CPU or add-on bus owner that either 8 
or 16 data bits can be accessed or transferred according to the BE* 
signal lines. It also indicates that the add-on card is EISA 
compatible. 

An add-on slave card that is designed as a 32 data bit memory 
resource must support the EX32* signal line. The activation of this 
line indicates to a platform CPU or add-on bus owner that either 8, 
16, 24, or 32 data bits can be accessed or transferred according to 
the BE* signal lines. It also indicates that the add-on card is EISA 
compatible. 

The add-on slave card cannot use the BE* signal lines to qualify 
the access. Additionally, the ADDRESS signal lines do not support 
LAO or LAI address signal lines. Consequently, the entire four 
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byte block selected by the lA<2-23 > and lA· <24-31> signal 
lines must be the same data width. 

Table 4-9 summarizes which signal lines are driven by which 
resource during a memory access cycle to an add-on slave card. 
"PlAT. CIRCUIT" in some cases may simply be a pull-up resistor. 
In this table, "PlAT." is the abbreviation for "platform". "BUS 
MASTER" may be either the platform CPU or an add-on bus 
owner card. 

LINE DRIVEN BY LINE DRIVEN BY 

AENx PLAT. CIRCUIT M-IO BUS MASTER 
START* 
DACKx* 
DRQx
10CHK* 
EXRDY 
EX16* 
EX32* 
CMD* 
IRQx
LA 

BUS MASTER (1)
PLAT. DMA 
I/O RESOURCE 
ANY RESOURCE 
ADD-ON SLAVE 
ADD-ON SLAVE (1)
ADD-ON SLAVE (1)
PLAT. CIRCUIT 
ANY RESOURCE 
BUS MASTER 

W-R 
OSC 
REFRESH* 
RESET 
LA 
BE* 
SO 
SO 
LOCK* 
BCLK 

BUS MASTER 
PLAT. CIRCUIT 
PLAT. REF. CONT 
PLAT. CIRCUIT 
BUS MASTER 
BUS MASTER (1)
BUS MASTER (WR)
ADD-ON SLAVE (RD)
BUS MASTER 
PLAT. CIRCUIT 

MASTER16* 
MREQx*
NOWS* 
MSBURST* 

BUS MASTER 
ADD-ON BUS OWNER 
ADD-ON SLAVE 
BUS MASTER 

TC 
MAKx* 
SLBURST* 

PLAT. CIRCUIT 
PLAT. CIRCUIT 
ADD-ON SLAVE 

TABLE 4-9: EISA ADD-ON SLAVE CARD AS MEMORY RESOURCE 

NOTE: 
(1) During EISA dakl-matching access cycles, these signal lines are also driven by 
the platform circuiJJy. 

I/O ACCESS CYCLES TO EISA COMPATIBLE ADD-ON SLAVE 
CARDS 

An EISA add-on slave card can support I/O cycles as an 8, 16, 
24, or 32 data bit resource. It can reside on the 8/16/32 data bit 
EISA slot on an EISA compatible platform. 

8 DATA BIT I/O RESOURCE 

An 8 data bit resource has access to the first 16 address lines, 
the EISA compatible signal lines, and the lOR· and lOW· lines. 
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The entire 64K address space in theory could be supported. The 
actual address space supported is the same as for an E-ISA add-on 
I/O slave card. 

The various types of access cycles that can be used with an 8 
data bit add-on slave card are outlined in Chapter 1 as follows: 

- EISA compatible platform CPU or EISA add-on bus 
owner card access: Tables 1-4-A to D 

- ISA or E-ISA add-on bus owner card access: Tables 1-3-A 
toD 

The EISA bus specification only supports EX16* and EX32* 
signal lines; consequently, it is not possible for an 8 data bit add-on 
slave card to indicate that it is EISA compatible. An 8 data bit 
EISA compatible I/O resource cannot be distinguished from an 
ISA compatible one. Consequently, an E-MIX cycle must be 
executed, which drives the lOR• and lOW· signal lines. But unlike 
an 8 data bit EISA memory add-on slave card, an 8 data bit EISA 
I/O add-on slave card does exist and is different than an 8 data bit 
ISA or E-ISA add-on slave card. 

By definition, an E-MIX access cycle also drives the EISA 
compatible signal lines. Thus, the 8 data bit EISA compatible add
on I/O slave card can make full use of the EISA compatible signal 
lines. If the add-on I/O slave card was actually ISA compatible, 
then by definition the ISA compatible signal lines are also 
available. See Subchapter 6.2 for more information. 

16 & 32 DATA BIT I/O RESOURCE 

An add-on slave card that is designed as a 16 or 32 data bit I/O 
resource can only reside in an EISA slot. The M-IO and W-R 
signal lines, in conjunction with the BE· and LA signal lines, are 
available. The entire 64K address space in theory could be 
supported. The actual address space supported is the same as for 
an E-ISA add-on I/O slave card. The add-on slave card can 
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respond to several different types of access cycles. Unless "special" 
signal lines are active, the access cycles executed are EISA 
standard and EISA ready. When the "special" NOWS· signal line 
is driven active, a compressed access cycle is executed. 

The various types of access cycles that can be used with a 16 
or 32 data bit add-on slave card are outlined in Chapter 1 as 
follows: 

- EISA compatible platform CPU or E-ISA add-on bus 
owner card access: Tables 1-4-A to D 

- ISA or E-ISA add-on bus owner card access: Tables 1-3-A 
toD 

An add-on slave card that is designed as a 16 data bit I/O 
resource must support the EX16* signal line. The activation of this 
line indicates to a platform CPU or add-on bus owner that either 8 
or 16 data bits can be accessed or transfered according to the BE* 
signal lines. It also indicates that the add-on card is EISA 
compatible. 

An add-on slave card that is designed as a 32 data bit I/O 
resource must support the EX32* signal line. The activation of this 
line indicates to a platform CPU or add-on bus owner that either 8, 
16, 24, or 32 data bits can be accessed or transfered according to 
the BE* signal lines. It also indicates that the add-on card is EISA 
compatible. 

The add-on slave card cannot use the BE* signal lines to qualify 
the access. Additionally, the ADDRESS signal line group do not 
support the LAO or LA1 address signal lines. Consequently, the 
entire four byte block selected by the LA < 2-11 > signal lines must 
be the same data width. 

Table 4-10 summarizes which signal lines are driven by which 
resource during a memory access cycle to an add-on slave card. 
"PLAT. CIRCUIT" in some cases may simply be a pull-up resistor. 
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In this table, "PlAT." is the abbreviation for "platform". "BUS 
MASTER" may be either a platform CPU or an add-on bus owner 
card. 

LINE DRIVEN BY LINE DRIVEN BY 

AENx 
START* 
DACKx* 
DRQx
IOCHK* 
EXRDY 
EX16* 
EX32* 
CND* 
IRQx
LA 
MASTER16* 

PLAT. CIRCUIT 
BUS MASTER (1)
PLAT. DMA 
1/0 RESOURCE 
ANY RESOURCE 
ADD'ON SLAVE 
ADD'ON SLAVE (1)
ADD·ON SLAVE (1)
PLAT. CIRCUIT 
ANY RESOURCE 
BUS MASTER 
BUS MASTER 

M-IO 
W-R 
OSC 
REFRESH* 
RESET 
LA 
BE* 
SD 
SD 
LOCK* 
BCLK 
TC 

BUS MASTER 
BUS MASTER 
PLAT. CIRCUIT 
PLAT. REF. CONT. 
PLAT. CIRCUIT 
BUS MASTER 
BUS MASTER (1)
BUS MASTER (WR)
ADD-ON SLAVE (RD)
BUS MASTER 
PLAT. CIRCUIT 
PLAT. CIRCUIT 

MREQx*
NOWS* 

ADD-ON BUS OWNER 
ADD-ON SLAVE 

MAKx* 
IOCS16* 

PLAT. CIRCUIT 
ADD-ON SLAVE (2) 

TABLE 4-10: EISA ADD-ON SLAVE CARD AS I/O RESOURCE 

NOTES: 
(1) During EISA data-matching access cycles these signa/lines are also driven by 
the platfonn circuitry. 
(2) An EISA compatible 16 data bit I/O resource must drive this signa/line if it is to 
be accessed by an ISA or E-ISA add-on bus owner card. This is required due to 
timing constraints. See Subchapter 6.3 for more infonnation. 

ACCESS CYCLE DATA SIZE MISMATCH WITH EISA 
COMPATIBLE ADD-ON SLAVE CARDS 

An add-on slave card that is a 16 data bit resource (according to 
the EXI6* signal line) cannot force the bus master to execute a 16 
data bit access if the bus master only requested an 8 data bit 
(according to the BE* signal lines) access cycle. A similar 
statement can be made for a 32 data bit resource and accesses of 8, 
16, or 24 data bits. 

Data size mismatch with an EISA compatible add-on slave card 
is very simple. The BE* signal lines specify which byte lanes the 
data is written to or read from. 
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A bus master that intends to execute a single 16 data bit access 
cycle (indicated by the BE* signal lines) cannot do so if the 
accessed resource is only an 8 data bit (indicated by the EXI6* and 
EX32* signal lines) resource. Similar statements canbe made for 
a 24 or 32 data bit access to an 8 data bit resource or a 24 data bit 
access to a 16 data bit resource. The platform circuitry does the 
byte swapping to align the data to the byte lanes that a given 
accessed resource supports. Additionally, for an EISA bus master, 
the platform circuitry will execute additional access cycles to 
assemble and disassemble the data. The EISA bus master only 
"sees" a single access cycle of the data size it requested. 

If the bus master is an ISA or E-ISA add-on bus owner card, the 
platform circuitry allows the access cycle to execute in the same 
fashion as on the ISA or E-ISA compatible platforms. The 
platform circuitry will not assemble or disassemble the data bytes; 
instead, the bus master must execute multiple access cycles. 

The proper interpretation of the MEMCS16*, IOCS16*, SAO, 
and SBHE * signal lines allows data size mismatch to occur on 
EISA compatible platforms when the ISA or E-ISA compatible 
resources are involved in the access cycle. See the previous ISA 
and E-ISA sections for byte swapping for data size mismatch. 

TRANSFER CYCLES AND EISA COMPATIBLE ADD-ON 
SLAVE CARDS 

The operation of the DMA transfer cycles on an EISA 
compatible platform are a superset of those on an E-ISA 
compatible platform. Please see the section "TRANSFER 
CYCLES AND E-ISA COMPATIBLE ADD-ON SLAVE 
CARDS". The improvements are as follows: 

- In addition to the COMPATIBLE, TYPE A, and TYPE B 
transfer cycles, the EISA compatible resources also 
support the TYPE C transfer cycle. 



Chapter 4, Interaction 0/Add-On Cards 129 

- For TYPE A, TYPE B, and TYPE C transfer cycles, the 
memory resource can be an add-on slave card in addition 
to the platform memory. 

- For TYPE A, TYPE B, and TYPE C transfer cycles, the 
data size of the I/O resource can be larger than the data 
size of the memory resource. The ability to support this 
data size mismatch is due to multiple transfer cycles 
executed by the platform circuitry by a process called 
CONVERSION. CONVERSION also allows for DMA 
transfer cycles between dissimilar technology (i.e., EISA 
compatible I/O resource with an ISA compatible 
memory, etc.). 

- In that data sizing is supported by the EISA compatible 
DMA controller (via CONVERSION), the MEMCS16*, 
EX16*, and EX32* signal lines of the memory resource 
are monitored. As with the ISA and E-ISA compatible 
I/O resources, the data size of the I/O resources are 
programmed in the DMA controller. 

The one strong similarity between ISA, E-ISA, and EISA 
compatible I/O resources that support DMA transfer cycles is the 
use of the DRQx, DACKx*, AENx, 10W*, and lOR* signal lines. 
These signal lines are defined as they are on an ISA or E-ISA 
compatible platform. The 10W* and lOR* signal lines are used on 
EISA compatible resources because the M-IO and W-R signal lines 
are used for the memory resource. 

Table 1-5-B in Chapter 1 outlines the various DMA transfer 
cycles supported on EISA compatible platforms. Table 4-11 
outlines which signal lines are driven by which resources under 
generic transfers. "PLAT. CIRCUIT" in some cases may simply be 
a pull-up resistor. In the following tables, "PLAT." is the 
abbreviation for "platform circuitry". 
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LINE DRIVEN BY LINE DRIVEN BY 

AENx 
BALE 
DACI(x*
DRQx
IOCHK* 

PLAT. CIRCUIT 
PLAT. CIRCUIT 
PLAT. DMA 
ADD-ON SLAVE 
ALL RESOURCES 

MEMR* 
MEMW* 
OSC 
REFRESH* 
RESET 

PLAT. DMA 
PLAT. DMA 
PLAT. CIRCUIT 
PLAT. REF. CONT. 
PLAT. CIRCUIT 

IOCHRDY 
IOCS16* 

MEMORY RESOURCE 
PLAT. CIRCUIT 

SA 
SBHE* 

PLAT. CIRCUIT 
PLAT. DMA 

M-IO 
START* 
EX16* 
IOR* 
IOW* 
IRQx
LA 
MASTER16* 
MEMCS16* 

PLAT. DMA 
PLAT. DMA 
MEM. RESOURCE 
PLAT. DMA 
PLAT. DMA 
ANY RESOURCE 
PLAT. DMA 
PLAT. CIRCUIT 
MEM. RESOURCE 

W-R 
CMD* 
EX32* 
SD 
BE* 
SMRISMW* 
BCLK 
TC 
SRDY* 

PLAT. DMA 
PLAT. CIRCUIT 
MEM RESOURCE 
MEM., I/O RES. 
PLAT. DMA 
PLAT. CIRCUIT 
PLAT. CIRCUIT 
PLAT. DMA (1)
PLAT. CIRCUIT 

TABLE 4-11: DMA TRANSFER CYCLES ON EISA COMPATIBLE 
PLATFORMS 

NOTE: 
(1) On an EISA compatible platform, the TC signalUne can also be driven by the 
add-on I/O slave card. 

TRANSFER CYCLE DATA SIZE MISMATCH WITH AN EISA 
COMPATIBLE ADD-ON SLAVE CARD 

The data size of each DMA channel for each I/O resource is 
programmed into the DMA controller. The data size of the 
memory resource is determined by the DMA controller monitoring 
the MEMCS16*, EX16*, and EX32* signal lines. If the platform 
memory is the resource in the DMA transfer, the DMA controller 
knows the data size. 

The data assembly and disassembly for CONVERSION cycles 
and the associated byte swapping is very complex in an EISA 
platform. See Subchapter 7.2 for more information. 
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4.6 EISA COMPATIBLE ADD-ON BUS OWNER 
CARDS 

An add-on card can be designed as a bus owner. The EISA 
compatible platform can support AT, E-ISA, and EISA add-on bus 
owner cards. However, an EISA add-on bus owner card cannot be 
supported on PC, XT, ISA, or E-ISA compatible platforms. 

For an EISA add-on card to become bus master, it must first 
execute the obtain portion of the arbitration cycle. After it no 
longer has immediate need for bus ownership, it can execute the 
release portion of the arbitration cycle. See Chapter 9 for more 
detailed information. 

The EISA add-on bus owner card can execute all of the access 
cycles that the EISA platform CPU can, except for EISA 
compressed access cycles. When an add-on bus owner card 
accesses an ISA or E-ISA compatible resource, it does it as an E
MIX version of the EISA standard and data-matching access cycles. 
The platform circuitry does all of the signal line translations 
between the ISA and EISA bus protocols. The various types of 
access cycles that can be executed by an add-on bus owner card are 
outlined in Chapter 1, Tables 1-4-A to 1-4-D. 

An add-on bus owner card has complete access to the entire 
memory and I/O address space. However, the platform 
architecture and software executing on the platform CPU assume 
that only the platform CPU has access to certain specific memory 
and I/O resources. For example, an add-on bus owner card cannot 
normally access the math co-processor memory registers. An add
on bus owner card usually does not access the I/O registers of the 
interrupt, DMA, and keyboard controllers, nor the timer, DMA 
page, and real time clock. In addition, the add-on bus owner card 
usually does not access the NMI chip select circuitry and Port B. 

Of particular note is the fact that EISA bus ownership can be 
awarded to an add-on bus owner card in two ways. If the add-on 
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bus owner card is ISA or E-ISA compatible, a DMA channel is 
used, as was previously described. If the add-on bus owner card is 
EISA compatible, it uses the MREQx* and MAKx* signal lines. 
An individual pair of these lines are routed to each EISA slot that 
is designed to support EISA add-on bus owner cards. 

Access cycles are the only bus cycles that can be executed by the 
EISA add-on bus owner cards. Add-on bus owner cards perform 
access cycles in the same manner as the platform CPU. The 
accessed resources on the bus are unable to determine if the 
platform CPU or an EISA compatible add-on bus owner card is 
executing the cycle. An active MASTER * signal line, when an ISA 
or E-ISA compatible add-on bus owner card owns the bus, 
indicates that it is not the platform CPU. This same signal line has 
been redefined for EISA access cycles as the MASTER16* signal 
line. Thus, this signal line only indicates the data size of the EISA 
bus master, not the "source" of the ownership. 

4.7 REFRESH 

The refresh cycle is executed by the platform refresh controller 
every 15.6 microseconds. An ISA or E-ISA add-on bus owner card 
can request a refresh cycle by driving the REFRESH* signal line 
active. An EISA add-on bus owner card cannot request a refresh 
cycle because of preemption. The refresh controller on an EISA 
compatible platform can preempt bus ownership by the EISA add
on bus owner card. 

Some chip sets queue up pending refresh cycles, and execute 
several back to back; consequently, a refresh does not occur exactly 
every 15.6 microseconds. 
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4.8 ARBITRATION 

Ownership of the bus is established through two mechanisms. 
For ISA and E-ISA compatible platforms, the add-on bus owner 
card "subleases" a DMA channel from the DMA controller. ISA 
and E-ISA add-on bus owner cards installed in EISA compatible 
platforms can obtain bus ownership in the same fashion as on ISA 
or E-ISA compatible platforms. EISA add-on bus owner cards 
obtain bus ownership without subleasing a DMA channel. Each 
EISA slot (that supports EISA bus masters) has an individual pair 
of signal lines (MREQx* and MAKx*) which are attached directly 
to the platform arbiter. An EISA add-on bus owner card requests 
bus ownership by driving its specific MREQx* signal line active. 
Bus ownership is granted when the associated MAKx* signal line 
becomes active. The bus owner is notified that it has been 
preempted when the arbiter drives the MAKx* signal line inactive. 
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Notes 



CHAPTER FIVE 

SIGNAL LINE DEFINmON 

INTRODUCTION 


This chapter describes in detail all of the signal lines for an ISA, 
E-ISA, or EISA compatible bus. The signals can be grouped into 
seven distinct categories: address, data, cycle control, bus control, 
interrupt, DMA, and power. 

The implementation of the various bus signal lines vary for both 
the type of cycle and for the current bus owner. In some cases, it is 
platform circuitry that drives a particular bus line and not 
necessarily the current bus owner. The possible bus masters 
(owners) are the platform CPU, the DMA and refresh controllers, 
and add-on bus owner cards. 

In an ISA or E-ISA compatible platform, the bus masters, 
platform resources, and add-on cards use the PC, XT, and AT 
SPECIFIC signal lines. In an EISA compatible system the bus 
masters, platform resources, and EISA compatible add-on cards 
use some of the PC, XT, and AT SPECIFIC and all of the EISA 
SPECIFIC signal lines. ISA or E-ISA compatible add-on cards in 
an EISA compatible system only use the PC, XT, and AT 
SPECIFIC signal lines. 

OVERVIEW OF ISA AND E-ISA COMPATIBLE SIGNAL LINES 

Tables 5-1-A to 5-1-E provide summaries of the ISA and E-ISA 
compatible signal lines that will be discussed in this chapter. For 



136 ISA & EISA Theory and Operation 

comparison, the PC and XT signal lines have been included. The 
PC and XT signal lines are a subset of the ISA and E-ISA signal 
lines reflecting the smaller data width, address space, fewer DMA 
and interrupt channels, lack of support of add-on bus owner cards, 
and the non-support of the no-wait-state access cycle. 

ISA &E-ISA 
ADDRESS FUNCTION 
SIGNALS PC &XT AT 

SPECIFIC SPECI FIC 

BALE X X LATCH THE ADDRESS, AENx, SBHE*
SA<0-19> X X FIRST MEGABYTE OF MEMORY ••• ALL I/O
LA<17-23> x 16 MEGABYTE MEMORY 
SBHE* X VALID DATA ON SD<8-15> 
AENx x X INACTIVE=ACCESS CYCLE ACTIVE=TRANSFER CYCLE 

TABLE 5-J-A: ISA AND E-ISA SIGNAL LINE OVERVIEW 

ISA &E-ISA 
DATA SIGNALS FUNCTION 

PC &AT AT 
SPECIFIC SPECIFIC 

SD<0-7> X X 1ST ORDER DATA BYTE 
SD<8- 15> X 2ND ORDER DATA BYTE 

TABLE 5-/-B: ISA & E-ISA SIGNAL LINE OVERVIEW 

ISA &E-ISA 
CYCLE CONTROL SIGNALS FUNCTION 

PC &AT AT 
SPECIFIC SPECI FIC 

SMEMR*, SMEMW* X X FIRST MEGABYTE MEMORY RD/WR
MEMR*, MEMW* X 16 MEGABYTE MEMORY RD/WR

10R* IOW* X x I/O RD/WR
MEMCS16', IOCS16* X ACCESSED RESOURCE IS 16 BITS 

lOCH DY X X WAIT STATES NEEDED 
SRDY* (NOWS*) X IMMEDIATE CYCLE COMPLETION 

TABLE 5-/-C: ISA & E-ISA SIGNAL LINE OVERVIEW 
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ISA &E-ISA 
BUS CONTROL SIGNALS FUNCTION 

PC &AT AT 
SPECIFIC SPECIFIC 

REFRESH* 
MASTER16* 

X X 
X 

REFRESH CYCLE 
16 BIT ISA MASTER 

IOCHK* 
RESET 
BCLK 

X 
X 
X 

X 
X 
X 

ERROR ON BUS 
REINITIALIZE BUS RESOURCES 
4.77 MHZ ON PC &XT 6·8 MHZ ON AT 

OSC X X 14.31818 MHZ 

TABLE 5-I-D: ISA & E-ISA SIGNAL UNE OVERVIEW 

ISA &E-ISA 
OTHER SIGNALS FUNCTION 

PC &AT AT 
SPECIFIC SPECIFIC 

IRQx <3·7 9> X X INTERRUPT REQUEST
IRQx <10-~2,1411S> X INTERRUPT REQUEST
DACKx*, DRQx < -3> X X DMA & ISA BUS MASTER REQUEST
DACKx*,DRQx <0,S-7> X DMA & ISA BUS MASTER REQUEST
TC X X DMA TERMI NATION DNA TO I/O RESOURCE 

FIG. 5-1-E: ISA & E-ISA SIGNAL LINE OVERVIEW 

OVERVIEW OF EISA COMPATIBLE SIGNAL LINES 

Tables 5-2-A to 5-2-E provide a brief overview of the EISA 
compatible signal lines that will be discussed in this chapter. For 
comparison, the PC, AT, and AT signal lines have been included. 
EISA platforms allow PC, XT, and AT add-on slave cards to be 
installed. 

The EISA specific signal lines are a superset of the ISA and E
ISA specific signal lines. They reflect a larger data width and 
address space, improved support of add-on bus owner cards (bus 
master functions), and improved and new access bus cycles. 
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ISA &E-ISA 
ADDRESS 
SIGNALS PC &AT AT EISA 

SPECIFIC SPECIFIC SPECIFIC 
FUNCTION 

BALE 
SA<O-19> 

X 
X 

X 
X 

LA<17-23> 
LA<2-16> 

X 

LA*<24-31> 
SBHE* 
AENx X 

X 
X 

BE*<0-3> 

LATCH THE ADDRESS, AENx, SBHE* 
FIRST MEGABYTE OF MEMORY ADDRESS & 

ALL 1/0 ADDRESS SPACE 
X 16 MEGABYTE MEMORY 
X 1/0 ADDRESS &1ST 128K MEMORY ADDRESS 

SPACE 
X 4 GIGABYTE MEMORY ADDRESS SPACE 

VALID DATA ON SD<8-15> 
X INACTIVE=ACCESS CYCLE ACTIVE=TRANSFER 

CYCLE 
X 1/0 ADDRESS SLOT SPECIFIC 
X SPECIFIC BYTE LANES USED &ADDRESS FOR 

4 BYTES 

TABLE 5-2-A: ISA, E-ISA, & EISA SIGNAL LINE OVERVIEW 

ISA &E-ISA 

DATA SIGNALS PC &AT AT EISA FUNCTION 
SPECIFIC SPECIFIC SPECIFIC 


SD<0-7> X X X 1ST ORDER DATA BYTE 

SD<8-15> X X 2ND ORDER DATA BYTE 
SD<16-31> X 3RD AND 4TH ORDER DATA BYTES 

TABLE 5-2-B: ISA, E-ISA, & EISA SIGNAL LINE OVERVIEW 



Chapter 5, Signal Line Definition 139 

ISA &E-ISA 
CYCLE 

CONTROL PC &AT AT EISA FUNCTION 
SIGNALS SPECIFIC SPECIFIC SPECIFIC 

SMEMR*, SMEMW* 
MEMR*, MEMW* 
IOR*, IOW* 
MEMCS16* 
IOCS16* 
IOCHRDY 
SRDY* (NOWS*) 

X 

X 

X 

X 
X 
X 
x 
X 
X 
x 

START* 
CMD* 
W-R 
M-IO 
EX16*, EX32* 
EXRDY 
SLBURST* 

MSBURST* 

LOCK* 

FIRST MEGABYTE MEMORY RD/WR
16 MEGABYTE MEMORY RD/WR

x I/O RD/WR AND DMA RD/WR
ACCESSED MEMORY RESOURCE IS 16 BITS 

x ACCESSED I/O RESOURCE IS 16 BITS 
WAIT STATES NEEDED 

x IMMEDIATE CYCLE COMPLETION 
COMPRESSED CYCLE 

X VALID EISA CYCLE START 
X VALID EISA CYCLE LENGTH 
X WRITE VS READ 
X MEMORY VS I/O
X EISA COMPATIBLE 16 OR 32 RESOURCE 
X EISA WAIT NEEDED 
X ACCESSED RESOURCE SUPPORTS BURST 

CYCLE 
X EISA BUS MASTER SUPPORTS BURST 

CYCLE 
X INSURES RETENTION OF BUS 

TABLE 5-2-C: ISA, E-ISA, & EISA SIGNAL LINE OVERVIEW 

ISA &E-ISA 
BUS 

CONTROL PC &AT AT EISA FUNCTION 
SIGNALS SPECIFIC SPECIFIC SPECIFIC 

REFRESH* X X 
MASTER16* X 

10CHK* X X 
RESET X X 
BCLK X X 

OSC X x 

X REFRESH CYCLE 
x 16 BIT ISA MASTER 

16 BIT EISA MASTER 
X ERROR ON BUS 
X REINITIALIZE BUS RESOURCES 
x 4.77 MHZ ON PC &XT 6-8 MHZ ON AT 

6-8.33 MHZ ON EISA 
x 14.31818 MHZ (VIDEO COLOR BURST) 

TABLE 5-2-D: ISA, E-ISA, &EISA SIGNAL UNE OVERVIEW 
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ISA & EISA 

OTHER SIGNALS PC & AT AT EISA FUNCTION 
SPECIFIC SPECIFIC SPECIFIC 

IRQx <3-7 9> X X X INTERRUPT REQUEST 

IRQx <'0-12,'41'5> x X INTERRUPT REQUEST

DRQx, DACKx < -3> X X X DMA & ISA BUS MASTER REQUEST 

DRQx,DACKx*<0,~-7> X X DMA & ISA BUS MASTER REQUEST

TC X X X DMA TERMINATION DMA TO I/O


RESOURCE 
ACCESSED RESOURCE TO DMA TO 

TERMINATE DMA CYCLE 
MREQx*<1-6> X REQUEST BY EISA MASTER FOR BUS 

OWNERSHIP 
MAKx*<1-6> X ACK. TO EISA MASTER BUS OWNERSHP 

TABLE 5-2-E: ISA, E-lSA, &: EISA SIGNAL LINE OVERVIEW 

CONVENTIONS 

The following text uses ISA to represent PC, XT, and AT. E
ISA is the same as ISA except for the improvements noted earlier. 
The 16 bit connector is essentially an 8 bit connector with 
additional signal lines attached; thus, the use of the notation 8/16 
(see Chapter 14 for more information). Each signal line heading 
specifies whether the respective signal line resides on the 8 bit ISA 
or E-ISA connector used for PC and XT compatible slots or on the 
8/16 ISA or E-ISA connector on AT compatible slots. 

Similarly, an EISA compatible platform supports the 8 bit 
connectors (PC and XT) and 8/16 bit connectors (AT) within the 
EISA connectors. The EISA connector is essentially an ISA 
connector with additional signal lines attached to support the EISA 
specific ADDRESS, DATA, and CONTROL signal lines (see 
Chapter 14 for more information). Each signal line heading 
specifies if the respective signal line resides on the 8 bit or 8/16 bit 
portion of the ISA connector, or the EISA connector. 
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FOR ISA PLATfORMS: 

ISA BUS MASTERS ARE PLATFORM CPU OR ADD-ON 
BUS OWNER CARDS. ISA RESOURCES ARE PLATFORM 
RESOURCES OR ADD-ON SLAVB CARDS. 

FOR E-ISA PLATFORMS: 

ISA BUS MASTERS ARE ADD-ON BUS OWNER CARDS. 
ISA RESOURCES ARE ADD-ON SLAVE CARDS. 

E-ISA BUS MASTERS ARE PLATFORM CPU OR ADD
ON BUS OWNER CARDS. E-ISA RESOURCES ARE 
PLATFORM RESOURCES OR ADD-ON SLAVE CARDS. 

FOR EISA PLATFORMS: 

ISA OR E-ISA BUS MASTERS ARE ADD-ON BUS 
OWNER CARDS. ISA OR E-ISA RESOURCES ARE ADD-ON 
SLAVE CARDS. 

EISA BUS MASTERS ARE PLATFORM CPU OR ADD-ON 
BUS OWNER CARDS. EISA RESOURCES ARE PLATFORM 
RESOURCES OR ADD-ON SLAVE CARDS. 

ALL PLATFORMS: 

APPLIES TO ISA OR E-ISA (PC, XT, & AT) AND EISA 
COMPATIBLE PLATFORMS. 

ADDRESS SIGNAL LINES 

In addition to the actual address lines, other lines are used that 
aid in delivering the correct address-related information to all 
resources on the bus. These other signal lines are BALE, AENx, 
SBHE*, and BE*. 
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BALE (8,8/16 ISA or E-ISA & EISA CONNECTOR) 

ISA OR E-ISA PLATFORMS 

Bus address latch enable (BALE) signal line is driven by the 
platform CPU to indicate when the SA<O-19>, LA<17-23>, 
AENx, and SBHE· signal lines are valid. 

EISA PLATFORMS 

The BALE signal line operates in the same fashion as in an ISA 
or E-ISA compatible platform when an ISA or E-ISA bus master or 
an ISA or E-ISA resource is involved in the cycle. Platform 
circuitry drives it as a pulse when an EISA bus master executes an 
E-MIX access cycle. The BALE signal line is not used by EISA bus 
masters interacting with EISA compatible resources. 

ALL PLATFORMS 

The BALE signal line is driven to a logical one by the platform 
circuitry when an ISA or E-ISA add-on bus owner card or the 
DMA controller owns the bus. 

LA23QA23LA22 A22 
ISA/E-ISA/EISA • • ADD-ON CARD 
~S. . ADDRESS 

LA17 A17 

BALE 

74 ALS 373 or 74 LS 373 

FIGURE 5-1: INPUT ADDRESS CIRCUIT 
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SA<0-19> (8,8/16 ISA or E-ISA & EISA CONNECTOR) 

ISA OR E-ISA PLATFORMS 

The SA signal lines are driven by the ISA or E-ISA bus master 
to define the lower 20 ADDRESS signal lines needed for the lower 
one megabyte of the memory address space. The SA < 0-15> signal 
lines define the entire 64K address space required for the I/O 
address space and are driven by the ISA or E-ISA bus master. 
However, only the SA<0-9> signal lines are decoded by the ISA or 
E-ISA I/O resources on an ISA compatible platform. On an E-ISA 
compatible platform, the E-ISA I/O resource can decode the 
SA < 0-11 > signal lines for slot specific I/O addressing. 

During refresh cycles, only the SA < 0-7 > signal lines are driven 
by the refresh controller. 

EISA PLATFORMS 

On an EISA platform, the SA signal lines operate in the same 
fashion as on an ISA or E-ISA platform when an ISA or E-ISA bus 
master or an ISA or E-ISA resource are involved in the cycle. The 
SA signal lines are not used by EISA bus masters interacting with 
EISA resources. For an ISA or E-ISA bus master accessing an 
EISA compatible resource (via an I-MIX cycle), the SA<0-16> 
signal lines are used by the ISA or E-ISA bus master, but are 
translated by the platform circuitry to the LA<2-16> and BE· 
signal lines for EISA resources. (The SBHE· signal line, in 
conjunction with the SAO and SAl signals, generate the BE· signal 
lines for I-MIX access cycles.) 

For an EISA bus master accessing ISA or E-ISA resources, the 
SAO, and SAl signal lines are generated from the BE· signal lines 
for E-MIX access cycles (see the BE· signal line section for more 
information). 

EISA compatible platforms have expanded the definition of 
refresh to drive the SA < 0-15 > signal lines during the refresh cycle. 
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ALL PLATFORMS 

During DMA transfer cycles, the DMA controller drives all of 
the SA signal lines valid. 

Any SA signal line not driven floats to an indeterminate state. 
Some platform manufacturers attach a 10K pull-up resistor to 
prevent these lines from floating. 

An ISA or E-ISA compatible add-on bus owner card may 
request a refresh cycle while it is the current bus master. During 
the refresh cycle, it must make the address lines inputs, because the 
refresh controller is driving the refresh address onto the bus. 

LA< 17·23 > (8/16 ISA or E·ISA & EISA CONNECTOR) 

ISA OR E-ISA PLATFORMS 

The LA<17-23> signal lines are driven by the ISA or E-ISA 
bus master or DMA controller and provide the additional address 
lines required for the 16 megabyte memory address space. They 
are latched by the accessed resource and the falling edge of the 
BALE signal line. 

EISA PLATFORMS 

The LA< 17-23> signal lines operate in the same fashion as on 
an ISA or E-ISA compatible platform when an ISA, E-ISA, or 
EISA bus master accesses an ISA or E-ISA resource. These LA 
signal lines are also used by EISA bus masters and the DMA 
controller accessing EISA compatible memory resources, and 
operate as outlined in the LA < 2-16 > / LA *< 24-31> description. 

ALL PLATFORMS 

During a refresh cycle, the LA< 17-23> signal lines are 
undefined. All resources should tri-state these lines during a 
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refresh cycle. Any LA address lines that are not driven will float to 
an undefined logical state. Some platform manufacturers attach a 
10K pull-up resister to prevent these lines from floating. 

LA<2-16> I LA* <24-31 > (EISA CONNECTOR) 

EISA PLATFORMS 

These latchable address (LA) signal lines are driven by the 
EISA bus master and work in conjunction with the LA< 17-23> 
and BE* signal lines to address any byte in a four gigabyte memory 
or 64K I/O address space. The 64K I/O address space only uses 
the LA <2-15 > signal lines. These lines, in conjunction with the 
LA< 17-23> and BE* signal lines, are driven by the DMA 
controller to address any byte in the four gigabyte memory space. 

The LA* <24-31> signal lines are driven with inverted logic 
and are pulled high by pull-up resistors. This insures that only the 
first 16 megabytes of the memory address space are addressed 
during E-MIX and I-MIX access cycles. 

During I/O access cycles and refresh cycles, the LA* < 24-31 > 
signal lines are not driven. These signal lines are resistively pulled 
up to logical zero. 

Any of the LA<2-16 > signal lines not driven will float to an 
undefined logical state. Some platform manufacturers attach a 
10K pull-up resistor to prevent these lines from floating. 

SBHE* (8/16 ISA or E-ISA &. EISA CONNECTOR) 

ISA OR E-ISA PLATFORMS 

The system byte high enable (SBHE*) signal line is driven by 
the ISA or E-ISA bus master to indicate that valid data resides on 
the SD <8-15 > signal lines. This line, in conjunction with the SAO 
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signal line, allows the ISA or E-ISA bus master to indicate the data 
size requested from ISA or E-ISA compatible resources. When the 
SBHE * signal line is driven inactive, the data size requested is 8 
data bits. When the SBHE - signal line is driven active, and the 
SAO signal line is logical one, the data size requested is 8 data bits. 
When the SBHE * signal line is driven active, and the SAO signal 
line is logical zero, the data size requested is 16 data bits. See 
Tables 4-3 and 4-8 for more information. 

EISA PLATFORMS 

On an EISA platform, the SBHE- signal line operates in the 
same fashion as on an ISA or E-ISA compatible platform when an 
ISA, E-ISA, or EISA bus master is accessing an ISA or E-ISA 
resource. This signal line is not used when an EISA bus master is 
accessing an EISA compatible resource. 

The SBHE * signal line, in conjunction with the SAO and SAl 
signals, is decoded by the platform circuitry to drive the BE- signal 
lines for I-MIX access cycles. The BE* signal lines are decoded by 
the platform circuitry to drive the SBHE*, SAO, and SAl signal 
lines for E-MIX access cycles. (See the BE* signal line section for 
more information.) 

ALL PLATFORMS 

The SBHE* signal line is undefined for refresh cycles because 
no data is actually read. If the platform circuitry does not drive this 
signal line it will float to an undetermined state. 

AENx (8,8/16 ISA or E·ISA & EISA CONNECTOR) 

ISA OR E-ISA PLATFORMS 

The address enable (AENx) signal line is driven by the platform 
circuitry as an indication to ISA or E-ISA I/O resources not to 
respond to the ADDRESS and I/O COMMAND signal lines. This 
signal line has no effect on memory resources. 
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On ISA compatible platforms, this signal line is inactive when 
the platform CPU or bus owner add-on card is bus master. This 
signal line is active only when the DMA controller is the bus owner 
because transfer cycles execute with the memory and the I/O 
COMMAND signal lines active simultaneously. The AEN signal 
line is the method by which I/O resources are informed that a 
DMA transfer cycle is occurring and that only the I/O resource 
with an active DACKx* signal line can respond to the I/O signal 
lines. 

On E-ISA compatible platforms, the AENx signal lines are used 
for slot-specific I/O addressing and configuration space; 
consequently, the platform circuitry individually drives the AENx 
signal line to each slot. (The appended x indicates the slot 
number.) During a DMA transfer cycle, all of the AENx signal 
lines are active. During I/O access cycles executed by E-ISA bus 
masters, the platform circuitry decodes the I/O address and drives 
the appropriate AENx signal lines. If the access is to the general 
I/O address block, all of the AENx signal lines are inactive. 
("General" is defined as the ISA compatible 768 bytes. See 
Chapter 2 for more information.) If the access is to a specific I/O 
address block of a slot, only the AENx signal line associated with 
the slot is inactive. See Chapter 2 for more detailed address space 
information, and Chapter 12 for more configuration space and slot 
specific I/O information. 

For an ISA or E-ISA compatible platform I/O access cycle, 
when the platform CPU is bus owner, the AENx signal line must be 
inactive prior to the BALE signal line becoming active, and must 
remain inactive during the active period of the COMMAND lines. 
When an ISA or E-ISA add-on bus owner card or DMA controller 
is the bus owner, the AENx signal line must be inactive prior to and 
during the active period of the COMMAND signal lines. This 
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requirement is because the platform circuitry drives the BALE 
signal line to a constant logical one for the entire cycle. 

The AENx signal lines are derived from a valid decode of the 
SA<8,9,12-15> signal lines. 

EISA PLATFORM 

On an EISA platform, the AENx signal line operates in the 
same manner as it does on an E-ISA platform. The only two 
differences are when an EISA bus master is executing an EISA 
specific I/O access cycle or when an accessing an ISA or E-ISA 
compatible I/O resource via an E-MIX access cycle. During these 
access cycles, the AENx signal lines must be valid relative to the 
START* signal line being driven inactive at the point that the 
CMD* signal line is driven active. 

The AENx signal lines are derived from a valid decode of the 
LA<8,9,12-15> and M-IO signal lines. 

ALL PLATFORMS 

When a refresh cycle is executed, the AENx signal line is active 
unless an add-on bus owner card requested the refresh cycle. 
When the ISA or E-ISA add-on bus owner card has requested a 
refresh, it is unclear if all platform circuitry (Le., all chip sets) drive 
the AENx signal line inactive during the refresh cycle. Thus, there 
is no useful interpretation of this signal line during a refresh cycle 
and it should be ignored. 

BE* <0-3 > (EISA CONNECTOR) 

EISA PLATFORMS 

The byte enable (BE*) signal lines are driven by the EISA bus 
master or platform circuitry to indicate which bytes of the data 
signal lines are valid. BE*O is associated with data bits <0-7>, 
BE*1 is associated with data bits <8-15>, and so forth. A logical 
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low indicates that the associated byte lanes are to be used by the 
EISA resource. See Chapter 6 and 7 for more information. 

During access cycles to ISA, E-ISA, or EISA resources, the BE
signal lines are driven by EISA bus masters. During transfer cycles, 
the BE- signal lines are driven by the DMA controller. The BE
signal lines replace the LAO and LA1 address lines that are not 
defined as part of the EISA signal lines. 

There are certain BE * patterns that are not supported. The 
basic criterion is that non-contiguous byte groupings are not 
allowed; thus, the following BE*3 to BE*O patterns are not 
possible: 0010, 0100, 0101, 0110, and 1010. 

When the accessed resource is ISA or E-ISA compatible, the 
BE* signal lines are decoded to the SAO, SAl, and SBHE- signal 
lines by the platform circuitry as shown in the following table. 

DRIVEN BY DECODED &DRIVEN BY 
EISA BUS MASTER PLATFORM CIRCUITRY 

OR DMA CONTROLLER 

BE*D BE*1 BE*2 BE*3 SAO SA1 SBHE* 

0 
1 

1 
1 

1 
0 

1 
1 

0 
0 

0 
1 

INACT 
INACT 

1 1 1 0 1 1 ACT 
1 
1 
1 
0 

0 
0 
0 
0 

1 
0 
0 
1 

1 
1(1)
0(2)
1 

1 
1 
1 
0 

0 
0 
0 
0 

ACT 
ACT 
ACT 
ACT 

0 
0 
1 

0 
0 
1 

0 
0 
0 

1(3)
0(4)
0 

0 
0 
0 

0 
0 
1 

ACT 
ACT 
ACT 

TABLE 5-3: CONVERSION OF BE* SIGNAL LINES TO SAO, SAl, AND 
SBHE* SIGNAL LINES ON EISA COMPATIBLE PLATFORMS 

NOTES: 
(1) and (2) are unique in that even ilthe accessed resource data size is 16 data bits, 
the data cannot be accessed in a single cycle. Thus, the first access is 8 data bits 
according to IOxx (BE*0-BE*3), and the second access is 8 or 16 data bits according 
to the 1101 and 1100 (BE*0-BE*3) entries lor (1) and (2), respectively. II the 
accessed resource is 8 data bits in size, multiple 8 data bit accesses are executed with 
the lowest order byte first. 
(Please see additional notes on the lollowing page.) 
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(3) and (4) are unique in that even if the accessed resource data size is 16 data bits, 
the data cannot be accessed in a single cycle. Thus, the first access is 16 data bits 
according to OOxx (BE·()"BE·3), and the second access is 8 or 16 data bits according 
to the 1101 and 1100 (BE·()"BE·3) entries for (3) and (4), respectively. If the 
accessed resource is 8 data bits in size, multiple 8 data bit accesses are executed with 
the lowest order byte first. 

When an ISA or E-ISA bus master accesses an EISA 
compatible resource via an E-MIX access cycle, the SAO, SAl, 
SA2, and SBHE * signal lines are converted to BE* signal lines as 
shown in the following table. 

DRIVEN BY DECODED &DRIVEN BY 
ISA or E-ISA PLATFORM CIRCUITRY 

BUS MASTER 

SAO SA' SBHE* BE*O BE*' BE*2 BE*3 , , ,0 0 INACT 0, , , ,
0 INACT 0, , , , ,ACT 0, , 0 , ,0 ACT , ,0 0 ACT 0 0, ,
0 0 ACT 0 0 

TABLE 5-4: CONVERSION OF SAO, SAl, AND SBHE· SIGNAL LINES TO 

BE· SIGNAL LINES ON EISA COMPATIBLE PLATFORMS 
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DATA SIGNALS 

SD < 0-7 > (8,8/16 ISA or E-ISA & EISA CONNECTOR) 
SD<8-1S> (8/16 ISA or E-ISA & EISA CONNECTOR) 
SD < 16-31> (EISA CONNECTOR) 

ISA OR E-ISA PLATFORMS 

The data signal lines (SO) 0 through 7 or 8 through 15 are 
driven for an 8 data bit cycle and 0 through 15 are driven for a 16 
data bit cycle. The SOlS signal line represents the most significant 
bit and SOO the least significant bit. The platform byte swapper 
circuitry insures that the SO <8-15 > signal lines are valid whenever 
the SBHE'" signal line is active. 

EISA PLATFORMS 

The SO < 16-31> signal lines are simply an extension of the 
SO < 0-15> signal lines. For EISA specific access and OMA 
transfer cycles, the BE'" signal lines indicate which byte lanes are 
valid. For I-MIX, E-MIX, OMA COMPATIBLE, and some OMA 
with CONVERSION cycles, the BE"', SAO, and SBHE'" signal lines 
indicate which byte lanes are valid (see Chapters 4 and 6 for more 
information). 

ALL PLATFORMS 

The SO<0-31> signal lines are undefined for a refresh cycle. 
All resources should tri-state these signal lines during a refresh 
cycle. 

D.·.•..•.. ~ lle.s. n ......·.. .............Ari>.··.. ·........ ·.·.·... •.. ·. .•.•.•. TA..... ............SifJ.harJi.·.. .• ·· •. o.·.·.·•. t.• ·• sp.····.·•.ec.• ••.. m.·.·... ·.. ·.i.e.·.d.•·.••. •.••.•.•.8.s.·.••.••. ·.·.•. ·.·.. ·.•.•.. 8.·.·.rl..·... ·...... Oflh.··.eCYc.•..•..•..•.. I.•..•..e..• ·.. ·.·.·... {··.·.··.Jb.<Y..•..•.·.•.. .•• ·.··.·.··.e.<.•. ·••• ·.th.·
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CYCLE CONTROL SIGNALS 

These signals control the address space (memory or I/O), data 
direction (read or write), cycle type, and cycle length. 

MEMR* (8/16 ISA or E-ISA & EISA CONNECTOR) 
SMEMR* (8,8/16 ISA or E-ISA CONNECTOR & EISA 
CONNECTOR) 

ISA OR E-ISA PLATFORMS 

The memory read (MEMR *) signal line is driven by the ISA or 
E-ISA bus master or DMA controller to request a memory 
resource to drive data onto the bus during the cycle. The system 
memory read (SMEMR *) signal line performs the same function, 
and is active when the MEMR* signal line is active and the 
LA <20-23 > signal lines indicate the first one megabyte of address 
space. It is driven by the platform circuitry monitoring the 
MEMR* and LA <20-23 > signal lines; consequently, its timing lags 
that of the MEMR* signal line. An ISA or E-ISA add-on bus 
owner card drives the MEMR* signal line, never the SMEMR * 
signal line. 

EISA PLATFORMS 

When an ISA, E-ISA, or EISA bus master is accessing an ISA 
or E-ISA resource, the MEMR* and SMEMR * signal lines are 
defined as they are for the ISA or E-ISA compatible platforms. An 
ISA or E-ISA bus master will directly drive the MEMR* signal 
line. The platform circuitry will drive the SMEMR * signal line. 
The platform circuitry decodes the M-IO and W-R signal lines to 
drive the MEMR* and SMEMR * signal lines when an EISA bus 
master accesses an ISA or E-ISA resource. The MEMR* and 
SMEMR* signal lines are not defined when an EISA bus master is 
accessing an EISA resource. 
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The DMA controller drives these signal lines during 
COMPATIBLE transfer cycles or transfer cycles with 
CONVERSION. 

ALL PLATFORMS 

During a refresh cycle, the MEMR* signal line is driven by the 
refresh controller. It also drives the SMEMR * signal line active . 
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MEMW* (8/16 ISA or E-ISA & EISA CONNECTOR) 
SMEMW* (8,8/16 ISA or E-ISA & EISA CONNECTOR) 

ALL PLATFORMS 

The memory write (MEMW*) and the system memory write 
(SMEMW*) signal lines request the memory resource to accept 
data from the data lines. Otherwise, they are defined in the same 
fashion as the MEMR* and SMEMR * signal lines. 

During a refresh cycle, these signal lines are not active. Pull-up 
resistors on the platform keep these signal lines from floating 
active. 

http:mQnitore.cj
http:siglJallines.be
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lOR· (8,8/16 ISA or E-ISA & EISA CONNECTOR) 

ISA OR E-ISA PLATFORM 

The I/O read (lOR*) signal line is driven by the ISA or E-ISA 
bus master or DMA controller to request an I/O resource to drive 
data onto the data bus during the cycle. The I/O resource is 
responding to a valid address for an access cycle, or to a valid 
DACKx* signal line for a transfer cycle. 

EISA PLATFORM 

When an ISA, E-ISA, or EISA bus master is accessing an ISA 
or E-ISA resource, the lOR* signal line is defined the same as for 
the ISA or E-ISA compatible platform. An ISA or E-ISA bus 
master will directly drive this signal line. The platform circuitry 
decodes the M-IO and W-R signal lines and drives the lOR* signal 
line when an EISA bus master accesses an ISA or E-ISA 
compatible resource. This signal line is not defined when an EISA 
bus master is accessing an EISA resource. 

Because the protocol of the EISA bus only has one pair of 
signal lines for address space and direction (M-IO and W-R), 
another pair is required for DMA transfer cycles. In the EISA bus 
specification for a transfer cycle, the lOR* and 10W* signal lines 
control the I/O resources while the M-IO and W-R signal lines 
control memory resources. 

ALL PLATFORMS 

During a refresh cycle, this signal line is not active. Pull-up 
resistors on the platform keep this signal line from floating active. 
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lOW· (8,8/16 ISA or E-ISA & EISA CONNECTOR) 

ALL PLATFORMS 

The I/O write (lOW-) signal line is driven by the ISA, E-ISA, 
EISA bus master, or DMA controller to request an I/O resource to 
accept data from the data lines. Otherwise, they are defined in the 
same fashion as the lOR* signal line. 

MEMCSI6* (8/16 ISA or E-ISA & EISA CONNECTOR) 

[SA OR E-ISA PLATFORM 

The memory chip select 16 (MEMCS16-) signal line is driven 
by the memory resource to indicate that it is an ISA or E-ISA 
resource that supports a 16 data bit access cycle. The ISA or E-ISA 
bus master may only request an 8 data bit access according to the 
SBHE* and SAO signal lines. An active MEMCS16* signal line not 
only indicates support of 16 data bits; it also allows the ISA or E
ISA bus master to execute shorter cycles. The MEMCS16* signal 
results from a straight decode of the LA<17-23> signal lines 
without any qualification of the COMMAND signal lines. 
Consequently, it will be driven active also during I/O access cycles. 
The ISA or E-ISA bus master must ignore this line during I/O 
access cycles. 

The MEMCS16* signal line is ignored by the DMA and refresh 
controller for transfer and refresh cycles, respectively. 

EISA PLATFORMS 

When an ISA, E-ISA, or EISA bus master is accessing an ISA 
or E-ISA resource, the MEMCS16- signal line is defined the same 
as for the ISA or E-ISA platform. This signal line is not defined 
when an EISA bus master is accessing an EISA resource. For an 
E-MIX access cycle, this signal line is sampled by the platform 
circuitry to determine if an E-MIX version of the EISA standard 
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access cycle (EISA bus master data size is equal to or less than the 
ISA or E-ISA resource data size) or an E-ISA version of the EISA 
data-matching access cycle is to be executed. For an I-MIX access 
cycle, this signal line is driven by the platform circuitry as a 
translation of the EX16* and EX32* signal lines driven by the 
EISA compatible accessed resource. 

When the EISA platform is executing a DMA COMPATIBLE. 
transfer cycle, it is assumed that the. data size of the memory 
resource is equal to or greater that the data size of the I/O 
resource; consequently, the MEMCS16* signal line is not sampled. 
When the DMA controller is executing a DMA TYPE A, B, or C 
(BURSn transfer cycle, this signal line is sampled by the DMA 
controller to determine if a transfer cycle with "CONVERSION" is 
to be executed. As with access cycles, the MEMCS16* signal line 
indicates to the DMA controller the data size of the memory 
resource and that it is ISA or E-ISA compatible. The memory 
resource is the only transfer cycle participant to indicate data size; 
the data size of the I/O participant is programmed in software. 

ALL PLATFORMS 
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IOCSI6* (8/16 ISA or E-ISA & EISA CONNECTOR) 

ISA OR E-ISA PLATFORM 

The I/O chip select 16 (IOCSI6*) signal line is driven by an 
I/O resource to indicate that it is an ISA or E-ISA compatible 
resource that supports a 16 data bit access cycle. The ISA or E-ISA 
bus master may only request an 8 data bit access according to the 
SBHE* and SAO signal lines. An active IOCSI6* signal line not 
only indicates a support of 16 data bits, it also allows the ISA or E
ISA bus master to execute shorter default cycles. IOCSI6* is a 
straight decode of the SA<O-9> (SA<O-l1> on an E-ISA 
compatible platform) signal lines without any qualification of the 
COMMAND signal lines. Consequently, the IOCSI6* signal line 
may be driven active during memory access cycles. The bus master 
must ignore this line during memory access cycles. 

An E-ISA resource on an E-ISA compatible platform drives the 
IOCSI6* signal line by decoding the SA<O-l1> signal lines and 
qualifying it with the AENx signal line. 

EISA PLATFORMS 

When an ISA, E-ISA, or EISA bus master is accessing an ISA 
or E-ISA resource, the IOCSI6* signal line is defined as it is for 
the ISA or E-ISA compatible platform. This signal line is not 
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defined when an EISA compatible bus master is accessing an EISA 
compatible resource. 

For an E-MIX access cycle, this signal line is sampled by the 
platform circuitry to determine if an E-MIX version of the EISA 
standard access cycle (EISA bus master data size is equal to or less 
than the ISA resource data size) or an E-ISA version of the data
matching access cycle is to be executed. For an I-MIX access cycle, 
the EXI6* signal line cannot return quickly enough to translate 
into the IOCSI6* signal line. Thus, EISA I/O accessed resources 
must drive both the EXI6* and IOCSI6* signal lines. The EISA 
I/O resource (either 16 or 32 data bits in size) must drive the 
IOCSI6* signal line under the following conditions: 

- An EISA resource on an EISA platform drives the 
IOCSI6* signal line by decoding the LA < 2-11 > signal 
lines and qualifying it with the AENx signal line. 

- The result of the above decode is held in a transparent 
latch until an active BALE signal line ports it to the bus. 

The fact that IOCSI6* is a straight decode of the LA<2-11> 
signal lines means that the entire four byte address block is either 
all 8 data bits or all 16 data bits in size. Problems arise if only a 
portion of the block is associated with a 16 data bit resource and 
another portion is an 8 data bit resource. 

ALL PLATFORMS 

The IOCSI6* signal line is ignored by the DMA and refresh 
controller for transfer and refresh cycles, respectively. 
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IOCHRDY (8,8/16 ISA or E-ISA & EISA CONNECTOR) 

JSA OR E-JSA PLATFORM 

The I/O channel ready (IOCHRDY) signal line allows 
resources to indicate to the ISA or E-ISA bus master that 
additional cycle time is required. If the IOCHRDY signal line is 
not driven inactive, the cycle is either a no-wait-state or a standard 
cycle. If the IOCHRDY signal line is driven inactive, the cycle 
length is extended until the line is driven active again. An inactive 
IOCHRDY signal line causes an active SRDY* signal to be 
ignored by the bus master. 

On an ISA or E-ISA compatible platform, the IOCHRDY 
signal line must be driven inactive within a specific time of the 
COMMAND signal lines becoming active. When the IOCHRDY 
signal line is active, the cycle ends within a specific amount of time. 
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Both of these events occur asynchronously to the BCLK signal line 
on an ISA compatible platform. On an E-ISA platform, the 
IOCHRDY signal line is sampled relative to the BCLK signal line 
in addition to supporting the previously outlined "asynchronous" 
support. See the IOCHRDY SIGNAL liNE ENHANCEMENT 
section in this chapter. 

When the bus owner is either the platform CPU, an ISA or E
ISA add-on bus owner card, or the refresh controller, the increase 
in cycle length is measured as "wait states". The resolution of the 
wait states is one BCLK signal line period. When the bus owner is 
the DMA controller, the resolution of the wait states is two BCLK 
signal line periods for DMA COMPATIBLE transfer cycles. The 
DMA controller on an E-ISA compatible platform allows each 
DMA channel to be programmed for different DMA transfer 
cycles. Each of these cycles has a different wait state resolution. 
See the DMA TRANSFER CYCLE section in Chapter 6 for more 
detailed information. 

For a DMA transfer cycle, only the memory resource can 
inactivate the IOCHRDY signal line; the I/O resource must be 
able to accept the data within the length of a default cycle. 

EISA PLATFORMS 

When an ISA, E-ISA, or EISA bus master is accessing an ISA 
or E-ISA resource, the IOCHRDY signal line is defined the same 
as for the ISA or E-ISA compatible platform. For an E-MIX 
access cycle, this signal line is sampled by the platform circuitry to 
determine the cycle length. For an I-MIX access cycle, this signal 
line is driven by the platform circuitry as a translation of the 
EXRDY signal line. This signal line is not defined when an EISA 
bus master is accessing an EISA resource. 

On an EISA compatible platform, the IOCHRDY signal line is 
sampled relative to the BCLK. signal line, in addition to supporting 
the previously outlined "asynchronous support". See the 
IOCHRDY SIGNAL liNE ENHANCEMENT section in this 
chapter. 
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The DMA controller on an EISA compatible platform allows 
each DMA channel to be programmed for different DMA transfer 
cycle types. Each of these cycles has a different wait state 
resolution. See the DMA TRANSFER CYCLE section in Chapter 
6 for more detailed information. 

For a DMA transfer cycle, only the memory participant can 
drive the IOCHRDY signal line. The I/O resource must be able to 
accept the data within the length of a default cycle. 

ALL PLATFORMS 

The IOCHRDY signal line should not remain inactive during 
access or transfer cycles longer than 15.6 microseconds. Otherwise, 
a bus refresh cycle may not occur at the appropriate time and 
DRAM data will be lost. The IBM Technical Reference Manual 
specifies 2.5 microseconds for unknown reasons. One possible 
explanation might be to allow other bus masters to arbitrate and 
execute cycles prior to a another refresh occurring . 
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IOCHRDY SIGNAL LINE ENHANCEMENT 

As previously described, the IOCHRDY signal line must be 
inactive within a "specific" time after the COMMAND signal line 
becomes active for a ready cycle. The ready cycle is completed 
some time after 125 nanoseconds (120 nanoseconds for E-ISA and 
EISA compatible platforms) after the IOCHRDY signal line has 
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been driven active. This timing of the IOCHRDY signal line is 
fairly imprecise and tends to lower performance. 

In order to enhance performance, the EISA bus specification 
has defined a SAMPUNG WINDOW that relates the IOCHRDY 
and BCLK signal lines. Figure 5-2 outlines this SAMPUNG 
WINDOW as viewed by the accessed memory or I/O resource and 
the transfer cycle resource. The SAMPUNG WINDOW can be 
viewed in two parts: inactive and active. 

For CASES A & B, the inactive part of the INITIAL 
SAMPUNG WINDOW is between the rising and falling edges of 
the BCLK. signal line. An IOCHRDY signal line inactive pulse of 
31 nanoseconds (for a 20 nanoseconds minimum inactive pulse at 
bus master) within the inactive part of the window will cause a 
ready cycle to be executed. For CASE C, the minimum setup time 
of 21 or 32 nanoseconds to the falling edge of the BCLK. signal line 
requires the receiving platform CPU or add-on bus owner card to 
support an actual setup time of 10 nanoseconds. The additional 11 
nanosecond loss reflects allowances for bus settling and clock 
tolerances. 

In the active part of the INffiAL SAMPUNG WINDOW, the 
IOCHRDY signal line is sampled at the rising clock edge at the 
end of the INITIAL SAMPLING WINDOW. H the IOCHRDY 
signal line is sampled active, the ready cycle will be completed at 
the end of the next BCLK period. The IOCHRDY signal line is 
specified as an open collector device with a lK pull-up resistor. 
For an E-ISA or EISA compatible platform with an 8 MHz BCLK. 
signal line, assume a 10 nanosecond setup time at the platform 
CPU or add-on bus owner card, an 11 nanosecond signal line 
settling time, and a 104 nanosecond rise time, the setup time 
relative to the open collector driver is 125 nanoseconds. A 
minimum INITIAL SAMPUNG WINDOW of 125 nanoseconds 
and 20 nanosecond minimum pulse width results in a guaranteed 
one wait state ready cycle. For an E-ISA or 
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INmAL SUBSEQUENT 
~SAMPLING SAMPLING 

WINDOW WINDOW 

BCLK (1) I 

CASE A IOCHRDY (1) ~ 
~ I 
(2) 

CASE B IOCHRDY (1) 

"--~(2)
i-CASE C IOCHRDY (1) 

'l--.-/ 
1(3)CASE D IOCHRDY (1) 

I 

INACTIVE ACTIVE ACTIVE 
PART PART PART 

NOTES: 
(1) MEASURED AT RESOURCE 

DRIVING THE IOCHRDY 
SIGNAL LINE 

(2) MIN. PULSE WIDTH 
MEASURED AT .5 VOLTS 

(3) MINIMUM OF 0 NSEC. 
MEASURED AT .5 VOLTS 

(4) SETUP TIME MEASURED 
AT 2.0 VOLTS 

FIGURE 5-2 E-ISA AND EISA IOCHRDY REFERENCE TO THE BCLK 
SIGNAL LINE 
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EISA compatible platform with an 8.33 MHz BCLI( signal line, the 
INITIAL SAMPUNG WINDOW is 120 nanoseconds, the 
minimum inactive IOCHRDY signal line pulse width is 20 
nanoseconds, and the rise time is now 104 nanoseconds. 
Consequently, in a fully loaded E-ISA or EISA platform, 
requirements for a guaranteed one wait state ready cycle are "just 
missed". To guarantee "conservatively" a one wait state ready cycle, 
the IOCHRDY signal line must be pulsed high, or a 300 ohm pull
up resistor must be used on the bus. 

If the IOCHRDY signal line is not sampled active at the end of 
the INITIAL SAMPUNG WINDOW, SUBSEQUENT 
SAMPUNG WINDOWS occur. These SUBSEQUENT 
SAMPUNG WINDOWS only have an active part. The 
IOCHRDY signal line is sampled at the rising clock edge at the 
end of each sampling window. If the IOCHRDY signal line is 
sampled active, the ready cycle will be completed at the end of the 
next BCLI( period. In order to insure that the IOCHRDY is 
sampled active, the following must be considered: 

For CASE D, in order to insure only one wait state, the rise 
time due to a lK resistor (for a fully loaded E-ISA or EISA 
backplane) of 104 nanoseconds is too long. The rise time due to a 
300 ohm resistor will allow all the requirements to be met. 
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SRDY* (8,8/16 ISA or E-ISA & EISA CONNECTOR) 
(NOWS*) 

In order to maintain continuity with the ISA or E-ISA bus 
specification, the SRDY* and NOWS * signal line names are used 
interchangeably. 

ISA OR E-ISA PLATFORMS 

The synchronous ready (SRDY* or No-wait-state NOWS*) 
signal line is driven active by the accessed resource to indicate that 
an access cycle shorter than the standard access cycle can be 
executed. On an ISA compatible platform, only the platform CPU 
can execute a no-wait-state cycle. On the E-ISA platform, both the 
platform CPU and add-on bus owner card can execute a no-wait
state cycle. An inactive 10CHRDY signal line supersedes an 
active SRDY* signal line forcing it to be ignored. 

On ISA or E-ISA compatible platforms, the SRDY* signal line 
is synchronized to the BCLK. signal line. It must be driven active 
within a specific time of the COMMAND signal lines. 

An E-ISA compatible platform supports both the platform CPU 
and an E-ISA add-on bus owner card executing no-wait-state 
cycles. The E-ISA compatible platform has also expanded the 
number of sampling points to three for an 8 data bit accessed 
resource. 

The SRDY* (NOWS*) signal line is ignored by the DMA and 
refresh controller during transfer and refresh cycles, respectively. 

EISA PLATFORMS 

When an E-ISA bus master is accessing an ISA or an 8 data bit 
EISA resource, the SRDY* signal line is defined as it is for the E
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ISA platform. For an E-MIX access cycle, this signal line is 
sampled by the platform circuitry to determine the length of the 
access cycle. For an I-MIX access cycle, the SRDY* (NOWS*) 
signal line is sampled by the platform circuitry when an 8 data bit 
EISA compatible resource is accessed. 

When an EISA bus master is accessing a 16 or 32 data bit 
(according to the EXI6* and EX32* signal lines) EISA resource, 
this signal line is defined differently. For the platform CPU, this 
signal line indicates a request to execute an EISA compressed 
access cycle. In the parlance of the EISA bus specification this 
signal is named the EISA no-wait-state (NOWS*) signal line. An 
EISA add-on bus owner card does not execute compressed access 
cycles. 

On an EISA compatible accessed resource, the NOWS * signal 
line is a direct decode of the LA, M-IO, BE*, AENx, and W-R 
signal lines with a qualification of the STAR T* signal line. The 
NOWS· signal line is driven inactive only after the STAR T* signal 
line is inactive. If the NOWS· signal line is not driven active by an 
EISA 16 or 32 data bit accessed resource, the cycle is either an 
EISA standard, ready, data-matching, or burst access cycle. 

The NOWS· signal line being driven active by the accessed 
resource does not automatically cause a compressed access cycle. 
Several conditions must be met for the access cycle to be 
completed as a compressed cycle. Please see Chapter 6 for more 
information. 

Some chip sets do not support compressed cycles; consequently, 
in spite of the aforementioned criteria occurring, the platform 
circuitry will maintain the normal BCLK waveform and execute a 
standard access cycle. 

When the EISA compatible platform is executing a DMA 
COMPATIBLE transfer cycle, this signal line is not sampled. 
When the EISA platform is executing a DMA TYPE A, B, or C 
(BURST), this signal line is sampled by the DMA controller when 
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it is executing a DMA transfer cycle "WITH CONVERSION" 
involving an ISA or E-ISA compatible memory resource. 

The NOWS· signal line cannot be driven active if the EXRDY 
signal line is driven inactive. 

ALL PLATFORMS 
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The timing table in Chapter 6 also specifies additional time 
relationships between the ADDRESS signal lines and the SRDY* 
signal line. The adherence to these time relationships will insure 
that the SRDY* signal line active setup time to the BCLK signal 
line falling edge is met. 

START* (EISA CONNECTOR) 

EISA PLATFORMS 

The START* signal line is driven by the EISA bus master or by 
the platform circuitry depending on the cycle being executed. It 
indicates the start of an EISA access cycle and the initial 
qualification of other signal lines. For the EISA compressed and 
data-matching access cycles, it also qualifies signal lines at several 
other points during these access cycles. The trailing edge indicates 
to the accessed resource that the LA<2:31>, M-IO, BE* <0-3>, 
W-R, and AENx signal lines are valid. In addition, it is used by the 
accessed resource to qualify other signal lines dependent on the 
cycle being executed. 
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For all access cycles, the active length of the START· signal 
line is one BCLK signal line period, but there are exceptions. If 
the platform CPU's basic clock is asynchronous to the BCLK signal 
line, some chip sets drive the START· signal line active 
asynchronously to the BCLK signal line. Also, some chip sets will 
drive the START· signal line active asynchronously to the BCLK 
signal line for ISA compatible bus masters (add-on bus owner 
cards) during an I-MIX access cycle. These chip sets will stretch 
the high and low times of the BCLK signal line. The stretching 
forces the active pulse width of the START· signal line to be 
greater than 120 nanoseconds (for an 8.33 MHz nominal BCLK 
signal) and the end of the active pulse to be synchronized to the 
BCLK signal line. 

CMD* (EISA CONNECTOR) 

EISA PLATFORM 

The command (CMD·) signal line is driven by platform 
circuitry in response to an active START· signal line. The active 
length of the CMD* signal line is dependent on the access cycle 
being executed. For EISA standard, ready, data-matching, 
compressed, and I-MIX access cycles, the CMD* signal line 
provides a reference for valid read or write data. For the burst 
access cycle, the CMD· signal line defines the active access period 
for multiple accesses and transfers of the data. 

NotE.. ThiCN1l)*$fghmJine$ho(Jldnotl:le¢6hf4~~d/WtlJ)the
rCQMMAN{)".signal.,iheS, ......Th~qQMMAND .. ·signa/·.is.. ·a..·g,.r,tip ... 
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Except for an I-MIX access cycle, the CMD· signal line is 
synchronized to the BCLK signal line. Under certain conditions, 
the CMD* signal line will be synchronized at the beginning of an 
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active pulse period but not the end of an I-MIX access cycle. See 
Subchapter 6.3 for more information. 

W-R (EISA CONNECTOR) 

EISA PLATFORMS 

The write-read (W-R) signal line is driven by the EISA bus 
master, refresh controller, DMA controller, or platform circuitry 
depending on the cycle executed. It indicates to the accessed 
resource whether to accept data from or drive data to the DATA 
signal lines. 

For a DMA transfer cycle, this signal line is only used by the 
memory resource. The I/O resource uses the lOR* and 10W* 
signal lines in conjunction with the DACKx* signal line. 

M-IO (EISA CONNECTOR) 

EISA PLATFORM 

The memory - input/ouput (M-IO) signal line is driven by the 
EISA bus master, refresh controller, DMA controller, or platform 
circuitry depending on the cycle executed. It indicates that the 
cycle is to the memory versus the I/O address space. 

For a DMA transfer cycle, this signal line is only used by the 
memory resource. The I/O resource uses the lOR* and 10W* 
signal lines in conjunction with the DACKx* signal line. 



Chapter 5, Signal Line Definition 171 

EXt6· and EX32· (EISA CONNECTOR) 

EISA PLATFORMS 

The EISA ACCESS 16 and 32 data bit (EXI6* and EX32*) 
signal lines are driven by either the EISA resources or platform 
circuitry depending on the cycle being executed. 

These signal lines perform two basic functions. First, they 
indicate if the resource supports 16 or 32 data bit EISA access 
cycles. If these signal lines are inactive at the sampling time, the 
resource being accessed is an 8 data bit EISA compatible resource 
or an ISA or E-ISA compatible resource. These signal lines are a 
direct decode of the 1A<2-31> signal lines with a qualification of 
the address space by the M-IO and AENx signal lines. 

Second, during an EISA data-matching access cycle, the EX32* 
signal line will be driven by the platform circuitry at the completion 
of the cycle. During an E-MIX access cycle, the EXI6* and EX32* 
signal lines are driven by the platform circuitry to indicate to the 
EISA bus master the completion of the cycle. See Chapter 6 for 
more information. 

When the EISA platform is executing a DMA COMPATIBLE 
transfer cycle, it is assumed that the data size of the memory 
resource is equal to or greater than the data size of the I/O 
resource; consequently, the EXI6* and EX32* signal lines are not 
sampled. When the DMA controller is executing a DMA TYPE A, 
B, or C (BURSn transfer cycle, these signal lines are sampled by 
the DMA controller to determine if a transfer cycle WITH 
"CONVERSION" is to be executed. As with access cycles, the 
EXI6* and EX32* signal lines indicate to the DMA controller the 
data size of the memory resource and that it is EISA compatible. 
The memory resource is the only transfer cycle participant to drive 
these signal lines; the data size of the I/O participant is 
programmed in software. 
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The EX16* and EX32* signal lines are a straight decode of the 
lA<2-31>, M-IO, and AENx signal lines, and no distinction is 
made between read and write cycles. The EISA resource must 
begin "blindly" decoding the lA<2-31>, M-IO, and AENx signal 
lines prior to an active START* signal line that would indicate that 
a valid EISA cycle is about to occur. Also, the EX16* and EX32* 
signal lines do not decode the BE* signal lines; consequently, the 
entire four byte address block is either all 16 or 32 data bits. 

EXRDY (EISA CONNECTOR) 

EISA PLATFORMS 

The EISA ACCESS READY (EXRDY) signal line is driven by 
the accessed resource to indicate that additional cycle time is 
required. From the accessed resource viewpoint, the EXRDY 
signal line is a direct decode of the lA signal lines with a 
qualification by the M-IO, AENx, and START* signal lines. The 
cycle is extended until the EXRDY signal line is driven active 
relative to the BCLK signal line. The cycle length is extended until 
the EXRDY signal line is driven active again. 

For E-MIX access cycles, the IOCHRDY signal line is not 
translated into the EXRDY signal line, but is used by platform 
circuitry to control the active pulse width of the CMD* signal line. 
For I-MIX access cycles, the EXRDY signal line is translated into 
the IOCHRDY signal line and controls the active pulse length of 
the CMD* signal line for write cycles via the platform circuitry. 

For a DMA transfer cycle, only the memory participant can 
drive the EXRDY signal line. The I/O resource must be able to 
accept the data within the length of a default cycle. 

The EXRDY signal line must not be driven active if the 
NOWS* signal line is driven active. Also, the EXRDY signal line 
cannot be driven inactive for longer than 2.5 microseconds. 



Chapter 5, Signal Line Definition 173 

SLBURST* & MSBURST* (EISA CONNECTOR) 

EISA PLATFORMS 

The slave burst (SLBURST*) and master burst (MSBURST*) 
signal lines are driven by the accessed EISA memory resource and 
the platform CPU or EISA add-on bus owner card (collectively 
called bus masters), respectively. An active SLBURST* signal line 
indicates to the EISA bus master that the accessed resource can 
execute a burst access cycle. The active MSBURST* signal line 
indicates to the accessed resource and the platform circuitry that 
the EISA bus master will execute a burst access cycle. A burst 
access cycle can only occur if both the SLBURST* and the 
MSBURST* signal lines are driven active. 

The SLBURST* signal line is a direct decode of the LA < 10
31> and M-IO signal lines. The MSBURST* signal line can only 
be driven active if the SLBURST* signal line has been sampled 
active and if the bus master can support burst cycles. 

In that the SLBURST* signal line is a direct decode of the 
LA < 10-31 > signal lines, the burst access cycle can only be 
terminated by the bus master; consequently, the entire lK block of 
memory must be part of the same accessed resource. 

In addition to the above requirements that both the EISA bus 
master and accessed resource support burst cycles, there are three 
other considerations for the cycle to proceed as a BURST access 
cycle: If the bus master has requested a 16 bit access (using the 
BE* signal lines), the accessed resource must support data sizes of 
16 or 32 bits (indicated by the EXI6* and EX32* signal lines) ... 
OR ... If the bus master has requested a 32 bit access (using the 
BE* signal lines), an accessed resource must support data sizes of 
32 bits (indicated by the EX32* signal line) ... OR ... If the EISA 
bus master has requested a 32 bit access and toggled the 
MASTERI6* signal line inactive, the accessed resource must 
support data sizes of 16 or 32 bits (indicated by the EXI6* and 
EX32* data lines). 
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For DMA transfer cycles, the SLBURST* and MSBURST* 
signal lines operate in a similar fashion. The only differences are: 
first, only the memory participant can drive the SLBURST* signal 
line active; and secondly, the DMA controller must respond with 
an active MSBURST* signal line. Finally, the I/O participant must 
be programmed for TYPE C transfer cycles or the DMA controller 
will not drive the MSBURST* signal line active. 

LOCK* (EISA CONNECTOR) 

EISA PLATFORM 

The lock (LOCK*) signal line insures exclusive memory or I/O 
access by the EISA bus master that has driven it active. The 
LOCK* signal line cannot be driven active during EISA burst or 
compressed, E-MIX, and I-MIX access cycles or DMA transfer 
cycles. LOCK* may only be used with eight byte aligned memory 
or I/O addresses. Finally, memory and I/O accesses cannot be 
intermixed with the same active LOCK* signal line period. See 
Subchapter 6.4 for more information. 

BUS CONTROL SIGNALS 

This group of signals provides general cycle support and bus 
control. 
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REFRESH* (8,8/16 ISA or E-ISA & EISA CONNECTOR) 

ALL PLATFORMS 

The memory refresh (REFRESH*) signal line is driven by the 
refresh controller to indicate a refresh cycle. If an ISA or E-ISA 
add-on bus owner card is the current bus owner, it can request a 
refresh cycle from the refresh controller by activating the 
REFRESH* signal line. In order to prevent loss of DRAM data, 
the refresh cycle must be requested every 15.6 microseconds. An 
EISA add-on bus owner card cannot request a refresh cycle. (The 
refresh controller can preempt the EISA add-on bus owner card to 
accomplish needed refresh cycles.) 

MASTER16* (8,8/16 ISA or E-ISA & EISA CONNECTOR) 

ISA OR E-ISA PLATFORM 

The MASTER16* signal line is only driven active by an ISA or 
E-ISA add-on bus owner card that has been granted bus ownership 
by the DMA controller. It can only be driven after the add-on card 
has activated the DACKx* signal line. The add-on bus owner card 
remains bus owner until it drives the MASTERI6* signal line 
inactive. 

During a refresh cycle requested by the ISA or E-ISA add-on 
bus owner card, the MASTERI6* signal line is active; otherwise a 
platform pull-up resistor keeps the signal line inactive. 

EISA PLATFORM 

The MASTER16* signal line operates in the same fashion as 
on an ISA or E-ISA compatible platform when an ISA or E-ISA 
add-on bus owner card has been granted bus ownership by the 
DMA controller. On an EISA platform, this signal line also has an 
additional interpretation. The MASTERI6* signal line is driven 



176 ISA & EISA Theory and Operation 

active by the platform CPU or EISA add-on bus owner card 
(collectively called EISA bus master) to indicate a 16 data bit bus 
master; an inactive MASTER16* signal line indicates a 32 data bit 
bus master. The EISA platform's use of this signal line is to 
indicate a 16 data bit bus master; consequently, the EISA bus 
specification has renamed the ISA MASTER * signal line to the 
MASTER16* signal line. 

IOCHK* (8, 8/16 ISA or E-ISA & EISA CONNECTOR) 

ALL PLATFORMS 

The I/O channel check (IOCHK*) signal line can be driven 
active by any resource. It is active for a general error condition 
that has no specific interpretation. It can occur due to parity 
errors, general bus failure, and other types of errors. This signal 
can only be serviced by the platform CPU. 

The active state of the IOCHK* signal line is latched into Port 
B of the platform. A non-maskable interrupt (NMI) is issued to 
the platform CPU if bit 3 of Port B (61H) is set to 0; otherwise, the 
primary CPU software must poll the IOCHK* bit in Port B. 

When either the add-on bus owner, refresh controller, or DMA 
controller is the current bus owner, the activation of the IOCHK* 
channel check signal will not be acted upon immediately by the 
platform CPU. The platform CPU must wait until it becomes the 
bus owner again prior to executing any error correction software. 

RESET (8, 8/16 ISA & EISA CONNECTOR) 

ALL PLATFORMS 

The reset (RESET) signal line is driven active by the platform 
circuitry. Any bus resource that senses an active RESET signal line 
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must immediately tristate all output drivers and enter the 
appropriate reset condition. 

The RESET signal line can be activated at any time, by either 
the platform hardware or by software setting address 64H Bit 0 to a 
O. The minimum pulse width is nine BCLK. signal line periods. See 
Chapter 6 for more detailed information. 

In order for software to move between protected and real mode 
operation, the primary CPU must be reset. This reset does not 
affect the condition of the RESET signal line. 

BCLK (8,8/16 ISA or E-ISA & EISA CONNECTOR) 

ALL PLATFORMS 

The system bus clock (BCLK) signal line is a clock driven by 
the platform circuitry. On ISA or E-ISA platforms, it has a 50% 
+ /- approximately 5% (57 to 69 nanoseconds for 8.00 MHz) duty 
cycle of 6 to 8 MHz (+ /- 500 ppm). On E-ISA or EISA platforms, 
the clock has a 50% + /- approximately 5% (55 to 65 nanoseconds 
for 8.33 MHz) duty cycle of 6 to 8.33 MHz (+ / - 500 ppm). The 
EISA Revision 3.12 Specification has lowered the minimum 
frequency to 4 MHz. 

On EISA compatible platforms, the EISA compressed access 
cycle requires a change in the BCLK. signal line. The clock period 
changes to 1.5 times the normal period. The active high portion of 
the BCLK signal has a 33% duty cycle (57 to 69 nanoseconds for 
8.00 MHz and 55 to 65 nanoseconds for 8.33 MHz). 
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OSC (8,8/16 ISA or E-ISA & EISA CONNECTOR) 

ALL PLATFORMS 

The oscillator (OSC) signal line is a clock driven by the 
platform circuitry. It has a 45-55% duty cycle of 14.31818 MHz 
( + / - 500 ppm). It is not synchronized to any other bus signal line. 

This frequency is the color burst frequency for television, and 
was used to generate the composite video signal for the original 
CGA display cards. The widespread use of this frequency also 
results in the availability of large numbers of inexpensive crystals. 
On the platform, this clock is divided by 12 and fed to the 8254 
timer. 

INTERRUPT SIGNALS 

The INTERRUPT signal lines allow add-on cards to request 
interrupt service by the platform CPU. Only the platform CPU can 
be notified of the interrupt by the interrupt controller. 

IRQx <3-7,9 > (8, 8/16 ISA or E-ISA & EISA CONNECTOR) 
IRQx <10-12,14,15> (8/16 ISA or E-ISA & EISA 
CONNECTOR) 

[SA PLATFORMS 

The INTERRUPT REQUEST (IRQx) signal lines can be 
programmed for one type of operation on an ISA compatible 
platform and two types of operation on an E-ISA or EISA 
compatible platform. On the ISA compatible platform, the 
INTERRUPT signal lines are considered active by a low to high 
transition (edge triggered); consequently, only one add-on card can 
be assigned to each INTERRUPT signal line. The signal line must 
remain active until the platform CPU has accessed the appropriate 
portion of the add-on card to indicate that the interrupt is being 
serviced. 
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The mM Technical Reference manual outlines a method by 
which the IRQx signal can be shared even though it is edge 
triggered. This approach has not been universally successful; 
consequently the E-ISA and EISA platforms have redefined the 
operation of the IRQx signal line relative to shared interrupts. 

E-ISA AND EISA PLATFORMS 

On the E-ISA or EISA compatible platforms, the IRQx signal 
lines can be programmed to be edge or level triggered. When 
programmed to be edge triggered, their operation is the same as on 
an ISA compatible platform. When programmed to be level 
triggered, the IRQx signal lines must be driven low to be 
considered active. This approach allows several add-on cards to 
use the same IRQx signal line if the line is driven by open collector 
drivers. The signal line must remain active until the platform CPU 
has accessed the appropriate portion of the add-on card to indicate 
that the interrupt is being serviced. 

ALL PLATFORMS 

The PC, XT, and AT have defined the IRQx signal lines' 
operation as unshared edge triggered; consequently, add-on cards 
have been designed with totem pole outputs to drive the IRQx 
signal line. If these add-on cards are installed in an E-ISA or EISA 
compatible platform, they must be the only interrupt resources on 
that particular IRQx signal line. 

The open collector approach for a level triggered INTERRUPT 
signal line relies on a pull-up resistor to deactivate the interrupt 
request. The EISA bus specification has the largest resistor value; 
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consequently, 500 nanoseconds are required for deactivation from 
an active to inactive level on the E-ISA or EISA platform. 

The INTERRUPT signal lines are continuously monitored by 
the interrupt controller independent of the present cycle or bus 
owner. 

DMASIGNALS 

Each DMA channel has two signal lines: DMA request and 
DMA acknowledge. Also, all DMA channels share the terminal 
count signal line. The purpose of these signal lines is to allow data 
to be transferred between I/O and memory resources. The 
platform DMA controller drives all of the control lines to execute 
the cycle; consequently, no control circuitry is required on the 
memory or I/O resource. 

DRQx < 1-3> (8,8/16 ISA or E-ISA & EISA CONNECTOR) 
DRQx<O,S-7> (8/16 ISA or E-ISA & EISA CONNECTOR) 

ALL PLATFORMS 

The DMA request (DRQx) signal lines are driven active by I/O 
resources to request service by the platform DMA controller. An 
individual DRQx signal line must remain active until the associated 
DMA acknowledge signal line (of the same DMA channel) is 
driven active. Subsequent action of the DMA controller relative to 
the DRQx signal line is dependent on how the DMA channel has 
been programmed. See Subchapter 7.4 for more information. 

The DRQx signal lines are also driven active when an ISA or E
ISA add-on bus owner card wants to own the bus. The add-on bus 
owner drives the MASTER16* signal line active and takes control 
of the bus once the appropriate DMA acknowledge signal line is 
driven active. See Chapter 9 for more information. 
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On ISA compatible platforms, the DRQx signal lines are 
defined to have totem pole type of outputs; thus, ISA compatible 
add-on cards require a jumper to attach the driver to the 
appropriate DRQx signal line. The EISA bus specification has 
defined the DRQx signal lines to have tristate drivers; 
consequently, E-ISA and EISA compatible add-on cards do not 
need a jumper. 

The DRQx signal lines must be continuously monitored by the 
DMA controller independent of the present cycle or bus owner. 

DACKx* < 1-3> (8,8/16 ISA or E-ISA &. EISA CONNECTOR) 
DACKx* <0,5-7 > (8/16 ISA or E-ISA &. EISA CONNECTOR) 

ALL PLATFORMS 

The DMA acknowledge (DACKx*) signal lines are driven 
active by the platform DMA controller to select the I/O resource 
that requested a DMA transfer cycle. Subsequent action of the 
DMA controller relative to the DACKx* signal line is dependent 
on how the DMA channel was programmed. See Subchapter 7.4 
for more information. 

For ISA and E-ISA add-on bus owner card arbitration, the 
DACKx* signal lines are used to identify which add-on bus owner 
card has been granted bus ownership. See Chapter 9 for more 
information. 
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TC (8,8/16 ISA or E·ISA &. EISA CONNECTOR) 

ISA PLATFORMS 

The terminal count (TC) signal line on an ISA compatible 
platform is driven by the platform DMA controller to indicate that 
all the data has been transferred. See Chapter 7 for more 
information. 

E-ISA AND EISA PLATFORMS 

On an E-ISA or EISA compatible platform, this signal line is bi
directional. It can be programmed to be driven by the platform 
DMA controller in the same fashion as the ISA platform. It can 
also be programmed for the add-on card to drive this signal line to 
terminate any further data transfers. See Chapter 7 for more 
information. 

MREQx* (EISA Connector) 
MAKx* (EISA Platform) 

On an EISA compatible platform, the master request 
(MREQx*) and master acknowledge (MAKx*) signal lines are 
used to determine bus ownership. An EISA add-on bus owner card 
can request bus ownership by driving the MREQx* (one per slot) 
signal line active. The platform arbiter awards bus ownership by 
driving the associated MAKx* (one per slot) signal line active. Not 
all slots are required to have an MREQx* /MAKx* signal line pair. 
These slots can only support ISA, E-ISA, or EISA add-on slave 
cards; or ISA or E-ISA add-on bus owner cards. See Chapter 9 for 
further information. 

POWER SIGNALS 

The power signal lines provide + 5, -5, + 12, -12, and GND to 
the add-on cards. All of the power values are available on 8 bit 
slots. The 8/16 bit slots provide one additional +5 and one 
additional GND connection. 
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The current available for each voltage is outlined in Table 5-5. 
Please refer to Chapter 13 for further information concerning 
tolerance, noise, and other associated issues. 

8 BIT 8/16 BIT 
VOLTAGE ISA, E-ISA ISA E-ISA 

8/1&/32 BIT 
EISA 

+5 3.0 AMPS 4.5 AMPS 
+12 1.5 AMPS 1.5 AMPS 

-5 1.5 AMPS 1.5 AMPS 
-12 1.5 AMPS 1.5 AMPS 

TABLE 5-5: CONNECTOR CURRENT 

NOTE: The maximum cumnt for each ISA or E-ISA pin is 1.5 amperes. The 
maximum cun-ent for each EISA pin is .5 amperes. 
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Notes 



CHAPTER SIX 

BUS ACCESS CYCLES 

This Chapter consists of the following Subchapters: 

6.0 ISA SPECIFIC ACCESS CYCLES ON ISA and E-ISA PLATFORMS 
6.1 EISA SPECIFIC ACCESS CYCLES ON EISA PLATFORMS 
6.2 EISA BUS MASTER ACCESS CYCLES TO ISA AND E-ISA 


RESOURCES ON EISA PLATFORMS 

6.3 ISA AND E-ISA BUS MASTER ACCESS CYCLES TO EISA 


RESOURCES ON EISA PLATFORMS 

6.4 LOCK CYCLES 
6.5 BACK TO BACK PROTOCOL 

6.0 ISA SPECIFIC ACCESS CYCLES ON ISA and 
E·ISA PLATFORMS 

INTRODUCTION 

The ISA access cycles support accesses to memory and I/O 
resources by the platform CPU and ISA or E-ISA compatible add
on bus owner cards (also known as ISA bus masters). Table 3-1-A 
in Chapter 3 outlines the support level of access cycles by the 
various bus owners and platform CPUs. 
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As outlined in Chapter 3, there are three types of ISA specific 
access cycles. The type is determined by the exact interpretation of 
signal lines and the length of the cycle. The length of the cycle is 
dependent on the cycle's data width and the logic level of the 
SRDY· and IOCHRDY signal lines. The shortest cycle for a given 
data width is the no-wait-state cycle. The longest cycle for a given 
data width is the ready cycle. When both the SRDY· and the 
IOCHRDY signal lines are active, a no-wait-state cycle is executed. 
When the SRDY· signal line is inactive and the IOCHRDY signal 
line is active, a standard cycle is executed. The length of the 
standard cycle varies with data width. Finally, when the 
IOCHRDY signal line is inactive, a ready cycle is executed. 

Most of the signal lines become active and inactive on the bus 
independent of the BCLK signal line. The only exception is the 
SRDY· signal line. From this viewpoint, the ISA bus is defined as 
an asynchronous bus. On an ISA platform, the CPU executes 
access cycles in an asynchronous fashion with a synchronized 
monitoring of the SRDY* signal line. The DMA, refresh, and add
on bus owner cards execute their respective cycles in an 
asynchronous fashion without supporting the SRDY* signal line. 

The E-ISA compatible platform executes ISA bus compatible 
cycles in the same fashion as the ISA compatible platform. 
However, the E-ISA compatible platform uses an expanded 
interpretation of the no-wait-state cycle, and samples the 
IOCHRDY signal line relative to the BCLK signal line. Unlike 
ISA bus masters, both E-ISA platform CPUs and E-ISA add-on bus 
owner cards (E-ISA bus masters) can execute no-wait-state access 
cycles to 8 data bit resources on E-ISA compatible platforms. 
Additionally, on E-ISA compatible platforms the E-ISA bus 
masters support the IOCHRDY signal line referenced to the 
BCLK signal line. To support the aforementioned items, the 
BCLK signal line must be distributed in a "starburst" pattern to all 
slots on an E-ISA compatible platform. Please see Chapter 10 for 
more information. 
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Table 6-1 has several key pieces of information. First, the 
"#/DET" (parameter number / detail) column relates the 
parameter number of the table to Figure 6-1. Second, it provides 
detailed information on how the number was derived. The timing 
numbers are affected by the settling time on the bus. The table is 
based on the default values for 8 slots as outlined in Chapter 10. 
The # /DET interpretations are shown on the page following 
Figure 6-1. 
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DETAIL 	 INTERPRETATION 

# 	 NO SETTLING TIME INCLUDED. 

#/A 	 SKEW OF TWO SIGNALS BETWEEN RESOURCES. ONE HAS A DELAY OF 
o NANOSECONDS, AND THE OTHER HAS A DELAY OF 11 
NANOSECONDS. 

#/B 	 SIGNAL IS DRIVEN BY ONE RESOURCE TO ANOTHER. THE SECOND 

~~~~~~.M~S~SE3~~~~l P:,~~g ~~~NT1~~A8f 1,0I~~ ~R~ 
NANOSECONDS. 

#/C 	 SAME AS "B", EXCEPT THE RESOURCES RELY ON A 1K OHM PULL-UP 
RESISTOR. # INCLUDES THE "ROUND TRIP" TIME OF 11 + 78 = 89 
NANOSECONDS FOR AN ISA COMPATIBLE PLATFORM. FOR AN E-ISA OR 
EISA COMPATIBLE PLATFQRM, THE EXTRA CAPACITANCE ADDS 26 
NANOSECONDS. 

#/0 	 SAME AS "B" EXCEPT ONE OF THE RESOURCES RELIES ON A 300 OHM 
PULL-UP RESISTOR. # INCLUDES THE "ROUND TRIP" TIME OF 11 + 22 • 
33 NANOSECONDS FOR AN ISA COMPATIBLE PLATFORM. FOR AN E-ISA 
OR EISA COMPATIBLE PLATFORM, THE EXTRA CAPACITANCE ADDS 7 
NANOSECONDS. 

#/E 	 SAME AS "A", EXCEPT THE WORST CASE INTERPRETATION IS THAT 
BOTH SIGNALS ARE EITHER 0 NANOSECONDS OR 11 NANOSECONDS. 
THE NET RESULT IS A DIFFERENCE OF 0 NANOSECONDS. 

"DRIVEN BY" AND "MEASURED BY" INTERPRETATION 

ADD-ON ADD-ON CARD OR PLATFORM RESOURCE 
ISA-B ISA OR E-ISA COMPATIBLE ADD-ON CARD BUS OWNER ADD-ON CARD 
CPU PLATFORM CPU 
PLAT PLATFORM CIRCUITRY 

MIN. AND MAX INTERPRETATION 

ALL TIMES ARE IN NANOSECONDS WITH AN 8.00 MHZ BCLK. 
THE NUMBER IN "[ r REFLECTS THE CALCULATED VALUE FOR AN 8.33 MHZ BClK. 

EISA INTERPRETATION 

THE "EISA" ENTRIES ARE ACCORDING TO THE EISA BUS SPECIFICATION REV. 3.12 

SMEMR* AND SMEMW* 

SMEMR* AND SMEMW* HAVE A 21 NANOSECOND DELAY FROM MEMR* AND MEMW* 
SIGNAL LINES (36 NANOSECONDS IN THE EISA REV. 3.12 
SPECIFICATION). THE ENTRIES IN THE TABLE ARE REFERENCED TO THE 
MEMR* AMD MEMW* SIGNAL LINES. 
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REF# DESCRIPTION OF EVENT DRIVEN MEASURED MIN ,I MAX EISA 
/DET BY AT [8.33] 

1 LA<17-23> VALID SETUP TO CPU CPU 111 116 
FALLING EDGE OF BALE [104] 

2 BALE ACTIVE TO INACTIVE PLTFRM PLTFRM 57 45 
[55] 

3 LA<17-23> VALID HOLD FROM CPU CPU 15 15 
FALLING EDGE OF BALE I 


4 LA<17-23> VALID SETUP TO CPU CPU 

MEMORY COMMAND ACTIVE 
(NOTE: FOR ISA-B 8 BITS 183 176 

USE #7) [173]
16 BITS 120 112 

[113] 

5 MEMCS16* ACTIVE FROM ADD-ON CPU/ISA-B 102 96 
VALID LA<17-23> [94] 

5 MEMCS16* INACTIVE FROM ADD-ON CPU/lSA-B 99 96 
VALID LA<17-23> [91] 

6 MEMCS16* VALID HOLD ADD-ON CPU/lSA-B 0 0 
FROM INVALID LA<17-23> 


7 SA<0-19> &SBHE* VALID 

TO COMMAND ACTIVE CPU CPU/lSA-B
(NOTE: FOR ISA-B 8 BITS /ISA-B 102 88 

USE THIS FOR [100]

LA<17-23» 16 BITS 39 24 


[34]
FOR 16 BIT I/O 102 88 

[100] 


8 MEMORY COMMAND ACTIVE 

TO INACTIVE 
(SEE NOTE 2) STANDARD CPU CPU/lSA-B

8 BITS /ISA-B 542 530 
[520]

16 BITS 235 230 
[225]

NO-WAlT-STATE 
8 BITS 167 166 

[160]
16 BITS 110 104 

[105]
I/O COMMAND ACTIVE TO 

INACTIVE 

STANDARD 


8 BITS 542 530 
[520]

16 BITS 167 166 
[160]

NO-WAlT-STATE 
8 BIT 156 166 

[149] 

9 SA<0-19> &SBHE* VALID CPU CPU 40 27 
TO FALLING EDGE OF BALE [37] 

TABLE 6-J-A: ACCESS CYCLE TIMINGS ... PLATFORM CPU OR ISA BUS 

OWNER ADD-ON CARD 
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REF' DESCRIPTION OF EVENT DRIVEN MEASURED MIN.l MAX EISA
/DET BY AT [8.33J 

10 VALID READ DATA FROM 
MEMORY COMMAND ACTIVE 
(SEE NOTE 5) STANDARD 

8 BITS 

16 BITS 

NO-WAlT-STATE 
8 BITS 

16 BITS 

10 VALID READ DATA FROM 
I/O COMMAND ACTIVE 

STANDARD 
8 BITS 

16 BITS 

NO-WAlT-STATE 
8 BITS 

11 VALID WRITE DATA SETUP TO 
MEMORY COMMAND ACTIVE 

NO-WAlT-STATE &STANDARD 
(SEE NOTE 12) 

8 BITS 

16 BITS 

VALID WRITE DATA SETUP TO 
I/O COMMAND ACTIVE 

STANDARD 

8 BITS 

16 BITS 

NO-WAlT-STATE 
8 BITS 

12 SA<0-19> &SBHE* VALID 
HOLD FROM COMMAND INACTVE 

ADD-ON CPU/ISA-B 
504 490 

[482J
195 194 

[185J 

132 122 
[125J

70 70 
[65J 

ADD-ON CPU/lSA-B 
504 490 

[482J
132 130 

[125J 

132 122 
[125J 

CPU CPU/lSA-B
/ISA-B 

-43 -40 
[-40J
-43 -40 

[-40J 

-43 -40 
[-40J

28 22 
[23J 

-43 -40 
[-40J 

CPU CPU/lSA-B 41 30 
/ISA-B [41J

(LA <17-23> FOR ISA-B) (S E NOTE 1 ) 

TABLE 6-J-A: ACCESS CYCLE TIMINGS ... PLA TFORM CPU OR ISA BUS 
OWNER ADD-ON CARD (CONTINUED) 
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REF'
/DET 

DESCRIPTION OF EVENT 

13 MEMORY COMMAND INACTIVE 
TO MEMORY COMMAND ACTIVE 

8 BITS 

16 BITS 

I/O COMMAND INACTIVE 
TO I/O COMMAND ACTIVE 

15 READ DATA VALID HOLD FROM 
INACTIVE MEMORY OR I/O
COMMAND 

15 WRITE DATA VALID HOLD 
FROM INACTIVE MEMORY 
COMMAND 
(SEE NOTE 3) 8 BITS 

16 BITS 

15 WRITE DATA VALID HOLD 
FROM INACTIVE I/O COMMAND 

16 COMMAND INACTIVE 
TO SD<0-19> TRISTATE 

17 SRDY* VALID FROM COMMAND 
ACTIVE 
(SEE NOTES 13,16) 8 BITS 

16 BITS 

18 IOCS16* ACTIVE FROM 
VALID SA<0-11> 
(SEE NOTE 6) 

18 IOCS16* INACTIVE FROM 
VALID SA<0-11> 
(SEE NOTE 6) 

18 IOCS16* ACTIVE FROM 
VALID SA<Q-11>
(SEE NOTE 21) 

18 IOCS16* INACTIVE FROM 
VALID SA<0-11> 
(SEE NOTE 21) 

19 IOCS16* VALID HOLD 
FROM VALID SA<0-11> 

DRIVEN 
BY 

CPU 
/ISA-B 

CPU 
/lSA-B 

ADD-ON 

CPU 
/ISA-B 

CPU 
/ISA-B 

CPU 
/lSA-B 

ADD-ON 

AIJD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

MEASURED 

AT 


CPU/ISA-B 


CPU/ISA-B 


CPU/ISA-B 


CPU/ISA-B 


CPU/ISA-B 


ADD-ON 


CPU/lSA-B 


CPU/ISA-B 

CPU/ISA-B 

CPU/lSA-B 

CPU/lSA-B 

CPU/lSA-B 

MIN ,I MAX EISA 
[8.33] 

170 170 
[163]
108 114 

[103]
170 170 

[163] 

0 0 
[0] 

20 9 
[20]
36 22 

[36] 

36 22 
[36] 

41 30 
[41] 

85 80 
[80]
17 16 

[15] 

153 145 
[145] 

153 145 
[145] 

81 88 
[76] 

81 88 
[76] 

Q Q 
[0] 

TABLE 6-J-A: ACCESS CYCLE TIMINGS ... PLATFORM CPU OR ISA BUS 

OWNER ADD-ON CARD (CONTINUED) 
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REF' DESCRIPTION OF EVENT DRIVEN MEASURED MIN,IMAX EISA 
/DET BY AT [8.33] 

20 IOCHRDY VALID FROM ADD-ON CPU/lSA-B
ACTI VE COMMAND 
(See Note 10,19)

OLD "AT" 
8 BITS 

16 BITS 

390 
[373] 

398 

MEM 

I/O 

83 
[78]
15 

[13] 

98 

24 

20 IOCHRDY VALID FROM 
ACTIVE COMMAND 

ADD-ON CPU/lSA-B 

(See Note 10,19) 8 BITS 
NEW E-ISA &EISA 

16 BITS 

449 
[430] 

398 

MEM 

I/O 

142 
[135]

74 
[70] 

98 

80 

21 IOCHRDY INACTIVE 
PULSE (SEE NOTE 4) 

ADD-ON CPU/lSA-B 125 15.6 2.5 
[120] MICR SECONDS 

22 COMMAND ACTIVE HOLD 
FROM IOCHRDY ACTIVE 

CPU 
/lSA-B 

CPU/ISA-B 125 
[120] 

120 

23 BALE ACTIVE FROM COMMAND 
INACTIVE 

CPU 
/lSA-B 

CPU/lSA-B 46 
[44] 

36 

24 BCLI( PERIOD PLAT. PLAT. 125 
[120] 

120 

25 VALID READ DATA FROM 
10CHRDY ACTIVE 

ADD-ON CPU/lSA-B 

8 BITS 

16 BITS 

85 
[80]
85 

[80] 

70 

80 

26 LA<17-23> INVALID FROM CPU CPU 
COMMAND ACTIVE 

8 BITS -21 -34 

16 BITS 
[-21]

41 
[39] 

22 

28 SRDY* VALID SETUP TO THE 
FALLING EDGE OF BCLI(
(SEE NOTE 17) 

ADD-ON CPU/lSA-B 11 
[11 ] 

10 

29 SRDY* VALID HOLD FROM THE 
FALLING EDGE OF BCLI(
(SEE NOTE 17) 

ADD-ON CPU/ISA-B 20 
[20] 

20 

30 AENx VALID TO I/O COMMAND 
ACTIVE 

PLAT. ADD-ON 100 
[100] 

111 

31 AENx VALID FROM I/O
COMMAND INACTI VE 

PLAT. ADD-ON 30 
[30] 

41 

TABLE 6-J-A: ACCESS CYCLE TIMINGS ... PLATFORM CPU OR ISA BUS 

OWNER ADD-ON CARD (CONTINUED) 
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REF' 
IDEl 

DESCRIPTION OF EVENT DRIVEN 
BY 

MEASURED 
AT 

MIN ,I MAX
[8.33] 

EISA 

32 AENx VALID TO FALLING 
EDGE OF BALE 

PLAT. ADD-ON 100 
[100] 

111 

33 DATA DRIVEN IN WRITE 
DIRECTION FROM INACTIVE 
READ COMMAND 

CPU 
IISA-B 

CPU/lSA-B 30 
[30] 

NOT 
SPEC 

34 DATA DRIVEN FROM READ 
COMMAND ACTI VE 

ADD-ON CPU/lSA-B 0 
[0] 

0 

35 IOCHRDY ACTIVE HOLD 
FROM COMMAND INACTIVE 

ADD-ON CPU/ISA-B 0 
[0] 

NOT 
SPEC 

36 LA<17-23> VALID TO SRDY* 
ACTIVE 

CPU CPU/ISA-B 

(SEE NOTES 13,15) 8 BITS 

16 BITS 

315 
[300]
190 

280 

156 
[180] 

37 SA<0-19> &SBHE* VALID TO 
SRDY* ACTIVE 
(SEE NOTES 13,14) 8 BITS 

16 BITS 

CPU CPU/lSA-B 

210 
[200]

85 
[80] 

192 
68 

TABLE 6-J-A: ACCESS CYCLE TIMINGS ... PLATFORM CPU OR ISA BUS 

OWNER ADD-ON CARD (CONTINUED) 


See Notes at the end 0/ the next Ulble. 
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REF# 
IDET 

DESCRIPTION OF EVENT DRIVEN 
BY 

MEASURED 
AT 

MIN ,I. MAX 
[8.33] 

EISA 

1/A LA<17-23> VALID SETUP TO 
FALLING EDGE OF BALE 

CPU ADD-ON 100 
[93] 

116 

2/A BALE ACTIVE TO INACTIVE PLAT ADD-ON 46
[44] 

45 

3/A LA<17-23> VALID HOLD FROM 
FALLING EDGE OF BALE 

CPU ADD-ON 15 15 

4/A LA<17-23> VALID SETUP TO 
MEMORY COMMAND ACTIVE 
(NOTE: FOR ISA-B 8 BITS 

USE #7) 
16 BITS 

CPU ADD-ON 

1n 
[162]
109 

[102] 

176 

112 

SIB MEMCS16* ACTIVE FROM 
VALID LA<17-23> 

ADD-ON ADD-ON 80 
[n] 

54 

SID MEMCS16* INACTIVE FROM 
VALID LA<17-23> 
(SEE NOTE 8) 

ADD-ON ADD-ON 66 
[58] 

54 

6/E MEMCS16* VALID HOLD 
FROM INVALID LA<17-23> 

ADD-ON ADD-ON 0 0 

7/A SA<0-19> &SBHE* VALID 
TO COMMAND ACTIVE 
(NOTE: FOR ISA-B 8 BITS 

USE THIS FOR 
LA<17-23» 16 BITS 

FOR 16 BIT 1/0 

CPU 
IISA-B 

ADD-ON 
91 

[89] 
28 

[23]
91

[89] 

88 

24 

88 

8/A MEMORY COMMAND ACTIVE 
TO INACTIVE (2) 

STANDARD 
8 BITS 

16 BITS 

NO-IJAIT-STATE 
8 BITS 

16 BITS 

1/0 COMMAND ACTIVE TO 
INACTIVE (2) 

STANDARD 
8 BITS 

16 BITS 

NO-IJAIT-STATE 
8 BIT 

CPU 
IISA-B 

ADD-ON 
531 

[509]
224 

[214] 

156 
[149]

99 
[94] 

531 
[509]
156 

[149] 

156 
[149] 

474 

230 

166 

104 

530 

166 

166 

9/A SA<O-19> &SBHE* VALID 
TO FALLING EDGE OF BALE 

CPU ADD-ON 29 
[26] 

27 

TABLE 6-J-B: ACCESS CYCLE TIMINGS ... ACCESSED RESOURCE 

(PLATFORMAND ADD-ON SLAVE CARD) 
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REFi# 
/DET 

DESCRIPTION OF EVENT DRIVEN 
BY 

MEASURED 
AT 

MIN ,I MAX 
[8.33) 

10/8 VALID READ DATA FROM 
MEMORY COMMAND ACTIVE 

(SEE NOTE 1,11) 
STANDARD 

8 BITS 
EVEN 

ADD-ON ADD-ON 

482 

OOD 
[460)
456 

16 BITS 

NO-WAlT-STATE 

[436)
173 

[163) 

8 BITS 
EVEN 

OOD 

110 
[103)

84 

16 BITS 
[m
48 

[43) 

10/B VALID READ DATA FROM 
I/O COMMAND ACTIVE 
(SEE NOTE 11) STANDARD 

8 BITS 
ADD-ON ADD-ON 

EVEN 482 

000 

16 BITS 

[460)
456 

[436)
110 

NO-WAlT-STATE 
[103) 

8 BITS 
EVEN 110 

000 
[103)

84 
[m 

11/A VALID WRITE DATA SETUP TO 
MEMORY COMMAND ACTIVE 

NO-WAlT-STATE &STANDARD CPU ADD-ON 
(SEE NOTE 11) 8 BITS 

EVEN 
/ISA-B 

-54 

000 
[-51)
-80 

16 BITS 

VALID WRITE DATA SETUP TO 

[om
-54 

[-51) 

I/O COMMAND ACTIVE 
(SEE NOTE 11) STANDARD 

8 BITS 
EVEN -54 

000 
[-51]
-80 

16 BITS 
[om

17 
[22) 

EISA 

314 

NOT 
SPEC 
182 

110 

NOT 
SPEC 
58 

4n 
NOT 
SPEC 
118 

110 

NOT 
SPEC 

-40 

-41 

-40 

NOT 
SPEC 
-41 

22 

TABLE 6-J-B: ACCESS CYCLE TIMINGS ... ACCESSED RESOURCE 

(PLATFORMAND ADD-ON SLAVE CARD) (CONTINUED) 
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REF# 
/DEl 

DESCRIPTION OF EVENT DRIVEN 
BY 

MEASURED 
AT 

MIN ,I. MAX 
[8.33] 

EISA 

11/A
(cont) 

NO-WAlT-STATE 
8 BITS 

EVEN 

ODD 

-54 
[-511
-so 

[om 
-41 

12/A SA<0-19> &SBHE* VALID 
HOLD FROM COMMAND INACTVE 
(LA<17-23> FOR ISA-B) 

CPU 
/ISA-B 

ADD-ON 30 
[30] 

30 

13/A MEMORY COMMAND INACTIVE 
TO MEMORY COMMAND ACTIVE 

8 BITS 

16 BITS 

I/O COMMAND INACTIVE 
TO I/O COMMAND ACTIVE 

CPU 
/ISA-B 

CPU 
/ISA-B 

ADD-ON 

ADD-ON 

159 
[152]

97 
[92]
159 

[152] 

170 

114 

170 

15 READ DATA VALID HOLD FROM 
INACTIVE MEMORY OR I/O
COMMAND 

ADD-ON ADD-ON 0 
[0] 

0 

15/A WRITE DATA VALID HOLD 
FROM INACTIVE MEMORY 
COMMAND 

8 BITS 

16 BITS 

CPU 
/ISA-B 

ADD-ON 

9 
[9]
25 

[25] 

9 

22 

15/A WRITE DATA VALID HOLD 
FROM INACTIVE I/O COMMAND 

CPU 
/ISA-B 

ADD-ON 25 
[25] 

22 

16/E COMMAND INACTIVE TO 
SD<0-19> TRISTATE 

CPU 
/ISA-B 

ADD-ON 30 
[30] 

30 

17/B SRDY* VALID FROM COMMAND 
ACTIVE 
(SEE NOTES 13,16) 8 BITS 

16 BITS 

ADD-ON ADD-ON 

63 
[58]
-5 

[-7] 

68 

4 

18/B IOCS16* ACTIVE FROM 
VALID SA<0-11> 
(SEE NOTE 6) 

ADD-ON ADD-ON 131 
[123] 

103 

18/0 IOCS16* INACTIVE FROM 
VALID SA<0-11> 
(SEE NOTE 6) 

ADD-ON ADD-ON 113 
[105] 

103 

18/B IOCS16* ACTIVE FROM 
VALID SA<0-11 > 
(SEE NOTE 21) 

ADD-ON ADD-ON 59 
[54] 

46 

18/0 IOCS16* INACTIVE FROM 
VALID SA<0-11> 
(SEE NOTE 21) 

ADD-ON ADD-ON 48 
[43] 

46 

TABLE 6-1-B: ACCESS CYCLE TIMINGS ... ACCESSED RESOURCE 

(PLATFORMAND ADD-ON SLAVE CARD) (CONTINUED) 
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REF' DESCRIPTION OF EVENT DRIVEN MEASURED MIN J MAX EISA 
/DET BY AT [8.33] 

19/E IOCS16* VALID HOLD ADD-ON ADD-ON 0 0 
FROM VALID SA<0-15> [0] 


20/B IOCHRDY INACTIVE FROM ADD-ON ADD-ON 

ACTI VE COMMAND 
(See Note 7,10,20) 8 BITS 368 188 MEM 

OLD "AT" [351] 386 I/O
16 BITS 

MEM 61 86 
[56]

I/O -7 12 
[-9] 


20/B IOCHROY INACTIVE FROM ADD-ON ADD-ON 

ACTI VE COMMAND 
(See Note 9,10120) 8 BITS 427 188 MEM 

NEW E-ISA E SA [408] 386 I/O
16 BITS 

MEM 120 86 
[115]

I/O 52 68 
[48] 

20/C IOCHRDY ACTIVE FROM ADD-ON ADD-ON 
ACTI VE COMMAND 
(See Note 7,10,20) 8 BITS 301 NOT 

OLD "AT" [284] SPEC 
1K PULL-UP 16 BITS 
ON PLATFORM MEM -5 

-10 
I/O -74 

[-76] 


20/C IOCHROY ACTIVE FROM ADD-ON ADD-ON 

ACTI VE COMMAND 
(See Note 7,10,20) 8 BITS 357 NOT 

OLD "AT" [340] SPEC 
300 PULL-UP 16 BITS 
ON PLATFORM MEM 90 

[85]
I/O -18

[-20] 


20/C IOCHRDY ACTIVE FROM ADD-ON ADD-ON 

ACTI VE COMMAND 
(See Note 9,10120) 8 BITS 334 NOT 

NEW E-ISA E SA [315] SPEC 
1K PULL-UP 16 BITS 
ON PLATFORM MEM 67 

[60]
I/O -41 

[-45] 

TABLE 6-1-B: ACCESS CYCLE TIMINGS ... ACCESSED RESOURCE 

(PLATFORM AND ADD-ONSLAVE CARD) (CONTINUED) 
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REF' 
IDET 

DESCRIPTION OF EVENT DRIVEN 
BY 

MEASURED 
AT 

MIN II MAX
[8.33] 

EISA 

20/C IOCHRDY ACTIVE FROM 
ACTIVE COMMAND 
(See Note 9,10,20) 8 BITS 

NEW E-ISA EISA 
300 PUll-UP 16 BITS 
ON PLATFORM MEM 

I/O 

ADD-ON ADD-ON 

409 
[390] 

149 
[135] 

34 
[30] 

NOT 
SPEC 

21 IOCHRDY INACTIVE 
PULSE (SEE NOTE 4) 

ADD-ON ADD-ON 125 15.6 2.5 
[120] MICR IsECONDS 

22/E COMMAND ACTIVE HOLD 
FROM IOCHRDY ACTIVE 

CPU 
IISA-B 

ADD-ON 125 
[120] 

120 

23/A BALE ACTIVE FROM COMMAND 
INACTIVE 

CPU 
IISA-B 

ADD-ON 35 
[33] 

36 

24 BCllC PERIOD PlTFRM ADD-ON 125 120 

25/A VALID READ DATA FROM 
10CHRDY ACTIVE 
(SEE NOTE 11) 8 BITS 

EVEN 

ODD 

16 BITS 

ADD-ON ADD-ON 

74 
[69] 
48 

[43]
74 

[69] 

70 

49 

80 

26/A lA<17-23> INVALID FROM 
COMMAND ACTI VE 

8 BITS 

16 BITS 

CPU 
IISA-B 

ADD-ON 

-32 
[-32]

30 
[28] 

-34 

22 

28/B SRDY* VALID SETUP TO THE 
FAlliNG EDGE OF BCllC 

ADD-ON ADD-ON 22 
[22] 

NOT 
SPEC 

29 SRDY* VALID HOLD FROM THE 
FAlliNG EDGE OF BCllC 

ADD-ON ADD-ON 20 
[20] 

20 

30/A AENx VALID TO 1/0 COMMAND 
ACTIVE 

PLAT. ADD-ON 100 
[100] 

100 

31/A AENx VALID FROM I/O
COMMAND INACTIVE 

PLAT. ADD-ON 30 
[30] 

25 

32/A AENx VALID TO FAlliNG 
EDGE OF BALE 

PLAT. ADD-ON 100 
[100] 

100 

33 DATA DRIVEN IN WRITE 
DIRECTION FROM INACTIVE 
READ COMMAND 

CPU 
IISA-B 

ADD-ON 30 
[30] 

34 DATA DRIVEN FROM READ 
COMMAND ACTIVE 

ADD-ON ADD-ON 0 
[0] 

0 

TABLE 6-/-B: ACCESS CYCLE TIMINGS ... ACCESSED RESOURCE 

(PLATFORMAND ADD-ON SLAVE CARD) (CONTINUED) 
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REFtI 'DESCRIPTION OF EVENT 
/DET 

DRIVEN 
BY 

MEASURED 
AT 

MIN ,I MAX
[8.33] 

EISA 

35 IOCHRDY ACTIVE HOLD 
FROM COMMAND INACTIVE 

ADD-ON ADD-ON 0 
[0] 

36/B LA<17-23> VALID TO SRDY* 
ACTIVE 
(SEE NOTES 13,15) 8 BITS 

16 BITS 

CPU ADD-ON 

293 
[278]
169 

[158] 

268 

144 

37JB SA<0-19> &SBHE* VALID TO 
SRDY* ACTIVE 
(SEE NOTES 13,14) 8 BITS 

16 BITS 

CPU ADD-ON 

188 
[178]

63 
[58] 

180 

54 

TABLE 6-1-B: ACCESS CYCLE TIMINGS ... ACCESSED RESOURCE 
(PLATFORMAND ADD-ON SLAVB CARD) (CONTINUED) 

NOTES: 

(1) Parameter 10 in the above table represents the numbers computed for an actual 
IBM platfonn. However, to meet the same timings when the same 8 data bit add-on 
memory card is part of a DMA. transfer cycle, the actual time must be less. 
According to Parameter 24 of Table 7-1, the numbers 482 [460} should be replaced 
by 325 [310}. Indeed, this appears to be what was done by the EISA bus 
specification. The numbers for the ODD 8 bit bytes must be reduced by 26 
nanoseconds for byte swapping; the resulting numbers to replace 325 [310} are 299 
/284}. 

(2) The entry assumes a 15 nanosecond same package skew between high/low and 
low/high transition with an 11 nanosecond bus delay at the beginning and a 0 
nanosecond bus delay at the end. The entrks in Table 6-1-A do not include the 11 
nanoseconds for sealing time. 

(3) The first megabyte of the memory address space can be accessed with the 
SMEMW* signal line. For the plat/onn CPu, the numbers in the table are correct 
because the MEMW* and SMEMW* signal lines are driven "almost at the same 
time". For an ISA or E-ISA add-on bus owner card, the SMEMW* signal line is 
driven by the platfonn circuitry after the MEMW* signal line is driven active by the 



Chapter 6, Bus Access Cycles 201 

ISA or E-ISA add-on bus awner card. Consequently, the ISA or E-ISA add-on bus 
owner card must hold the data valid 21 nanoseconds longer than the numbers ill the 
table for an 8 data bit memory resource when the access is to the first meg~ ofthe 
address space. The EISA Rev. 3.12 bus specification requires a 36 nanosecond 
number. 

(4) The IBM Technical Reference Manual specifies 2.5 microseconds. 

(5) The first megabyte of the memory address space can be accessed wi1h the 
SMEMR· signal line. For the platform CPu, the numbers in the table are correct 
because the MEMR· and SMEMR· signal lines are driven "almost at the same 
time". For an ISA add-on bus owner card, the SMEMR· signal line is driven by the 
platform circuitry after the MEMR· signalUne is driven active by the ISA or E-ISA 
add-on bus owner card. Consequently, the ISA or E-ISA add-on bus owner card 
must receive the data 21 nanoseconds later than the numbers ill the table for an 8 
data bit memory resource. The EISA Rev. 3.12 bus specification requires a 36 
nanosecond number. 

(6) Use this number for ISA or E-ISA add-on cards installed in E-ISA and EISA 
compatible platforms. If the bus master is an ISA add-on bus owner cord, 153 {l45J 
is replaced with 81 {76J in Table 6-1-A, and 113 {l05J is replaced with 41 {35J ill 
Table 6-1-B. 

(7) Use this number for ISA or E-ISA add-on cards installed in ISA compatible 
platforms. This number assumes a 15pf per slot load. 

(8) An E-ISA or EISA platform supports a 20 pf load instead of a 15 pf load per 
slot. Thus, for signal lines with lK puU-up resistors, the number Ut the table must be 
decreased by 26 nanoseconds. For signal lines with 300 ohm pull-up resistors the 
number in the table must be decreased by 7 nanoseconds. 

(9) Use this number for ISA or E-ISA add-on cards installed Ut E-ISA and EISA 
platforms (or for 8 data bit EISA memory add-on cards installed in EISA 
platforms). This number assumes a 20pfper slot load. 

(10) If possible, use the smaller of the numbers from each section (OLD ~r vs 
NEW E-ISA and EISA). 

(11) The number used ill the table for the ODD byte has been decreased by 26 
nanoseconds from the EVEN byte numbers. This allows for byte swapping overhead 
if an ISA or E-ISA add-on bus owner card was executbtg the access and it wanted to 
maintaUt timing compatible to the platform cpu. 
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(12) The first megabyte 0/ the memory address space can be accessed with the 
SMEMW" or SMEMR* signal lines. For the plat/onn CPu, the numbers in the table 
are correct because the MEMW* and SMEMW* signal lines are driven "abnost at the 
same time". For an ISA or E-ISA add-on bus owner card, the SMEMW* and 
SMEMR* signal lines are driven by the plat/onn circuitry after the MEMW" and 
MEMR* signal lines are driven active by the ISA or E-ISA add-on bus owner card. 
Consequently, the ISA or E-ISA add-on bus owner card must add 21 nanoseconds 
to the numbers in the table lor 8 data bit memory resources. The EISA Rev. 3.12 bus 
specification requires a 36 nanosecond number. 

(13) The entry in the table is lor 3 BCLK signal line period no-wait-state access 
cycles. To get 4 and 5 BCLK signal period access cycles add 125 {120) and 250 
{240) nanoseconds to the table, respectively. The original ':AT" executed 4 BCLK 
signal line period no-wait-state cycles, but it is unclear ifaU ':AT" clones did. 

(14) For the original ':Ar, the table entries should be reduced by 54 and 21 
nanosecondslor 8 and 16 data bits access cycles, respectively. 

(15) For the original ':Ar, the table entries should be reduced by 38 nanoseconds. 

(16) For the original ':AT: the table entries should be reduced by 2 nanoseconds. 

( 17) 1/ the BCLK signal line is distributed in a starburst fashion, the numbers in the 
table are possible. 1/not distributed in a starburst fashion, the entries in the table are 
reduced by 11 nanoseconds. 

(18) The first megabyte 0/ the memory address space can be accessed with the 
SMEMW" or SMEMR* signal lines. For the plat/onn CPu, the numbers in the table 
are correct because the MEMW* and SMEMW* signal lines are driven "abnost at the 
same time". For an ISA add-on bus owner card, the SMEMW" and SMEMR* 
signal lines are driven by the plat/onn circuitry after the MEMW* and MEMR* signal 
lines are driven active by the ISA add-on bus owner card. Consequently, the ISA or 
E-ISA add-on bus owner card must hold the SA and SBHE* signal lines 21 
nanoseconds longer than the numbers in the table lor 8 data bit memory resources. 
The EISA Rev. 3.12 bus specification requires a 36 nanosecond number. 
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(19) The first megabyte 0/ the memory address space can be accessed willa the 
SMEMW* or SMEMR* splines. For the platform CPu, the nu.mbers in the tllble 
are correct because the MEMW* and SMEMW* signal lines are driven "almost at the 
same time". For an lSA or E-ISA add-on bus owner card, the SMEMW* and 
SMEMR* splines are driven by the platform circuilly aftN the MEMW* and 
MEMR* splines are driven active by the ISA or E-ISA add-on bus owner card. 
Consequently, the ISA or E-ISA add-on bus owner card samples the IOCHRDY 
spline 21 nanoseconds later than the numbers in the tllble lor an 8 dIII4 bit 
memory resource. The EISA Rev. 3.12 bus specification requires a 36 nanosecond 
number. 

(20) Parameter 20 in the above tllble is computed lor an access cycle at the add-on 
memory slave card. However, to meet the same timings when the same 8 dIII4 bit 
add-on memory card is part 0/ a DMA transfer cycle, the actJuIl time must be less. 
According to Parameter 9 in Table 7-1-A, the entrks in Table 6-1-8 must be replaced 
as/oUows:(8.00{8.33} MHz) 368 {351} becomes 195 {l80}, 427 {408} becomes 188 
{178}, 301 {284} becomes 128 {113}, 357 {340} becomes 174 {J59}, 334 {315} 
becomes 95 {85}, and 409 {390} becomes 170 {J60}. 

(21) Use this number lor ISA or E-ISA add-on cards installed in ISA compatible 
platforms. This number assumes a 15 p/load. I/the bus master is an E-ISA add-on 
bus owner card, 81 {76} is replaced with 153 {U5} in Table 6-1-A and 48 {43} is 
replaced with 120 {J12} in Table 6-1-8. 

The following sections will first discuss the details for each ISA 
bus cycle executed in an ISA platform, and will then cover the 
enhancements for the E-ISA platform. 

STANDARD MEMORY ACCESS CYCLE (lSA PLATFORM) 

The ISA standard memory access cycle can be executed by the 
platform CPU or by an ISA or E-ISA add-on bus owner card 
(collectively called ISA bus masters). (See Figures 6-2 and 6-3.) 
When the platform CPU is the bus owner, the functional portion of 
the cycle begins by pulsing the BALE signal line to indicate that 
the LA, SA, AENx, and SBHE* signal lines are valid. For an ISA 
or E-ISA add-on bus owner card, the functional portion of the cycle 
begins when the COMMAND signal line is driven active. When 
the platform CPU is bus owner, the overall cycle is a standard cycle 

http:as/oUows:(8.00{8.33
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if the IOCHRDY signal line is active within a specific time relative 
to the COMMAND signal line becoming active, and if the SRDY· 
signal line is inactive at the center falling edge of the second clock 
period of the BCLK cycle (fourth clock period for an 8 data bit 
access). When an add-on bus owner card owns the bus, a standard 
cycle is dependent only upon the IOCHRDY signal line being 
active within a specific time relative to the COMMAND signal line 
becoming active. 

For a 16 data bit access cycle, the ISA bus master must request 
a 16 data bit cycle and the accessed resource must support a 16 
data bit cycle. For an 8 data bit access cycle, either the ISA bus 
owner must request an 8 data bit cycle or the accessed resource 
must be an 8 data bit resource. This is summarized in Table 6-2. 

BUS MASTER ACCESSED RESOURCE DATA SIZE 
SBHE* SAO DATA MEMCS16* OF CYCLE 

SIZE 
REQUESTED 

INACT. 0 8 X 8 
ACT. 1 8 X 8 
ACT. 0 16 INACT. 8 
ACT. 0 16 ACT. 16 

TABLE 6-2: ISA AND E-ISA PLATFORM MEMORY CYCLE DATA SIZE 

Once the data size is established, the ISA bus owner and the 
accessed resource know the minimum length of time that the 
COMMAND signal line is driven active. For a read cycle, the data 
from the accessed resource must be valid within a maximum time 
from the MEMR· (SMEMR*) signal line becoming active. For a 
write cycle, the data must be valid prior to the MEMW· 
(SMEMW*) signal line becoming active. The data must remain 
valid a minimum time after the appropriate command line is driven 
inactive. The COMMAND signal line becoming inactive indicates 
the completion of the cycle. 
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The standard memory access cycle length will vary depending 
on the data width of the cycle. The reference point for the 
beginning of the cycle will vary for different bus owners. Table 6-3 
summarizes the cycle length in terms of TCLK (period of BCLK). 
Due to bus settling times and device delays, TCLK should be 
considered as approximate for the "CYCLE BEGINS" column. 

BUS MASTER CYCLE BEGINS CYCLE ENDS CYCLE CYCLE 
SIZE LENGTH 

PLATFORM .5 TCLK TO END COMMAND 8 BITS 6 TCLK 
CPU ACT. BALE ACT. PERIOD 16 BITS 3 TCLK 

ADD- ON 1.5 TCLK TO END COMMAND 8 BITS 6 TCLK 
ACT. COMMAND ACT. PERIOD 

ADD- ON 1 TCLK TO END COMMAND 16 BITS 3 TCLK 
ACT. COMMAND ACT. PERIOD 

TABLE 6-3: /SAAND E-/SA PLATFORM STANDARD MEMORY ACCESS 

CYCLE LENGTH 


>th~alJove •• Cyc;ledescripti()rrappliisloE-/SAcompatible·adiJ-.·•• 
(:).119.~r(:lsonan ISAcompatibleplat!Ot;I1); .. ....} 
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STANDARD MEMORY ACCESS CYCLE (E·ISA PLATFORM) 

When a platform CPU or E-ISA compatible add-on bus owner 
card (collectively called E-ISA bus masters) is executing the cycle, 
the operation of an E-ISA standard memory access cycle is defined 
in the same way as for an ISA compatible platform. (See Figures 
6-2 and 6-3.) Additionally, on an E-ISA compatible platform, the 
E-ISA bus master sampling of the IOCHRDY signal line has been 
enhanced. For a 16 bit cycle, the INITIAL SAMPUNG WINDOW 
for the IOCHRDY signal line is the third BCLK cycle. For an 8 bit 
cycle, the INITIAL SAMPUNG WINDOW for the IOCHRDY 
signal line is the sixth BCLK cycle. For the cycle to remain a 
standard cycle, the IOCHRDY signal line must be sampled active 
during the initial sampling window. 

See Tables 6-2 and 6-3 in the STANDARD MEMORY 
ACCESS CYCLE (lSA PLATFORM) section for cycle data size 
and cycle length information, respectively. Also see this section for 
back to back bus cycle information. 
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STANDARD I/O ACCESS CYCLE (lSA PLATFORM) 

The ISA standard I/O access cycle can be executed by either a 
platform CPU or an ISA or E-ISA add-on bus owner card 
(collectively called ISA bus masters). (See Figures 6-4 and 6-5.) 
The standard I/O access cycle operates in the same way as a 
standard memory cycle, except that the LA<17-23> and the 
SA< 10-19> signal lines are not used. When the platform CPU is 
the bus owner, the functional portion of the cycle begins by pulsing 
the BALE signal line to indicate that SA, AENx, and SBHE* signal 
lines are valid. For an ISA or E-ISA add-on bus owner card, the 
functional portion of the cycle begins when a COMMAND signal 
line is driven active. 

When the platform CPU is bus owner, the overall cycle timings 
are those of a standard cycle if the IOCHRDY signal line is active 
and the SRDY* signal line is inactive. When the add-on bus owner 
card owns the bus, the cycle is a standard cycle dependent only on 
the IOCHRDY signal line being active within a specific time of the 
COMMAND signal line becoming active. For a 16 data bit access 
cycle, the bus owner must request a 16 data bit cycle and the 
accessed resource must support a 16 data bit cycle. For an 8 data 
bit access cycle, either the bus owner must request an 8 data bit 
cycle or the accessed resource must be only an 8 data bit resource. 
This is summarized in Table 6-4. 

BUS MASTER ACCESSED RESOURCE DATA SIZE 
SBHE* SAO DATA IOCS16* OF CYCLE 

SIZE 
REQUESTED 

INACT. a 8 x 8 
ACT. 1 8 X 8 
ACT. a 16 INACT. 8 
ACT. a 16 ACT. 16 

TABLE 6-4: ISA AND E-ISA PLATFORM I/O ACCESS CYCLE DATA SIZE 

Once the data size is established, the ISA bus master and the 
accessed resource know the minimum length of time that the 
COMMAND signal line is driven active. For a read cycle, the data 
from the accessed resource must be valid within a maximum 
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amount of time from the lOR· signal line becoming active. For a 
write cycle, the data must be valid prior to the lOW· signal line 
becoming active. The data must remain valid for a minimum 
amount of time after the appropriate COMMAND line is driven 
inactive. The COMMAND signal line becoming inactive indicates 
the completion of the cycle. 

The ISA standard I/O access cycle length will vary depending 
on the data width for the cycle. The reference point for the 
beginning of the cycle varies for different bus owners. Table 6-5 
summarizes the cycle length in terms of TCLK (period of BCLK). 
Due to bus settling times and device delays, TCLK. should be 
considered as approximate for the "CYCLE BEGINS" column. 

BUS MASTER CYCLE BEGINS CYCLE ENDS CYCLE CYCLE 
SIZE LENGTH 

PLATFORM .5 TCLK TO END COMMAND 8 BITS 6 TCLK 
CPU ACT. BALE ACT. PERIOD 16 BITS 3 TCLK 

ADD-ON 1.5 TCLK TO 
ACT. COMMAND 

END COMMAND 
ACT. PERIOD 

8 BITS 
16 BITS 

6 TCLK 
3 TCLK 

TABLE 6-5: ISA AND E-ISA PLA rFORM STANDARD I/O ACCESS CYCLE 

LENGTH 


STANDARD 110 ACCESS CYCLE (E-ISA PLATFORM) 

When a platform CPU or E-ISA compatible add-on bus owner 
card (collectively called E-ISA bus masters) is executing a standard 
I/O access cycle, the operation of a standard I/O access cycle is 
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defined for an E-ISA compatible platform in the same way as for 
an ISA compatible platform. (See Figures 6-4 and 6-5.) 
Additionally, on an E-ISA compatible platform, the E-ISA bus 
master sampling of the IOCHRDY signal line has been enhanced. 
For a 16 bit cycle, the INITIAL SAMPUNG WINDOW for the 
IOCHRDY signal line is the third BCLK. cycle. For an 8 bit cycle, 
the INITIAL SAMPUNG WINDOW for the IOCHRDY signal 
line is the sixth BCLK cycle. For the cycle to remain a standard 
cycle, the IOCHRDY signal line must be sampled active during the 
sampling window. 

See Tables 6-4 and 6-5 in the STANDARD ACCESS I/O 
CYCLE (lSA PLATFORM) section for cycle data size and cycle 
length information, respectively. Also see this section for back to 
back bus cycle information. 

READY MEMORY ACCESS CYCLE (lSA PLATFORM) 

The ISA ready memory access cycle can be executed by an ISA 
compatible platform CPU or an ISA or E-ISA compatible add-on 
bus owner card (collectively called ISA bus masters). (See Figures 
6-2 and 6-3.) The cycle begins in the same fashion as the standard 
memory access cycle. The standard memory access cycle becomes 
a ready memory access cycle if the IOCHRDY signal line is driven 
inactive by the accessed resource. The IOCHRDY signal line must 
be driven inactive within a "specific time" of an active COMMAND 
signal line. (If the SRDY* signal line is driven active when the 
IOCHRDY signal line is active, the SRDY* signal line is ignored.) 
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The COMMAND signal line remains active until the 
IOCHRDY signal line is driven active by the accessed resource. 
During a memory read cycle, the IOCHRDY signal line becoming 
active indicates to the ISA bus master that valid data is available. 
During a write cycle, the IOCHRDY signal line becoming active 
indicates to the ISA bus master that the accessed resource has 
accepted the data. For either read or write cycles, the activation of 
the IOCHRDY signal line is the indication to the ISA bus master 
to complete the cycle. The cycle is completed when the 
COMMAND signal line becomes inactive. 

See Table 6-2 in the STANDARD MEMORY ACCESS 
CYCLE (lSA PLATFORM) section for cycle data size 
information. 

The ISA ready memory access cycle length depends on when 
the IOCHRDY signal line is reactivated. The ready memory 
access cycle length is extended in increments of the BCLK. period. 
(In order to insure refresh of memory, the longest inactive period 
allowed for the IOCHRDY signal line is 15.6 microseconds.) The 
minimum time for a ready memory access cycle is controlled by 
several factors: first, once the IOCHRDY signal line is reactivated, 
the COMMAND signal line will not be deactivated until after a 
minimum of one BCLK. signal line period has elapsed. Second, the 
ISA bus master must have sufficient sampling time for the 
IOCHRDY signal line; consequently, the minimum inactive period 
of the signal is one BCLK. signal line period. Finally, sufficient 
decode time from a COMMAND signal line going active must be 
allocated. These requirements collectively establish the minimum 
length of a ready memory access cycle. The minimum cycle length, 
in terms of TCLK. (period of BCLK), is summarized in Table 6-6. 
Due to bus settling times and device delays, TCLK. should be 
considered as approximate for the "CYCLE BEGINS" column. 
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BUS MASTER CYCLE BEGINS CYCLE ENDS CYCLE 
SIZE 

CYCLE 
LENGTH 

PLATFORM 
CPU 

.5 TCLK TO 
ACT. BALE 

END COMMAND 
ACT. PERIOD 

8 BITS 
16 BITS 

7 TCLK 
4 TCLK 

ADD-ON 1.5 TCLK TO END COMMAND 8 BITS 7 TCLK 
ACT. COMMAND ACT. PERIOD 

ADD-ON 1 TCLK TO END COMMAND 16 BITS 4 TCLK 
ACT. COMMAND ACT. PERIOD 

TABLE 6-6: ISA AND E-ISA PLATFORM MINIMUM READYMEMORY 

ACCESS CYCLE LENGTH 


READY MEMORY ACCESS CYCLE (E·ISA PLATFORM) 

When a platform CPU or E-ISA compatible add-on bus owner 
card (collectively called E-ISA bus masters) is executing the cycle, 
the operation of an E-ISA ready memory access cycle is defined by 
an E-ISA platform in the same way as for an ISA platform. (See 
Figures 6-2 and 6-3.) Refer to the READY MEMORY ACCESS 
CYCLE (lSA PLATFORM) section for further information. 
Additionally, on an E-ISA platform, the E-ISA bus master 
sampling of the IOCHRDY signal line has been enhanced by 
relating it to the BCLK signal line. See Chapter 5 for more 
information. For a 16 bit cycle, the INITIAL SAMPliNG 
WINDOW for the IOCHRDY signal line is the third BCLK cycle. 
For an 8 bit cycle, the INITIAL SAMPliNG WINDOW for the 
IOCHRDY signal line is the sixth BCLK cycle. For the cycle to 
remain a standard cycle, the IOCHRDY signal line must be 
sampled active during the sampling window. 

See Table 6-2 in the STANDARD MEMORY ACCESS 
CYCLE (ISA PLATFORM) section for cycle data size 
information. See Table 6-6 in the READY MEMORY ACCESS 
CYCLE (lSA PlATFORM) section for E-ISA ready memory cycle 
length information. 
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READY I/O ACCESS CYCLE USA PLATFORM) 

The ISA ready I/O access cycle can be executed by either an 
ISA compatible platform CPU or an ISA or E-ISA add-on bus 
owner card (collectively called ISA bus masters). (See Figures 6-4 
and 6-5.) The cycle begins in the same fashion as the standard 
access I/O cycle. The standard access I/O cycle becomes a ready 
access I/O cycle if the 10CHRDY signal line is driven inactive by 
the accessed resource. The 10CHRDY signal line must be driven 
inactive within a "specific time" of an active COMMAND signal 
line. (If the SRDY* signal line is driven active when the 
10CHRDY signal line is active, the SRDY* signal line is ignored.) 

The COMMAND signal line remains active until the 
10CHRDY signal line is driven active by the accessed resource. 
During an I/O read cycle, the 10CHRDY signal line becoming 
active indicates to the bus owner that valid data is available. 
During a write cycle, the 10CHRDY signal line becoming active 
indicates to the bus master that the accessed resource has accepted 
the data. For either read or write cycles, the activation of the 
IOCHRDY signal line is the indication to the bus master to 
complete the cycle. The cycle is completed when the COMMAND 
signal line becomes inactive. 

See Table 6-4 in the STANDARD ACCESS I/O CYCLE (ISA 
PLATFORM) section for cycle data width information. 

The ISA ready I/O access cycle length depends on when the 
10CHRDY signal line is reactivated. The ready I/O access cycle 
length is extended in increments of the BCLK. signal. (In order to 
insure memory refresh, the longest inactive period of the 
10CHRDY signal line is 15.6 microseconds.) The minimum time 
for a ready I/O access cycle is controlled by several factors. First, 
once the 10CHRDY signal line is reactivated, the COMMAND 
signal line will not be deactivated until after a minimum of one 
BCLK. period has elapsed. Second, the ISA bus master must have 
sufficient sampling time for the 10CHRDY signal line; 
consequently, the minimum inactive period of the signal is one 
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BCLK period. Finally, sufficient decode time from a COMMAND 
signal line going active must be allocated. These requirements 

BUS MASTER CYCLE BEGINS CYCLE ENDS CYCLE 
SIZE 

CYCLE 
LENGTH 

PLATFORM 
CPU 

.5 TCLK TO 
ACT. BALE 

END COMMAND 
ACT. PERIOD 

8 BITS 
16 BITS 

7 TCLK 
4 TCLK 

ADD-ON 1.5 TCLK TO END COMMAND 8 BITS 7 TCLK 
ACT. COMMAND ACT. PERIOD 

ADD-ON 1.5 TCLK TO END COMMAND 16 BITS 4 TCLK 
ACT. COMMAND ACT. PERIOD 

TABLE 6-7: ISAAND E-ISA PLATFORM MINIMUM READYI/O ACCESS 
CYCLE LENGTH 

collectively establish the minimum length of a ready I/O access 
cycle. The minimum cycle length, in terms of TCLK (period of 
BCLK), is summarized in Table 6-7. Due to bus settling times and 
device delays, TCLK should be considered as approximate for the 
"CYCLE BEGINS" column. 

READY I/O ACCESS CYCLE (E-ISA PlATFORM) 

When a platform CPU or E-ISA compatible add-on bus owner 
card (also called E-ISA bus master) is executing this cycle, the 
operation of an E-ISA ready I/O access cycle is defined by an E
ISA platform in the same way as for an ISA platform. (See Figures 
6-4 and 6-5.) Refer to the READY I/O ACCESS CYCLE (lSA 
PLATFORM) Section for further information. Additionally, on an 
E-ISA platform, the E-ISA bus master sampling of the IOCHRDY 
signal line has been enhanced by relating it to the BCLK signal 
line. See Chapter 5 for more information. For a 16 bit cycle, the 
INITIAL SAMPLING WINDOW for the IOCHRDY signal line is 
the third BCLK cycle. For an 8 bit cycle, the INmAL 
SAMPUNG WINDOW for the IOCHRDY signal line is the sixth 
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BCLK cycle. For the cycle to remain a standard cycle, the 
10CHRDY signal line must be sampled active during the sampling 
window. 

See Table 6-4 in the STANDARD I/O ACCESS CYCLE (lSA 
PLATFORM) section for cycle data size. See Table 6-7 in the 
READY I/O ACCESS CYCLE (ISA PLATFORM) section for E
ISA ready I/O access cycle length information. 

NO-WAIT-STATE MEMORY ACCESS CYCLE (ISA 
PLATFORM) 

The ISA no-wait-state memory access cycle can be executed 
when an ISA compatible platform CPU is accessing an ISA or E
ISA memory resource. (See Figure 6-3.) The cycle begins in the 
same fashion as the standard memory access cycle. The standard 
memory access cycle becomes a no-wait-state memory access cycle 
if the SRDY· signal line is driven active by the accessed resource 
within a "specific time" of an active COMMAND signal line 
relative to the center falling edge of the second cycle of the BCLK 
cycle. The cycle will be completed at the end of the same cycle. 
The SRDY· signal line for a 16 bit memory access is sampled only 
at one point of the cycle. Sampling at other points is not needed 
because other cycle lengths are either a standard cycle or a ready 
cycle. (If the 10CHRDY signal line is driven inactive during this 
"specific time", the SRDY· signal line is ignored.) The SRDY· 
signal line for an 8 bit memory access is sampled only at one point. 
Sampling at other points would have been possible; it simply was 
not done on the IBM AT. 

The completion of the no-wait-state memory access cycle is the 
same as the standard cycle, except that the active period of the 
COMMAND signal line is shorter. 

See Table 6-2 in the STANDARD MEMORY ACCESS 
CYCLE (lSA PLATFORM) Section for cycle data width 
information. 
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The ISA no-wait-state memory access cycle length is defined for 
the platform CPU accessing an 8 or 16 data bit memory resource. 
Table 6-8 summarizes the no-wait-state memory cycle length in 
terms of TCLK (period of BCLK). Due to bus settling times and 
device delays, TCLK should be considered as approximate for the 
"CYCLE BEGINS" column. 

BUS MASTER CYCLE BEGINS CYCLE ENDS CYCLE CYCLE 
SIZE LENGTH 

PLATFORM 
CPU 

.5 TCLK TO 
ACT. BALE 

END COMMAND 
ACT. PERIOD 

16 BITS 2 TCLK 

PLATFORM .5 TCLK TO END COMMAND 8 BITS 4 TCLK 
CPU ACT. BALE ACT. PERIOD 

TABLE 6-8: ISA PLATFORM NO-WAlT-STATE MEMORYACCESS CYCLE 

LENGTH 


1111111.111111 

NO-WAIT-STATE MEMORY ACCESS CYCLE (E-ISA 
PLATFORM) 

The E-ISA compatible platform CPU executes an E-ISA no
wait-state memory access cycle in the same fashion as an ISA 
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compatible platform CPU for 8 and 16 data bit memory resources. 
(See Figures 6-2 and 6-3.) See the NO-WAlT-STATE MEMORY 
ACCESS CYCLE (ISA PLATFORM) section for more 
information. 

An E-ISA platform CPU also supports an expanded definition 
of accesses to 8 data bit memory resources. (See Figure 6-3.) The 
cycle begins in the same fashion as the standard memory access 
cycle. The standard memory access cycle becomes a no-wait-state 
access cycle if the SRDY· signal line is driven active by the 
accessed resource. The SRDY· signal line must be driven active 
within a "specific time" of an active COMMAND signal line 
relative to the center falling edge of the BCLK. signal line. The 
cycle will be completed at the end of the same cycle. The SRDY· 
signal line for an 8 data bit memory access has been expanded to 
sample at three points of the cycle, which allows the cycle to 
complete earlier than a standard length cycle. Sampling at other 
points for a 16 data bit cycle is not needed because other cycle 
lengths are either the standard cycle or a ready cycle. 

The completion of the no-wait-state memory access cycle is the 
same as the standard memory cycle, except that the active period of 
the COMMAND signal line is shorter. 

An E-ISA compatible platform supports no-wait state memory 
access cycles for add-on bus owner cards because the BCLK signal 
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line is distributed in a ''starburst'' pattern to aU slots. Please see 
Chapter 10 for more information. 

See Table 6-2 in the STANDARD MEMORY ACCESS 
CYCLE (ISA PLATFORM) section for data width information. 

The length of the no-wait-state memory access cycle is defined 
for the platform CPU accessing an 8 or 16 bit memory resource. 
Table 6-9 summarizes the no-wait-state memory cycle length in 
terms of TCLK (period of BCLK). Due to bus settling times and 
device delays, the TCLK should be considered as approximate for 
the "CYCLE BEGINS" column. 

BUS MASTER CYCLE BEGINS CYCLE ENDS CYCLE CYCLE 
SIZE lENGTH 

PLATFORM 
CPU 

.5 TClK TO 
ACTIVE BALE 

END COMMAND 
ACT. PERIOD 

8 BITS 3 TClK (1) 

.5 TCll( TO 
ACTIVE BALE 

END COMMAND 
ACT. PERIOD 

16 BITS 2 TClK 

ADD·ON 1.5 TCLK TO 
ACTIVE COMMAND 

END COMMAND 
ACT. PERIOD 

8 BITS 3 TCLI( 

ADD-ON 1.5 TCll( TO 
ACT! VE COMMAND 

END COMMAND 
ACT. PERIOD 

16 BITS 2 TCll( 

TABLE 6-9: E-ISA PLATFORM NO-WAIT-STATE MEMORYACCESS CYCLE 
LENGTH 

NOTE: 
(1) Shorlest no-wait-state access cycle. 4 TCLK and 5 TCLK no-wait-state access 
cycles are also possible. 

NO-WAIT-STATE I/O ACCESS CYCLE USA PLATFORM) 

The original IBM PC, XT, and AT platforms did not support 16 
bit ISA no-wait-state I/O access cycles. The I/O command is 
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active later in the cycle than a memory command (see Figures 6-4 
and 6-5), which means that the SRDY* signal line would be 
sampled during the third BCLK signal line period instead of the 
second. However, the sampling in the third BCLK* signal line 
period is useless because the standard cycle length is three cycles. 
The standard cycle length of an 8 bit I/O access cycle is 6 cycles; 
consequently, defining no-wait-state cycles is possible. 

The ISA no-wait-state I/O access cycle can be executed when 
an ISA compatible platform CPU is accessing an ISA or E-ISA 8 
data bit I/O resource. (See Figure 6-5.) The cycle begins in the 
same fashion as the standard I/O access cycle. The standard I/O 
access cycle becomes a no-wait-state I/O access cycle if the SRDY* 
signal line is driven active by the accessed resource within a 
"specific time" of an active COMMAND signal line relative to the 
center falling edge of the second cycle of the BCLK signal line. 
The cycle will be completed at the end of the same cycle. The 
SRDY* signal line for an 8 data bit I/O access is sampled only at 
one point. Sampling at other points would have been possible; it 
simply was not done on the IBM AT. (If the IOCHRDY signal line 
is driven inactive during this "specific time", the SRDY* signal line 
is ignored.) 
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The completion of the no-wait-state I/O access cycle is the 
same as the standard cycle, except that the active period of the 
COMMAND signal line is shorter. 

See Table 6-4 in the STANDARD I/O ACCESS CYCLE (lSA 
PLATFORM) section for cycle data width information. 

The ISA no-wait-state I/O access cycle length is defined for the 
platform CPU accessing an 8 data bit I/O resource. Table 6-10 
summarizes the no-wait-state I/O cycle length in terms of TCLK 
(period of BCLK). Due to bus settling times and device delay, 
TCLK should be considered as approximate for the "CYCLE 
BEGINS" column. 

BUS MASTER CYCLE BEGINS CYCLE ENDS CYCLE CYCLE 
SIZE lENGTH 

PLATFORM .5 TCllC TO END COMMAND 8 BITS 4 TCllC 
CPU ACTIVE BALE ACT. PERIOD 

TABLE 6-10-A: [SA PLATFORM NO-WAIT-STATE [/0 ACCESS CYCLE 

LENGTH 


NO-WAIT-STATE I/O ACCESS CYCLE (E-ISA PLATFORM) 

The E-ISA no-wait-state I/O access cycle can be executed when 
an E-ISA compatible platform CPU or E-ISA add-on bus owner 

http:Cifl.i.C.�.B.ti
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card (collectively called E-ISA bus masters) is accessing an 8 data 
bit resource. (See Figure 6-5.) The cycle begins in the same 
fashion as the standard I/O access cycle. The standard I/O access 
cycle becomes a no-wait-state I/O access cycle if the SRDY· signal 
line is driven active by the accessed resource. The SRDY· signal 
line must be driven active within a "specific time" of an active 
COMMAND signal line relative to the center falling edge of the 
third, fourth, or fifth period of the BCLK cycle. The cycle will be 
completed at the end of the same cycle. The E-ISA compatible 
platform does not support no-wait-state I/O access cycles to a 16 
data bit resource for the same reasons as an ISA compatible 
platform. The SRDY· signal line for an 8 data bit access is 
sampled at three points of the cycle. The multiple sampling allows 
the cycle to complete earlier than a standard length cycle. (If the 
10CHRDY signal line is driven inactive during this "specific time", 
the SRDY· signal line is ignored.) 

An E-ISA platform supports no-wait state I/O access cycles for 
E-ISA compatible add-on bus owner cards because the BCLK signal 
line is distributed in a ''starburst'' pattern to all slots on an E-ISA 
compatible platform. Please see Chapter 10 for more information. 

11.•.~.··.:.t.p.·I·•. y.E.·.!.S.\~.~.~.~.·.a1.ui.·~.I.'.~.·~.le ·.··.:.••• ·.~.p.·$.~qt.~.a.e .• ...·..~ •. ....~.·..t.·b l.~th;.d .•8·./O.th.· ......·... ·.t».n .•.•b~;.• .•. ...a.c.·.··~.·.h.c .•••.~;.·· ... ... e.e.··· d.l\rs •• ~~.··~.·.. .. ·.·~.:.· .•t 
:CycBc.<!ye:sampmgcanno<occq(.$Qoner<> ·ecause< .. e< .•• ·>1 
>··CQMMMIDSignallil)f3i$ bec6fni"····.. active··onlyat the middle·ofth~,~¢PfJ(iiperiOd6l1"iiF3CLKSi9~~lIine. ... ..... .................................. .......... 


The completion of the no-wait-state I/O access cycle is the 
same as the standard cycle, except that the active period of the 
COMMAND line is shorter. See Table 6-4 in the STANDARD 
I/O ACCESS CYCLE (ISA PLATFORM) section for cycle data 
size. 

The E-ISA no-wait-state I/O access cycle length is defined for 
the E-ISA bus master accessing an 8 bit I/O resource. Table 6-11 
summarizes the minimum cycle length in terms of TCLK (period of 
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BCLK). Due to bus settling times and device delays TCLK should 
be considered as approximate for the "CYCLE BEGINS" column. 

BUS MASTER CYCLE BEGINS CYCLE ENDS CYCLE 
SIZE 

CYCLE 
LENGTH 

PLATFORM 
CPU/ADD-ON 

.5 TCLK TO 
ACTIVE BALE 

END COMMAND 8 BITS 3 TCLK 
(1) 

TABLE 6-10-B: E-ISA PLATFORM NO-WAIT-STATE I/O ACCESS CYCLE 
MINIMUM LENGTH 

NOTE: 
(1) Shortest no-waft-state access cycle. ., TCLK and 5 TCLK no-waft-state access 
cycles are also possible. 

6.1 EISA SPECIFIC ACCESS CYCLES ON EISA 
PLATFORMS 

INTRODUCTION 

The EISA specific access cycles support access to memory and 
I/O resources by the bus owner. The two bus owners that can 
execute access cycles are the platform CPU and EISA compatible 
add-on bus owner cards (collectively called EISA bus masters). 
Table 3-1-B and 3-1-C in Chapter 3 outlines the support level of 
access cycles by the various bus owners and platform CPUs. 

As described in Chapter 3, there are five types of EISA specific 
access cycles: standard, ready, data-matching, compressed, and 
burst. These cycles can only be executed on EISA compatible 
platforms. Like the ISA specific access cycles, the type is 
determined by the interpretation of the signal lines and the length 
of the cycles. The length of one of the cycle types is dependent on 
the cycle's data width and the logic level of the EXRDY and 
NOWS* (also called SRDY*). 
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EISA specific access cycles are both synchronous and 
asynchronous in nature. From the EISA bus master viewpoint, all 
of the signals are synchronous; that is, the signal lines become 
active and inactive relative to the BCLK signal line. From the 
EISA compatible accessed resource viewpoint, the access cycles are 
asynchronous; but, for some access cycles, some signal lines 
become synchronous to the BCLK signal line. 

EISA specific access cycles occur on an EISA compatible 
platform between EISA compatible resources. On an EISA 
compatible platform, all bus cycles executed by the platform CPU 
or EISA bus owner add-on cards assume EISA access cycle 
compatibility. If the accessed resource is ISA compatible, the cycle 
proceeds as an EISA bus master to ISA compatible accessed 
resource cycle (also called E-MIX access cycles). E-MIX access 
cycles are discussed in Subchapter 6.2. If the access cycle is 
executed by an ISA or E-ISA bus owner add-on card, the cycles 
proceed as an ISA or E-ISA bus master to an EISA accessed 
resource (also called I-MIX access cycles). I-MIX access cycles are 
discussed in Subchapter 6.3. 

Figure 6-6-A details standard and ready type EISA access cycle 
timings from the viewpoint of EISA bus masters. Figure 6-6-B 
details standard and ready type EISA access cycle timings from the 
viewpoint of EISA accessed resource. Tables 6-11-A and 6-11-B 
lists the values of these timing relationships for Figures 6-6-A and 
6-6-B, respectively. 
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Tables 6-11-A and 6-11-B have several key pieces of 

information. First, the "#/DET" (parameter number / detail) 
column relates the parameter number of the table to Figures 6-6-A 
and 6-6-B. Second, it provides detailed information on how the 
number was derived. The timing numbers are affected by the 
settling time on the bus. The table is based on the default values 
for 8 slots as outlined in Chapter 10. The # /DET interpretations 
are shown on the following page. 

http:fr()m.slot.tO
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DETAIL 	 INTERPRETATION 

# 	 NO SETTLING TIME INCLUDED. 

#/A 	 SKEW OF TWO SIGNALS BETWEEN RESOURCES. ONE HAS A DELAY OF 
o NANOSECONDS. AND THE OTHER HAS A DELAY OF 11 
NANOSECONDS. 

#/B 	 SIGNAL IS DRIVEN FROM ONE RESOURCE TO ANOTHER. THE SECOND 
RESOURCE t.iUST RESPOND BY DRMNG A SIGNAL BACK TO THE ARST 
RESOURCE. # INCLUDES THE "ROUND TRIP" TIME OF 11 + 11 = 22 
NANOSECONDS. 

#/0 	 SAME AS "B" EXCEPT ONE OF THE RESOURCES RELIES ON A 300 OHt.i 
PULL-UP RESISTOR. # INCLUDES THE "ROUND TRIP" TIt.iE OF 11 + RC 
NANOSECONDS. 

#/F 	 RC RISE TIME DUE TO A 300 OHM PULL-UP RESISTOR .. 29 
NANOSECONDS. 

"DRIVEN BY" AND "MEASURED BY" INTERPRETATION 

ADD-ON ADD-ON CARD OR PLATFORM RESOURCE 
CPU PLATFORt.i CPU 
PLAT PLATFORM CIRCUITRY 
EISA-B EISA COMPATIBLE BUS OWNER ADD-ON CARD 

MIN. AND t.iAX. INTERPRETATION 

ALL TIMES ARE IN NANOSECONDS. 

The "Bus Master Viewpoint" table does not contain the "Actual" 
vs. "EISA" columns of the other tables. The numbers used in this 
table are directly from the EISA Rev. 3.12 specification for an 
EISA master. Other tables for the EISA slaves track the EISA 
master numbers with the adjustment for bus settling and BCLK 
signal line frequency. Also, unlike the other tables, the BCLK 
signal line frequency is not included in the "Bus Master Viewpoint" 
table because the entries are simply referenced to clock edges. 
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N N 

PL BCLK 


PL MASTER 16* 


MAS LA<2-31 >,M-IO 


MAS BE<O-3>, W-R 


MAS START* 


PL CMD* 


AC EX16*,EX32* 


AC EXRDY 


AC DATA (READ) 

MAS DATA (WRITE) 

MAS LOCK* 

PL AENx 

AC NOWS* 

X =SAMPLE POINT 

f'IGURE 6-6-A: EISA STANDARD & READYACCESS CYCLE . .• EISA BUS 
MASTER VIEWPOINT 
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REF'
/DET 

DESCRIPTION OF EVENT DRIVEN 
BY 

MEASURED 
AT 

MIN 
NSEC 

MAX 
NSEC NOTES 

1 LA, M-IO VALID DELAY 
FROM FALLING EDGE OF BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

50 

2 BE·, W-R VALID DELAY 
FROM RISING EDGE OF BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

25 (6) 

3 START· ACTIVE FROM CPU CPU 2 25 
RISING EDGE OF BCLK EISA-B EISA-B 

4 START· INACTIVE FROM CPU CPU 2 25 
RISING EDGE OF BCLK EISA-B EISA-B 

5/A CMD· ACTIVE FROM 
RISING EDGE OF BCLK 

PLAT CPU 
EISA-B 

2 36 (1)
(2) 

6/A CMD· INACTIVE FROM 
RISING EDGE OF BCLK 

PLAT CPU 
EISA-B 

2 36 (1)
(2) 

7 EX16/EX32· VALID SETUP 
TO RISING EDGE OF BCLK 

ADD-ON CPU 
EISA-B 

25 

8 EX16/EX32* HOLD FROM 
RISING EDGE OF BCLK 

ADD-ON CPU 
EISA-B 

55 

9 EXRDY VALID SETUP ADD-ON PLAT 15 
TO FALLING EDGE OF BCLK 

10 EXRDY HOLD FROM ADD-ON PLAT 5 
FALLING EDGE OF BCLK 

12 READ DATA VALID SETUP 
TO RISING EDGE OF BCLK 

ADD-ON CPU 
EISA-B 

12 (4) 

13 READ DATA VALID HOLD ADD-ON CPU 4 
FROM RISING EDGE OF BCLK EISA-B 

15 WRITE DATA VALID DELAY CPU CPU 40 
FROM FALLING EDGE OF BCLK EISA-B EISA-B 

16 WRITE DATA VALID HOLD CPU CPU 0 
FROM FALLING EDGE OF BCLK EISA-B EISA-B 

17 WRITE DATA NON-TRISTATE CPU CPU 5 
FROM FALLING EDGE OF BCLK EISA-B EISA-B 

18 WRITE DATA TRI-STATE 
FROM FALLING EDGE OF BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

50 (3) 

TABLE 6-JJ-A: EISA SPECIFIC ACCESS CYCLE ... BUS MASTER 

VIEWPOINT(PLATFORM CPu, EISA COMPATIBLE ADD-ON BUS OWNER 


CARD OR PLATFORM CIRCUITRY) 
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REF'
/DET 

DESCRIPTION OF EVENT DRIVEN 
BY 

MEASURED 
AT 

MIN 
NSEC 

MAX 
NSEC NOTES 

20 LA<2-31> M-IO, BE*, W-R 
VALID HOLD FROM FALLING 
EDGE OF BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

2 

21 LA<2-31>, M-IO, BE*, W-R 
TRISTATE DELAY FROM 

CPU 
EISA-B 

CPU 
EISA-B 

50 

FALLING EDGE OF BCLK 

22 BE*, W-R VALID DELAY 
FROM FALLING EDGE OF BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

90 

23 LOCK* ACTIVE FROM CPU CPU 60 
RISING EDGE OF BCLK EISA-B EISA-B 

24 LOCK* INACTIVE FROM CPU CPU 2 
RISING EDGE OF BCLK EISA-B EISA-B 

25 READ DATA TRISTATE 
FROM RISING EDGE OF BCLK 

ADD-ON CPU 
EISA-B 

30 

26 READ DATA NON-TRISTATE 
TO RISING EDGE OF BCLK 

ADD-ON CPU 
EISA-B 

53 

30 AENx VALID FROM THE 
FALLING EDGE OF BCLK 

PLAT PLAT 79 (5) 

31 AENx VALID HOLD FROM PLAT PLAT 2 
THE FALLING EDGE OF BCLK 

32 NOUS* VALID SETUP TO 
FALLING EDGE OF BCLK 

ADD-ON CPU 
EISA-B 

15 

33 NOUS* VALID HOLD FROM 
FALLING EDGE OF BCLK 

ADD-ON CPU 
EISA-B 

5 

34 MASTER16* VALID DELAY FM 
FALLING EDGE OF BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

2 30 

35 MASTER16* VALID HOLD FM CPU CPU 2 50 
FALLING EDGE OF BCLK EISA-B EISA-B 

TABLE 6-11-A: EISA SPECIFICACCESS CYCLE .•• BUS MASTER 

VIEWPOINT (PLATFORM CPu, EISA COMPATIBLE ADD-ONBUS OWNER 


CARD, OR PLATFORM CIRCUITRY) (CONTINUED) 


NOTES: 
(1) Wah 11 nanosecond settling time. 
(2) Platfonn circuWy does not "stmburst" CMD* signal line to the slots. 
(3) Used for back to back write to read or ifBE* signal lines change. 
(4) Entry is 32 data bit or downshift. 15 nanoseconds for 16 data bit master 
(MASTERI6* = 0). 
(5) Includes 11 nanoseconds settling time plus 18 nanoseconds decode plus delay of 
valid address signals from the BCLK signal lines. 
(6) May be driven as early as previous falling BCLK signal line. 
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N 2 3 N -
PL BCLf( ~~~ 

1- 20 1 I ,~ IMAS LA<2-31>, M-IO 
: 1 / 1 

1 , 1 
'JMAS BE*<0-3>. W-R 2- 20 /I I 7 I 

1 I I 
1 1 

MAS START* 
I ; 

PL CMD* 

f--3 1 1 
1 1 

221 I 
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1 
I 
1 
I 
I 

1\ 

(2) 

AC EX16* ,EX32* 
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:::::=125 
'\I 

~ 

I 

5: 

I 

1 
1 

~ 
/ 

1 
1 
1 
1 

AC EXRDY 
6 

f--7 

1 

H9 
.,:, 

1 
1 
1 , 
~7 

10, 1 

IV,9 

35

AC NOWS* 
37-l~~ I; 

1/ 
36-r---, 
36-r---, 

AC DATA (READ) 
f..-8 

f-,1---27 
1<-1---11 

171" 

f-,39 

.~ 

~ ~ ~~~ ~12~ 

1, 
, 

15 

28 

kK 
(2) I 

)I 
~13

14 

MAS DATA (WRITE) 
I. 

23!' WI 16 ~ 
/ ~t.--.r 19 
; 

PL AENx L 
MAS LOCK* 

24 
- , 

331." 

26 t 
/ 

'

f--,r34 
1 

"C IOCS16* 
1'---29 

1 

P ao 

31 1 

I:-----{ 32 
7 

x =Location of Sample Pt. 
(1) - For Standard Cycle 
(2) =For Ready Cycle 

FIGURE 6-6-B: EISA STANDARD & READYACCESS CYCLE • .. ACCESSED 
RESOURCE VIEWPOINT 
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REF' 
IDET 

1/A 

2/A 

2/A 

3/A 

4/B 

4/0 

5 

6/B 

6/0 

7/B 

7/0 

8/B 

8/0 

9 

10/A 

10/F 

11/8 

11/B 

DESCRIPTION OF EVENT 

LA<2-31>, M-IO VALID 
SETUP TO START* INACTIVE 

BE*<0-3>,W-R VALID SETUP 
TO START INACTIVE 

32 BIT MASTER TO 16 BIT 
SLAVE I DATA-MATCHING 

BE*<0-3>,W-R VALID SETUP 
TO START INACTIVE 

START* ACTIVE TO INACTIVE 
PULSE WIDTH 

EX16/EX32* ACTIVE DELAY 
FROM LA, M-IO VALID 

EX16/EX32* INACTIVE DELAY 
FROM LA, M-IO VALID 

EX16/EX32* HOLD FROM 
START* INACTIVE 

EX ROY INACTIVE DELAY 
FROM LA, M-IO VALID 

EXRDY ACTIVE DELAY 
FROM LA, M-IO VALID 

EXRDY INACTIVE DELAY 
FROM START* ACTIVE 

EXRDY ACTIVE DELAY 
FROM START* ACTIVE 

EXRDY INACTIVE DELAY 
FROM AENx VALID 

EXRDY ACTIVE DELAY 
FROM AENx VALID 

EXRDY VALID HOLD 
FROM FALLING EDGE BCLK 

EXRDY INACTIVE DELAY FROM 
RISING EDGE BCLK 

EXRDY ACTIVE DELAY FROM 
RISING EDGE BCLK 

READ DATA VALID DELAY 
FROM START* ACTIVE 

32 BIT MASTER TO 16 BIT 
SLAVE I DATA-MATCHING 

READ DATA VALID DELAY 
FROM START* ACTIVE 

DRIVEN 
BY 

CPU 
EISA-B 


CPU 

EISA-B 


PLAT 


CPU 

EISA-B 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

MEASURED 

AT 


ADD-ON 


ADD-ON 


ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ACTrLMIN MAX 
NSEC NSEC 

[8.33] 


123 

[116] 

91 
[86] 

91 
[86] 

100 
[95] 

83 
[76] 

65 
[58] 

53 
[53] 

164 
[154] 

146 
[136] 

120 
[113] 

102 
[95] 

134 
[124] 

116 
[106] 

3 
[3] 

31 
[29] 

13 
[11] 

191 
[181] 

170 
[160] 

EISA 
SPEC 

& NOTES 

120 

80 

80 

115 
(5) 

54 

54 

NOT 
SPEC 

143 

143 

124 

124 

143 

143 

3 

35 

35 

170 
(4) 

170 
(2) 

TABLE 6-JJ-B: EISA SPECIFICACCESS CYCLE ... ACCESSED RESOURCE 

VlEWPOINT(PLATFORM RESOURCES OR ADD-ON SLAVE CARD) 
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REF# 
IDET 

DESCRIPTION OF EVENT 

12/B READ DATA VALID DELAY 
FROM CMD* ACTIVE 

12/B 

32 BIT MASTER TO 16 BIT 
SLAVE I DATA-MATCHING 

READ DATA VALID DELAY 
FROM CMD· ACTIVE 

13 READ DATA VALID HOLD 
FROM CND· INACTIVE 

14/A READ DATA TRISTATE 
FROM CMD* INACTIVE 

15/A READ DATA VALID FROM 
RISING EDGE OF BClK 

15/A 

32 BIT MASTER TO 16 BIT 
SLAVE I DATA-MATCHING 

READ DATA VALID FROM 
RISING EDGE OF BClK 

16/A WRITE DATA VALID SETUP 
TO CMO· INACTIVE 

16/A 

32 BIT MASTER TO 16 BIT 
SLAVE I DATA-MATCHING 

WRITE DATA VALID SETUP 
TO CMD· INACTIVE 

17/A WRITE DATA VALID SETUP 
TO CMD· ACTIVE 

171A 

32 BIT MASTER TO 16 BIT 
SLAVE I DATA-MATCHING 

WRITE DATA VALID SETUP 
TO CMO* ACTIVE 

18 WRITE DATA VALID HOLD 
FROM CND* INACTIVE 

19 WRITE DATA TRISTATE 
FROM CND· INACTIVE 

19 

32 BIT MASTER TO 16 BIT 
SLAVE I DATA-MATCHING 

WRITE DATA TRISTATE 
FROM CMD· INACTIVE 

20/A lA, M-IO, BE*, W-R VALID 
HOLD FROM START· INACTIVE 

20/A 

32 BIT MASTER TO 16 BIT 
SLAVE I DATA-MATCHING 

lA M-IO, BE· W-R VALID 
HO(D FROM START· INACTIVE 

DRIVEN 

BY 


ADD-ON 


ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

CPU 
EISA-B 

CPU 
EISA-B 


CPU 

EISA-B 


CPU 

EISA-B 


CPU 

EISA-B 


CPU 

EISA-B 


CPU 

EISA-B 


CPU 

EISA-B 


CPU 

EISA-B 


MEASURED 

AT 


ADD-ON 


ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

EISAACTrlMIN MAX SPEC 
NSEC NSEC &NOTES 

[8 33] 

2 
[2] 

133 
[126] 

133 
[126] 

8 
[6] 

8 
[6] 

25 
[25] 

21 
[21] 

21 
[21] 

66 50 
[61] 	 (4) 

45 47 
[40] 	 (2) 

2 

30 30 
[30] 

103 80 
[9n 	 (4) 

81 n 
[76] 	 (2) 

110 
(8) 

108 
(1)(8) 

-10 

-10 
(6) 

25 

25 NOT 
[25] 	 SPEC 

25 NOT 
[25] 	 SPEC 

15 

15 

TABLE 6-11-B: EISA SPECIFIC ACCESS CYCLE ... ACCESSED RESOURCE 

VIEWPOINT (PLA TFORM RESOURCES OR ADD-ONSLAVE CARD) 


(CONTINUED) 
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EISAACTrL 
REF' DESCRIPTION OF EVENT DRIVEN MEASURED MIN MAX SPEC 
IDET BY AT NSEC NSEC &NOTES 

[S 33] 

21/A CMD* ACTIVE TO INACTIVE 
PULSE WIDTH 

PLAT ADD-ON 100 
[95] 

115 
(5) 

22/A START* ACTIVE TO 
CMD* ACTIVE 

CPU,EISA
IB, PLAT 

ADD-ON 100 
[95] 

90 
(5) 

23 WRITE DATA DRIVEN FROM 
START* ACTIVE 

CPU 
EISA-B 

ADD-ON 37 
[35] 

NOT 
SPEC 

24/B AENx VALID SETUP 
START* INACTIVE 

TO PLAT ADD-ON 95[sn 95 

25/B EX16/32* ACTIVE DELAY 
FROM AENx VALID 

ADD-ON ADD-ON 56 
[49] 

34 

25/0 EX16/32* INACTIVE DELAY 
FROM AENx VALID 

ADD-ON ADD-ON 38 
[31] 

34 

26/A AENx VALID HOLD FROM 
START* INACTIVE 

PLAT ADD-ON 21 
[21] 

25 

27 DATA DRIVEN FROM START* 
ACTIVE 

ADD-ON ADD-ON 128 
[118] 

NOT 
SPEC 

28 DATA DRIVEN FROM BCLK 
RISING 

ADD-ON ADD-ON 5 
[0] 

NOT 
SPEC 

29/D IOCS16* INACTIVE FROM 
LA VALID 

ADD-ON ADD-ON 55
[50] 

54 

29/B IOCS16* ACTIVE FROM 
LA VALID 

ADD-ON ADD-ON 73 
[68] 

54 

30/D IOCS16* INACTIVE FROM 
AENx VALID 

ADD-ON ADD-ON 26 
[21] 

NOT 
SPEC 

30/B IOCS16* ACTIVE FROM 
AENx VALID 

ADD-ON ADD-ON 44 
[39] 

NOT 
SPEC 

31 IOCS16* VALID HOLD 
LA INVALID 

ADD-ON ADD-ON 20 20 

33/A LOCK* ACTIVE SETUP TO 
RISING EDGE OF BCLK 

ADD-ON ADD-ON 52 
[49] 

54 

34 LOCK* ACTIVE HOLD FROM 
RISING EDGE OF BCLK 

ADD-ON ADD-ON 2 
[2] 

2 

TABLE 6-11-B: EISA SPECIFIC ACCESS CYCLE ... ACCESSED RESOURCE 

VIEWPOINT (PLATFORM RESOURCES OR ADD-ON SLAVE CARD) 


(CONTINUED) 
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NOTES: 

(1) The first 16 data bit access is 126 nanoseconds. The second 16 data bit access is 
105 nanoseconds. 

(2) Setup to data read to platfonn circuitly appears to be 33 nanoseconds according 
to the EISA specifkation. 

(3) The first 16 data bits of the access sequence is as stated in the table. The second 
access is 77 nanoseconds. 

(4) Entries in the table are for a 32 data bit bus master (MASTER 16* = 1) 
accessing a 32 data bit resource. If a 16 data bit bus master (MASTERI6* = 0) is 
accessing a 16 bit resource, the times in the "ACTUAL" & "EISA SPEC. " column of 
the table must be decreased 3 nanoseconds (when no byte swapping occurs). If a 16 
data bit bus master is accessing a 32 bit resource, swapping between upper and lower 
words must occur. The times in the "ACTUAL" and "EISA SPEC. " columns of the 
Table must be decreased by 29 nanoseconds. 

(5) If same paclaJge skew and the difference in bus settling is assumed to be 0 
nanoseconds, the entry in the "ACTUAL" column of the table is increased by 23 
nanoseconds. The entry in the table is for a same package skew of 12 nanoseconds 
with an 11 nanoseconds bus settling time. 

(6) The first 16 data bits of the access sequence is as stated m the table. The second 
access is 15 nanoseconds max. 

(7) The table entry is for a 32 data bit bus master accessing a 32 data bit resource 
(mdicated by MASTERI6* = 1). If a 16 data bit bus master is accessing a 16 bit 
resource, the times m the "ACTUAL" & "EISA SPEC" columns of the table must be 
decreased 3 nanoseconds (when no byte lane swapping occurs). If a 16 data bit bus 
master is accessing a 32 bit resource, swapping between upper and lower words must 
occur and the time in the "ACTUAL" column of the table is -31 nanoseconds. 

(8) The entries in the table are for a 32 data bit bus master (MASTERI6* = 1) 
accessing a 32 data bit resource. A 16 data bit master (MASTERI6* =0) accessing 
a 16 data bit resource decreases the number in the "EISA SPEC." column by 2 
nanoseconds. If a 16 data bit bus master (MASTER16* = 0) is accessmg a 32 bit 
resource, swapping between upper and lower words must occur. The times in the 
"ACTUAL" column ofthe table must be decreased by 29 nanoseconds. 
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EISA STANDARD MEMORY OR I/O ACCESS CYCLE (EISA 
PLATFORM) 

The EISA standard access cycle can be executed by the EISA 
compatible platform CPU or add-on bus owner cards (collectively 
called EISA bus masters). The EISA bus master can use the EISA 
standard access cycle to access EISA compatible memory and I/O 
resources on the platform or add-on slave cards. The data size of 
the accessed resource must be equal to or greater than the data 
size requested by the EISA bus master; otherwise, an EISA data
matching access cycle must be executed. If an EISA bus master is 
accessing an ISA or E-ISA compatible resource, the E-MIX access 
cycle is executed. 

From the EISA bus master viewpoint, the signal lines are 
synchronous to the BCLK. signal line. From the accessed resource 
viewpoint, the signal lines are asynchronous to the BCLK. signal 
line, but they are referenced to the change of state of other signal 
lines (see Figures 6-7-A & 6-7-B). The cycle begins with the EISA 
bus master driving the LA and M-IO signal lines valid and then 
driving the START* signal line active. (The MASTER16* signal 
line will be valid prior to and after the cycle. See Chapter 9 for 
more information.) The BE and W-R signal lines are driven valid 
simultaneously with the STAR T* signal line being driven active. 
The accessed resource responds by driving the EX16*, EX32*, and 
EXRDY signals valid after the decoding of the LA, M-IO, and 
AENx signal lines. The EXRDY signal line also uses the START* 
signal line as a qualifier. 

Due to worst case timings, the decoding of the LA, M-IO, and 
AENx signal lines to properly drive the EX16* and EX32* signal 
lines must be done by all potential accessed resources independent 
of the START* signal line. See the description of EX16* and 
EX32* in Chapter 5 for further information. 

The active START* signal line indicates to the accessed 
resource and platform cycle control circuitry that a cycle has begun. 
The STAR T* signal line active pulse width is always a minimum of 
one BCLK. signal line period. At the end of the active START* 
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signal line pulse width the accessed resource must latch the LA, M
10, BE*, W-R, and AENx signal lines. Thus the accessed resource 
has begun the EISA standard cycle without the direct use of the 
BCLK signal line. 

The access cycle continues with the EISA bus master driving 
the START- signal line inactive and sampling the EXI6* and 
EX32* signal lines on the rising edge of the BCLK signal line. The 
platform circuitry samples the EXRDY signal line on the falling 
edge of the BCLK signal line. The length of the cycle is controlled 
by the CMD- signal line, which is driven by the platform circuitry. 
The active pulse width of this signal line is determined by the state 
of the EXI6*, EX32*, and EXRDY signal lines. If the EXRDY 
and either EXI6* or EX32- signal lines are active, the cycle length 
is two BCLK signal line periods. If both EX16* and EX32* signal 
lines are inactive, a longer E-MIX access cycle is executed. See 
other sections of this chapter and Chapter 3 for more information. 
If EXRDY is sampled inactive, the cycle becomes an EISA ready 
access cycle. 

From the accessed resource viewpoint, data for a read cycle is 
driven valid a maximum time from active START- or CMD* signal 
lines. The DATA signal lines are held valid until after the CMD* 
signal line is inactive. From the EISA bus master viewpoint, the 
data must be valid relative to the rising edge of the BCLK signal 
line. 

The use of the CMD* signal lines for valid read data from 16 or 
32 data bit accessed resources requires very tight timing 
requirements. This is partly due to the delay of the CMD* signal 
line relative to the BCLK signal line. Also, the CMD - signal line 
might not be distributed in a starburst fashion, which introduces 
increased bus settling time. Since the BCLK signal line is 
distributed in a starburst pattern, it makes a better reference point 
than the CMD- signal line. These timings are included in the 
appropriate tables. 
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From the accessed resource viewpoint, data for a write cycle is 
driven valid by the EISA bus master prior to an active CMD* 
signal line. The data is held valid until after the CMD* signal line 
is inactive. From the EISA bus master viewpoint, the data is valid 
relative to falling edges of the BCLI( signal line. 

Thus, for an EISA standard access cycle, the cycle is 
synchronous to the BCLI( signal line from the EISA bus master's 
viewpoint and asynchronous to the BCLI( signal line from the 
accessed resource's viewpoint. 

An EISA standard access cycle is executed if the data size 
requested by the EISA bus master (with the BE* signal lines) 
equals the data size of the accessed resource (indicated by the 
EX16* and EX32* signal lines). When a data size match occurs, 
the access cycle proceeds as outlined above. If the EISA bus 
master requests an 8 data bit access, any 16 or 32 data bit EISA 
compatible accessed resource can support an EISA standard access 
cycle. If the EISA bus master requests a 16 data bit access, the 
accessed resource must support either 16 or 32 data bit accesses to 
proceed forward as an EISA standard access cycle. Platform 
circuitry supports data swapping that allows cycles between EISA 
bus masters and accessed resources of unequal data size. Tables 6
12 and 6-13 outline the byte lanes used and the data size of a 
standard or ready access cycle. 

If the EISA bus master is requesting a data size larger than the 
accessed resource data size, the cycle is completed as an EISA 
data-matching access cycle. See Chapter 3 and other sections of 
this chapter for more information. Special consideration must be 
given to EISA compatible accessed resources that are 8 data bits in 
size (as indicated by inactive EX16* and EX32* signal lines). See 
the E-MIX subchapter for further information. 
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~ 

BUS MASTER ACCESSED MAS. DRIVEN ACCESS RECEIVED 
RESOJRCE BYTE LANE BYTE LANE BITS 

BE3 BE2 BE1 BEO EX16* EX32* 3 2 1 0 3 2 1 0 

MAS16*=ACT. 
1 1 0 0 0 1 Y Y N N Y Y 16 
1 1 0 0 1 0 Y Y N N Y Y 16 

0 0 1 1 0 1 Y Y N N Y Y 16 
0 0 1 1 1 0 Y Y Y Y N N 16 

0 1 1 1 0 1 Y N N N Y N 8 
0 1 1 1 1 0 Y N Y N N N 8 

1 0 1 1 0 1 N Y N N N Y 8 
1 0 1 1 1 0 N Y N Y N N 8 

1 1 0 1 0 1 Y N N N Y N 8 
1 1 0 1 1 0 Y N N N Y N 8 

1 1 1 0 0 1 N Y N N N Y 8 
1 1 1 0 1 0 N Y N N N Y 8 

MAS16*=INACT. 
0 0 0 0 1 0 Y Y Y Y Y Y Y Y 32 
1 1 0 0 0 1 N N Y Y N N Y Y 16 

1 1 0 0 1 0 N N Y Y N N Y Y 16 
0 0 1 1 0 1 y Y N N N N Y Y 16 

0 0 1 1 1 0 Y Y N N Y Y N N 16 
1 1 0 1 0 1 N N Y N N N Y N 8 

1 1 0 1 1 0 N N Y N N N Y N 8 
1 1 1 0 0 1 N N N Y N N N Y 8 

1 1 1 0 1 0 N N N Y N N N Y 8 
1 0 1 1 0 1 N Y N N N N N Y 8 

1 0 1 1 1 0 N Y N N N Y N N 8 
1 0 0 1 1 0 N Y Y N N Y Y N 16 

0 1 1 1 0 1 Y N N N N N Y N 8 
0 1 1 1 1 0 y N N N Y N N N 8 

1 0 0 0 1 0 N Y Y Y N Y Y Y 24 
0 0 0 1 1 0 Y Y Y N Y Y Y N 24 

TABLE 6-11: EISA PLATFORM ... WRITE EISA STANDARD OR READY 

ACCESS CYCLE BYTE LANES. DATA SIZE REQUESTED LESS THAN OR 


EQUAL TO DATA SIZE OF ACCESSED RESOURCE. 
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BUS MASTER ACCESSED MAS. REC. ACCESS DRIVEN 
RESOURCE BYTE LANE BYTE LANE BITS 

BE3 BE2 BE1 BEO EX16* EX32* 3 2 1 0 3 2 1 0 

MAS16*=ACT. 
1 1 0 0 0 1 Y Y N N Y Y 16 
1 1 0 0 1 0 Y Y N N Y Y 16 

0 0 1 1 0 1 Y Y N N Y Y 16 
0 0 1 1 1 0 Y Y Y Y N N 16 

0 1 1 1 0 1 Y N N N Y N 8 
0 1 1 1 1 0 Y N Y N N N 8 

1 0 1 1 0 1 N Y N N N Y 8 
1 0 1 1 1 0 N Y N Y N N 8 

1 1 0 1 0 1 Y N N N Y N 8 
1 1 0 1 1 0 Y N N N Y N 8 

1 1 1 0 0 1 N Y N N N Y 8 
1 1 1 0 1 0 N Y N N N Y 8 

MAS16*=INACT. 
0 0 0 0 1 0 Y Y Y Y Y Y Y Y 32 
1 1 0 0 0 1 N N Y Y N N Y Y 16 

1 1 0 0 1 0 N N Y Y N N Y Y 16 
0 0 1 1 0 1 Y Y N N N N Y Y 16 

0 0 1 1 1 0 Y Y N N Y Y N N 16 
1 1 0 1 0 1 N N Y N N N Y N 8 

1 1 0 1 1 0 N N Y N N N Y N 8 
1 1 1 0 0 1 N N N Y N N N Y 8 

1 1 1 0 1 0 N N N Y N N N Y 8 
1 0 1 1 0 1 N Y N N N N N Y 8 

1 0 1 1 1 0 N Y N N N Y N N 8 
y0 1 1 1 0 1 N N N N N Y N 8 

0 1 1 1 1 0 Y N N N Y N N N 8 
1 0 0 1 1 0 N Y Y N N Y Y N 16 

1 0 0 0 1 0 N Y Y Y N Y Y Y 24 
0 0 0 1 1 0 Y Y Y N Y Y Y N 24 

TABLE 6-13: EISA PLATFORM ... READ EISA STANDARD OR READY 

ACCESS CYCLE BYTE LANES. DATA SIZE REQUESTED LESS THAN OR 


EQUAL TO DATA SIZE OF ACCESSED RESOURCE. 




246 ISA & EISA Theory and Operation 

The standard memory access cycle length will vary depending 
on the data width of the cycle. The reference point for the 
beginning of the cycle will vary for different bus owners. Table 6
14 summarizes the cycle length in terms of TCLK (period of 
BCLK). Due to bus settling times and device delays, TCLK should 
be considered as approximate for the "CYCLE BEGINS" column. 

BUS MASTER CYCLE BEGINS CYCLE ENDS CYCLE CYCLE 
SIZE LENGTH 

PLATFORM 
CPU OR 
ADD-ON 

ACTIVE 
START* 

INACTIVE 
CMD* 

16/32
BITS 

2 TCLK 

TABLE 6-14: EISA SPECIFIC EISA STANDARD ACCESS CYCLE LENGTH 

EISA READY MEMORY OR I/O ACCESS CYCLE (EISA 
PLATFORM) 

The EISA ready access cycle can be executed by the platform 
CPU or by add-on bus owner cards (collectively called EISA bus 
masters). The data size of the accessed resource must be equal to 
or greater than the data size requested by the bus master; 
otherwise, an EISA data-matching access cycle must be executed. 
If a bus master is ~·ccessing an ISA or E-ISA compatible resource, 
the E-MIX access cycle is executed. 
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From the EISA bus master viewpoint, the signal lines are 
synchronous to the BCLK signal line. From the accessed resource 
viewpoint, all the signal lines (except for the EXRDYand DATA 
(read) signal lines) are asynchronous to the BCLK signal line (see 
Figures 6-7-A & 6-7-B). The EXRDY and DATA signal lines are 
asynchronous at the beginning of the cycle and become partly 
synchronous at the end of the cycle. The reference to the BCLK 
signal line is needed because none of the other signal lines change 
state during the latter part of the cycle; consequently, there is no 
convenient reference point other than the BCLK signal line. 

The cycle begins and operates in the same fashion as an EISA 
standard access cycle. If the EX16* or EX32* signal lines are 
active, the cycle length is dependent on the EXRDY signal line. If 
both EX16* and EX32* signal lines are inactive, a longer E-MIX 
access cycle is executed. See other sections of this chapter and 
Chapter 3 for more information. If EXRDY is not sampled 
inactive (on the falling edge of the BCLK signal line), the cycle 
remains an EISA standard access cycle. 

For an EISA ready access cycle, the EX16* and EX32* signal 
lines are still driven relative to other signal lines. The EXRDY 
and the DATA (read) signal lines are also referenced to "other" 
signal lines and the BCLK signal line. 

Initially, the EXRDY signal line is driven inactive by the 
accessed resource relative to the LA, M-IO, AENx, and START* 
signal lines as in the EISA standard access cycle case. The 
platform circuitry uses the falling edge of the BCLK signal line for 
the initial sampling of the EXRDY signal line. Subsequent 
sampling for an active EXRDY signal line by the platform circuitry 
is also sampled at the falling edge of the BCLK signal line. The 
signal lines initially used by the accessed resource to drive the 
EXRDY signal line are not changing state; consequently, the 
accessed resource must drive the EXRDY signal line relative to the 
BCLK signal line. The sampling of an active EXRDY signal line at 
a falling edge of the BCLK signal line causes the cycle to be 
completed. 
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FIGURE 6-7-B: EISA SPECIFIC STANDARD AND READYACCESS CYCLE . .. 
ACCESSED RESOURCE VIEWPOINT 
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From the accessed resource viewpoint, DATA (read) signal 
lines for an EISA standard access cycle are driven valid a maximum 
time from an active START* or CMO* signal line. For a read 
EISA ready access cycle, the data signal lines are driven valid 
relative to the falling edge of the BCLI( signal line during the last 
clock period of the cycle. The data signal lines are held valid until 
after the CMO* signal line is inactive. From the EISA bus master 
viewpoint, the data lines are valid relative to the rising edge of the 
BCLI( signal line. 

From the accessed resource viewpoint, the OAT A signal lines 
for a write EISA ready access cycle are driven valid by the EISA 
bus master prior to an active CMO* signal line and are held valid 
until after the CMO* signal line is inactive, as in the EISA standard 
access cycle case. From the EISA bus master viewpoint, the data 
lines are valid relative to the falling edges of the BCLI( signal lines. 

An EISA ready access cycle is executed if the data size 
requested by the EISA bus master (by the BE* signal lines) equals 
the size of the accessed resource (as indicated by the EX16* and 
EX32* signal lines). When a data size match occurs, the access 
cycle proceeds as outlined above. If the EISA bus master requests 
an 8 data bit access, any 16 or 32 data bit EISA compatible 
accessed resource can support an EISA ready access cycle. If the 
EISA bus master requests a 16 data bit access, the accessed 
resource must support either 16 or 32 data bit accesses to proceed 
forward as an EISA ready access cycle. Platform circuitry supports 
data swapping that allows cycles between bus masters and accessed 
resources of unequal data size. Tables 6-12 and 6-13 outline the 
byte lanes used and the data size of an EISA standard or EISA 
ready access cycle. 

If the EISA bus master is requesting a data size access that is 
larger than the accessed resource data size, the cycle is completed 
as an EISA data-matching access cycle. See Chapter 3 and other 
sections of this chapter for more information. Special 
consideration must be given to EISA accessed resources that are 8 
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data bits in size (EX16* and EX32* signal lines inactive). See the 
E-MIX subchapter for further information. 

The EISA ready access cycle length will vary depending on the 
data width of the cycle. The reference point for the beginning of 
the cycle will vary for different bus owners. Table 6-15 summarizes 
the minimum EISA ready access cycle length in terms of TCLK 
(period of BCLK). Due to bus settling times and device delays, 
TCLK should be considered as approximate for the "CYCLE 
BEGINS" column. 

BUS MASTER CYCLE BEGINS CYCLE ENDS CYCLE CYCLE 
SIZE LENGTH 

PLATFORM 
CPU OR 

ACTIVE 
START* 

INACTIVE 
CMD* 

16/32
BITS 

3 TCLK 

ADD'ON 

TABLE 6-15: EISA SPECIFIC MINIMUM EISA READYACCESS CYCLE 
LENGTH 

EISA DATA-MATCHING MEMORY OR I/O ACCESS CYCLE 
(EISA PLATFORM) 

The EISA data-matching access cycle can be executed by the 
platform CPU or by EISA compatible add-on bus owner cards 
(collectively called EISA bus masters). The EISA bus master can 
use the EISA data-matching access cycle to access EISA 
compatible memory and I/O resources on the platform or add-on 
slave cards when there is a data size mismatch. A mismatch occurs 
when the data size the EISA bus master requested (by the BE* 
signal lines) is larger than the data size of the accessed resource 
(according to the EX16* and EX32* signal lines). As with the 
EISA standard and ready access cycles, there is a special E-MIX 
version of EISA data-matching when the access is to an 8 data bit 
resource or an ISA or E-ISA compatible resource. 

Figure 6-8 details the additional timings needed to define a 
data-matching access cycle from the EISA bus master viewpoint. 
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These numbers are tabulated in Table 6-16. Any EISA bus master 
timings not listed are the same as for an EISA standard access 
cycle. The accessed resource (lSA, E-ISA, or EISA) from a 
functional viewpoint cannot differentiate a data-matching from 
other access cycles. However, due to data assembly and data 
disassembly timing some "tweaks" are required. These "tweaks" are 
outlined in Table 6-11-B. 

lillll''111111
IfsWi/JpiffgbetWeerldata<$igrfallirffJsC)cCIJ"theetltfYWUlrlotif
tI)!9fJ~fJgei,,>tlJfJlis;ted<tirTJe.> ... ................ ................. .......... ..................................................... 


Table 6-16 has several key pieces of information. First, the 
"#/DET" (parameter number / detail) column relates the 
parameter number of the table to Figures 6-8. Second, it provides 
detailed information on how the number was derived. The timing 
numbers are affected by the settling time on the bus. The table is 
based on the default values for eight slots as outlined in Chapter 
10. The # /DET interpretations are shown in the following table. 
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DETAIL INTERPRETATION 

# NO SETILING TIME INCLUDED. 

#/A SKEW OF TWO SIGNALS BETWEEN RESOURCES. ONE HAS A DELAY OF 
o NANOSECONDS, AND THE OTHER HAS A DELAY OF 1G-16 
NANOSECONDS. 

'DRIVEN BY' AND 'MEASURED BY' INTERPRETATION 

ADD-ON ADD-ON CARD OR PLATFORM RESOURCE 
ISA-B ISA OR E-ISA COMPATIBLE ADD-ON CARD BUS OWNER ADD-ON CARD 
CPU PLATFORM CPU 
PLAT PLATFORM CIRCUITRY 
EISA-B EISA COMPATIBLE BUS OWNER ADD-ON CARD 

MIN. AND MAX. INTERPRETATION 

ALL TIMES ARE IN NANOSECONDS. 

The "Bus Master Viewpoint" table does not contain the "Actual" 
vs. "EISA" columns of the other tables. The numbers used in this 
table are directly from the EISA Rev. 3.12 specification for an 
EISA master. Other tables for the EISA slaves track the EISA 
master numbers with the adjustment for bus settling and BCLI( 
signal line frequency. Also, unlike the other tables, the BCLI( 
signal line frequency is not included in the "Bus Master Viewpoint" 
table because the entries are simply referenced to clock edges. 
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FIGURE 6-8: EISA DATA-MATCHING ACCESS CYCLE . .. EISA BUS MASTER 
VIEWPOINT 
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REF'
/DET 

DESCRIPTION OF EVENT DRIVEN 
BY 

MEASURED 
AT 

MIN 
NSEC 

MAX 
NSEC NOTES 

1 LA, M-IO VALID DELAY 
FROM FALLING EDGE OF BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

50 

2 BE*, W-R VALID DELAY 
FROM RISING EDGE OF BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

25 (6) 

3 START* ACTIVE FROM 
RISING EDGE OF BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

2 25 

4 START* INACTIVE FROM 
RISING EDGE OF BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

2 25 

5/A CMD* ACTIVE FROM 
RISING EDGE OF BCLK 

PLAT CPU 
EISA-B 

2 36 (1)
(2) 

6/A CMD* INACTIVE FROM 
RISING EDGE OF BCLK 

PLAT CPU 
EISA-B 

2 36 (1)
(2) 

7 EX16/EX32* VALID SETUP 
TO RISING EDGE OF BCLK 

ADD-ON CPU 
EISA-B 

25 

8 EX16/EX32* HOLD FROM 
RISING EDGE OF BCLK 

ADD-ON CPU 
EISA-B 

55 

9 EXRDY VALID SETUP 
TO FALLING EDGE OF BCLK 

ADD-ON PLAT 15 

10 EXRDY HOLD FROM 
FALLING EDGE OF BCLK 

ADD-ON PLAT 5 

11 WRITE DATA VALID DELAY 
FROM FALLING EDGE OF BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

36 

12 WRITE DATA VALID HOLD 
FROM FALLING EDGE OF BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

0 (3) 

13 WRITE DATA NON-TRISTATE 
FROM FALLING EDGE OF BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

5 

14 WRITE DATA TRISTATE 
FROM FALLING EDGE OF BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

50 (3) 

15/A WRITE DATA VALID DELAY 
FROM FALLING EDGE OF BCLK 

PLAT PLAT 2 61 (3) 

16 WRITE DATA NON-TRISTATE 
FROM FALLING EDGE OF BCLK 

PLAT PLAT 2 (3) 

17 BE* VALID HOLD 
FROM FALLING EDGE OF BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

2 

18 BE* TRISTATE 
FROM FALLING EDGE OF BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

50 

TABLE 6-16: EISA SPECIFIC DATA-MATCHING ACCESS CYCLE ... EISA 

BUS MASTER VIEWPOINT (PLATFORM CPU OR EISA COMPATIBLE ADD


ON BUS OWNER CARD) 
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REF# DESCRIPTION OF EVENT 
IDET 

19 START* INACTIVE HOLD 
FROM FAlliNG EDGE OF BClK 

20 BE* VALID FROM 
RISING EDGE OF BClK 


21 START* ACTIVE FROM 

RISING EDGE OF BClK 


22 BE*, W-R VALID DELAY 

FROM FAllING EDGE OF BClK 

23 BE* VALID HOLD FROM 
RISING EDGE OF BClK 


24 START* INACTIVE FROM 

RISING EDGE OF BClK 

25/A EX16/EX32* ACTIVE DELAY 
FROM RISING EDGE OF BClK 

26 EX16/EX32* HOLD FROM 
RISING EDGE OF BClK 


27 DATA VALID HOLD 

FROM RISING EDGE OF BClK 

28 DATA TRISTATE 
FROM FAllING EDGE OF BClK 

29 READ DATA NON-TRISTATE 
FROM FAlliNG EDGE OF BClK 

30/A READ DATA VALID DELAY 
FROM FAllING EDGE OF BClK 

31 READ DATA TRISTATE 
FROM RISING EDGE OF BClK 

32 READ DATA VALID HOLD 
FROM RISING EDGE OF BClK 

33 AENx VALID FROM THE 
FAlliNG EDGE OF BClK 


34 AENx VALID HOLD FROM 

THE FAllING EGDE OF BClK 

35 START* ACTIVE FROM 
FAllING EDGE OF BClK 


36 START* TRISTATE FROM 

FAllING EDGE OF BClK 


37 lOCK* ACTIVE FROM 

RISING EDGE OF BClK 


38 lOCK* INACTIVE FROM 

RISING EDGE OF BClK 

DRIVEN 

BY 


CPU 

EISA-B 


PLAT 


PLAT 


CPU 

EISA-B 


PLAT 


PLAT 


PLAT 


PLAT 


PLAT 


PLAT 


PLAT 


PLAT 


PLAT 


PLAT 


PLAT 


PLAT 


CPU 

EISA-B 


CPU 

EISA-B 


CPU 

EISA-B 


CPU 

EISA-B 


MEASURED 

AT 


CPU 

EISA-B 


PLAT 


PLAT 


CPU 

EISA-B 


PLAT 


PLAT 


CPU 

EISA-B 


CPU 

EISA-B 


PLAT 


PLAT 


CPU 

EISA-B 


CPU 

EISA-B 


CPU 

EISA-B 


CPU 

EISA-B 


PLAT 


PLAT 


CPU 

EISA-B 


CPU 

EISA-B 


CPU 

EISA-B 


CPU 

EISA-B 


MIN 
NSEC 

MAX 
NSEC NOTES 

45 

34 

25 

2 85 

0 

2 25 

44 (8)
(10) 

50 (8) 

57 

50 NOT 
SPEC 

0 NOT 
SPEC 

41 (11) 

50 

2 NOT 
SPEC 

79 (5) 

2 

2 NOT 
SPEC 

50 NOT 
SPEC 

60 

2 

TABLE 6-16: EISA SPECIFIC DATA-MATCHING ACCESS CYCLE ... EISA 

BUS MASTER VIEWPOINT(PLATFORM CPU OR EISA COMPATIBLE ADD


ON BUS OWNER CARD) (CONTINUED) 
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NOTES: 

(1) Wah 11 nanoseconds settling time. 
(2) Platform does not stmburst the CMD* signal line to the slots. 
(3) The CPu, EISA-B, and platform circuit1y overlap in the driving 0/ the daUJ 
signal lines. 
(6) May be driven as early as the previous falling BCLK signal line. 
(8) These # are used at the end 0/ the daUJ-matching cycle when driven by the 
platform circuit1y. 
(10) The EISA Bus Specification Rev. 3.12 states that the setup to the BCLK signal 
line is 15 nanoseconds, but with platform circuit1y driving these signal lines only 10 
nanoseconds setup to the BCLK signal line is available. 
(11) The EISA Bus Specification Rev. 3.12 states that the setup to the BCLK signal 
line is 12 and 15 nanoseconds lor 32 and 16 data bils access, respectively. However, 
with platform circuit1y driving these signal lines, only 11 nanoseconds setup to the 
BCLK signal line is available. 

From the EISA bus master viewpoint, the signal lines are 
referenced to the BCLK signal line in the same fashion as they are 
for an EISA standard or ready access cycle. The major difference 
is that some of the signal lines are driven by both the EISA bus 
master and the platform circuitry (see Figure 6-9). This co-driving 
arrangement places most of the complexity for data-matching on 
the platform circuitry and some on each of the individual EISA bus 
masters. 

An EISA data-matching access cycle actually begins as an EISA 
standard or EISA ready access cycle. The bus master drives the LA 
and M-IO signal lines valid and then drives the START· signal line 
active. The BE· and W-R signal lines are driven valid 
simultaneously to the STAR T* signal line being driven active. The 
EISA accessed resource responds by driving the EX16*, EX32·, 
and EXRDY signals valid after the decoding of the LA, M-IO, and 
AENx signal lines. The EXRDY signal line also uses the STAR T* 
signal line as a qualifier. The cycle continues with the EISA bus 
master driving the STAR T* signal line inactive and sampling the 
EX16* and EX32* signal lines (on the rising edge of the BCLK 
signal line ). 
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N 

PL BCLK 1L~~~~~lRn 
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PL CMD* 
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AC EX16* 
I I I I IL !-I I :'-lt-f I 

I @ II I I 
I I I I I I I

PL EX32* 
I I I I I I ~ t-f I 
I I I I I I 
I I I II IAC EXRDY :® 

I ~I 
I I 7 
I I I 'i 
I I :~~: I I ~:

AC DATA (READ) 18~ I I ,~ :......IJ , I I 
I I I I I I I ~:ki-I I II I IPL DATA (READ) : LW 

I I I ,I""'I I 
I I I I I 
I I I I I 
I I I I I I

@ ~-r 
MAS DATA (WRITE) LW+ tlw I I 

I I I I I I 
I I I I 
I I (A) h I I ~ 

PL DATA (WRITE) ~+~ I HW' '}-r- I I 

: I
I (1) '-I I I I I ~ I 

I I IMAS LOCK* I I 
I 

I I IH H I H I I 

PL AENx I I I 
I , I 

EISA EISA 
ACCESSED RESOURCE r-STANDARD 16 BIT --10.1.>----- READY 16 BIT -----01.1 
VIEWPOINT 1ST CYCLE 2ND CYCLE 

BUS MASTER VIEWPOINT Io-~-------- DATA MATCHING 

x =SAMPLE POINT 
(1) = IF PLATFORM CPU IS BUS MASTER, lOCK* CAN CHANGE 1 BClK PERIOD LATER. 

FIGURE 6-9: EISA DATA-MATCHING ACCESS CYCLE . .. EISA BUS MASTER 
VIEWPOINT 
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If the EISA bus master requested (by the initial BE-signal 
lines) a data size that was equal to or less than the data size 
supported by the accessed resource (indicated by the ex16- and 
EX32 - signal lines), an EISA standard or ready access cycle will 
result. If the data size requested is larger than the size of the 
resource, the cycle continues as an EISA data-matching access 
cycle. If either the EX16- or EX32- signal line is active, it is an 
"EISA version" of an EISA data-matching access cycle. If the 
EX16- and EX32- signal lines are inactive, an "E-MIX version" of 
the EISA data-matching cycle is executed. See other sections of 
this chapter and Chapter 3 for more information about an E-MIX 
data-matching cycle. 

After the EISA bus master has determined the cycle to be an 
EISA data-matching access cycle, it immediately places the BE-, 
START-, and the DATA (for writes) signal lines into tristate mode 
at the next falling edge of the BCLK signal line (Point A in Figure 
6-9). It continues to drive the lA, M-IO, and W-R signal lines 
valid for the remainder of the EISA data-matching access cycle. 
Simultaneously, the platform circuitry has also determined that the 
cycle is an EISA data-matching access cycle by sampling the BE
signal lines relative to the rising edge of the START- signal line 
and the EX16- and EX32- signal lines at the rising edge of the 
BCLK signal. The platform circuitry now drives the BE- and 
START- signal lines (Point A in Figure 6-9). Also, for a write 
access cycle, the platform circuitry becomes master of the DATA 
signal lines (Point A in Figure 6-9). At the subsequent rising edge 
of the BCLK signal line, the platform circuitry drives the BE-and 
START- signal lines valid (Point B in Figure 6-9). The START
signal line will not be driven active at the subsequent BCLK signal 
line period if the EXRDY signal line is sampled inactive (Point G 
in Figure 6-9). The STAR T* signal line will be driven active at the 
falling edge of the BCLK signal line after the EXRDY signal line is 
sampled active. 

If the access cycle is a write cycle, the platform circuitry will 
have sampled the DATA signal lines (Point C in Figure 6-9). For a 
write cycle, the platform circuitry will first drive the same DATA 
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signal lines identified by the BE* signal lines driven by the EISA 
bus master. In the example shown in Figure 6-9, the EISA bus 
master identifies the low word and high word (LW and HW) via 
the BE * signal lines. The LW and HW are driven onto the data 
signal lines. Once the LW data is accepted by the accessed 
resource, the platform circuitry drives the STAR T*, BE*, and 
CMD* signal lines active to write the HW to the accessed resource. 
During this "second cycle", the platform circuitry also drives the 
HW it latched at Point C onto to the lower bytes. 

If the access cycle is a read cycle, the START*, BE*, and 
CMD* signal lines are operated in the same fashion as in a write 
cycle. The data that is read from the accessed resource is latched 
into a buffer by the platform circuity. During the "first cycle" the 
LW data is read and latched. During the "second cycle", the HW 
addressed by the BE* signal lines is read and latched by the 
platform circuitry. 

The EISA data-matching write or read access cycle is 
completed by the platform circuity driving the EX32* signal line. 
The EISA bus master, knowing that it is a data-matching access 
cycle, monitors the EX32* signal line waiting for an indication that 
the cycle is complete (Point D in Figure 6-9). For a write cycle, the 
active EX32* signal line indicates that all data has been written. 
For a read cycle, the active EX32* signal line indicates that the full 
32 data bits is available at the next subsequent BCLK signal line 
rising edge (Point E in Figure 6-9). At Point F in Figure 6-9, the 
ownership of the STAR T* and BE* signal lines transfers to the 
EISA bus master from the platform circuitry. 

The above description and Figure 6-9 discuss a 32 data bit 
request to a 16 data bit resource. If a 16 or 32 data bit request was 
made to an 8 data bit resource, the operation of the EISA data
matching access cycle is similar. This will be discussed in the E
MIX section of this chapter because there is no way to distinguish 
between an 8 data bit ISA, E-ISA, or EISA accessed resource. 
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The completion of a EISA data-matching access cycle is 
indicated by the platform circuitry driving the EX32* signal line 
active. The EISA data-matching cycle appears as a single 32 data 
bit access cycle to the EISA bus master. The EISA bus master has 
issued only one active STAR T* signal line pulse and is waiting for 
an active EX32* signal line to indicate access completion. The 
operation of the EXRDY signal line is also ignored by the EISA 
bus master, but is used by the platform circuitry. The EXRDY 
signal line is meaningless to the EISA bus master during an EISA 
data-matching access cycle because until all the data is 
disassembled (write) or assembled (read) the access cycle is not 
complete. 

The preceding paragraph explains why by convention an EISA 
bus master views an EISA data-matching access cycle as an EISA 
standard access cycle and not an EISA ready access cycle. Also, it 
explains why the EISA bus master should always monitor the 
CMD* signal line, and not the EXRDY signal line to determine 
the cycle length. There is no use of EXRDY signal line by the 
EISA bus master. 

To the accessed resource, there is very little distinction between 
an EISA standard or ready access cycle versus an EISA data
matching access cycle. For the accessed resource, use the EISA 
standard and ready access cycles' description and timing diagram. 

Tables 6-17 and 6-18 outline the byte lanes used by data
matching access cycles. "TS" in the tables indicates the tri-state 
condition of the output drivers. The first 16 data bits are the low 
word and the second are the high word. For an 8 data bit (i.e., 
EX16* and EX32* are inactive) accessed resource see the E-MIX 
section of this chapter. 
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CYCLE BUS MAS. DRIVEN PLAT DRIVEN ACCESSED DRIVEN (4) ACCESS RCVD (6)
BYTE ENABLES BYTE ENABLES RESOURCE BYTE LANE 

BE3 BE2 BE1 BEO BE3 BE2 BE1 BEO EX16* EX32* 3 2 1 0 
BYTE LANE BITS 

3 2 1 0 

MAS16*=INACT. 
1 
2 

0 
TS 

0 
TS 

0 
TS 

0 
TS 

TS 
0 

TS 
0 

TS 
1 

TS 
1 

0 
0 

1 
(2) 

Y Y Y Y N N Y Y 16 
Y Y Y Y N N Y Y 16(1) 

1 
2 

0 
TS 

0 
TS 

0 
TS 

1 
TS 

TS 
0 

TS 
0 

TS 
1 

TS 
1 

0 
0 

1 
(2) 

Y Y Y N 
Y Y Y Y 

N N Y 
N N Y 

N 8 
Y 16(1) 

1 
2 

1 
TS 

0 
TS 

0 
TS 

0 
TS 

TS 
1 

TS 
0 

TS 
1 

TS 
1 

0 
0 

1
(2) 

N Y Y Y 
N Y N Y 

N N Y Y 16 
N N N Y 8(1) 

1 
2 

1 
TS 

0 
TS 

0 
TS 

1 
TS 

TS 
1 

TS 
0 

TS 
1 

TS 
1 

0 
0 

1 
(2) 

N Y Y N N N Y N 8 
N Y N Y N N N Y 8(1) 

TABLE 6-17: EISA PLATFORM WRITE DATA-MATCHING ACCESS CYCLE 
BYTE LANES 

CYCLE BUS MAS. DRIVEN PLAT DRIVEN ACCESSED DRIVEN (5) ACCESS DRVN (7)
BYTE ENABLES BYTE ENABLES RESOURCE BYTE LANE BYTE LANE BITS 

BE3 BE2 BE1 BEO BE3 BE2 BE1 BEO EX16* EX32* 3 2 1 0 3 2 1 0 
R = EDRIVE 

MAS16*=INACT. 
1 0 0 0 0 TS TS TS TS 0 1 N N Y Y N Y Y 16 
2 TS TS TS TS 0 0 1 1 0 (2) (8)(8)Y Y N Y Y16(3)
R TS TS TS TS X X X X 1 1 Y Y Y Y N N N 

1 1 0 0 0 TS TS TS TS 0 1 N N Y Y N Y Y 16 
2 TS TS TS TS 1 0 1 1 0 (2) N (8) N Y N N Y 8(3) 
R TS TS TS TS X X X X 1 1 N Y Y Y N N N 

1 0 0 0 1 TS TS TS TS 0 1 N N Y N N Y N 8 
2 TS TS TS TS 0 0 1 1 0 (2) N (8) N Y N Y Y16(3)
R TS TS TS TS X X X X 1 1 Y Y Y N N N N 

1 1 0 0 1 TS TS TS TS 0 1 N N Y N N Y N 8 
2 TS TS TS TS 1 0 1 1 0 (2) N (8) N Y N N Y 8(3) 
R TS TS TS TS X X X X 1 1 N Y Y N N N N 

TABLE 6-18: EISA PLATFORM READ DATA-MATCHING ACCESS CYCLE 
BYTE LANES 

Please see the Notes on the joUowingpage. 
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NOTES: 

(1) Bytes are swapped from upper to lower byte lanes. 
(2) EX32- is active at this time and is driven by platform cirr:uiJry. 
(3) Bytes are swapped from lower to upper byte lanes. 
(4) First cycle by the EISA bus master and second cycle by the plat/onn cireuity. 
(5) Driven by the plat/onn cireuiJly on "redrive" and perhaps second cycle. Driven 
by accessed resource on first cycle. 
(6) Byte lanes from which the accessed resource "accepts" data. 
(7) Byte lanes onto which the accessed resource "drives" data. 
(8) This byte lane MAY NOT be driven, because the platform cirr:uiJry is 
accumulating bytes to be "redriven". 

EISA COMPRESSED MEMORY OR I/O ACCESS CYCLE (EISA 
PLATFORM) 

Figures 6-10-A and 6-10-B outline the EISA compressed access 
cycle timings from the viewpoint of the platform CPU and the 
EISA compatible accessed resource (add-on slave card), 
respectively. Tables 6-20-A and 6-20-B list the values of these 
timing relationships for Figures 6-10-A and 6-10-B, respectively. 
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Tables 6-20-A and 6-20-B have several key pieces of 
information. First, the "#/DET" (parameter number / detail) 
column relates the parameter number of the table to Figures 6-10
A and 6-10-B. Second, it provides detailed information on how the 
number was derived. The timing numbers are affected by the 
settling time on the bus. The table is based on the default values 
for eight slots as outlined in Chapter 10. The # /DET 
interpretations follow. 
DETAIL INTERPRETATION 

# NO SETTUNG TIME INCLUDED. 

#/A SKEW OF TWO SIGNALS BETWEEN RESOURCES. 
o NANOSECONDS. AND THE OTHER HAS 

ONE HAS A DELAY OF 
A DELAY OF 10-15 

NANOSECONDS. 

#/B 	 SIGNAL IS DRIVEN FROM ONE RESOURCE TO ANOTHER. THE SECOND 
RESOURCE MUST RESPOND BY DRMNG A SIGNAL BACK TO THE FIRST 
RESOURCE. # INCLUDES THE "ROUND TRIP" TIME OF 11 + 11 = 22 
NANOSECONDS. 

#/D 	 SAME AS "B" EXCEPT ONE OF THE RESOURCES REUES ON A 300 OHM 
PULL-UP RESISTOR. # INCLUDES THE "ROUND TRIp· TIME OF 11 + RC 
NANOSECONDS = 40 NANOSECONDS. 

"DRIVEN BY" AND "MEASURED BY" INTERPRETATION 

ADD-ON 	 ADD-ON CARD OR PLATFORM RESOURCE 
CPU 	 PLATFORM CPU 
PLAT 	 PLATFORM CIRCUITRY 

MIN. ANP MAX. INTERPRETATION 

ALL TIMES ARE IN NANOSECONDS. 
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The "Bus Master Viewpoint" table does not contain the "Actual" 
vs. "EISA" columns of the other tables. The numbers used in this 
table are directly from the EISA Rev. 3.12 specification for an 
EISA master. Other tables for the EISA slaves track the EISA 
master numbers with the adjustment for bus settling and BCLI( 
signal line frequency. Also, unlike the other tables, the BCLI( 
signal line frequency is not included in the "Bus Master Viewpoint" 
table because the entries are simply referenced to clock edges. 



266 ISA &EISA Theory and Operation 

PL BCLK 


CPU LA<2-31>,M-IO 


CPU BE*<()'3>, W-R 


CPU STARH 


PL CMD* 


AC EX16*,EX32* 


AC NOWS* 


AC DATA (READ) 


CPU DATA (WRITE) 


PLA AENx 


FIGURE 6-IO-A: EISA COMPRESSED ACCESS CYCLE . .. PLATFORM CPU 
VIEWPOINT 
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FIGURE 6-JO-B: EISA COMPRESSED ACCESS CYCLE . .• ADD-ON SLAVE 
CARD (ACCESSED RESOURCE) VIEWPOINT 
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REF# 
/DEl 

DESCRIPTION OF EVENT DRIVEN 
BY 

MEASURED 
AT 

MIN 
NSEC 

MAX 
NSEC NOTES 

1 LA, M-IO VALID DELAY 
FROM FALLING EDGE OF BCLK 

CPU CPU 50 

2 BE*, W-R VALID DELAY 
FROM RISING EDGE OF BCLK 

CPU CPU 25 (6) 

3 START* ACTIVE FROM 
RISING EDGE OF BCLK 

CPU CPU 2 25 

4 START* INACTIVE FROM 
RISING EDGE OF BCLK 

CPU CPU 2 25 

5 START* ACTIVE FROM 
FALLING EDGE OF BCLK 

CPU CPU 2 25 NOT 
SPEC (3) 

6/A CMD* ACTIVE FROM 
RISING EDGE OF BCLK 

PLAT CPU 2 36 (1)
(2) 

8/A CMD* INACTIVE FROM 
FALLING EDGE OF BCLK 

PLAT CPU 2 36 (1)
(2) 

9 EX16/EX32* VALID SETUP 
TO RISING EDGE OF BCLK 

ADD-ON CPU 25 

10 EX16/EX32* HOLD FROM 
RISING EDGE OF BCLK 

ADD-ON CPU 55 

11 NOWS* VALID SETUP TO ADD-ON CPU 15 
RISING EDGE OF BCLK 

12 NOWS* ACTIVE HOLD ADD-ON CPU 5 
FROM RISING EDGE OF BCLK 

13 READ DATA VALID SETUP 
TO FALLING EDGE OF BCLK 

ADD-ON CPU 15 

14 READ DATA VALID HOLD ADD-ON CPU 4 
FROM FALLING EDGE OF BCLK 

15 WRITE DATA VALID DELAY 
FROM FALLING EDGE OF BCLK 

CPU CPU 40 

16 WRITE DATA VALID HOLD CPU CPU 61 
FROM FALLING EDGE BCLK 

17 LA,M-IO VALID HOLD 
FROM RISING EDGE OF BCLK 

CPU CPU 20 

TABLE 6-20-A: EISA SPECIFIC COMPRESSED ACCESS CYCLE ... BUS 

MASTER VIEWPOINT (PLATFORM CPU ONLY) 
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REF' DESCRIPTION OF EVENT DRIVEN MEASURED MIN MAX 
/DET BY AT NSEC NSEC NOTES 

18 LA<2-31>i M-IO VALID DELY 
FROM RIS NG OF BCLK 

CPU CPU 50 

19 BE*<0-3>i W-R VALID HOLD 
FROM RIS NG EDGE OF BCLK 

CPU CPU 20 

20 BE*<0-3>, W-R VALID DELAY 
FROM RISING EDGE OF BCLK 

CPU CPU 85 

24 READ DATA NON-TRISTATE 
TO RISING EDGE OF BCLK 

ADD-ON CPU 53 

25 READ DATA TRISTATE 
FROM RISING EDGE OF BCLK 

ADD-ON CPU 30 

26 WRITE DATA NON TRISTATE 
FROM FALLING EDGE OF BCLK 

CPU CPU 5 

27 WRITE DATA SETUP TO 
RISING EDGE OF BCLK 

CPU CPU 15 

28 WRITE DATA TRISTATE 
FROM FALLING EDGE OF BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

50 (4) 

30 AENx VALID FROM THE 
FALLING EGDE OF BCLK 

PLAT PLAT 79 (5) 

31 AENx VALID HOLD FROM PLAT PLAT 20 
THE RISING EDGE OF BCLK 

32 AENx VALID DELAY FROM 
THE RISING EDGE OF BCLK 

PLAT PLAT 79 (5) 

TABLE 6-20-A: EISA SPECIFIC COMPRESSED ACCESS CYCLE ... BUS 
MASTER VIEWPOINT (PLATFORM CPU ONLY) (CONTINUED) 

NOTES: 

( 1) With 11 nanosecond settling time. 
(3) Not specified in Intel 350DT chip set or EISA Rev. 3.12. Assume same as 
Parameter 3. 
(2) The platform circuilly does not starburst the CMD· signalline. 
(4) Used for back to back write to read or ifBE· signal lines change. 
(5) Includes 11 nanosecond settling time plus 18 nanoseconds decode plus delay of 
valid address signals from the BCLK signal lines. 
(6) May be driven as early as previous falling BCLK signal line. 
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REF# DESCRIPTION OF EVENT 
IDET 

1!A LA<2-31>, M-IO VALID 
SETUP TO START* INACTIVE 

2/A BE*<0-3>, W-R VALID SETUP 
TO START INACTIVE 

3/A START* ACTIVE TO INACTIVE 
PULSE WIDTH 

4/B EX16/EX32* ACTIVE DELAY 
FROM LA, M-IO VALID 

4/0 EX16/EX32* INACTIVE DELAY 
FROM LA, M-IO VALID 

5 EX16/EX32* HOLD FROM 
START* INACTIVE 

6 LA<2-31>, M-IORBE*<0-3>,
W-R HOLD FROM ISING BCLK 

7 NOWS* VALID HOLD FROM 
START* INACTIVE 

8/B NOWS* ACTIVE DELAY 
FROM LA, M-IO VALID 

8/0 NOWS* INACTIVE DELAY FROM 
LA, M-IO VALID 

9/B NOWS* ACTIVE DELAY 
FROM BE*<0-3>, W-R VALID 

9/0 NOWS* INACTIVE DELAY FROM 
BE*<0-3>, W-R VALID 

10/B NOWS* ACTIVE DELAY 
FROM START* ACTIVE 

10/0 NOWS* INACTIVE DELAY 
FROM START* ACTIVE 

11 NOWS* TRISTATE FROM 
START* INACTIVE 

12/A CMD* ACTIVE TO INACTIVE 

13/B READ DATA VALID DELAY 
FROM START* ACTIVE 

14/B READ DATA VALID DELAY 
FROM CMD* ACTIVE 

DRIVEN 
BY 

CPU 

CPU 

CPU 

ADD-ON 

ADD-ON 

ADD-ON 

CPU 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

PLAT 

ADD-ON 

ADD-ON 

MEASURED 

AT 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


EISAACTrLMIN MAX SPEC 
NSEC NSEC &NOTES 

[8 33J 

123 
[116J 

120 
(2) 

91 
[86J 

80
(2) 

100 
[95J 

115 
(1) 

83 
[76J 

54 
(2) 

65 54 
[58J (2) 

53 
[53J 

NOT 
SPEC 

20 20 
[20J 

1 1 
[1] 

95 78 
[88J (2) 

n
[70] 

78
(2) 

63 
[58] 

63 
(2) 

45 
[40] 

63 
(2) 

65 
[60] 

68 
(2) 

47 
[42] 

68 
(2) 

30 
[30] 

30 

34 
[32] 

50 
(1 ) 

120 
[113] 

150 

-5 4 
[on (3) 

TABLE 6-20-B: EISA SPECIFIC COMPRESSED ACCESS CYCLE ... 

ACCESSED RESOURCE VIEWPOINT (ADD-ON SLAVE CARD) 




Chapter 6, Bus Access Cycles 271 

EISAACTtL 
REF' DESCRIPTION OF EVENT DRIVEN MEASURED MIN MAX SPEC 
IDET BY AT NSEC NSEC &NOTES 

[833] 

15 READ DATA VALID HOLD ADD-ON ADD-ON 2 NOT 
FROM 00* INACTIVE [2] SPEC 

16/A READ DATA VALID DELAY ADD-ON ADD-ON 31 30 
FROM RISING EDGE OF BCLK [29] (6) 

18/A WRITE DATA VALID SETUP CPU ADD-ON 76 85 
TO CMD* INACTIVE [71] (1) 

19/A WRITE DATA VALID HOLD CPU ADD-ON 25 25 
FROM CMD* INACTIVE [25] 

20/A WRITE DATA VALID SETUP CPU ADD-ON 66 85 
TO CMD* INACTIVE [61] (1,5) 

21/A WRITE DATA VALID SETUP CPU ADD-ON 6 15 
TO RISING EDGE OF BCLK [4] 

22/B AENx VALID SETUP TO PLAT ADD-ON 95 95 
START* INACTIVE [8n 

23/A AENx VALID HOLD FROM PLAT ADD-ON 21 25 
START* INACTIVE [21] 

24/A LAA M-IO VALID SETUP TO CPU ADD-ON 123 120 
ST RT* INACTIVE [116] 

25/A BE*<0-3>, W-R VALID SETUP CPU ADD-ON 86 80 
TO START INACTIVE [81] 

26/B EX16/EX32* ACTIVE DELAY ADD-ON ADD-ON 85 54 
FROM LA, M-IO VALID [78] 

26/0 EX16/EX32* INACTIVE DELAY ADD-ON ADD-ON 67 54 
FROM LA, M-IO VALID [60] 

27/B NOWS* ACTIVE FROM ADD-ON ADD-ON 95 78 
LA<2-31>, M-IO VALID [88] 

27/0 NOWS* INACTIVE FROM ADD-ON ADD-ON n 78 
LA<2-31>, M-IO VALID [70] 

27/B NOWS* ACTIVE DELAY ADD-ON ADD-ON 62 63 
FROM IE*<0-3>, W-R VALID [53] 

27/0 NOWS* INACTIVE DELAY FROM ADD-ON ADD-ON 40 63 
BE*<0-3>, W-R VALID [35] 

TABLE 6-20-B: EISA SPECIFIC COMPRESSED ACCESS CYCLE ••• 
ACCESSED RESOURCE VIEWPOINT (ADD-ON SLAVE CARD) 

(CONTINUED) 
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ACTUAL EISA 
REF' DESCRIPTION OF EVENT DRIVEN MEASURED SPECMIN IMAXIDEl BY AT NSEC NSEC &NOTES 

[833] 


29/B EX16/32* ACTIVE DELAY ADD-ON ADD-ON 56 34 

FROM AENx VAll 0 [49] 


29/0 EX16/32* INACTIVE DELAY ADD-ON ADD-ON 38 34 

FROM AENx VALID [31] 


31/B NOWS* ACTIVE DELAY ADD-ON ADD-ON 65 NOT 

FROM AENx VALID [59] SPEC 

31/0 NOWS* INACTIVE DELAY ADD-ON ADD-ON 48 NOT 
FROM AENx VALID [41] SPEC 

32/A START* ACTIVE TO CPU,EISA ADD-ON 100 90 
CII)* ACTIVE IB, PLAT [95] (5) 


33/A READ DATA TRISTATE ADD-ON ADD-ON 30 30 

FROM CND* INACTIVE [30] 

34 DATA DRIVEN FROM START* ADD-ON ADD-ON 125 NOT 
ACTIVE [118] SPEC 

37 WRITE DATA DRIVEN FROM CPU ADD-ON 37 NOT 
START* ACTIVE EISA-B [35] SPEC. 

38 WRITE DATA TRISTATE CPU ADD-ON 30 NOT 
FROM CND* INACTIVE EISA-B [30] SPEC 

32 BIT MASTER TO 16 BIT 
SLAVE I DATA-MATCHING 

38 WRITE DATA TRISTATE CPU ADD-ON 25 NOT 
FROM CND* INACTIVE EISA-B [25] SPEC 

TABLE 6-20-B: EISA SPECIFIC COMPRESSED ACCESS CYCLE '" 
ACCESSED RESOURCE VIEWPOINT (ADD-ON SLAVE CARD) 

(CONTINUED) 

NOTES: 

( 1) II same package skew lor the CMD* signa/line is assumed to be 0 nanoseconds, 
the entry in the "ACTUAL H column olthe table is increased by 23 nanoseconds. The 
entry in the table is lor same package skew 01 12 nanoseconds wiLh an 11 
nanosecond bus seUling time. 
(2) Used lor the first access at the beginning 01 a sequence of compressed access 
cycles. Subsequent accesses use Parameters 24, 25, 26, and 27. 
(3) This timing relationship does not work when full seUling time is considered. 
(5) Used lor the subsequent accesses after the first in the sequence 01 compressed 
access cycles. 

The EISA compressed access cycle can be executed only by the 
platform CPU to access 16 and 32 data bit EISA compatible 
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memory and I/O compatible resources on the platform or add-on 
slave cards. An 8 data bit EISA compatible resource or ISA 
compatible resource cannot be accessed with an EISA compressed 
access cycle. From the platform CPU viewpoint, the cycle timing is 
referenced to the BCLK signal line (see Figure 6-11-A). From the 
accessed resource viewpoint, the cycle timing is referenced to the 
change of state of the signal lines (see Figure 6-11-B). The 
reference to the signal lines is possible because the LA, M-IO, 
BE*, W-R, START*, CMD*, and AENx change during the 
sequence of cycles. This allows the EX16*, EX32*, NOWS* (also 
known as SRDY*), and DATA signal lines to change relative to 
the aforementioned signal lines without the use of the BCLK signal 
line. 

The cycle begins in the same fashion as an EISA standard 
access cycle with the platform CPU driving the LA and M-IO signal 
lines valid and then driving the STAR T* signal line active. The 
BE* and W-R signal lines are driven valid simultaneously to the 
START* signal line being driven active. The accessed resource 
responds by driving the EX16* and EX32* signal lines valid after 
the decoding of the LA, M-IO, and AENx signal lines. The EISA 
standard access cycle becomes an EISA compressed access cycle if 
the accessed resource drives the NOWS* signal line active after 
decoding the LA, M-IO, BE*, W-R, and AENx signal lines. The 
NOWS* signal line also uses the START* signal line as a qualifier. 

The platform CPU began the access cycle with the LA and M
10 signal lines valid relative to the falling edge of the BCLK signal 
line, the START* signal line valid relative to a full BCLK signal 
line period, and the BE· and W-R signal lines valid relative to the 
rising edge of the BCLK signal line (see Figure 6-11-A). Also, at 
the beginning of the access cycle, the platform circuitry drove· the 
BCLK signal line symmetrically and the CMD* signal line in 
period increments of the BCLK signal line. Once an EISA 
compressed access cycle is established, the LA, M-IO, BE*, and W
R signal lines collectively become valid and invalid relative to the 
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rising edges of the BCLI( signal line. The BCLI( signal line is 
driven with a period 1.5 times the normal period by extending the 
low portion. Also, once a compressed access cycle is established, 
the STAR T* signal line is active relative to the low portion of the 
BCLI( signal line, and the CMD* signal line is active relative to the 
high portion of the BCLI( signal line. 

The EISA compressed access cycle continues until, at the 
discretion of the platform circuitry or the accessed resource, it 
becomes an EISA standard or ready access cycle. The relationship 
of the STAR T* and CMD* signal lines to the BCLI( signal line can 
instantly return to that of an EISA standard access cycle by the 
platform circuitry working in concert with the platform CPU. The 
sequence of EISA compressed access cycles terminates when the 
NOWS* signal line is sampled inactive (Point C in Figures 6-11-A 
and 6-11-B), which causes the platform circuitry to respond with a 
normal BCLI( signal line (Point A), and the START* and CMD* 
signal lines held inactive and active, respectively (Point B). The 
sequence of EISA compressed access cycles can also terminate 
when the NOWS* signal line is sampled active (Point C in Figures 
6-11-A and 6-11-B) but the platform circuitry unilaterally returns 
the BCLK signal line to normal (Point A), and the STAR T* and 
CMD* signal lines held inactive and active, respectively (Point B). 

In Figures 6-11-A and 6-11-B, the first three accesses (AC#) 
were done as EISA compressed access cycles. The fourth access 
(AC4) is done as an EISA standard access cycle. If the EXRDY 
signal line had been driven active, the EISA ready access cycle 
would have been executed for the fourth access. Similarly, the 
fourth access could also be the beginning of an EISA burst access 
cycle or an E-MIX access cycle. The platform CPU can switch 
from EISA compressed access cycles to other access cycles because 
from the accessed resource viewpoint the beginning of the cycles 
are not referenced to the BCLI( signal line. 

The change of the aforementioned signal lines relative to the 
BCLI( signal line, and the change in the BCLI( signal line itself, 
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allows for several things to occur in an EISA compressed access 
cycle: First, data can be accessed every 1.5 times the normal BCLI( 
signal line period with a unique address and data direction. 
Second, from the accessed resource viewpoint, the change in the 
LA, M-IO, BE*, W-R, EX16*, EX32*, and NOWS* signal lines are 
all relative to the STAR T* signal line and not to the BCLI( signal 
line or to each other (see Figure 6-11-B). Third, also from the 
accessed resource viewpoint, the data is valid relative to the 
START* and CMD* signal lines. Thus the accessed resource can 
support an access cycle asynchronous relative to the BCLI( signal 
line. 

From the accessed resource viewpoint, data for a read cycle is 
driven valid by the accessed resource a maximum time from the 
STAR T* signal lines becoming active. Valid read data cannot be 
referenced to the CMD* signal line driven active because the 
CMD* signal line active pulse width is too short in a compressed 
access cycle. The data is held valid until after the CMD* signal 
line is inactive. 

From the accessed resource viewpoint, data for a write cycle is 
driven valid by the platform CPU prior to an active CMD* signal 
line. The data is held valid until after the CMD* signal line is 
inactive. 

The accessed resource that activates the NOWS* signal line 
must be able to operate with EISA standard access cycle timings. 
Several conditions must be met to execute an EISA compressed 
access cycle: First, the bus master must be the platform CPU and 
the accessed resource must be EISA compatible. Second, the 
accessed resource drives the NOWS* signal line active at the 
sampling points. Third, the data size of the access (indicated by the 
BE* signal lines) must be equal to or smaller than the data size of 
the accessed resource (indicated by the EX16* and EX32* signal 
lines). If these criteria are met, the platform circuitry can increase 
the BCLK signal line low time to twice the low time of the normal 
BCLK waveform to begin an EISA compressed access cycle. 
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Tables 6-12 and 6-13 in the EISA standard access cycle section 
outline the byte lanes used and the data size of an EISA 
compressed access cycle. Platform circuitry supports data swapping 
that allows cycles between the platform CPU and accessed 
resources of unequal data size. Please see Chapter 3 for further 
information. If the platform CPU is requesting a 24 or 32 data bit 
access and the accessed resource only supports EISA 16 bit 
accesses, the cycle is completed as an EISA data-matching access 
cycle. 

The EISA compressed access cycle length is fIxed, and the 
EXRDY signal line cannot be used to extend the access. Table 6
21 summarizes the compressed accces cycle length in terms of 
TCLK (period of BCLK). Due to bus settling times and device 
delays, TCLK should be considered as approximate for the 
"CYCLE BEGINS" column. 

BUS MASTER CYCLE BEGINS CYCLE ENDS CYCLE CYCLE 
SIZE LENGTH 

PLATFORM 
CPU OR 

ACTIVE 
START* 

INACTIVE 
CMO* 

16/32
BITS 

1.5 
TCLK 

TABLE 6-21: EISA PLATFORM ... EISA COMPRESSED ACCESS CYCLE 
LENGTH 

BURST MEMORY ACCESS CYCLE (EISA PLATFORM) 

Figures 6-12-A and 6-12-B outline the EISA burst access cycle 
timings from the viewpoint of the platform CPU or by EISA 
compatible add-on bus owner cards (collectively called EISA bus 
masters) and the EISA compatible accessed resource (platform and 
add-on slave cards), respectively. Tables 6-22-A and 6-22-B list the 
values of these timing relationships for Figures 6-12-A and 6-12-B, 
respectively. 
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Tables 6-22-A and 6-22-B have several key pieces of 
information. First, the "#/DET" (parameter number / detail) 
column relates the parameter number of the table to Figures 6-12
A and 6-12-B. Second, it provides detailed information on how the 
number was derived. The timing numbers are affected by the 
settling time on the bus. The table is based on the default values 
for 8 slots as outlined in Chapter 10. The # /DET interpretations 
are shown in the following table. 
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DETAIL 	 INTERPRETATION 

# 	 NO SETTLING TIME INCLUDED. 

#/A 	 SKEW OF TWO SIGNALS BETWEEN RESOURCES. ONE HAS A DELAY OF 0 
NANOSECONDS. AND THE OTHER HAS A DELAY OF 11 NANOSECONDS. 

#/B 	 SIGNAL IS DRIVEN FROM ONE RESOURCE TO ANOTHER. THE SECOND 
RESOURCE MUST RESPOND BY DRMNG A SIGNAL BACK TO THE FIRST 
RESOURCE. # INCLUDES THE "ROUND TRIP" TIME OF 11 +11. 22 
NANOSECONDS. 

#10 	 SAME AS "B" EXCEPT ONE OF THE RESOURCES RELIES ON A 300 OHM 
PULL-UP RESISTOR. # INCLUDES THE "ROUND TRIP" TIME OF 11 + RC 
40 NANOSECONDS. 

#/F RC RISE TIME 300 OHMS =29 NANOSECONDS. 

"DRIVEN BY" AND "MEASURED BY" INTERPRETATION 

ADD-ON 	 ADD-ON CARD OR PLATFORM RESOURCE 
CPU PLATFORM CPU 
PLAT PLATFORM CIRCUITRY 
EISA-B EISA COMPATIBLE BUS OWNER ADD-ON CARD 

MIN. AND MAX. INTERPRETATION 

ALL TIMES ARE IN NANOSECONDS. 

The "Bus Master Viewpoint" table does not contain the "Actual" 
vs. "EISA" columns of the other tables. The numbers used in this 
table are directly from the EISA Rev. 3.12 specification for an 
EISA master. Other tables for the EISA slaves track the EISA 
master numbers with the adjustment for bus settling and BCLK. 
signal line frequency. Also, unlike the other tables, the BCLK. 
signal line frequency is not included in the "Bus Master Viewpoint" 
table because the entries are simply referenced to clock edges. 
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BCLK 

MASTER 16* 

N 2 N 

LA<2-31 >.M-IO 

BE*<O-3> 

W-R 

STARn 

28 

CMD* 
9 

EX16*. EX32* 

EXRDY 

SLBURsn 

MSBURST* 

DATA (READ) 

16 26' 

20 

DATA (WRITE) 

x =SAMPLE POINT 
(1) = LOW ENTIRE TIME FOR 16 BIT BURST BUS MASTER 

FIGURE 6-I2-A: EISA BURSTACCESS CYCLE ___ EISA BUS MASTER 
VIEWPOINT 
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(1) = LOW ENTIRE TIME FOR 16 BIT BURST BUS MASTER 

FIGURE 6-12-B: EISA BURSTACCESS CYCLE ... EISA ACCESSED 
RESOURCE VIEWPOINT 
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REF'
/DET 

DESCRIPTION OF EVENT DRIVEN 
BY 

MEASURED 
AT 

MIN 
NSEC 

MAX 
NSEC NOTES 

1 LA<2,31>[M-10 VALID DELAY 
FROM FAL ING EDGE BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

50 

2 LA<2-31>, M-IO, BE* VALID 
HOLD FRM FALL. EDGE BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

2 

3 LA<2-31>, M-IO, BE* VALID 
DELAY FRM FALL. EDGE BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

44 

4 BE*<O-3> VALID DELAY 
FROM RiSiNG EDGE OF BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

25 (6) 

5 W-R VALID DELAY 
FROM RISING EDGE OF BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

25 (6) 

6 START* ACTIVE FROM 
RISING EDGE OF BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

2 25 

7 START* INACTIVE FROM 
RISING EDGE OF BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

2 25 

8/A CMD* ACTIVE FROM 
RISING EDGE OF BCLK 

PLAT CPU 
EISA-B 

2 36 (1,2) 

9/A CMD* INACTIVE FROM 
RISING EDGE OF BCLK 

PLAT CPU 
EISA-B 

2 36 (1,2) 

10 EX16/EX32* VALID SETUP 
TO RISING EDGE OF BCLK 

ADD-ON CPU 
EISA-B 

25 

11 EX16/EX3Z* HOLD FROM 
RISING EDGE OF BCLK 

ADD-ON CPU 
EISA-B 

55 

12 EXRDY VALID SETUP 
TO FALLING EDGE OF BCLK 

ADD-ON PLAT 15 

13 EXRDY HOLD FROM 
FALLING EDGE OF BCLK 

ADD-ON PLAT 5 

14 SLBURST* VALID SETUP 
TO RISING EDGE OF BCLK 

ADD-ON CPU 
EISA-B 

15 

15 SLBURST* ACTIVE HOLD 
FROM RISING EDGE OF BCLK 

ADD-ON CPU 
EISA-B 

55 

16 MSBURST* ACTIVE DELAY 
FROM FALLING EDGE OF BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

35 

17 READ DATA VALID SETUP 
TO RISING EDGE OF BCLK 

ADD-ON CPU 
EISA-B 

15 (7) 

18 READ DATA VALID HOLD 
FROM RISING EDGE OF BCLK 

ADD-ON CPU 
EISA-B 

5 

TABLE 6-21-A: EISA SPECIFIC BURST ACCESS CYCLE ... BUS MASTER 

VIEWPOINT (PLATFORM CPU OR EISA COMPATIBLE ADD-ON BUS 


OWNER CARD) 
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REF# DESCRIPTION OF EVENT DRIVEN MEASURED MIN MAX 
/DET BY AT NSEC NSEC NOTES 

19 READ DATA NON-TRISTATE ADD-ON CPU 53 NOT 
TO RISING EDGE OF BCLK EISA-B SPEC 

20 READ DATA TRISTATE ADD-ON CPU 30 NOT 
FROM RISING EDGE OF BCLK EISA-B SPEC 

21 WRITE DATA NON-TRISTATE CPU CPU 5 
FROM FALLING EDGE OF BCLK EISA-B EISA-B 

22 WRITE DATA VALID DELAY 
FROM FALLING EDGE OF BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

40 

23 WRITE DATA VALID HOLD CPU CPU 5 
FROM RISING EDGE OF BCLK EISA-B EISA-B 

24 WRITE DATA VALID DELAY 
FROM RISING EDGE OF BCLK 

CPU 
EISA-B 

CPU 
EISA-B 

40 (8) 

25 WRITE DATA TRISTATE CPU CPU 50 NOT 
FROM RISING EDGE OF BCLK EISA-B EISA-B SPEC (3) 

26 MSBURST* ACTIVE HOLD CPU CPU 35 
FROM FALLING EDGE OF BCLK EISA-B EISA-B 

28 W-R VALID HOLD CPU CPU 2 
FROM FALLING EDGE OF BCLK EISA-B EISA-B 

31 MASTER16* ACTIVE DELAY CPU CPU 50 
FROM RISING EDGE OF BCLK EISA-B EISA-B 

32 MASTER16* ACTIVE HOLD CPU CPU 3 
FROM RISING EDGE OF BCLK EISA-B EISA-B 

33 MASTER16* TRISTATE CPU CPU 40 
FROM RISING EDGE OF BCLK EISA-B EISA-B 

TABLE 6-21-A: EISA SPECIFIC BURSTACCESS CYCLE ... BUS MASTER 

VIEWPOINT (PLATFORM CPU OR EISA COMPATIBLE ADD-ON BUS 


OWNER CARD) (CONTINUED) 

NOTES: 

(1) Wtth 11 nanosecond settling time. 
(2) The platfonn circuiby does not "starburst" the CMD* signal line to the slots. 
(3) Used for back to back write to read or if the BE* signal lines change. 
(6) May be driven as early as previous falling BCLK signal line. 
(7) The entry in the table is for 32 data bits (MASTERI6* = 1). For 16 data bits 
use 13 nanoseconds (MASTERI6* = 0). 
(8) The entry in the table is for 32 data bits or downshift to 16 data bits (according 
to MASTERI6*). For 16 data bits in non-downshift mode use 38 nanoseconds. 
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REF# 
IDET 

1/A 

2 

3/A 

4/A 

5/A 

6/A 

7/B 

7/0 

8 

9/B 

9/0 

11/B 

11/0 

12/B 

12/0 

13/A 

13/F 

14 

15/B 

DESCRIPTION OF EVENT 

LA<2-31>, M-IO VALID 
SETUP TO START* INACTIVE 

LA<2-31>, M-IO, BE*<0-3> 
HELD FROM FALLING BCLK 

BE*<0-3> VALID SETUP 
TO START* INACTIVE 

LA<2-31>, M-IO, BE*<0-3> 
VLID SETUP TO RISING BCLK 

W-R VALID SETUP 
TO START* INACTIVE 

START* ACTIVE TO INACTIVE 
PULSE WIDTH 

EX16/EX32* ACTIVE DELAY 
FROM LA, M-IO VALID 

EX16/EX32* INACTIVE DELAY 
FROM LA, M-IO VALID 

EX16/EX32* HOLD FROM 
START* INACTIVE 

EXRDY INACTIVE DELAY 
FROM LA, M-IO VALID 

EXRDY ACTIVE DELAY 
FROM LA, M-IO VALID 

EXRDY INACTIVE DELAY 
FROM START* ACTIVE 

EXRDY ACTIVE DELAY 
FROM START* ACTIVE 

EXRDY INACTIVE DELAY 
FROM LA, BE* VALID 

EX ROY ACTIVE DELAY 
FROM LA, BE* VALID 

EXRDY INACTIVE DELAY FROM 
RISING EDGE OF BCLK 

EXRDY ACTIVE DELAY FROM 
RISING EDGE OF BCLK 

EXRDY INACTIVE OR ACTIVE 
HOLD FROM FALL. EDGE BCLK 

SLBURST* ACTIVE FROM 
LA<2-31>, M-IO VALID 

DRIVEN 
BY 

CPU 
EISA-B 


CPU 

EISA-B 


CPU 

EISA-B 


CPU 

EISA-B 


CPU 

EISA-B 


CPU 

EISA-B 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

MEASURED 

AT 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ACTrLMIN MAX 
NSEC NSEC 

[833] 


123 

[116] 

2 
[2] 


91 

[86] 


2 

[0] 


91 

[86] 


100 

[95] 

83 
[76] 

65 
[58] 

53 
[53] 

164 
[154] 

146 
[136] 

120 
[113] 

102 
[95] 

44 
[39] 

26 
[21] 

31 
[29] 

13 
[11] 

5 
[5] 

95 
[88] 

EISA 
SPEC

&NOTES 

120 

2 

80 

5 

80 

115 
(4) 

54 

54 

NOT 
SPEC 

143 

143 

124 

124 

NOT 
SPEC 

NOT 
SPEC 

35 

35 

5 

55 

TABLE 6-21-B: EISA SPECIFIC BURSTACCESS CYCLE ••• ACCESSED 

RESOURCE VIEWPOINT(EISA COMPATIBLE PLATFORM OR ADD-ON 


SLAVE CARD) 




286 lSA & EISA Theory and Operation 

REFiI 
/DET 

15/0 

16 

17/A 

18 

19/A 

20 

21 

22 

23/A 

24/A 

25 

26 

27 

28 

29/A 

30 

33/A 

DESCRIPTION OF EVENT 

SLBURST* INACTIVE FROM 
LA<2-31>, M-IO VALID 

SLBURST* ACTIVE HOLD 
START* INACTIVE 

MSBURST* VALID SETUP 
TO RISING EDGE OF BCLK 

MSBURST* VALID HOLD 
FROM RISING EDGE OF BCLK 

READ DATA VALID DELAY 
FROM RISING EDGE OF BCLK 

READ DATA VALID HOLD 
FROM RISING EDGE OF BCLK 

READ DATA NON-TRISTATE 
FROM RISING EDGE OF BCLK 

READ DATA TRISTATE 
FROM RISING EDGE OF BCLK 

WRITE DATA VALID SETUP 
TO RISING EDGE OF BCLK 

WRITE DATA VALID SETUP 
TO RISING EDGE OF BCLK 

WRITE DATA VALID HOLD 
FROM RISING EDGE OF BCLK 

WRITE DATA NON-TRISTATE 
FROM FALLING EDGE OF BCLK 

WRITE DATA TRI-STATE 
FROM RISING EDGE OF BCLK 

W-R VALID HOLD FROM 
FALLING EDGE OF BCLK 

MASTER16* VALID SETUP TO 
RISING EDGE OF BCLK 

MASTER16* VALID HOLD FROM 
RISING EDGE OF BCLK 

START* ACTIVE TO 
CND* ACTIVE 

DRIVEN 

BY 


ADD-ON 


ADD-ON 


CPU 

EISA-B 


CPU 

EISA-B 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


CPU 

EISA-B 


CPU 

EISA-B 


CPU 

EISA-B 


CPU 

EISA-B 


CPU 

EISA-B 


CPU 

EISA-B 


CPU 

EISA-B 


CPU 

EISA-B 


CPU,EISA

-B, PLAT 


MEASURED 

AT 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


EISAACTrLMIN MAX SPEC 
NSEC NSEC &NOTES 

[8 33] 

77 
[70] 

55 

55 
[55] 

55 

11 
[9] 

14 

47 
[45] 

45 

73 
[68] 

65 
(1) 

5 
[5] 

3 

72 
[6n 

NOT 
SPEC 

30 
[30] 

50 

-20 
[-22] 

NOT 
SPEC (5) 

48 
[43] 

55 
(2) 

5 
[5] 

5 

5 
[5] 

5 

50 
[50] 

50 
(3) 

2 
[2] 

2 

63 
[59] 

NOT 
SPEC 

3 
[3] 

NOT 
SPEC 

100 90 
[95] (4) 

TABLE 6-21-B: EISA SPECIFIC BURSTACCESS CYCLE ... ACCESSED 

RESOURCE VIEWPOINT (EISA COMPATIBLE PLATFORM OR ADD-ON 


SLAVE CARD) (CONTINUED) 
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NOTES: 

(1) The table entry in the "ACTUAL" column is for 32 data bits (MASTERI6* = 1) 
or downshift. For 16 data bits (MASTERI6* =0), use 70 nanoseconds. The EISA 
Bus Specification Rev. 3.I2for 16 data bits is 69 nanoseconds. 

(2) The table entry in the "ACTUAL" column is for 32 data bits (MASTERI6* = 1) 
or downshift. For 16 data bits (MASTERI6* :;;: 0), use 45 nanoseconds. The EISA. 
Bus Specification Rev. 3.12 for 16 data bits is 51 nanoseconds. 

(3) Used for back to back write to read or if the BE* signal lines change. 

(4) If same package skew is assumed to be 0 nanoseconds, the entry in the 
"ACTUAL" column ofthe table is increased by 23 nanoseconds. 

(5) The table entry is for 32 data bits (MASTERI6* - I). For 16 data bits 
(MASTERI6* = 0), the entry is -20 nanoseconds. 

The EISA burst access cycle can be executed by the platform 
CPU or by EISA compatible add-on bus owner cards (collectively 
called EISA bus masters). This cycle can only be used to access 16 
and 32 data bit (determined by the EXI6* and EX32* signal lines) 
EISA compatible memory resources. EISA compatible I/O, 8 data 
bit EISA compatible memory resources, or ISA compatible 
resources cannot be accessed with an EISA burst access cycle. 
From the EISA bus master viewpoint, the cycle timing is 
referenced to the BCLK signal line (see Figure 6-13-A). From the 
accessed resource viewpoint, the cycle timing is referenced to the 
change of state of the signal lines and to the BCLK signal line (see 
Figure 6-13-B). 

The EISA burst access cycle begins as an EISA standard access 
cycle. The initial LA, M-IO, BE*, and W-R signal lines are valid 
relative to the STAR T* signal line, and the initial EXRDY signal 
line is decoded from the LA, M-IO, and AENx signal lines and 
qualified by the START* signal line. After the access cycle 
becomes an EISA burst access cycle, the accessed resource 
references the LA, BE*, and EXRDY signal lines to the BCLK 
signal line instead of to the STAR T* signal line. The AENx signal 
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line is not shown in the figures because only memory resources can 
participate in burst cycles. 
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The EISA burst access cycle differs from other access cycles in 
several ways. First, the burst access cycle only accesses EISA 
compatible memory resources. Second, the entire cycle must be all 
reads or writes; consequently it is academic if the M-IO or W-R 
signal lines change logic level, although it is advisable that these 
signal lines remain valid for an entire EISA burst access cycle. 
Third, an EISA compressed access cycle allows the accessed 
resource to terminate the cycle, whereas an EISA burst access cycle 
cannot be terminated by the accessed resource. The SLBURST* 
signal line, driven by the accessed resource, is only sampled once. 
Only the EISA bus master can terminate the EISA burst access 
cycle by driving the MSBURST* signal line inactive. Fourth, the 
EX16* and EX32* signal lines are only sampled once during the 
sequence of burst access cycles. Finally, also unlike the 
compressed cycle, a burst access cycle cannot execute across page 
boundaries. (A page boundary is a 1K address multiple.) 

The value of the lA< 10-31> signal lines must be the same for 
the entire burst cycle. The lA <2-9 > and the BE*< 0-3> signal 
lines are the only things that change during the burst access cycle. 
When a page boundary is encountered, the cycle must be 
terminated by the EISA bus master driving the MSBURST* signal 
line inactive. 

The EISA burst access cycle begins in the same fashion as an 
EISA standard access cycle with the EISA bus master driving the 
lA and M-IO signal lines valid and then driving the START* 
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signal line active. The BE* and W-R signal lines are driven valid 
simultaneously to the STAR T* signal line being driven active. The 
accessed resource responds by driving the EXI6*, EX32*, and 
EXRDY* signal lines valid in response to the LA, M-IO, and 
START* signal lines. The EISA standard access cycle becomes an 
EISA burst access cycle if the EISA bus master samples the 
SLBURST* signal line active and responds by driving the 
MSBURST* signal line active. The SLBURST* signal line is 
driven by the accessed resource in response to the LA and M-IO 
signal lines. If either the SLBURST* or MSBURST* signal lines is 
sampled inactive, the cycle proceeds as one of the other access 
cycle types. The accessed resource must be also be able to run the 
other cycle types in the event that the MSBURST* signal line is not 
driven active by the EISA bus master. 

Once the SLBURST* and MSBURST* signal lines have been 
driven active, the accessed resource references the LA, BE·, 
EXRDY, and DATA signal lines to the BCLK signal line (see 
Figure 6-13-B). The reference to the BCLK signal line is needed 
because none of the other signal lines change state during the 
remainder of the burst access cycle; consequently, there is no 
convenient reference point. From the accessed resource and EISA 
bus master viewpoints, the DATA signal lines are driven and held 
valid relative to rising edges of the BCLK signal line. 

The data can be read or written by the EISA bus master at each 
rising edge of the BCLK signal line. The requirement for valid 
data at each rising edge of the BCLK signal line can be "waived" by 
the accessed resource. If the EXRDY signal line is sampled 
inactive at the falling edge of the BCLK signal line, the data is not 
valid at the subsequent rising edge. When the EXRDY signal line 
is sampled active, the data is sampled at the subsequent rising edge 
of the BCLK signal line. A side effect of the EXRDY signal line 
being driven inactive is the longer valid period of the LA and BE· 
signal lines. The LA and BE· signal lines will change to the next 
address at the same time that the EXRDY signal line is sampled. 
Thus, simultaneously to the EXRDY signal line being sampled 
inactive (Point B in Figures 6-13-A and 6-13-B) the LA and BE· 
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signal lines are changing to the next address (Point C in Figures 6
13-A and 6-13-B). The net effect is that the LA and BE- signal 
lines will not change at the next EXRDY signal line sample point 
(Point D in Figures 6-13-A and 6-13-B), because it references the 
same address and the previous EXRDY signal line sample point 
(Point B in Figures 6-13-A and B). 

The EISA burst access cycle terminates when the EISA bus 
master drives the MSBURST- signal line inactive. When an 
accessed resource samples the MSBURST- signal line active at the 
DATA signal line sample point, the burst access cycle continues to 
the next data access. H the MSBURST- signal line is sampled 
inactive at the data access time (Point A of Figures 6-13-A and 6
13-B), the EISA burst access cycle does not continue to the next 
data access. 

The EISA burst access cycle is essentially a series of individual 
access cycles. Each individual access cycle can be lengthened by 
the accessed resource driving the EXRDY signal line inactive. The 
minimum length of each individual access cycle is a BCLK. signal 
line period (except for the initial access at the beginning of the 
EISA burst access cycle). 

An additional consideration for EISA burst access cycles relates 
to data sizing. When the data size requested by the EISA bus 
master (using the initial BE- signal lines) equals the size of the 
accessed memory resource (indicated by the EX16- and EX32
signal lines), the EISA burst cycle proceeds as outlined above. H 
the EISA bus master is requesting a 16 data bit access and the 
memory resource is a 32 data bit resource, the EISA burst access 
cycle also proceeds as outlined above. The accessed memory 
resource that has driven the EX32- signal line active must drive 
and receive data over the DATA signal lines identified by the BE
signal lines (see Tables 6-22 and 6-23). The platform circuitry will 
swap upper and lower words accordingly. 

H a 32 data bit EISA bus master (MASTERI6- signal line 
inactive) requests an access to a 16 data bit resource, the cycle 
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normally would proceed as an EISA data-matching access cycle. 
However, a class of burst compatible EISA bus masters called 
"downshift" EISA bus masters are able to execute EISA burst 
access cycles under certain conditions. An EISA bus master that 
can execute as a downshift EISA bus master indicates such by 
driving the MASTER16* signal line active when the START· 
signal line is active. If the EX16* signal line is active, the cycle 
proceeds forward as a downshift burst access cycle. A downshift 
EISA bus master must swap the high and low words internally 
without the help of the platform byte swapper circuitry. 

. .........;....... 


liBflllt!~i',~IiI.ff&.~

approp!iat~. ...... ....... .... ...... .......... ..... ........ .................. ........ ............. ............... ................................................. 
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Figure 6-13 outlines the basic downshift bus master cycle for a 
data write cycle. The bus master drives the data bytes specified by 
the initial BE*<0-3 > signal lines. The platform byte swapping 
circuitry immediately copies the high word to the low word in 
anticipation of a 16 data bit EISA resource. Once the SLBURST· 
signal line is sampled active the EISA bus master (redundantly) 
drives the low word and the platform byte swapping circuitry tri
states the low word. For a brief period of time, both the EISA bus 
master and the platform byte swapping circuitry are driving the low 
word. 

http:liBflllt!~i',~IiI.ff
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After the initial redundant data driving, the EISA bus master 
can execute additional data accesses, but must do its own byte 
swapping. The data must be received by (or driven by) the 
downshift EISA bus master on the lower byte lanes (BE· <0: 1> = 
00). For a downshift read access cycle (or a write access cycle with 
initial BE· signal lines driving both lower bytes) there is no 
redundant data driving. All of the signal line relationships, timings, 
and EXRDY signal line support are the same as the regular EISA 
burst access cycle. 

N 2 3 

PL BCLK 

~n-l1-l1-l1-n-r--1
I 1 

I 1 

1 '1100 ~ ~ )( I 
1 1 

1 1 1 I I I I 


MAS MSBURST* 
 1 1 11 

-" :1I 1 
1 1 1 I I 1 1 
I I I 1 1 I 1 


AC EX16* 

1 1 1 1 I 1 1 

I I I I I 11 '-lf-I 
1 I 1 I I I I 


AC SLBURST* 

I I '-l~ 1 I I I 1 
1 1 I I 1 I I 


MAS START* I 

1 I 1 1 1 1 
I I 1 1 1 I 1 
1 I

MAS MASTER 16* 1 I 1 1 1 1 
1 1 1 1 I 1 
1 I I I 1 I I 
1 I I 1 1 1 1 


PL CMD* I I 1 I 

1 I 1 
1 I 1 1 1 1 I 
I 1 I I I I 1 
1 1 1 1 1 1 1 
I ;x-~ ~MAS & 

I IPL DATA 1 (1) I 1 1 1 
I I I I I I I 

(1) DRIVEN BY BUS MASTER AND PLATFORM 

FIGURE 6-13 BUS MASTER & PLATFORM DATA DRIVE 
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N 	 2 3 4 N 

PL BCLK ~~Gl-r-r-11-:-----;
MAS MASTER 16* x ~ 	 7l 

1 	 1 1 1 1 '1 1 
1 1 1 1 1 1 

1 1 1 1 1 
1

MAS LA<2-31>,M-10 K 	 I-r- 
, 1 	 1IL h I ~ h h 

MAS BE*<o-3> K l-f- 
MAS W-R 	 1 -}'}"-f 1 ,~h I© /..h

1 1 1 1 {I 1 
1MAS START* -, 1 1 1 	 1" 1 1 1 1 1 1 

PL CMD* 	 1 1 (_ 1 1 , 	 1 ~ 
, , , 	 ,

f;~ 	 1 

AC EX16*, EX32* 	 :', , , , 	 ,t-,H 	 , " ,, 1 	 ( ,,AC EXRDY , , 	 ,@ ,, f; ~. , , ® , / " , , 
AC SLBURST* 	 1 1 ;1 1 

1 f.; , , , 1 1~ , 	 , , 1.0MAS MSBURST* 	 1 

,1 
1 

,1 :~~ ,, 
, 

,1 t:;
AC DATA(REA01 

,Hr-'I, I"-i ~~~ 
'L 	 1 1 

.1 ,MAS DATA (WRITEl 	 1 1 ~ 1 

1 , 	 , T, , 1 	 1 

1 

1Ft-}! 	 ! 
T 

x =SAMPLE POINT 

FIGURE 6-13-A: EISA BURST CYCLE . .. EISA BUS MASTER VIEWPOINT 
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o~ 3 4 N 

PL BCLK ~Cil-n-Il-~~~ 
T , , , ,I, ,MAS MASTER 16* , , 

~ I 
I 

(- ' , 

MAS LA<2-31>.M-1o - , , .I ,>--< ' >--f-I~ 

, , , ,/ , 

/ }-{ }0-r- >-<MAS BE*~ , 

h-r-
I ~ 

I , © 
MAS W-R , , ,1. , , t, , ,I 
MAS START* 


I I
, / 

, , ,
PL CMD* / , , ,

" ~ I , : I 
AC EX16*. EX32* I .I I , ,~ f.f 

, 

AC EXRDY /t l' 
(-

1 ~ @ I 

AC SLBURST* 
lI- I ~ 

MAS MSBURST* I~ 
.I 

I- 10~ 
H 'Iri

AC DATA (READ) I\- f-.J' "-l 

I t::~t 
MAS DATA (WRITE) 

F. Ff' 

x =SAMPLE POINT 

FIGURE 6-13-B: EISA BURST CYCLE_ .. ACCESSEDRESOURCEVIEWPOINT 
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BUS MASTER ACCESSED MAS. DRIVEN ACCESS RECEIVED 
RESOURCE BYTE LANE BYTE LANE BITS 

BE3 BE2 BE1 BEO EX16* EX32* 3 2 1 0 3 2 1 0 

MAS16*=ACT. 
1 1 0 0 0 1 Y Y N N Y Y 16 
1 1 0 0 1 0 Y Y N N Y Y 16 

0 0 1 1 0 1 Y Y N N Y Y 16 
0 0 1 1 1 0 Y Y Y Y N N 16 

0 1 1 1 0 1 Y N N N Y N 8 
0 1 1 1 1 0 Y N Y N N N 8 

1 0 1 1 0 1 N Y N N N Y 8 
1 0 1 1 1 0 N Y N Y N N 8 

1 1 0 1 0 1 Y N N N Y N 8 
1 1 0 1 1 0 Y N N N Y N 8 

1 1 1 0 0 1 N Y N N N Y 8 
1 1 1 0 1 0 N Y N N N Y 8 

MAS16*=INACT. 
0 
0 

0 
0 

0 
0 

o (1) 
0 

0 
1 

1 
0 

Y 
Y 

Y 
Y 

Y 
Y 

Y 
Y 

N 
Y 

N 
Y 

Y 
Y 

Y 16(8) 
Y 32 

1 1 0 o (1) 0 1 N N Y Y N N Y Y 16 
1 1 0 0 1 0 N N Y Y N N Y Y 16 

0 
0 

0 
0 

1 
1 

1 (1) 
1 

0 
1 

1 
0 

* 
Y 

* 
Y 

Y 
N 

Y 
N 

N 
Y 

N 
Y 

Y 
N 

Y 
N 

16 
16 

1 1 0 1 0 1 N N Y N N N Y N 8 
1 1 0 1 1 0 N N Y N N N Y N 8 

1 1 1 0 0 1 N N N Y N N N Y 8 
1 1 1 0 1 0 N N N Y N N N Y 8 

1 0 1 1 (1) 0 1 N * N Y N N N Y 8 
1 0 1 1 1 0 N Y N N N Y N N 8 

0 1 1 1 (1) 0 1 * N Y N N N Y N 8 
0 1 1 1 1 0 Y N N N Y N N N 8 

1 0 0 1 (1) 0 1 N Y Y N N N Y N 8(2) 
1 0 0 1 1 0 N Y Y N N Y Y N 16 

0 
0 

0 
0 

0 
0 

1 (1) 
1 

0 
1 

1 
0 

Y 
Y 

Y 
Y 

Y 
Y 

N 
N 

N 
Y 

N 
Y 

Y 
Y 

N 
N 

8(3) 
24 

1 
1 

0 
0 

0 
0 

o (1) 
0 

0 
1 

1 
0 

N 
N 

Y 
Y 

Y 
Y 

Y 
Y 

N 
N 

N 
Y 

Y 
Y 

Y 16(4) 
Y 24 

TABLE 6-22: EISA PLATFORM ... WRITE EISA BURSTACCESS CYCLE 

BYTE LANES 
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BUS MASTER ACCESSED MAS. REC. ACCESS DRIVEN 
RESOURCE BYTE LANE BYTE LANE BITS 

BE3 BE2 BE1 BEa EX16* EX32* 3 2 1 a 3 2 1 a 

MAS16*=ACT. 
1 1 a a a 1 Y Y N N Y Y 16 
1 1 a 0 1 0 Y Y N N Y Y 16 

0 0 1 1 0 1 Y Y N N Y Y 16 
0 0 1 1 1 0 Y Y Y Y N N 16 

0 1 1 1 0 1 Y N N N Y N 8 
0 1 1 1 1 0 Y N Y N N N 8 

1 0 1 1 0 1 N Y N N N Y 8 
1 0 1 1 1 0 N Y N Y N N 8 

1 1 0 1 0 1 Y N N N Y N 8 
1 1 0 1 1 0 Y N N N Y N 8 

1 1 1 0 0 1 N Y N N N Y 8 
1 1 1 0 1 0 N Y N N N Y 8 

MAS16*=INACT. 
0 
0 

0 
0 

0 
0 

o (1) 
0 

0 
1 

1 
0 

N 
Y 

N 
Y 

Y 
Y 

Y 
Y 

N 
Y 

N 
Y 

Y 
Y 

Y 16(9) 
Y 32 

1 
1 

1 
1 

0 
0 

o (1) 
0 

0 
1 

1 
0 

N 
N 

N 
N 

Y 
Y 

Y 
Y 

N 
N 

N 
N 

Y 
Y 

Y 
Y 

16 
16 

0 
0 

0 
0 

1 
1 

1 (1) 
1 

a 
1 

1 
0 

* 
Y 

* 
Y 

Y 
N 

Y 
N 

N 
Y 

N 
Y 

Y 
N 

Y 
N 

16 
16 

1 1 0 1 0 1 N N Y N N N Y N 8 
1 1 0 1 1 0 N N Y N N N Y N 8 

1 1 1 0 0 1 N N N Y N N N Y 8 
1 1 1 0 1 0 N N N Y N N N Y 8 

1 
1 

0 
0 

1 
1 

1 (1) 
1 

0 
1 

1 
0 

N 
N 

* 
Y 

N 
N 

Y 
N 

N 
N 

N 
Y 

N 
N 

Y 
N 

8 
8 

0 
0 

1 
1 

1 
1 

1 (1) 
1 

0 
1 

1 
0 

* 
Y 

N 
N 

Y 
N 

N 
N 

N 
Y 

N 
N 

Y 
N 

N 
N 

8 
8 

1 
0 

0 
0 

0 
0 

1 (1) 
1 (1) 

0 
0 

1 
1 

N 
N 

N 
N 

Y 
Y 

N 
N 

N 
N 

N 
N 

Y 
Y 

N 
N 

8(5) 
8(6) 

1 0 0 0(1) 0 1 N N Y Y N N Y Y 16(7) 
1 0 0 1 1 0 N Y Y N N Y Y N 16 

0 0 0 1 1 0 Y Y Y N Y Y Y N 24 
1 0 0 0 1 0 N Y Y Y N Y Y Y 24 

TABLE 6-13: EISA PLATFORM ... READ EISA BURST ACCESS CYCLE 

BYTE LANES 
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NOTES lor Tables 6-11 & 6-13: 
A ,..,. in the above Whles indicaus that byte swapping is done internally by the EISA 
downshift bus master, but does not necessarily appear on the bus lor a read access 
cycle. It does appear lor a write cycle. 
( 1) Only possible with a downshift burst master, and it must do all byte swapping 
internally. 
(1) THROUGH (9) The plat/onn circuitly does not do byte swapping. The burst 
downshift bus master must execute the /oUowing subsequent cycles: 

NOTE BUS MASTER ACCESSED MAS. DRIVEN ACCESS RECEIVED., RESOURCE BYTE LANE BYTE LANE BITS 
BE3 BE2 BE1 BEO EX16* EX32* 3 2 1 0 3 2 1 0 

(2) 1 0 1 1 0 1 N * N Y N N N Y 8 
(3) 0 0 1 1 0 1 * * Y Y N N Y Y 16 
(4) 1 0 1 1 0 1 N * N Y N N N Y 8 
(8) 0 0 1 1 0 1 * * Y Y N N Y Y 16 

NOTES TO TABLE 6-11 

NOTE BUS MASTER ACCESSED MAS. RECEIVE ACCESS DRIVEN 
# RESOURCE BYTE LANE BYTE LANE BITS 

BEl BE2 BE1 BEO EX16* EX32* 3 2 1 0 3 2 1 0 

(5) 1 0 1 1 0 1 N * N Y N N N Y 8 
(6) 0 0 1 1 0 1 * * Y Y N N Y Y 16 
(7) 1 0 1 1 0 1 N * N Y N N N Y 8 
(9) 0 0 1 1 0 1 * * Y Y N N Y Y 16 

NOTES TO TABLE 6-13 
NOTE: 
A ...,. in the above Whles indicaus that byte swapping is done internally by the EISA 
downshift bus master, but does not necessarily appear on the bus lor a read access 
cycle. It does appear/or a write cycle. 
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6.2 EISA BUS MASTER ACCESS CYCLES TO ISA and 
E-ISA RESOURCES (EISA PLATFORMS) 

INTRODUCTION 

The E-MIX access cycle is a mixture of ISA and EISA specific 
cycles executed either by the EISA compatible platform CPU or 
EISA compatible add-on bus owner cards (collectively called EISA 
bus masters). ISA and E-ISA compatible accessed resources reside 
on the EISA bus only as add-on cards; all other platform resources 
on the EISA compatible platforms are EISA compatible. Access 
cycles between the EISA bus masters and other EISA compatible 
platform resources and add-on slave cards operate with EISA 
compatible cycles without the use of E-MIX access cycles. 

There are several unique issues relative to E-MIX access cycles: 

FIRST: 

The EISA bus only supports EX16* and EX32* signal lines 
which indicate EISA compatibility and data size. There is NO 
EX8* signal line to indicate that the accessed resource is 8 data 
bits in size and is EISA compatible. Consequently, the EISA bus 
master and platform circuitry must assume that any access that is 
not a data size of 16 or 32 bits (indicated by MEMCS16*, IOCS16*, 
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EX16*, or EX32*) is an access to an S data bit resource that is 
either ISA, E-ISA, or EISA compatible. 

Another side effect of the EISA bus specification not 
supporting an EXS* signal line (that would have identified an 
EISA compatible S data bit resource) is that the NOWS* (also 
called SRDY*) signal line cannot be used to support EISA 
compressed access cycles with S data bit resources. Thus, the 
NOWS* signal line on an S data bit EISA compatible resource 
operates in the same fashion as an S data bit E-MIX resource, and 
can only be used as part of the E-MIX access cycle. 

The end result of the above is that an S data bit EISA 
compatible memory resource is equivalent to an ISA or E-ISA 
compatible resource. That is, an S data bit EISA compatible 
memory add-on card can only respond to ISA compatible access 
cycles. It is indistinguishable from an ISA or E-ISA compatible 
add-on memory card. Finally, an S data bit EISA compatible I/O 
resource appears equivalent to an ISA or E-ISA compatible 
resource, but is not. 

SECOND: 

Notice that it is not possible to define an S data bit EISA bus 
master. The MASTER16* signal line can only define a 16 or 32 
data bit EISA bus master. Either of these EISA bus masters can 
act like an S data bit EISA bus master by enabling only one of the 
BE* signal lines. At the beginning of an access cycle, the data size 
of the EISA bus master can only be defined as 16 or 32 data bits. 

THIRD: 

The ISA or E-ISA and EISA compatible resources use only the 
ISA and EISA compatible signal lines, respectively. Consequently, 
the EISA bus master must assume that the accessed resource is 
EISA compatible, and relies on the platform circuitry to translate 
between ISA and EISA signal lines if the accessed resource is ISA 
or E-ISA compatible. 
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The E-MIX access cycle can be executed by the EISA bus 
master to access 8 and 16 data bit ISA or E-ISA compatible add-on 
memory and I/O slave cards. From the EISA bus master 
viewpoint, the cycle timing is referenced to the BCLI( signal line 
and appears as an EISA standard or data-matching access cycle. 
From a 16 data bit ISA, E-ISA, or EISA compatible accessed 
resource viewpoint, it appears to be a standard, ready, or no-wait 
state ISA compatible access cycle (see Figures 6-14-A and 6-14-B). 
From an 8 data bit ISA, E-ISA, or EISA compatible memory 
resource's viewpoint, it appears to be a standard, ready, or no-wait 
state ISA compatible access cycle. (See Figures 6-14-C and 6-14
D.) For an EISA compatible accessed resource, the operation of 
the NOWS· signal line is defined like an E-ISA compatible 
platform. 

For an E-MIX access cycle, the accessed resource sees 
everything in its native mode. As shown in Figures 6-14-A to 6-14
D, the ISA compatible signal lines (SA, SBHE·, BALE, and 
COMMAND (MEMR·, MEMW·, lOR·, and lOW·» must be 
available simultaneously with the EISA compatible signal lines 
(LA, M-IO, W-R, BE·, START·, and CMD·). The ISA or E-ISA 
compatible accessed resource only drives the ISA compatible signal 
lines (MEMCS16·, IOCS16*, 10CHRDY, SRDY·, and DATA). 
The EISA bus master only needs to generate and monitor EISA 
compatible signal lines; the ISA compatible signal lines are 
translated by the platform circuitry to EISA compatible signal lines. 
The timing of the EISA compatible signal lines is compatible to the 
EISA standard access cycle discussed at the beginning of this sub
chapter. The timing of the ISA compatible signal lines is the 
responsibility of the platform circuitry and must be compatible to 
the ISA specific access timing discussed at the beginning of this 
sub-chapter. 

The E-MIX access cycle for an 8 data bit EISA compatible I/O 
resource actually uses the EISA compatible signal lines. The 
beginning of the E-MIX access cycle is identical to an EISA 
standard access cycle. The platform circuitry monitors the NOWS· 
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and the EXRDY signal lines to determine when the CMD* signal 
line should be driven inactive to complete the cycle. As will be 
explained later, the NOWS* and EXRDY signal lines are sampled 
at special points for the access cycle to the 8 data bit EISA 
compatible I/O resource. 

Figures 6-14-A to D do not show the timing relationships of the 
E-MIX version of the data-matching access cycle. The operation of 
this type of cycle appears to the EISA bus master as the previously
described for EISA data-matching access cycles in Figures 6-8 and 
6-9. 
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PL BCLK s-LILr---L ~Il---Il---Il-rL 
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I I 

I 
MAS W-R 	 IT 	  ~ I I 

I I IEISA MAS START* -k 
I 


PL CMD* I I 
I 
I 

I I 

@ I 

I I IPL EX16*. EX32* 
® I I 

I IW@I 
AC EXRDV 

I 

I 

~ 
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PL AENx x x 
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WITH ISA &E·ISA NO WAIT STATE 

x = SAMPLE POINT 
(1) = SA FROM LA & BH 
(2) = E-ISA AND EISA ONL V 
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FIGURE 6-I4-D: 	 E-MIX VERSION OF EISA STANDARD 8 DATA BIT ACCESS 
CYCLE TO ISA OR E-ISA 8 DATA BIT ADD-ON SLAVE CARD 
(MASTERI6* = 0 OR I) 
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E-MIX VERSION OF THE EISA STANDARD ACCESS CYCLE 
(EISA PLATfORM) 

The E-MIX standard access cycle begins as an EISA standard 
access cycle (see Figures 6-7-A and 6-7-B). The EISA bus master 
drives the LA and M-IO signal lines valid, and then drives the 
START* signal line active. The BE* and W-R signal lines are 
driven valid simultaneously with the STAR T* signal line being 
driven active. The cycle becomes an E-MIX version of the EISA 
standard access cycle if the requested access size is 16 data bits 
(according to the BE* signal lines), the EX16* and EX32* signal 
lines are inactive (Point B in Figures 6-14-A to D), and the 
MEMCS16* or IOCS16* signal line is driven active for a memory 
or I/O access, respectively. Also, the cycle is an E-MIX version of 
the EISA standard access cycle if the access size requested 
(according to the BE * signal lines) and the accessed resource 
(indicated by inactive MEMCS16*, IOCS16*, EX16*, and EX32* 
signal lines ) are both 8 data bits in size. 

When an EISA bus master requests an access, the ISA or E-ISA 
compatible resource indicates its data size by driving the 
MEMCS16* or IOCS16* signal line valid. These signal lines are 
decoded from valid LA<17-23> signal lines for the MEMCS16* 
signal lines, and from the SA<O-9> signal lines for the IOCS16* 
signal line. (Also, SA<10-11> and AENx signal lines, if E-ISA 
compatible.) The MEMCS16* signal line could be sampled early 
enough for the EISA bus master to know it is an E-MIX access 
cycle. The IOCS16* signal line cannot be sampled early enough. 
Thus, by convention, once the EX16* and EX32* signal lines are 
sampled inactive, an E-MIX access cycle is assumed. 

The EISA bus master must tri-state the BE*, START*, and 
DATA (for write) signal lines for the possibility that an E-MIX 
version of the EISA data-matching access cycle may occur (Point D 
in Figures 6-14-A to D). The timings for the BE* and START* 
signal lines are as shown in Figure 6-8, and the associated tables. 
For a write cycle, the DATA signal lines are driven by the platform 
circuitry. Also, the EISA bus master holds the LA, M-IO, and W-R 
signal lines valid until cycle completion according to the EISA 
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data-matching access cycle timings in Figures 6-8 and the 
associated tables. The ISA or E-ISA accessed resource does not 
need the LA signal lines held valid; it is only required in the 
anticipation that an E-MIX version of the EISA data-matching 
access cycle will be executed. 

There is a similar problem with the NOWS* (SRDY*) and 
IOCHRDY signal lines. These signal lines are driven by the ISA 
compatible accessed resource too late for the platform circuitry to 
correctly drive the EXRDY signal line. Thus, as with the data
matching access cycle, the EISA bus master must not sample the 
EXRDY signal line, it must rely on the platform circuitry 
controlling cycle length via the CMD* signal line. 

The end result of the aforementioned cycle operation is that the 
LA, M-IO, BE*, W-R, and DATA (write) signal lines operate in 
the same fashion as an EISA data-matching access cycle, even if 
the data size requested does not need multiple byte assembly and 
disassembly. 

For read access cycles, the platform circuitry will drive the 
EX16* and EX32* signal lines active simultaneously with driving 
the CMD* signal line inactive and the accessed resource driving 
the DATA signal lines valid. For write access cycles, the EISA bus 
master had to tri-state the data signal lines in anticipation of a 
data-matching cycle. Thus, the platform circuitry has to drive the 
data signal lines valid for the remainder of the cycle. The data is 
written to the accessed resource simultaneously to the platform 
circuitry driving the EX16* and EX32* signal lines active and 
driving the CMD* signal line inactive. In either case, the EISA bus 
master must only monitor the EX16*, EX32*, and CMD- signal 
lines to complete the cycle. 

At the end of the cycle, the BE-, START * , and DATA (for 
writes) signal lines are tri-stated by the platform circuitry as 
outlined in the EISA data-matching access cycle (see Figure 6-8 
and associated tables). 
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There are several important issues to remember relative to the 
E-MIX version of the EISA standard access cycle: 

As shown in Figure 6-14-A, the EXRDY signal line is not 
driven active; the platform circuitry uses the EX16* or EX32* 
signal line to indicate the completion of the cycle. Thus, by 
definition, the cycles outlined in this figure are E-MIX VERSIONS 
OF THE EISA STANDARD ACCESS CYCLES ... they are NOT 
defined as E-MIX versions of the EISA ready access cycle because 
the EXRDY signal line is not used. 

Also note that the IOCHRDY signal line is monitored by the 
platform circuitry NOT to drive the EXRDY signal line, but to 
determine when to drive the EX16* and EX32* signal lines active 
and the CMD* signal line inactive. 

For ISA, E-ISA, and EISA accessed resources of 8 data bits in 
size, the SRDY* (also known as NOWS*) signal line is sampled by 
the platform circuitry in the 3rd, 4th, and 5th BCLK signal line 
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periods. If the SRDY* signal line is sampled active, the cycle is 
immediately completed. (See Figure 6-14-D.) 

For EISA accessed resources of 8 data bits in size, the 
IOCHRDY signal line is not sampled until the 6th BCLI( signal 
line period. (See Figure 6-14-C.) Because it is not known if it is an 
8 data bit ISA, E-ISA, or EISA I/O resource, the EXRDY signal 
line is also sampled by platform circuitry. The "earliest" point that 
the EXRDY signal line is sampled is the sixth BCLI( signal line 
period. 

If the accessed resource is an ISA or E-ISA compatible 16 data 
bit memory resource, the SRDY* (also known as NOWS*) signal 
line will be sampled in the 2nd BCLI<. signal line period. If the 
SRDY* signal line is sampled active, the cycle is immediately 
completed (see Figure 6-14-A). 

Tables 6-24 and 6-25 define the byte lanes used and the byte 
swapping needed for the E-MIX version of the EISA standard 
access cycle. 



310 ISA & EISA Theory and Operation 

BUS MAS. DRIVEN ACCESSED DRIVEN (4) ACCESS RECEIVED(S)
BYTE ENABLES RESOURCE BYTE LANE BYTE LANE BITS 

BE3 BE2 BE1 BEO EX16* EX32* 3 2 1 0 3 2 1 0 

MAS16*=INACT. 
MEMCS16* & 
IOCS16*=INACT. 
1 1 1 0 (2) (2) N N N Y N N N Y 8 

1 1 0 1 (2) (2) N N Y Y N N N Y 8(1) 

1 0 1 1 (2) (2) N Y N Y N N N Y 8(1) 

0 1 1 1 (2) (2) Y N N Y N N N Y 8(1) 

MAS16*=INACT. 
MEMCS16* OR 
IOCS16*= ACT. 
1 1 0 0 (2) (2) N N Y Y N N Y Y 16 

0 0 1 1 (2) (2) Y Y Y Y N N Y Y 16(1) 

MAS16*=ACT 
MEMCS16* & 
IOCS16*=INACT. 
1 1 1 0 (2) (2) N N N Y N N N Y 8 

1 1 0 1 (2) (2) N N Y Y N N N Y 8(1) 

1 0 1 1 (2) (2) N N N Y N N N Y 8 

0 1 1 1 (2) (2) N N Y Y N N N Y 8(1) 

MAS16*=ACT. 
MEMCS16* OR 
IOCS16*= ACT. 
1 1 0 0 (2) (2) N N Y Y N N Y Y 16 

0 0 1 1 (2) (2) N N Y Y N N Y Y 16 

TABLE 6-24: EISA PLATFORM ... E-MIX VERSION OF THE EISA 

STANDARD WRITE ACCESS CYCLE BYTE LANES 


Please see the NOTES on the next page. 
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BUS MAS. DRIVEN ACCESSED RECEIVED (4) ACCESS DRIVEN(6) DATA REDRIVEN 
BYTE ENABLES RESOURCE BYTE lANE BYTE lANE BITS 1 BClK AFTER 

BE3 BE2 BE1 BEO EX16* EX32* 3 2 1 0 3 2 1 0 CMD* INACTIVE 

MAS16*=INACT. 
MEMCS16* & 
IOCS16*=INACT. 

1 1 1 0 (2) (2) N N N Y N N N Y 8 YES 

1 1 0 1 (2) (2) N N (7) Y N N N Y 8(3) YES 

1 0 1 1 (2) (2) N (7) N Y N N N Y 8(3) YES 

0 1 1 1 (2) (2) (7) N N Y N N N Y (3) YES 

MAS16*=INACT. 
MEMCS16* OR 
IOCS16*= ACT. 


1 1 0 0 (2) (2) N N Y Y N N Y Y 16 YES 

0 0 1 1 (2) (2) (7)(7) Y Y N N Y Y 16(3) YES 

MAS16*=ACT 
MEMCS16* & 
IOCS16*=INACT. 

1 1 1 0 (2) (2) N N N Y N N N Y 8 YES 

1 1 0 1 (2) (2) N N (7) Y N N N Y 8(3) YES 

1 0 1 1 (2) (2) N N N Y N N N Y 8 YES 

0 1 1 1 (2) (2) N N (7) Y N N N Y 8(3) YES 

MAS16*=ACT. 
MEMCS16* OR 
IOCS16*= ACT. 

1 1 0 0 (2) (2) N N Y Y N N Y Y 16 NO 

0 0 1 1 (2) (2) N N Y Y N N Y Y 16 NO 

TABLE 6-25: EISA PLATFORM ... E-MIX VERSION OF THE EISA 
STANDARD READ ACCESS CYCLE BYTE LANES 

NOTES: 
(1) Bytes are swapped from upper to lower byte lanes. 
(2) EX16· or EX32· is active at this time. If the EISA bus master is an EISA. add
on bus owner card, these signal lines are driven at the end ofthe cycle. They are not 
driven if the EISA bus master is the platform cPu. 
(3) Bytes are swapped from lower to upper byte lanes. 
(4) Driven by both the EISA bus master or accessed resource, and in some cases 
platform byte swapping circuitry. 
(5) Byte lanes from which the accessed resource accepts data. 
(6) Byte lanes onto which the accessed resource drives data. 
(7) This byte lane MAY NOT be driven because the platform circuitry is 
accumulating the bytes to be redriven. 
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SPECIAL CONSIDERATION: 
E-MIX VERSION OF THE EISA STANDARD ACCESS CYCLE 
TO AN 8 DATA BIT EISA I/O RESOURCE 

As previously mentioned, an 8 data bit EISA I/O resource used 
the EISA compatible signal lines. The access cycle begins as an 
EISA standard access cycle that turns into an E-MIX version of this 
cycle when the EX16* and EX32* signal lines are sampled inactive. 
When the platform circuitry has determined that it is an 8 data bit 
I/O resource, it monitors the SRDY* (NOWS*), IOCHRDY, and 
EXRDY signal lines. 

The beginning of the access cycle is the same as an EISA 
standard access cycle (see Figure 6-14-E). The timings are the 
same as an EISA standard access cycle tabulated in Table 6-11-B. 
Some of the signal lines have additional "timings" relative to the 
cycle length of the no-wait-state access cycle. In keeping with the 
philosophy of EISA, the accessed resource does not have to 
reference the BCLK signal line except for EISA ready and burst 
access cycles. Consequently, different length versions of 
parameters 11, 12, and 16 can be defined. (See the Table 6-11-B 
Addendum.) It is also possible to use the parameters usually used 
by an EISA ready access cycle (15, 28, 13, 18, 19). Finally, the use 
of the DATA and EXRDY signal lines are defined in the same 
fashion as an EISA ready access cycle (15,28, 13,9, 18, 19). 
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All of the previous information relative to the E-MIX version of 
EISA standard access cycles applies, including redrive. 

Table 6-11-B Addendum has several key pieces of information. 
First, the "#/DET" (parameter number / detail) column relates the 
parameter number of the table to Figures 6-6-A and 6-6-B. 
Second, it provides detailed information on how the number was 
derived. The timing numbers are affected by the settling time on 
the bus. The table is based on the default values for 8 slots as 
outlined in Chapter 10. The # /DET interpretations are shown on 
the following page. 

DETAIL INTERPRETATION 

# NO SETTLING TIME INCLUDED. 

#/A SKEW OF TWO SIGNALS BETWEEN RESOURCES. ONE HAS A DELAY OF 
o NANOSECONDS. AND THE OTHER HAS A DELAY OF 11 
NANOSECONDS. 

#/B SIGNAL IS DRIVEN FROM ONE RESOURCE TO ANOTHER. THE SECOND 
RESOURCE MUST RESPOND BY DRMNG A SIGNAL BACK TO THE FIRST 
RESOURCE. # INCLUDES THE "ROUND TRIP" TIME OF 11 + 11 = 22 
NANOSECONDS. 

#/D SAME AS "B" EXCEPT ONE OF THE RESOURCES RELIES ON A 300 OHM 
PULL-UP RESISTOR. # INCLUDES THE "ROUND TRIP" TIME OF 11 + RC 
NANOSECONDS. 

#/F RC RISE TIME DUE 
NANOSECONDS. 

TO A 300 OHM PULL-UP RESISTOR = 29 

"DRIVEN BY" AND "MEASURED BY" INTERPRETATION 

ADD-ON ADD-ON CARD OR PLATFORM RESOURCE 
CPU PLATFORM CPU 
PLAT PLATFORM CIRCUITRY 
EISA-B EISA COMPATIBLE BUS OWNER ADD-ON CARD 

MIN. AND MAX. INTERPRETATION 

ALL TIMES ARE IN NANOSECONDS. 



REF# 
IDET 

DESCRIPTION OF EVENT 

6/B 

16/32 BIT MAS. TO 8 BIT 
SLAVE IE-MIX 
NOWS* ACTIVE THIRD BCLK 

EXRDY INACTIVE DELAY FROM 
LA, M-IO VALID 

6/D 

16/32 BIT MAS. TO 8 BIT 
SLAVE IE-MIX 
NOWS* ACTIVE THIRD BCLK 

EXRDY ACTIVE DELAY FROM 
LA, M-IO VALID 

7/B 

16/32 BIT MAS. TO 8 BIT 
SLAVE IE-MIX 
NOWS* ACTIVE THIRD BCLK 

EXRDY INACTIVE DELAY 
FROM START* ACTIVE 

7/D 

16/32 BIT MAS. TO 8 BIT 
SLAVE IE-MIX 
NOWS* ACTIVE THIRD BCLK 

EXRDY ACTIVE DELAY FROM 
START* ACTIVE 

8/B 

16/32 BIT MAS. TO 8 BIT 
SLAVE IE-MIX 

EXRDY INACTIVE DELAY 
FROM AENx VALID 

8/D 

16/32 BIT MAS. TO 8 BIT 
SLAVE IE-MIX 

EXRDY ACTIVE DELAY FROM 
AENx VALID 

11/B 

16/32 BIT MAS. TO 8 BIT 
SLAVE IE-MIX 
NOWS* ACTIVE THIRD BCLK 

READ DATA VALID DELAY 
FROM START* ACTIVE 

12/B 

16/32 BIT MAS. TO 8 BIT 
SLAVE IE-MIX 
NOWS* ACTIVE THIRD BCLK 

READ DATA VALID DELAY 
FROM CMD* ACTIVE 

15/A 

16/32 BIT MASTER TO 
8 BIT SLAVE IE-MIX 

READ DATA VALID FROM 
RISING EDGE OF BCLK 

ChapteT 6, Bus Access Cycles 315 

EISAACT'rLDRIVEN MEASURED MIN MAX SPEC 
BY AT NSEC. NSEC. &NOTES 

[833] 

ADD-ON ADD-ON 289 NOT 
[274] SPEC (4) 

ADD-ON ADD-ON 271 NOT 
[256] SPEC (4) 

ADD-ON ADD-ON 245 NOT 
[233] SPEC (4) 

ADD-ON ADD-ON 227 NOT 
[215] SPEC (4) 

ADD-ON ADD-ON 259 NOT 
[244] SPEC (4) 

ADD-ON ADD-ON 241 
[226] 

ADD-ON ADD-ON 295 (2)
[280] (4) 

ADD-ON ADD-ON 170 (2)
[160] (4) 

ADD-ON ADD-ON 81 (2)
[76] 

TABLE 6-11-B ADDENDUM: E-MIX ACCESS CYCLE TO AN 8 DATA BIT 

EISA I/O RESOURCE... ACCESSED RESOURCE VIEWPOINT (PLA TFORM 


RESOURCES OR ADD-ON SLAVE CARD) 
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REF# 
IDET 

DESCRIPTION OF EVENT 

16/A 

16/32 BIT MAS. TO 8 BIT 
SLAVE IE-MIX 
NOWS* ACTIVE THIRD BCLK 

WRITE DATA VALID SETUP 
TO 00* INACTI VE 

21/A 

16/32 BIT MAS. TO 8 BIT 
SLAVE IE-MIX 
NOWS* ACTIVE THIRD BCLK 

CMD* ACTIVE TO INACTIVE 
PULSE WIDTH 

35/0 NOWS* INACTIVE DELAY FROM 
LAf M-IO VALID 

HIRD BCLK 

35/B NOWS* ACTIVE DELAY FROM 
LAf M-IO VALID 

HIRD BCLK 

36/0 NOWS* INACTIVE DELAY FROM 
BE*<0-3>, W-R VALID 

THIRD CLK 

36/B NOWS* ACTIVE DELAY FROM 
BE*<0-3>, W-R VALID 

THIRD BCLK 

37/0 NOWS* INACTIVE DELAY FROM 
FROM START* ACTIVE 

THIRD BCLK 

31/B News* ACTIVE DELAY FROM 
FROM START* ACTIVE 

THIRD BCLK 

38/B News* ACTIVE DELAY 
FROM AENx VALID 

38/0 NOWS* INACTIVE DELAY 
FROM AENx VALID 

39/A NOWS* ACTIVE DELAY FROM 
RISING EDGE OF BCLK 

39/F NOWS* INACTIVE DELAY FROM 
RISING EDGE OF BCLK 

40 NOWS* VALID HOLD FROM 
FALLING EDGE OF BCLK 

DRIVEN 
BY 

CPU 
EISA-B 

PLAT 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

MEASURED 
AT 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ACTUAL 
MIN I MAX 

NSEC. NSEC. 
[833] 

258 
[246] 

225 
[215] 

275 
[260] 

293 
[278] 

232 
[220] 

250 
[238] 

232 
[220] 

250 
[238] 

264 
[249] 

246 
[2311 

36 
[34] 

18 
[16] 

20 
[20] 

EISA 
SPEC

&NOTES 

(1 )
(4) 

NOT 
SPEC (4) 


NOT 

SPEC 
(4) 

NOT 
SPEC 
(4) 

NOT 
SPEC 
(4) 

NOT 
SPEC 

(4)(5) 

NOT 
SPEC 
(4) 

NOT 
SPEC 
(4) 

NOT 
SPEC 


NOT 

SPEC 


NOT 

SPEC 


NOT 

SPEC 


NOT 

SPEC 

TABLE 6-11-B ADDENDUM: E-MIX ACCESS CYCLE TO AN 8 DATA BIT 

EISA I/O RESOURCE... ACCESSED RESOURCE VIEWPOINT(PLATFORM 


RESOURCES ORAnD-ON SLAVE CARD) (CONTINUED) 
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NOTES: 
(1) The first 8 da14 bils of the access sequence is as stated in the table. The 2nd, 3Td, 
and 4th 8 data bit access is 21 nanoseconds. 
(2) Setup to da14 read to platfonn circuitry appears to be 33 nanoseconds according 
to the EISA Rev. 3.12 specification. 
(3) The first 8 data bils ofthe access sequence is as stated in the table. The 2nd, 3Td, 
and 4th 8 data bit access is 71 nanoseconds. 
(4) The table enlly is for sampling in the 3rd BCLK period of the access cycle. For 
the 4th BCLK period add 120 nanoseconds, and for the 5th BCLK period add 240 
nanoseconds to the table enlly. For a standard access cycle add 360 nanoseconds to 
the table enlly. The times are for an 8.33 MHz BCLK signal line. For an 8.00 MHz 
BCLK signal line, 120 becomes 125 nanoseconds, 240 becomes 250 nanoseconds, 
and 360 becomes 375 nanoseconds. 
(5) The table enlly is for an EISA standard or the first access of a data-matching 
access cycle. For the 2nd, 3Td, and 4th 8 data bit accesses of data-matching access 
cycles add the 120, 240, and 360 nanoseconds as outlined in Note 4 above, and 
subtract 9 nanoseconds. The times are for an 8.33 MHz BCLK signal line. For an 
8.00 MHz signal line, 120 becomes 125 nanoseconds, 240 becomes 250 
nanoseconds, and 360 becomes 375 nanoseconds. 
(6) The first 8 da14 bils ofthe access sequence is as stated in the table. The 2nd, 3Td, 
and 4th 8 da14 bit access is -15 nanoseconds max. 

E-MIX VERSION OF THE EISA DATA-MATCHING ACCESS 
CYCLE 

The E-MIX data-matching access cycle begins as an EISA 
standard access cycle (see Figures 6-7-A and 6-7-B). The EISA bus 
master drives the LA and M-IO signal lines valid and then drives 
the START* signal line active. The BE* and W-R signal lines are 
driven valid simultaneously to the STAR T* signal line being driven 
active. The cycle becomes an E-MIX version of the EISA data
matching access cycle under the following conditions: First, the 
EX16* and EX32* signal lines are inactive (Point B in Figures 6
14-A to D). Second, the access data size is 32 data bits (according 
to the BE* signal lines) OR The access size is 16 data bits 
(according to the BE* signal lines), and the MEMCS16* and 
IOCS16* signal lines are NOT driven active for a memory or I/O 
access, respectively. 
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The EISA bus master executes an E-MIX version of the data
matching cycle in a similar fashion to the E-MIX version of the 
EISA standard access cycle. In both cases, the EISA bus master is 
sampling the EX16* or EX32* signal lines for cycle completion and 
not the EXRDY signal line. The platform circuitry executes the E
MIX version of the data-matching access cycle differently from the 
E-MIX version of the EISA standard access cycle in the following 
ways: 

- The platform circuitry must execute a series of "sub access 
cycles" to assemble and disassemble the data bytes. 

- The platform circuitry will drive the BE* and START* 
lines that had been tri-stated by the EISA bus master. 

- For a read access cycle, the data is redriven by the 
platform circuitry one BCLK signal line period after the 
CMD* signal line is driven inactive. This is true for all 
read cycles, without exception. 

The E-MIX version of the data-matching access cycle operates 
as the "regular" EISA data-matching access cycle shown in Figure 
6-9-A and associated timing tables. The only difference is that the 
ISA compatible signal lines must be used as outlined for the E
MIX version of the EISA standard access cycle. 

Tables 6-26 and 6-27 show the byte lanes used and the byte 
swapping needed for the E-MIX version of the EISA data
matching access cycle to an 8 data bit resource. 
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CYCLE BUS MAS. DRIVEN PLAT DRIVEN ACCESSED DRIVEN (4) ACCESS RCVD (6)
BYTE ENABLES BYTE ENABLES RESOURCE BYTE LANE BYTE LANE BITS 

BE3 BE2 BE1 BEO BE3 BE2 BE1 BEO EX16* EX32* 3 2 1 0 3 2 1 0 

MAS16*=INACT. 
MEMCS16* & 
IOCS16*=INACT. 

1 
2 

1 
TS 

1 
TS 

0 
TS 

0 
TS 

TS 
1 

TS 
1 

TS 
0 

TS 
1 

1 
(2) 

1 
(2) 

N 
N 

N Y 
N Y 

Y 
Y 

Y 8 
Y 8(1) 

1 
2 

1 
TS 

0 
TS 

0 
TS 

1 
TS 

TS 
1 

TS 
0 

TS 
1 

TS 
1 

1 
(2) 

1 
(2) 

N 
N 

Y 
Y 

Y 
N 

Y 
Y 

Y 8(1) 
Y 8(1) 

1 
2 

0 
TS 

0 
TS 

1 
TS 

1 
TS 

TS 
0 

TS 
1 

TS 
1 

TS 
1 

1 
(2) 

1 
(2) 

Y 
Y 

Y 
N 

N 
N 

Y 
Y 

Y 8(1) 
Y 8(1) 

1 
2 
3 

1 
TS 
TS 

0 
TS 
TS 

0 
TS 
TS 

0 
TS 
TS 

TS 
1 
1 

TS 
1 
0 

TS 
0 
1 

TS 
1 
1 

1 
1 

(2) 

1 
1 

(2) 

N 
N 
N 

Y Y Y 
N Y Y 
Y N Y 

Y 8 
Y 8(1) 
Y 8(1) 

1 
2 
3 

0 
TS 
TS 

0 
TS 
TS 

0 
TS 
TS 

1 
TS 
TS 

TS 
1 
0 

TS 
0 
1 

TS 
1 
1 

TS 
1 
1 

1 
1 

(2) 

1 
1 

(2) 

Y Y Y Y 
N Y N Y 
Y N N Y 

Y 8(1) 
Y 8(1) 
Y 8(1) 

1 
2 
3 
4 

0 
TS 
TS 
TS 

0 
TS 
TS 
TS 

0 
TS 
TS 
TS 

0 
TS 
TS 
TS 

TS 
1 
1 
0 

TS 
1 
0 
1 

TS 
0 
1 
1 

TS 
1 
1 
1 

1 
1 
1 

(2) 

1 
1 
1 

(2) 

Y Y Y Y 
N N Y Y 
N Y N Y 
Y N N Y 

Y 8 
Y 8(1) 
Y 8(1) 
Y 8(1) 

MAS16*=INACT. 
MEMCS16* OR 
IOCS16*=ACT. 

1 
2 

0 
TS 

0 
TS 

0 
TS 

0 
TS 

TS 
0 

TS 
0 

TS 
1 

TS 
1 

1 
(2) 

1 
(2) 

Y 
Y 

Y Y 
Y Y 

Y 
Y 

N 
N 

N Y 
N Y 

Y 16 
Y 16( 1) 

1 
2 

0 
TS 

0 
TS 

0 
TS 

1 
TS 

TS 
0 

TS 
0 

TS 
1 

TS 
1 

1 
(2) 

1 
(2) 

Y 
Y 

Y 
Y 

Y 
Y 

N 
Y 

N 
N 

N Y 
N Y 

N 8 
Y 16(1) 

1 
2 

1 
TS 

0 
TS 

0 
TS 

0 
TS 

TS 
1 

TS 
0 

TS 
1 

TS 
1 

1 
(2) 

1 
(2) 

N Y Y 
N Y N 

Y 
Y 

N 
N 

N Y 
N N 

Y 16 
Y 8(1) 

1 
2 

1 
TS 

0 
TS 

0 
TS 

1 
TS 

TS 
1 

TS 
0 

TS 
1 

TS 
1 

1 
(2) 

1 
(2) 

N 
N 

Y Y 
Y N 

N 
Y 

N 
N 

N Y 
N N 

N 8 
Y 8(1) 

MAS16*=ACT 
MEMCS16* & 
IOCS16*=INACT. 

1 
2 

1 
TS 

1 
TS 

0 
TS 

0 
TS 

TS 
1 

TS 
1 

TS 
0 

TS 
1 

1 
(2) 

1 
(2) 

N 
N 

N Y 
N Y 

Y 
Y 

N 
N 

N N 
N N 

Y 8 
Y (1)8 

1 
2 

0 
TS 

0 
TS 

1 
TS 

1 
TS 

TS 
0 

TS 
1 

TS 
1 

TS 
1 

1 
(2) 

1 
(2) 

N 
N 

N Y 
N Y 

Y 
Y 

N 
N 

N N 
N N 

Y (1)8 
Y (1)8 

TABLE 6-26: EISA PLATFORM E-MIX DATA-MATCHING WRITE ACCESS 

CYCLE BYTE LANES 


See NOTES on next page. 
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CYCLE BUS MAS. DRIVEN PLAT DRIVEN ACCESSED DRIVEN (5) ACCESS DRVN (7)
BYTE 	 ENABLES BYTE ENABLES RESOURCE BYTE LANE BYTE LANE BITS 

BE3 BE2 BE1 BEa BE3 BE2 BE1 BEa EX16* EX32* 3 2 1 a 3 2 1 a 

R = MAS16*=INACT. 
REDRV MEMCS16* & 10C 16*=INACTIVE 

1 1 1 a a TS TS TS TS 1 1 N N N Y N N Y 8 
2 TS TS TS TS 1 1 a 1 (2) (2) N N (8) Y N N Y 8(3)
R x X x x x x x X 1 1 N N Y Y N N N 

1 1 a a 1 TS TS TS TS 1 1 N N (8) Y Y 8(3)
2 TS TS TS TS 1 a 1 1 (2) (2) N (8) N Y Y 8(3)
R x X x x x x x x 1 1 N Y Y N Y 

1 a a 1 1 TS TS TS TS 1 1 N (8) N Y Y 8(3)
2 TS TS TS TS a 1 1 1 (2) (2) (8)N N Y Y 8(3)
R 	 x X x x x x x x 1 1 Y Y N N N 

1 	 1 a a a TS TS TS TS 1 1 N N N Y Y 8 
2 TS TS TS TS 1 1 a 1 1 1 N N (8) Y Y 8(3)
3 	 TS TS TS TS 1 a 1 1 (2) (2) N (8) N Y Y 8(3)
R x X x x x x x x 1 1 N Y Y Y N 

1 a a a 1 TS TS TS TS 1 1 N N (8) Y Y 8(3)
2 TS TS TS TS 1 a 1 1 1 1 N (8) N Y Y 8(3) 
3 TS TS TS TS a 1 1 1 (2) (2) (8)N N Y Y 8(3)
R 	 x X x x x x x X 1 1 Y Y Y N N 

1 	 a a a a TS TS TS TS 1 1 N N N Y Y 8 
2 TS TS TS TS 1 1 a 1 1 1 N N (8) Y Y 8(3)
3 TS TS TS TS 1 a 1 1 1 1 N (8) N Y Y 8(3) 
4 TS TS TS TS a 1 1 1 (2) (2) (8)N N Y Y 8(3)
R 	 x X x x x x x X 1 1 Y Y Y Y N 


MAS16*=INACT. 

MEMCS16* OR 10 S16*=ACTIVE 

1 a a a a TS TS TS TS 1 1 N N Y Y Y Y 16 
2 TS TS TS TS a a 1 1 (2) (2) (8)(8)Y Y Y Y 16(3) 
R 	 x X x x x x x X 1 1 Y Y Y Y N N 

1 	 a a a 1 TS TS TS TS 1 1 N N Y N Y N 8 
2 TS TS TS TS a a 1 1 (2) (2) (8)(8)Y Y Y Y 16(3) 
R 	 x X x x x x x X 1 1 Y Y Y N N N 

1 	 1 a a a TS TS TS TS 1 1 N N Y Y Y Y 16 
2 TS TS TS TS 1 a 1 1 (2) (2) N (8) N Y N Y 8(3) 
R 	 x X x x x x x x 1 1 N Y Y Y N N 

1 	 1 a a 1 TS TS TS TS 1 1 N N Y N Y N 8 
2 TS TS TS TS 1 a 1 1 (2) (2) N (8) N Y N Y 8(3) 
R 	 x X x x x x x x 1 1 N Y Y N N N 


MAS16*=ACT 

MEMCS16* & 10C 16*=INACTIVE 

1 1 1 a a TS TS TS TS 1 1 N N N Y N N N Y 8 
2 TS TS TS TS 1 1 a 1 (2) (2) N N (8) Y N N N Y 8(3)
R 	 X X X X X X X X 1 1 N N Y Y N N N N 

1 	 a a 1 1 TS TS TS TS 1 1 N (8) N Y N N N Y (3)8 
2 TS TS TS TS a 1 1 1 (2) (2) (8)N N Y N N N Y (3)8 
R 	 X X X X X X X X 1 1 Y Y N N N N N N 

TABLE 6-27: EISA PLATFORM ... E-MIX DATA-MATCHING READ ACCESS 
CYCLE BYTE LANES 
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NOTES: 

TS = Tristate, X =DON'T CARE 

(I) Bytes are swapped from upper to lower byte lanes 
(2) EXI6" or EX32" is active at this time. If the EIS.A bus master is an EISA add
on bus owner card, these signal/ines are driven at the end ofthe cycle. They are not 
driven if the EISA bus master is the platform cpu. 
(3) Bytes are swapped from lower to upper byte lanes 
(4) First cycle by the EISA bus master and in some cases by platform byte swapping 
circuitry. Subsequent cycles driven by the platform circuity. 
(5) First cycle driven by the accessed resource and in some cases by the platform 
byte swapping circuitry. Driven by platform circuitry at the end of the cycle for 
REDRWE. 
(6) Byte lanes from which the accessed resource accepts data. 
(7) Byte lanes onto which the accessed resource drives data. 
(8) This byte lane MAY NOT be driven because the platform circuitry is 
accumulating the bytes to be redriven. 

·.... ~8hi~7n~~li~od::.~I ..t!J$WhJrga~~t.lR:ti~jfJ~:R~·~'~~6:•••. 
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SPECIAL CONSIDERATION: 
E-MIX VERSION OF TIlE EISA DATA-MATCHING ACCESS 
CYCLE TO AN 8 DATA BIT EISA 110 RESOURCE 

When the requested data size is larger than the 8 data bit size 
of the EISA I/O resource, an E-MIX version of the EISA data
matching access cycle is executed. The timings are the same as 
those discussed for the E-MIX version of the EISA standard access 
cycle. The execution of the cycle proceeds as described in the 
previous section, including redrive protocol. 

6.3 ISA AND E-ISA BUS MASTER ACCESS CYCLES 
TO EISA RESOURCES (EISA PLATFORMS) 

INTRODUCTION 

The I-MIX access cycle is a mixture of ISA and EISA specific 
cycles. ISA and E-ISA compatible bus masters (collectively called 
ISA bus masters) only reside on the EISA bus as add-on cards. 
The EISA resources reside both on the platform and on the EISA 
bus as add-on cards. Access cycles between the ISA bus masters 
and other ISA and E-ISA compatible add-on slave cards operate as 
ISA compatible cycles without the use of I-MIX access cycles. 

Figure 6-15 outlines the I-MIX access cycle timing from the 
platform's viewpoint. Table 6-28 lists the values of these timing 
relationships. 
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Table 6-28 has several key pieces of information. First, the 
"#/DET" (parameter number / detail) column relates the 
parameter number of the table to Figure 6-15. Second, it provides 
detailed information on how the number was derived. The timing 
numbers are affected by the settling time on the bus. The table is 
based on the default values for eight slots as outlined in Chapter 
10. The # /DET interpretations are shown on the following page. 
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DETAIL 	 INTERPRETATION 

# 	 NO SETTLING TIME INCLUDED. 

#/A 	 SKEW OF TWO SIGNALS BETWEEN RESOURCES. ONE HAS A DELAY OF o NANOSECONDS, AND THE OTHER HAS A DELAY OF 11 
NANOSECONDS. 

#/B 	 SIGNAL IS DRIVEN FROM ONE RESOURCE TO ANOTHER. THE SECOND 

~~~~~~.M~~~Ecrb~r~~l ~'br-a~g ~~l9NT1b~A8f If]~l F!~ 
NANOSECONDS. 

#/0 	 SAME AS "B" EXCEPT ONE OF THE RESOURCES RELIES ON A 300 OHM 
PULL-UP RESISTOR. # INCLUDES THE "ROUND TRIP" TIME OF 11 + 29 = 
40 NANOSECONDS. (ASSUMES 20 PF LOAD PER SLOT.) 

#/E 	 SAME AS "A", EXCEPT THE WORST CASE INTERPRETATION IS THAT 
BOTH SIGNALS ARE EITHER 0 NANOSECONDS OR 11 NANOSECONDS. 
THE NET RESULT IS A DIFFERENCE OF 0 NANOSECONDS. 

#/H 	 RC RISE TIME DUE TO A 1K PULL-UP RESISTOR,. 104 NANOSECONDS. 

"DRIVEN BY" AND "MEASURED BY" INTERPRETATION 

ADD-ON 	 ADD-ON CARD OR PLATFORM RESOURCE 
ISA-B 	 ISA OR E-ISA COMPATIBLE ADD-ON CARD BUS OWNER ADD-ON CARD 
CPU PLATFORM CPU 
PLAT PLATFORM CIRCUITRY 

MIN. AND MAX. INTERPRETATION 

THE NUMBERS IN THE TABLE ARE CALCULATED FOR AN 8.33 MHZ BCLK. 

EISA INTERPRETATION 

THE "EISA" ENTRIES ARE ACCORDING TO THE EISA BUS SPECIFICATION REV. 3.12 

SMEMR* AND SMEMW* 

SMEMR* AND SMEMW* HAVE A 21 NANOSECOND DELAY FROM MEMR* AND MEMW" 
SIGNAL LINES (36 NANOSECONDS IN THE EISA REV. 3.12 
SPECIFICATION). THE ENTRIES IN THE TABLE ARE REFERENCED TO THE 
MEMR* AMD MEMW" SIGNAL LINES. 



C
I.O

C
I(

 
3

ST
IE

TC
H

IIG
 

2 
N

 
2 

~ ~ 
a:

{ 
B

C
lK

~ 
B

A
LE

 
~
 

o 
LA

<
17

-2
3>

~ 
~

U
J 

S
A

<
O

-l
9>

, 
S

B
H

 
1 

tt:I
 

1 
3

0
 

~ 
M

E
M

R
*,

 M
E

M
W

 
<;>

-
~

1
--

--
' 

1 

!a
 

IO
R

*,
IO

W
*,

 
t..

..-
.J

5
.... 

1 
1 

V
I 

LA
<

2·
19

>
 

~
 

f-


'.
 

1
6 

f--
l_ 

1 

B
E

*<
O

-3
>

rl
':"

 
"'

J
1'

1 
'-


1 

=i
6

~~
 

S
T

A
R

T
* 

2
~
1
0
-

3 
1

>
~~
 

a: 
-
4

2
4

 
-
-
-
J
 

1
7

 1
!:::

J::
!lr

l 
=>

 
~
~
 

a: 
M

-I
O

 
1

7
 '--

---
J..

. 
X

»:I
:;l 

(.
) 

1
C3

 
1

-9
-

(2
)

~<
":
l 

::! a: 
1

8
 ~
 

1
(

<"
:l

~ 
W

-R
 

1 
-


T

@~
 

fi! 
11

 
~
4
 

: 
(3

) 
1

8
p'

r...
.,{.

 
~
5
 

~
.
 

~ 
C

M
D

* 
"\

. 
: 

2
1

 
11

. 
-
1

3
-

I 
-, 

I
j'
 

IO
C

H
R

D
Y

 
2

0
 

1 

.§
 &1

~
.
 

""
\ 

~t
;;

 
2

2
P

 
2

3
'-

7
 

1
2

 
~
~
 

A
E

N
x 

-
c
~
 

1
5

 ~
 

{ 
1 

""' 
-

~
 

M
E

M
C

S
1

6
* 

1 
'-

-2
7

 -
I_

 
"" 

'-
-

I 
!>


~tl

."J
 

1
6

 r
 

-, 
w

 
~
 

(.
) 

i1
O

C
S

1
6

* 
-
1

4
 

1
--

'1
 

1 
2

8
@~

 
a: 

1 

~ 
=>

 
1

til
 

E
X

1
6

*.
 E

X
3

2
*

g 
~
2
6
 

f-
( 1
~
2
)
 

1 
~
 



;::

::-
9"

""'



w
 

-
---

'1

~ 

8 
I 

~ 



C
 

~<
, 

E
X

R
D

Y
 

w
 

~ 
f' 

~
 
~

U
J 

U
J 

D
A

T
A

 (W
R

IT
E

) 
1 

(4
) 

(4
)

w
 

~ 
(.

) 
'-

o
~
 

D
A

T
A

 (
R

E
A

D
) 

T
5

 
('

)
~ 

I 
~
5
.
l
 

W
ri

te
 C

yc
le

 
R

ea
d 

C
yc

le
 

g 
~ 

.L
 

1 
fr

T
 

~ 
x 

=S
a

m
p

le
 P

oi
nt

, 
(1

) 
=

 F
o

r 
M

em
or

y 
O

nl
y,

 (
2)

 =
 F

o
r 

VO
 O

nl
y,

 (
3)

 =
F

or
 W

ri
te

 C
yc

le
 O

n
ly

 

(4

) 
=

 F
o

r A
cc

es
se

d 
R

es
ou

rc
e 

W
ri

te
 D

at
a 

is
 R

ef
er

en
ce

d 
to

 C
M

D
*.

 F
o

r I
S

A
 B

u
s 

O
w

ne
r.

 W
ri

te
 D

at
a 

is
 R

ef
er

en
ce

d 
to

 M
E

M
W

* 
&

 I
O

W
* 



~
 

(5
) 
=

 F
o

r A
cc

es
se

d 
R

es
ou

rc
e 

R
ea

d 
D

at
a 

Is
 R

ef
er

en
ce

d 
to

 C
M

D
*.

 F
o

r 
IS

A
 B

u
s 

O
w

n
e

r 
R

ea
d 

D
at

a 
is

 R
ef

er
en

ce
d 

to
 M

E
M

R
* 

an
d 

IO
R

* 
~
 



326 lSA & EISA Theory and Operation 

REFfI DESCRIPTION OF EVENT 
IDET 

1/A SA, SBHE*, LA VALID 
SETUP TO COMMAND ACTIVE 

8 BITS 

16 BITS 

FOR 16 BIT I/O 

2 START* ACTIVE DELAY 
FROM TO COMMAND ACTIVE 

3/A START* INACTIVE DELAY 
FROM BCLK RISING EDGE 

4/A CMD* ACTIVE DELAY 
FROM BCLK RISING EDGE 

SIB LA<2-19> VALID DELAY 
FROM SA<2-19> VALID 

6/B BE*<0-3> VALID DELAY 
FROM SAO &SBHE* VALID 

7/A AENx VALID DELAY FROM 
LA <8-9,11-15> VALID 

8/B EX16* &EX32* ACTIVE 
DELAY FROM AENx VALID 

8/0 EX16* &EX32* INACTIVE 
DELAY FROM AENx VALID 

9/B EX16* &EX32* ACTIVE 
DELY FRM LA,M/I-O VALID 

9/0 EX16* &EX32* INACTIVE 
DELY FRM LA,M/I-O VALID 

10/0 EXRDY ACTIVE DELAY FROM 
START* ACTIVE 

10/B EXRDY INACTIVE DELAY 
FROM START* ACTIVE 

11/0 EXRDY ACTIVE DELAY FROM 
LA<2-19> VALID 

11/B EXRDY INACTIVE DELAY 
FROM LA<2-19> VALID 

12/0 EXRDY ACTIVE DELAY FROM 
AENx VALID 

12/B EX ROY INACTIVE DELAY 
FROM AENx VALID 

DRIVEN 

BY 


ISA·B 


PLAT 


PLAT 


PLAT 


PLAT 


PLAT 


PLAT 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


ADD-ON 


MEASURED 

AT 


ADD-ON 


ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ACTUAL EISA 
MIN I MAX SPEC 

NSEC. NSEC. &NOTES 
[8.33] 

91 88 
[89]
28 24 

[23]
91 88 

[89] 

(1) 

36 25 
[36] 

36 25 
[36] 

0 37 15 
[3n 

0 82 NOT 
[82] 	 SPEC (2) 

29 18 
[29] 

56 34 
[49] 

38 34 
[31] 

83 54 
[76] 

65 54 
[58] 

102 124 
[95] 

120 124 
[113] 

146 143 
[136] 

164 143 
[154] 

116 143 
[106] 

134 143 
[124] 

TABLE 6-18: I-MIX ACCESS CYCLE TIMINGS 
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REF. 
/DET 

14/B 

14 

14/0 

14 

15/B 

15 

15/0 

15 

16/B 

16/0 

17/B 

18/B 

19/0 

19/B 

20/B 

21/A 

22/H 

23/E 

24 

25 

DESCRIPTION OF EVENT 

IOCS16* ACTIVE DELAY 
FROM SA<0-11> VALID 

IOCS16* INACTIVE DELAY 
FROM SA<0-11> VALID 

IOCS16* ACTIVE DELAY 
FROM AENx VALID 

IOCS16* INACTIVE DELAY 
FROM AENx VALID 

MEMCS16* ACTIVE DELAY 
FROM EX16/32* VALID 

MEMCS16* INACTIVE DELAY 
FROM EX16/32* VALID 

M-IO VALID DELAY FROM 
10R* & IOW* VALID 

W-R VALID DELAY FROM 
MEMORY OR I/O CMD VALID 

EXRDY ACTIVE DELAY FROM 
M/I-O VALID 

EXRDY INACTIVE DELAY 
M/I-O VALID 

10CHRDY INACT. DELY FROM 
MEMORY OR I/O CMD VALID 

CMD* INACTIVE DELAY FROM 
BCLK RISING EDGE 

10CHRDY ACTIVE DELY FROM 
BCLK FALLING EDGE 

COMMAND INACTIVE FROM 
10CHRDY ACTIVE 

EX16/32* VALID HOLD 
FROM START* INACTIVE 

CMD* INACTIVE DELAY FRM 
READ COMMAND INACTIVE 

DRIVEN 
BY 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 


PLAT 


PLAT 


PLAT 


PLAT 


ADD-ON 


ADD-ON 


PLAT 


PLAT 


PLAT 


PLAT 


ADD-ON 


PLAT 


MEASURED 
AT 

ADD-ON 

ISA-B 

ADD-ON 

ISA-B 

ADD-ON 

ISA-B 

ADD-ON 

ISA-B 

ISA-B 

ISA-B 

ADD-ON 

ADD-ON 

ADD-ON 

ADD-ON 

ISA-B 

ADD-ON 

ISA-B 

ISA-B 

ADD-ON 

ADD-ON 

EISAACTYAL
MIN MAX SPEC 

NSEC. NSEC. &NOTES 
[833) 

131 103 
[123] * 
153 145 

(145) *,(4) 

106 103 
[98] * 153 145 

[145] *, (4) 

44 NOT 
[39] SPEC 
66 

[61] 

26 NOT 
[21] SPEC 
66 

[61] 

37 15 
[3n 

15 15 
[15] 

62 NOT 
[62] 	 SPEC (2) 

82 NOT 
[82] SPEC (2) 

146 143 
[136] 

164 143 
[154] 

82 NOT 
[82] 	 SPEC (2) 

36 25 
[36] 

119 NOT 
[119] SPEC(2,3) 

125 
[120] 

53 NOT 
[53] SPEC 

0 NOT 
[0] SPEC (2) 

TABLE 6-28: I-MIX ACCESS CYCLE TIMINGS (CONTINUED) 
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REF# 
IDET 

DESCRIPTION OF EVENT DRIVEN 
BY 

MEASURED 
AT 

ACTUAL 
MIN I MAX 

NSEC. NSEC. 
[833] 

EISA 
SPEC

&NOTES 

26/B IOCS16* ACTIVE DELAY 
FROM LA<2-11> VALID 

ADD-ON 

ADD-ON 

ADD-ON 

PLAT 

73 
[68] 
95 

[90] 

54 
* 

NOT 
SPEC 

26/0 IOCS16* INACTIVE DELAY 
FROM LA<2-11> VALID 

ADD-ON 

ADD-ON 

ADD-ON 

PLAT & 

55 
[50]
95 

54 
* 

NOT 
ISA-B [90] SPEC 

27/E MEMCS16* VALID HOLD 
FROM INVALID LA<17-23> 

ADD-ON 

ADD-ON 

ADD-ON 

ISA-B 

0
[0]
0 

0 

0 

28/E IOCS16* VALID HOLD 
FROM VALID SA<0-11> 

ADD-ON ADD-ON 0
[0] 

0 

29/E IOCS16* VALID HOLD 
FROM VALID LA<2-11>, AENx 

ADD-ON ADD-ON 0 
[0] 

0 

30 SA<0-19> &SBHE* VALID 
HOLD FROM COMMAND INACTVE 
(LA<17-23> FOR ISA-B) 

ISA-B ADD-ON 30 
[30] 

30 

TABLE 6-28: I-MIXACCESS CYCLE TIMINGS (CONTINUED) 
NOTES: 
"If" Please see Table 6-11- Notes 6 and 21. 
(1) Not specified because of the synchronization of the COMMAND to the BCLK 
and STARTIf signal lines. See the text for furlher information. 
(2) Data from Intel 82358DT. 
(3) The entJy is for a lK pull-up resistor. If a 300 ohm pull-up resistor is used, the 
entJy is 44 nanoseconds. 
(4) Use this number for ISA or E-ISA add-on cards installed in E-ISA and EISA 
compatible platforms. If the bus master is an ISA add-on bus owner card, 153 {l45} 
is replaced with 81 {76} in Table 6-1-A, and 113 {l05} is replaced with 41 {35} in 
Table 6-1-B .. 

The I-MIX access cycle can be executed only by an ISA or E
ISA add-on bus owner card (collectively called ISA bus master). 
The ISA bus master can use the I-MIX access cycle to access EISA 
compatible memory and I/O resources. The execution of the 1
MIX access cycle requires extensive assistance from the platform 
circuitry. The ISA bus master executes cycles in its native ISA 
mode independent of the EISA control signal lines. The EISA 
compatible accessed resource executes cycles in its native EISA 
mode independent of the ISA control signal lines. The only signal 
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lines used during the actual access cycle by both protocols in an 1
MIX access cycle are the SA<O-IS>, LA<17-23>, IOCSI6* and 
SRDY* (NOWS *) signal lines. 

The implementation of the I-MIX access cycle is very ad-hoc in 
nature. The ISA bus master does not operate synchronously to the 
BCLI( signal line (except for the SRDY* and IOCHRDY signal 
lines), unlike an EISA bus master. The signals generated by the 
ISA bus master must be translated into equivalent EISA bus 
master signals. The address and data exchanged between the two 
resources must satisfy both the ISA and EISA bus cycle protocols. 
To these ends, the operation of the I-MIX access cycles can best be 
viewed as follows: 

First, the ISA bus master executes ISA ready access cycles to 
EISA 16 data bit memory and I/O resources, and EISA 8 data bit 
I/O resources. The operation of the EISA accessed resources is as 
described for EISA standard and ready access cycles on EISA 
compatible platforms. 

Second, an ISA bus master requesting a 16 data bit access to an 
8 bit resource does not require the platform circuitry to assemble 
the data into a 16 bit word; consequently, there is no concept of 
data-matching. Similarly, an access to a 32 data bit resource simply 
requires byte swapping by the platform circuitry to complete the 
cycle. 

Third, accesses to 8 data bit EISA compatible resources cannot 
be distinguished from accesses to 8 data bit ISA compatible 
resources. This condition will be discussed separately at the end of 
this sub-chapter. 

Finally, the only unique timings associated with the I-MIX 
access cycle are those required to link ISA and EISA protocols. 
Any signal line relationship not discussed in the subsequent section 
are defined in the previous ISA and EISA sections. Some of these 
timings are repeated here to help explain the I-MIX access cycles. 
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FIRST PART OF THE I-MIX ACCESS CYCLE 

The I-MIX access cycle to 16 or 32 data bit EISA compatible 
resources begins as an ISA standard access cycle after the obtain 
portion of an ISA arbitration has been executed. The platform 
circuitry drives the AENx signal line inactive and the BALE signal 
line active (see Chapter 9 for more information about arbitration 
cycles). The platform circuitry also drives the W-R signal line to be 
in the default read mode (see Figures 6-16-A and B). The ISA bus 
master drives the LA<17-23>, SA<O-19>, and SBHE* signal 
lines valid. The platform circuitry converts the SA < 0-1 >, SBHE * , 
and SA<2-16> signal lines to the BE*<0-3> and LA<2-16> 
signal lines, respectively. The platform circuitry also drives the 
AENx signal line valid. The accessed resource responds by driving 
the EX16*, EX32*, and IOCS16* (for I/O resource) signal lines 
valid. 

There are unique requirements during the first portion of the 
cycle because the ISA bus protocol establishes a minimum time 
from valid unique ISA ADDRESS (LA < 17-23>, SA<O-19>, 
SBHE*) signal lines to COMMAND (MEMR *, MEMW*, lOR*, 
and 10W*) signal lines active. Also, the ISA bus protocol 
establishes a maximum time from valid ISA ADDRESS (except 
SBHE*) signal lines and valid MEMCS16* and IOCS16* signal 
lines. In order to address these requirements, the following 
protocol has been established: 

First, the EISA unique ADDRESS (LA<2-16> and BE*<O
3» signal lines are a straight translation of the ISA ADDRESS 
signal lines (SA<O-16> and SBHE*) without any qualification by 
the BCLI( signal line. 

Second, the EX16*, EX32*, AENx, and IOCS16* signal lines 
decode from the EISA ADDRESS signal lines independent of 
address space (memory vs I/O) and the direction of data flow (read 
vs. write). The EX16* and EX32* signal lines decode the LA<2
23 > signal lines (as well as the LA < 24-31> * signal lines which are 
inactive). The AENx signal line is driven by the platform circuitry 
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and is a decode of the LA < 8, 9, 12-15> signal lines. The IOCS16* 
signal line must be driven by the EISA compatible accessed 
resource to insure that it is valid in the time established by the ISA 
access cycle protocol. The IOCS16* signal line decodes from the 
LA<2-11> and AENx signal lines. 

Third, the MEMCS16* signal line does not need the AENx 
signal as a qualifier, and is translated by the platform circuitry from 
the EX16* and EX32* signal lines. 

DETERMINATION OF RESOURCE lYPE 

First, at the beginning of the cycle, the M-IO signal line 
indicates a memory access. It does not change to indicate an I/O 
access until after the COMMAND signal lines are driven active. If 
the EX16* and EX32* signal lines remain inactive, the access is not 
to an EISA compatible memory resource. The platform circuitry 
does not have further participation with this cycle. 

Second, with the M-IO signal line initially indicating a memory 
access, EISA compatible resources could possibly drive the EX16* 
and EX32* signal lines even when the ISA bus master is accessing 
an ISA or E-ISA compatible I/O resource. The activation of the 
EX16* and EX32* signal lines will incorrectly indicate an EISA 
resource. Similarly, EX16* and EX32* signal lines will be valid too 
late as a reasonable indicator of an EISA compatible I/O resource. 
Thus, the I-MIX access cycle is always executed by the platform 
circuitry when the lOR* or 10W* signal line is driven active by the 
ISA bus master even if it is an ISA or E-ISA compatible resource. 

An ISA bus master access to an EISA compatible I/O resource, 
as indicated by active EX16* and EX32* signal lines, is clearly an 1
MIX access cycle. The fact that the IOCS16* signal line is driven 
by the EISA compatible I/O resource is simply for timing reasons. 
If the EISA compatible I/O resource is 8 data bits in size it cannot 
be distinguished from an ISA or E-ISA compatible I/O resource, 
but can use all of the EISA compatible control lines. The platform 
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circuitry simply monitors the EXRDY signal line in order to 
control the IOCHRDY and CMD* signal lines. The fact that 8 
data bit ISA, E-ISA, and EISA compatible I/O resources are 
indistinguishable from each other allows the EISA compatible 
resource to use the NOWS* (SRDY*) signal line. Consequently, 
an 8 data bit EISA compatible I/O resource can execute no-wait
state cycles as if it were an ISA or E-ISA compatible resource. 

Third, notice that an 8 data bit EISA compatible memory 
resource cannot indicate to the platform circuitry that it is an EISA 
resource. Without the activation of the EX16* and EX32* signal 
lines, the I-MIX access cycle is not executed; consequently, the 
EISA bus control signal lines are not used by the accessed 
resource, and the EXRDY signal line is not monitored by platform 
circuitry. The ISA bus master must "directly" access the EISA 8 
data bit memory resource as if it is an ISA compatible resource. 
An EISA bus master accessing the same resource will do so with an 
E-MIX access cycle. Even though an 8 data bit memory resource 
COULD use EISA specific signal lines (LA, BE*), there is NO 
assurance that the platform circuitry will drive the STAR T* and 
CMD signal lines; consequently, it must respond to ISA compatible 
signal lines. Also, for an ISA or E-ISA compatible memory 
resource, the address spaces may overlap with the EISA 
compatible resources. Thus, for all intents and purposes, an EISA 
compatible 8 data bit memory resource must operate as, and is 
identical to, an ISA compatible 8 data bit memory resource. It is 
accessed by the ISA or E-ISA bus master without the use of the 1
MIX access cycle. 

CONTINUATION OF THE I-MIX ACCESS CYCLE 

The I-MIX access cycle continues with the ISA bus master 
driving the COMMAND signal lines asynchronously to the BCLK. 
signal line. In order for the platform circuitry to mimic the EISA 
bus master protocol, the asynchronous COMMAND signal lines 
must be translated into synchronous STAR T* and CMD* signal 
lines. To effect this translation, the STAR T* signal line will be 
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driven active asynchronously to the BCLI( signal line when one of 
the COMMANO signal lines is driven active. The platform 
circuitry then stretches the low and high period of the BCLI( signal 
line to insure that the driving point for the START· signal line 
going inactive and an active CMO· signal line are synchronized to 
the BCLI( signal line. 

Once the COMMANO signal lines are driven active, the 
platform circuitry drives the IOCHROY signal line inactive. The 
IOCHROY signal line remains inactive until Point A in Figure 6
16-A and B. At Point A, the EXROY signal line may be driven 
inactive by the EISA compatible resource if an EISA ready access 
cycle is needed. If the EXROY signal line remains active, the 
platform circuitry will drive the CMO· and IOCHROY signal lines 
inactive and active, respectively. The resulting cycle resembles an 
EISA standard access cycle to the accessed resource, but resembles 
an ISA ready access cycle to the ISA bus master. The earliest 
BCLI( signal line period that the EXROY signal line is sampled is 
the falling edge of the first period and fifth period of the active 
CMO· signal line for 16 and 8 data bit resources, respectively. 

i,.;ii__~li~"~lii1i~;1~t~' 

!~~~.il~~!la~i~.'i'l. 


Once the CMD* signal line is driven active, the I-MIX cycle 
proceeds as an EISA compatible standard or ready cycle relative to 
the accessed resource. An EISA standard access cycle is 
exemplified in the write cycle portion of Figure 6-16-A. Obviously, 
the cycle is extended if the EXROY signal line is driven active as 
required by the EISA bus protocol, as shown in Figure 6-16-B. 
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The ISA bus protocol only establishes a minimum time from an 
active 10CHRDY signal line and an inactive COMMAND signal 
line; consequently, there is an indeterminate time for the cycle to 
complete. For a write cycle, the data is received by the EISA 
compatible resource at the end of the active period of the CMD
signal line; thus, the COMMAND signal lines (MEMW-, 10W-, 
and SMEMW-) can be driven inactive after the CMD- signal line 
is driven inactive. For a read cycle, the data is received by the ISA 
bus master when it drives the COMMAND signal lines (MEMR -, 
SMEMR -, and lOR-) inactive; thus, the CMD- signal line must be 
held active until after the MEMR- or lOR- signal lines are driven 
inactive. 

During an I-MIX access cycle, the LA *<24-31> signal lines are 
high due to pull-up resistors on the bus. These address lines are 
defined as containing the inverted address; consequently, only the 
lower '16 megabytes of the memory address space can be accessed. 
For an ISA compatible add-on bus owner card, the I/O address 
space is a subset of the EISA I/O address space; the ISA bus 
master can drive only the SA < 0-9 > signal lines. For an E-ISA 
compatible add-on bus owner card, the I/O address space by 
definition is the same as the EISA I/O addresss space. 
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6.4 LOCK CYCLES 

The platform CPU or EISA add-on bus owner card (collectively 
called EISA bus masters) can access an EISA memory or I/O 
resource with a locking feature. The EISA bus master can access a 
semaphore on an accessed resource while preventing other 
resources from accessing the same semaphore. The rules for 
activating the LOCK· signal line are as follows: 

1. 	 The accessed resource must be EISA memory and I/O 
compatible. 

2. 	 A maximum of 8 bytes of memory or I/O address 
locations can be accessed during a single active LOCK· 
signal line pulse. The access must be within an eight byte 
alignment boundary. 

3. 	The byte access must be done in a read-modify-write 
fashion. 

4. 	All of the access within a single active LOCK· signal line 
pulse must be all memory or all I/O. 

5. 	The EISA bus master must not drive the LOCK· signal 
line active if the associated MAKx· signal line is inactive. 

6. 	An EISA bus master must not drive the LOCK· signal 
line active if an 8 data bit EISA memory is accessed. An 
8 data bit EISA memory resource uses ISA compatible 
signal lines, including the IOCHRDY signal line. If the 
MAKx· signal line is inactive just after the LOCK· signal 
line is driven inactive, it is possible that the entire read
modify-write sequence cannot be completed before a bus 
time out has occurred. 
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7. 	Independent of the bus master or accessed resource data 
size, sufficient access cycles (single or multiple) are 
needed to access the entire semaphore size. 

8. 	An active LOCK- signal line can occur for any access 
cycle EXCEPT for EISA compressed or burst, E-MIX, 
and I-MIX access cycles. 

If the LOCK- signal line is sampled active at the last rising 
edge of the BCLK signal line when the START- signal line is 
active, the cycle is locked. A sequence of locked cycles also occurs 
if the bus master is the platform CPU and the LOCK- signal line is 
sampled active at the first rising edge of the BCLK signal line when 
the CMD- signal line is active. The sequence of locked cycles is 
terminated under two conditions: (1) The LOCK- signal line is 
sampled inactive at the last rising edge of the BCLK signal line of 
an active CMD- signal line pulse, OR (2) the LOCK- signal line is 
sampled inactive at the last rising edge of the BCLK signal line 
when the START- signal line is active. 

6.5 BACK TO BACK PROTOCOL 

There are timing restrictions from the end of one access cycle 
to the beginning of the next. Table 6-29 outlines an EISA bus 
master accessing bus resources. The entries in the table represent 
the number of BCLK signal line periods between an inactive 
CMD- signal line of the present cycle to an active START- signal 
line of the next cycle. 
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BCLK SIGNAL LINE NEXT CYCLE 
PERIODS 

EISA EISA DATA-MATCHING E-MIX STANDARD 
EISA BUS MASTER MEM, I/O MEM, I/O AND DATA-MATCHING 

BACK TO BACK TIMING MEM, I/O 

EISA 0 0 0 
MEM, I/O

PRESENT 
CYCLE EISA , , ,DATA-MATCHING 

MEM, I/O 

E-MIX STANDARD , ,
AND DATA-MATCHING 1 
MEM, I/O 

TABLE 6-29: EISA BUS MASTER BACK TO BACK TIMING 

NOTES: 

For the dakl-matching cycle, the "internal" cycles have a CMD* signal line inactive to 
a START* signal line active. 

The START* signal line active is relative to the rising edge 01 the BCLK signal line. 

The BCLKsignal line period is defined as 120 nanoseconds. 

Table 6-30 shows the case of an ISA or E-ISA bus master 
accessing bus resources. The entries in the table represent the 
number of BCLK signal line periods between an inactive 
COMMAND signal line of the present cycle to an active 
COMMAND signal line of the next cycle. (COMMAND signal 
lines are SMEMR·, SMEMW·, MEMR·, MEMW·, lOR·, and 
lOW·.) 

BCLK SIGNAL LINE NEXT CYCLE 
PERIODS 

ISA OR E-ISA BUS MASTER ISA, E-ISA, I-MIX ISA, E-ISA, I-MIX 
BACK TO BACK TIMING MEMORY I/O 

ISA, E-ISA, I-MIX 1.5 1.5 
PRESENT MEMORY (1)

CYCLE 
ISA, E-ISA, I-MIX 1.5 2.5 

I/O (1) 

TABLE 6-30: ISA OR E-ISA BUS MASTER BACK TO BACK TIMING 

Please see the Notes on the next page. 
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NOTES: 

(1) 1/ the next cycle is to a 16 data bit memory resource, the entry is one ( 1) BCLK 
signalUne period. 

The BCLKsignalUne period is defined as 120 nanoseconds. 

··~::·:<h·:::~;'i.'K<:'·:::-·<:<:<bt:;::;::~;'<ki·
~OmeC.1 .•se~Q" OW)Oner: (0 ,aroma. ~e minimum IICIC ••. :0 
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Notes 
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Notes 



CHAPTER SEVEN 

DMA TRANSFER BUS CYCLES 

This Chapter consists of the following Subchapters: 

7.0 GENERAL INFORMATION 
7.1 	DMA TRANSFER CYCLES ON ISA and E-ISA 


PLATFORMS 

7.2 DMA TRANSFER CYCLES ON EISA PLATFORMS 
7.3 	DMA MODES 
7.4 	DRQx AND TC CONSIDERATIONS 

7.0 GENERAL INFORMATION 

The DMA transfer cycles are only executed by the platform 
DMA controller to transfer data between memory and I/O 
resources. 

On an ISA compatible platform, signal lines during transfer 
cycles become active and inactive independent of the BCLK. signal 
line. Only one type of transfer cycle, COMPATIBLE, is supported 
on an ISA compatible platform. As described in Chapter 4, specific 
DACKx* signal lines are defined for 8 data bit I/O resources, and 
others are specific for 16 data bit I/O resources. The memory 
resource for a transfer cycle with an 8 data bit I/O resource can be 
either 8 or 16 data bits in width. The platform circuitry will swap 
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the bytes between high and low DATA signal lines as needed. The 
memory resource for a 16 data bit I/O resource must always be a 
16 data bit resource. 

On an E-ISA compatible platform, some of the signal lines are 
referenced to the BCLK signal line. COMPATIBLE transfer 
cycles are executed between ISA and E-ISA resources in the same 
fashion as the ISA compatible platform. However, the E-ISA 
platform can execute two additional types of transfer cycles 
between ISA or E-ISA add-on I/O cards and platform memory 
resources. These two additional types of transfer cycles are TYPE 
A and TYPE B. Each channel can be programmed for 
COMPATIBLE, TYPE A, or TYPE B transfer cycles and an 8 or 
16 bit I/O resource, and the direction of the TC signal line. 

On an EISA compatible platform, some of the signal lines 
become active and inactive independent of the BCLK signal line, 
and some do not. The EISA platform executes COMPATIBLE 
transfer cycles between ISA or E-ISA resources in the same fashion 
as on an ISA or E-ISA compatible platform. The EISA platform 
also executes TYPE A and TYPE B transfer cycles between ISA or 
E-ISA add-on I/O cards and platform memory resources in the 
same fashion as on an E-ISA compatible platform. As on the E
ISA compatible platform, each channel can be programmed for 
COMPATIBLE, TYPE A, or TYPE B transfer cycles, an 8 or 16 
bit I/O resource and the direction of the TC signal line. 

The EISA compatible platform also supports transfer cycle 
features beyond those possible on ISA and E-ISA compatible 
platforms. First, TYPE A, and TYPE B transfer cycles are 
supported between ISA or E-ISA memory and I/O add-on slave 
cards. Second, COMPATIBLE, TYPE A, and TYPE B transfer 
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cycles are supported between ISA I/O add-on slave cards and 
EISA memory add-on slave cards and platform memory. Third, 
the EISA compatible platform defines an additional transfer cycle, 
called TYPE C (also called BURST) between EISA compatible 
memory and I/O resources. Fourth, the data size of the memory 
resource can be smaller than the data size of the I/O resource. 

Each type of transfer cycle for any of the platforms comes in 
two versions: standard and ready. The difference between the two 
versions is the length of the cycle, which is controlled through the 
use of the IOCHRDY or EXRDY signal lines. 

There are two ways to execute transfer cycles: fly-by and non
fly-by. In a fly-by operation, data is read from the source at the 
same time it is written to the destination. The data in a fly-by 
operation is never held or modified by the DMA controller. The 
fly-by transfer cycle only supplies a single value on the ADDRESS 
signal lines during each transfer cycle. This address is only valid for 
the memory resource of the cycle. The I/O resources receive only 
an active DACKx* signal line to indicate which I/O resource 
participates in the cycle. This is in contrast to a non-fly-by transfer 
where data is read from the source by the DMA controller, and 
subsequently, the DMA controller executes a separate cycle to 
write data to the destination. Between the two cycles, the DMA 
controller holds the data and can view or modify it. The two 
individual cycles allow separate valid values on the ADDRESS 
signal lines; consequently, transfer cycles between memory and 
memory, and memory and I/O can be supported. The ISA, E-ISA, 
EISA platforms only execute the fly-by transfer cycles. 

On an EISA compatible platform, when the data size of the 
memory resource is smaller than the I/O resource, data is "held" by 
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the platform circuitry as part of the "CONVERSION" operation. 
Even though data is "held", by definition only fly-by transfers 
between memory and I/O resources are supported. 

Finally, transfer cycles on all the platforms can be executed 
under four modes of the DMA controller: single mode, block 
mode, demand mode, or cascade mode. 

7.1 DMA TRANSFER CYCLE ON ISA and E-ISA 
PLATFORMS 

The basic transfer cycle is focused on the I/O resource. It is 
assumed that the memory resource operates in the same fashion 
during a transfer cycle as it does during an access cycle. Thus, all 
of the memory parameters listed in Table 7-1-A are from Tables 6
1-A and 6-1-B with a few exceptions. 

Table 7-1-A has several key pieces of information. First, the 
"#/DET" (parameter number / detail) column relates the 
parameter number of the table to Figure 7-1. Second, it defines 
the detail information on how the number was derived. The timing 
numbers are affected by the settling time on the bus. The table is 
based on the default values for 8 slots as outlined in chapter 10. 
The # /DET interpretations are shown on the page following 
Figure 7-1-A. 
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.Qlli!L. 	 INTERPRETATION 

# 	 NO SETTLING TIME INCLUDED. 

#/A 	 SKEW OF TWO SIGNALS BETWEEN RESOURCES. ONE HAS A DELAY OF o NANOSECONDS, AND THE OTHER HAS A DELAY OF 11 
NANOSECONDS. 

#/B 	 SIGNAL IS DRIVEN BY ONE RESOURCE TO ANOTHER. THE SECOND 
RESOURCE MUST RESPOND BY DRMNG A SIGNAL BACK TO THE FIRST 
RESOURCE. # INCLUDES THE "ROUND TRIP" TIME OF 11 + 11 • 22 
NANOSECONDS. 

#/C 	 SAME AS "B", EXCEPT THE RESOURCES RELY ON A 1 K OHM PULL-UP 
RESISTOR. # INCLUDES THE "ROUND TRIP" TIME OF 11 + 78 • 89 
NANOSECONDS FOR AN ISA COMPATIBLE PLATFORM. FOR AN E-ISA OR 
EISA COMPATIBLE PLATFORM, THE EXTRA CAPACITANCE ADDS 26 
NANOSECONDS. 

#/D 	 ~~~tJ~~~~I~g~:~9~6LeblrfHREE~U~D~:~·UT~~i>~FA1~ ~~ 
33 NANOSECONDS FOR AN ISA COMPATIBLE PLATFORM. FOR AN E-ISA 
OR EISA COMPATIBLE PLATFORM, THE EXTRA CAPACITANCE ADDS 7 
NANOSECONDS. 

#/E 	 SAME AS "A", EXCEPT THE WORST CASE INTERPRETATION IS THAT 
BOTH SIGNALS ARE EITHER 0 NANOSECONDS OR 11 NANOSECONDS. 
THE NET RESULT IS A DIFFERENCE OF 0 NANOSECONDS. 

"DRIVEN BY" AND "MEASURED BY" INTERPRETATION 

ADD-ON ADD-ON CARD OR PLATFORM RESOURCE 

PLAT PLATFORM CIRCUITRY 

SOURCE ADD-ON CARD OR PLATFORM RESOURCE THAT PROVIDES THE DATA 

DESTIN ADD-ON CARD OR PLATFORM RESOURCE THAT ACCEPTS THE DATA 

DMA PLATFORM DMA CONTROLLER. 


MIN. ANP MAX. INTERPRETATION 

ALL TIMES ARE IN NANOSECONDS WITH AN 8.00 MHZ BCLK. 
THE NUMBER IN "[ r REFLECTS THE CALCULATED VALUE FOR AN 8.33 MHZ BeLK. 

EISA INTERPRETATION 

THE "EISA" ENTRIES ARE ACCORDING TO THE EISA REV. 3.12 BUS SPECIFICATION. 

SMEMR'" AND SMEt..1W* 

SMEMR'" AND SMEt..1W* SIGNAL LINES HAVE A 21 NANOSECOND DELAY FROM MEMR'" AND 
MEt..1W* SIGNAL LINES (36 NANOSECONDS ACCORDING TO THE EISA 
REV. 3.12 BUS SPECIFICATION). THE ENTRIES IN THE TABLE ARE 
REFERENCED TO THE MEMR'" AND MEt..1W* SIGNAL LINES. 
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REF' 
IDET 

1/A 

2/A 

3/A 

4 

5/B 

5 

6/A 

6/A 

7 

8 

9 

DESCRIPTION OF EVENT 

DACKx* ACTIVE TO IOR* 
ACTIVE 
DACKx* ACTIVE TO IOW* 
ACTIVE 

ADDRESS VALID TO MEMORY 
COMMAND ACTI VE 

8 BIT 

16 BIT 

IOR* ACTIVE TO MEMW* 

ACTIVE 

MEMR* ACTIVE TO IOW* 

ACTIVE 

(SEE NOTE 1) 


DATA FLOAT FROM ACTIVE 

READ COMMAND 


DATA VALID FROM IOR* 

ACTIVE 


10R* COMMAND ACTIVE HOLD 

FROM MEMW* COMMAND 

INACTIVE 

(SEE NOTE 1) 


MEMR* COMMAND ACTIVE HOLD 

FROM IOW* COMMAND 

INACTIVE 

(SEE NOTE 1) 


LA<17-23>, SA<0-19>6M&

SBHE* VAL D HOLD FR 

MEMORY COMMAND INACTIVE 


READ DATA VALID HOLD FROM 

INACTIVE MEMORY COMMAND 


10CHRDY VALID FROM MEM. 

COMMAND ACTI VE 

(See Note 2) 8 BITS 


OLD "AT" 
16 BITS 

DRIVEN 
BY 


DNA 


DNA 


DNA 

DNA 

DNA 

SOURCE 

SClJRCE 


SClJRCE 


DNA 


DNA 


DNA 


SOURCE 


SClJRCE 

DESTIN 


MEASURED 

AT 


SOURCE 


DESTIN 


SOURCE 

DESTIN 


SOURCE 

DESTIN 

SOURCE 

DESTIN 


SOURCE 


SClJRCE 


DESTIN 


SOURCE 

DESTIN 


SClJRCE 

DESTIN 


SOURCE 

DESTIN 


SOURCE 


DNA 


MIN ,I MAX EISA 
[8.33] 

67 66 
[62]
316 306 

[301] 

91 88 
[89] 
28 24 

[23] 

244 NOT 
[234] SPEC 
-26 

[-26] 

50 50 
[50] 

220 218 
[215]
242 

[23n 

31 NOT 
[29] SPEC 

31 NOT 
[29] SPEC 

30 30 
[30] 

0 0 
[0] 

217 NOT 
[202] 	 SPEC 

83 
[78] 

TABLE 7-I-A: COMPATIBLE TRANSFER CYCLE TIMINGS 
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REF' DESCRIPTION OF EVENT DRIVEN MEASURED MIN.I MAX EISA 
/DET BY AT [8.33] 


9 IOCHRDY VALID FROM MEM. SOURCE DMA 

COII4AND ACTI VE DESTIN 
(See Note 2) 8 BITS 210 NOT 

NEW E-ISA &EISA [200] SPEC 
16 BITS 

142 
[135] 


9/B IOCHRDY INACTIVE FROM SOURCE SOURCE 

MEM. ACTIVE COMMAND DESTIN DESTIN 
(See Note 2,4) 8 BITS 195 188 

OLD "AT" [180]
16 BITS 

61 86 
[56] 


9/B IOCHRDY INACTIVE FROM SOURCE SOURCE 

MEM. ACTIVE COMMANO DESTIN DESTIN 
(See Note 2 5) 8 BITS 188 188 

NEW E-ISA t EISA [178]
16 BITS 

120 86 
[115] 


9/C IOCHRDY ACTIVE FROM SOURCE SOURCE 

MEM. ACTIVE COMMAND DESTIN DESTIN 
(See Note 2,4) 8 BITS 128 NOT 

OLD "AT" [113] SPEC 
1K PULL-UP 16 BITS 
ON PLATFORM 34 

[29] 


9/0 IOCHRDY ACTIVE FROM SOURCE SOURCE 

MEM. ACTIVE COMMANO DESTIN DESTIN 
(See Note 2,4) 8 BITS 174 NOT 

OLD "AT" [159] SPEC 
300 PULL-UP 16 BITS 
ON PLATFORM 90 

[85] 


9/C IOCHRDY ACTIVE FROM SOURCE SOURCE 

MEM. ACTIVE COMMAND DESTIN DESTIN
(See Note 2 5) 8 BITS 95 NOT 

NEW E-ISA t EISA [85] SPEC 
1K PULL-UP 16 BITS 
ON PLATFORM 67 

[60] 

TABLE 7-J-A: COMPATIBLE TRANSFER CYCLE TIMINGS (CONTINUED) 
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REF# 
IDET 

DESCRIPTION OF EVENT 

9/D IOCHRDY ACTIVE FROM 
MEM. ACTIVE COMMAND 
(See Note 2,,5) 8 BITS 

NEW E-ISA EISA 
300 PULL-UP 16 BITS 
ON PLATFORM 

10/A TC ACTIVE SETUP TO IOW* 
INACT. (OUTPUT FROM DMA)
(SEE NOTE 7) 

11 TC ACTIVE HOLD FROM IOW* 
INACT. (OUTPUT FROM DMA)
(SEE NOTE 7) 

12/A IOR* ACTIVE TO INACTIVE 
(SEE NOTE 1) 

13/A IOW* ACTIVE TO INACTIVE 
(SEE NOTE 1) 

14/A DACKx* ACTIVE HOLD FROM 
IOR* INACTIVE 
DACKx* ACTIVE-HOLD FROM 
IOW* INACTIVE 

15/A AENx &BALE VALID FROM 
1/0 COMMAND INACTIVE 

16/B DRQx VALID DELAY FROM 
IOR* ACTIVE 

16/B DRQx VALID DELAY FROM 
IOW* ACTIVE 

17 IOCHRDY INACTIVE 
PULSE 

18/A AENx VALID TO 1/0 COMMAND 
ACTIVE 

19/A VALID MEMORY READ DATA 
FROM IOCHRDY ACTIVE 
(SEE NOTE 3) 8 BITS 

EVEN 

ODD 

16 BITS 

DRIVEN 

BY 


SOURCE 

DESTIN 


DMA 


DMA 


DMA 


DMA 


DMA 


DMA 


PLAT 


SOURCE 

DESTIN 


SOURCE 

DESTIN 


SOURCE 

DESTIN 


PLAT 


SOURCE 


MEASURED 

AT 


SOURCE 

DESTIN 


SOURCE 

DESTIN 


SOURCE 

DESTIN 


SOURCE 


DESTIN 


SOURCE 


DESTIN 


SOURCE 

DESTIN 


SOURCE 

DESTIN 


SOURCE 

DESTIN 


SOURCE 

DESTIN 


SOURCE 

DESTIN 


SOURCE 


MIN ,I MAX EISA 
[833] 

170 NOT 
[160] 	 SPEC 

149 
[135] 

500 500 
[500] 

60 60 
[60] 

781 755 
[749] 

474 455 
[454] 

94 94 
[89]
151 150 

[144] 

30 
[30] 

558 540 
[533] 

308 300 
[293] 


125 1.56 

[120] 	 MICR SECONDS 

100 NOT 
[95] SPEC 

74 70 
[69]
48 49 

[43]
74 80 

[69] 

TABLE 7-J-A: COMPATIBLE TRANSFER CYCLE TIMINGS (CONTINUED) 
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REFfI DESCRIPTION OF EVENT 
/DET 

19 8 BITS EVEN 

ODD 

16 BITS 

20/A IOW* INACTIVE TO ACTIVE 
(SEE NOTE 1) 

21/A IOR* INACTIVE TO ACTIVE 
(SEE NOTE 1) 

22/E MEMORY COMMAND ACTIVE 
HOLD FROM IOCHRDY ACTIVE 

23/A WRITE DATA VALID HOLD 
FROM INACTIVE I/O COMMAND 

24/B VALID READ DATA FROM 
MEMORY COMMAND ACTIVE 
(NOTES 3,6) 8 BITS EVEN 

ODD 

16 BITS 

24 VALID READ DATA FROM 
MEMORY COMMAND ACTIVE 
(SEE NOTE 6) 8 BITS 

16 BITS 

25/B DATA VALID TO IOW* 
INACTIVE (SEE NOTE 6,12) 

26/B TC VALID FROM 10R* 
ACTIVE (INPUT TO DMA)
(SEE NOTE 7)
TC VALID FROM IOW* 
ACTIVE (INPUT TO DMA)(7) 

27 TC VALID HOLD FROM IOR* 
INACTIVE (INPUT TO DMA) 

27 TC VALID HOLD FROM IOW* 
INACT (INPUT TO DMA) (9) 

29/A TC ACT/INACT FROM DACKx* 
INACT. 

DRIVEN 

BY 


SOURCE 


DMA 


DMA 


DMA 


SOURCE 


SOURCE 

SOURCE 

SOURCE 

SOURCE 

DESTIN 

SOURCE 

DESTIN 

SOURCE 
DESTIN 

MEASURED 

AT 


DESTIN 


DESTIN 


DESTIN 


SOURCE 

DESTIN 


DESTIN 


SOURCE 

DESTIN 

DESTIN 

SOURCE 

DESTIN 

SOURCE 

DESTIN 

SOURCE 
DESTIN 

MIN ,I. MAX
[8.33] 

EISA 

85 70 
[80]
85 

[80]
85 

70 

80 
[80] 

474 
[454] 

455 

156 
[149] 

165 

125
[120] 

120 

25 
[25] 

22 

325 
[310]
299 

NOT 
SPEC 

[284]
173 

[165] 

347 
[332]
195 

[185] 

NOT 
SPEC 

138 
[133] 

140 

560 
[560] 

560 

320 
[320] 

320 

91 80 
[88] 

90 90 
[90] 

40 40 

TABLE 7-1-A: COMPATIBLE TRANSFER CYCLE TIMINGS (CONTINUED) 
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REFf# 
/DET 

DESCRIPTION OF EVENT DRIVEN MEASURED 
IY AT rPE AMIN MAX EISA 

[8.33] 
lYPE IMIN MAX 

[8.33] 
EISA 

1!A DACKx* ACTIVE TO IOR* 
ACTIVE 
DACKx* ACTIVE TO IOW* 

DMA 

DMA 

SOURCE 

DESTIN 

67 
[62]
191 

66 

186 

67 
[62]
191 

66 

186 
ACTIVE [181] [181] 

4 DATA FLOAT FROM 
ACTIVE READ COMMAND 

SOURCE SOURCE 50 
[50] 

50 50 
[50] 

50 

5 

5/1 

DATA VALID FROM 10R* 
ACTIVE 

SOURCE 

SOURCE 

DESTIN 

SOURCE 

306 
[296]
294 

[284] 

280 186 
[176]
173 

[163] 

160 

8 READ DATA VALID HOLD 
FROM INACTIVE CMD* 

SOURCE SOURCE 2
[2] 

2 2 
[2] 

2 

10/A TC ACT. SETUP TO IOR* 
INACT(OUTPUT FRM DMA)
(SEE NOTE 7,11) 

DMA SOURCE 
DESTIN 

300 
[300] 

300 200 
[200] 

200 

11 TC ACT. HOLD FRM IOR* 
INACT(OUTPUT FRM DMA)
SEE NOTE 7 FOR TYPE A 

DMA SOURCE 
DESTIN 

60 
[60] 

60 -25 
[-25] 

-31 

10/A TC ACT. SETUP TO IOW* 
INACT.(OUT. FROM DMA)
(SEE NOTE 7) 

DMA SOURCE 
DESTIN 

240 
[240] 

240 180 
[180] 

180 

11 TC ACT. HOLD FRM IOW* 
INACT.(OUT. FROM DMA)
(SEE NOTE 7) 

DMA SOURCE 
DESTIN 

60 
[60] 

60 -31 
[-31] 

-31 

12/A 10R* ACT. TO INACTIVE 
(SEE NOTES 1, 10) 

DMA SOURCE 531 
[509] 

395 406 
[389] 

275 

13/A IOW* ACT. TO INACTIVE 
(SEE NOTE 1) 

DMA DESTIN 349 
[334] 

335 211 
[201] 

215 

14/A DACKx* ACT. HOLD FROM 
10R* INACTIVE 
DACKx* ACT. HOLD FROM 
IOW* INACTI VE 

DMA 

DMA 

SOURCE 

DESTIN 

94 
[89]
151 

[144] 

94 94 
[89]

150 151 
[144] 

29 

94 

15/A AENx VALID FROM I/O
COMMAND INACTIVE 

PLAT SOURCE 
DESTIN 

30 
[30] 

NOT 
SPEC 

TABLE 7-1-B: 1YPE A AND B TRANSFER CYCLE TIMINGS 
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REF# 
/DET 

DESCRIPTION OF EVENT DRIVEN MEASURED 
BY AT rPE AMIN MAX EISA 

[8.33] 
rPE BMIN MAX EISA 

[8.33] 

16/B DRQx VALID DELAY FROM SOURCE 
IOR* ACTIVE DESTIN 

SOURCE 
DESTIN 

308 
[293] 

300 183 
[173] 

180 

16/B DRQx VALID DELAY FROM SOURCE 
IOW* ACTIVE DESTIN 

SOURCE 
DESTIN 

183
[173] 

180 58 
[53] 

60 

18/A AENx VALID TO I/O
COMMAND ACTI VE 

PLAT SOURCE 
DESTIN 

100 
[95] 

NOT 
SPEC 

100 
[95] 

NOT 
SPEC 

20/A IOW* INACTIVE TO ACT. 
(SEE NOTE 1) 

DNA DESTIN 349 
[334] 

335 224 
[214] 

215 

211A IOR* INACTIVE TO ACT. 
(SEE NOTE 1) 

DNA DESTIN 156 
[149] 

165 31 
[29] 

50 

23/A WRITE DATA VALID HOLD SOURCE 
FROM INACT. I/O CMND 

DESTIN 25 
[25] 

20 25 
[25] 

20 

25/A DATA VALID TO IOW* 
INACTIVE 

SOURCE DESTIN 258 
[246] 

240 133 
[126] 

130 

26/B TC VALID FROM 10R* SOURCE 
ACTIVE (INPUT TO DNA)
(SEE NOTE 7) 

SOURCE 320 
[320] 

320 180 
[180] 

180 

26/B TC VALID FROM IOW* DESTIN 
ACTIVE (INPUT TO DNA)
(SEE NOTE 7) 

DESTIN 200 
[200] 

200 60 
[60] 

60 

27 TC VALID HLD FRM 10R* SOURCE 
INACT. (INPUT TO DMA)
SEE NOTE 7 FOR TYPE B 

SOURCE 91 
[8n 

80 18
[18] 

18 

27 TC VALID HLD FRM IOW* DESTIN 
INACT. (INPUT TO DMA)
SEE NOTE 7 FOR TYPE B 

DESTIN 90 
[90] 

90 80 
[80] 

80 

SEE NOTE 9 FOR TYPE A 

29/A TC ACT/INACT FROM 
DACKx* INACT. 

SOURCE 
DESTIN 

SOURCE 
DESTIN 

40 40 40 40 

TABLE 7-J-B: TYPE A AND B TRANSFER CYCLE TIMINGS (CONTINUED) 
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NOTES lor TABLE 7-1-A and 7-1-B: 

(1) The enfly assumes a 15 nanosecond same package skew between hJ&h/Iow and 
low/high transiJions with an 11 or 22 nanosecond bus delay. 1/ same pac/uIge skew 
is 0 nanoseconds, the entries increase by 15 nanoseconds. 

(2) 1/possible, use the smaller 0/ the numbers from each section (OLD ~r vs 
NEW E-ISA and EISA). 

(3) The number used in the table lor the ODD ~ has been decreased by 26 
nanoseconds from the EVEN ~ number. This allows lor ~ swapping overhead. 

(4) Use this number/or ISA or E-ISA add-on cards installed in ISA p/Ilt/onns. 'l7Iis 
number assumes a 15 p/per slot load. 

(5) Use this number lor ISA or E-ISA add-on cards installed in E-ISA and EISA 
platforms (or lor 8 data bi/. EISA memory add-on cards installed in EISA 
pIat/orms). This number assumes a 2Op/per slot load. 

(6) The 8 bi/. entries in the table would be 157 nanoseconds longer except lor the 
requirement to meet parameter 25. 

(7) The enfly in the table is the one required by the EISA Rev. 3.12 bus specification. 
The Intel 358DTchip set provides more Nliberar timing. 

(9) The entry in the table is the one required by the EISA Rev. 3.12 bus specification. 
The Intel 358DT chip set requires 148 {U3} nanoseconds. 

(10) For conversion cycles (i/ supported by the platform), the lOR· signal line active 
pulse will be shortened as follows: 531 {509} becomes 406 {389}, and 406 {389} 
becomes 281 {269}. 

(11) For conversion cycles (i/ supported by the platform), the lOR· signal line active 
pulse will be shortened,· consequently, the TC set1lp time is shortened as follows: 388 
{371} becomes 263 {25I}, and 263 {251} becomes 138 {131}. 

(12) For a 16 data bi/. transfer only, the numbers would be 290 {280}. TradiIionally, 
however, no distinction has been made between 8 and 16 data bi/. transfers, so the 
entries in the table apply to both. 
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STANDARD VERSION OF THE COMPATIBLE TRANSFER 
CYCLE ON AN ISA PLATFORM 

The standard version of the COMPATIBLE transfer cycle 
(abbreviated here to COMPATIBLE transfer cycle) is executed 
only by the platform DMA controller. The data transfer can be 
from I/O to memory (see Figure 7-1-B) or from memory to I/O 
(see Figure 7-1-C). The resource providing the data is defined as 
the "source". The resource receiving the data is defined as the 
"destination". 

Figures 7-1-B and 7-1-C define how the DMA controller and 
platform circuitry view COMPATIBLE transfer cycles. There is no 
corresponding figure or table to relate the "timing marks" to actual 
numbers because the DMA controller is a unique part of the 
platform circuitry. Figures 7-1-A, B, and C and 7-3 in conjunction 
with Table 7-1-A provide the appropriate information to 
understand COMPATIBLE transfer cycles and the design 
requirements for an add-on card. The key concepts for 
COMPATIBLE transfer cycles are as follows: the memory resource 
operates with the timings and control lines in the native mode of 
the memory resource (see Table 7-1-A for some exceptions); the 
I/O resource operates independent of the BCLK signal line as 
outlined in the following paragraphs. 

The request for a COMPATIBLE transfer cycle must be made 
by the I/O add-on slave card activating one of the DRQx signal 
lines. At some unspecified time later, the DMA controller will 
acknowledge the beginning of a series of transfer cycles with the 
I/O resource by activating the associated DACKx* signal line. 
(See Figures 7-1-B, C and 7-3.) Before the series of 
COMPATIBLE transfer cycles can begin, the AENx and BALE 
signal lines must be driven active by the platform circuitry. An 
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active AENx signal line indicates to all other I/O resources that the 
forthcoming activity on the ADDRESS and COMMAND (lOR* 
and 10W*) signal lines must be ignored. 

Only the I/O resource that receives the active DACKx* signal 
line may participate in the transfer, and may respond to an active 
COMMAND signal line. The memory resource that participates in 
the COMPATIBLE transfer cycle is identified by a valid value on 
the ADDRESS signal lines. An active BALE signal line allows the 
input circuitry of the add-on memory slave card to receive the valid 
address. (See the BALE signal line definition in Chapter 5 for 
more information.) 

Mter the AENx, BALE, and DACKx* signal lines have been 
driven active, the series of COMPATIBLE transfer cycles can 
begin. To begin a standard transfer cycle on an ISA compatible 
platform, the SA<O-19>, U<17-23>, and SBHE* signal lines are 
driven by the DMA controller. (NOTE: Because the DMA 
controller is a unique portion of the platform circuitry by 
definition, all ADDRESS and some of the ISA CONTROL signal 
lines are driven by the DMA controller.) Programming of the 
DMA controller determines the COMPATIBLE transfer direction 
and data width for the cycle. As described in Chapter 5, specific 
DACKx* lines are defined for 8 bit I/O resources, and others are 
specific for 16 bit I/O resources. 

The activation of the memory COMMAND signal lines by the 
DMA controller indicates the direction of the transfer, and that the 
ADDRESS signal lines are valid. The focus of a transfer cycle is 
the I/O resource. When the transfer is from the memory to the 
I/O resource, the data must be valid relative to the deactivation of 
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the lOW· signal line. The memory resource must match this 
timing. When the transfer is from the I/O resource to the memory 
resource, the data must be valid within a specific time of the lOR· 
signal line active The memory resource must match this timing. 

A memory resource in an 8 bit slot must monitor the SMEMR • 
and SMEMW· signal lines. If either line is active, only the first 
one megabyte of the memory address space is being accessed. For 
a memory resource in an 8/16 bit slot, the lA<20-23 >, MEMR·, 
and MEMW· signal lines are available to address the memory 
address space beyond the first megabyte. 

The cycle length of the standard COMPATIBLE transfer cycle 
that actually transfers data is independent of the width of the data 
transferred. The SRDY· signal line (NOWS·) is not monitored. 
Table 7-3 outlines the approximate cycle lengths for the portion of 
the standard version of the COMPATIBLE transfer cycle that 
actually transfers data for different platforms. The minimum cycle 
length, in terms of TCLK (period of BCLK) is also summarized. 
Due to bus settling times and device delays, TCLK should be 
considered as approximate for the "CYCLE BEGINS" column. 

PLAT. CYCLE 
TYPE 

CYCLE 
BEGINS 

CYCLE 
ENDS 

CYCLE CYCLE ADD-ON 
LENGTH(2) LENGTH(3) SLAVE CARD 

ISA COMPAT. 10R* ACT. 
OR 

1 TCLK AFTER 
IOR* INACT. OR 

8 TCLK 9 TCLK MEM, I/O 

E-ISA COMPAT. 2 TCLK TO 
IOW* ACT. 

2 TCLK AFTER 
IOW* INACT. 

8 TCLK 9 TCLK MEM, I/O 

E-ISA TYPE A 10R* ACT. 
OR 

1 TCLK AFTER 
10R* INACT. OR 

6 TCLK 7 TCLK I/O 

E-ISA TYPE B 1 TCLK TO 2 TCLK AFTER 
IOW* ACT. IOW* INACT .(1) 

4 TCLK 6 TCLK I/O 

TABLE 7-3: CYCLE LENGTH OF STANDARD TRANSFER CYCLES 

Please see the Notes on the /oUowing page. 
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NOTES: 
(1) For TYPE B, lOR· is inactive for one TCLK after lOW- inactive. 
(2) For the repetitive portions ofdemand and block transfers. 
(3) For the initial cycle ofdemand and block modes or a singk transfer cycle. 

The actual number of cycles in which data is transferred for a 
given DMA session is dependent on how the channel is 
programmed and the relative activity of the of the DRQx and 
DACKx· signal lines. Please see Sub-chapter 7.3, DMA MODES, 
for further information. 

When all of the data bytes that were programmed to be 
transferred have been transferred, the DMA controller drives the 
TC signal line active. The I/O resource monitors the TC signal 
line relative to the lOR· or lOW· signal line. For an ISA platform 
the TC signal line can only be driven by the DMA controller. 

Another important consideration of COMPATIBLE transfer 
cycles on an ISA compatible platform is that the data size of the 
participants must match. The data size of the memory resource 
must be equal to or greater than the data size of the I/O resource. 
The MEMCS16* and IOCS16* signal lines are not used to 
determine data sizing. The data size of the I/O resource is 
programmed into the DMA controller prior to the transfer cycle 
beginning, with the software assuming properly matched resources. 

Table 7-4 provides a summary of key attributes of a transfer 
cycle on an ISA platform. (This is a reprint of the same table in 
Chapter 3 ... it is reprinted here for convenience). 
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TRANSFER TYPES TC RESOURCE TRANSFER DEMAND &BLOCK 
PLATFORM PARTICIPANTS COMP "A" "B" "C" (1) SIZE SIZE TRANSFER 

MEMORY : I/O MEM:I/O INTERRUPTI BlE 

PC, XT PC,XT : PC,XT YES NO NO NO UNI 8 8 8 NO 

AT PC,XT : PC,XT YES NO NO NO UNI 8 8 8 NO 
PCAXT: AT YES NO NO NO UNI 8 8 8 NO 

T : PC,XT YES NO NO NO UNI 8/16 8 8 NO 
AT : AT YES NO NO NO UNI 8/16 8 8 NO 

16 16 16 NO 

TABLE 7-4: ISA COMPATIBLE PLATFORM DMA TRANSFER CYCLES 

NOTES: 
( 1) TC = Terminal Count; UNI ., UNIdirectional ... DMA controller to I/O 
resource; BI - BIdirectional. 

STANDARD VERSIONS OF TIlE COMPATIBLE. lYPE A. AND 
lYPE B TRANSFER CYCLES ON AN E-ISA PLATFORM 

The E-ISA compatible platform has expanded the different 
types of transfer cycles that can be executed. In addition to the 
previously described COMPATIBLE transfer cycle, there are also 
TYPE A and B. As outlined in Chapter 3, TYPE A and TYPE B 
transfer cycles are simply shorter versions of the COMPATIBLE 
transfer cycle. 

The E-ISA platform distributes the BCLK signal in a "starburst" 
pattern like the EISA platform. Thus, additional signal lines can 
be referenced to the BCLK signal lines. 

For clarity, Figure 7-2 and Table 7-5 have been included. 
These are additional timing relationships that are specific to 
understanding transfer cycles on E-ISA and EISA platforms, and 
will be useful for gaining a more complete understanding. 
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DETAIL INTERPRETATION 

# NO SETTLING TIME INCLUDED. 

#/A SKEW OF TWO SIGNALS BETWEEN RESOURCES. ONE HAS A DELAY OF o NANOSECONDS. AND THE OTHER HAS A DELAY OF 11 
NANOSECONDS. 

"DRIVEN BY" AND "MEASURED BY" INTERPRETATION 

SOURCE ADD-ON CARD OR PLATFORM RESOURCE THAT PROVIDES THE DATA. 
DESTIN ADD-ON CARD OR PLATFORM RESOURCE THAT ACCEPTS THE DATA. 
DMA PLATFORM DMA CONTROLLER. 

MIN. AND MAX. INTERPRETATION 

ALL TIMES ARE IN NANOSECONDS 

EISA INTERPRETATION 

THE "EISA' ENTRIES ARE ACCORDING TO THE EISA REV. 3.12 BUS SPECIFICATION. 
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BCLK 

OROx 

DAcKJrlI!

LA<2-31 >. W-R 

TC (INPUT TO DMA) 

TC (OUTPUT FROM DMA) 17 

I
TC (INPUT TO DMA) (2) , 61 ' 
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TC (OUTPUT FROM DMA) (2)>------4------ 10S'15 
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I 
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f 'l.f f 
,I 1
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22
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x • SAMPLE POINT 

(1). DACK* WILL OCCUR ON FALUNG EDGE FOR DMA. 

DACK* WILL OCCUR ON RISING EDGE FOR ISA MASTER 
(2) • BURST TRANSFER CYCLES 
(3) • FOR TYPE A & B TRANSFER CYCLE (OR FIRST PART OF BURST BEFORE BURST IS DETERMINED) 

NOTE: ANY TIMING RELATIONSHIPS NOT USTED ARE THE SAME AS FOR ACCESS TIMING 

FIGURE 7-2: TRANSFER CYCLE . .. ADDITIONAL TIMING RELATIONSHIPS 
ON E-ISA AND EISA COMPATIBLE PLATFORMS 
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REF' DESCRIPTION OF EVENT DRIVEN MEASURED MIN MAX EISA 
!DET BY AT 8.00 &8.33 

MHZ 

1 
1!A 

DACKx* ACTIVE FROM BCLK 
RISING OR FALLING EDGE 

DMA 
DMA 

DMA 
SRCE!DEST 

50 
60 

50 

2 
2!A 

LA<2-31>, W-R BE*<0-3> 
VALID FROM BCLK RISING 
EDGE (EISA PLAT. ONLY) 

DMA 
DMA 

DMA 
SOURCE! 
DESTIN. 

50 
61 

50 

3 TC VALID SETUP TO BCLK 
RISING EDGE 

SOURCE! 
DESTIN. 

DMA 15 15 

3!A SOURCE! SOURCE! 26 
DESTIN. DESTIN. 

4 

4 

TC VALID HOLD FROM BCLK 
RISING EDGE 

SOURCE! 
DESTIN. 
SOURCE! 

DMA 

SOURCE! 

15 

15 

25 

DESTIN. DESTIN. 

5 TC VALID DELAY FROM DMA DMA 40 35 
5!A BCLK RISING EDGE DMA SOURCE! 51 

DESTIN. 

6 TC VALID DELAY FROM 
BCLK FALLING EDGE 

DMA DMA 40 35 

6!A DMA SOURCE! 51 
DESTIN. 

10 TC VALID HOLD FROM DMA DMA 2 5 
BCLK FALLING EDGE 

10 DMA SOURCE! 2 
DESTIN. 

11!A DRQx INACTIVE SETUP TO 
BCLK RISING EDGE 

SOURCE! 
DESTIN. 

SOURCE! 
DESTIN. 

26 15 

11 SOURCE! DMA 15 
DESTIN. 

12 DRQx INACTIVE HOLD FROM 
BCLK FALLING EDGE 

SOURCE! 
DESTIN. 

SOURCE! 
DESTIN. 

2 35 2!
35 

12 SOURCE! DMA 2 35 
DESTIN. 

13 DACKx* ACTIVE HOLD FROM DMA DMA 10 5 
BCLK FALLING EDGE 

13 DMA SOURCE! 10 
DESTIN. 

TABLE 7-5: ADDITIONAL TRANSFER CYCLE TIMING RELATIONSHIPS 

ON E-ISAAND EISA COMPATIBLE PLATFORMS 
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REF' DESCRIPTION OF EVENT DRIVEN MEASURED MIN MAX EISA 
!DET BY AT 8.00 &8.33 

MHZ 

14!A DRQx INACTIVE SETUP TO 
BCLK FALLING EDGE 

SOURCE! 
DESTIN. 

SOURCE! 
DESTIN. 

91 

14 SOURCE! DNA 80 80 
DESTIN. 

15 TC INACTIVE DELAY FROM DMA DMA 35 35 
BCLK FALLING EDGE 

15 DNA SOURCE! 
DESTIN. 

35 35 

16 TC DRIVEN INACTIVE FROM 
DACKx* ACTIVE (NOTE 1) 

SOURCE! 
DESTIN. 

SOURCE! 
DESTIN. 

30 120 NOT 
SPEC(3) 

17 TC DRIVEN INACTIVE FROM 
DACKx* INACTIVE (NOTE 2) 

DMA SOURCE! 
DESTIN. 

120 120 
(3) 

18!A BE* VALID SETUP TO 
FALLING EDGE OF BCLK 

DMA SOURCE! 
DESTIN. 

59 60
(4) 

19 BE* VALID HOLD FROM DMA SOURCE! 2 2 
FALLING EDGE OF BCLK DESTIN. 

20!A BE* VALID SETUP TO 
IOW* ACTIVE 

DMA DESTIN. 116 100 
(5) 

21/A BE* VALID SETUP TO 
IOR* ACTIVE 

DMA SOURCE ·4 5 
(5) 

22 BE* VALID HOLD FROM 
IOR* OR IOW* ACTIVE 

DMA SOURCE! 
DESTIN. 

30 30 

TABLE 7-5: ADDITIONAL TRANSFER CYCLE TIMING RELATIONSHIPS 

ON E-ISAAND EISA COMPATIBLE PLATFORMS (CONTINUED) 
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NOTES: 
( 1) When the TC signal line is programmed as an input to the DMA controller, the 
DMA controller wUl float the TC signal line. The DMA source/destination must 
iniJUllly drive the TC signal line inactive. 
(2) When the TC signal line is programmed as an input to the DMA controlkr, the 
DMA source/destination must float it after the DACKx· signal line is driven inactive. 
(3) For BCLKsignal line at 8.00 MHz, 120 nanoseconds becomes 125 nanoseconds. 
(4) For BCLK signal line at 8.00 MHz, 59 nanoseconds becomes 64 nanoseconds. 
(5) For BCLK signal line at 8.00 MHz, 116 nanoseconds becomes 123 and -4 
becomes -2 nanoseconds. For a TYPE C (BURST) transfer cycle, BE·<0-3> signal 
lines valid set to lOW· signal line inactive is 7 nanoseconds for an 8.33 MHz BCLK 
signal line. For an 8.00 MHz BCLK signal line, the number is 9 nanoseconds. Also, 
for a TYPE C (BURST) transfer cycle, BE·<0-3> signal line hold from lOW· 
signal line inactive is 30 nanoseconds. 

The execution protocol of transfer cycles on an E-ISA 
compatible platform has been expanded over the protocol on an 
ISA platform for both memory and I/O add-on slave cards. The E
ISA compatible memory add-on slave cards can operate with 
COMPATIBLE transfer cycles. The E-ISA compatible platform 
supports referencing the IOCHRDY signal line to the BCLI< signal 
line. As with E-ISA ready access cycles, establishing this 
relationship between these signal lines potentially improves 
performance. Please see the READY VERSION OF THE 
COMPATIBLE, TYPE A, AND TYPE B TRANSFER CYCLE 
ON AN E-ISA PLATFORM section for more information. Other 
than the IOCHRDY signal line enhancement, the E-ISA memory 
add-on slave card executes a COMPATIBLE transfer in the same 
fashion as one executed for an ISA memory add-on slave card. 

The E-ISA compatible platform has expanded the DMA 
transfer cycle definition for E-ISA I/O add-on slave cards. The E
ISA compatible platform supports the following transfer cycle 
enhancements: 
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- The DRQx and DACKx· signal lines are referenced to the 
BCLK signal line. (Please see Figure 7-2 and Table 7-5.) 

- Three types of DMA transfer cycles are supported: 
COMPATIBLE, TYPE A and TYPE B. (Please see 
Figures 7-1-A, B, C, 7-4-A, B, C and Tables 7-1-A and B.) 

- The TC signal line is bi-directional. (Please see Figures 7
2, 7-1-A, B, C, 7-4-A, B, C, and Tables 7-5-A and B.) 

Other than the previously listed transfer enhancements, the E
ISA platform executes transfer cycles in the same fashion as an ISA 
platform. The two new transfer cycle types (TYPE A and TYPE B) 
operate in the same fashion as the COMPATIBLE transfer cycle. 
As outlined in Chapter 3, a TYPE A or B transfer has shorter 
active I/O COMMAND signal line pulse widths, less data setup 
time to an active lOW· signal line, and the lOW· signal line 
becomes active earlier in the cycle. Table 7-3 summarizes the 
various cycle lengths for the various standard transfer cycles. Table 
7-6 is a summary of the three types of transfer cycles on an E-ISA 
platform. As Table 7-6 indicates, the COMPATIBLE cycle can be 
executed by either an ISA or an E-ISA compatible platform. Any 
ISA add-on memory slave card can only participate in a 
COMPATIBLE transfer cycle. The reason the EISA bus 
specification introduced TYPE A and TYPE B transfer cycles is 
that ISA add-on I/O slave cards can transfer data faster than 
COMPATIBLE cycles can transfer data. The concepts are: all ISA 
add-on I/O slave cards can support COMPATIBLE cycles, most 
can support a TYPE A transfer cycle, and some can support a 
TYPE B transfer cycle. E-ISA add-on I/O slave cards can execute 
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COMPATIBLE, TYPE A, or TYPE B transfer cycles, as 
programmed in their respective configuration spaces. 

Only the COMPATIBLE transfer cycle allows the direct 
transfer between ISA add-on I/O slave and memory slave cards. 
For TYPE A and TYPE B transfer cycles it is required that the E
ISA platform memory is the memory resource. An E-ISA 
compatible platform also allows each individual DMA channel to 
be programmed for 8 or 16 data bit transfer cycles. Finally, as with 
an ISA compatible platform, on an E-ISA compatible platform the 
data size of the memory resource must be equal to or less than the 
data size of the I/O resource. Table 7-6 outlines the transfer cycles 
on the E-ISA platform. (This is a reprint of the same table in 
Chapter 3 ... it is reprinted here for convenience.) 

PLATFORM PARTICIPANTS 
MEMORY : I/O 

TRANSFER TYPES TC RESOURCE TRANSFER DEMAND &BLOCK 
COMP IIAII liB II lie" (1) SIZE SIZE TRANSFER 

MEM: I/O INTERRUPTIBLE 

E-ISA PC,XT : AT YES NO NO NO UNI 8 8 8 NO 

AT : AT YES NO NO NO UNI 8~26 8 
16 

8 
16 

NO 

PC,XT : E-ISA YES NO NO NO BI 8 8 8 NO 

AT : E- ISA YES NO NO NO BI 8~16 8
6 16 

8 
16 

NO 

E-ISA 
(2)

E- ISA 
(2)

E-ISA 
(2)

E-ISA 
(3)

E-ISA 
(3)

E-ISA 
(3) 

: PC,XT 

: AT 

: E-ISA 

: PC4XT 
( ) 

: AT 
(4) 

: E-ISA 
(4) 

YES NO NO 

YES NO NO 

YES NO NO 

YES YES YES 

YES YES YES 

YES YES YES 

NO UNI 

NO UNI 

NO BI 

NO UNI 

NO UNI 

NO BI 

8,16 

8~26 
8~26 
8,16 

8~26 

8~26 

8 

8 
16 
8 
16 
8 

8 
16 
8 
16 

8 

8 
16 
8 
16 
8 

8 
16 
8 
16 

NO 

NO 

NO 

YES (5) 

YES (5) 

YES (5) 

TABLE 7-6: E-/SA PLATFORM DMA TRANSFER CYCLES 
Please see the Notes on the next page. 
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NOTES: 
( 1) TC == Terminal Count; UNI == UNIdirectional ... DMA controller to I/O 
resOUl'Ce; BI =BIdirectional. 
(1) E-ISA memory is an add-on slave card ONLY. 
(3) E-ISA memory is the platform memo" ONLY. 
(4) MOST DMA add-on slave cards suppon the TYPE A transfer cycle. SOME 
DMA add-on slave cards suppon the TYPE B transfer cycle. 
(5) ''NO~ ifDMA COMPATIBLE transfer cycle. 

READY VERSION OF mE COMPATIBLE TRANSFER CYCLE 
ON AN ISA PLATFORM 

The ready version of the COMPATIBLE transfer cycle begins 
in the same fashion as the standard version of the COMPATIBLE 
transfer cycle. (Please see Figures 7-1-B, C, and 7-3.) The 
standard version of the COMPATIBLE transfer cycle becomes a 
ready version of the COMPATIBLE transfer cycle if the 
10CHRDY signal line is driven inactive by the memory resource. 
The 10CHRDY signal line must be driven inactive within a specific 
time of an active memory COMMAND signal line. Other than the 
operation of the 10CHRDY signal line, the standard and ready 
versions of the COMPATIBLE transfer cycle operate in the same 
fashion. 

As previously mentioned, the focal point of a transfer cycle is 
the I/O resource. On an ISA compatible platform, the cycle length 
is controlled only by the memory resource; consequently, data must 
be valid relative to active I/O COMMAND signal lines. It is the 
responsibility of the memory resource to control the 10CHRDY 
signal line to insure valid data timing during the transfer. It is the 
responsibility of the I/O resource to always be able to execute 
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according to the standard version of the COMPATIBLE transfer 
cycle timings. 

The COMMAND signal lines remain active until the 
10CHRDY signal line is driven active by the memory resource. 
During a memory read transfer cycle, the active IOCHRDY signal 
line indicates to the DMA controller that valid data setup time to 
an inactive lOW· signal line can be met. During a write cycle, it is 
an indication to the DMA controller that the accessed resource has 
accepted the data. For either memory read or write transfer cycles, 
the activation of the 10CHRDY signal line is the indication to the 
DMA controller to complete the cycle. The transfer cycle is 
completed when both the memory and the I/O COMMAND signal 
lines are driven inactive. 

The length of the ready COMPATIBLE transfer cycle is 
increased in increments of two BCLK. signal line periods. Table 7
7 outlines the types of ready transfer cycles supported for various 
platforms. The minimum cycle length in terms of TCLK. (period of 
BCLK.) is also summarized. The table also shows the minimum 
increments of the ready cycle. See Table 7-3 for the "CYCLE 
BEGINS" and "CYCLE ENDS" reference points. 

PLAT. CYCLE 
TYPE 

MIN. CYCLE 
LENGTH 

INCREMENTS 
OF CYCLE 

ADD-ON 
SLAVE CARD 

ISA 
E-ISA 
E-ISA 
E-ISA 

COMPATIBLE 
COMPATIBLE 
TYPE "A"
TYPE liB" 

10 TCLK 
10 TCLK 
7 TCLK 
5 TCLK 

2 TCLK 
2 TCLK 
1 TCLK 
1 TCLK 

MEM, I/O
MEM, I/O

I/O
I/O 

TABLE 7-7: CYCLE LENGTH OF READY TRANSFER CYCLES 
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1 _1 
OMA BE*. «»> (1) 

~- - ~ 

110 DRQx 

OMA DAct<x* 	 r- 

OMA IOR* 

OMA ~ 

fi 
110 DATA (READ) 

I -I 

MEM DATA (WRITE) 
L 'L 

110 TC (INPUl) 	 ~ 

OMA TC (OUTPUT) 	 )0

r-. 

NOTE: MEMORY RESOURCE 
USES SAME RELATIONSHIPS 
AS IN ACCESS CYCLES 

(1) FOR TYPE "A" AND "B" ON EISA 
COMPATIBLE PLATFORMS ONLY 

FIGURE 7-3: 	 ISA, E-ISA & EISA STANDARD AND READY COMPATIBLE TYPES 
A AND B TRANSFER CYCLE. .. DMA YO ADD-ON SLAVE CARD 
RESOURCE VIEWPOINT 
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READY VERSIONS OF THE COMPATIBLE. ITPE A. AND 
ITPE B TRANSFER cycLES ON AN E-ISA PLATFORM 

The ready versions of the various transfer cycles begin in the 
same fashion as the standard versions of the COMPATIBLE, 
TYPE A, and TYPE B transfer cycles on an E-ISA compatible 
platform. (Please see Figures 7-1-B and C, 7-3, and 7-4-A, B, and 
C.) The standard versions become ready versions if the 
10CHRDY signal line is driven inactive within a specific time of an 
active memory COMMAND signal line. Other than the operation 
of the 10CHRDY signal line, the standard and ready versions 
operate in the same fashion. 

Although the focal point of a transfer cycle is the I/O resource, 
the transfer requires both a memory resource and an I/O resource. 
On an E-ISA platform, the cycle length is controlled only by the 
memory resource; consequently, data must be valid relative to 
active I/O COMMAND signal lines. It is the responsibility of the 
memory resource to control the 10CHRDY signal line to insure 
valid data timing during the transfer. It is the responsibility of the 
I/O resource to always be able to execute according to the 
standard version of the various transfer cycle timings. 

The COMMAND signal lines remain active until the 
10CHRDY signal line is driven active by the memory resource. 
During a memory read transfer cycle, the active IOCHRDY signal 
line indicates to the DMA controller that valid data setup time to 
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an inactive lOW· signal can be met. During a write cycle, it is an 
indication to the DMA controller that the accessed resource has 
accepted the data. For either memory read or write transfer cycles, 
the activation of the 10CHRDY signal line is the indication to the 
DMA controller to complete the cycle. The transfer cycle is 
completed when both the memory and the I/O COMMAND signal 
lines are driven inactive. 

The various ready transfer cycles have different cycle lengths 
and increments of cycle lengths. These differences are outlined in 
Table 7-7. 

7.2 DMA TRANSFER CYCLES ON EISA PLATFORMS 

INTRODUCTION 

There are four types of standard and ready transfer cycles on an 
EISA compatible platform: COMPATIBLE, TYPE A, TYPE B, 
and TYPE C. The COMPATIBLE, TYPE A, and TYPE B 
transfer cycles are the same as those used for E-ISA compatible 
platforms except for the support of "CONVERSION". The TYPE 
C (also called BURST) transfer cycle is unique on the EISA 
platform and only used with EISA compatible resources. The data 
transfer can be from memory to I/O resources or from I/O to 
memory resources in a fly-by fashion. As in the ISA and E-ISA 
platforms, the resource providing the data is defined as the "source" 
and the resource receiving the data is defined as the "destination". 
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For COMPATIBLE, TYPE A, and TYPE B transfer cycles, the 
signal lines used by the I/O resource are referenced to each other 
and not to the BCLK signal line (see Figure 7-3). As with the E
ISA compatible platform, the DRQx, DACKx*, IOCHRDY, and 
TC signal lines are referenced to the BCLK signal line (see Figure 
7-2 and Table 7-5). For the TYPE C (BURST) transfer cycle, 
additional signal lines are referenced to the BCLK signal line; 
these will be discussed in a later section. 

The operation of the COMPATIBLE, TYPE A, and TYPE B 
transfer cycles WITHOUT the use of an EISA add-on memory 
slave card or without "CONVERSION" are the same as for the E
ISA platform. Please see those previous sections for further 
information. There are three areas of transfer cycle operation on 
an EISA platform that require additional discussion: First, the 
INCREMENTAL SUPPORT required for transfer cycles that 
include a EISA compatible memory or I/O resource. Second, 
support of "CONVERSION" for TYPE A and TYPE B transfer 
cycles is provided. Third, the execution of TYPE C (BURST) 
transfer cycles with and without "CONVERSION". 

Table 7-8 provides a summary of the transfer cycle support on 
an EISA platform. In the table, the "RESOURCE SIZE" of the 
memory participant is identified by active MEMCS16*, EX16*, and 
EX32 * signal lines. The "RESOURCE SIZE" of the I/O 
participant is programmed into the DMA controller. 
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PARTICIPANTS 
MEMORY: I/O 

XT:XT (3) 

COMP 

YES 

"A" 

NO 

TRANSFER TYPES 
"A"/W "B" "B"/W "C"

CONY CONY (7,8)
(1) (1)
YES NO YES NO 

"C"/W
CONY 

1,6,7
NO 

RESOURCE TRANSFER 
TC SIZE SIZE 
(2) MEM : I/O (5) 

UNI 8 8 8 

PC,XT : AT 
(3) 

YES 
NO 

NO 
NO 

YES 
YES 

NO 
NO 

YES 
YES 

NO 
NO 

NO 
NO 

UNI 
UNI 

8 
8 

8 8 
16 2x8 MULT 

AT:XT (3) YES NO YES NO YES NO NO UNI 8,16 8 8 

AT : AT 
(3) 

YES 
YES 
NO 

NO 
NO 
NO 

YES 
YES 
YES 

NO 
NO 
NO 

YES 
YES 
YES 

NO 
NO 
NO 

NO 
NO 
NO 

UNI 
UNI 
UNI 

8126 
8 

8 8 
16 16 
16 2x8 MULT 

PC,XT : EISA YES 
NO 
NO 

NO 
NO 
NO 

YES 
YES 
YES 

NO 
NO 
NO 

YES 
YES 
YES 

NO 
NO 
NO 

YES 
YES 
YES 

II 
II 
II 

8 
8 
8 

8 8 
16 2x8 MULT 
32 4x8 MULT 

EISA : PC,XT
(3) 

YES 
YES 

NO 
YES 

YES 
NO 

NO 
YES 

YES 
NO 

NO 
NO 

NO 
NO 

UNI 
UNI 

8 
16,32 

8 
8 

8 
8 

AT,ISA : EISA YES 
YES 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

YES 
YES 
YES 
YES 
YES 

NO 
NO 
NO 
NO 
NO 

YES 
YES 
YES 
YES 
YES 

NO 
NO 
NO 
NO 
NO 

YES 
YES 
YES 
YES 
YES 

BI 
BI 
BI 
BI 
BI 

8~l6 
8 
8 
16 

8 8 
16 16 
16 2x8 MULT 
32 4x8 MULT 
32 2x16MULT 

EISA : AT 
(3) 

YES 
YES 
NO 
YES 

NO 
YES 
NO 
YES 

YES 
NO 
YES 
NO 

NO 
YES 
NO 
YES 

YES 
NO 
YES 
NO 

NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 

UNI 
UNI 
UNI 
UNI 

8 
16,32
8 

16,32 

8 8 
8 8 
16 2X8 MULT 
16 16 

EISA : EISA YES 
YES 
YES 
YES 

NO 
YES 
YES 
YES 

YES 
NO 
NO 
NO 

NO 
YES 
YES 
YES 

YES 
NO 
NO 
NO 

YES 
YES 
YES 
YES 

YES 
YES 
YES 
YES 

BI 
BI 
BI 
BI 

8 
16,32 
1~~32 

8 
8 
16 
32 

8 
8 
16 
32 

NO 
NO 
NO 

NO 
NO 
NO 

YES 
YES 
YES 

NO 
NO 
NO 

YES 
YES 
YES 

NO 
NO 
NO 

YES 
YES 
YES 

BI 
BI 
BI 

8 
8 
16 

16 2x8 MULT 
32 4x8 MULT 
32 2x16MULT 

PLATFORM EISA YES YES NO YES NO YES YES BI 8 8 8 
MEMORY : EISA YES 

YES 
YES 
NO 
NO 

YES 
YES 
YES 
NO 
NO 

NO 
NO 
NO 
YES 
YES 

YES 
YES 
YES 
NO 
NO 

NO 
NO 
NO 
YES 
YES 

YES 
YES 
YES 
NO 
NO 

YES 
YES 
YES 
YES 
YES 

BI 
BI 
BI 
BI 
BI 

16,32 
1~~32 
8 
8 

8 8 
16 16 
32 32 
16 2x8 MULT 
32 4X8 MULT 

NO NO YES NO YES NO YES BI 16 32 2x16MULT 

PLATFORM EISA 
MEM:XT (3) 

YES 
YES 

YES 
YES 

NO 
NO 

YES 
YES 

NO 
NO 

NO 
NO 

NO 
NO 

UNI 
UNI 

8 
16,32 

8 
8 

8 
8 

PLATFORM EISA 
MEMORY:AT 

(3) 

YES 
YES 
YES 

YES 
YES 
NO 

NO 
NO 
YES 

YES 
YES 
NO 

NO 
NO 
YES 

NO 
NO 
NO 

NO 
NO 
NO 

UNI 
UNI 
UNI 

8 
16,32
8 

8 8 
16 16 
16 2x8 MULT 

TABLE 7-8: EISA COMPATIBLE PLATFORM DMA TRANSFER CYCLES 




380 ISA & EISA Theory and Operation 

NOTES: 

"/W CONY" means "WITH CONVERSION" 

Demand and Block transfers are intenuptible EXCEPT when DMA COMPATIBLE 
transfer cycles are executed. 

(1) A "YES" in this column, when the memory data size is greater than or equal to 
the I/O data size indicates a "SINGLE CONVERSION" cycle wiJhout multiple 
reads or writes of the memory resource. From the I/O resource's vkwpoint, the 
timing is that of a compatible transfer cycle. Otherwise, a "MULTIPLE 
CONVERSION" cycle is executed. 

(2) TC = Terminal Count; UNI = UNIdirectional ... DMA controUer to I/O 
resource; BI =BIdirectional. 

( 3) Most DMA add-on slave cards can support the TYPE A transfer cycle, and some 
DMA add-on slave cards can support the TYPE B transfer cycle. 

(5) MULT = "MULTIPLE CONVERSION" ... when the memory resource data size 
is smaller than the I/O resource, multiple assembly/disassembly will occur. 

(6) A "YES" in this column when an EISA compatible memory resource is involved 
indicates that the memory data size is greater than or equal to the I/O data size, and 
the memory resource did not drive the SLBURST* signal line active. 

(7) All transfer cycle types support single, demand, and block DMA modes, except 
TYPE C and TYPE C WITH CONVERSION, which only supports demand and 
block DMA modes. 

(8) A "YES" in this column indicates that the memory resource drove the 
SLBURST* signal line active. 
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INCREMENTAL SupPORT 

The memory or I/O resource for DMA cycles on an EISA 
platform can be an ISA, E-ISA, or EISA add-on slave card. The 
platform memory is by definition EISA compatible. The memory 
resource that participates in the transfer is identified by a valid 
value on the ADDRESS signal lines. The various memory 
resources (as add-on slave cards) operate in their respective 
modes; consequently, redundant memory control signal lines are 
driven active. To insure support for ISA and E-ISA compatible 
memory resources the BALE signal line is driven active to allow 
the input circuitry to receive the valid address. (See the BALE 
signal line definition in Chapter 5 for more information.) 

For an EISA memory resource, the ISA and E-ISA compatible 
signal lines are ignored, and the LA, BE·, M-IO, W-R, START·, 
and CMD· signal lines are driven by the platform circuitry and 
DMA controller in an EISA compatible fashion. In addition, the 
SA, SBHE·, MEMR·, and MEMW· signal lines are driven to 
support ISA or E-ISA compatible memory resources. (See Figures 
7-1-A, B, and C, and 7-4-A, B, and C.) 

ISA and E-ISA compatible add-on I/O slave cards on an EISA 
platform operate in the same fashion as on ISA and E-ISA 
platforms. The lOR· and lOW· signal lines are driven by the 
DMA controller in an ISA and E-ISA compatible fashion. On an 
EISA compatible platform, the EISA compatible I/O resource 
(either add-on slave card or platform) also uses the lOR· and 
lOW· signal lines. An EISA compatible I/O resource uses the 
lOR· and lOW· signal lines for control because the M-IO and W
R signal lines are used by the memory resource. 
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Also note that in order to support both an EISA and ISA or E
ISA compatible memory resource, the EXRDY and 10CHRDY 
signal lines are monitored, respectively. As with the E-ISA 
compatible platform, the standard transfer cycle becomes a ready 
transfer cycle if the appropriate ready signal line is not active. 

Prior to any transfer cycle, the software has programmed the 
associated DMA channel to operate with COMPATIBLE, TYPE 
A or TYPE B transfer cycle timing. The COMPATIBLE transfer 
cycle supports transfers between ISA, E-ISA, and EISA compatible 
memory and I/O resources. Without "CONVERSION", the TYPE 
A and TYPE B transfer cycles only support transfers between 
EISA compatible memory and ISA, E-ISA, or EISA compatible 
I/O resources. Please see Table 7-8 for more information. 

For a COMPATIBLE I/O read transfer cycle, the MEMW* 
signal line is driven active after the ADDRESS, START*, M-IO 
W-R, and the lOR* signal lines are valid (see Figure 7-1-B). If the 
EXRDY or 10CHRDY signal lines are sampled inactive when the 
CMD* and MEMW* signal lines are active, the standard transfer 
cycle becomes a ready transfer cycle. The transfer cycle completes 
when the CMD* or MEMW* signal lines are driven inactive before 
the lOR* signal line is driven inactive. This insures a minimum 
hold time of valid data at the memory resource. 

For a COMPATIBLE I/O write transfer cycle, the 10W*, 
MEMR*, and CMD* signal lines are driven active after the 
ADDRESS, START*, M-IO and W-R signal lines are valid (see 
Figure 7-1-C). If the EXRDY or 10CHRDY signal lines are 
sampled inactive when the CMD* or MEMR * signal line is active 
(similar to the access cycle specification for memory), the standard 
transfer cycle becomes a ready transfer cycle. The transfer cycle 
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completes with the 10W* signal line driven inactive before the 
CMD* or MEMR * signal lines are driven inactive. This insures a 
minimum hold time of valid data at the I/O resource. 

The identification of the memory resource type, ISA or E-ISA 
versus EISA, is determined by an active EX16*, EX32*, or 
MEMCS16*. Thus, even though the MEMCS16* signal line was 
not monitored on the ISA or E-ISA compatible platform, it is 
monitored on the EISA platform. Also note that if neither the 
EX16*, EX32*, nor MEMCS16* signal lines are active, the 
memory resource must be an 8 data bit ISA or EISA compatible 
resource. However, an EISA compatible 8 data bit memory 
resource can only execute ISA compatible cycles using ISA 
compatible signal lines. 

The TYPE A and TYPE B transfer cycles on an EISA 
compatible platform support transfers between EISA compatible 
memory resources (EISA platform memory or add-on slave card) 
and ISA, E-ISA, or EISA compatible I/O resources. If a TYPE A 
or TYPE B transfer cycle is attempted with an ISA or E-ISA 
compatible memory add-on slave card, the cycle can only be 
completed with "CONVERSION". Please see the next section for 
more information about "CONVERSION". 

The TYPE A and TYPE B transfer cycles operate in the same 
fashion as the previously described COMPATIBLE transfer cycle 
(see Figures 7-4-A, B, and C). The only difference is that the 
MEMR * and MEMW* signal lines are not driven active at the first 
part of the transfer cycle as with COMPATIBLE transfer cycles. 
The MEMR * and MEMW* signal lines are not driven until the 
"CONVERSION PORTION" of the "CONVERSION" version of 
the TYPE A and TYPE B transfer cycles. 
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lYPE A AND lYPE B TRANSFER CYCLES WITH 
CONVERSION ON EISA PLATFORMS 

The TYPE A and TYPE B transfer cycles on an EISA 
compatible platform are different from those on an E-ISA 
compatible platform in two ways: First, the E-ISA platform only 
supports TYPE A and TYPE B transfer cycles when the memory 
resource is the platform memory. An EISA compatible platform 
supports TYPE A and TYPE B transfer cycles when the memory 
resource is either an ISA, E-ISA or EISA compatible memory add
on slave card, or the platform memory. Second, the E-ISA 
platform only supports TYPE A and TYPE B transfer cycles when 
the data size of the memory resource is larger than or equal to the 
data size of the I/O resource. An EISA compatible platform 
supports TYPE A and TYPE B transfer cycles in the same fashion 
as on the E-ISA platform when the data size of the memory 
resource is greater than or equal to the data size of the I/O 
resource. The EISA compatible platform also supports TYPE A 
and TYPE B transfer cycles when the memory resource data size is 
less than the I/O resource data size. The EISA compatible 
platform supports these two enhancements over the E-ISA 
compatible platform through the use of "CONVERSION". 

The EISA compatible platform executes a "CONVERSION" 
version of the TYPE A and TYPE B transfer cycle as outlined in 
Table 7-8. To determine if a "CONVERSION" version of the 
transfer cycle is required, the type and size of the memory resource 
must be determined from the EX16*, EX32*, and MEMCS16* 
signal lines. If none of these signal lines are driven active, the 
memory is an 8 data bit ISA or EISA compatible resource. The 
data size of the I/O resource is preprogrammed by the software 
prior to the transfer cycle. 



Chapter 7, DMA Transfer Bus Cycles 385 

If a TYPE A or B transfer cycle is programmed for the I/O 
resource, the memory resource must be EISA compatible for the 
transfers to proceed as a "regular" TYPE A or B transfer cycle. If 
the memory resource is ISA or E-ISA compatible, the "SINGLE 
CONVERSION" version of the TYPE A or B transfer cycle will be 
executed. The key concept of a "SINGLE CONVERSION" is that 
the type of transfer programmed into the I/O resource cannot be 
supported by the memory resource. From the memory resource's 
viewpoint, the transfer cycle will be executed in the memory 
resource's native mode. From the I/O resource's viewpoint, the 
transfer cycle is executed as programmed. 

If the data size of the memory resource is greater than or equal 
to the data size of the I/O resource, either a "regular" or a 
"SINGLE CONVERSION" version of the transfer cycle occurs. If 
the data size of the I/O resource is greater than the data size of the 
memory resource, a "MULTIPLE CONVERSION" version of the 
transfer cycle occurs. For a read from the I/O resource, the data 
signal lines are valid from the beginning, and the "conversion" 
activity must disperse this data with multiple memory accesses. For 
a write to the I/O resource, the data signal lines must be valid 
relative to the end of the active period of the lOW· signal line. To 
achieve this, the memory resource will be read multiple times as 
part of the "conversion" activity within the active period of the 
lOW· line. 

For I/O read transfer cycles, the CONVERSION PORTION in 
Figures 7-4-A and 7-4-B are replaced by the CONVERSION 
PORTION in Figure 7-5-A for ISA or E-ISA memory resources 
and Figure 7-5-B for EISA memory resources. The memory 
resource will operate in its native modes and timings for an access 
cycle. For either SINGLE or MULTIPLE CONVERSION 
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ISA OR E·ISA PERIODS 
EISA PERIODS 

PL BCLK -11-I-n-n-I-l-n 
DMA LA<17-23>. 	 I (1) I I I X, (2) I I 


SA<0-19>. SBHE* 

I I I I I I I 


I I
DMA MEMW* 	 I '"\ 
I 

'% I '-\ 
I ~ 


I I I I I I 

MEM MEMCS16* -

I "I I I I I 
I 

I 


I} 	 I I I ~,J I 

MEM IOCHRDY 

I I 	 I I I I\~I I 	 I I I I
(4) 

DMA SRDY* (NOWS*) 	 I I I I 
I 

I
i 	 't-II I I I I 

I k 
 I I I I I
DMA 10R* I I I I I I I 

I I I I I I 


~w~ 

VAliD I
I/O DATA ,~, ..~I I I I I I 

I (3) 


I I I I 

I 
 r 	 H BI I I I 


(1)PL DATA 	 (2) 	 I I
II,:,~~m,
I 

() I I I , ,

I I 3 I I I 

1+1----- READY CYCLE NOWAIT --I 
STATE CYCLE 

CONVERSION PORTION I· 

x = SAMPLE DATA 
(1) = ADDRESS & DATA FOR LOWER BYTES 
(2) = ADDRESS & DATA DRIVEN FROM UPPER TO LOWER BYTE 
(3) = DRIVEN BY BOTH 110 RESOURCE & PLATFORM CIRCUITRY 
(4) = SAMPLE WINDOW 	 I/O READ 

FIGURE 7-5-A: 	 CONVERSION PORTION OF TYPE A OR B TRANSFER CYCLE 

WITH ISA AND E-ISA MEMORY (16 DATA BIT MEMORY TO 32 

DATA BIT I/O EXAMPLE) ... DMA CONTROLLER AND PLATFORM 

CIRCUITRY VIEWPOINT (EISA COMPATIBLE PLATFORM ONLY) 
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2 	 2 3 

PL BCLK -~[B--tfl-IR-l1-11-
r- 

il I I 
DMA BE*<O-3> -r{ I (1) I l-- I-K (2) I 

I I 

DMA STARU - I I~ I ~ I ~ H I I I 
I I I I 

I I I I I 
I I IDMA CMD* I ~ I H H I F-r I 

I I I I I 
I I I I I 

MEM EX16* I 
I ~ I I 
I I I I I 
I I I I I 

MEM EXRDY 	 I 

~ i-I I f-/ I 

'" I I ~ I 
I I I' I I I 
I WI 	 II I 	 IDMA 10R* I I I I I I 
I I I I I I 
I I I I I I 

10 DATA 	 VALID '&W+
I I I I 
I I I 
I ~ I I 
I I i1 	 1=1 

~ < (1)PL DATA 	 1. (2) I I }0-r-
I 	 I I I II (3) 

l  -+ 	 ·1STANDARD 	 READY 

CONVERSION PORTION I 

X = SAMPLE DATA 
(1) = DATA FOR LOWER BYTES LANES 
(2) = DATA DRIVEN FROM UPPER TO LOWER BYTE LANES 
(3) = DRIVEN BY BOTH I/O RESOURCE & PLATFORM CIRCUITRY 	 VOREAD 

FIGURE 7-5-B: 	 CONVERSION PORTION OF TYPE A OR B TRANSFER CYCLE 
WITH EISA MEMORY (16 DATA BIT MEMORY TO 32 DATA 
BIT I/O EXAMPLE) ... DMA CONTROLLER AND PLATFORM 
CIRCUITRY VIEWPOINT (EISA COMPATIBLE PLATFORM ONLY) 
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transfer cycles, the lOR* signal line is driven inactive early. The 
platform circuitry, which has latched the data, "redrives" the DATA 
signal lines in conjunction with the DMA controller driving the 
MEMW*, START*, and CMD* signal lines (depending on the 
memory resource). At this point either single or multiple transfers 
can be executed. For a MULTIPLE CONVERSION I/O read 
transfer cycle, the platform circuitry and DMA controller will 
disperse the data latched from the I/O resource to memory 
resource by driving the MEMW* or CMD* signal line active 
mUltiple times. At the beginning of the CONVERSION 
PORTION, the appropriate data size for the memory resource 
(lower bytes first) is driven by the platform circuitry. 

For I/O write transfer cycles, the CONVERSION PORTION 
in Figure 7-4-C is replaced by the CONVERSION PORTION in 
Figures 7-6-A and 7-7-A for ISA or E-ISA memory resources and 
Figures 7-6-B and 7-7-B for EISA memory resources. The 
operation of the memory resource of the transfer cycle is according 
to its native modes and timings. For either SINGLE or 
MULTIPLE CONVERSION transfer cycles, the DMA controller 
will drive the MEMR * , STAR T*, and CMD* signal lines 
(depending on the memory resource), while holding the 10W* 
signal line active. For MULTIPLE CONVERSION transfer cycles, 
the DMA controller drives either the MEMW* or CMD* signal 
line active multiple times. The 10W* signal line is held active 
while the DMA controller in conjunction with the platform circuit 
try assembles data from the multiple accesses to the memory 
resources, the lower order bytes first. At the end of the data the 
assembled data is redriven by the platform circuitry in conjunction 
with the DMA controller driving the 10W* signal line inactive 
(Point A in Figures 7-6-A and Band 7-7-A and B). 
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ITPE C (BURSD TRANSFER cycLES ON EISA PLATFORMS 

The EISA compatible platform supports one additional transfer 
cycle type not supported on the ISA or E-ISA compatible platforms 
called the TYPE C (or BURST) transfer cycle. The TYPE C 
DMA transfer cycle is slightly different from the other transfer 
cycles. The TYPE C transfer cycle I/O resource synchronizes 
some of the signal lines to the BCLK signal line. Like the TYPE A 
and TYPE B transfer cycles, a CONVERSION version of the 
TYPE C transfer cycle is also supported. 

Figures 7-1-A and 7-2 include references of the signal lines to 
the BCLK signal line for the TYPE C transfer cycle. Table 7-9 
provides additional timing information to Table 7-1. Also see 
Table 7-5 for additional TYPE C related timings in Figure 7-2. 
First, the "#/DET" (parameter number / detail) column relates the 
parameter number of the table to Figure 7-1-A. Second, it defines 
the detail information for how the number was derived. The timing 
numbers are affected by the settling time on the bus. The table is 
based on the default values for 8 slots as outlined in chapter 10. 
The # /DET interpretations are shown on the following page. 



394 ISA & EISA Theory and Operation 

INTERPRETATION 


NO SETTLING TIME INCLUDED. 


#/A 	 SKEW OF TWO SIGNALS BETWEEN RESOURCES. ONE HAS A DELAY OF 
o NANOSECONDS, AND THE OTHER HAS A DELAY OF 11 
NANOSECONDS. 

#/E 	 SAME AS "A", EXCEPT THE WORST CASE INTERPRETATION IS THAT 
BOTH SIGNALS ARE EITHER 0 NANOSECONDS OR 11 NANOSECONDS. 
THE NET RESULT IS A DIFFERENCE OF 0 NANOSECONDS. 

"DRIVEN BY" AND "MEASURED Br INTERPRETATION 

SOURCE ADD-ON CARD OR PLATFORM RESOURCE THAT PROVIDES THE DATA. 
DESTIN ADD-ON CARD OR PLATFORM RESOURCE THAT ACCEPTS THE DATA. 
DMA PLATFORM DMA CONTROLLER 

MIN. AND MAX. INTERPRETATION 

ALL TIMES ARE IN NANOSECONDS WITH AN 8.00 MHZ BCLK. 

THE NUMBER IN "[ r REFLECTS THE CALCULATED VALUE FOR AN 8.33 MHZ BCLK. 


EISA INTERPRETATION 


THE "EISA" ENTRIES ARE ACCORDING TO THE EISA REV. 3.12 BUS SPECIFICATION. 
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REF. DESCRIPTION OF EVENT 
/DET 

lIA DACKx* ACTI VE TO IOR* 
ACTIVE 
DACKx* ACTIVE TO IOW* 
ACTIVE 


3/A IOR* ACTIVE FROM BCLK 

FALLING EDGE 
IOW* ACTIVE FROM BCLK 
RISING EDGE 


4 DATA FLOAT FROM BCLK 

RISING EDGE (READ OF I/O) 

5 DATA VALID FROM BCLK 
RISING EDGE (READ OF I/O)

5/A 

8 DATA HOLD FROM BCLK 
RISING EDGE (READ OF I/O) 

10/A TC ACTIVE SETUP TO BCLK 
RISING EDGE 

11 TC ACTIVE HOLD FROM BCLK 
RISING EDGE 

14/A DACKx* ACTIVE HOLD FROM 
10R* INACTIVE 
DACKx* ACTIVE HOLD FROM 
IOW* INACTIVE 

23/E WRITE DATA VALID HOLD 
FROM BCLK RISING EDGE 
(WRITE OF I/O) 

25/A DATA VALID TO BCLK 
RISING EDGE(WRITE TO I/O) 

26/A TC VALID FROM BCLK 
FALLING EDGE 

27 TC VALID HOLD FROM BCLK 
RISING EDGE 


28 TC TRISTATE

FROM DACK* INACTIVE 

DRIVEN 
BY 

DNA 

DNA 

DNA 

DMA 


SOURCE 


SOURCE 


SOURCE 


SOURCE 


SOURCE 


DMA 


DMA 


DMA 


DMA 


SOURCE 


SOURCE 

SOURCE 

DESTIN 

SOURCE 

SOURCE 
DESTIN 

MEASURED 
AT 

SOURCE 

DESTIN 

SOURCE 

DESTIN 

SOURCE 

SOURCE 

DESTIN 

SOURCE 

DESTIN 

SOURCE 
DESTIN 

SOURCE 
DESTIN 

SOURCE 

DESTIN 

DESTIN 

DESTIN 

SOURCE 

DESTIN 

SOURCE 

SOURCE 
DESTIN 

TYPE C ( IURST)
MIN I MAX EISA 

[8.33] 


61 66 

[62]

191 186 


[181] 


41 36 

[41]

36 36 


[36] 


50 

[50] 


38 38 

[38] 

49 


[49] 


5 5 


5 5 


6 15 

[4] 


60 55 

[55] 

86 94 

[81]
21 30 


[18] 


5 5 

[5] 

13 13 

[13] 

34 


34 

[31] 


15 25 

[15] 


40 40

[40] 

TABLE 7-9: 1YPE C (BURST) TRANSFER CYCLE TIMINGS 
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REF. 
IDEl 

DESCRIPTION OF EVENT DRIVEN 
BY 

MEASURED 
AT 

TYPE C ( ~RSn 
MIN I MAX EISA 

[8.33] 

29/A TC ACTIVE SETUP TO 
BCLK RISING EDGE 

DMA SOURCEI 
DESTIN. 

84 
[79] 

75 

30/A IOR* ACTIVE SETUP TO 
BCLK RISING EDGE 

SOURCE SOURCE 16[m 19 

30/A IOW* ACTIVE SETUP TO 
BCLK FALLING EDGE 

DESTIN. DESTIN. 16 
[14] 

20 

31/A IOR* INACTIVE SETUP TO 
BCLK RISING EDGE 

SOURCE SOURCE 16 
[14] 

19 

31/A IOW* INACTIVE SETUP TO 
BCLK FALLING EDGE 

DESTIN. DESTIN. 16 
[14] 

20 

32 TC HOLD FROM 
BCLK FALLING EDGE 

DMA SOURCEI 
DESTIN. 

120 120 

TABLE 7-9: TYPE C (BURST) TRANSFER CYCLE TIMINGS (CONTINUED) 

TYPE C (BURST) TRANSFER CYCLE WITHOUT 
CONVERSION 

The TYPE C DMA transfer cycles without CONVERSION 
supports transfers only between EISA compatible memory 
resources (on the EISA platform memory or add-on slave card) 
and EISA compatible I/O resources. Additionally, both the 
MSBURST* and SLBURST* signal lines must be driven active. 

Prior to any transfer cycle, the software will have programmed 
the associated DMA channel to operate with TYPE C transfer 
cycle timing. The TYPE C transfer cycle begins in the same 
fashion as the other transfer cycles (see Figures 7-8-A and 7-8-B). 
The DMA controller operates in the same fashion as for the other 
transfer cycle types. 
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Unlike the other transfer cycles, the I/O resource drives the 
DRQx, DATA, and TC signal lines relative to the BCLI( signal 
lines. The I/O resource drives the DRQx signal line active. The 
platform circuitry drives the AENx and BALE signal lines active. 
The DMA controller then drives the appropriate DACKx* signal 
line active. Subsequently, the lA, BE*, M-IO, W-R, lOR* (for 
I/O read), and 10W* (for I/O write) signal lines are driven active. 
Up to this point, the cycle resembles the other transfer cycles. For 
a TYPE C transfer cycle, however, the subsequent cycles are 
uruque. 

The DMA controller drives the START* signal line active for 
one BCLK signal line period. If the transfer is programmed to be a 
read of the I/O resource, the platform circuitry drives the EXRDY 
signal line inactive for 1/2 a BCLI( signal line period. The 
platform DMA controller and platform circuitry monitors the 
SLBURST*, EX16*, and EX32* signal lines. If the SLBURST* 
signal line is active and the data size of the memory resource is 
larger or equal to the data size of the I/O resource, the transfer 
cycle proceeds as a TYPE C without CONVERSION transfer 
cycle. If the SLBURST* signal line is active and the data size of 
the memory resource is less than the data size of the I/O resource, 
the cycle proceeds as a TYPE C transfer cycle with 
CONVERSION. In either case, if the DMA controller does not 
respond with an active MSBURST* signal line, the TYPE C 
transfer cycle with conversion is executed. 

The TYPE C transfer cycle continues with the CMD* and 
MSBURST* signal lines driven by the platform circuitry, and 
10W* (for I/O write) driven by the DMA controller. The CMD*, 
lOR*, 10W*, and MSBURST* signal lines remain valid for the 



N
 

2 
3 

4 
5 

8 
N

 
N

+1
 

-
~ 

PI
.. 

Be
Ll

< 
-~
I
I
-
-
-
-
J
~
n
-
,-

n
-
1

1
-
1

1
-n


~
 

(1
 

I 
~
 

I/O
 

D
R

Q
x 

D0
· 

I 
/ 

I 
L 

I 
L 

I 
L 

I 
L 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I
~ 

~
 

I 
I 

I 
I 

I 
I 

I 
I

PI
.. 

A
EN

x 
f

til
 

~
 

I 
~
 

PI
.. 

B
A

LE
 

/
j
 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I

D
M

A
 

D
A

C
K

x*
';'I

 
I 

r 
-.

b 
I 

I 
I 

I 
I 

I 
I 

I
00

 
D

M
A 

LA
<2

-3
1>

, 
I 

,-
.k

 
Q

 
I 

(7
) 

I 
~
 

:i:. 
B

E
*<

D
-3

> 
/ 

I 
A

 
I
}
I
 

B
 

I 
C

 
I 

I 
0 

I 
~
 

'.
 

I 
I 

I 
I 

D
M

A 
SA

(D
-1

9)
 

/ 
I 

A
 

'}
I 

B
 

I 
C

 
I 

I 
0 

I 
~
 

I 
I 

I 

I 

I 
I 

I 
I 

I 
I 

I

~(

"J
t:

l 
I 

~.
 

I 
I 

I 
I 

I 
I 

J:
,


D
M

A 
M

-IO
 

I 
/ 

I 
I 

I 
~
 

~(
i~
 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I

1f 
~
~
 

"'
~V
l 

D
M

A
 

W
-R

 
~
 

:,t.
I 

I 
I 

I 
I 

I 
I 

I 
~ 

I
C

' 
~ 

,
~
.
 

;<:
 

D
M

A 
S

T
A

R
H

 
I 

.....
.

I 
I 

I 
I 

I 
I 

I 
I 

I 
~
 

I 
I 

I 
I 

I 
I 

I 
I 

I 
~

L 
I

~~
~ 

D
M

A 
C

M
D

* 
/ 

I 
I 

I 
I 

I
H

 
-s

I 
I 

I 
I 

I
B
~
~
 

M
EM

 
M

E
M

C
S

16
* 

~ 
I 

/ 
I 

I 
L 

I 
I 

I 
I 

I 
I 

I
~(
"J
~ 

k-
/

M
E

M
 

E
X

16
*,

 E
X

32
* 

I 
I 

I 
I 

I 
I 

I 
I 

I
("
J~
~ 

~
 

I 
I 

I 
I 

I 
I 

I 
I 

I
'1

 h
'-"

 
l

I 
I 

I 
I 

I 
I

C
!"

lt
i 

M
E

M
 

E
X

D
R

Y
 

I 
I 

I 
I 

I
~>
:;
~ 

I 
I 

(
3

)
l-

t'
f
. 

~ 
I 

~ 
~ 

I 
I 

: ~ 
D

M
A 

10
W

* 
I 

I 
I 

I 
I 

~
 

»
C
~
 

H
 

b
(

I 
I 

I 
I 

I 
~
 

I 
I 

I
D

M
A

 
1

0
R

* 
I 

I
1

-
\

~~
t)

 
H

 
a

I 
I 

I
t:t

i>
:;"

<:
 

I 
... 

I
L 

,..J
. 

It-.
. 

I 
I 

I 
B

 
I 

I 
I 

0
M

E
M

O
R

I/
o

 
D

A
TA

 
'A

 
C

 
s·

~)
.~

 
I 

I 
;::s

I 
-:

--
I 

I 
I 

I 
I 

I 
I 

I
(1

,8
)

"t
I~
~ 

I 
I 

I 
I 

I 
I

Ii:
(5

) 
~i

I 
I 

I 
I 

I 
I 

I 
I

I/O
 

TC
 

I 
I

):~
("J

 
(7

) 

(1
) 

(1
) 

(1
) 

(2
)

I 
I 

I 
I 

I 
(
2

)
M

 
I 

I
~t

"<
-

6
.,

I 
I 

I 
I 

I 
I 

I
c)

o
.t

i:
l 

(6
) 

(6
) 

I 
A'

D
M

A 
TC

 
, 

(6
.9

) 
';

' 
\ 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I

~
~
~
 

PL
 

M
S

B
U

R
S

T*
 

/ 
I 

I 
I 

'I
~
C
V
l
 

I 
I 

I 
I 

I
;

I 
, 

I 
I 

I 
I 

I 
I 

I 
I

C~
,:
j 

M
EM

 
S

LB
U

R
S

H
 

,
~
~
~
 

'-
k-

/
I 

I 
I 

I 
I 

I 

1:
-=

 C
O

N
V

E
R

S
IO

N
 P

O
R

TI
O

N
 F

O
R

 lO
R

D
 (

IN
S

E
R

T
 H

E
R

E
) 

---
oo

j 
U

O
R

E
A

D
~~

.~
 

("
JV

l 
j.I

:-
=

--
--

C
O

N
V

E
R

S
IO

N
 P

O
R

TI
O

N
 F

O
R

 IO
W

R
 (

IN
S

E
R

T
 H

E
R

E
) 

'I 
U

O
W

R
IT

E
 

~
~
 

x 
=

 S
A

M
P

LE
 P

O
IN

T,
 (

1)
 =

 S
A

M
P

LE
 P

O
IN

TS
 W

H
E

N
 T

C
 IS

 A
N

 I
N

P
U

T 
TO

 D
M

A
 C

O
N

TR
O

LL
E

R
, (

2)
 =

 R
E

LA
TI

O
N

S
H

IP
 T

O
 B

C
LK

 IF
 T

C
 I

S 
AN

 O
U

TP
U

T 
FR

O
M

 D
M

A
 C

O
N

TR
O

LL
E

R
, 

(3
) 

=
 D

R
IV

E
N

 B
Y

 T
H

E
 P

LA
TF

O
R

M
 C

IR
C

U
IT

R
Y

 F
O

R
 O

N
E

 H
A

LF
 B

C
LK

 F
O

R
 V

O
 R

E
A

D
 O

N
LY

, 
(4

) =
 F

O
R

 1
/0

 R
E

A
D

 O
N

LY
, 

(5
) =

 P
O

IN
T 

A
T 

W
H

IC
H

 D
M

A
 C

O
N

TR
O

LL
E

R
 F

LO
A

TS
~>

:;
 

TH
E

 T
C

 S
IG

N
A

L 
LI

N
E

 A
N

D
 T

H
E

 D
M

A
 S

O
U

R
C

E
/D

E
S

TI
N

. 
D

R
IV

E
S

 IT
 IN

A
C

TI
V

E
, 

(6
) 
=

S
A

M
P

LE
 P

O
IN

T 
FO

R
 T

C
 S

IG
N

A
L 

LI
N

E
 IN

P
U

T 
TO

 D
M

A
 S

O
U

R
C

E
ID

E
S

TI
N

., 
(7

) 
=

P
O

IN
T 

A
T

"<:
 

W
H

IC
H

 D
M

A
 S

O
U

R
C

E
/D

E
S

TI
N

. F
LO

A
TS

 T
H

E
 T

C
 S

IG
N

A
L 

LI
N

E
 A

N
D

 T
H

E
 D

M
A

 C
O

N
TR

O
LL

E
R

 D
R

IV
E

S
 IT

 IN
A

C
T

IV
E

, (
8)

 =
 P

O
llN

T 
A

T 
W

H
IC

H
 D

M
A

 C
O

N
TR

O
LL

E
R

 S
A

M
P

LE
S

 
TC

 S
IG

N
A

L 
LI

N
E

 A
N

D
 T

E
R

M
IN

A
TE

S
 T

R
A

N
S

FE
R

. 
(9

) 
=

 P
O

IN
T 

A
T 

W
H

IC
H

 D
M

A
 S

O
U

R
C

E
ID

E
S

TI
N

 S
A

M
P

LE
S

 T
C

 S
IG

N
A

L 
LI

N
E

 A
N

D
 T

E
R

M
IN

A
TE

S
 T

R
A

N
S

FE
R

, (
10

) 
=

 S
A

M
P

LE
 

P
O

IN
TS

 F
O

R
 D

M
A

 C
O

N
TR

O
LL

E
R

 F
O

R
 D

E
M

A
N

D
 M

O
D

E
 O

N
LY

. 



Chapter 7, DMA Transfer Bus Cycles 399 

~ ~ 
z ~ ~ 

~~ 

... 
:::;:
C!:
0 
LL 

~ 
Il.. 
)
m 
0 

'" Q 
a:
W 
Il.. 

~CI)
OW 
md 

'" <~ 
~gj
a:w 

~~ 
~z
1--
OCl)« 
~CI)
zQ:
wI 
>CI)-z 
~Q 

z !!2~ 
Ww
ZC!: 
::J w 
-':::;:« 
ZCl) 
£!CI)
Cl)w 
)-CI)
0:::1 
a:wXo
Wa: 
W:::I 

~ 
~ ~ 

0 

* ~ 
~ 
0 

" 6 v 

*W m 
*;: 
Q *C!: 

Q 

)
0 
a: 
~ 

W 
t:
C!: 
~ 
<
!;( 
0 

C 
itj 
!;. 

~ 
j:§ g g 

!zF~OW 
citja: 
1l..C!:1I: 
woo 
zr::.:::;:
:::;:C!:W
<0:::;:
CI) LL •• 

-' 
Il.. g 

<:::;: 
0 

<:::;: 
0 

<:::;: 
0 

:::;:
W 
:::;: 

:::;:
W 
:::;: 

:::;:
W 
:::;: 

:::;:
W 
:::;: g <:::;: 

0 

II II~ 
xE~ 

FIGURE 7-8-B: 	 EISA STANDARD AND READY TYPE C (BURST) TRANSFER 
CYCLE ... DMA UO (ADD-ON SLAVE CARD) RESOURCE 
VIEWPOINT (EISA COMPATIBLE PLATFORM ONLY) 



400 ISA & EISA Theory and Operation 

balance of the transfer. On each subsequent BCLK signal line 
rising pulse, data is transferred between resources. A transfer on a 
BCLI( signal line is delayed if the memory resource drives the 
EXRDY signal line inactive. 

During the transfer, the LA < 10-31 > signal lines do not change 
because the transfer must remain within a lK page boundary. The 
other BE* and other LA signal lines change at the BCLK signal 
line falling edge when the EXRDY* signal line is first sampled for 
a given data transfer. 

The TYPE C transfer cycle terminates when the MSBURST* 
signal line is driven inactive when the final data is transferred. 
Because the data is transferred relative to the BCLK signal line, 
the CMD* and IOW* signal lines are driven inactive 
simultaneously. Similarly, the lOR* signal line is driven inactive 
prior to the CMD* signal line driven inactive. 

lYPE C (BURST) TRANSFER CYCLE WITH CONVERSION 

As outlined above, the TYPE C (or BURST) transfer cycle will 
execute as a TYPE C WITHOUT CONVERSION under the 
following conditions: 

- The memory and I/O resources are both EISA 
compatible. 

- The data size of the memory resource must be greater than 
or equal to the data size of the I/O resource. 
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- The memory resource drives the SLBURST* signal line 
active and the DMA controller has driven the 
MSBURST* signal line active. 

- The I/O resource supports TYPE C transfer as 
programmed into the DMA controller by the software. 
The DMA controller indicates such programming by 
driving MSBURST* signal line active in conjunction with 
an active SLBURST* signal line. 

·•• ••• ,frld:~~~o::·.aq~HJfE~~~~ ••• ~elb~lth~&.~_i7~~···
~Y¢/~.· .. ·The90NVERSIONVe,.si9.iJofthe1Jt1>E.C.tran$(erCYC/e··· 
()pefate$.··in···.the.Samflfa$hiolJa$<tl)(t$JNGL~an.tI •• MQ4T:1P:LE
CONVERSION···Versidn···df<!he···TYPE<A<8iJd··••·TYPE.S·.·tiiiriSferIcyc/eS{ ....< .. ...... .....••..•........................ i»>< ... .... ..................................... . 


For I/O read transfer cycles, the CONVERSION PORTION in 
Figure 7-8-A is replaced by the CONVERSION PORTION in 
Figure 7-9-A for ISA or E-ISA memory resources and Figure 7-9-B 
for EISA memory resources. The memory resource will operate in 
its native modes and timings for an access cycle. For either a 
SINGLE or MULTIPLE CONVERSION transfer cycle to an ISA 
or E-ISA memory resource, the lOR* signal line is driven inactive 
early. The platform circuitry "redrives" the DATA signal lines in 
conjunction with the DMA controller driving the MEMW· signal 
line. At this point either a single or multiple transfer can be 
executed. For MULTIPLE CONVERSION transfer cycles to an 
EISA memory resource, the lOR* signal line is driven inactive 
early. The platform circuitry "redrives" the DATA signal lines in 
conjunction with the DMA controller driving the CMD* signal line. 
At this point multiple transfers can be executed. 

http:pefate$.��in���.the.Samflfa$hiolJa$<tl)(t$JNGL~an.tI
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For MULTIPLE CONVERSION I/O read transfer cycles, the 
platform circuitry and DMA controller will disperse the data read 
from the I/O resource to memory resource by byte swapping from 
the latched data. Consequently, at the beginning of the 
CONVERSION PORTION, the lOR· signal line is driven inactive. 
Immediately, the appropriate data size for the memory resource 
(lower bytes first) are driven by the platform circuitry. 

For I/O write transfer cycles, the CONVERSION PORTION 
in Figure 7-8-A is replaced by the CONVERSION PORTION in 
Figures 7-10-A for ISA or E-ISA memory resources and Figure 7
10-B for EISA memory resources. The operation of the memory 
resource of the transfer cycle are according to their native modes 
and timings for a memory access cycle. For a SINGLE 
CONVERSION transfer cycle to an ISA or E-ISA compatible 
memory resource, the DMA controller will drive the MEMR· 
signal line active while holding the lOW· signal line active. For 
MULTIPLE CONVERSION transfer cycles with ISA, E-ISA, and 
EISA memory resources, the DMA controller drives either the 
MEMW· or CMD· signal line active multiple times. The lOW· 
signal line is held active while the DMA controller, in conjunction 
with the platform circuitry, assembles data from the memory 
resources - the lower order bytes first. At the end of the data, the 
assembled data is redriven by the platform circuitry in conjunction 
with the DMA controller driving the lOW· signal line inactive. 
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FIGURE 7-9-A: 	 CONVERSION PORTION EISA STANDARD AND READY TYPE C 
(BURST) TRANSFER CYCLE WITH ISA & E-ISA MEMORY (16 
DATA BIT MEMORY TO 32 DATA BIT I/O EXAMPLE) _.. DMA 
CONTROLLER & PlATFORM CIRCUITRY VIEWPOINT (EISA 
COMPATIBLE PlATFORM ONLY) 



404 ISA & EISA Theory and Operation 

3 4 	 5 

PL Bell< 

PL LA<17-23>, BE*<O-3>+_-+_-+_---r-'l k=t==t=~==~t_+-_+-_t-~-
DMA START* 


DMA CMD* 


MEM EX16* 


MEM EXRDY 


,(1) 

DMA IOR* 

I/O DATA 

PL DATA 

I_EISA STANDARD_~*.o--- EISA READY 
EXAMPLE EXAMPLE 

CONVERSION PORTION 

x=SAMPLE POINT 
(1) DRIVEN BY PLATFORM CIRCUITRY 	 [fOREAD 

FIGURE 7-9-B: 	 CONVERSION PORTION EISA STANDARD AND READY TYPE C 
(BURST) TRANSFER CYCLE WITH EISA MEMORY (16 DATA BIT 
MEMORY TO 32 DATA BIT 110 EXAMPLE) ___ DMA CONTROLLER 
& PLATFORM CIRCUITRY VIEWPOINT (EISA COMPATIBLE 
PLATFORM ONLY) 
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7.3 DMA MODES 

Each channel of the DMA controller can be programmed for 
four modes of DMA operation: single, block, demand, or cascade. 

The cascade DMA mode is used for channels that need to 
support an add-on bus owner card. Refer to Chapter 9 for more 
detailed information. 

The single DMA mode allows only a single transfer cycle for 
each time the DACKx* signal line becomes active. Once the 
DACKx* signal line is active, the DRQx signal line can become 
inactive. At this point there are two possible scenarios. Scenario 
One: If the DRQx signal line is sampled active at the sampling 
point (see Figures 7-1-B, 7-1-C, 7-4-A, 7-4-B, and 7-4-C), the DMA 
controller will only do the cycles required to transfer the data bits 
of the "single" data size requested and drive the DACKx* signal 
line inactive. The DMA controller will immediately request 
ownership of the bus in response to the active DRQx signal line. 
Once bus ownership is awarded, another "single" data transfer 
occurs. 

Scenario Two: If the DRQx signal line is sampled inactive at 
the sampling point, the transfer proceeds as described above 
without the immediate request for bus ownership by the DMA 
controller at the end of the "single" transfer. The DMA controller 
will wait for another active DRQx signal line before requesting bus 
ownership and executing another transfer. In either case, the I/O 
resource (platform or add-on slave card) requesting service must 
wait until the DACKx* signal line becomes active again before the 
next transfer cycle. 
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The block DMA mode allows sequential block transfer cycles. 
The I/O resource (platform or add-on slave card) requests service 
by driving the DRQx signal line active. The DMA controller 
responds by obtaining bus ownership and driving the appropriate 
DACKx* signal line active. Once the DACKx* signal line is driven 
active, the I/O resource can drive the DRQx signal line inactive. 
The I/O resource can also continue to drive the DRQx signal line 
active throughout the transfer sequence. The transfer cycles 
continue until the preprogrammed byte, word, or double word 
count is completed. The TC (Terminal Count) signal line is driven 
active by the DMA controller to indicate to the I/O resource when 
the last portion of the data block has been transfered. If the I/O 
resource is E-ISA or EISA compatible and is operating on an E
ISA or EISA platform, the I/O resource can also terminate the 
transfer sequence by driving the TC signal line active. 

·.·.Al)MA·.90MPATlBLE.transfer·cyc/e•• qannot be·interrupted,··alld
the.tefore< refresh ·cycles>maypeimissed.Any long block 
tfatJ$fersprogrammed fota<chafl"elprogrammed for theDMA> 

····.GQMel{1I~4f;mayt;;auSe<refreSflproblems,·Qn.·.lin••·E"'ISA.·ot>· 
EISAcom····atibUi.·····latform.DMA.TYPE ·A<1YPEBalld·.TYPE •• C··
transj~tJtglfl$<J1n) •••• be•..i"terrupted.·dUrtrfg •• a~/ock}transfer<
~¢qq~l)g~/><.................. .....••.•..•••••....•.•..•.•.•..•.•..< .•.••............................... 


Indication of interruption of a block transfer sequence is the 
DACKx* signal line being driven inactive. The DMA controller 
will relinquish bus ownership to the central arbiter and will 
immediately request bus ownership. Once the DMA controller is 
awarded bus ownership, it redrives the DACKx* signal line active 
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and continues the transfer sequence. During and after the 
interruption the DRQx signal line is not sampled. 

The demand DMA mode is similar to the block mode, except it 
allows the sequential transfer to be broken into smaller parts. The 
demand DMA mode begins with the I/O resource (platform or 
add-on slave card) driving the DRQx signal line active and the 
DMA controller responding by driving the DACKx* signal line 
active. The sequential transfer continues until the DRQx signal 
line is sampled inactive (See Figures 7-1-B and C, 7-4-A, B, and C, 
and 7-8-A and B). At this time, the present single transfer is 
completed and the DACKx* signal line is driven inactive. When 
the I/O resource is ready, it redrives the DRQx signal line active. 
The transfer continues once the DMA controller becomes bus 
owner and drives the DACKx* signal line active. 

As with the block DMA mode, the demand DMA mode will 
continue until the pre programmed byte, word, or double word 
count is completed. The TC (Terminal Count) signal line is driven 
active by the DMA controller to indicate to the I/O resource when 
the last portion of the data has been transfered. If the I/O 
resource is E-ISA or EISA compatible and is operating on an E
ISA or EISA platform, the I/O resource can also terminate the 
transfer sequence by driving the TC signal line active. 
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Indication of an interruption of a demand transfer sequence is 
the DACKx* signal line being driven inactive. The DMA 
controller will relinquish bus ownership to the central arbiter. If 
the DRQx signal line is still driven by the I/O resource, the DMA 
controller will immediately request bus ownership. Once the DMA 
controller is awarded bus ownership it redrives the DACKx* signal 
line active and continues the transfer sequence. If the DRQx signal 
is driven inactive at the interruption point, the DMA controller will 
wait for the DRQx signal to be driven active to continue the 
sequence. 

The cascade DMA mode does not actually cause a transfer 
cycle to occur. It simply monitors the DRQx signal line and 
acknowledges bus ownership with an active DACKx* signal line. 
An ISA or E-ISA compatible add-on bus owner card uses the 
cascade mode to obtain bus ownership. See Chapter 9 for more 
information. 

7.4 DRQx and TC CONSIDERATIONS 

The sampling points of the DRQx and TC signal lines (when 
the TC is programmed as an input to the DMA controller) is 
outlined in Figures 7-1-B and C, 7-4-A, B, and C, and 7-8-A and B 
have the following considerations: 

For DMA COMPATIBLE, TYPE A, and TYPE B transfer 
cycles, the DRQx signal line is sampled at points referenced in the 
figures relative to the end of the cycle where the ADDRESS signal 
lines will change (driven invalid or to the next address). The 



Chapter 7, DMA Transfer Bus Cycles 411 

sample points for the DRQ· and TC signal lines during a 
CONVERSION cycle are relative to the change in the LA signal 
lines at the end of the cycle. During CONVERSION, the LA 
signal lines remain constant; it is the BE· <0-3>, SAO, SAl, and 
SBHE· signal lines that change. Similarly, the DRQx· and TC 
signal line sample points for a ready transfer cycle are also sampled 
relative to the change in the LA signal lines at the end of the cycle. 
For COMPATIBLE and TYPE A transfer cycles, the DRQx signal 
line is sampled two and one-half BCLK signal line periods before 
the LA signal lines change. For TYPE B transfer cycles, the DRQx 
signal line is sampled one and one-half BCLK signal line periods 
before the LA signal lines change. The DMA controller sampling 
point for the TC signal line is one-half of a BCLK signal line period 
prior to the change in the LA signal lines at the end of the cycle. 
Consequently, the aforementioned sample points occur later in a 
ready or CONVERSION transfer cycle relative to a standard non
CONVERSION transfer cycle. 

For TYPE C (BURST) transfer cycles, the following applies: 
When the TC signal line is an input to the DMA controller, it is 
sampled on the rising edge of the BCLK signal (one-half BCLK 
signal line period after the address has changed). The TC signal 
line must be driven active during the next to last data transfer (data 
"C" in Figure 7-8-A and B) based on decoding the last address 
(address "D" in Figure 7-8-A and B). The TC signal line must 
remain active until the first falling edge of the BCLK signal line of 
the last transfer. 

When the TC signal line is an input to the DMA 
source/destination in Figure 7-8-A and B, it is sampled on the 
falling edge of the BCLK signal line whenever the lOR· or lOW· 
signal line is active and the EXRDY signal line was active at the 
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previous falling edge of the BCLK signal line. The sampling of an 
active TC signal line indicates that the present data is the last to be 
transferred (data "D" in Figure 7-8-A and B). 

The DRQx signal line is not sampled by the DMA controller 
until the end of the transfer for block transfer cycles. 

For TYPE C (BURST) demand mode transfer cycles, the 
following applies: The TC signal line for demand mode operates in 
the same fashion as for the block mode transfer. The DRQx signal 
line is sampled by the DMA controller on the rising edge of the 
BCLK signal line. For a single transfer, the DRQx signal line must 
be sampled inactive at the first rising edge of the BCLK after the 
DACKx* signal line is driven active. Otherwise, the DRQx signal 
line is sampled at the rising edge of the BCLK signal line under the 
following conditions: 

(1) Except for the aforementioned single transfer point, the 
sample point is the first rising edge of the BCLK signal line for 
each data transfer when the IOW* or lOR* signal lines are active 
and one-half a BCLK signal line period after the address has 
changed. 

(2) If the transfer cycle is terminated by the TC signal line 
being driven active, the DRQx signal line should be driven inactive 
at the next falling edge of the BCLK signal line after the TC signal 
line is sampled active by the input circuitry (DMA controller or 
DMA source/destination). 



CHAPTER EIGHT 

REFRESH CYCLES 

INTRODUCTION 

The refresh cycle is the simplest cycle that is executed on the 
ISA, E-ISA, or EISA bus. The purpose of the refresh cycle is to 
refresh bus DRAM memory resources. During the bus refresh 
cycle, the platform memory may also be refreshed. 

One of the platform timer channels is used to generate a 
request for a refresh cycle to the platform refresh controller every 
15.6 microseconds. How quickly the actual refresh cycle occurs 
depends on the arbiter protocol of a particular platform,. the other 
bus masters requesting bus ownership, and the time since the last 
refresh cycle. The considerations for when the refresh cycle 
actually occurs can be summarized as follows: 

On ISA compatible platforms, the refresh cycle is usually 
executed immediately when requested by the timer. Most chip sets 
either place the platform CPU into a "hold" state, or allow the 
refresh controller to operate concurrently with the platform CPU. 
If the bus owner is the DMA controller, the refresh cycle is not 
executed until the DMA controller relinquishes control of the bus. 
The refresh cycle is held off because the original Intel 8237 DMA 
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controller did not allow the transfer cycle to be interrupted. The 
one exception to a refresh cycle not being executed when the DMA 
controller owns the bus is when an ISA compatible add-on bus 
owner card "subleases" the DMA channel from the DMA controller 
to become a bus owner. While it is subleasing the bus, it can 
request a refresh cycle. 

The refresh protocol on an E-ISA compatible platform is the 
same as that for an ISA compatible platform. Indeed, the E-ISA 
compatible add-on bus owner card subleases the DMA channel for 
bus ownership in the same way as its ISA compatible counterpart. 
The only difference in the refresh protocol on an E-ISA compatible 
platform is found when the DMA controller is executing a DMA 
DEMAND or BLOCK type of transfer cycle. These DMA transfer 
cycle types can be interrupted by the refresh controller; 
consequently, there is no risk of missing refresh cycles. 

During the refresh cycles on ISA and E-ISA compatible 
platforms, the SA <0-7 > signal lines are driven with the refresh 
address. 

The refresh protocol on an EISA compatible platform is almost 
the same as on the E-ISA compatible platform. There are only 
three differences. First, the EISA compatible add-on bus owner 
card obtains bus ownership directly from the arbiter and not the 
DMA controller. Also, the EISA bus specification has established 
a preemption protocol. These two items allow the refresh 
controller to preempt the EISA compatible add-on bus owner card 
when needed to execute a refresh cycle. 

Second, the EISA bus specification has defined that the refresh 
cycles can be queued up. The refresh controller queues up to four 
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refreshes. When one refresh cycle is executed, another one (when 
the queue is not empty) is immediately done if no there are no 
other requests for bus ownership pending. The ISA and E-ISA 
compatible chip sets could also be designed to queue up refresh 
requests in a similar fashion. 

Third, the refresh address is driven onto SA <0-15 >, LA <2
15>, and the BE· signal lines (the BE· signal lines can be 
translated into the equivalent of LAO and LA1). 

Table 8-1 outlines the refresh cycle timings for Figures 8-1 and 
8-2. 

INTERPRETATION 

(SEE CHAPTER 10 FOR MORE DETAILED INFORMATION) 


# NO SETILING TIME INCLUDED. 

#/A SKEW OF TWO SIGNALS BETWEEN RESOURCES. ONE HAS A DELAY OF 
o NANOSECONDS. AND THE OTHER HAS A DELAY OF 11 
NANOSECONDS. 

"DRIVEN BY" AND "MEASURED BY" INTERPRETATION 

ADD-ON ADD-ON ACCESSED RESOURCE 

REF REFRESH CONTROLLER 

ISA-B ISA OR E-ISA ADD-ON BUS OWNER CARD 


MIN. AND MAX. INTERPRETATION 


ALL TIMES ARE IN NANOSECONDS WITH AN 8.00 MHZ BCLK. 

THE NUMBER IN "[ rREFLECTS THE CALCULATED VALUE FOR AN 8.33 MHZ BCLK. 


EISA INTERPRETATION 


THE "EISA" ENTRIES ARE ACCORDING TO THE EISA REV. 3.12 BUS SPECIFICATION 


SMEMR* AND SMEMW* 


SMEMR* AND SMEMW* SIGNAL LINES HAVE ESSENTIALLY ZERO SKEW RELATIVE TO THE 
MEMR* AND MEMW* SIGNAL LINES BECAUSE AU ARE DRIVEN BY THE 
REFRESH CONTROLLER. 



~ ~ 
N

 
N

 
~
 

P
L 

B
C

LK
 

~ 
-"

L
iL

lL
-r

;-
i1

-I
L

-I
L

IL
-I

I-
r-

i-
r}

-r
l-

IL
n-

'--
--

0
\

tt1
 

, 
I 

' 
R

E
F

 
R

E
F

* 
'
1

,
 

, 
' 

00
 

I 
6 

L 
'
L

 
~
 

.....
 

'
7

 
' 

:
'. 

, 
~
 

R
E

F
 

LA
<

2-
15

>
 

, 
, 

, 
~

!:\l
 

,"' 
, 

R
E

F
 

B
E

*<
Q

-3
>

 
, 

, 
,

~ 
, 

, 
, 

~
 

~
 

R
E

F
 

W
-R

 
~ 

'\
 

" 
" , 

, 
~
 

, 
,

::t: 
, 

1 
, 

1 
, 

, 
t

R
E

F
 

M
E

M
R

*.
 S

M
E

M
R
*

~
 

, 
~
 

?5 
2i

r-
, , , 
-
~
 

, , , 
,, 

~ 
R

E
F

 
S

A
<

15
:0

>
 

, 
~ 

,
, 

,
~
 

,
, 

,
R

E
F

 
S

T
A

R
T

*
~ 

'-
-
-
-
J: 

V:
 

, , 
t 

, 
if' 

8
I 

,
~ 

R
E

F
 

C
M

D
* 

,
~
J
 

I
, , 

~
 

, 
f a

A
C

 
E

X
R

D
Y

 

, 
~
 l 

-o·
IO

C
H

R
D

Y
A

C
 

\
~
.
 

;::s
)1

-1
((

1
) 

*
-*

(1
) 

J 
X

 =
S

A
M

P
U

N
G

 P
O

IN
T 

1
-

R
E

FR
E

S
H

 
--

--
--

I 
R

E
FR

E
S

H
 

~
 

(1
) 
=S

A
M

P
LE

 W
IN

D
O

W
 

W
IT

H
 R

E
A

D
Y

 



- -

Chapter 8, Refresh Cycles 417 

,.. 

C\I 

tt 
W 
a::: 

a::: a:::J:W WenZ Zw 
~a:::~ Ou. 

en en W 
:::> :::>a::: 
IX! IX!~ 

FIGURE 8-2: /SA OR E-/SA ADD-ON BUS OWNER CARD REFRESH REQUEST 
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REF# 
/DEl 

DESCRIPTION OF EVENT DRIVEN 
BY 

MEASURED 
AT 

MIN I MAX
[833] 

EISA 

1/A MEMR* ACTIVE TO INACTIVE 
(SEE NOTE 1) 

REF. ADD-ON 224 
[214] 

235 

21A SA ADDRESS VALID SETUP TO 
MEMR* ACTI VE 

REF. ADD-ON 66 
[61] 

70 

3/A SA ADDRESS HOLD TO MEMR* 
INACTIVE 

REF. ADD-ON 16 
[14] 

22 

4/A REF* ACTIVE SETUP TO 
MEMR* ACTIVE (SEE NOTE 2) 

REF. ADD-ON 118 
[111] 

120 

5/A REF* ACTIVE HOLD FROM 
MEMR* INACTIVE 

REF. ADD-ON 17 
[15] 

20 

6/A REF* ACTIVE SETUP TO 
START* ACT. (SEE NOTE 2) 

REF. ADD-ON 61 
[56] 

55 

71A REF* INACTIVE SETUP TO 
START* ACTIVE(SEE NOTE 3) 

REF. ADD-ON 10 
[10] 

10 

8/A REFRESH* HOLD FROM CMD* 
INACTIVE 

REF. ADD-ON -30 
[-30] 

20 

9 ADD-ON BUS OWNER TRISTATE 
OF SA &MEMR* BEFORE 
REFRESH* ACTI VE 

ISA-B ISA-B 0 
[0] 

NOT 
SPEC 

10 SA AND MEMR* DRIVEN 
REFRESH* INACTIVE 

FROM ISA-B ISA-B 250 
[240] 

NOT 
SPEC 

11 REFRESH* ACTIVE HOLD FROM 
MEMR* INACT. (SEE NOTE 4) 

ISA-B ISA-B 20 
[20] 

239 
[229] 

20 

12 MEMR* AND SA TRISTATE 
FROM REFRESH* INACTIVE 

REF. lSA-B 125 
[120] 

NOT 
SPEC 

TABLE 8-1: REFRESH CYCLES 
NOTES: 

( 1) The entry assumes a 15 nanosecond same package skew between high/low and 
Iow/high transiJion wiJh 11 nanosecond bus delay at the beginning and 0 
nanosecond bus delay at the end. 
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(2) Parameters 4 and 6 seem to be in conflict Parameter 6 seems to reflect the fact 
that perhaps the STARr' signal line is driven 1/2 a BCLK signal period sooner than 
the MEMR· signal line. 
(3) The EISA bus specification allows for a one BCLK signal period between active 
REFRESH· signal line pulses that are queued up. As observed in NOTE (2) the 
STARr' signal line appears to go active 1/2 BCLKsignal line sooner than needed. 
(4) On the ~r platform, if the REFRESH· signal line is held active by the add-on 
bus owner card beyond the maximum number, exira refresh cycles will be executed. 

Table 8-1 does not contain all of the timing numbers needed for 
the signal lines in Figure 8-1. Any numbers not listed are available 
in Table 6-1-B for access cycles. 

REFRESH CYCLE 

The ADDRESS and CONTROL signal lines must be tri-stated 
prior to allowing the refresh controller to become the bus owner. 
(See Chapter 9 for more information.) On an EISA compatible 
platform, the refresh controller begins the cycle by driving the 
REFRESH* signal line active, driving the SA, LA, and BE* signal 
lines with the valid refresh address, the W-R signal line low, and 
subsequently driving the MEMR * and STAR T* signal lines active. 

As the refresh cycle progresses, the START* and CMD* signal 
lines are driven inactive and active, respectively. The cycle will be 
a standard refresh cycle if the IOCHRDY and EXRDY signal lines 
remain active. For a standard access cycle, the MEMR * and the 
combination of START* and CMD* are driven active for two 
BCLK signal line periods. The cycle will be a ready refresh cycle, 
with length increases in increments of the BCLK signal line period 
if the IOCHRDY or EXRDY signal line is driven inactive. The 
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refresh cycle ends when the CMD* and MEMR * signal lines are 
driven inactive. 

The address mapping of the refresh addresses relative to the 
LA and SA signal lines are outlined in Table 8-2. 

REFRESH 0 1 2 3 456 7 0 1 8 9 10 11 12 13 

LA,SA 0 1 2 3 456 789 10 11 12 13 14 15 

TABLE 8-2: REFRESHADDRESS MAPPING 

SPECIAL CONSIDERATIONS FOR ISA AND E·ISA 
PLATFORMS 

The above description is for an EISA compatible platform. For 
ISA and E-ISA compatible platforms, the refresh signal line 
operates in the same fashion except for the EISA specific signal 
lines. For an ISA or E-ISA compatible platform, the only signal 
lines involved in a refresh cycle are the BCLK, REFRESH * , 
MEMR*, SMEMR*, SA, and IOCHRDY signal lines. 

An EISA add-on bus owner card can be preempted by the 
refresh controller for the bus ownership. An ISA or E-ISA add-on 
bus owner card cannot be preempted independent of the platform. 
The ISA or E-ISA add-on bus owner card must request a refresh 
cycle during the period it owns the bus. The bus owner card should 
request a refresh cycle every 15.6 microseconds. Figure 8-2 
outlines how a refresh cycle can be requested by an ISA or E-ISA 
add-on bus owner card. The bus owner card first tri-states the SA 
and MEMR * signal lines. It then drives the REFRESH· signal 
line active. The refresh controller will drive the MEMR·, 
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SMEMR*, and SA signal lines and monitor the IOCHRDY signal 
line in order to execute a refresh cycle. If the platform is EISA 
compatible, the aforementioned EISA specific signal lines are also 
driven and monitored. When the refresh cycle is completed, the 
MEMR * and SMEMR * signal lines are driven inactive and the bus 
owner must respond and drive the REFRESH* signal line inactive. 
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Notes 



CHAPTER NINE 

ARBITRATION CYCLES 

INTRODUCTION 

ISA, E-ISA, and EISA compatible platforms allow add-on cards 
to become the bus owners. The add-on card must execute an 
arbitration cycle to obtain bus ownership. The arbitration takes 
place between add-on bus owner cards, the DMA controller, the 
refresh controller, and the platform CPU. 

The central arbiter on ISA and E-ISA compatible platforms is 
the DMA controller. The ISA and E-ISA add-on bus owner cards 
"sublease" a DMA channel through the use of DRQx and DACKx* 
signal lines. The DMA controller behaves as though it is "leasing" 
the bus to another DMA controller according to the definition of 
the cascade mode of the DMA controller. In reality, the ISA or E
ISA compatible add-on bus owner card is executing"access cycles. 

On EISA compatible platforms, the ISA and E-ISA add-on bus 
owner cards still use the DMA controller as their central arbiter. 
The DMA controller in turn arbitrates with other EISA resources 
on EISA compatible platforms through platform arbitration 
circuitry. EISA add-on bus owner cards arbitrate directly with the 
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platform arbitration circuitry through the use of the MREQx* and 
MAKx* signal lines. 

Table 9-1 summarizes the timing parameters for Figure 9-l. 
This table has several key pieces of information. First, the 
"#/DET" (parameter number / detail) column relates the 
parameter number of the table to Figure 9-1. Second, it provides 
detailed information on how the number was derived. The timing 
numbers are affected by the settling time on the bus. The table is 
based on the default values for eight slots as outlined in Chapter 
10. The #/DET interpretations are shown below. 

INTERPRETATION 


NO SETTLING TIME INCLUDED. 

(SEE CHAPTER 10 FOR MORE DETAILED INFORMATION.) 


#/A 	 SKEW OF TWO SIGNALS BElWEEN RESOURCES. ONE HAS A DELAY OF o NANOSECONDS, AND THE OTHER HAS A DELAY OF 11 
NANOSECONDS. 

#/B 	 SIGNAL IS DRIVEN BY ONE RESOURCE TO ANOTHER. THE SECOND 
RESOURCE MUST RESPOND BY DRMNO A SIGNAL BACK TO THE FIRST 
RESOURCE. # INCLUDES THE "ROUND TRIp· TIME OF 11 + 11 = 22 
NANOSECONDS. 

"DRIVEN BY" AND "MEASURED BY" INTERPRETATION 


ADD-ON ADD-ON ACCESSED RESOURCE 

ISA-B ISA OR E-ISA COMPATIBLE ADD-ON CARD BUS OWNER 

CPU PLATFORM CPU 

PLAT PLATFORM CIRCUITRY 


MIN. AND MAX. INTERPRETATION 


ALL TIMES ARE IN NANOSECONDS WITH AN 8.00 MHZ BCLK. 

THE NUMBER IN "[ r REFLECTS THE CALCULATED VALUE FOR AN 8.33 MHZ BCLK. 
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REF' DESCRIPTION OF EVENT DRIVEN MEASURED MIN I MAX EISA 
IDET BY AT [833] 


1 MASTER* ACTIVE FROM ISA-B ISA-B 0 

DAClCx ACTI VE [0] 


2!B AENx INACTIVE FROM PLAT ADD-ON 0 71 

MASTER* ACTIVE [0] [71] 


3/A ADDRESS, COMMAND, &DATA PLAT ISA-B 0 60 

LINES TRISTATED FROM [0] [60]
MASTER* ACTIVE (NOTE 1) 


4 ISA-B DRIVES ADDRESSS ISA-B ISA-B 125 

COMMAND, &DATA LINE [120]
FROM MASTER* ACTIVE 

5 ADDRESS, COMMAND~ &DATA PLAT ISA-B 0 60 60 
LINES T ISTATED ROM [0] [60]
DAClCx* ACTIVE (NOTE 1) 

6 ISA-B DRIVES ADDRESS, ISA-B ISA-B 125 120 
COMMAND, & DATA LINES [120]
FROM DACKx* ACTIVE 

7 ADDRESSRCOMMAND F& DATA ISA-B ISA-B 60 60 
LINES T ISTATED ROM [60]
DAClCx* INACTI VE 


8 ADDRESS, COMMAND, &DATA PLAT ISA-B 60 

LINES DRIVEN FROM DACKx* [60] 
INACTIVE 

9 DAClCx* INACTIVE FROM DRQx PLAT ISA-B 250 300 
INACTIVE [240] 


10 MASTER* INACTIVE FROM ISA-B ISA-B 60 

COMMAND INACTIVE [60] 


11 MASTER* INACTIVE FROM ISA-B ISA-B 100 

DRQx* INACTI VE [100] 


12!B AENx ACTIVE FROM MASTER* PLAT ADD-ON 71 

INACTIVE [71] 

TABLE 9-1: ISA AND E-ISA ADD-ON BUS OWNER CARD ARBITRATION 
PROTOCOL 

NOTE: 
( 1) No settling time is associated with tristate propagatWn on the bus. 
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ARBITRATION PROTOCOL FOR ISA OR E-ISA ADD·ON BUS 
OWNER CARDS ON ISA OR E·ISA COMPATIBLE 
PLATFORMS 

The arbitration protocol consists of two parts: OBTAIN and 
RELEASE. Between the OBTAIN and RELEASE portions of the 
arbitration protocol, the ISA and E-ISA add-on bus owner cards 
execute standard, ready, or no-wait-state (E-ISA compatible 
platforms only) access cycles. 

The OBTAIN portion of the cycle begins when the bus owner 
card activates a DRQx signal line and waits for an active DACKx* 
signal line. (See Figure 9-1.) In response to the active DACKx* 
request signal line, the add-on bus owner card activates the 
MASTER16* signal line. The platform circuitry responds to the 
active MASTER16* signal line by driving the AENx signal line 
inactive. Simultaneously, the DMA controller tri-states the 
ADDRESS, CONTROL and DATA signal lines. After the 
MASTER16* signal line goes active, the add-on bus owner card 
drives the ADDRESS, CONTROL, and DATA signal lines. 

The RELEASE portion of the cycle begins when the add-on 
bus owner card drives the MASTER16* and DRQx signal lines 
inactive. (See Figure 9-1.) In response to the inactive DRQx signal 
line, the DMA controller drives the DACKx* signal line inactive. 
The inactive MASTER16* signal line causes platform circuitry to 
drive the AENx signal line inactive. An inactive DACKx* signal 
line causes the add-on bus owner card to tristate the ADDRESS, 
COMMAND, and DATA signal lines. Also, subsequent to an 
inactive DACKx* signal line, the DMA controller circuitry drives 
the ADDRESS, COMMAND, and DATA signal lines. 
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The arbitration protocol is defined as "voluntary" because the 
add-on bus owner card only releases the bus when it "wishes to"; 
there is no preemption protocol for ISA or E-ISA add-on bus 
owner cards. 

ARBITRATION PROTOCOL FOR ISA OR E-ISA ADD-ON BUS 
OWNER CARDS ON EISA COMPATIBLE PLATFORMS 

The arbitration protocol for ISA and E-ISA add-on bus owner 
cards on an EISA compatible platform is the same as on an E-ISA 
compatible platform (described above). As with ISA and E-ISA 
compatible platforms, the add-on bus owner card returns the bus in 
a "voluntary" fashion with no preemption protocol. 

ARBITRATION PROTOCOL FOR EISA ADD-ON BUS OWNER 
CARDS ON EISA COMPATIBLE PLATFORMS 

The arbitration protocol for EISA add-on bus owner cards is 
very different than for ISA and E-ISA add-on bus owner cards. 
First, the EISA add-on bus owner card uses MREQx* and MAKx* 
signal lines to arbitrate. Second, the arbiter is platform arbitration 
circuitry and not the DMA controller. Third, the add-on bus owner 
card can be preempted by the platform arbitration circuitry. 

Table 9-2 summarizes the timing parameters for Figure 9-2. 
This table has several key pieces of information. First, the 
"#/DET" (parameter number / detail) column relates the 
parameter number of the table to Figure 9-2. Second, it provides 
detailed information on how the number was derived. The timing 
numbers are affected by the settling time on the bus. The table is 
based on the default values for eight slots as outlined in Chapter 
10. The #/DET interpretations are shown below. 
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INTERPRETATION 

A SETTLING TIME OF ONLY 5 NANOSECONDS IS USED BECAUSE OF THE 
POINT-TO-POINT NATURE OF THE SIGNAL liNES. 

"DRIVEN BY" AND "MEASURED BY" INTERPRETATION 


EISA-B EISA COMPATIBLE ADD-ON CARD BUS OWNER 

PLAT PLATFORM CIRCUITRY 


MIN. AND MAX. INTERPRETATION 


ALL TIMES ARE IN NANOSECONDS WITH AN 8.00 MHZ BClK. 

THE NUMBER IN "[ r REFLECTS THE CALCULATED VALUE FOR AN 8.33 MHZ BClK. 
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REF. DESCRIPTION OF EVENT DRIVEN MEASURED MIN I MAX EISA 
/DET BY AT [8.33] 


1 MAKx* VALID SETUP PLAT EISA-B -12 10 

TO FALLING EDGE OF BCLK [10] 


2 LA, M-IO, BE*, W-R, EISA-B EISA-B 0 
 0 
MBURST*A DATA(WR) [0]
MASTER1 *, &LOCK* 
DRIVEN FROM FALLING 
EDGE OF BCLK 

3 MREQx* ACTIVE DELAY EISA-B EISA-B 36 33 
FRM FALLING EDGE OF BCLK [34] 

4 MREQx* INACTIVE DELAY EISA-B EISA-B 2 36 2/30
FRM FALLING EDGE OF BCLK [2] [34] 

5 MAKx* VALID HOLD FROM PLAT EISA-B 25 25 
FALLING EDGE OF BCLK [25] 

6 LA, M-IO, MASTER16*,BE*, EISA-B EISA-B 125 120 
MSBURST* TRISTATE FROM [120]
FALLING EDGE OF BCLK 

7' START*, MASTER* TRISTATE EISA-B EISA-B 125 120 
FRM RISING EDGE OF BCLK [120] 

8 DATA (WR) TRISTATE FROM EISA-B EISA-B 125 120 
FALLING EDGE OF BCLK [120] 

9' LOCK* TRISTATE FROM EISA-B EISA-B 125 120 
FALLING EDGE OF BCLK [120] 


10 START* DRIVEN FROM EISA-B EISA-B 0 0 

RISING EDGE OF BCLK [0] [0] 


11 MSBURST* TRI-STATED FROM EISA-B EISA-B 35 125 NOT 

RISING EDGE OF BCLK [35] [120] SPEC 

TABLE 9-2: EISA ADD-ONBUS OWNER CARD ARBITRATIONPROTOCOL 

The arbitration protocol for an EISA compatible add-on bus 
owner card consists of both voluntary and preemption elements. 
First, consider the voluntary element (see Figure 9-2). The 
OBTAIN portion begins when the add-on bus owner card requests 
bus ownership by driving its respective MREQx* signal line active. 
When the associated MAKx* signal line is driven active, the 
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appropriate signal lines have already been tri-stated by the 
previous bus master. The add-on bus owner card can immediately 
drive the LA, M-IO, BE*, W-R, MSBURST*, MASTER 16* , and 
WCK* signal lines. One half a BCLI( signal line period later, the 
START* signal line can be driven. One BCLI( signal line period 
later, the DATA (WR) signal lines can be driven for a write cycle. 

When the add-on bus owner card releases the bus "voluntarily" 
(MAKx* signal line is active), the bus is relinquished as follows: 
The RELEASE portion begins with the add-on bus owner card 
driving the MREQx* signal line inactive. The platform arbitration 
circuitry will subsequently drive the appropriate MAKx* signal line 
inactive. The MREQx* and MAKx* signal lines can execute the 
above sequence long before the present cycle is complete. The LA, 
BE*, W-R, M-IO, MASTER16*, WCK*, and MSBURST* signal 
lines in the voluntary element of Figure 9-2 are tri-stated relative to 
an active EXRDY* signal line sampled at the falling edge of the 
BCLI( signal line. An active EXRDY signal line is sampled a 
minimum of 1/2 a BCLK signal line period. The START* signal 
line is tri-stated relative to the BCLI( signal line when the CMD* 
signal line is driven inactive. Subsequently, the DATA signal lines 
(write) are tri-stated at the next falling edge of the BCLI( signal 
line. 

For an EISA data-matching or any E-MIX access cycle, the LA, 
BE*, W-R, M-IO, MASTER16*, LOCK*, and MSBURST* signal 
lines are tri-stated relative to the subsequent falling edge of the 
BCLI( signal line after the EX16* or EX32* signal lines are 
sampled· active. The START* signal line is tri-stated relative to the 
subsequent rising edge of the BCLI( signal line after the EX16* or 
EX32* signal line is sampled active. 
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The preemption element of the arbitration protocol is similar to 
the voluntary element. For non-burst access cycles, the tri-stating 
of the signal lines are as outlined above. The only difference is that 
the MAKx* signal lines were driven inactive by the platform 
arbitration circuit to preempt the present EISA add-on bus owner 
card. The appropriate MREQx* signal line is not inactive at this 
time. The add-on bus owner card has a maximum of 64 BCLK 
signal line periods to drive the MREQx* signal line inactive and 
relinquish bus ownership (see Figure 9-2). The end of the 64th 
BeLK. signal line period must coincide with an active START* 
signal line just prior to the CMD* signal line being driven active. 
The last cycle associated with the aforementioned signal line is 
allowed to complete and the signal lines are tri-stated like the 
above voluntary description. 

If a burst access cycle is preempted, the end of the 64th BCLK 
signal line must coincide with the MSBURST* and MREQx* 
signal lines being sampled inactive. Like the burst access cycle 
protocol, this occurs just prior to the CMD* signal line being driven 
inactive. If the burst access cycle is executing a "downshift" version, 
the MREQx* signal line must still be sampled inactive at the end 
of the 64th BCLK signal line period provided the first 16 data bits 
have just been accessed. The platform arbitration circuitry will 
allow the subsequent 16 (or 8) data bits to be accessed to complete 
the downshift access cycle. 

..- ------ ---

.. IftheEtSAadd-onbusow"ercard ddes""otJol/owfheabove ... 
••. prdtocol,"·the·bU${S"tirned"out"••• rbeJime·out.Wil/c~i.!Sea" •• NM1··· 
•••••• tdbese"t··tO ..·thtJplatform.. CPI.J,••••Wbich···WiI/·pfdiY'rptlY·fesefthl3 •••bus,>"· .. .......................... . ............. ......... .. .............................................................. 
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...• tkeISAgrE-lSA.·busmasterand... s()me.i'T16des ... iitheDMA·. 
~jg'f!,!f;gn~g(}notp~pr~iiI'TJPfeg.SeeChaPt~f7tf#.lTJd"~ 

.,,' , .... 

For both voluntary and preemption elements, there is a 
minimum time before the signal lines can be driven by the next bus 
master. The minimum times are as follows: 

- The LA, BE*, M-IO, W-R, LOCK*, and MSBURST* 
signal lines cannot be driven until 1/2 BCLK signal line 
period after the CMD* signal line is inactive. 

- The START* signal line cannot be driven until one BCLK 
signal line period after the CMD* signal line is inactive. 

- The DATA signal lines cannot be driven until 1 1/2 BCLK 
signal line periods after the CMD* signal line is inactive. 

The above signal lines cannot be driven active for an additional 
BCLK signal line period to the above times (relative to the inactive 
CMD* signal line) if the last cycle of the previous bus owner was 
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an EISA data-matching or any E-MIX access cycle. The EISA 
data-matching or E-MIX access cycle is identified by an active 
EX16* or EX32* signal line when the CMD* signal line goes 
inactive. 

Finally, the EISA add-on bus owner card that was preempted 
cannot drive the MREQx* signal line active again until 1 1/2 
BCLK signal line periods after the CMD* signal line is inactive. 
Additionally, the MREQx* signal line must remain inactive a 
minimum of two BCLK signal line periods. 

SYSTEM ARBITRATION PRIORITIES 

ISA or E-ISA COMPATIBLE PLATFORM 

For ISA and E-ISA compatible platforms, bus ownership is very 
simple. The platform CPU normally owns the bus. When an ISA 
or E-ISA add-on bus owner card or DMA controller wants bus 
ownership, the DMA controller places the platform CPU in an 
inactive state. Similarly, the refresh controller can also place the 
platform CPU into an inactive state when it wants to own the bus. 
Some chip sets allow the platform CPU to execute out of cache, 
DRAM, and so forth, in parallel with the DMA or refresh 
controller owning the bus. The priority of bus ownership on an ISA 
or E-ISA compatible platform is as follows: 

- The platform CPU is the default owner 

- The refresh controller obtains immediate bus ownership 
unless the DMA controller presently owns the bus. 
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- Bus ownership priority by ISA or E-ISA add-on bus owner 
cards are based on whether the DMA controller is 
programmed in a "rotational" or "fixed" mode. See the 
EISA discussion for more information. 

- Depending on the chip set and platform architecture, the 
platform CPU may operate in parallel with the DMA or 
refresh controller owning the bus. 

EISA COMPATIBLE PLATFORM 

The arbitration circuitry on an EISA compatible platform is 
more complex than the circuitry on an ISA or E-ISA compatible 
platform. As with the ISA and E-ISA compatible platforms, the 
platform CPU is the default bus owner and might have the 
capability to execute out of cache, DRAM, and so forth in parallel 
with the DMA or refresh controller owning the bus. The major 
difference between EISA and ISA or E-ISA compatible platforms 
in this case is the existence of CENTRAL ARBITRATION 
CIRCUITRY (CAC). The DMA and refresh controllers operate 
in the same fashion as on an ISA or E-ISA compatible platform. 
The ISA and E-ISA add-on bus owner cards still use the DMA 
controller to gain bus ownership (see Figure 9-3). The arbitration 
enhancements on EISA compatible platforms can be summarized 
as follows: 

- The DMA and refresh controllers arbitrate with EISA 
add-on bus owner cards through the CAe. EISA add-on 
bus owner cards also arbitrate between each other through 
the CAe. 
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FIGURE 9-3 EISA COMPATIBLE PlATFORM ARBITRATION 
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- DMA block and demand mode operation of TYPE A, B, 
and C transfer cycles can be preempted for the refresh 
controller, EISA add-on bus owner cards, or the platform 
CPU. 

- EISA add-on bus owner cards bus ownership can be 
preempted by the platform CPU, the DMA controller, the 
refresh controller, or by other EISA add-on bus owner 
cards. 

The CAC operates with a rotating priority (see Figures 9-4 and 
9-5). Bus ownership rotates among the three "groups" within the 
CAC. Every time a group receives bus ownership, a different 
member within the group obtains bus ownership. For the EISA 
Bus Master Group, the rotation is between the platform CPU and 
EISA add-on bus owner cards. There is a further rotation among 
the EISA add-on bus owner cards. 

For the DMA Controller Group, bus ownership is awarded in 
two ways dependent upon software programming. One method 
establishes a fixed priority (Figure 9-4), and the other establishes a 
rotating priority among the DMA channels (Figure 9-5). 

:..:>::::.:::::::<::::: '" . . ......., .: •. , .... :..:::. ::: :,.:'::': .' ........,:, ., ... >::::-::::>.>..•,::::::':':':'::::::.<:.::.::

••••• NMPhif$.specia/.·priority;:··When;(isactive,::lius.·OW.tf~rsfJip •• ·iS 
.'ifJ)f'1)sdiately.·giveh'.:to·. the .: .. ··.Ia;t!orff)....CPU•• aftefpteemtion'·hss'· 
.·()CCtl,.t~d6,.reffeSh9YcleSPare'C(J'!JfJlete.'>' .:•.. "...P... .......................... 


........... :.... ... .... ..::.. .....:. . .... :.. ::.... : .... : .. : ... ,:: ... 


1:·So/T)e ••••• ·~/SA.·.·.· .•. compatible.: :.. •plaftorl7)s ..••••'.irnplenlf1nf: •••••• :dfffe.,~Ht 
.. •arl:)itratiotJ'ptoto.¢Ql•. tl)an ····the.··pne,outJitJeqa;bOveY:.>1frnustbe •. :· 

•• ••··ternembetedt/lEJf.thij.o'det.il'1 •• wh]c;h··resour¢es:ate•• granted.bus.:.'· 
•. '()w..n~tSfiip . is: NOT DEPENDENT'upon tfiet:>..tc!ef'Qf<bus

Pw.9!w,r:ip.requests. . .... :..•,•.. ::::. :... <" ::.:::. 
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NMI 

· 
· · · · · 

. · · · · · · · · · · · · 
DMA CHANNEL 0 HIGH 
DMA CHANNEL 1 
DMA CHANNEL 2 
DMA CHANNEL 3 
DMA CHANNEL 5 
DMA CHANNEL 6 
DNA CHANNEL 7 LOW 

· · · 
... · · · · · · ·. 

FIGURE 9-4 CAC OPERATION WITH FIXED DMA CHANNEL PRIORITY 



440 ISA &EISA Theory and Operation 

· · · · 
· · · 
· · · 
·· · 

.. .
. .
. .
. .· 

· 
· 


· 
· 
· 
· 
· 
· 
· 


FIGURE 9-5 CAC OPERATION WITH ROTATING DMA CHANNEL PRIORITY 



CHAPTER TEN 

BUS INTEGRITY 

INTRODUCTION 


The use of a bus to interconnect add-on cards to platform 
resources generates a number of unique design requirements. 
These requirements are caused by effects that range from the 
transmission line nature of the bus traces to the effects of the bus 
on the input and output structures of the add-on boards. 

The IBM technical reference manuals do not completely specify 
the backplane characteristics of trace separation, impedance, 
inductance, and so forth; consequently, bus backplanes developed 
by clone manufacturers have varied widely. Also, the IBM 
technical reference manuals simply state that the load of each slot 
should equal two low-power Schottky loads. 

The EISA bus specification has attempted to more uniformly 
define the backplane. In addition, Intel has developed a high 
reliability AT compatible backplane which defines the backplane 
characteristics, DIN connector, and signal line placement on a 
EUROcard form factor. See Chapter 14 for more detailed 
information. 

The diversity of the backplanes and add-on cards, the various 
interpretations of the bus, and the lack of engineering 
sophistication by some platform and board vendors requires a very 
conservative approach to the various topics in this chapter. 
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D.C. LOADING AND A.C. TIMING CONSIDERATIONS 

Whenever the logic level of a signal line changes, there is a 
transition period before the signal line has settled to a new stable 
logic level at all the slot locations on the bus. The settling time is 
dependent on the length of the backplane, the total number of 
loaded slots, the load of each slot, the construction of the 
backplane, whether termination devices are used to minimize 
signal reflections, and so forth. In addition, the length of a signal 
line from the connector to the driver or receiver, and the types of 
drivers or receivers on the add-on cards and platforms vary greatly. 
The IEEE P996 committee, the EISA bus specification, and Intel 
have attempted to place "REASONABLE" parameters on slot 
interfaces to maximize compatibility and reliability. A summary of 
these parameters is contained in Table 10-1. 

., , ,,, .. ,,.,,',. 

The EISA bus •speCification configurationspace\alloWs«>15 
logica/s/ots1nadditionto the single (Slot 0) logical platform. 
Howeyer, all of the EISA timing specifications <are<based <on 
seVenadd-PIl card slots in addition to the equivalent slot load 
oftheplatfotm. 

MAXIMUM LENGTH FROM DRIVER 2.5 INCHES MAX. 
OR RECEIVER TO THE CONNECTOR (3) 

SPACING BETWEEN SLOT CONNECTORS .8 INCHES MAX. 

CAPACITIVE LOAD OF PLATFORM &PER SLOT 15 pF. (1) 

Vih AT PLATFORM OR SLOT 2.0 VOLTS MIN • 
Vil AT PLATFORM OR SLOT • 8 VOLTS MAX. 

Voh AT PLATFORM OR SLOT 2.4 VOLTS MIN • 
Vol AT PLATFORM OR SLOT • 5 VOLTS MAX. 

lih AT PLATFORM OR PER SLOT 40 uA MAX. (2)
lil AT PLATFORM OR PER SLOT -400 uA MAX. (2) 

loh AT PLATFORM OR PER SLOT SEE TABLES 10-2 
lol AT PLATFORM OR PER SLOT &10-3 

TABLE 10-1: ISA, E-ISA, AND EISA PLATFORM AND SLOT INTERFACE 
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NOTES: 
(1) E-ISA and EISA allows 20 pFper slot. 
(2) For E-ISA and EISA compatible platforms, the CU17¥!nt allowed is TWICE the 
stated current except for DRQx and IRQx (Ia = 20, lib = -20). The ya/Mes in the 
table reflect the yalues from the original IBM technical reference manuals, which 
specify two LS loads per slot. 
(3) E-lSA and EISA compatible platforms require a 7.5 inch maximum distonce 
from a connector to the platform driver or receiYer. It also requires a 2.5 inch 
maximum distance from a connector to the add-on card driver and receiver. The 
output drive characteristics of the platform and add-on cards have also been defined 
beyond the original IBM technical reference manuals. 

SIGNAL LINE DRIVERS 

On ISA, E-ISA, and EISA compatible platforms, there are 
several types of drivers. ISA and E:..ISA platforms and add-on 
cards use low-power Schottky (LS) or advanced low-power 
Schottky (ALS) driver devices to limit the rise and fall times of the 
signal lines. This approach minimizes the settling time of the 
signals. The EISA bus specification does not state any such 
requirement. 

The ISA, E-ISA, EISA busses require three types of drivers: tri
state (TS), totem pole (TP), and open collector (OC). The TS 
drivers are used on signal lines that are bi-directional or can be 
driven by different resources at different times. The TP drivers are 
used on signal lines that are only driven by one resource all the 
time. The OC drivers are used on signal lines that are driven by 
different resources at different times or several resources at the 
same time. 

Each type of driver can have two mmtmum current 
requirements: version "1" and version "2". The existence of two 
versions of each driver is partly historical. The original IBM 
platforms had "line driver" quality drive devices for some signal 
lines, while other signal lines simply were outputs from "normal" 
TIL logic devices. The other reason for the existence of two 
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versions is that some signal lines do not have to drive all of the 
slots. 

On an ISA compatible platform, the DACKx*, IOCHK*, 
IOCHRDY, IOCSI6*, MASTERI6*, MEMCSI6*, REFRESH* , 
TC, and SRDY* signal lines all are driven by "low power" drivers. 
The AC timings of these signal lines are not critical except for 
IOCHRDY, IOCSI6*, MEMCSI6*, and SRDY* signal lines. For 
these lines, the "low power" drivers as defined by the IBM technical 
reference manual is unacceptable. The 11 nanoseconds allocated 
in the timing tables in the book may not be sufficient for these 
signal lines in a fully loaded platform. The E-ISA and EISA 
platforms define a "high power" driver for the IOCHRDY, 
IOCSI6*, MEMCSI6*, and SRDY* signal lines that allows the 11 
nanosecond settling time to be met. On EISA platforms, in 
addition to the above non-critical signal lines, some signal lines 
only drive one load (AENx, MREQX· etc.); consequently, these 
signal lines do not need a "high power" signal line. 

Table 10-2 is a summary of the output current requirements of 
the various drivers. TYPE 1 is "low power" and TYPE 2 is "high 
power". 

DRIVER 
TYPE VERSION 

lol
MIN. mA 

loh
MIN. mA 

ISA E-ISA 
EISA 

ISA E-ISA 
EISA 

TP 1 2 5 -1 - .4 
2 24 24 -3 -3 

TS 1 
2 

2 
24 

5 
24 

-1 
-3 

- .4 
-3 

OC 1 8 5 - -
2 20 24 - -

TABLE 10-2: OUTPUT CURRENT REQUIREMENTS 

Table 10-3 is a summary of the drive devices' pull-up resistors 
for each signal line. The pull-up resistors reside only on the 
platform, not on the add-on cards. 
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LINE DRIVER PULL-UP LINE DRIVER PULL-UP 
TYPE (1) ISA E-ISA TYPE(1) ISA E-ISA 

EISA EISA 

AENx TP2[TPll - - MEMR* TS2[TS2] 4.7K 8.2IC 
BALE TP2[TP2] - - MEMW* TS2[TS2] 4.7K 8.2IC 
DACICx* TP1 [TP1] (5) (5) OSC TP2[TP2] - -
DRQx TP2[TS1] (6) (2,6) REFRESH* OC1 [OC2] 4.7K 300 
IOCHIC* OC1 [OC2] 4.7K 4.7K RESET TP2[TP2] - 
IOCHRDY OC1 [OC2] 1.0IC 1.0IC SA<0-19> TS2[TS2] (4) (4)
IOCS16* OC1 [OC2] 300 300 SBHE* TS2[TS2] - 
IOR* TS2[TS2] 4.7K 8.2IC SD<0-7> TS2[TS2] (4) 8.2IC 
ICM* TS2[TS2] 4.7K 8.2IC SD<8-15> TS2[TS2] (4) 8.2IC 
IRQx TP2 [OC1] (3) 8.2IC SMRISMW* TP2[TP2] - 

(6) LA<17-23> TS2 [TS2] (4) (4) BCLIC TP2[TP2] 
MASTER16* OC1 [OC2] 300 300 TC TP1 [TS2] - 
MEMCS16* OC1 [OC2] 300 300 SRDY* OC1 [OC2] 300 300 

TABLE 10-3-A: OUTPUT DRIVER TYPES FOR ISA, E-ISA, &: EISA 

LINE DRIVER PULL UP LINE DRIVER PULL UP 
TYPE TYPE 

BE*<0-3> TS2 - CMD* TP2 
E~16* OC2 300 EX32* OC2 300 
EXRDY OC2 300 LA*<24-31> TS2 1IC 
LA<2-16> TS2 (4) LOCIC* TS2 1IC 
M-IO TS2 - MAICx* TP1 -
MREQx* TP1 8.2IC MSBURST* TS2 8.2IC 
SLBURST* OC2 300 START* TS2 8.2IC 
W-R TS2 - SD<16-31> TS2 8.2IC 

TABLE IO-3-B: OUTPUT DRIVER TYPES, EISA SPECIFIC 

NOTES: 
(I) The bracketed "( r numbers are for E-ISA and EISA compatible platforms and 
add-on cards. 
(2) Pull-down resistor of5.6K 
(3) Older platforms may have a 2.2K pull-up resistor to support a shared-pulse IRQx 
signal line ... but this interrupt sharing method does not seem to work or to have been 
widely accepted. 
(4) Some platforms have installed 10K pull-up resistors to prevent these signal lines 
from floating to unknown states. Sometimes these floating signal lines can oscillate 
at high frequencies, which can have secondary effects on the platform circuitry. 
(5) A maximum ofsix slots can be attached to this signalline. 
(6) Older designs may use a totem pole (TP) output driver. Thus, new designs 
should use a 47 ohm series resistor on this signal line to prevent driver damage due to 
TP, 04 and TS drivers on the same signal line. The resistor is not required if the 
driver can tolerate a buffer fight. 
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SETILING TIME 

A.C. timings are one of the most important considerations for 
reliable bus operations. Because IBM and other manufacturers 
have never published a comprehensive set of A.C. timing 
specifications, designers have had to "reverse engineer" from IBM 
platforms. The situation has now improved, with Intel (for the 
P2/aPC connector on Multibus II), IEEE (through the P996 
technical committee), and COMPAQ (as part of the EISA 
consortium) providing A.C. timings for the bus. 

In addition to the historical lack of timing specifications, 
problems are compounded further because many platforms and 
add-on cards have been developed without proper bus engineering. 
Trace spacing and width, layer location, and impedance have 
varied widely. The trace length from the connector to the drivers 
and receivers sometimes far exceeds 2.5 and 7.5 inches for add-on 
cards and platforms, respectively. Furthermore, the type and 
number of drivers and receivers have varied widely. 

In order to resolve these problems while maintaining 
compatibility with existing platforms and add-on cards, the IEEE 
P996 committee, Intel, and this author have assumed an 11 
nanosecond bus settling time. The EISA bus specification 
identified five nanoseconds of settling time with a table providing 
additional settling time dependent on the type of the driver. The 
board design is required to include these numbers. However, if the 
proper driver (as shown in Table 1O-3-A & B) is chosen for a 
design, the 11 nanoseconds should be sufficient. As mentioned, 
boards designed like the original"AT" may have some problems 
with fully loaded backplanes. 
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The settling times, as well as the delay and setup times specified 
in this book are based on worst case conditions. The reason why 
even the original "AT" numbers work is because in the real world 
the timings generally are "typical" not "worst case". 

The inclusion of 11 nanoseconds within the timing parameters 
will insure a very high degree of compatibility between past, 
present, and future platforms and boards. It assumes a fully loaded 
eight slot backplane (the platform is the ninth slot). For a low to 
high transition, the time is measured from .5 volts at the driver to 
2.0 volts at the receiver. For a high to low transition, the time is 
measured from 2.4 volts at the driver to .8 volts at the receiver. 

Another consideration is the distribution of the BCLK. signal 
line. On an ISA compatible platform, the BCLK signal line is 
distributed in a "daisy chain fashion", that is, slot to slot starting at 
one end and progressing to the other end. The clock skew is at 
least 11 nanoseconds with such an arrangement. On an E-ISA or 
EISA compatible platform, the BCLK. signal line is distributed in a 
"starburst" fashion. The starburst distribution is accomplished in 
two ways: One way is for a single driver to be the source for each 
individual line for each slot. Another way is to use a clock driver 
chip with an individual output line to each slot. The two methods, 
in conjunction with careful trace design and termination, allows the 
clock skew between slots to be about one nanosecond. 

TIMING TABLE INTERPRETATION 

The interpretation of the "#/DE1'" column in the A.C. timing 
tables of this book is as follows: 

- #: The timing number with no Detail indicates that no 
bus settling time was included. An example is Parameter 5 of 
Table 6-1-B. A valid LA < 17-23 > signal line value is measured at 
the add-on card. A decoding of the address occurs on the add-on 
card and the MEMCSI6* signal line is properly driven. Because 
both are measured at the add-on card, no bus settling time is 
included. 
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- #1A: These timing numbers include the skew between two 
signals driven by the same source and monitored by another. An 
example is parameter 41A of Table 6-1B. The platform CPU 
drives the LA < 17-23 > signal lines; subsequently, it drives the 
memory COMMAND signal line active. The platform CPU (for 16 
bits) has a minimum of 120 nanoseconds between these two events. 
When measured at the add-on card, it is listed as 109 nanoseconds. 
This reflects the worst case assumption that the ADDRESS signal 
lines used the full 11 nanoseconds settling time while the 
COMMAND signal line has the absolute minimum settling time of 
o nanoseconds. This represents the theoretical worst case; the 
actual worst case for a reasonably designed or lightly loaded system 
is less. 

- #/B: These timing numbers reflect bus settling in two 
directions. A "driving" resource drives a signal line to a "receiving" 
resource on the bus. The receiving resource responds by driving a 
signal back to the driving source. An example is parameter 5/B of 
Table 6-1B. The platform CPU drives valid the LA< 17-23> signal 
lines to the add-on card, and it takes 11 nanoseconds for the signal 
to settle at the add-on card. The add-on card decodes the 
ADDRESS signal lines and responds by driving the MEMCS16* 
signal line active. The platform CPU will not receive a stable 
MEMCSI6* signal line until 11 nanoseconds after it was driven 
active by the add-on card. Thus, in addition to the 80 nanosecond 
decode time (see Parameter 5), there is an additional 22 
nanoseconds of round trip settling time before the MEMCSI6* 
signal line is valid relative to the LA< 17-23> signal lines at the 
platform CPU. 

- #/C and #/D: These parameters are similar to the #/B 
parameter in that a round trip settling time is involved. In the case 
of the #/B parameter, the round trip time was 11 + 11 = 22 
nanoseconds. In the case of the # IC parameter, the signal line is 
"driven" active only by a lK ohm pull-up resistor. Thus, the "round 
trip" is 11 + 78 = 89 nanoseconds for an ISA compatible platform. 
The extra capacitance on E-ISA and EISA compatible platforms 
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results increases this to 115 nanoseconds. In the case of the # ID 
parameter, the signal line is "driven" active by a 300 ohm pull-up 
resistor. Thus, the "round trip" is 11 + 22 =33 nanoseconds for an 
ISA compatible platform. The extra capacitance on E-ISA and 
EISA compatible platforms increases the time to 40 nanoseconds. 

An example of the # IC parameter is 20/C of Table 6-1B for 
the "OLD AT". The platform CPU will not receive a stable 
IOCHRDY signal line until 78 nanoseconds after the open 
collector driver of the add-on card has released it. Thus, in 
addition to the 301 nanoseconds (see parameter 20 for 8 data bits), 
there is an additional 89 nanoseconds of "round trip" settling time 
before the IOCHRDY signal line is valid relative to an active 
COMMAND signal line at the platform CPU. 

An example of the #ID parameter is 51D of Table 6-1B. The 
platform CPU will not receive a stable MEMCSI6* signal line until 
22 nanoseconds after the open collector driver of the add-on card 
has released it. Thus, in addition to the 66 nanoseconds (see 
Parameter 5 for MEMCSI6* signal line inactive), there is an 
additional 33 nanoseconds of "round trip" settling time before the 
MEMCSI6* signal line is valid relative to valid LA < 17-23> signal 
lines at the platform CPU. 

- #/E: This parameter is the same as the #/A parameter, 
except that the theoretical worst case settling time is 0 
nanoseconds. An example of this parameter is 6/E of Table 6-1B. 
When the platform CPU drives the LA < 17-23 > signal lines 
invalid, there is a minimum hold time before the add-on card 
responds by driving the MEMCSI6* signal line invalid. In this 
case, a pull-up resistor will drive the MEMCSI6* signal line 
inactive. But from the view point of worst case hold time, 0 
nanoseconds is used. The actual minimum hold time will be 
great.er. 

- # IF: This parameter simply reflects the delay due to a 300 
ohm pull-up resistor in an EISA compatible platform. An example 
of this parameter is 10/F in Table 6-11-B. The EXRDY signal line 

http:great.er
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is released by the open collector at the add-on card relative to the 
rising edge of the BCLK signal line. The EXRDY signal line must 
be valid 15 nanoseconds prior to the falling edge of the BCLK 
signal line at the EISA bus master. Given the minimum BCLK 
signal line high time of 55 nanoseconds (8.33 MHz BCLK), a rise 
time of 29 nanoseconds (due to the RC time constant), and the 
setup time of 15 nanoseconds, the maximum delay of the EXRDY 
signal line being released relative to the rising edge of the BCLK 
signal line is 11 nanoseconds. 

-#/H This parameter is similar to Parameter # IF except 
the pull-up resistor value is lK. 
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PERFORMANCE 

Tables 11-1 to 11-7 summarize the maximum bus performance 
for back to back access and transfer cycles. These tables are based 
on the BCLK signal being 8.00 MHz and 8.33 MHz. The access 
cycles assume the back to back timings specified in Tables 6-29 and 
6-30. The ready access cycle assumes one wait state (one BCLK 
period). Also, no time is allowed for data-matching. The transfer 
cycles do not include any overhead for the time delay between 
active DRQx and DACKx* signal lines and assumes the maximum 
performance with demand or block modes without 
CONVERSION. The ready transfer cycles assume one wait state 
(one BCLK period). The COMPATIBLE transfer cycle has two 
BCLK signal line periods per wait state. I-MIX and E-MIX access 
cycles are not listed because of the diversity of possible 
implementations by various chip sets. 

DATA 8.00 AND [8.33] 
SIZE MEGABYTES PER SECOND 

(BITS) NO WAIT STANDARD READY 

8 2.66 [2.m
(1) 

1.33 [1.39] 1.14 [1.19] 

16 8.00 [8.33] 5.33 [5.55] 4.00 [4.165] 

TABLE 11-1: ISA AND E-ISA PLATFORM CPU ACCESS TO ISA OR E-ISA 

SLAVE MEMORY PERFORMANCE 
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DATA 8.00 AND [8.33] 
SIZE MEGABYTES PER SECOND 

(BITS) NO WAIT STANDARD READY 

8 2.00 
(4) 

[2.08] 1. 14 [1.19] 1.00 [1.04] 

16 NA [NA] 4.00 [4.165] 3.20 [3.33] 

TABLE //-2: ISA AND E-ISA PLATFORM CPU ACCESS TO ISA OR E-ISA 

SLAVE I/O PERFORMANCE 


DATA 8.00 AND [8.33] 
SIZE MEGABYTES PER SECOND 

(BITS) NO WAIT (2) STANDARD READY 

8 2.66 [2.m 1.33 [1.39] 1.14 [1.19] 
(1 ) 

16 8.00 [8.33] 5.33 [5.55] 4.00 [4.165] 

TABLE 11-3: ISAAND E-ISAADD-ON BUS OWNER CARDACCESS TO ISA 
OR E-ISA SLAVE MEMORY PERFORMANCE 

DATA 8.00 AND [8.33] 
SIZE MEGABYTES PER SECOND 

(BITS) NO WAIT (2) STANDARD READY 

8 2.00 
(4) 

[2.08] 1.14 [1.19] 1.00 [1.04] 

16 NA [NA] 4.00 [4.165] 3.20 [3.33] 

TABLE 11-4: ISA AND E-ISA ADD-ON BUS OWNER CARD ACCESS TO ISA 

OR E-ISA SLA VE I/O PERFORMANCE 


DATA 8.00 AND [8.33] 
SIZE MEGABYTES PER SECOND 

(BITS) STANDARD READY COMPRESSED BURST 

16 8.00 [8.33] 5.33 [5.55] 10.67 [11.111 16.00 [16.66] 

32 16.00 [16.66] 10.66 [11.10] 21.34 [22.22] 32.00 [33.32] 

TABLE //-5: EISA BUS MASTER ACCESS TO EISA MEMORY 
PERFORMANCE 
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DATA 8.00 AND [8.33]
SIZE MEGABYTES PER SECOND 

(BITS) STANDARD READY COMPRESSED 

16 8.00 [8.33] 5.33 [5.55] 10.67 [11.111 

32 16.00 [16.66] 10.66 [11.10] 21.34 [22.22] 

TABLE //-6: EISA BUS MASTER ACCESS TO EISA I/O PERFORMANCE 

DATA 8.00 AND [8.33]
SIZE MEGABYTES PER SECOND 

(BITS) STANDARD READY 

8 1.00 [1.04] .80 [.83] 

16 2.00 [2.08] 1.60 [1.6n 

32 4.00 [4.16] 3.20 [3.34] 

TABLE 11-7: COMPATIBLE TRANSFER PERFORMANCE 

DATA 8.00 AND [8.33]
SIZE MEGABYTES PER SECOND 

(BITS) STANDARD READY 

8 1.33 [1.39] 1.14 [1.19] 

16 2.66 [2.78] 2.29 [2.38] 

32 5.32 [5.56] 4.58 [4.76] 

TABLE //-8: 1YPE A TRANSFER PERFORMANCE 

DATA 8.00 AND [8.33]
SIZE MEGABYTES PER SECOND 

(BITS) STANDARD READY 

8 2.00 [2.08] 1.60 [1.6n 

16 4.00 [4. tn 3.20 [3.33] 

32 8.00 [8.34] 6.40 [6.66] 

TABLE //-9: 1YPE B TRANSFER PERFORMANCE 
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DATA 
SIZE 

8.00 AND 
MEGABYTES PE

[8.33] 
R SECOND 

(BITS) STANDARD READY 

8 8.00 [8.33] 4.00 [4.165] 

16 16.00 [16.66] 8.00 [8.33] 

32 32.00 [33.32] 16.00 [16.66] 

TABLE 11-10: TYPE C TRANSFER PERFORMANCE 

NOTES: 
(1) The IBM AT only sampled the SRDY* signal line in the /oul1h BCLl( period. 
E-ISA bus masters sample in the third BCLK signalUne period. Thus, 2.66 12.77 
becomes 2.0012.08] lor an ATplatform. 
(2) Only on an E-ISA or EISA compatible platform. 
(3) EISA bus master access to 8 data bit EISA I/O resources. 
(4) The IBM AT only sampled the SRDY* signal line in the /oul1h BCLK period. 
E-ISA bus masters sample in the third BCLK signal line period. Thus 2.00 {2.08] 
becomes 1.6011.67] /oran A Tplat/orm. 

http:1.6011.67
http:2.0012.08


CHAPTER TWELVE 

CONFIGURATION SPACE 

INTRODUCTION 


As mentioned in Chapter 2, there are specific I/O address 
locations assigned to each of the add-on card slots on the EISA 
bus. The AENx signal lines are specific to each slot. An access to 
an 1/0 address reserved for a specific slot results in the 
deactivation of the AENx signal line for that slot. The other AENx 
signal lines are activated to prevent the other add-on I/O slave 
cards from responding to the access cycle. 

RESERVED REGISTERS 

As outlined in Chapter 2, I/O addresses OOOOH - OOFFH, 
0400H - 04FFH, 0800H - 08FFH, and OCOOH - OCFFH are 
reserved for the platform. I/O addresses OOOOH - OOFFH are the 
traditional I/O peripherals, 0400H - 04FFH are reserved for 
present and future EISA platform peripherals, and 0800H - 08FFH 
and OCOOH - OCFFH are reserved for manufacturer-specific I/O 
peripherals. 

Within each set of the specific I/O address locations assigned to 
a specific slot there are five locations defined by the EISA bus 
specification. These registers are at addresses OXC80H to 
OXC84H. The value of X is the slot number with the value of X=O 
reserved for the platform. 
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These configuration registers may be supported on an E-ISA 
compatible platform, but are not supported on an ISA platform. 
The E-ISA or EISA compatible bus master will read an FFH from 
the OXC80H location if the add-on card does not support this 
function or if no add-on card is present. 

See the EISA Rev. 3.12 bus specification for further 
information concerning the use of these registers. 
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POWER AND INITIALIZATION 

POWER TOLERANCE 


The power to add-on cards is supplied only though the slot 
connectors, and must meet specific voltage and current 
requirements. Table 13-1 outlines these requirements. 

VOLTAGE 
NOMINAL 

VOLTAGE 
MIN MAX 

CURRENT 
8 8/16

MAX MAX 

VOLTAGE 
SENSE 

MIN 

PEAK/PEAK
NOISE 

MAX (5) 

12 11.4 12.6 1.5 1.5 10.8 120 mV 
(1) (1) 

-12 -10.8 
(2) 

-13.2 
(2) 

.3 .3 -10.2 120 mV 

5 4.875 5.25 3.0 4.5 4.5 50 rrN 
(3) 

-5 -4.5 
(4) 

-5.5 
(4) 

.2 .2 -4.3 50 rrN 

TABLE 13-1: POWER PER SLOT 
NOTE'S: 

(1) IEEE P996 specs 1.0 
(2) IEEE P996 specs -11.4 and -12.6 
(3) EISA specs 4.5 
(4) IEEE P996 specs -4.75 and -5.25 
(5) PE'AKto PEAK noise voltage is defined by the IEEE P996 

The above table represents the combination of the EISA and 
the IEEE P996 bus specifications. For the cases in which the IEEE 
P996 bus specification disagrees with the EISA bus 
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FIGURE 13-1: POWER ON SEQUENCE 
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specification, the entry placed in the table for voltage is the one 
that was closest to the original IBM PC, XT and AT Technical 
Reference Manuals. 

The minimum 5 volt signal of 4.875 is specified by the IEEE 
P996 and is higher than the 4.5 specified by the EISA bus 
specification and the IBM Technical Reference Manual. The 
higher voltage allows for the fact that some chips require a 
minimum of 4.5 volts. 

INITIALIZATION 

TIle VOLTAGE SENSE entries in Table 13-1 are from the 
original IBM PC and XT Technical Reference Manuals. The 
power supply in an IBM, ISA, E-ISA, or EISA system drives a 
power good signal to the reset control circuitry of the platform 
CPU. This signal remains inactive for a period between 100 and 
500 milliseconds (#1) after the four voltages are above the 
minimum SENSE VOLTAGE. (See Figure 13-1.) The reset 
control circuitry on the platform drives the RESET signal line 
active during this period. The RESET signal is held active a 
minimum of 1 millisecond (#2) after the power good signal is 
active or until the RESET signal line is active for a minimum of 
nine BCLK signal line periods (TCLK), whichever is longer (#3). 
When the RESET signal line is driven active, the add-on cards 
have a maximum of 500 nanoseconds (#4) to drive the bus signal 
lines to their initial state. Also, there is a maximum of 1 
millisecond (#5) from an active RESET signal line before the 
platform CPU can begin access cycles to the add-on cards. 

Whenever any of the voltages drop below the SENSE 
VOLTAGE, the power good signal from the power supply will be 
driven inactive immediately (#6). (See Figure 13-1.) In response 
to an inactive power good signal, the RESET signal line is 
immediately driven active (#7). 
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The initial state of all signal lines is inactive except for the 
BCLK, OSC, IRQx, ADDRESS, and DATA signal lines. The 
BCLK and OSC signal lines are driven at their appropriate 
frequency. The ADDRESS and DATA signal lines are driven by 
the platform CPU but are invalid. The IRQ signal lines are active 
unless an add-on card has specifically driven individual lines 
inactive. 

Bightafterrese~·.the.platfOl'tnCPQisthe·first.bLlSOWf)~I'.//<) •• r> 
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CHAPTER FOURTEEN 

MECHANICAL NOTES 

The following pages show some of the physical characteristics 
of the ISA and EISA busses. Three card configurations are shown, 
representing the 8 data bit (XT), 8/16 data bit (AT, ISA), or 
8/16/32 data bit (EISA) cards. 

The first four figures show the connector pin identification, 
board outline, and bracket position for the ISA bus. The 
connectors are readily available in either one- or two-piece 
construction. They are typically mounted on 0.8 inch centers on a 
platform CPU board or on a passive backplane. 

The following figures show the same information for the EISA 
bus. Note that the EISA connector has a second level of contacts; 
the top level are the ISA contacts and the lower level are the EISA 
contacts. Physical stops (or "access keys") aligned with grooves in 
an EISA add-in card prevent ISA boards from reaching the EISA 
contacts. 

Detailed mechanical drawings are beyond the scope of this 
book. For additional details, and for official bus specifications, 
please contact the following sources. In the case of connectors and 
brackets, other sources are available in addition to those listed. 
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ISA IEEE 996 Specification: 

IEEE Standards Office 

445 Hoes Lane 

Piscataway, NJ 08854 


EISA Rev. 3.12 bus specification: 

BCPR Services, Inc. 

1400 LSt. NW 

Washington, DC 20005 


202-371-5921 

ISA/EISA connectors and card-edge layout: 

AMP, Inc. 

PO Box 3608 

Harrisburg, PA 17111 


800-522-5762 

717-564-0100 

717-986-7813 FAX 


Card brackets: 

Globe Manufacturing Sales Co. 

1180 Globe Ave. 

Mountainside, NJ 07092 


908-232-7301 
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IR012 
IR015 
IR014 

OACKO* 
OROO 

OACKS* 
OROS 

OACK6* 
OROS 

OACK7* 
DR07 

+5V 
MASTER* 

OV 

Pin 

801 
602 
B03 

B04 


60S 
BOa 
807 
80S 
B09 
810 
Bll 
812 
B13 
814 
815 
816 
817 
818 
819 
B20 
B21 
B22 
B23 
B24 
B2S 
826 
827 
B28 
B29 
830 
831 

001 
002 
003 
D04 
005 
D06 
007 
008 
009 
010 
011 
012 
013 
014 
01S 
016 
017 
018 

Pin 

AOl 
A02 
A03 
A04 

A05 
A06 
A07 
A08 
AOS 
Al0 
All 
A12 
A13 
A14 
A1S 
A16 
A17 
A18 
A19 
A20 
A21 
A22 
A23 
A24 
A2S 
A26 
A27 
A28 
A29 
A30 
A31 

C01 
CO2 
C03 
C04 
COS 
C06 
C07 
COB 
COS 
Cl0 
C11 
C12 
C13 
C14 
C15 
C16 
C17 
C18 

Signal 

IOCHCHK* 
S07 
SD6 
SOS 

SD4 
SOO 
SD2 
SOl 
SOO 
IOCHROY 
AEN 
SA19 
SA18 
SA17 
SA16 
SA15 
SA14 
SA13 
SA12 
SA11 
SA10 
SA9 
SAS 
SA7 
SA6 
SA5 
SA4 
SA3 
SA2 
SAl 
SAO 

-

SBHE* 
LA23 
LA22 
LA21 
8A20 
LA1e 
LA18 
LA17 
MEMR* 
MEMW* 
SOB 
8D9 
S010 
S011 
S012 
S013 
8014 
S015 

Bracket End t 

AcId-in BoaR! Component Side 

FIGURE 14-,],- ISA BUS PIN IDENTIFICATION 
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FIGURE 14-2: [SA 8 BITADD-ON CARD CONFIGURATION 
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FIGURE ]4·3: [SA 8116 BITADD-ON CARD CONFIGURATION 
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COMPONENT SIDE 

-C3t 
.615 

..040 

BRACKET MATERIAL: .030 Ni PLATED 
COLD ROLLED STEEL 

.990 ±0.10 
I · 

FIGURE 14-4: 1SA AND ElSA CARD BRACKET MOUNT1NG POSlTlON 

.200 
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ROWF ROWB PIN NO. ROWE ROW A 


GND GND 1 CMD* IOCHK* 

+5V RESET 2 STARH SD<7> 

+5V +5V 3 EXRDY SD<6> 

XXXXX IRQ<9> 4 EX32* SD<5> 

XXXXX -5V 5 GND SD<4> 

KEY DRQ<2> 6 KEY SD<3> 

XXXXX -12V 7 EX16* SD<2> 

XXXXX SRDY* 8 SLBURSH SD<1> 

+12V +12V 9 MSBURSH SD<O> 

M-IO GND 10 W-R IOCHRDY 

LOCK* SMEMW* 11 GND AENx 

RESERVED SMEMR* 12 RESERVED SA<19> 

GND IOW* 13 RESERVED SA<18> 

RESERVED IOR* 14 RESERVED SA<17> 

BE*<3> DACK*<3> 15 GND SA<16> 

KEY DRQ<3> 16 KEY SA<15> 

BE*<2> DACK*<l> 17 BE*<1> SA<14> 

BE*<O> DRQ<l> 18 LA*<31> SA<13> 

GND REFRESH* 19 GND SA<12> 

+5V BCLK 20 LA*<30> SA<ll> 

LA*<29> IRQ<7> 21 LA*<28> SA<10> 

GND IRQ<6> 22 LA*<27> SA<9> 

LA*<26> IRQ<5> 23 LA*<25> SA<8> 

LA*<24> IRQ<4> 24 GND SA<7> 

KEY IRQ<3> 25 KEY SA<6> 

LA<16> DACK*<2> 26 LA<15> SA<5> 

LA<14> TC 27 LA<13> SA<4> 

+5V BALE 28 LA<12> SA<3> 

+5V +5V 29 LA<ll> SA<2> 

GND OSC 30 GND SA<1> 

LA<10> GND 31 LA<9> SA<O> 


ROWH ROWD ROWG ROWC 


LA<8> MEMCS16 1 LA<7> SBHE* 

LA<6> IOCS16* 2 GND LA<23> 

LA<5> IRQ<10> 3 LA<4> LA<22> 

+5V IRQ<l1> 4 LA<3> LA<21 > 

LA<2> IRQ<12> 5 GND LA<20> 

KEY IRQ<15> 6 KEY LA<19> 

SD<16> IRQ<14> 7 SD<17> LA<18> 

SD<18> DACK*<O> 8 SD<19> LA<17> 

GND DRQ<O> 9 SD<20> MEMR* 

SD<21 > DACK*<5> 10 SD<22> MEMW* 

SD<23> DRQ<5> 11 GND SD<8> 

SD<24> DACK*<6> 12 SD<25> SD<9> 

GND DRQ<6> 13 SD<26> SD<10> 

SD<27> DACK*<7> 14 SD<28> SD<l1> 

KEY DRQ<7> 15 KEY SD<12> 

SD<29> +5V 16 GND SD<13> 

+5V MASTER16* 17 SD<3O> SD<14> 

+5V GND 18 SD<31> SD<15> 

MAKx* 19 MREQx* 


Order of reserved pin assignments: E12, E13, E14, F12, F14 

XXXXX pins for manufacturer-specific use. Add-on cards must NOT CONNECT to these pins. 


FIGURE 14-5: EISA BUS PIN IDENTIFICATION 
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FIGURE 14-6: l!.'fSA ADD-ON CARD CONFIGURATION 
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FIGURE 14-7: EISA CONNECTOR DETAIL 
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•N .....t--
~ 

FIGURE 14-8: EISA CARD EDGE DETAIL 



APPENDIX A 

FAST EISA 

A consortium has been formed to define a specification for a 
variation on the EISA bus that permits two to four times the data 
transfer speed. This variation, dubbed Fast EISA, has been 
presented to the EISA consortium for inclusion into the EISA Bus 
Specification. 

Although not officially released at this printing, enough details 
are available to give the reader an understanding of the workings 
of Fast EISA. In essence, the method provides for the transfer of 
data through a 32 bit wide data path for a 2x speed increase. That 
increased data width may also be coupled with a capability to 
transfer data at twice the rate, for an additional factor of two speed 
Increase. 

The protocol makes use of two additional signal lines. The 
negotiation is initiated by the resource notifying the bus master of 
its data width and transfer speed abilities; the bus master responds 
with its capabilities and the resource confirms the arrangement. 

The Fast EISA specification is nearly complete as of November, 
1992. A few issues such as bus terminations and the use of parity 
remain. Up-to-date information on the status of Fast EISA may be 
obtained from the following source: 
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Steve Robalino, Technical, or 
Jim Habuda, Marketing 
OPT 
140 Candace Dr. 
Maitland, FL 32751 

407-830-5522 

When available, the official specification will be available from: 

BCPR Services, Inc. 

1400LSt. NW 

Washington, DC 20005 


202-371-5921 



APPENDIX B 

PC/96 BUS 

Intel has designed a version of the ISA bus that uses high
reliability connectors. This version is implemented on a 
EUROcard form factor, and uses a 96 pin DIN connector. The 
PC/96 bus improves the ground/signal line ratio, provides a larger 
card form factor, and has a more reliable connector for use in 
hostile environments. The connector has three rows of 32 pins 
each, and has the male part of the connector on the bus. This 
arrangement allows the optional use of a 128 pin connector on the 
card, leaving one row of pins available for user defined functions. 

Figure B-1 shows the PC/96 bus pin identification, and Figure 
B-2 shows the backplane and stacking methods. 

The connector used for the PC/96 bus is the DIN 41632. The 
EUROcard form factor is specified in the mechanical portion of 
ANSI/IEEE Std 1296-1987. This specification is an application of 
ANSI/IEEE Std 1101-1987. 

See the IEEE P996 specification for additional information on 
the PC/96 bus. You may also obtain information from the Intel 
Multibus II group by asking about the P2/aPC bus. 
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Pin Number 

1 
2 
3 
4 

6 
7 
8 
9 

11 
12 
13 
14 

16 
17 
18 
19 

21 
22 
23 
24 

26 
27 
28 
29 

31 
32 

Row A 

OV 
+5V 
+12V 
BAlE 
SAO 
SA2 
SA4 
SA7 
SA10 
SA13 
SA16 
LA19 
LA22 
IRQ4 
IRQ7 
IRQ11 
IRQ1S 
ORQ1 
OROS 
OACKO* 
OACK2* 
OACKS
SOO 
SOO 
SOS 
soa 
S011 
S014 
AEN 
RESETORV 
+5V 
OV 

RowB 

IOR* 
IOW* 
MEMR* 
MEMW* 
LACHn 
OV 
SAS 
SAB 
SA11 
SA14 
LA17 
LA20 
LA23 
IRQS 
IROO 
IRQ12 
IOCHCK* 
DRQ2 
DR06 
OV 
DACK3* 
DACK7* 
SD1 
+5V 
SOS 
SOO 
S012 
SD15 
MEMCS1S* 
ENOXFR* 
REFRESW 
SYSClK 

RowC RowD 
(Optional) 

OV UOP1 
+5V UDP2 
-12V UOP3 
SBHE* UOP4 
SA1 UDP5 
SA3 UDP6 
SA6 UOP7 
SA9 UDP8 
SA12 UDP9 
SA15 UDP10 
LA18 UDP11 
lA21 UOP12 
IRQ3 UOP13 
IRQ6 UOP14 
IRQ10 UDP1S 
IRQ14 UOP16 
OROO UDP17 
ORQ3 UDP18 
DRQ7 UOP19 
OACK1* UOP20 
OACKS* UOP21 
TC UDP22 
S02 UOP23 
SD4 UDP24 
S07 UOP2S 
S010 UOP2S 
S013 UOP27 
IOCHROY UOP28 
IOCS16* UOP29 
MASTER- UDP30 
+5V UDP31 
OV UOP32 

FIGURE B-1: PC/96 PIN IDENTIFICATION 
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Board Stacking 

128 g
PIN B~ IDCconn 

__-------- A 

~Backplane 

Through-Backplane Connections 

FlOURE B-2: PC/96 BACKPLANE STACKING METHODS 
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Notes 



APPENDIX C 

PC/I04 

The PC/l04 Consortium was formed to provide ISA 
compatibility in a compact form factor more suited for use in 
embedded systems. The boards are 3.6 by 3.8 inches, and eliminate 
the need for a backplane by being stackable. The bus derives its 
name from the two connectors used: 64 pins on Pl and 40 pins on 
P2. 

Figures on the following pages illustrate the mechanical 
features of the PC/l04 bus. For additional information, including 
copies of the specification, please contact the following source: 

PC/l04 Consortium 

990 Almanor Avenue 

Sunnyvale, CA 94086 
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.6 

Staci<through2.0 
(Apprax.) .6 MccUe 

Stackthrough 

.435 MccUe 

FIGURE Col: PCIl04 TYPICAL MODULE STACK 



AppendaC,PC/104 479 
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FIGURE C-2: PClJ04 8 BIT MODULE DIMENSIONS 
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Pin JlIPl Jl/Pl J2IP2 J2/P2 
Nllm.ll!r ~ .B2Yt..a .BsMJt ~ 

0 ov ov 
1 IOCHCHK'" OV SBHE* MEMCS1S'" 
2 S07 RESEToRV LA23 loeslS" 
3 SOS +fN LA22 IR010 
4 SOS I Rag Wl IROll 
5 S04 -5V we IR012 
6 S03 OR02 LA19 IR015 
7 S02 -12V LA18 IR014 
8 SOl ENOXFR'" LA17 OACKO" 
9 SDO +12V MEMR" OROO 
10 IOCHROY (KEY) MEMW* OACKS" 
11 AEN SMEMW" 50s OR05 
12 5A19 SMEMR" SD9 oACK6't 
13 SA18 lOW 5010 ORQ6 
14 SA17 lOR" SOll OACK7" 
15 SA16 OACK3" 5012 OR07 
16 SA15 OROJ 5013 +fN 
17 SA14 OACK1'" S014 MASTER'" 
18 SA13 ORal S015 ov 
19 SA12 REFRESH'" (KEY) OV 
20 SAl1 SYSClK 
21 SA10 IRQ7 
22 SAg IRQ6 
23 SA! IROS 
24 SA7 IR04 
25 SA6 IR03 
26 SAS OACK2'" 
27 SA4 TC 
28 SAl BALE 
29 SA2 +fN 
30 SAl OSC 
31 SAO OV 
32 OV OV 

.NQIfS: 
1. Rows C and 0 are not used on 8-bit modules. 
2. P2 has two connector options with differing physk:al pinout orientation. 
3. Bl0 and C19 are key locations. 
4. Signal timing and function are as specified in P996. 
S. Signal source/sink current differ from P996 values. 

FIGURE C-4: PCII04 BUS SIGNAL ASSIGNMENTS 
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Notes 



APPENDIX D 

PCXI EISA PASSIVE BACKPLANE 

The PCXI Consortium was established in order to provide a 
uniform standard for a passive backplane for the EISA bus. It is 
intended to be used in conjunction with the EISA Rev. 3.12 
specification, and in no way alters the EISA specification. 

In order to implement a passive backplane version of the EISA 
bus, additional connectors are necessary. The PCXI specifies two 
additional connectors in addition to the EISA P1 and P2: P3 has 20 
pins and P4 has 66 pins. Both of the new connectors are of the 
double-row configuration being used by EISA. 

The connector scheme allows for two distinct types of extended 
edge-cards. One is for slot 0 (CPU) controller boards with special 
keying to fit only in slot 0 controller slots. There must be at least 
one Slot 0 board in the system. The other type is defined for P3 or 
P4 auxiliary boards (also called non-slot 0 boards) with a different 
keying method to fit only into auxiliary bus slots. 

The figures in this Appendix show the connector configuration 
for Slot 0, Slot 0 pin assignments, and non-Slot 0 pin assignments. 
The keying methods are described in the specification, but are not 
shown in this book. Additional details are available from the 
following source: 
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Matthew Arksey 

PCXI Consortium 

433 North 34th St. 

Seattle, W A 98103 


FAX 206-548-0322 
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FIGURE D-I: SLOT 0 AND P31P4 CARD-EDGE CONNECTOR 
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ROWF ROWB PIN NO. ROWE ROW A 

GND GND 1 CMD* IOCHK* 
+5V RESDRV 2 START* SD<7> 
+5V +5V 3 EXRDY SD<6> 
XXXXX IR0<9> 4 EX32* SD<5> 
XXXXX -5V 5 GND SD<4> 
ACCESS KEY DRQ<2> 6 ACCESS KEY SD<3> 
XXXXX -12V 7 EX16* SD<2> 
XXXXX NOWS 8 SLBURSH SD<l> 
+12V +12V 9 MSBURSH SD<O> 
M-IO GND 10 W-R IOCHRDY 
LOCK* SMWTC 11 GND AENx 
RESERVED SMRDC 12 RESERVED SA<l9> 
GND IOWC 13 RESERVED SA<18> 
RESERVED IORC 14 RESERVED SA<17> 
BE*<3> DACK*<3> 15 GND SA<16> 
ACCESS KEY DR0<3> 16 ACCESS KEY SA<15> 
BE*<2> DACK*<l> 17 BE*<l> SA<14> 
BE*<O> DRQ<l> 18 LA*<31 > SA<13> 
GND REFRESH* 19 GND SA<12> 
+5V BCLK 20 LA*<30> SA<ll> 
LA*<29> IRQ<7> 21 LA*<28> SA<lO> 
GND IRQ<6> 22 LA*<27> SA<9> 
LA*<26> IRQ<5> 23 LA*<25> SA<8> 
LA*<24> IRQ<4> 24 GND SA<7> 
ACCESS KEY IRQ<3> 25 ACCESS KEY SA<6> 
LA<16> DACK*<2> 26 LA<15> SA<5> 
LA<14> TC 27 LA<13> SA<4> 
+5V BALE 28 LA<12> SA<3> 
+5V +5V 29 LA<ll> SA<2> 
GND OSC 30 GND SA<l> 
LA<10> GND 31 LA<9> SA<O> 

ROWH ROW 0 ROWG ROWC 

LA<8> MEMCS16 1 LA<7> SBH'E* 
LA<6> 1016* 2 GND LA<23> 
LA<5> IRQ<10> 3 LA<4> LA<22> 
+5V IRO<l1> 4 LA<3> LA<21> 
LA<2> IRO<12> 5 GND LA<20> 
ACCESS KEY IRQ<15> 6 ACCESS KEY LA<19> 
SD<16> IRQ<14> 7 SD<17> LA<18> 
SD<18> DACK*<O> 8 SD<19> LA<17> 
GND DRQ<O> 9 SD<20> MEMR* 
SD<21> DACK*<5> 10 SD<22> MEMW* 
SD<23> DRQ<5> 11 GND SD<8> 
SD<24> DACK*<6> 12 SD<25> SD<9> 
GND DRQ<6> 13 SD<26> SD<10> 
SD<27> DACK*<7> 14 SD<28> SD<11> 
ACCESS KEY DRQ<7> 15 ACCESS KEY SD<12> 
SD<29> +5V 16 GND SD<13> 
+5V MASTER16* 17 SD<30> SD<14> 
+5V GND 18 SD<31 > SD<15> 
MAKx* 19 MREQx 

ROWJ ROWN ROW I ROWM 

RESERVED RESERVED 1 RESERVED RESERVED 
RESERVED RESERVED 2 RESERVED RESERVED 
RESERVED RESERVED 3 RESERVED RESERVED 
RESERVED RESERVED 4 RESERVED RESERVED 
RESERVED RESERVED 5 RESERVED RESERVED 

ROWJ ROWN ROW I ROWM 

RESERVED RESERVED 1 AENx2 AENx1 
RESERVED RESERVED 2 AENx4 AENx3 
RESERVED GND 3 AENx5 GND 
RESET +5V 4 AENx7 AENx6 
SPKR KBDLOCK 5 AENx9 AENx8 
MOUSECLK MOUSE DATA 6 AENx11 AENx10 
PWRGD ACCESS KEY 7 AENx12 ACCESS KEY 
KBDCLK KBDDATA 8 AENx14 AENx13 
GND ISAAENx 9 GND AENx15 
MREQ1 MREQO 10 MAK1 MAKO 
MREQ3 MREQ2 11 MAK3 MAK2 
MREQ4 ACCESS KEY 12 MAK4 ACCESS KEY 
MREOS 
MREQ8 

MREQ5 
MREQ7 

13 
14 

MAK6 
MAK8 

MAK5 
MAK7 

MREQ10 MREQ9 15 MAK10 MAK9 
MREQ11 GND 16 MAK11 GND 
MREQ13 MREQ12 17 MAK13 MAK12 

MREQ14 18 MAK14 

FIGURE D-2: SLOT 0 PINOUT 
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ROWF ROWB 

GND GND 
+5V RESDRV 
+5V +5V 
XXXXX IRQ<9> 
XXXXX -5V 
ACCESS KEY DRQ<2> 
XXXXX -12V 
XXXXX NOWS 
+12V +12V 
M-IO GND 
LOCK* SMWTC 
RESERVED SMRDC 
GND 10WC 
RESERVED 10RC 
BE*<3> DACK*<3> 
ACCESS KEY DRQ<3> 
BE*<2> DACK*<1> 
BE*<O> DRQ<1> 
GND REFRESH* 
+5V BCLK 
LA*<29> IRQ<7> 
GND IRQ<6> 
LA*<26> IRQ<5> 
LA*<24> IRQ<4> 
ACCESS KEY IRQ<3> 
LA<16> DACK*<2> 
LA<14> TC 
+5V BALE 
+5V +5V 
GND OSC 
LA<10> GND 

ROWH ROWD 

LA<8> MEMCS16 
LA<6> 1016* 
LA<5> IRQ<10> 
+5V IRQ<11> 
LA<2> IRQ<12> 
ACCESS KEY IRQ<15> 
SD<16> IRQ<14> 
SD<18> DACK*<O> 
GND DRQ<O> 
SD<21 > DACK*<5> 
SD<23> DRQ<5> 
SD<24> DACK*<6> 
GND DRQ<6> 
SD<27> DACK*<7> 
ACCESS KEY DRQ<7> 
SD<29> +5V 
+5V MASTER16* 
+5V GND 
MAKx* 

ROWJ ROWN 

RESERVED RESERVED 
RESERVED RESERVED 
RESERVED RESERVED 
RESERVED RESERVED 
RESERVED RESERVED 

ROWJ ROWN 

USER·DEFINED USER-DEFINED 
USER-DEFINED USER-DEFINED 
USER-DEFINED USER-DEFINED 
USER-DEFINED USER-DEFINED 
USER-DEFINED USER-DEFINED 
USER-DEFINED USER-DEFINED 
USER-DEFINED ACCESS KEY 
USER-DEFINED USER-DEFINED 
USER-DEFINED USER-DEFINED 
USER-DEFINED USER-DEFINED 
USER-DEFINED USER-DEFINED 
USER-DEFINED ACCESS KEY 
USER-DEFINED USER-DEFINED 
USER-DEFINED USER-DEFINED 
USER-DEFINED USER-DEFINED 
USER-DEFINED USER-DEFINED 
USER-DEFINED USER-DEFINED 

USER-DEFINED 

PIN NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

P3 

P4 
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Notes 



INDEX 


Listing every occurrence of the bus 

signal line names would produce a very large 

and unwieldy index, whose value would 

ultimately be diminished. Therefore, for 

some terms, we have listed only the first 

occurrence in each chapter or section. 

- Editor 

A.C. timing 446 

Access cycle 1, 8, 14, lOS, 112, 131, 132, 154, 


161,427 

Add-on bus owner card 5, 6, 8, 10, 12, 13, 21, 


36,38,96,100,102, 103, lOS, 106,115, 

120,123,125,126,131,132,133,135,137, 

142,144,152,159,162,165,176,419,423 


Add-on card 1,8, 11, 13,99,441 

Add-on card design 27 

Add-on I/O slave card 10, 111, 113, 119, 125, 


455 

Add-on slave card 5, 6, 8, 100, 101, 103, lOS, 


108,113,124,127,129 

Add-on slave memory card 142 

AJ)I>FUESS 12,27,37,48,92,96,101,105, 


111,143,146,168,345,381,382,410,419, 

427,460 


Address boundaries 30 

Address enable 146 

Address line 141 

Address space 27, 102, 125, 136, 137, 143, 152 

AEN 147 

AENx 11,70,111,116,129,141,142,146, 


147,148,157,159,166,168,171,172,203, 

211,241,247,257,273,330,356,397,427, 

455 


ALS 443 

ANSI/IEEE 473 

Arbiter 6, 11, 133, 413, 414, 434 

Arbitrate 161 

Arbitration 12, 13, 115, 131, 181,423 

Arbitration circuitry 436 

Arbitration cycle 36, 96 

Arbitration protocol 427, 431, 433 

Asynchronous cycle 13 

A1r 140,156,159,161,167,179,419,446,449 


A 1r connector 140 
A1rplatform 1,11,27,104,115 

Back to back timing 451 

Backplane 441,446,461 

BALE 37, 84, 111, 116, 141, 142, 158, 203, 


330,356,397 

BClJt 10,11,63,93,120,160,162,165,166, 


167,168,169,172,177,186,204,205,212, 

217,218,221,223,224,225,226,228,229, 

231,241,246,247,251,257,264,273,278, 

279,287,308,323,343,356,360,362,367, 

371,397,419,420,432,434,447,451,459, 

460 


BClJt signal line skew 46 

BCPR Services, Inc. 462 

BE" 16,23,44,64,123,125,141,143,146, 


148, ISO, 151, 166,168, 173,241,250,257, 

273,287,288,299,306,317,381,397,400, 

415,419,432,434 


BE" patterns 149 

BIOS 27 

Block I>MA mode 408 

Block mode 346, 451 

Bracket position 461 

Buffer 8,231,252,260,264,279,323 

Buffer fight 445 

BURST 156, 345, 393,400 

Burst access cycle 123, 173, 291 

Bus backplane 441 

Bus control 174 

Bus cycles 35 

Bus delay 355 

Bus master 13,127,131,135,161,176 

Bus memory 27 

Bus owner 1, 5, 8, 135,460 

Bus owner add-on card 6 

Bus owner card 185, 204, 211, 217, 224, 228, 


229,246,251,278,287,298 

Bus ownership 133, 407, 410, 435 

Bus ownership group 438 

Bus ownership priority 435, 436 

Bus performance 451 

Bus power 182 

Bus settling time 447 

Bus signal lines 135 

Buswidth 2 

Byte enable 148 




~elane 150,151,243,250,261,278,309, 

318 


Byte swapper 151 

Byte swapping 109, 113, 128, ISO, 309, 318, 


329,355,402 


Cache 3, 6, 435 

Card form factor 473 

Card select 223, 226 

Card slots 455 

Cascade DMA mode 407,410 

Cascade mode 346, 423 

CGA 178 

Chip sets 132,166,169,413,415,435 

aock 1,5 

aock skew 120,447 

~D* 148,169,231,252,264,273,279,323, 


381,419,434 

Co-driving 257 

Color burst 178 

C()~MA~ 37,42,67,70,96,103,111,155, 


159,161,165,167,169,203,211,217,222, 

224,228,370,373 


Compaq 2,446 

C()~PATIBLE DMA transfer cycle 74,81, 


119,128,343,356,362,368,370,377 

Compressed access cycle 123,126,166 

Compressed 'cycles 22 

Configuration register 456 

Configuration space 10, 11, 118, 119, 147,442 

Connector 473, 483 

Connector pin identification 461 

C()NfR()L 13, 419, 427 

C()NVERSWN 74,91,129,156,167,171, 


378,384,393,396 

Conversion cycles 355 

C()NVERSWN transfer cycle 130 

CPU 1,3 

CPU reset 177 

Current 183 

Cycle control circuitry 241 

Cycle length 152,159,160,172,370 

Cycle time 172 

Cycle type 152 


DACKx* 70,96,111,129,147,154,170,175, 

181,343,356,359,368,378,397,407,423, 

444,451 


Daisy chain 447 


DATA 12,63,96,151,247,344,397,401,427, 

432,434,460 


Data assembly 114, 130, 252 

Data direction 152 

Data disassembly 252 

Data line 5 

Data setup time 371 

Data signal lines 151 

Data size 6,8,15,44, SO, 64, 73, 74, 81,108, 


120,129,130,146,149,156,158,171,173, 

204,241,243,246,250,259,278,290,306, 

345,361,369,380,384,385,397,407 


Data swapping 243, 250, 278 

Data width I, 6, 37, 103, 124, 136, 137, 359 

Data-matching 241,259,291,451 

Data-matching access cycle 131,168,261 

Demand DMA mode 409 

Demand mode 346, 451 

Destination 356 

DIN 441 

DMA 186 

DMA acknowledge 180, 181 

DMA add-on slave card 25 

DMA BL()CK transfer cycle 414 

DMA BURST cycle 166 

DMA BURST transfer cycle 171 

DMA channel 5, 7, 10, 73, 113, 120, 130, 132, 


133,136,161,180,181,423 

DMA C()~PATIBLE cycle 151 

DMA C()~PATIBLE transfer cycle 25,156, 


160,166,171 

DMA controller 1,6,13,25,30,36,84,96, 


100,110,116,120,129,130,131,133,135, 

142,144,145,149,152,154,155,156,158, 

160,166,170,171,176,180,181,182,343, 

356,359,371,396,397,407,410,413,414, 

423,427,428,434,435 


DMA cycle type 119 

DMA DEMA~ transfer cycle 414 

DMA modes 380 

DMApage 131 

DMA request 6, 180 

D MA signal line 6 

DMA transfer 36, 130 

DMA transfer cycle 1,23,36,111,119,128, 


129,144,147,151,154,167,170,172,181, 

343,367 


DMA transfer cycle type 119, 161 

DMA 1YPE A, B, C transfer cycle 171 




DMA with CONVERSION cycle 151 

Downshift 23, 291 

Downshift burst access cycle 291 

Downshift EISA bus master 291 

Downshifting 47 

D~ 6,175,413 

Driver 181,261,442,443,445,446 

Driver damage 445 

Driver type 443 

DRQx 10,70,96,111,129,180,368,378,397, 


407,410,423,451 


E-ISA 140 

E-ISA add-on bus owner card 11, 117, 120, 


132,148,161,175,181,414,427,435 

E-ISA add-on card 9 

E-ISA bus master 15, 143, 145, 150, 154, 159, 


160,186,206,212,219,221 

E-ISA DMA cycles 74 

E-ISA no-wait-state I/O access cycle 227 

E-ISA no-wait-state I/O access cycle length 


228 

E-ISA no-wait-state memory access cycle 223 

E-ISA platform 3,27,35,101,108,111, 115, 


142,148,160,165,186,203,344,362,373, 

414,420,447 


E-ISA ready I/O access cycle 221 

E-ISA ready I/O access cycle length 222 

E-ISA ready memory access cycle 219 

E-ISA ready memory cycle length 219 

E-ISA signal lines 135 

E-ISA standard memory access cycle 206 

E-ISA bus master 155 

E-MIX 122, 125 

E-MIX access cycle 23,58,125,131,142,143, 


145,146,150,155,158,165,171,172,241, 

242,298 


E-MIX cycle 120, 151 

E-MIX data-matching access cycle 65, 317 

E-MIX standard access cycle 63, 306 

Edge trigger 10 

EISA 2 

EISA access cycle 168, 171 

EISA access cycle timing 230 

EISA access cycle types 36, 44 

EISA ACCESS READY 172 

EISA add-on bus owner card 55, 117, 131, 


132,166,173,420,428,431,433,438 

EISA add-on slave card 121 


EISA burst access cycle 55,166,169,278,287 

EISA bus master 15,44, 142, 143, 148, 149, 


154,155,160,166,170,173,229,241 

EISA bus ownership 131 

EISA bus specification 9, 33, 125, 154, 162, 


166,176,179,181,414,419,434,441,443, 

446 


EISA compressed access cycle 53, 131, 166, 

168,169,263,272 


EISA compressed access cycle length 278 

EISA connector 140,461 

EISA consortium 9,446 

EISA data-matching 166, 243, 246, 250 

EISA data-matching access cycle SO, 124, 


127,169,171,251,257 

EISA DMA transfer cycles 81 

EISA platform 3, 12, 13, 29, 101, 115, 131, 


143,146, 148, 344, 377, 384, 396, 414, 419, 

420,447 


EISA ready access cycle 50,126,166,169, 

246 


EISA ready access cycle length 251 

EISA Rev. 3.12 bus specification 36, 168,462 

EISA signalUnes 135 

EISA slot 132 

EISA specific access cycle 229 

EISA standard access cycle 23,48,126,166, 


169,250 

EISA timing specifications 442 

EPROM memory 27 

Error condition 176 

EUROcard 441,473 

EXI6* 16,44,48,122,125,130,156,158,166, 


171,173,241,247,257,288,291,298,306, 

318,330,333,383,384,397 


EX32* 16,44,48,122,125,130,156,166,171, 

173,241,247,257,288,298,306,318,330, 

333,383,384,397 


EXRDY 48,50,84,160,167,172,229,241, 

247,257,276,278,287,290,345,382,397 


Fall time 443 

Fast EISA 471 

Fly-by 345, 377 


Hard disk 27 

High to low transition 447 

High word 260 

Host bus 3,8 




HW 260 

I-MIX access cycle 67, 143, 145, 146, 156, 

158,160,166,169,172,322,328,330,333 


I-MIX cycle 21, 151 

I/O 6,10 

I/O access cycle 145, 155 

I/O address 455 

I/O address block 147 

I/O address space 11,27, 29, 117, 118, 131, 


143,145,170,336 

I/O channel check 176 

I/O channel ready 159 

I/O chip select 16 157 

I/O COMMAND 146 

I/O cycle 105, 124 

I/O data size 380 

I/O read 154 

I/O read transfer cycle 385,401 

I/O resources 154 

I/O slave card 30, 117, 381 

I/O space addressing 10 

I/O write 155 

I/O write transfer cycle 388, 402 

IBM 1,443 

IBM Technical Reference Manual 161, 179, 


441,459 

IEEE 2,9,462 

IEEE 996 Specification 462 

IEEE P996 33,442,446,457, 460 

Impedance 446 

INITIAL SAMPUNG WINDOW 206, 217, 


219,221 

Intel 1, 9, 446 

Interface circuitry 8 

INTERRUPT 178 

Interrupt channel 7, 136 

Interrupt controller 30, 116, 131, 178 

Interrupt request 5, 7 

Interrupt signal line 1 

10CHK" 176,444 

IOCHRDY 10,38,84,92,104,117,120,159, 


162,165,172,186,204,211,217,228,308, 

336,345,367,370,373,382,420,444 


IOCSI6* 16,37,64,106,108,113,117,120, 

128,157,298,306,317,329,330,336,361, 

444 


lOR" 67,105,124,125,129,154,169,170, 

212,333,359,381,397 


lOW" 67,105,124,125,129,155,169,170, 

212,333,359,377,381,385,397 


IRQx 460 

ISA 2,3,140 

ISA access cycle 185 

lSA access cycle types 37 

lSA add-on bus owner card 46,47, 148, 156, 


159,161,169,175,181,427,435 

lSA add-on card 9 

lSA add-on slave card 8 

ISA arbitration 330 

ISA bus 5 

ISA bus master 15,143,145,150,154,155, 


159,160,185,203,211,217,218,220,328, 

333,336 


lSA bus owner card 132 

ISA connector 140 

ISA DMA transrer cycles 70 

lSA no-wait-state access cycle 38 

ISA no-wait-state I/O access cycle 225 

ISA no-wait-state memory access cycle 222 

lSA no-wait-state memory access cycle length 


223 

lSA platform 3,12,35, 101, 108, Ill, 142, 


186,203,343,367,370,413,420,444,447 

lSA platform CPU 165 

ISA ready access cycle 38, 329 

lSA ready I/O access cycle 220 

lSA ready I/O access cycle length 220 

lSA ready memory access cycle 217 

ISA ready memory access cycle length 218 

ISA signal lines 135 

ISA specific access cycle 37 

ISA standard 9 

ISA standard access cycle 37, 330 

ISA standard I/O access cycle 211 

lSA standard I/O access cycle length 212 

ISA standard memory access cycle 203 


Keyboard 7, 116, 131 


LA 33,67,70,92,103,111,116,125,142,143, 

144,145,148,152,155,157,158,166,168, 

171, 172, 173,203,211,241,247,257,273, 

287,288,306,317,329,330,359,381,397, 

400,415,419,432,434 


LAO 149,415 

LAI 149,415 

Latchable address 145 




Least significant bit 151 

Level trigger 10 

Line drivers 443 

LOCK· 432,434 

Logic level 442 

Logical slots 33 

Low to high transition 447 

Lowword 260 

LS 443 

LW 260 


M-IO 48, 64, 67, 123, 125, 129, 152, 154, 166, 

168,170,171,172,173,241,247,257,273, 

287,306,317,333,381,382,397,432,434 


~" 96,132,133,424,428,431 

Master burst 173 

MASTER" 132, 176 

MASTERl6" 15,96,116,132,173,175,176, 


180,291,299,427,432,444 

Math co-processor 5, 116, 131 

MEMCSI6" 16,37,64,102,108,117,120, 


128,130,155,298,306,317,336,361,383, 

384,444 


Memory 6,10 

Memory - input/output 170 

Memory access cycle 104, 157 

Memory address space 27,131,143,145,170 

Memory chip select 16 155 

Memory cycle 122 

Memory read 152 

Memory refresh cycle 36 

Memory resource 129, 154 

Memory write 153 

MEMR" 67,84,92,102,122,152,169,204, 


381,419,420 
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Modes 346 
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MREQx" 96, 132, 133, 424, 431, 435 
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Multibus II 446 
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Obtain 115, 131,427,431 
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OSC 178,460 
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P2/aPCbus 473 
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Page boundary 288 

Parity error 176 

PC 140,179 

PC platform 1, 11, 27,43, 101, 107 

PC/I04 bus 471 

PC/96 bus 473 

PCXI 483 

Platform arbiter 133 

Platform arbitration circuitry 428 

Platform CPU 5, 6, 13, 23, 102, lOS, 106, Ill, 


117,135,142,160,162,166,413,423,435 

Platform memory 27 

Platform resource 13, 100 

Port B 116,131,176 

Power 182, 457 

Power good signal 459 

Power supply 459 

Preemption 132, 175, 438 

Preemption protocol 414 

Priority of bus ownership 435 

Protected mode 177 

Pull-down 445 
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162,164,175,179,189,201,232,264,280, 
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Ready access cycle 104 
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Ready I/O access cycle length 220 
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Ready refresh cycle 419 

Ready transfer cycle 382 
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Single I>MA mode 407 

Single mode 346 
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264,272,279,280,287,314,323,324,355, 

448 


Slave 8 

Slave burst 173 

SLBURST· 57,123,173,288,380,396,397, 


401 

Slot connector 457 

Slot load 442 

Slot memory 27 
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Standard memory access cycle length 205, 


246 
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Standard transfer cycle 382 
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264,279,323,362,447 
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419,434 


Swap 8,343 

Synchronous control 12 
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System bus clock 177 

System byte high enable 145 

System clock 35 

System memory read 152 

System memory write 153 


1rC 10,113,182,361,368,378,397,408,410, 

444 


1rCLK 205, 212, 218, 221, 223, 225, 228, 246, 

251,278,360,371,459 


1rerminal count 180, 182 

1rermination 442 

1rimer 7,413 

1rotem pole 443 

1rrace length 446 
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1rransfer cycle 6, 8, 14, 147, 154, 155, 158, 


161,165,344,362,384 
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1rransmission line 441 

1rri-state 261,443 




TYPE A DMA transfer CJ'=le 25,74,81, 119, 
128,156,344,377,410 
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128,156,344,377,410 

lYPE C (BURST) DMA transfer CJ'=le 74 
lYPE C DMA transfer CJ'=le 81, 128, 156, 
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Wait states 160 
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Write-read 170 

XT 140,179 
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ISA & EISA Theory and Operation 
Addendum #1 

In a few weeks (March, 1993) a consortium of companies will publish an enhancement to the 
present EISA specification. This "enhanced" version of EISA (presently called FAST EISA) will support 
higher burst access rates. When the specification becomes public. another addendum to this book will be 
published and sent to you. As a precursor to this event. we have improved the discussion of the EISA burst 
access cycle in this addendum that will dovetail into the forthcoming addendum. 

The following text ties into the existing text in the book at the end of Subchapter 6.1 and before 
Subchapter 6.2. 

If you purchased ISA & EISA Theory and Operation directly from Annabooks, the forthcoming 
addendum will be sent to you as soon as it is available. Otherwise, to receive your copy, please contact: 

Annabooks 

15010 Avenue o/Science, Suite 101 


San Diego, CA 92128 


1-800-462-1042 or 619-673-0870 

619-673-1431 FAX 


EISA BURST A CCESS CYCLE PROTOCOL 

As previously described, an EISA standard access cycle becomes an EISA burst access cycle when 
both the SLBURST* and MSBURST* signal lines are sampled active. The detailed operation of the EISA 
burst cycle (see Figures 6-13-A to 6-13-D) can be explained in terms of an active and inactive mCRDY 
signal line as follows: 

EXRDY SIGNAL LINE: 
The sampling of the EXRDY signal line occurs on every falling edge of the BCLK signal line 

when the CMD* signal line is active. 

LA<2-31> and BE*<O-3> SIGNAL LINES: 
The first address (LA<2-31> and BE*<O-3> signal lines) is valid as defined for an EISA standard 

access cycle. These signal lines change to the second address at the falling edge of the second BCLK signal 
line period independent of the value of the first sample point of the EXRDY signal line. All subsequent 
changes in the value of the address signal lines occur at the falling edge of the BCLK signal line subsequent 
to an active EXRDY signal line for the previous value of the address signal lines. 



t , 

DATA SIGNAL LINES (WRITE): 
The first valid data period is defined as for an EISA standard access cycle. The data signal lines 

change to the second and subsequent data values at the rising edge of the BCLK signal subsequent to 
sampling an active EXRDY signal line. 

NOTE: The accessed resource that drives the SLBURST* signal line active must sample the write data at 
the rising edge of the BCLK single line (qualified by an active EXRDY signal line) independent of whether 
the MSBURST* signal line was driven active or not. 

NOTE: The accessed resource that drives both the SLBURST* and NOWS* signal lines active must sample 
the write data at the rising edge of the BCLK signal when the CMD* signal line is active or the trailing 
edge of the CMD* signal line, whichever is first, when the MSBURST* signal line was not driven active. 

DATA SIGNAL LINES (READ): 
The first valid data period is defined as for an EISA standard access cycle. The data signal lines 

are sampled for the second and subsequent data values at the rising edge of the BCLK signal subsequent to 
sampling an active EXRDY signal line. 

SLBURST*, EX16*, EX32* and MSBURST* SIGNAL LINES: 
As previously discussed, the SLBURST·, EX16*, and EX32* signal lines are sampled only once. 

On the other hand, the MSBURST* signal line is sampled at multiple places because it controls the length 
of the EISA burst access cycle. The first sample point of the MSBURST* signal line (point E of 6-13-A to 
6-13-0) determines if an EISA burst access cycle will be executed. An active MSBURST* signal line at the 
"subsequent" sampling points allows the EISA bus master to terminate the series of accesses within the 
EISA burst access. These "subsequent" sampling points (identified by the X within a square) occur at the 
rising edge of the BCLK signal line subsequent to an active EXRDY signal line. The sampling of an active 
MSBURST* signal line indicates that the simultaneous data access will be the last of the present EISA burst 
access cycle (Point A of Figs. 6-13-A to 6-13-0). 

NOTE: Because the first sample point of the MSBURST* signal line is used to establish the EISA burst 
access cycle, a minimum of two data accesses must occur. 

M-IO, W-R, and CMD* SIGNAL LINES: 
The M-IO and W-R signal lines are constant through the EISA burst access cycle and become 

valid as for an EISA standard access cycle. These signal lines remain valid until the falling edge of the 
BCLK signal line simultaneously with the first sample point of the EXRDY signal line of the last data 
access. As previously described, the M-IO signal line always indicates a memory access and is valid. 

The CMD· signal line remains active throughout the EISA burst access cycle and becomes valid as 
during an EISA standard access cycle. The CMD* signal line remains active until the rising edge of the 
BCLK signal line subsequent to an active EXRDY signal line of the last data access. 
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FIGURE 6-13 -D: 	EISA BURST CYCLE. ACCESSED RESOURCE VIEWPOINT. 
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