







































































Table 5-2. Term Listing (Continued)

Table 5-2. Term Listing

Term Source Desgination |Description Term Source Desgination| Description
PIDCLK 3 1 Peripherai In D Byte Clock WRL 3 7 Wirite Load
POA-D 2 12 Peripheral Out A Byte Data WRT 13 12 Write/Read Formatter
POB-D 3 12 Peripheral OUt B Byte Data WRT ~ 13 J2 (34) Write/Read Formatter
POC-D 3 12 Peripheral Qut C Byte Data WRU 3 7 Write Unload
PPCLK 3 2, 3.7. 11, 12| Processor Ciock WTBFF 2 2 Write Byte Flip-Flop
PPCLK 3 8.9. 10 Processor Clock Y00/Y02 8 3,6.7.9 13| Write Byte Flip-Flop Y Bus
RDO 12 J1(2) Read Data Bit 0 From Tape Bits 0-2
RD1 12 J1(3) Read Data 8it 1 From Tape Y03/Y05 8 3.6.9, 13 Write Byte Flip-Flop Y Bus
RD2 12 J2 (48) Read Data Bit 2 From Tape Bits 3-5
RD3 12 J2 (50) Read Data Bit 3 From Tape YO6/Y07 8 6.9, 13 Write Byte Flip-Flop Y Bus
RD4 12 J1(6) Read Data Bit 4 From Tape Bits 6-7
RD5 12 J1(20) Read Data 8it 5 From Tape 2S 8 9 ALU Zero
RD6 12 J1(10) Read Data Bit 6 From Tape
RD? 12 J1(8) Read Data Bit 7 From Tape
RDP 12 Read Data Parity From THEORY
Tape
RDP - 12 J1(n Read Data Parity From
Tape 3 ti .
o fw e onrn |The cooler ey b amined s hrs i
Tape ’
RDa n ® Request Data Prom Bus interface. Signals from and to the computer are
RDS 12 J1(34) Read Data Strobe From . . N N
Tape described in Section 1, Table 1-1. Signals from and
RDS - 12 " Tead Data Strobe From to the formatter are described in Tables 1-2 and 1-3.
REV 13 J2 (18) Tape Reverse Figure 5-2 is a simplified block diagram illustrating
note. " 3 Rese! the interfaces and listing the major functional com-
RSYNC 2 2 Synchronize ponents. Single lines in the illustration represent
:a‘g‘c 5’3 :‘:2 20) gg“vﬁ:?g';;man 4 To Tape serial data and the wide lines represent parallel
RWS 12 J1{30) Rewinding data. A detailed block diagram of the coupler is
SI’SRL : 5 g:g::smwe' Byte shown on Sheet 1 of the logic diagrams. The
STORU 2 3 n Store Upper Byte numbers in the blocks on Sheet 1 refer to the sheet
TA 3 3 I;%g:;c‘éif;" Extended numbers of the other logic diagrams.
TADO 13 J2 (46) Transport Address 0
TAD1 13 J1 (46) Transport Address 1
007" 4 4.6 Transmit Bit 07 Computer Interface
TDO7 6 4 Transmit Bit 07
To12 . 46 Transmit it 12 The purpose of the computer interface is to (1)
TD13° 4 4.6 Transmit Bit 13 buffer lines between the Q Bus of the computer and
Ig}i. ¢ . ;::::z:: g;: 13 the coupler and (2) synchronize information trans-
TD15° 4 4.6 Transmit Bit 15 fers. There are two major classes of lines connected
TD15 6 4 Transmit Bit 15 : .
ToIN 2 5 Transmit D Bus In to the computer interface:
TOM 2 5 Transmit Direct M .
G’ran?m' eet Memory a. Data/address lines
TOMR 2 5 Transmit Direct Memory .
Request b. Control lines
TDOOG 2 4 Transmit D Bus Bit 0 Gated
TOOUT 2 5 Transmit D Bus Out . . .
TEST 9 9 Test 2901 There are 16 bidirectional data/address lines and
TIAK 2 5 I’;’k"ns(;’x:e't;‘;"“"' six extended address lines. Both device addresses
TIMER 1" 6 Tape Time Operations and data are transferred over these lines. Address
I::';O g g ;:j‘n’;sg:"('"'e"“"' Request information is first placed on the lines by a bus
TOD 3 2.3 Time Out Delay master. The bus master then either receives input
oY b5 Jres ;f::s:ﬁfg:;':m Tape data from, or outputs data to, the addressed slz.we
TSACK 2 2.3.5 Transmit Sefect device, or memory, over the same lines. During
rsack- | 2 - Qfa"n"s"""‘i‘i“gg; o initial control and status-transfer sequences, the
Acknowledge coupler is a slave device. During data transfers, the
Toyne 2 35 Trarsmit Sync Byte coupler is a bus master and either receives data
W00 13 J2 (10) Write Data Line 0 To Tape from, or outputs data to, the processor memory via
wWD1 13 J2(12) Write Data Line 1 To Tape OH
WD2 13 32 (30) Write Data Line 2 To Tape the DMA facility. ) .
wD3 13 J2 (26) Write Data Line 3 To Tape The control lines request information transfers,
agg 3 jg :g!‘,) Wit Data Line 4 ;g }::: select the type and direction of transfers, and syn-
aos 13 J2 (28) Write Data Line 6 To Tape chronize the transfers. The control lines are func-
D7 13 J2 (29) Write Data Line 7 To Tape 3 (1 : () :
WEM " 2 42 Write Frie Mar tionally unidirectional and originate either at the

processor or at the coupler.
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Figure 5-2. Tape Coupler Simplified Block Diagram

The computer interface controls the synchroniza-
tion, or ‘‘bus arbitration’’ sequence. Bus synchroni-
zation is done by a separate hardware state proces-
sor, rather than by the microprocessor, to minimize
bus use by the coupler. This permits many other
devices to use the DMA channel efficiently on a
time multiplexed basis with the tape coupler.

Data/Address Receivers—Both data and device
addresses are time multiplexed on a 16 I/0O bus line
(BDALOOL-BDAL15L). The tri-state receiver/driver
circuits H8, H9, H10, and H11, shown on Sheet 4,
buffer these lines into the coupler. Once buffered,
the received lines are identified as DB00-DB15 and
routed to the bus arbitration sequence logic and the
RAM data file multiplexer in the microprocessor.

Control Receiver/Drivers—The control lines
between the I/0 bus and the coupler are buffered by
circuits F11, F12, H12, and H13, shown on Sheet 5.
The receivers are always connected to the bus.
Setting circuit pins 7 and 9 low enables the tri-state
drivers to the bus. Two of the circuits are perman-
ently enabled; circuit H12 is enabled by Transmit
Select Acknowledge (TSACK), and circuit H13 is
enabled by Device Enable {DEN) and TSACK.

Data/Address Drivers—The tri-state drivers in
circuits H8, H9, H10, and H11 are enabled by
Device Enable (DEN) to gate addresses and data to
the I/O bus. Addresses and data to the I/O bus are
temporarily stored by register circuits E9 and F9.
Information from the FQ Bus is clocked into the
registers either by a Data (DA) signal or by a Load
Address (LDADD) signal. The least significant bit
(DO00) is gated with control term TDOOG to the line
drivers.

Bus and Arbitration Sequence (State Processor)—
To ensure the fastest response time, the synchroni-
zation of I/O bus transfers is done by hard-wired
state logic, illustrated on Sheets 2 and 3. Informa-
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tion transfers are of two kinds; programmed 1/0 and
Direct Memory Access (DMA). During DMA trans-
fers, the coupler is bus master. Distinguishing
between the two transfer types is the function of the
arbitration logic.

The bus sequence logic synchronizes master/slave
transfers over the 1/0 bus.

Transfers between the I/O bus and the coupler are
of two types:

a. Register transfers via programmed 1/0.
b. Data transfers via DMA.

During programmed I/O transfers, the seven
coupler registers are accessed; initialization infor-
mation is transferred to the registers; status infor-
mation is accessed from the registers. The registers
are located in the microdata file. Address informa-
tion from the processor is decoded by circuits D4
and D5. Circuit D4 decodes the 772 52X portion of
the address word. Circuit D5 buffers the four least
significant bits, which become A00-A03.

The bus and sequence arbitration logic primarily
comprises PROM's, used as decoders, and flip flops
that temporarily store control information. For
example, the storage elements for the DMA light,
the Busy light, and the Diagnostic light are con-
tained in this logic. Monostable multivibrators F2-5
and F2-13 monitor bus activity to ensure that
responses to the bus master occur within 10 micro-
seconds. Circuits Y1 and E1 establish the crystal-
controlled time base for the coupler. The 10 mega-
Hertz output of E1 is divided by two to generate
200 nanosecond clock PCLK, buffered to become
PPCLK, PPCLK, and CLK®*.

Bus Transfer Timing—The two major types of
transfers are divided into the following 1/0 opera-
tions and an interrupt sequence:

e Data Input Transfer (DAT1) slave
e Data Output Transfer (DATO) slave



s Data Input Transfer (DAT1) DMA
¢ Data Qutput Transfer (DAT0) DMA
* Interrupt Requests

Programmed I/O transfers are initiated with the
coupler when the computer places the device
address of the coupler on the BDALO4 through
BDALIS5 lines, sets the BBS7L signal at a low level,
and switches signal BSYNCL low. Within the
coupler, BSYNCL converts to RSYNC.

Address decoder D4 monitors the address lines.
When the coupler address is decoded and RSYNC is

200NS

by

asserted, the Bus Active bit (BACTFF) sets. This
sets in motion the transfer sequence.

The sequence for a DATI operation is shown in
Figure 5-3. For a DATI sequence, the state pro-
cessor steps through states 1, 2,, and 7 (see Micro-
processor in this section). The coupler responds to
input requests by asserting TRPLY within 10
microseconds of a DATT request. DATI operations
read status from the coupler.

The sequence for a DATO operation is shown in
Figure 5-4. DATO operations transfer commands to
the coupler registers. A DATO is similar to a DATI.
The principle difference is that during a DATO, the

SSSSOTOS [ O A O I

STATES [+ ] 2 L 7 1
RSYNC —— i
BACTFF ——— L
036 ——— 1
TRPLY [ l
DEN

oA [ 1

Figure 5-3. DATI—Slave, Q Bus Transfers

STATES [ 1

RSYNC ————-]

BACTFF ——————l

DOUTFF I

1

STORU/L

TRPLY J

|

Figure 5-4. DATO—Slave, Q Bus Transfers
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Data Out FF rather than the Data In FF is set, and
the Data Available (DA) signal is not generated.
DMA transfers are between the coupler and com-
puter memory. The coupler is always bus master.
There are two transfer types: data in to memory
(DATI) and data out of memory (DATO). Once the
coupler has been granted DMA bus control, the
transfer sequence is similar to I/O bus transfers.
Figure 5-5 illustrates the DMA DATI timing; Fig-
ure 5-6 illustrates the DMA DATO timing.
- Interrupt request timing is illustrated by Figure
5-7. Interrupt requests are originated by Memory
Request A (MRQA), a function of bit Y00 and the
FUNC signal. The interrupt vector address is 224,.

200NS

b

Microprocessor

The microprocessor is the timing and control
center of the coupler. The microprocessor is con-
trolled by instructions stored in Programmable
Read Only Memory (PROM). These instructions,
called firmware, cause the microprocessor to operate
in a prescribed manner during each of the computer-
selected functions. The functions are established by
a series of instructions issued by the computer. The
instruction operands are stored in registers within
the microprocessor.

When a Go command is issued by the computer,
the firmware microinstructions cause the registers

S [ O O 6 O 6 I

STATES

MRQB———J
‘|’DMR———--l I
omal ——1 L

DMGFF

1
omc [
[

TSACK

BRPFF |

LOADD

DEN

TSYNC J

DIN J

TOIN r

CLR

[

Figure 5-6. DATI—Q Bus DMA Timing
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1
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1

DMG

TSACK l

BRPFF

LDADD

DEN — !

TWTBT

DA [

TSYNC - J

pouT o L

TDOUT

CLR

Figure 5-6. DATO—Q Bus DMA Timing

to be examined, and either a data transfer sequence
or a rewind sequence to be performed.

The microprocessor contains an eight-word Ran-
dom Access Memory (RAM) dedicated to buffering
data between the Q Bus and the microprocessor.
This allows several DMA cycle requests to be
missed without missing data words being trans-
ferred between the tape and computer memory.

The rate and order (format) at which data is trans-
ferred to the tape is controlled by the micropro-
cessor. Within the microprocessor, data is handled
in 8-bit parallel bytes. Error check bits are calcu-
lated (LRCC, CRCC) and supplied to the tape during
a write function. During a read function, the micro-

processor monitors the error check bits and the data
being read. Discrepancies are flagged as errors to
the computer. The microprocessor detects other
types of errors during the transfer functions (data
late, programming error, etc.) and monitors status
lines from the tape for malfunctions within this
assembly. All errors are assembled into a status
word for access by the processor.

The microprocessor comprises the following
major elements:

a. Microdata File

b. Microdata File Address Register



STATES 0 [ 4] 5 L el 0

MRQA ———J

TIRQ ———-—j

ACKFF |
DA [ I
DEN
I |
TRPLY I L
CLR

Figure 5-7. Interrupt Sequence Timing

¢. Microdata File Multiplexer Table 5-3. Coupler Buses
d. 2901A Array and Status Register
i The following prefixes are used as bus identifiers in the
e. Control Memory and Register logic diagrams and the tables in Section 1.
f. Control Store Address Programmer and Test
Multiplexer Designation | Function
g D Bus Multiplexer B LSI-11 1/O bus: Data, Address and
Control lines, bidirectional.
The preceding elements are interconnected to per- [o]:] Data bus from VO bus receivers into
form the control, timing, error checking, and data coupler.
manipulation functions of the coupler. Information D Input Data bus to 2901A.
is transfe.rred. among the elements over internal p Peripheral Bus: Data and Control
buses defined in Table 5-3. signals.
To understand the f\..mctlon of a microprocessor, T Transmit data or control signals from
please refer to The Microprogramming Handbook coupler to LSI-11 1/O bus.
fr.om Adva{lce.cl Micro Devices, Inc. Detgxled. tech- Y Output data bus from 2901A array.
nical descriptions of the 2901A four-bit bipolar i il
microprocessor slice and of the 2901 microprogram Fa Output of 16 x 16 Microdata file.

coupler are given in the Advanced Micro Devices
AM2900 Family Data Book. These two elements are
the major components of the coupler.

Microdata File—This 16 word, 16-bit-per-word,
data file has two functions:

Table 54. Coupler Register Storage

a. Storage for the seven coupler registers in Register File Location (HEX)
locations 10,, through 1A, shown in Table MTS 10
54. MTC 12
. MTBRC 14
b. Buffer storage for data words being trans- MTCMA 16
ferred via DMA between memory and disc %LDD :2
(locations 0 through 7).
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Sheet 7 shows the data file. Inputs to the data file
are from the data file multiplexer on lines FI00-
FI15. Outputs from the data file are on lines FOO00-
FO15 to the microdata bus. Data file locations are
accessed by the address file and by the DS2 portion
of the control register word. Note that the data file
is separated into 8-bit bytes and that the upper byte
(FX08-FX15), the lower byte (FX00-FX07), or both
bytes can be written into or read from.

Microdata File Addressing—The microdata file
address logic is shown on Sheet 7. Two sources
address the data file:

a. The bus and arbitration sequence logic (cir-
cuit E5).

b. The 4 x 4 address file (circuit F5).

Address control from the bus and arbitration
sequence logic 'is address lines A01-A03, which
select specific coupler registers.

The 4 x 4 address file can store up to four
addresses. The source of address information to the
address file is bit 03 of field three of the control
register word (CR3-03), and bits 00, 01, and 03 of the
Y Bus. Information can be read from and written
into different locations of the address file simul-
taneously. When addresses are being buffered
through circuit E5, circuit F5 is inhibited from
supplying addresses. Write and read addresses to
the address file are from field three of the control
register word directly, and indirectly, via PROM E3
(Sheet 3).

Microdata File Multiplexer—The microdata file
multiplexer, shown on Sheet 6, switches the input to
the microdata file between two sources; the contents
of the Y Bus, and the contents of the Data Bus (DB).
The contents of field three of the control register
word control the selection. Note that data bus bits 8
and 15 to the multiplexer can be selected by circuits
E10 and E11 to be either DB8 and 15 or file output
bits 8 and 15 restored in the file.

2901A Array and Status Register—The 2901A
array is shown on Sheet 8. The status register is
shown on Sheet 9 (circuit C12). The 2901A array
comprises two AM2901A four-bit, bipolar micro-
processor slice integrated circuits connected in
cascade to perform data manipulation on 8-bit
bytes. The major sections of the AM2901A are
shown within dashed lines on the block diagram. A

CR1 CR2 CR3

description of the operation of this device is given in
the AM2900 Family Data Book.

The D Bus supplies external data to the 2901A.
Data from the 2901A is on the Y Bus. Control
inputs to the 2901A are shown in Table 5-5. v

The status register is updated on a coupler clock
with the ALU status. The register stores the condi-
tions shown in Table 5-6.

Table 5-5. Control Inputs To 2901A

Signal
Mnemonic{ Source Definition
AO-3 Control Address inputs; selects the A file
Register | register contents to be con-
nected to the 2901A, A Bus. (S1)
BO-3 Control Address inputs; selects the A file
Register | register contents to be con-
nected to the 2901A, B Bus. (§2)
10-8 Control Instruction control lines; lines 0-2
Register | select the data sources to be
applied to the ALU; lines 6-8
determine the routing of the
output of the ALU within the
ALY, and the source of data
supplied to the Y (output) Bus.
CN Control Carry input of ALU. Used during
Register | arithmetic operations.
cpP Crystal 200 nanosecond clock to 2901A.
Oscillator
Table 5-6. Status Register Bits
Mnemonic | Definition
Cq Indicates a “‘carry out” of ALU
Ng The most significant ALU bit (sign of result).
Vg Overflow has occurred.

Control Memory and Register—The control
memory stores the firmware that controls the oper-
ation of the coupler. It comprises six 512 x 8 bit Pro-
grammable Read-Only Memories (PROMs) identi-
fied as D9, D10, D11, D12, F13, and F14, on Sheet
10. The PROMs have a pipeline register at the out-
put identified as the Control Register (CR). The six
PROMSs produce a 48-bit instruction word divided
into six 8-bit fields. Figure 5-8 depicts the instruc-
tion word.

CR4 CRS DO

of1]2|3}4[5[6|7|0]|1|2|3|4|5|6|7|0| 1]2|3|4|5|6|7]0|1|2|3|4|5|6|7|0|1]|2]3|4|s|6|7]0]|1]2]3]4|5|6}|7
s1 s2 |Aws| Aw fcN| bps2 | osT [2] aor |TesT |B|  BRANCH LITERAL
DS1

Figure 5-8. Microinstruction Word

5-11



The contents of the control memory are accessed
by the Control Store Address Processor and strobed
into the control register by the PPCLK clock. The
contents of the control register (CR1-00-07 through
CR5-00-07 and literal D00-D07) are routed through-
out the logic of the coupler.

Control Store Address Programmer—The Control
Store Address Programmer (CSAP) is an AM2910
microprogram control circuit and is described in the
AM2900 Family Data Book. It controls the
sequence of execution of microinstructions stored in
the control memory. The CSAP is shown on Sheet 9
(circuit DE14).

Control Store output address lines CSA00
through CSAO08 select one of 512 locations in control
memory. Inputs to the CSAP are primarily from
fields four and five of the Control register and the
TEST output of Test Conditions Multiplexer C13
(shown on Sheet 9). Bits 00 through 07 (LSB) of field
five (CR5) supply branch addresses to the CSAP.
Bits 00 through 03 of field four (CR4) supply
instruction codes to the CSAP. Any one of 16
instructions can be selected. The instructions can be
modified by the state of the TEST input. The
instructions select the next source of addresses to
the control memory. The primary sources of
addresses are as follows:

a. A program counter/register within the CSAP.
b. A five-word stack within the CSAP.

c. Branch addresses directly from bits 00-07 of
field five (CR5).

Note that bits 04 through 06 of field four (CR4)
control Test Condition Multiplexer C13. This
multiplexer connects one of seven selected condi-
tions to the TEST line when specified by the current
microinstruction being executed. The conditions
tested for are shown in Table 5-7.

Table 5-7. Address Modification Conditions

Mnemonic | Condition
C No carry from 2901A ALU.
¥4 ALU result is zero.
(o} Carry from ALU.
N ALU sign bit is logical true.
\" ALU has overflowed.
INIT Initiate

Note that bus signal BDCOKH, if ever low, dis-
ables the output of the GSAP and generates a
RESET (RST) signal.
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D Bus Multiplexer—The D-bus multiplexer,
shown on Sheets 7, 9, and 12, is the information
source to the 2901A array processor. The multi-
plexer comprises circuits D8 (Sheet 9), E8 and F8
(Sheet 7), and B9 (Sheet 12). Circuits B7, B8, and B9
also function as storage registers. One additional
information source for the D Bus is PROM D9,
shown on Sheet 10, which supplies the Literal (LIT).

Field one CR1-00-03 and CR2-00 via circuit E12
(Sheet 3) gate the selected source to the D Bus.
Information sources to the D Bus are shown in
Table 5-8.

Table 5-8. Information Sources to D Bus

Circuit | Sheet | Source
D9 10 Literal from control memory
E8, F8 7 RAM File data bus upper and lower
bytes
D8 9 Coupler status
B7 12 Data from tape
B8, B9 12 Tape status

Peripheral Interface

The purpose of the peripheral interface is to match
the characteristics of the tape formatter to the
characteristics of the microprocessor. The periph-
eral interface:

a. Contains line drivers and receivers that
buffer the information lines between the
coupler and the tape drives over cable lengths
up to 25 feet.

b. Contains the PROM and jumpers that permit
configuring the coupler to match the different
tape subsystem configurations.

There are two registers which temporarily store
information being transferred between the tape and
the other elements of the coupler; an input register
and an output register. The input register is shown
on Sheet 12, and the output register on Sheet 13.

The input register stores status information and
data received from the tape and comprises circuits
B7, B8, and B9. The outputs of these circuits are
gated to the D Bus. The tape status information
originates at the line receivers and is stored in cir-
cuit B9; the data from the tape is stored in circuit
B17.

The output register stores information to be sent
to the tape and comprises circuits A8, A9, and A10
on Sheet 13. These circuits make up a 32-bit register
that receives information from the Y Bus in 8-bit
segments. Y-bus information is stored in the
register under control of the PIA, PIB, PIC, and
PID clocks. The outputs of the register are routed to
the tape formatter.
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CORPORATION

Corporate Headquarters Eastern Regional Sales Office Northwestern Regional Sales Office  European Sales and Service
1555 S. Sinclair Street 64-A White Street 3031 Tisch Way Chester House
P.O. Box 6270 Red Bank, New Jersey 07701 San Jose, California 95128 Chertsey Road
Anaheim, California 92806 Telephone: (201) 530-0044 Telephone: (408) 248-3355 Woking, Surrey GU21 5BJ
Telephone: (714) 937-5700 ' ENGLAND
Telex: 6836051 Telephone: (04862) 70262/7
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