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FCC Compliance 

This equipment generates and uses radio frequency energy and if 
not installed and used properly, i.e., in strict accordance with 
the operating instructions, reference manuals, and the service 
manual, may cause interference to radio or television reception. 
It has been tested and found to comply with the limits for a 
Class A computing device pursuant to Subpart J of Part 15 of FCC 
Rules, which are designed to provide reasonable protection 
again st such interference when operated in a commerc i a 1 
installation. If this equipment does cause interference to radio 
or television reception, which can be determined by turning the 
equipment off and on, the user is encouraged to try to correct 
the interference by one or more of the following measures: 

1) Reorient the receiving antenna. 

2) Relocate the equipment with respect to the receiver. 

3) Move the equipment away from the receiver. 

4) Plug the equipment into a different outlet so that equipment 
and receiver are on different branch circuits. 

If necessary, consult your dealer service representative for 
additional suggestions. 

The manufacturer is 
interference caused 
equipment. It is the 
interference. 

not responsible for any radio or 
by unauthorized modifications to 

responsibility of the user to correct 

TV 
this 
such 
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CHAPTER 3 

11/23+ MICROCOMPUTER 

INTRODUCTION 

The comPact 11/23+ microcomPuter svstem is desi9ned to increase svstem 
Performance and Provide efficient backPlane utilization. This low-cost. 16-bit 
microcomputer can address up to four full megabvtes of Paritv MOS MSV11-P memorv 
while offering full Processor functionalitv. It is compatible with a wide range 
of software and hardware design. using the Extended Q-Bus. 

The 11/Q3+ CPU module contains diagnostic and bootstrap ROM. a memorv management 
unit. line-time clock, two asvnchronous serial lines. and three sockets for the 
Commercial Instruction Set (CIS> and Floatin9 Point Instruction Set oPtions. 
Because of this unique Packa9in9 densitv. most applications will fit in a single 
Powe r·F r·am(~ unit. 

SPECIFICATIONS 

Identification 

Dimensions 

Power ConsumPtion 

Bus Loads 

KDFl1-B 

Quad 

CPU chassis is 13.2 cm hi9h x 48.3 
cm wide x 68 cm deep (5.2 in x 19 
in x 2(: .. 8 in ) 

+5V 5%, at 6.4 A max. Cat 4.5 A tvP) 

+12V 5%, at • 7 A ma>~. (a.t .3 A typ) 

2 AC unit loads 
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Non-operating Environment 

0Pt-ratin9 Environmt-nt 

Altitude 

• Instruction Timins 

InterruPt Latency 

Interrupt Service Time 

DMA Latency 

DESCRIPTION Central Processor 

1 DC u n i t l o ad 

-40 C to 66 C C-40 F to 1~1 F), 10% 
to 90% relative humidity, non
condt-nsin9 

5 C to 50 C ( 41 F to 122 F > , 10% to 
95% relative humidity 
Maximum outlet temperature rise of 
5 C (9 F> above 60 C <140 F> 

PAGE 

To 15.25 km (50,000 feet) for non
oPeratins environment. To 2.44 km 
(8000 feet) for operating environment . 

Based on 75 ns intervals (see APPendix 
·-' ) 

5.7 microseconds <tvPical > 
12.6 microseconds, max. (excePt EIS> 
54.225 micr·oseconds, ma:=<. (including 
EIS> 

8.625 microseconds (mt-morv management 
off) 
9.750 microseconds (memory ~anagement 
on) 

1.35 microseconds, max. 

NOTE: Interrupt and DMA latencies 
assume a KDFll-8 with memorY management 
enabled and usins MSV11-P Memory. 

The 11/23+ central Processing unit is contained on two LSI chips, control and 
data, which r·eside on a single 40-Pin car·r·ier· Ca dual in-line Packa9<~). Thi?. 
standard Memory Manasement Unit <MMU> is contained on one LSI chiP which also 
resides on a 40-Pin carrier. 11/23+ contains sockets for these two carriers. 
Plus three extra sockets which are reserved for the Commercial Instruction Set 
CCIS> or floatins Point oPtions. 

The architecture of the 11/23+ is hishlv expandable because of its internal bus 
structure. The control and data chiPs communicate with each other. as well as 
with the external 11/23+ logic, over the Micro Installation Bus <MIB> <15:00> 
and ChiP Data and Address Line <CDAL> <21:00> bus. 11/23+ logic interfaces 



11/23+ MICROCOMPUTER PAGE 3-3 

these chiPs to the 
external Extended 

Internal Data and Address Line <IDAL> <15:00> bus and the 
0-Bus. The IDAL bus Provides additional loading capacity on 

the chiP set bus. For an illustration of the Positi~ns of t~se busses. 
refer to Fi9ure 3-1. the 11/23+ functional block dia9ram. 
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FIGURE 3-1 - Functional Block Dia9ram 
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The 11/23+ boot and dia9nostic ROMs, line clock, and serial line units reside on 
the IDAL bus. Memorv and additional PeriPherals interface to the Extended 
Q-Bus. Bidirectional interfaces <CDAL/IDAL> tr~nsceiver~ and CDAL/BDAL 
transceivers on the 11/23+ CPU module connect the CDAL <21:00> bus with the IDAL 
(15:00> bus. 11/23+ logic suPPortin9 LSI chiP set. includes the master clock 
control lo9ic, MIB decode logic, fixed data lo9ic, service lo9ic, reset logic, 
and ODT lo9ic. Logic Pertainin9 to the Extended Q-Bus includes the bus control 
logic, bus svnchronizer, and the CDAL/BDAL transceivers. Lo9ic Pertainin9 to 
the !DAL bus periPherals includes the bus control lo9ic, CDAL/IDAL transceivers. 
the !DAL address decode, the boot/dia9nostic ROMs, the line clock logic, the 
console and second SLU lo9ic, the baud rate 9enerator. and the -12V char9e PUmP 
circuits. 

Floating Point 0Ption 

Fortv-six floatin9 Point instructions are available as a microcode oPtion 
CKEF11-A> on the 11/23+ Processor to SUPPlement the integer arithmetic 
instructions in the basic instruction set. The Floatin9 Point Instruction Set 
executes floating Point operations much faster than equivalent software 
routines. It also Provides both sin9le-precision <32-bit) and double-precision 
<64-bit) pPerands, and conserves memory space by executin9 in 
of software. This oPtion imPlements the same Floatins Point 
available with the 11/34, 11/60, and 11/70 minicomputers. 

microcode instead 
Instruction Set 

Commercial Instruction Set 

The Commercial Instruction Set <CIS>, 
instructions to the basic 11/23+ 
operations imPlement functions of 
aPPlications. CIS microcode resides 
sinsle double-width 40-Pin carrier. 

a microcode oPtion. adds character string 
instruction set. These character string 
commercial data and text Process ins 

in six MOS/LSI chiPs which are mounted on a 

Line Clock 

Line frequency clock Provides the system with timing information at 
intervals. The intervals are svnchronized with the line frequency of the 
input Power. The line clock senerates bus request level 6 interrupts 
Processor at time intervals determined bv the BEVENT L si9na1. The 
si9nal is obtained from the Power suPPlY via module Pin BRl at 16 2/3 ms 
ms intervals. dePendin9 on the line frequency source (60 Hz or 
resPectivelv). 

fixed 
user/s 

to the 
BEVNT L 

or 20 
50 Hz, 
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Line Clock Status Register 

The contents of the line clock status register consist of a sin9le read/write 
bit. The Program communicates with the line clock via a status register at 
address 777 546. Program recognition of this register. along with the 
recognition of the boot/diagnostic registers and second wire-wrap (J11) JumPer. 
when installed. forces the line clock interrupt enable bit to the set condition. 
The line clock status register bit assignment is shown below. 

FIGURE 3-2 - Line Clock Status Register <LKS> 777 546 

15 -:r lo 5 

UNUSED UNU~ED 

UNG' C.LOC INTER=\UPT ENAeLE _J 

BIT: 15:7 FUNCTION: Unused 

BIT: 6 <Read/Write> NAME: LINE CLOCK Interrupt Enable FUNCTION: When Set. 
this bit allows the BEVENT line to initiate Program interrupt requests. When 
clear. line clock interrupts are disabled. LCIE is cleared bv Power-up and 
BINIT. LCIE is held set when the LTC ENJ L Jumper is installed. 

BIT: 5:0 FUNCTION: Unused 

Bootstrap/Diagnostic ROM 

The bootstrap and diagnostic logic features three hardware registers and two ROM 
sockets for 2K. 4K. or SK read-onlv memorv. This 16-bit read-o~lv memory 
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contains diagnostic Programs, Plus a selection of bootstrap Programs. These 
Programs are user-selectable bv setting eight switches on a 16-Pin Dual In-Line 
Pack <DIP> switch Pack. Programming the bootstrap and diagn6stic logic consists 
of setting the switches for the prosrams desired. The bootstrap/diagnostic 
switch configurations and console operator described in the 
Confisuration section of this chapter. 
Processor, memorv, the console terminal, and 

responses are 
The diagnostic 
the device to be 

Prosrams test the 
bootstraPPed. 

The user mav rePlace the standard ROMs with 2716-tvPe ROMs containing Programs 
of his/her choice, but the 11/23+ will have the functionality described above 
onlv if the standard bootstrap/diagnostic ROMs are installed in the ROM sockets. 

Table 3-1 lists the error messages associated with the 11/23+ ROMs. 

TABLE 3-1 

ADDRESS 
OF ERROR 

173036 

Oxx173040 

173046 

173200 

1 73232 

173236 

173240 

173262 

173302 

173316 

LIST OF ERROR HALTS 

DISPLAY 
<OCTAL> 

01 

05 

05 

12 

02 

01 

01 

02 

02 

02 

CAUSE OF ERROR 

CP1ERR. RO contains address of error. 

SLU switch selection incorrect. 
switches. 

Error in 

SLU error. CSR address for selected device 
in error. Check CSR for selected device 
in floating CSR address area. 

ROM Loader error. Check sum on data block. 

Memory error 2. Write address into itself. 

CP3ERR. RO Points to cause of error. 

CP4ERR. RO Points to address of error. 

Memory error 3. BYte addressing error. 

Memory error in Pre-memory data test. 
R2 =Failing Data 
R3 = ExPected Data 
R5 =Failing Address C0-776) 

Memory error. 
Parity CSR~s 

Bit 15 set in 
(172100-172136). 

one of the 
Failing 

memory should have the Parity light on. 
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l73::::64 

l. 7::::::::76 

1 7352(:. 

173652 

17::::654 

1 7::::(:.(:.(1 

CONTENTS 
OF R4 

20000-27776 
177777 
000000 
072527 
125125 

173664 

12 

r:· ...:.. 

05 

05 

01 

(>2 

02 

1 
2 
·? ·-· 
4 
c:-
·-' 

ROM Loader error. 
block. 

ROM Loader error. 

Checksum on address 

JumP address is ~dd . 

RL01/RL02 device error. 

RK05 device error. 

PAGE 3-8 

Switch mode halt. 
switches. 

Match was not made with 

Memorv error in 0-2044 KW 22-bit memory 
test. Common error halt for six different 
tests. 
If R3-0, then error in ~ests 1-5. 
R4 determines failing test. 
R4 = ExPected data 
R5 =Failing data 

TEST DESCRIPTION 

Addr·ess Test, bit 11 to 0 
Data Test 
Data Test 
Odd Paritv Pattern Test 
Bvte Addressing Test 

For tests 1-5 CR3 = 0), determine 22-bit failing 
address as follows: 

R1 Bits 11.-0 =Failing address bits 11-0. 
R2 Bits 15-6 =Failing address bits 21-12. 
Errors in address uniqueness test. 
Test checks address bits 21-6. Test 6. 
If R:::: is not equal to (I, then er·r·or· is in 
this test. 

R4 = ExPected data 
R5 = Failing data 
R2 = 22-bit failing Phvsical address bits 
21-(: .. 
Failing address bits 5-0 are alwavs 0. 

Memory error in Pre-memorv address test for 
locations 000-776. 
R2 =Failing data 
RS= Failing address and exPected data 
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17·3~.70 01 

173700 01 

1 7::::704 05 

173714 04 

17'3T3/..~. 02 

173740 01 

1.73742 03/04 

173760 05 

Error in CPU Test 9. .JSR R:::: fa i 1 e d • 

Error CPU Test 9. . .JSR PC fa i 1 e d • 

RX01/RX02 device error. 

A "NO" tYPed in consolE- ter·minal test. 

Memorv error 1, data test failed. 
Test 0-30 Kw with MMU off if Present. 

Rl =Failing address 
R4 = Expected data (either 0 or 177777> 
R5 = Failin9 data 

Error CPU Test 9. "RT'.;:;" r·eturn fai 1 ed. 

Console terminal test. No done flag. 

TU58 er·ror· halt. 

Bootstrap and Diasnostic Resisters 

PAGE 3~·~1 

The bootstrap and diasnostic lo9ic contains three hardware resisters that are 
software-addressable. One of the registers is dual-PIJrPose resister which 
functions as the configuration resister when read. and the display register when 
written. These registers are assi9ned separate. individual addresses that 
cannot be changed or modified. The Particular desi9nations and addresses of 
these registers are listed in Table 3-2, below. The registers and associated 
logic are described in the followin9 paragraphs. 
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TABLE BOOTSTRAP AND DIAGNOSTIC REGISTER ASSIGNMENTS 

REGISTER 

Page Control 

Read/Write 
MaintenancE-

Configur·ation* 

DisPlaY* 

READ/ 
WRITE 

w 

R/W 

R 

w 

* Dual-Purpose Register 

Page Control Register CPCR> 777520 

BIT 
SIZE 

1 .-, ..:.. 

16 

4 

ADDRESS 

777520 

777522 

777524 

777524 

PAGE 3-10 

The PCR is a write-only register which is both word-addressable and 
byte-addressable. This register is cleared bv Power-up, and when the /Restart/ 
switch on the CPU mounting box is activated. The PCR, in conJunction with the 
ROM addr·ess multiPle::<er, Per·mit all 204:3 locations in the 21< bootstr·ap/ 
diagnostic ROM to be accessed b··,·· 256 of the E>::tended 0-Bus addr·esses r·es·er·vE-d 
for PeriPheral device addressing. The 256 addresses cover a bYte address ran9e 
of 773000-773777. Figure 3-3 illustrates the page control register. 

FIGURE 3-3 - PAGE CONTROL REGISTER 

i 00 

2ND i25 WOR.DS 



11/23+ MICROCOMPUTER PAGE 3-11 

The contents of the PCR are used to select anv one of the 16 pages of ROM. Each 
Pase of ROM consists of 128 word locations. Table 3-3, below. describes the 
relationshiP between the PCR contents to the PCR pas~ for Pa9~S 0-17. If the 
PCR is loaded with data 000400, the PCR low bvte contains data 000, while the 
high bvte contains data 001. The PCR bvtes can be loaded seParatelv. To select 
ROM locations 1600-1777, for examPle. one need onlv load the PCR hish bvte with 
page 7. In this examPle, the hish bvte contains 007, while the low bvte is 
disre9arded. 

TABLE 3-3 

PCR PAGES 
<OCTAL> 

(l/ 1 

2/3 

4/5 

6/7 

10/11 

12/13 

14/15 

16/17 

PCR CONTENTS/PAGE RELATIONSHIP, PAGES 0-17 

PCR CONTENTS 

000400 

001402 

002404 

003406 

004410 

005412 

006414 

007416 

PCR HIGH BYTE 
<BITS 13:08> 

001 

003 

005 

007 

011 

013 

015 

017 

· Read/Write Maintenance Re9ister 777522 

PCR LOW BYTE 
<BITS 05:00) 

000 

002 

004 

006 

010 

012 

014 

016 

The read/write maintenance re9ister <RWR> is a 16-bit read/write register which 
is both word- and bvte-addressable. It is used bv the ROM diagnostics to test 
various read/write functions before accessing main memorv. The register is 
cleared bv Power-up and svstem reset. 

Configuration Register 777524 

This 8-bit read-onlv re9ister is used to select diagnostic Programs for 
maintenance and/or bootstrap Programs for svstem configuration. The boot/ 
diasnostic Program selection Procedure is described in the Configuration section 
of this chaPter. The interpretation of the switch configuration is determined 
bv the ROM bootstrap and diagnostic Programs. The switch register is depicted 
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below in Fi9ure 3-4. 

FIGURE 3-4 - SWITCH REGISTER 777524 

1.2 

NOT USED 

SWITCH NUMBE'f1 

ON=ONE 
a=F=~EFp 

OisPlav Re9ister 777524 

11 OB 071 

I 
8 

PAGE ::::-12 

00 

I 
1- b 5 L4- 3 2. :1 

SWITCH 'A" 

This 4-bit write-onlv re9ister allows the Program to control a four LED 
diagnostic disPlav. Clearing one of the four disPlav register bits lights the 
corresponding LED. The disPlav register is cleared bv Power-UP (which turns all 
red LEDs on) and when the svstem is rebooted. 

The dia9nostic LED disPlav is normallv used when there is no Printout on the 
terminal after a failure. It indicates the tvPe of error when a failure occurs 
in a diagnostic test or bc•otstr·ap Pr·o9r·am. Tht- disPlaY wi 11 indicate the tYPe 
of errors described in Table 3-4, below. Figure 3-5 dePicts the disPlaY 
re9ister·. 
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FIGURE 3-5 - DISPLAY REGISTER 777524 

04- 03 02.. Qj_ 00 

NOT USED 

LED 04 03 Di 

LOAD "O" TO TUf1N ON LED 

Standard ROMs must be installed in ROM sockets E126 Clow bvte) and E127 (high 
bvte> resPectivelv to obtain the described errors. 

TABLE ::::-4 DIAGNOSTIC LED ERROR DISPLAY* 

MSD LSD 
DISPLAY 
<OCTAL> BIT .-, 

-=· BIT 2 BIT 1 BIT (I TYPE OF ERROR 

01 OFF OFF OFF ON CPU er·ror· 

02 OFF OFF ON OFF Mem•:ir·Y 

(1:3 OFF OFF ON ON c:onsole Ter·minal test 
disPlaY error 

04 OFF ON OFF OFF Console Ter-minal test 
keyboard er-r-or 

05 OFF ON OFF ON Load device status 
er-r-or-

(l~. OFF ON ON OFF Bootstr-aP code 
i ncor-r·ect <NOP In--
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struction not in 
location 000000) 

07 OFF ON ON ON SLU error. no ~esPonse 
from host 

10 ON OFF OFF OFF SLU received done 
fla9 set 

1 1 ON OFF OFF ON SLU message received 
in DDCMP format 

1 ? ON OFF ON OFF ROM bootstrap error 

10 ~ ON OFF ON ON Attempted access to 
memory Loe 0-6 
failed. This failure 
wil l normal lY occur 
when the memory does 
not rePlY 

17 ON ON ON ON Halt switch on or 
unable to run 

*The light Pattern indicates the corresponding test is in Progress or 
failed. Some tests retry <DECnet), and others will halt the CPU <CPU. 
memory non-DECnet boots). 

Serial Line Units 

The two ful 1-duPlex asynchronous serial line units (console serial line unit and 
the second serial line unit) Provide the 11/23+ <KDF11-B> with an EIA interface 
which is RS-232-C and RS-423 compatible. The serial line baud rates are 
determined bY a clock signal from an internal baud rate generator or an external 
clock signal via connector J1 and J2. JumPers are Provided to select either the 
internal clock or the external clock. If the internal clock is Jumper-selected. 
the serial line baud rates are switch-selectable from 50 to 1Q? baud. The 
console serial line and the second serial line maY operate at different baud 
rates. However. a sPlit baud rate is not Possible. Each serial line must 
transmit and receive data at the same baud rate. If desired. 20 ma active or 
Passive current loop operation at 110 baud may be obtained with DLV11-KA EIA to 
20 ma converter oPtion. The DLVll-KA contains a 110 baud rate clock signal 
which is suPPlied to Pin 1 or the console serial line J1 and the second serial 
line J2 connectors. 

The console serial line 
signal recefved from 

unit maY be configured to halt in resPonse 
the console terminal. Both serial lines 

to a break 
interrupt the 
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Processor at bus interrupt Prioritv request level 4 CBR4). 

The character format for each of the serial line units selected by wire-wrap 
Jumpers and mav consist of 7 or 8 data bits, 1 or 2 stoP bits, Paritv or 
no-parity, and even and odd Paritv. 

The console serial 
Jl. The second 

line unit is 
serial line 

connected to the console terminal via connector 
unit is connected to the line Printer, the TU58 

cassette tape, or an additional terminal via connector J2. 

Serial Line Unit Re9isters 

The Fro9ram communicates with and transfers data to and from the external 
Peripheral devices via four associated with each serial line. Two of the 
re9isters <RCSR and TCSR> contain control/status information for receiver and 
transmitter oPeration. The other two registers <RBUF and TBUF> contain data 
received from, and data to be transmitted to the FeriPheral device. The 
addresses assigned to the console and second serial line registers are listed in 
Table 3-5. 

TABLE 3-5 SERIAL LINE REGISTER VECTORS 

CONSOLE SERIAL LINE 
REGISTER ADDRESS* 

RCSR1 777560 

RUF1 777562 

TCSR1 777564 

TBUF1 777566 

* DL1 DISJ L (J14) 
** DL2 DISJ L (J13) 
*** DL2 DISJ L (J13) 

srounded. 

must be 
and DL2 
must be 

SECOND SERIAL LINE 
REGISTER ADDRESS 

RCSR2 776500** 776540*** 

RBUF2 776502 776542 

TCSR2 776504 776544 

TBUF2 776506 776546 

ungrounded. 
ADRJ L (J12) must be ungrounded. 
ungrounded and DL2 ADRJ L (J12> must be 
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Register Bit Assignments 

The console and second serial line registers have the same bit assignments with 
the excePtion of bit 0 of the TCSR. Bit 0 is used as a transmit break bit <TX 
BRK> in the second serial line register <TCSR2), and it is unused in the console 
serial line register CTCSR 1). 

The bit formats for the registers are shown in the Fi9ures below. as are the 
re9ister bit assignments. 

FIGURE 3-6 - RECEIVER STATUS REGISTER CRCSR 1 AND RCSR 2> 

1.5 1.4 1 1.2. 11 10 0 08 01 OD 05 02.. 01 00 

RCSl=\ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

.......... --......-- .J 

NOT USED NOT USE"D 

f1t:ee:1vEA DoN::($AD OM-Y) 

f1ECEIVE~ INTE:f1'1UPT ENABLE (fiEAD/wRt TE) 

BIT: 15: :3 
FUNCTION: Unused. Read as zeros. 

BIT: 7 Cread-onlv> 
NAME: Receiver Done <RX DONE> 
FUNCTION: Set when an entire character has been received and is ready to 
be read from the RBUF re9ister. This bit is automaticallv cleared when 
RBUF is read. It is also cleared bv Power-up and Bus INIT. 

BIT: 6 <Read/Write> 
NAME: Receiver InterruPt Enable CRX IE> 
FUNCTION: Cleared bv Power-up and Bus !NIT. If both RCVR DONE and RCVR 
INT ENB are set, a program interruPt is requested. 

BIT: 5:0 
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FUNCTION: Unused. Read as zeros. 

FIGURE 3-7 - RECEIVER BUFFER REGISTER CRBUF 1 AND RBUF 2) 

BIT: 15 <read-only) 
NAME: Error <ERR> 

0 0 0 0 

PAGE 3-17 

FUNCTION: Set if any RBUF bit 14:12 is set. ERR is clear if all RBUF 
bits 14:12 are clear. This bit cannot generate a Program interruPt. 

BIT: 14 (read-only) 
NAME: Overrun Error <OVR ERR> 
FUNCTION: Set if a Previously received character was not read before 
bein9 overwritten bv the Present character. 

BIT: 13 (read-only) 
NAME: Framing Error <FRM ERR> 
FUNCTION: Set if the present character had no valid stoP bit. Also used 
to detect a break condition. 

BIT: 12 (read-only) 
NAME: Parity Error <PAR ERR> 
FUNCTION: Set if received Parity does not agree with expected Paritv. 
Alwavs 0 if no Parity is selected. 

NOTE: Error conditions remain Present until the next character is 
received at which Point, the error bits are updated. The 
error bits are cleared bv Power-up and Bus INIT. 
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BIT: 11:8 
FUNCTION: Unused. Read as zeros. 

BIT: 7:0 (read-only) 
NAME: Received Data Bits. 

PAGE ::::-18 

FUNCTION: These bits contained the last received character. If less 
than ei9ht bits are selected. the character will be right-Justified 
with the most significant bit(s) reading zero. 

FIGURE 3-8 - TRANSMITTER/CONTROL STATUS REGISTER <TCSR 1 AND TCSR 2) 

o;r °'° o 

TC.SR 0 0 0 0 0 0 0 p 0 0 0 0 0 

\.. ---------._,/ 
NOT USED 

~NSMlT READY (f1'EAD ONL)') 

TFtANSM IT IN~UPT ENA6L£ (~EAD/WFtlTE) 

~NSMIT BR€AK (~e:Ao/wRrre:)----' 

~t\/SMIT ~EA~ BIT 0 15 USED ONL"'f IN TC.5f12.. \T IS NOT USED IN TC.Sfli.. 

BIT: 15::=: 
FUNCTION: Unused. Read as zeros. 

BIT: 7 <read-onlv> 
NAME: Transmitter Readv <TX RDY>. 
FUNCTION: Cleared when TBUF is loaded and sets when TBUF can receive 
another character. XMT ROY is set bv Power-up and Bus INIT. 

BIT: 6 (read/write> 
NAME: Transmitter InterruPt Enable <TX IE>. 
FUNCTION: Cleared bv Power-up and Bus INIT. If both XMT ROY and XMT 
INT ENB are set. a Program interrupt is re~uested. 

BIT: 5: 1 
FUNCTION: Unused. Read as zeros. 
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BIT: 
NAME: 

0 ( r·ead/wr i te) 
Break <TX BR~~:). 

FUNCTION: When set, transmits a 
bv Power-up and Svstem INIT. 
unused in TCSR1. 

PAGE :::.:~19 

continuous space. - This bit is cl1.'"ar·ed 
This bit is used onlv in TCSR2. It is 

FIGURE 3-9 - TRANSMITTER BUFFER REGISTER CTBUF 1 AND TBUF 2> 

TBUF 

Bin 

15 14 13 12i 11 10 09 

0 

1 c:- • ·=· ,,_I 11 ·~· 

0 0 0 0 0 0 

NOT USED 

FUNCTION: Unused. Read as zeros. 

0 

01 Oto 05 04- 03 02., 01 00 

TRANSMlT DATA 

(1-1 5 81T \$ ~l<~HT-JUSTI FIED ON 

WqtTE ONLy). ON qE.:AD =0. 

BIT: 7:0 (write-onlv) 
FUNCTION: TBUF bits 7:0 are write-onlv bits used to load the transmitted 
character. If less than eight bits are selected, the character must be 

rig h t-.j us ti fie d. 

CONFIGURATION 

JumPer and Switch Configuration 

The 11/23+ contains two Dual In-Line Pack <DIP> switch units <E102 and E114) and 
several Jumpers which allow the user to select the module features desired. The 
location of the switch units and Jumpers is shown in Figure 3-10. The Boot/ 
Diagnostic switch unit CE102) consists of eight switches that let the user 
select boot and diagnostic Programs. The second switch unit <E114) selects the 
baud rate for the Console SLU and the second SLU. The module contains both 
wire-wrap Jumper stakes and soldered-in JumPers. The Jumpers are divided into 
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the followin9 functional 9roups: 

1. Test .JumPE-rs 

2. CPU 0Ption Jumpers 

3. DE-vice Selection Jumpers 

4. Boot and Dia9nostic ROM Jumpers 

5. SLU Character Format JumPE-rs 

f:.. Inter·nal/E>::ter·nal SLU Clock .JumPers 

7. Q-Bus BackPlane Jumpers 

FIGURE 3-10 - JUMPER, SWITCH AND DIAGNOSTIC DISPLAY LOCATIONS 

·-•.at 

r:~ 
••• 

C:.,"'! 
""'" 

••R 
•JJ• 

C JID ,,. 
•J>6 

~: 
•.IJS 

JU 
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CAI 
JZO 

r------, 
(O.-.llCLAL-C.-4 I I "'Tl«tf'llHOO'ft-

1 I 

~g~g~ 
[._..so~ -J 

01.t~nc, . .,...,., 

: 1~c:-v-.e.-I : C"' 
I... ..J ... 

c:~:: .,.,. ., .. . ,., 
•.J•• .,,., .... , ..... 
...... 

I I I 

L.._T&\.&AON ..... llt,wtclil'"rMI: 
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Manufacturing Test Jumpers 

Five Jumpers are Provided for 
must be configured as follows 

manufacturing testing Purposes. 
operation. 

These Jumpers 
in Table 3-6 for normal 

TABLE 3-6 MANUFACTURING TEST JUMPERS 

JUMPER 
FROM 

J6 
JS 
J20 
J35 
J33 
J27 
J25 

TO 

J7 
J9 
J21 
J34 
J34 
J26 
J26 

CPU 0Ption Jumpers 

STATUS 

Installed 
Installed 
Installed 
Installed 
Removed 
Installed 
Removed 

Four wire-wrap stakes Provide user-selectable 
operation of the CPU. The ground stake can be 
the other three stakes to select the available 
stakes select one of three Power-up modes. 
halt/trap oPti~ns. 
Power-UP Mode Selection 

features associated with the 
connected to anv combination of 
features. Two Power-uP mode 
The halt/trap stake selects the 

The three Power-up modes are available for user selection. Selection is made bv 
installing or removing wire-wrap Jumpers between Jumper stakes CJ17, J19) an1J 
the sround stake (J18) in various combinations. The Jumper confisuration for 
the modes are described in the Table 3-7 below. 

TABLE 3-7 

MODE 

0 
1 

3 

POWER-UP MODE JUMPER CONFIGURATION 

NAME 

PC@24, PS@26 
Console DDT 
Bootstrap 
Not ImPlemented 

JUMPER J19 

R* 
R 
I 
I 

* R =Jumper removed; I= Jumper installed 

J18 TO J17 

R 
I 
R 
I 
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~ kL 

OnlY the Power-up mode is affected. 
Paragraphs describe the sequence of 
selecting each of the four modes. 

not the power-down sequence. 
events after executing common 

The state of bus s~gnal 

The followins 
Power-up, when 

BHALT L is 
significant in Power-up mode operation. 

Power-UP Mode 0 (PC@24, PS@26> 

This mode causes the microcode to fetch the contents of memory locations 24 and 
26 and loads their contents into the PC and PS. resPectivelv. The microcode 
then examines BHALT L. If BHALT L is asserted. the Processor enters console DDT 
mode. If BHALT L is not asserted, the Processor besins Program execution bY 
fetching an instruction from the location Pointed to by the Pr This mode is 
useful when Power-fail/auto restart capability is desired. 

Power-UP Mode 1 (Console DDT> 

This mode causes the Processor to enter 
Power-up regardless of the state of any 
a Prosram development or hardware debug 
control over the system after Power-up. 

console ODT mode immediatelv after 
service signals. This mode is useful in 
environment, giving the user immediate 
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Power-UP Mode 2 - Start at 773000 

This mode causes the Processor to internally generate a bootstrap starting 
address of 773000 in 16-bit mode with MMU off. This address is loaded into the 
PC. The Processor sets the PS to 340 <PS<07:05> = 7 to inhibit interrupts 
before the Processor is readv for them. If BHALT L is asserted, the Processor 
enters console ODT mode. If not, the Processor besins execution by fetching an 
instruction from the location Pointed to by the PC. This mode is useful for 
turnkey aPPlications where the sYstem automatically besins operation without 
operator intervention. 

Halt/Trap 0Ption - J16 

If the Processor is in kernal mode and decodes a HALT instruction, BPOK H is 
for BPOK H. tested. If BPOK His negated, the Processor will continue to test 

The Processor will Perform a normal Power-up sequence if BPOK H becomes asserted 
sometime later. If BPOK H is asserted after the HALT instructon decode. the 
halt/traP JumPer CJ16) is tested. If the Jumper is removed, the Processor 
enters console ODT mode. If the Jumper is connected to J18 (ground), a trap 
location 10 will occur. 

NOTE: In user mode a HALT instruction execution will always result in a 
traP to location 10 • 

This feature is intended for situations. such as unattended 
recovery from erroneous HALT instructions is desirable. Table 
halt/trap Jumper functions for Kernal and User Processor modes. 

operation. where 
3-8 describes the 

TABLE 3-8 

JUMPER 
J18 to J16 

R 

I 

x 

HALT/TRAP JUMPER CONFIGURATION 

PROCESSOR 
MODE 

Kernal 

Kernal 

User 

FUNCTION 

Processor enters Console ODT microcode 
when it executes a HALT instruction. 

Processor traps to location 10 when it 
executes a HALT instruction. 

Halt instruction decode results in a trap 
to location 10 regardless of the status 
of the Halt/TraP Jumper. 
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On-Board Device Selection Jumpers 

Six wire-wrap stakes on the 11/23+ module are used to 
Peripheral devices are enabled or disabled. The ground 
to anv combination of the other five stakes to obtain the 
The jumper functions are described in Table 3-9, below. 

select which on-board 
stake can be connected 
desired configuration. 

TABLE 3-9 ON-BOARD DEVICE SELECTION JUMPERS 

STAKE NUMBER FUNCTION 

._11 I) 

. _111 

·-' 12 

·-' 1 :3 

This wire-wrap stake Provides a ground source for the 
other five wire-wraP stakes in this grouP . 

When gr·ounded, this signal sets the line clock 
interrupt enable fliP-floP and allows the Q-Bus 
BEVNT si9nal to re~uest Prosram interruPts. 

When 9rounded, this signal disables the boot/ 
diasnostic r·esister·s, the boot/di.a9nostic RC)Ms, and 
the line clock re9ister. 

When J12 is un9rounded, 
vector addresses are as 

DEVICE 
Rc:::;R 
RBUF 
XCSR 
XBUF 

ADDRES:::;E:::; 
776500 
776502 
776504 
77 6506 

the second SLU device and 
follows: 

INTERRUPT VECTORS 
R<..~ceiv,2r· :300 
Tr·ansmitter· ~:04 

When J12 is srounded. the device and vector addresses 
ar·e as follows: 

DEVICE 
RCSR 
RBUF 
XC::3R 
XBUF 

ADDRE~SE:::; 

77(:.540 
776542 
776544 
77C:.546 

INTERRUPT VECTOR:::; 
Receiver· 340 
Tr· an sm it te r· 344 

this sisnal disables the second serial 
When unsrounded, the device and 

When sr·ounded, 
line resisters. 
vector addresses 
by the status of 

for the second SLU are determined 
t he ._11 2 .j u rrr Pe r· . 
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._114 When srounded, this signal disables the console serial 
1 ine r·egister·s. When ungr·ound(?d, ·the device and vector· 
addresses for the console SLU are the followins:· 

DEVICE 
RCSR 
RBUF 
XCSR 
XBUF 

ADDRE:3SE:::: 
777560 
777562 
777564 
77756/.:. 

INTERRUPT VECTOR 
Receiver· (1(:,(1 

Tr·ansmi tter· 0(:.4 

SLU CONNECTOR PIN FUNCTIONS 

PIN 

1 

.-. 

..e::: 

:::: 

4 

<::" 

·-' 

7 

._11 = CONSOLE 
SIGNAL 

EXT CU< 

Ground 

XMIT+ 

Gr·ound 

Cir· o u n d 

NC 

RCV-

RCV+ 

Cir· o •Jn d 

._12 = SECOND SLU 
FUNCTION 

InPut for an external SLU clock.* 

Transmitter output. 

Ke··,··; Pin not Provided. 

Receiver inPut (most nesative). 

Receiver inPut (most Positive>. 

10 +l2V Power for the DLV11-KA oPtion.** Fused at 1A. 

* If the DLV11-KA oPtion is installed between the console SLU and the 
console terminal, Jumper J42-J43 must be removed and JumPer J42-J41 
installed. 

** This Pin must be unterminated if the DLVl1-KA oPtion is not 
installed. 

Conso1e SLU Switch and JumPer Configurations 

Four switches of a 1/.:.-pin DIP switch pack 
user-selectable features associated with 
line unit. A JurnPer is available to disable 

<E114> an•::I four· 
the oPeration of 
the console ::::LU. 

.j urn Per· s Pr· ov i de 
the console serial 
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Console SLU Baud Rates 

Switches 1 through 4 of the 82 switch pack CE114) select 1 of 16 Possible SLU 
baud rates if the internal baud rate generator is used as the clock source. If 
the module is configured to operate the SLU with an external clock, the 
Positions of these switches are meaningless. The SLU transmits and receives at 
the selected baud rate. SPlit baud operation is not provided. The switch 
configurations to select any one of the available baud rates are listed in Table 
3-10 below: 

TABLE 3-10 CONSOLE SLU BAUD RATE SELECTION 

SWITCH POSITION 
82-4 S2-3 82-2 82-1 BAUD RATE 

ON ON ON ON 50 
ON ON ON OFF 75 
ON ON OFF ON 110 
ON ON OFF OFF 134.5 
ON OFF ON ON 150 
ON OFF ON OFF 300 
ON OFF OFF ON 600 
ON OFF OFF OFF 1200 
OFF ON ON ON 1800 
OFF ON ON OFF 2000 
OFF ON OFF ON 2400 
OFF ON OFF OFF 3600 
OFF OFF ON ON 4800 
OFF OFF ON OFF 7200 
OFF OFF OFF ON 9600 
OFF OFF OFF OFF 19.200 

As stated Previously, the UART can be configured to operate at a baud rate that 
is generated externallv. The baud rate is inPutted to the module from the 
external device through connector Jl, Pin 1. The JumPer options are shown 
below. 

JUMPER RATE 
FROM TO 

J43 J42 

J41 J42 

FUNCTION 

Connects internal baud rate 
generator to the console SLU 
UART (Normal configuration) 

Connects external clock to the 

SELECTED BAUD 
INTERNAL EXTERNAL 

I R 

R I 
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console SLU UART 

Console SLU Character Formats 

Five wire-wrap stakes select options to establish the console 
format. The ground stake can be connected to any combination of 
stakes to configure the character format oPtions. 

SLU charactt."r· 
the •:.ther· four· 

The following table, Table 3-11, 
format. 

describes how to configure the character 

TABLE ::::-11 CONSOLE SLU CHARACTER JUMPER CONFIGURATION 

.JUMPER 
FROM 

._1:39 

._137 

,_140 

IN 
OUT 

OUT 
IN 

IN 
OUT 

IN 
OUT 

CHARACTER FORMAT OPTION 

7-bit •:har·acter·s 
8-b it character·s 

Tw•) sti:oP bits 
One stoP bit 

Parity check enabled 
Paritv check disabled 

Odd Paritv if J36 is in 
Even Paritv if J36 is in 

* If 8-bit characters (J39 OUT> are selected, Paritv check must be 
disabled (J36 OUT). 

** J38 is the ground source for these functions. "In" means that a 
Jumper connection is to be made to J38. 

Break Halt Jumpers 

Two Jumpers enable and disable the Break Halt feature. If this feature is 
enabled, the detection of a break condition bv the console UART causes the 
Processor to halt and enter the octal debugging technique <ODT> microcode. If 
this feature is disabled, there is no response to the break condition. Below is 
Table 3-12, which lists the Break Halt Jumper configurations. 
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TABLE 3-12 BREAK HALT JUMPER CONFIGURATION 

,_llJMPER 
FROM TO 

,_15 ,_14 

,_13 ._14 

FUNCTION 

Connects s:ir·ound 
to RO HLT H. 

Connects DLl FE H 
to RO HLT H. 

* R = r·emoved; I = installed 

ENABLED 

I 

Second SLU Switch and Jumper Configurations 

BF:E{.H< FEATURE 
DI ::::A BLED 

R 

PAGE 

The second SLU is configured much the same as the console SLU, except that a 
different set of switches and Jumpers are used to select the available SLU 
features. Also, the Halt/Break Jumper is not Present. Jumpers are also 
available to select the second SLU, and to select the rans:ie of addresses/vectors 
to be used. The switch Positions for the second SLU baud rates are listed in 
Table 3-13. 

TABLE 3-13 SECOND SLU BAUD RATE SELECTION 

::::WITCH PO::'.:ITION 
:=;2-:::: ::::2-7 ::::2-t. ~:2~5 BAUD RATE 

ON ON ON ON 50 
ON ON ON OFF 75 
ON ON OFF ON 110 
ON ON OFF OFF 134.5 
ON OFF ON ON 150 
ON OFF ON OFF 300 
ON OFF OFF ON (:.00 

ON OFF OFF OFF 1200 
OFF ON ON ON lSOO 
OFF ON ON OFF 2000 
OFF ON OFF ON 2400 
OFF ON OFF OFF ::::e.oo 
OFF OFF ON ON 4:300 
OFF OFF ON OFF 7200 
OFF OFF OFF ON 9~.00 

OFF OFF OFF OFF 19,200 
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The second SLU mav be configured to oPerate at an externally generated baud 
rate. The baud rate is inPutted to the module from the external device 
thr·ou9h .J2. Pin 1. The jumPer· oPtions ar·e: 

.JUMPER RATE 
FROM TO FUNCTION 

::::;ELECTED 
INTERNAL 

BAUD 
EXTERNAL 

,J4(:. ,_145 

.J44 .J45 

Connects internal baud rate 
senerator to the second SLU 
UART. <Nor·mal configuration) 

Connects external clock to the 
second SLU UART. 

I R 

R I 

Second SLU Character Formats 

Five wir·e-wraP 
for·mat. The 
four stakes to 

stakes select 
ground stake 
configure the 

options to establish the second SLU 
can be connected to anv combination of 

character format options. 

The JumPer stake functions are: 

.JUMPER 
FROM 

._131 

1·-::00:;. ._.._ .. 

._128* 

._132 

TO 

IN 
OUT 

OUT 
IN 

IN 
OUT 

IN 
OUT 

._1:::::0 CHARACTER FORMAT OPTION 

7-bi t char·acter·s 
8-bit characters 

Two stoP bits 
One stop it 

Parity check enabled 
Parity check disabled 

Odd Parity if J28 is in 
Even Parity if J28 is in 

charactt-r· 
tt°H':- oth<'!r· 

* If 8-bit characters (J31 OUT) are selected. Parity check must be 
disabled (J28 OUT>. 

** J30 is the ground source for these functions. "IN" means that a 
Jumper connection is to be made to J30. 

Boot/Dia9nostic Switches and Jumpers 

A 16-Pin DIP switch Pack <E102) and two JumPers on the 11/23+ CPU module 
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for hard and 
will have 
2K x 8-bit 

Provide switch-selectable bootstrap and diasnostic prosrams 
floPPY disks or the customer/s own bootstrap Program. The 11/23+ 
the functionality as described in the following-section~ onlY if 
Diagnostic/Bootstrap ROMs are installed in sockets E126 and E127.-

Bootst~aP/Diasnostic Confisuration Switches 

Switches Sl-1 through 81-4 are used to select a diagnostic and/or a bootstrap 
Program. Switches Sl-5 through Sl-8 are used in conjunction with switches 
Sl-3 and Sl-4 to select the sPecific bootstrap Program desired. 

81 SWITCH CONFIGURATION 

1 ON 

2 ON 

3 OFF 

4 ON 

* DECnet boot arguments are: 

SWITCH 
BOOT DEVICE** Sl-4 

DUV11 ON 

DLV11-E OFF 

DLV11-F OFF 

** DLV11-E CSR = 775610 
DLV11-F CSR = 776500 

FUNCTION 

When on, execute CPU diagnostic 
upon Power-up or restart 

When on, execute memory diagnostic 
uPon Power-up or restart 

When on, select DECnet boot <Sl-4 
throush Sl-7 are arguments*) 

Select console test and dialogue 
<S1-3 OFF> 
When off, select turnkey boot dis
patched bY 81-5 throush Sl-8 con
figuration (81-3 OFF> 

POSITIONS 
Sl-5 Sl-6 Sl-7 

x 

ON 

ON 

x x 

x OFF 

x ON 

DUVll CSR= 760040 if no devices from 
760010 to 760036 
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All boots other than the above DECnet 
Patterns in the switches Sl-5 through 
selected, a mnemonic and unit number. 

boots are controlled bv the bit 
:::; 1-8 or·, i f the cons o l e test is 

The cons6le test ~romPts with: 

TE::::T I NG MEMORY 
xx xx. ~:::w 
START°';-, 

Where XXXX is the decimal multiPle of 1024 words of RAM 
found in the svstem when sized from 0 uP in 1024 word 
increments. The first word of each 1024 word segment is 
read, then written back into itself. The sizing routine 
only sizes consecutive memory from location 0 and UP. 

NOTE: "Testing memor·Y" is onl Y Printed if the memor .. ·( 
test is selected. Turnkey mode is not selected and memory 
size is sreater than 32 KW with memory management Present. 

Allowed· resPonses are a two-character mnemonic with a one digit octal 
unit number (default O> or one of two special single-character mnemonics. 
The response must be followed by a return. the SPecial sinsle-character 
mnemonics ar·e: 

.··y.·· 

OR ···N·' 

"TURNKEY" 

::=:w I TCHE:::: 

Use switch settinss in Sl-5 through Sl-8 to determine 
boot device 

HALT - Enter Microcode DDT 

BOOT:::;TRAP PROGRAM ::::ELECT I ON 

Sl-5 ::::l-6 ::::1-7 :::: 1-8 PROGRAM MNEMONIC 

OFF OFF OFF ON RK06 Boot DMn n<.:=: 

OFF OFF ON ON RL01 or· RL.02 Boot DLn n<4 

OFF OFF ON ON TU5:::=: c::::LU at DDn n<2 
77(:.500) Boot 

OFF ON OFF OFF RXOl Boot DXn n<2 

OFF ON ON OFF RX02 Boot DYn n<2 

Boot and Diagnostic ROM Jumpers 

Two 24-Pin sockets <E126 and E127) are Provided for the installation of 2K x 8 
ROMs or EPROMs. When EPROMs are inserted in the two ROM sockets, +5 volts 
must be aPPlied to Pin 21 of each socket. For all other ROMs used in thi~ 

option, ROM address bit 13 <BTRA 13 H> must be aPPl ied to Pin 21. Note that 
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SUPPlied devices mav be either ROM or EPROM tvPe . 

. JUMPER MEMORY TYPE 
FROM TO ROM EPROM 

._124 ._12:::: I* R* 

.J22 ,.-.. -. 
G_ ..:,_._, R I 

* 1 =Installed. R =Removed 

Q-Bus BackPlane JumPers 

Two soldered Jumpers must be installed when the 11/23+ is used in a backplane 
in which the Q-Bus (or Extended Q-Bus) is connected to both the AB and CD 
rows. Ford-Hi99ins supplied backPlanes of this tvPe include: H9270, H9275, 
and the DDV11-B. The Jumpers Provide continuitv for the interrupt acknowledge 
<BIAK> and direct memorv access grant <BDMG) Q-Bus signals • 

. JUMPER 

Wl 

W2 

NOTE: 

FUNCTION 

Connects backplane Pins CM2 and CN2 
Providing continuitv for BIAK L 

Connects backplane Pins CR2 and CS2 
Providing continuity for BDMG L 

If the KDF11-B is installed in a LSI-11/CD Backplane CH9273-A> 
and the Wl and W2 Jumpers are in. Pin CM1 is shorted to CN1 
and Pin CR1 is shorted to CS1 on slot 2. Therefore. do 
not install Peripherals in the slot immediately followins the 
KDF11-B if they use these lines. 
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TABLE 3-14 FACTORY JUMPER CONFIGURATION 

,JUMPER 

Wl 

. JUMPER 
FROM TO 

'-12~: 

._124 

... J:3 • _14 

,_15 ,_14 

,_I(:. ,_17 

• _1:=; ,_19 

·-' 11 ·-' 10 

. _112 ._110 

.JUMPER NAME 

BIAK 

BDMG 

.JUMPER NAME 

+5V 

BTRA 1:::: H 

DL1 FE H 

DL1 FE H 

Master 
Cl C•Ck 

PHASE 

L TC ENB.J L 

DL2 AD.JR L 

._IUMFER STATE 

I 

I 

.JUMPER STATE 

R 

I 

R 

R 

I 

I 

R 

R 

FUNCTION 

Provides backPlane continuitv 
fr:ir· BIAK si9nal. Must be 
installed when a LSI-11/ 
LSI-11 backplane is used. 

Provides backplane continuitv 
for BDMG si9nal. Must be 
installed when a LSI-11/ 
LSI-11 backplane is used . 

FUNCTION 

When EPROMs are used. JumPer 
J24 to J23 is removed and 
Jumper J22 to J23 is 
instal ledo 

Connects ROM address bit 13 
to Pin 21 of both ROM 
sockets <E126 to E127> 

Enables BREAK HALT feature . 
The detection of a break 
condition bv the console SLU 
causes the Processor to halt 
and enter ODT. 

No halt on break. 

Enables internal master 
clock; do not remove • 

Conn e c ts PHASE s i 9 n a 1 t o:i F 1 1 
chiP clock drivers; do not 
remove. 

Allows BEVENT si9nal to 
request interruPts onlv if 
bit 6 in the Line Clock 
Re9ister 1777546) is set . 

Selects the followin9 device 
and vector addresses for the 
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J13 J10 

J14 J10 

J15 JlO 

J16 J18 

J17 J18 

J19 J18 

J20 J21 

J25 J26 

DEVICE ADDRESSES 

RCSR 
RBUF 
XCSR 
XBUF 

DL2 DISJ L 

DLl DISJ L 

776500 
776502 
776504 
776506 

R 

R 

second SLU. 

VECTOR ADDRESSES 

Receiver 
Transmitter 

300 
304 

PAGE 3-34 

Enables the DL2 ADRJ L 
Jumper to determine the 
device and vector addresses 
for the second SLU. 

Selects the following device 
and vector addresses for the 
console SLU. 

DEVICE ADDRESSES VECTOR ADDRESSES 

RCSR 
RBUF 
XCSR 
XBUF 

BOK DISJ L 

TRAP OPJ L 

PUP CDOJ L 

PUP CDIJ L 

XTL H 

RCV IN 

776560 
776562 
776564 
776566 

R 

R 

R 

I 

I 

R 

Receiver 060 
Transmitter 064 

Enables boot/diagnostic 
registers, boot/diagnostic 
ROMs and the line elk 
register. 

Enter console ODT if the 
processor is executing a 
HALT instruction and the 
Processor is in Kernal 
mode. 

Power-up code 
bit 0 

Power-up code 
bit 1 

Bootstrap 
Power-up 

Mode 2 

Connects baud rate 
oscillator to the baud 
rate generator. Removed 
for manufacturing test 
onlv. 

Console Loop-back test dis-
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._127 ._12(:. XMIT OUT 

._12:::: ._130 DL2 PAR·-' 

._129 ._1::::0 DL2 ST 1._1 

,_131 ._130 DL2 CH7.J 

1·-::0·-:· 
Q- ·-'.&- ,_130 DL2 0[1[1,_I 

._133 ._1::::4 DCOKC2B 

~J::::s ,.J34 LINITF ( 

._1::::t. ,_13:::: DLI PAR·-' 

._1::::7 ._13::;: DLI ::;;r1._1 

._1::::9 ._1:3:3 DLI CH7.J 

._140 ._1:::::::: DLI 0[1[1,_I 

. _141 ._142 EXT CL~::: 

,_143 . .J42 INT cu::: 

,_144 ,_145 EXT CLK2 

._14(:. ._145 INT CLl<2 

L 

L 

L 

L 

H 

1 ) H 

L 

L 

L 

L 

1 H 

1 H 

H 

H 

I 

R 

I 

R 

R 

R 

I 

R 

.I 

R 

R 

R 

I 

R 

I 

PAGE 

ab led. 

Connects console SLU output 
to the console SLU cohnector. 

Disable second SLU character 
Parj.ty check. 

Second SLU character contains 
one stoP-bit. 

Second SLU character contains 
S bits. 

Second SLU Paritv check dis
abled bY DL2 OODJ L. 

Installed onlY during manu
facturing testing. 

BINIT L clears console SLU. 

Disables console SLU char
acter Parity check. 

Console SLU character con
tains one stop bit. 

Console SLU character con
tains 8 bits. 

Console Parity check disabled 
by DL I PAR._! L . 

Disconnects EXT CLK 1 inPut 
from the console SLU. 

Connects baud rate clock to 
the console :::;LU. 

Disconnects EXT CLK2 inPut 
from the second SLU. 

Connects baud rate clock to 
the second ::::LU. 
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TABLE 3-15 BOOTSTRAP/DIAGNOSTIC FACTORY SWITCH CONFIGURATION 

SWITCH Sl 
NUMBER 

CE102) 
POSITION FUNCTION 

1 

2 

3 

4 

6 

7 

8 

NOTE: 

ON 

ON 

OFF 

ON 

OFF 

OFF 

ON 

OFF 

Execute CPU diasnostic uPon Power-up or 
restart 

Execute Memory Diagnostic upon Power-up 
or restart 

DECnet boot disabled 

Console test and dialogue Enabled 

RL01/RL02 Bootstrap Program selected 

With the switch configuration shown, the KDF11-B uPon Power-UP 
or restart, will execute the CPU diagnostic, the Memory Diag-
nostic and then enter the Console test. If the oPerator wishes 
to terminate the Memory diagnostic and immediatelv enter the 
Console test. the Control/C kevs must be depressed on the 
console terminal. If the memory test is terminated before 
completion. some memory locations maY have wrons Parity written 
into them. 
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TABLE 3-16 

:::;WITCH :::;2 
NUMBER 

1 

2 

4 

5 

7 

SLU BAUD RATE FACTORY SWITCH CONFIGURATION 

<E114) 
Po:::; IT ION 

ON 

OFF 

OFF 

OFF 

ON 

OFF 

OFF 

OFF 

FUNCTION 

Console SLU set for 9600 baud Per Table 
3-10 

Second SLU set for 9600 baud Per Table 
3-13 





CHAPTER 4 

DC40 POWER DRIVE 

INTRODUCTION 

The DC40 is the first of a family of hi9h Performance 8-inch disk drives that 
incorPorate aPPlicable elements of Winchester/Whitney technolo9v. Unformatted 
storase caPacitv of the DC40 is 53.2 megabvtes, with 26.6 me9abvtes in an 
ANSI-standard removable cartridge and 26.6 mesabvtes on a fixed medium. 

FIGURE 4-1 - DC40 BASIC COMPONENTS 

Cartridge Insertion 
and Positioning 

Mechanics 

Hub/Spindle Assembly 

Operator Control Panel 

Read/Write Electronics 

Logic/SMD Interlace Electronics 
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BASIC COMPONENTS 

Basic components in the drive are shown in Fisure 4-1. They consist of: 

* Base Plate 

* SPindle with integral spindle drive motor and fixed disk 

* Cartridse insertion and Positioning mechanism 

* Linear servo motor and cartridge assembly with read/write heads 

* Read/Write electronics 

* Servo Drive electronics 

* Logic/SMD interface electronics 

* Air cooling and filtration components 

* 0Perator control switches and indicators 

PERFORMANCE CHARACTERISTICS 

The Performance characteristics of the DC40 Disk Drive are shown in Table 4-1. 

TABLE 4-1 PERFORMANCE CHARACTERISTICS 

Cartridse 
Fixed Disk 
Total 

Number of Disks 
Data Surfaces 
Data Heads 
Servo 
Tracks Per Surface 
Track Density 
Track Capacity 

Unformatted 
26.6 Mbytes 
26.6 MbYtes 
53.2 Mbvtes 

CAPACITY 

CONFIGURATION 

Formatted 
21 Mbvtes 
21 MbYtes 
42 MbYtes 

1 Fixed, 1 Removable <Cartridge) 
2 Fixed. 2 Removable 
4 (1 Per surface) 
Embedded 
644 
555 Tracks Per Inch 
Unformatted: 20,672 BYtes 
Formatted: 16.384 BYtes 
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Actuator· 
PERFORMANCE 

Linear Voice-Coil Motor 

Access Time (Seek and Latency) 

Track to Tr·ack: 10 msec. 
Avera9e: 35 msec. 
Maximum: 55 msec. 

Avera9e Latency 8.45 msec. 
Rotation Speed 3545 RPM 
Data Transfer Rate 1.229 Mbvtes/sec. 
Start Time 45 seconds 
Stop Time 15 seconds 
Stop Time <Power off) 120 seconds 

Interface 
Recordin9 Method 

Recording Densitv 
F 1 u ::-:: Dens it .. ,.. 

PHYSICAL DIMENSIONS 

Dr· i ve Hei9ht 
Width 
DePth 
W<2isht 

Car· tr· i dge Hei9ht 
Width 
DePth 
Weight 

READ/WRITE 
:;MD 
Whitney, 2-of-7 run len9th limit 
code 
10.889 bits/inch 
7259 flux-reversals/inch 

4.62 in (117.4mm) 
·=- C"C' ,_ .. ·-'·-' in (217. 1 ) 
14.00 in ( ::::55. 6mm ) 
26 lbs (11.8k9) 
1. (l in (25mm) 
:3 .. 2 in (208mm> 
:::: " :::: in (211mm) 
1. 5 lbs ((I. 7k9) 

PAGE 4-3 
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FIGURE 4-2 - OPERATOR CONTROL PANEL 
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OPERATION 

Operator Controls and Indicators 

The locations of the operator controls and indicators are shown in Figure 4-2. 
All operator controls and indicators are on the front Panel. A full oPerational 
description of these controls and indicators are given in Table 4-2. 

TABLE 4-2 CONTROLS AND INDICATORS 

CONTROL OR OPERATIONAL 
INDICATOR DESCRIPTION 

START/STOP To initiate a sPin-uP and load heads sequencin9 of 
Rocker Switch the drive, assuming the following conditions have 

been met. 

A. All ProPer DC Power has been Provided 
B. The cartridge is loaded 
C. The cartridge door is closed and locked 
D. The head carriage is home, in its unloaded 

Position 
E. The local mode option is selected (if the 

remote oPtion is selected, the hold control 
line should be at a low logic level) 

Pressing the START switch energizes the sPin motor 
and brings the disks UP to normal speed. while a 
Purge Period is under wav. After the Purge Period 
the heads are loaded onto the disks and a seek 
to cvlinder zero is Performed. 

During the start sequence a resident set of 
diagnostics will have been executed. 

Drive Ready is achieved in 45 seconds and is 
indicated when the Ready indicator is lit. 

Pressing the STOP switch during the SPin-up 
sequencing. or when the drive is Ready initiates 
head retract to the home Position and sPindle 
braking. This requires approximately 15 seconds 
for the comPlete sPin-down sequence. When the 
LOAD indicator is lit. the cartridge may be 
removed. An automatic safetv latch secures 
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WRITE PROTECT 
Rocker· :.=;witch 

F'OWER 
LED Indicator· 

L_OAD 
LED Indicator· 

READY 
LED Indicator· 

WR I TE F'ROTECT 
LED Indicator· 

the cartridge access door closed any time the 
LOAD indicator is not lit. 

The START/STOP switch will also clear a 
Primary fault and initiate a reset Procedure 
bY cYclins the switch from its current 
Position and then back again. ::=:ee "ERROR 
CONDITIONS AND ACT I ON:::;. " 

Allows the operator to Place the drive~s 
fixed media in read-only mode for file 
Protection Purposes. Pressing this switch 
will turn on or off the Write Protect 
indicator <towards indicators: on; awaY 
fr· om indicator·s: off). When the 
indicator is lit, writing on the fixed 
disk is inhibited, and any command to 
write in the Protected file will cause 
an error. To update fixed volume data 
the Write Protect indicator must be 
turned off, allowin9 both reading and 
wr·iting. 

The Wr·ite Pr·otect switch will also clear· 
a secondary tYPe of device fault and 
initiate a recovery Procedure bY cycling 
the switch from its current Position 
and then back again. :'.:;ee "ERROR c:OND-
I TI ON:::: AND ACT I ON:::;. " 

Write Protect status for the removable 
cartridge is soverned bY a removable 
write enable tab on the back of the 
car·tr·id9e. When the tab is removed. 
writing in the removable volume is 
inhibited. AnY command to write in the 
Protected files will cause an error 
•:ondition. 

Indicates that DC Power is on. 

Indicates that drive is available 
for disk cartrid9e insertion or removal. 

Indicates that drive is ready to receive 
commands for data transfer to/from host. 

Indicates that fixed media has been 
wr·i te Pr·otected. 

PAGE 4-t. 
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Note: When anv of the indicators are flashins on and off, an error 
condition code is bein9 indicated to the operator. 
section on error conditions and actions. 

0Peratin9 Procedures 

The following Procedures are for 
Performed after installation and 

normal dav to dav 
initial cht-ckout has 

use 
been 

Refer to 

and should 
Pt- r· for· m<;.. d. 

PAGE 4-7 

on 1 .. ,.. 

APPlY Power to disk svstem power suPPlies or with the optional DC Power supp]y 
Place the ON/OFF switch to ON. Both the POWER and LOAD indicators should now be 

1. Insta.11 disk car·tr·id9e as PE<r· the "CARTRIDGE IN::::TALLATION" 
Pr·ocedur«?. 

·-:r ·-·. 

Place START/STOP switch to start. The LOAD indicator will 
extinguish as the cartridse door is locked and the sPin motor 
comes uP to speed. 

Within 50 seconds the READY indicator should illuminate. If 
after 50 seconds the READY indicator is not 1 it, an error 
condition mav exist; see the Procedure on error conditions 
and actions. 

Wr·i te Pr·otE-ct 

1. Remove write tab from disk cartridse as shown in Fisure 4-3. 

2. Perform Start/SPin-UP Procedure. 

3. Place drive in Write Protect mode bv dePressin9 the WRITE PROTECT 
switch. The WRITE PROTECT indicator should now be lit. 

:3to P /::'.;pin-Down 

1. Depress the START/STOP switch to STOP. The READY indicator will 
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extinsuish as the sPin motor sPins down. After 10 seconds the sPin 
motor should have stoPPed and the LOAD indicator illuminated. 

- -

2. Remove the disk car·tr·idse, if desir·ed, as Per· the "Nor·mal C-3.r·tr·idse 
Removal'' Procedure. Remember the cartrid9e door does not unlock 
until the LOAD indicator· is 1 it. 

F'otuer· Down 

Remove Power to the disk svstem Power suPPlies or with oPtional DC Power 
Place the ON/OFF switch to OFF. All indicators should now be off. 
Power Present it is impossible to open the cartridge normallv. 
"Emer·g,=?ncY Car·tridge Removal" Pr·ocedur·e. 

Cartridge Handling and Storage 

SUPPl .. ,.
With no 

Se<? the 

When handling or storing the removable disk cartridge, shown in Figure 4-3, the 
fol lowing Practices should be observed. 

1. Never manually trY to oPen the door to the air inlet and head Port 
oPenin9s. 

0 Store the disk cartridse in its Protective Jacket when not inserted 
in the dr·ive. 

·-=· . __ ... Avoid stackins the disk cartridges on one another. 
bE< stored on edge or flat. 

[:ar·tr·id9E'S can 

4. When the cartridsE< is removed from its Protective Jacket, store the 
Jacket in such a wav as to Prevent dust from col lectins inside. 

= ._ ... Disk cartridses should 
of dust accumulations. 
or officE< as the drive 
m,=? n t. 

be storE<d in a cool, drv Place and kePt free 
Preferably stored in the same comPuter room 

or in an e~ual lv clean and temperate environ-

6. Cartridses should be kePt away from masn<?tic sources. Do not Place 
cartridses on toP of drive enclosure or near CRT disPlaYs. 

7. KE<eP cartridges out of direct sunlisht and awaY from sources of 
heat. 
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FIGURE 4-3 - REMOVABLE DISK CARTRIDGE 

Protective 
Jackel 

Cartridge Stabilization 

Door Open Sensor 

Air Inlet 

Opening Head Port 
Opening 

The removable disk cartridge must be allowed to stabilize to the same 
temPerature as the drive at least one hour Prior to installation and use. In 
the event a cartridge is brou9ht in from a temperature environment significantlv 
colder· than the oPer-ating temPeratur-e. below 60 degr·ees F ( 16 C>, the 
Possibilitv of condensation in the cartridge exists. If condensation occurs. 
disk cartridses should not be used for- at least 24 hours after all condensation 
disaPPears from the exterior surfaces. 

Error Condition Codes 

When anv of the LED indicators are flashing on and off, an error condition or 
fault has occurred. The indicators will be flashing rePetitivelv a three digit 
hexadecimal code in the form FXX. where the hexadecimal digit F indicates the 
start of the string and XX are the actual two di9it hexadecimal error code. 
Table 4-3 contains all error codes and a descriPtion of each. 

0Perator· Actions 

There are two tvPes of error conditions: Primarv device faults and 
device faults. The following are a list of the re9uired actions. 

1. To clear a secondarv device fault and initiate a r·e cover···{~ 

secondar···..-

c··..-c le 
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2. 

the WRITE PROTECT switch from its current Position for one complete 
cvcle of the flashins lishts, and 
can also be cleared and recovered 
from the Controller. 

then back 
bY issuing 

asain. 
~fault 

These faults 
~lear command 

To clear a Primary device fault and initiate a recovery, cycle 
START/STOP switch from its current Position and back asain. 

the 

If neither Procedure seems successful 
contact vour service representative. 

the Problem Persists, 

A list of all error codes and required operator actions are contained 
in Table 4-3. 

TABLE 4-3 ERROR CONDITION CODES AND OPERATOR ACTIONS 

ERROR 
CODE 

ERROR 
DESCRIPTIONS 

FAULT TYPE OPERATOR 

1 1 
12 
13 
14 
15 
16 
17 
18 
19 

HARDWARE - Basic 
No carria9e return from terminal 
Deadman timer too short 
Deadman timer too lons 
Write current unsafe 
Power unsafe test failed 
Not Used 
Not Used 
Not Used 
Not Used 

1A Not Used 
18 Not Used 
1C 
1D 
1E 

21 
22 

24 

26 
27 
28 
29 
2A 

28 

Download checksum error 
Not Used 
Not Used 

HARDWARE - Control 
Not Used 
Cannot find sYnc 
Servo field error 
Not Used 
No index 
Write sate fault 2 
Write sate fault 1 
Actuator current detected 
Hardware fault 
Actuator command with no 

command in 
No offset directed, but have 

P/S ACTIONS 

p 
p 

p 
p 

p 

p 
s 

s 
s 
p 
p 

s 

s 

2,3 

1.2,3 
1.2.3 
1.2.3 
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2C 
command 

Have detected fault, but no 
fault 

20 Not Used 
2E Not Used 

31 

33 
34 

Operator Actions to be taken in 
order one at a time: 

1. Toggle WRITE PROTECT switch 
2. Toggle START/STOP switch 
3. Contact Service RePresentative 

SPIN 
Will not sPin up 
SPinning in wrong direction 
SPin up too slow 
Not Used 
Not Used 

p 
p 
p 

36 
37 

Trving to sPin-uP when not stoPPed P 
Not Used 

38 Not Used 
39 Not Used 
3A Not Used 
38 SPin down too slow 
3C Not sPinning for Hall test 
3D SPin too slow 
3E SPin too fast 

ACTUATOR 
41 Heads not unloaded 
42 Heads retracted during normal 

operation 
43 Heads did not load 
44 No sPin for loading Heads 
45 Heads did not load - emergency 

46 
47 
4 0 
~ 

49 
4A 
48 
4C 
4D 
4E 

retract 
Heads not loaded 
Not Used 
Not Used 
Not Used 
Not Used 
Not Used 
Not Used 
Not Used 
Not Used 

0Perator Actions to be taken in 
order one at a time. 

p 
p 
p 
p 

p 
p 

p 
p 
p 

p 
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2, ~ ~ 
~ 

~· 
~ 
~ 

2 , 0 
~ 

2 7 
0 
~ 

2, 0 
~ 

~ 

~· 
~ 
~ 

~ 
k1 

~ 
~ 

~ 3 ~ 7 

~ ~ 
L , ~ 

~ 
k ' 

0 
~ 
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51 

54 

1. Toggle WRITE PROTECT switch 
2. Toggle START/STOP switch 
3. Contact Service Representative 

SERVO 
No end conversion ADC 
A/D out of tolerance 
D/A out of tolerance 
Off track-Position 
Off track-address 

56 Not Used 
57 Not Used 
58 Not Used 
59 Not Used 
5A 
5B 
5C 

5D 
5E 

63 
64 
65 
66 
67 
68 

69 

6C 
6D 
~.E 

71 

Not Used 
D/A to AID disagree 
Seek error - did not arrive 
at target 

Seek duration too long 
Seek retrv - too manv 

MISCELLANEOUS 
Software interrupt 
Power unsafe interrupt 
ICF interrupt 
OCF interrupt 
TOF interrupt 
Terminal interruPt 
NMI interruPt 
Door switch closed when 
solenoid energized 

Door opened during normal 
operation 

Not enough cvlinders in inner 
guard band 

Not enough cvlinders in outer 
guard band 

Not Used 
Not Used 
Not Used 

0Perator Actions to be taken in 
order one at a time. 

1. Togsle WRITE PROTECT switch 
2. Tosgle START/STOP switch 
3. Contact Service Representative 

OPERATOR and SMD INTERFACE 
Data Parameter entrv error (kevbdl 

p 
p 
p 

s 
s 

p 

s 

p 
p 
p 
p 
p 
p 
p 
p 

p 

p 

p 

s 

1,2,3 
1.2.3 

1.2.2 
1,2,3 

2,3 

2.3 

1.2,3 

PAGE 4-12 
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72 
73 
74 

Cartridse not in Place 
Door not closed ProPerlY 
Cvlinder request over range 

75 Not Used 
76 

77 
78 
-7~1 

7A 
78 
7C 
70 
7E 

Seek attempted when not ready, 
not on cvlinder. seek error 
or fault 

Both rev. and fwd. offset received 
Invalid user command 
Tag-2 received when not readv 
Not Used 
Not Used 
Not Used 
Not Used 
Not Used 

Operator Actions to be taken in 
order one at a time. 

1. Toggle WRITE PROTECT switch 
2. Toggle START/STOP switch 
3. Contact Service RePresentative 

Environmental Considerations 

p 
p 

s 

s 

s 
1.2,3 
1.2,3 

Both the Model DC40 and Cartridge have been designed to operate 
room or tvPical office environment. Table 4-4 summarizes 
environmental conditions. 

TABLE 4-4 ENVIRONMENTAL CONSIDERATIONS 

TEMPERATURE 

in a 
the 

PAGE 4-13 

comPuter 
required 

0Perating Drive: 50 to 104 F (10 to 40 C> with maximum gradient 
of less than 2 F (1 C) per minute, not to 
exceed 18 F Cl C> Per hour. 

Non-Operating Drive: 
Cartridge Storage: 

-40 to 140 F (-40 to 60 C> 
0 to 115 F C-18 to 46 C> 
Note: Cartridges must be allowed to stabilize 
to the same temperature environment as the drive 
for at least one hour Prior to installation and 
use. 

RELATIVE HUMIDITY 
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0Per·a ti n9 Dr· i ve: 
Non-0Peratin9 Drive: 
Cartrid9e Stora9e: 

Non-0Peratin9 Drive: 

Cartrid9e Stora9e: 

Power Re~uirements 

20 to SO/., non-condensin9 
5 to 95/., non-condensing 
5 to ~'5/.., non-condensin9 

ALTITUDE 

1,000 feet (300 m) below s~:-a level to 
10,000 feet (3 km) above sea level 
1,000 feet (300 m) below sea level to 
40,000 feet (12.2 kml above sea level 
Same as Non-OPeratins Drive. 

PAGE 4-14 

The DC Power suPPlv used must 
voltases, Table 4-5, within 
dr· i ve connector·. 

be 
the 

capable of deliverin9 
specifications Provided 

the followins DC 
for each at the J10 

TABLE 4-5 - DC POWER REQUIREMENTS 

VOLTAGE INPUT TOLERANCE 
@ 25 c 

+5 v +/- 4% 

-5-i2 v +/- 4% 

-12 v +/- 5/. 

+24V +/- :::1. 

Interface Cables and Connectors 

REGULATION 
OVERLOAD RANGE 

+/- O.:::'%. 

+/- 21. 

+/- 21. 

LOAD CURRENTS 
MAX MIN 

4A 

2A 1. ~SA 

2.5A 0. ::::A 

4.5A 0. 15A 

The DC40 uses an industrv standard SMD interface, consistin9 of two flat ribbon 
cables. The "A" cable, 60 lines, contains all the contr·ol si9nals and the "B" 
cable, 2(:. lines, contains all the read/write sisnal s. The Pin assisnments for· 
each cable are listed in Table 4-6 and the seneral characteristics are siven in 
Table 4-7. 
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TABLE 4-6 - SMD INTERFACE CABLE PIN ASSIGNMENTS. A CABLE 

SIGNAL 
NAME 

Tas l 
Tag 2 
Ta9 :::: 
Bit 0 
Bit l 
Bit ·"":r ..... 
Bit "':I ·-· 
Bit 4 
Bit c:-

·-· Bit /::. 
Bit 7 
Bit .:; ·-· 
Bit 9 
0PE-n Cable 

DE-tect 
Fault 
:::;eek Er·r·or· 
On CYlinder 
I nde::-:: 
Unit Ready 
Addr·ess Mar·k 

Found 
Busy 

DIRECTION OF SIGNAL 
CONTROLLER DRIVE 

Unit Select Ta9 ------------------
Unit Select 2 ------------------
Unit Select 2 -------------------
Sector -------------------
Unit Select 2 ------------------
Unit Select 2 ------------------
Write Protected -------------------
Pi ck 
Hold 
Not Used 

BALANCED SI CiNAL 
F' IN:::; < - , + ) 

2, ::::2 
·:· .-;, 0:1 ·-', ·-··~0 
4, ::::4 
C!" .~,C' 

._1' . .:1._.c 

6. :::::1:: . 
7, :::::7 

1 (l, 40 
11.41 
12.42 
1::::,4::::: 

14,44 
15,45 
1 (:.' 46 
17,47 
1 :;::, 4:::: 
19.49 

20,50 
21.51 
·-~ .~~ C" ·-c 
.L.L ':ii ._1...::._ 

2:~:, 5::.:: 
24,54 
.-. C" C" t=° 
...:: ·-' , ·-' ··-' 

27,57 

5'~' 
::::o. (:,(J 

NOTES: 1. AlwaYs logic zero if unit selected 
2. Daisy chained signal, not 9enerated 

NOTES 

1 
2 

4 

3. Not balanced signal, daisv chained not interpreted 
4. Not balanced signal 

(3r·ound 
::::ervo Clock 
Gr·ound 
Read Data 
Gr·ound 
Read Clock 

1 
2, 14 
15 
3.16 
4 
5, 17 

PAGE 4~15 
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Ground 
Write Clock 
Ground 
Write Data 
Ground 
Unit Select 
Seek End 
Ground 
Index 
Ground 
Sector 

1 0 v 

6.19 
7 
8.20 
21 

10.23 
1 1 
12.14 
25 
13.26 

TABLE 4-7 SMD CABLE CHARACTERISTICS 

A CABLE Type: 30 Pair. Flat Cable 

B CABLE 

Twists Per Inch: 2 
ImPedance: 100+/-10 Ohms 
Wire Size: 28 AWG. 7 Strands 
Propagation Time: 1.6 to 1.8 nsec./ft. 
Maximum Cable Length: 100 ft. cumulative 
Voltage Rating: 300 V rms 

Type: 26 Conductor. Flat Cable with Ground 
Plane and Drain Wire 

ImPedance: 65 Ohms 
Wire Size: 28 AWG, 7 Strands 
Propagation Time: 1.5 to 1.8 nsec./ft. 
Maximum Cable Length: 50 ft. 
Voltage Ratin9: 300 V rms 

Configu(ations 

PAGE 4-16 

When using the Daisy-Chained disk system onlY one drive in the chain (usual lY 
the last drive) is allowed to have A cable signal terminators. This re~uires 
that four 16 Pin DIP resistor Packs be removed from their sockets on the base PC 
board of each drive in the chain except for one. If external terminators are to 
be used the internal resistor Packs must be removed. 

The following Procedure lists the steps 
resistor Packs (refer to Figure 4-6). 

necessary to remove the 

CAUTION: This Procedure should only be Performed bY trained service 
Personnel. 

1. Disconnect all Power and interface cables from the drive. 

terminator 
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2. Remove the six screws (three on a side) along the bottom of the 
unit that secures the base PC board to the drive. 

.-. .:. ·-··. Lower the PC board from the drive disconnecting the inter-board 
ribbon cable and ground wire. Caution must be used since 
comPonents can be damaged bv electrostatic discharge. 

4. Remove the four 16-Pin resistor Packs, shown in Figure 4-6, from 
their DIP sockets. Use an IC extractor if available. Save 
resistor Packs for Possible future use. 

NOTE: The internal Jumper options should be set at this time. 

5. RePlace inter-board ribbon cable and ground wire. 

6. Secure the base PC board back on the bottom of the drive using the 
six removed screws. 

Repeat Procedure for all re~uired drives. 

FIGURE 4-4 - DAISY CHAINED INTERFACE CONFIGURATION 

SYSTEM 
GROUND 
A 8 

MODEL 
7110 

I 

DAISY CHAINED SYSTEM 

CONTROLLER 

B 8 

MODEL 
7110 

2 

MODEL 
7110 

3 

B 

MODEL 
7110 

(4 MAX) 
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Unit Address Selection 

The logical unit address is set for each disk drive bv selectins· the ProPer 
switch setting for the DIP switch block that resides behind the operator control 
Panel on the base PC board. See Fisure 4-5. To gain access to these switches. 
Just fliP the control Panel UP. A list of Possible addresses and their settinss 
are given in Table 4-8. 

TABLE 4-8 - UNIT ADDRESS SWITCH SETTINGS 

LOGICAL UNIT ADDRESS BITS SWITCHES 
ADDRESS 0 0 2 0 1 2 0 4 ~ k 4 ~ 

0 0 0 0 0 ON ON ON ON 
1 0 0 0 1 ON ON ON OFF 
0 0 0 1 0 ON ON OFF ON 4 

0 0 0 1 1 ON ON OFF OFF ~ 

4 0 1 0 0 ON OFF ON ON 
c 
0 0 1 0 1 ON OFF ON OFF 
6 0 1 1 0 ON OFF OFF ON 
7 0 1 1 1 ON OFF OFF OFF 
8 1 0 0 0 OFF ON ON ON 
9 1 0 0 1 OFF ON ON OFF 

10 1 0 1 0 OFF ON OFF ON 
1 1 1 0 1 1 OFF ON OFF OFF 
1? 1 1 0 0 OFF OFF ON ON 
1~ ~ 1 1 0 1 OFF OFF ON OFF 
14 1 1 1 0 OFF OFF OFF ON 
15 1 1 1 1 OFF OFF OFF OFF 

Of the two other switches. switch 6 is not used and switch ~ is for the remote 
sPin-uP oPtion. See Table 4-0 

Internal Jumper 0Ption Selection 

Several user selectable Jumper oPtions exist on the base PC board. 
the Internal JumPers is contained in Table 4-9. 

A list of 

The fol lowing procedure lists the required steps to select 
Jumper oPtions. 

the aPProPriate 
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CAUTION: This Procedure should only be performed by trained service 
Per·sonne 1. 

1. Disconnect "3.11 Power· and inter·face ca.bles fr·om the dr·ive. 

2. Remove the six screws <three on a side) along the bottom of the 
unit that secures the base PC board to the drive. 

3. Lower the PC board from the drive. disconnecting the inter-board 
ribbon cable and 9round wire. Caution must be used since 
components can be damaged by electostatic discharge. 

4. Select Proper Jumper oPtions bY referring to Table 4-Q 

5. Replace inter-board ribbon cable and ground wire. 

6. Secure base PC board back to bottom of drive using the six removed 
scr·ews. 

TABLE 4-9 - INTERNAL JUMPER OPTIONS 

S5 Remote SPin-UP 

Zl Read Driver Enable 

Z2 Read Clock Polarity 

Z6 Seek On Head Change 

Z7 Interface Servo 
c:1 ock ::::our·ce 

Z9 E:>::ter·na l ROM 
Emulator 

BC:tARD 
LOCATION'.:=; 

::=::witch 
Block 

A7 

A7 

Ell 

,_15 

MlO 

SETTING:::; 

LJp: 
Down: Remote SPin-UP 

For Maintenance OnlY 

1. 2: Nor·ma l 

G: Automatic Seek On 
Head C:hange 

s: Seek Command Required 

FACTORY 
DEFAULT 

x 

x 

After Head Change X 

1,2: Frequency Locked 
Clock 

2,3: Servo Field Clock 

For Maintenance Only 

x 
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DC Power Cable and Connector 

If the oPtional DC Power suPPlY is not being used. make sure the DC SUPPlY cable 
consists of ei9ht single wir·es, 18 AWG, and the cable connector· is· a Mole::-:: 21::::·~, 
Series or e~uivalent female connector. See Table 4-10 for the JlO DC Power Pin 
assignments. 

FIGURE 4-5 - BASE PCB. INTERNAL JUMPER LOCATIONS 

I 7 
a:o:n 
0 J 

~ 0 

Z9 

0 

OOG 

co::ID s z 6 

Z2 

Z I 

0 

cu::a 

I I 

DD 
DD 
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GROUNDING 

TABLE 4-10 

PIN NUMBER 

1 
2 

4 

6 
7 

J10 POWER PIN ASSIGNMENTS 

+24 v 
Gr·ound 
Or·ound 
-12 \j 

Gr0 ound 
-5 v 
Cir·ound 
+5 v 
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To ensure reliable oPeration. a good DC 9round should exist between all drives 
and the controller or comPuter svstem. Using a low impedance braided cable. 
connect all the drives in the disk svstem together with the svstem ground. If 
oPtional DC Power supplies are beins used, thev too should be connected to this 
9 r· o u n d. 

INITIAL CHECKOUT AND START UP 

The following Procedure is used to make the initial 
DC40 Power Drive. This Procedure assumes that 
requirements of this section have been Performed. 

Power· aPPlication to the 
the Preceding Procedures and 

1. Ensure the svstem AC Power circuit breaker is off. 

2. Verify the START/STOP rocker switch is in the off Position. 

3. Install the DC Power cable from the DC Power suPPlY to the JlO 
connector at rear of drive (connector not keved). 

4. Connect the A and B interface cables according to the disk 
svstem configuration. 

5. Turn on the subsvstem AC Power circuit breaker. 

6. Turn on svstem Power switch. The POWER and LOAD indicators 
should be illuminated. The WRITE PROTECT indicator mav be on. 
dePending on the Position of the WRITE PROTECT rocker switch. 
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7. Insert a disk cartridge into the disk drive. As the cartridge 
door· closes, an audible "clunk" should be hear·d when the 
cartridge seats on the spindle. 

8. Position the START/STOP switch to START. The sPin-uP se~uence 
is initiated: the spindle should begin to rotate. the load 
indicator extinguishes and the cartridge door locks. 

9. Ensure that disk is oPeratins normallv. and no error 
messages occur. 

PAOE 4-22 
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OPTIONS 

The items in Table 4-11 are accessories to the DC40 Power Drive. 

TABLE 4-11 - OPTIONS 

DESCRIPTION PART NUMBER 

Removable Cartridge 
DC40 Power Supply, 120 VAC 
DC40 Power Supply, 220 VAC 
Cable. Power SuPPlY to Drive 
Cool ins Fan Assembly, 120 VAC 
Cool ins Fan Assembly, 220 VAC 
::=;MD' Contr·ol "A" Cable 
SMD R/W "B" Cable 

082-00775-001 
l 01-001 ~)(>-00 l 
107-01074-001 
102-0049:::::-001 
107-01067-007 
107-01 (>.:'.:.7-00:::: 
102-00147-0XX* 
102-0014::::-0 xx* 

*Last two disits denote cable length 

CABLE LENGTH 
(in fe1~t) 

"A" C:ab le 
(Radial) 
102-00147-0XX 

4 ~=· 
~--· 

o 1. o:~ o:~: 04 

"A" Cable 31 32 3:~: 34 
(w/DaisY Chain 
Connector·) 
102-00147-0XX 

11 8 11 Cable 
102-0014::::-o xx 

Ol 02 03 04 

10 15 20 25 :30 40 50 

05 06 07 08 09 10 11 12 

35 36 37 ~8 39 40 4l 42 

05 06 07 08 09 10 11 12 





CHAPTER 5 

CQ06 DISK CONTROLLER 

INTRODUCTION 

Described in this manual is the installation, oPeration, Programming, 
troubleshooting, and theorv of operation for the Ford-Higgins Ltd. CQ06 Disk 
Controller. The controller interfaces the 11/23+ comPuter to one or two SMD J/O 
disk drives. including 8- and 14-inch Winchester, SMD Pack and CMD cartridge 
tvpe drives. The entire contoller occupies one quad module in the backplane. 
Full sector buffering in the contoller matches the transfer rate of the disk 
drive and the CPU. The controller is compatible with RK06/RK07 software drivers 
in RT-11. RSX-11, and RSTS/E. 

CONTROLLER CHARACTERISTICS 

The CQ06 Disk Controller links the 11/23+ computer to one or two disk storage 
units. The controller receives and interPrets commands from the computer and 
translates them into a form compatible with the disk. Buffering and sisnal 
timing for data transfers between the comPuter and the disks are also handled bv 
the controller. 

The sequence and timing of the controller is a microprocessor. The control 
information is stored as firmware instructions in read-onlv-memorY (ROM) on the 
controller board. A diagnostic Program contained in the ROM tests the 
functional operation of the controller. This self-test is performed 
automatically each time Power is aPPlied. A sreen lisht on the control board 
indicates if the self-test is successful. 

Data is transferred directly to and from the comPuter memory using the DMA 
facilitv of the 11/23+ Q-Bus. The controller monitors the status of the disk 
units and the data beins transferred and suPPlies this information to the 
comPuter upon request. An error correction code with a 56-bit checkword 
corrects error bursts UP to 11-bits. To compensate for media errors. bad 
sectors are skiPPed and alternates assisned. There is also an automatic retrv 
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feature for read errors. The controller is capable of addressing UP to four 
rnegabvtes and controlling UP to two disk drives in various configurations UP to 
a total on-line formatted caPacitv of 220.32 me9abvtes. - Figure 5-1 is a 
simPlified diasrarn of a disk svstem. 
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FIGURE 5-1 - DISK CONTROLLER SYSTEM DIAGRAM 

LSl·ll 0 BUS 

CONTROL (14) 
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CONTROL (8) 
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J2 
OISC 

DRIVE 

J 1 0 
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CONTROL 
CABLE 

DISC 
DRIVE 

J3 

26-PIN DATA CABLE 
FOR SECOND DRIVE 

Commands. data and status transfers between the controller and the computer are 
executed via the Parallel I/O bus (Q-bus) of the computer. Data transfers are 
direct to memorv via the DMA facility of the Q-bus; commands and status are 
under Programmed I/O. Controller/Q-bus interface lines are listed in Table 5-1. 

TABLE 5-1 CONTROLLER/Q-BUS INTERFACE LINES 

BIY:: PIN 

AC2.AJ1.AM1.AT1. 
BJ1.BM1.BT1.BC2. 
CC2,CJ1.CM1.CT1. 
DC2. [l._11 • DM 1 • DT 1 

AN1 

AP1 

AR1 

MNEMONIC 

GND 

BDMR L 

BHALT L 

BREF L 

CONTROLLER 
INPUT/ 
OUTPUT 

0 

(I 

NIA 

N/A 

DESCRIPTION 

Sisnal Ground and DC return. 

Direct Memory Access CDMA> 
request from controller: 
active low. 

Stops Prosram execution. 
Refresh and DMA is enabled. 
Console oPeration is enabled. 

Memo r· --.- R <e f r· e s h . 
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BA1 

881 

BN1 

BRl 

AA2,8A2.BV1.CA2. 
DA2 

AD2.BD2 

AE2 

AF2 

AH2 

A~2 

AK2 

AA1,AB1,AL2,BP1 

AM2 
AN2 
CM2 

BDCOK H 

BPOK H 

BSACK L 

BEVNT L 

+5 

+12 

BDOUT L 

BRPLY L 

BDIN L 

BSYNC L 

BWTBT L 

BIRQ4L,5, 
6.7 

BIAK1I L 
BIAK10 L 
BIAK2I L 

I 

N/A 

0 

0 

I 

N/A 

I/O 

I/O 

I/O 

I/O 

I/O 

0 

I 
0 
I 

DC Power ok. All DC voltages 
are normai. 

Primary Power ok. When low 
activates power fail traP 
sequence. 

Select Acknowled9e. Inter-
1 ocked with BDMGO indicating 
controller is bus master in a 
DMA sequence. 

External Event Interrupt Re
quest. Real Time Clock Con
trol. 

+5 volt system Power. 

+12 volt sYstem Power. 
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Data Out. Valid data from bus 
master is on the bus. Inter-
1 ocked with BRPLY. 

RePlY from slave to BDOUT or 
BDIN and during IAK. 

Data InPut. InPut transfer to 
master (states master is ready 
for data). Interlocked with 
BRPLY. 

Synchronize: becomes active 
when master Places address on 
bus; staYs active durins 
transfer. 

Write BYte: indicates outPut 
sequence to follow <DATO or 
DATOB> or marks bYte address 
time during a DATOB. 

Interrupt Request. 

Serial Interrupt Acknowledge 
inPut and outPut 1 ines routed 
from 0-Bus, throu9h devices, and 
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CN2 

AT2 

AU2.AV2,BE2.BF2. 
BH2,BH2,BK2,BL2. 
BM2,BN2,BP2,BR2, 
BS2.BT2,BU2,BV2 

AR2 
AS2 
CR2 
CS2 

AP2 

AC1.AD1,BC1,BD1, 
BE1,BF1 

Interrupt 

BIAK20 L 

BINIT L 

BDALO L 
through 
BDAL15 L 

BDMGlI L 
BDMG10 L 
BDMG2I L 
BDMG20 L 

BBS7 L 

BDAL 16 L 
-BDAL 21 L 

0 

I 

I/O 

I 
0 
I 

I 

0 

PAGE 

back to processor to establish 
and interruPt Prioritv chain. 

Initialize. Clears devices on 
I/O bus. 

Data/address lines. 0-15 

DMA Grant InPut and OutPut. 
Serial DMA Priority line from 
comPuter, through devices and 
back to computer. 

Bank 7 Select. Asserted by bus 
master when address in UPPer 4K 
bank is Placed on the bus. 

Extended Address Bits 16-21. 

The interruPt vector address is factorv-set to address 210 <or 254). The vector 
address is Programmed in a PROM on the controller. allowing user selection. 
Interrupt requests are generated under the followins conditions: 

1. When the Controller Ready bit is set uPon comPletion of a command. 

2. When any drive sets an associated Attention Flag in the Attention 
Register and the Controller Ready bit is set. 

When the controller or any drive indicates the Presence of an error 
by settins the combined Error/Reset bit in the Control and Status 
Re9ister. 

4. When the Controller Ready bit is set bY conventional initialization 
upon completion of a controller command or when an error condition 
is detected. A forced interrupt may be generated bY the 
Controller Ready and InterruPt Enable bits for test Purposes. 
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Disk Inter·face 

The controller interfaces one or two disk drives throush 60- and 26-Pin cables. 
I f biJ o d r- 1 v e s a r- e u s e d , t he 6 0- P i n c o n t r- o l cab 1 e ( " A " cab l e ) i s d a i s -.,.- - c ha i r1 e d t i:• 

d r· i v e 0 ti. n d 1 . The 2 6- P i n cab l e s ( 11 B 11 c .::i. b l e ) a r- e c o n n e c t e d s e Pa r- ate l Y f r· om t h '-"' 
controller to each drive. The maximum length of the 60-Pin cable is 100 feet. 
The maximum length of the 26-Pin cable is 50 feet. Table 5-2 lists the 60-Pin 
interface signals. and Table 5-3 lists the 26-Pin interface signals. 

TABLE c:- .-. 
· .. ,1-...::. CONTROLLER TO DRIVE I/O INTERFACE: "A" CABLE 

·:::I GNAL NAME 
( FHL_ TERM) 

Devi c E' 
.-. - 1 ect ·=·<= 

Devi r: E' ::::e l ect 
Devi c <? ::::el ect 

0 
1 
;: 

( u::::ELO) 
(USELi) 
( u::::EL2) 

Device Select 3 CUSEL3) 
Select Enable CUSTAG> 
Set Cylinder Ta9 CTAG1) 
Set Head Ta9 CTAG2> 
Control Select <TAG3) 
Bus Out 0 CBITO> 
Bus Out 1. <BIT1) 
Bus Out 2 CBIT21 
Bus Out ::.: CBir~:) 

Bus Out Lj. <BIT4) 
Bus Out i= 

·-' <BITS) 
Bus Out 6 CBIT6) 
Bus Out 7 (BI T?l 
Bus Out ·=· C BIT:=::) ·-· 
Bus Out 9 CBIT9) 
Bus Out 10 CBIT10) 
Device Enable COCO) 
In de::-:: < INDEX> 
Sector Mark <SEC) 
Fault <FAULT> 
Seek Error <SERR> 
On C....-linder <ONCYL) 
Unit Ready (UNRDY> 
Write Protected <WPRT> 
Address Mark <AMF> 
Bus-Dual-Port OnlY 
Se9uence In CPICK> 
Hold <HOLD) 

PIN POLARITY 
<ACTIVE) 

·-:··::· .&-·-· 

24 
26 
27 
22 

l 
2 

4 
c 
·-' 
6 
7 

10 
l1 
1 ·-:· ..:.. 

1 ::: 
::::o 
14 
i:::: 

15 
16 
17 
19 

20 
21 
29 

+ 

r::-·-· ·-•·.:· 
54 
56 
57 
i:::---
._1..::, 

:31 
·-=··-:· ·-·..:.. 

34 
.-.r.,: .. _, 

45 
4(:. 

47 
49 

50 
51 

SOURCE 

Contr·ol ler· 
Contr·ol l er· 
Contr·ol 1 er· 
C:o:intr·o 11 er· 
Contr·ol l er· 
Contr·ol l er· 
Contr·o 11 er· 
Co n tr· o l 1 e r· 
Contr·o 11 er· 
c:orrtr·o l l t-r· 
Corrtr·ol l er· 
Contr·ol l er· 
C o n t r· o 1 1 e r· 
C:ontr·ol l er· 
Co n t r· o l 1 e f' 
c: o n t r· o l 1 e r· 
Corrtr·ol ler· 
C::ontr·o 11 er· 
C::ontr·o l l er· 
Contr·o 11 er· 
Dr· i ve 
Dr· i ve 
Dr· i ve 
Dr· i ve 
Dr· i ve 
Dr· i ve 
Dr· i ve 
Dr· i ve 
Dr· i ve 
Contr·ol 1 er; 
C o n t r· o 1 l e r· 
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TABLE 5-:::: CONTROLLER TO DRIVE I 10 INTERFACE: "B" CABLE 

::::IGNAL 
<FHL TERM> 

Gr· o u n d 
Servo Clock <SCLOCK> 
Gr·ound 
Read Data CRDATA> 
Gr·ound 
Read Clock CRCLOCK> 
(3r· o u n d 

Write Clock <WCLOCK> 
Gr·ound 
Write Data <WDATA> 
Cir·ound 
Unit Selected <USEL> 
Seek End <SEEK> 
Gr·ound 
Reserved for Index 
Gr·ound 
Reserved for Sector 

F' IN F'OLAFi'. I TY 
<ACTIVE) 

+ GROUND 

~ 
._) 

~-.-. 
.LL 

10 

12 

14 

16 

l7 

19 

20 

·-:··-=· ..;_._1 

24 

26 

1 

15 

4 

1 ·=· ·-· 

7 

21 

0Peratins Svstem ComPatibilitY 

'.:::OURCE 

Dr· i ve 

Dr· i ve 

Dr· i ve 

Contr·o 1 l er· 

Co n t r· o 1 1 e r· 

Dr· i ve 
Drive 
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RT-1 l: The emulation is transparent to the RT-11 version 4.0 operatins svstem. 
usins the standard device handler suPPlied by FHL. 

The emulation is transparent to the RSX-11M and RSX-11M-PLUS version 
4.0 oPeratins svstems, using the standard device handler suPPlied bv FHL. 

RSTS/E: The emulation is transparent to the RSTS/E version 7 ? operating 
svstem. usins the standard device handler suPPlied by FHL. 

Controller Specifications 

<Controller specifications are subject to change without notice.) 
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MECHANICAL: The Mo de l COO.'.':. 
10.44 inches wide bY 8.88 
the 11/23+ based backPlane. 

C o m P u t e r· I I 0 

is entirely contained on one quad module 
inches deep, and Plugs into and requires 

Resister Addresses <PROM selectable): 

* Control/Status Resister 1 <RKCS1) 777 440 
* Word Count Register (RKWC> 777 442 
* Bus Address Register (RKBAl 777 444 
* Disk Address Register <RKDA> 777 446 
* Control/Status Resister 2 <RKCS2) 777 450 
* Drive Status Resister <RKDSl 777 452 
* Error Resister <RKER) 777 454 
* Attention Summary/Offset Resister <RKAS/OFl 777 456 
* Desired CYlinder Resister (RKDC) 777 460 
* Extended Memory Address Register <RKXMA> 777 462 
* Data Buffer Resister <RKDBl 777 464 
* Maintenance Resister 1 CRKMRll 777 466 
* ECC Position Resister <RKECPS> 777 470 
* ECC Pattern Register <RKECPTl 777 472 
* Maintenance Resister 2 CRKMR2l 777 474 
* Maintenance Resister 3 CRKMR3) 777 476 
* En ab 1 ~::.- Re a l T i me C l o c k Co n t r· o 1 ( R ~:::ER TC ) 7 7 7 5 4 6 

D;::i. ta Tr·ansfer· 

* M<? tho d: DMPt 

PAGE 5-::::: 

measur·in~1 

one slot in 

* Maximum block size transferred in a sinsle operation is 64K words. 

Bus Lo;;i.d 

* 1 std unit load 

Ad d r· e s s Ran 9 e s 

* Disk dr·ive: UP to 220.32 me9abYtes 
* Computer memory: UP to 2 megawords 

Interrupt Vector Addresses 

* PROM selectable, factory set at 210 (or 254) Priority level BR5 
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Disk Dr·ive I/O 

C:ONNECTOR - ont- 60-Pin tYPe "A" flat r·ibbon cable mounted on outt-r· ed9e 0 f 
controller module. 
interfaced with). 

Two 26-Pin t .. ,.-pe r·ibbon cables ( 1 for· each dr·ive 

SIGNAL - SMD A/B flat cable compatible 

POWER - +5 volts at 3.5 amps, +12 volts at 300 milliamPs 
SUPPl ··,··. 

fr· om comPut1.::.r· Power· 

ENVIRONMENT - 0Peratin9 temperature 40 degrees F. 
10 to 95% non-condensin9. 

to 140 degrees F .• 

SHIPPING WEIGHT - 5 Pounds, includes documentation and cables. 

h IJ IT! j d 1 t ·{ 
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INSTALLATION 

Installation instructions for the disk drive are contained in the disk drive 
manual. Before installing anv components of the disk svstem, read the manual. 
Figure 5-2 illustrates the configuration of the controller. Tables 5-4 and ~-5 

describe switch and JurnPer settings. 

FIGURE 5-2 - CONTROLLER CONFIGURATION 
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TABLE 5-4 - CONFIGURATION SWITCHES 

LOCATION 017 SWITCHES 

51 
(LSB) 

S2 S3 
(MSB) 

31nary Number of the first 
logical unit of the second 

physical drive.• 

54 

ON = Bootstrap 
enable 

OFF = Bootstrap 
disable 

"For example, if there are four logical 
units (numbered 0-3) In the first 
drive, set the switches for the filth 
logical unit (number 4) as follows: 

(LSB) 
S1 S2 

0 0 

(MSB) 
S3 

S5 

ON = Controller error 
correc!lon 

OFF = CPU error 
correction 

Note 

S6 
(LSB 

S7 sa 
(MSB) 

Binary number of last 
addressable logical unit 
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S9 

ON = Enable Real Time 
Clock Control. When 

enabled, emulates the real 
lime clock register, 

address 777 546 
OFF = Disables Real Time 

Clock ControL 

If 51, S2, and S3 are off (000), the controller will default to all logical units on the first physical drive (drive OJ. Because of 
the characteristics of some operating systems, the switches should be set for two drives even if only one drive is 
present. 

LOCATION C23 SWITCHES 

Logical Unit 
Switch Position and Emulation 

S1 ON LUO = RK07 
OFF LUO :;:;; RK06 

S2 ON LU1 = RK07 
OFF LU1 = RK06 

S3 ON LU2 = RK07 
OFF LU2 = RK06 

S4 ON LU3 = RK07 
OFF LU3 = RK06 

S5 ON LU4 = RK07 
OFF LU4 = RK06 

S6 ON LU5 = RK07 
OFF LUS = RK06 

S7 ON LU6 = RK07 
OFF LU6 = RK06 

sa ON LU7 = RK07 
OFF LU7 = RK06 
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TABLE 5-5 JUMPER INSTALLATION 

Boor:::TRAP 
ADDRESS JUMPERS E16 

. c *A to 8 ( sta.ndar·d) 77::;: 000 
D. • A 

.8 A t 0 c (a 1 h.:.r·n"3.te) 775 000 

DEVICE 
ADDRESS JUMPERS D19 

R to K (standard) 777 440 
Interrupt Vector = 210 

R to P (alternate) 776 700 
Interrupt Vector = 254 

* On the 11/23+ comPuter. bootstrap address 775 000 must be used. 

Jnstal lat ion 

T 1:i i n s t o3. l 1 t h ~~ c o n t r" o l l e r· mo d u 1 E.' , P r· o c e e d a s f o l l o UJ s : 

CAUTION: Remove DC Power from mounting assembly before inserting or 
removing the controller module. Damase to the backplane 
assembly mav occur if the controller module is Plugged in 
backLtJar·d= .. 

l. ::=:elect the 
ins<::-r·ted. 
DMA device 

backplane location into UJhich the controller is to be 
Be sure that the disk controller is the lowest Prioritv 
in the computer excePt if the DMA refresh/bootstrap ROM 

option module is installed in the svstem. The lowest Priority 
device is the farthest from the Processor module. Note that the 
controller contains a bootstrap ROM. 

Figure 5-3 shows tYPical backplane configurations. Note that 
the Processor module is always installed in the first location 
of the backplane or in the first location in the first backplane 
of multiPle backPlane systems. 

It is important that all option slots between the Processor and 
the disk controller be filled to ensure that the daisy-chained 
interrupt <BIAK> and DMA <BDMG> signal be complete to the cont
roller slots. If there must be emPtv slots between the controller 
and any oPtion board. the folloUJing backplane Jumpers must be 
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installed: 

FROM 

CO >:: N'.::: 
co >:: ::::2 

(last full 
option slot) 

TO 

CO >=: M2 
CO x R2 

( contr·ol l er· 
slot> 

'.:::I GNAL 

Brr.w:11Lo 
BDMG1/LO 

2. Insert the controller into the selected backPlane Position. Be 
sure the controller is installed with the comPonents facing row 
one, the Pr·ocessor·. 

The controller module is equiPPed with handles on the side 
oPPosite the slot connectors. Gentlv Position the module 
slot connectors in to the backplane. then Press until the 
module connectors are firmlv seated into the backPlane. Both 
handles must be Pressed simultaneouslv. When removing the 
module, aPPlv equal Pullin9 Pressure to both handles. 

3. Feed the module connector end of the disk I/O cables into the 
controller module connectors. Make sure that Pin 1 is matched 

PAGE 5-1 :::: 

with the triangle on the connector as shown in Figure 5-4. Install 
the cable connectors into the module connectors. Verify that the 
connectors are firmlv seated. 

4. Connect the disk-end of the I/O cables to the disk I/O connectors. 
Be sure that the bus terminator is.installed at the last disk 
in the system. 

5. Refer to the disk manual for operating instructions and aPPlY 
Power to the disk and comPuter. 

6. Observe that the green diagnostic LED on the controller board 
is 1 it. 

7. The svstem is now ready to oPerate. 
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FIGURE 5-3 - TYPICAL BACKPLANE CONFIGURATION 

LOCATION A B 

_______ OPTIQ!:!_~ 

__ __ OPTION ~ ·--

___ O_i>_TION 6 

PREFERRED DISC 
CONTROLLER LOCATION 

c D 

OPTION• 

OPTION 5 

PROCESSOR 
MODULE 

t 
COMPONENT SIDE 

H9270 MODULE INSERTION SIDE 

Gr·ounding 

POWER 
TERMINA 
BLOCK 

A 

OPTION 

>--- OPTION 
+ 12'1 0 
-SV ~ OPTION 

• 5V ~ 
+5VB 0 OPTION 

GND ~- OPTION 
GND ~ 

- 12v 0 OPTION 

L/ 
OPTION 

OPTION 

PREFEAED DISC 
CONTROLLER LOCATION 

B c 

2 OPTION 

J OPTION 

6 OPTION 

7 OPTION 

10 OPTION 

11 OPTION 

14 OPTION 

15 OPTION 

a standar·d 
to the disk 

points. 

To Prevent grounding Problems. 
the computer DC ground Point 
disk drives at the DC ground 

D 

1 

• 
5 

8 

9 

12 

13 

16 

I/ 

PROCESSOR 
E 

E/.MODUL 

F 

USER DEFINED 
SLOTS 

6 

ground braid should be 
drive DC ground Point 
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installed fr· om 
and also between 
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OPERATION 

Intr·oduction 

This section contains Procedures for operating 
controller and a disk drive or drives. 

the computer system 
An understandin9 of DEC 

with 

Pr·ocedur·t-s is ass1.1med. Tht- mater·ia.l ht-r·t- is Pr·ovided for· "fir·st ti me user· s" 
for·matting, disk subsystems and describes Procedures 

diasnostic testin9. 

Precautions and Pre-operational Checks 

for bootstraPPin9, 

the 

0 f 
and 

The followins Precautions 
Failure to observe these 
cartridse, the computer, or 

sh1:iuld be observt-d while 
Precautions could damase 

could erase a Portion or all 

OPeratins the svstem. 
the controller. the disk 

of the stored hardware. 

1. If the controller bootstrap is to be used, set controller 
switch 84 on, and disable other bootstraps that reside 
at that address. 

:2 .. See Fis ur·e 
:::;ee Tab 1 es 

5~2 

5-4 
for· 
and 

Proper Positions of the switches and Jumpers. 
5-5 for switch and Jumper settin9s. 

3. Do not remove or replace tht- controller board with power aPPlied 
to the COITIPUter·. 

Before operation the followins checks should be made: 

1. Verify that the controller board is firmly seated in backplane 
connector·. 

2. Verify that the cables between the controller and the disk drive 
a.r·e installed. 

·-=· ·-·. Be sure the disk drive cartridge is installed <if it is to be 
used). 

4. APPlY Power to the comPuter and the console device. 

5. Verify that the sreen diasnostic lisht on the controller board 
1 ishts. 

6. Be sure Power is aPPlied to disk drive and READY lisht is on. 

Bootstrap ~rocedure 
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F'ROCiRAMM I NG 

Programming Definitions 

FUNCTION - The expected activity of the disk system (write, seek. 
r·ead, etc.) 

COMMAND - To initiate a function (halt. clear. go, etc.) 

INSTRUCTION - One or more orders executed in a Prescribed sequence 
that causes a function to be Performed. 

ADDRESS - The binarv code Placed in the 8DAL015 lines bY the bus 
mas.ter· .to select a r·<..=>gister· in a sl-3.ve d<?vice. NOTE: fi:·r· 
memory other than computer internal memory, i.e., Peri
Pheral device registers. the UPPer 4K <28-32K) address 
sPace is used. 

REGI::::;TER An associated group of memory elements that react to 
a single address and store information (status. control, 
data) for use by other assemblies of the total computer 
system. Classically, registers have been made UP of 
groups of fliP-floPs. More and more often, registers 
are th~ contents of addressed locations in solid-state 
or· co r·e memo r···,··. 

D i s k C •:. r1 t r· o l l e r· F u n c t i o n s 

A function is initiated b··,·· a 
a series of instructions that store 
re9isters. To accePt a command and 

be Properly addressed and the disk 

The disk controller Performs 14 functions. 
command after the Processor has issued 
function-control information into controller 
Perform a function. the controller must 
drive(s) must be powered up, be at operational speed, and be r·e.::i.d··,··. 

The functions Performed bY the controller are established by 
and 04 of the control status r·egistt-r· <RKCSl). Th1.~ function 
siven in Table 4-1. 
P .::i. r· a 9 r· a F' h s • 

DescriPtions of the functions are 9iven 

bits 
and 

in 

02, 
b i t c o d i n g s a r· e 

the following 

Note that the controller automatical lY Performs certain functions durin9 each 
commmand. For example, the controller always Performs the following steps: 
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1. Decodes instruction 

2. Selects drive 

3. Acknowled9es Pack <tests for RK06/RK07 drive tYPe) 

4. Executes one of the followins rema1nins nine functions 

TABLE 5-6 

BIT 
4321 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 

Select Drive 

FUNCTION CODES 

COMMAND 

Select Drive 
Pack Acknowledse 
Drive Clear <Reset Attention Status) 
Unload (No Qp) 

Start SPindle (No Qp) 

Recalibrate <Restore Drive and Reset Fault) 
Offset 
Seek 
Read Data 
Write Data 
Read Headers (1 Track of Headers) 
Write Headers <Format Track) 
Write Check 
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Performed automatically as Part of all 
(connects drive). 

functions related to drive selection 

Pack Acknowled9e 

Performed automatically to 
related to drive selection. 

Drive Clear 

verify emulation CRK06/RK07) 
Controls bit 08 in RKDS. 

Resets attention status in RKAS/OF. 

as Part of all functions 
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Recalibrate 

Relocates the heads to cylinder zero and clears the cylinder addre~s 

Also resets all fault conditions. Sets attention bit in RKAS/OF. 
resister. 

Off set 

Sets drive attention bit in RKAS/OF. 

Seek 

Performed automatically as Part of all functions related 
Sets attention bit in RKAS/OF. Durins OverlaPPed Seeks. 
into RKMR3 (Maintenance Resister 3). 

Read Data 

to drive selection. 
loads cylinder address 

Causes the followins sequence to be executed: A Seek to the cylinder in RKDC is 
Performed. Headers are read and compared with the desired disk address until 
the correct sector is found. Transfer of data throush the data buffer to memorv 
is initiated. When the sector data transfer is complete, the ECC logic is 
checked to ensure that the data read from the disk was error-free. If a data 
error occurred. the ECC correction Josic is initiated to determine whether the 
error is correctable; when finished. the command is terminated to allow 
software or hardware (as selected> to aPPlY the correction information. 
Assuming no data errors, the word count in RKWC is checked; if non-zero. the 
data transfer operation is repeated into the next sector. The word count is 
checked at the end of each sector until it reaches zero. at which time the 
command is terminated by settins the Ready bit. 

Write Data 

Causes the followins sequence to be executed: A Seek to the cylinder in RKDC is 
Performed. Transfer of data from memory to the data buffer is begun, and 
headers are read and compared with the desired disk address until the correct 
sector is found. Preamble, Data C256 words), and ECC bits (56) are written on 
the disk. If the word count in RKWC soes to zero durins the sector. the rest of 
the sector is zero-filled. After the sector transfer. the word count is RKWC, 
is checked, and if non-zero, the data transfer operation is continued into the 
next sector. The word count in RKWC is checked at the end of each sector and. 
when it equals zero. the command is terminated bv setting the Ready Bit. 
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A :::;et::. k to 
contr·o 11 er· 

tht
t 0 

cvl i ndt-r· 
r·ead al l 

in RKDC is Performed. This functioo causes the 
headers starting at the Index mark. Each 5-word header 

is read in the order in 
detected in the header, 

which it appears on the disk. If an ECC error is 
the HRE bit of RKER is set. 

Wr· i tt- Header·s 

A Seek to the cvlinder in RKDC is Performed. The controller then waits until 
Index is detected. When detected, zeros are written until Index is again 
detected. This "cleans" the tr·ack of Potential sPur·ious signals. After· Inde::-: 
is d(::.-tected a second time. 5 header· tJJor·ds and a :::~2-bit ECC ar·e wr·itten after 
each sector Pulse. When Index is next detected, the command is terminated and 
the Readv bit is set. 

NOTE: All five words and the ECC code are Prepared bv the format 
routine (software) and treated as data bv the controller. 
Onlv one complete track can be formatted at a time. 

Wr·ite Check 

Causes the following se~uence to be executed: A Seek to the ~vlinder in RKDC is 
Performed. The selected drive Provides data as in a Read command. and data is 
obtained from memorv as in a Write command. The data are comPared on a 
word-for-word basis until the word count reaches zero or until a failure to 
compare occurs. If the data fails to comPare. the command is terminat0d 
immediately. 

MaPPins and MaP Override 

In a tvPical FHL disk subsvstem. the method bv which the disk dr· i ve finds 
Proper location to read data from or write data to is as follows: 

1. The aPPlication software Program running under the oPeratins 
svstem sends a record number to the disk device driver software. 

2. The device driver converts this record number into head. sector, 
and cylinder numbers. 

·-=· ·--·· The driver then sends this information to dedicated hardware 
registers on the disk controller. 

th<.? 
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4. The controller in turn Passes these Parameters on to the disk 
drive over I/O interface cables. 

5. The drive interprets these signals and activates electronics and 
electromechanics enabling it to seek to the exact PhYsical 
location where information will be recorded or retrieved. 

In an FHL subsystem which includes the CQ-06 controller, the above Procedure is 
the same UP to steP 4. But instead of Passing on the head. sector and cylinder 
information to the drive, the controller first takes that information sent bY 
the device driver software and reconverts it to the original record number. 
Then bY invoking a sPecial algorithm, the controller develoPs a new head. sector 
and c·,··- l inder· number·. This is cal led "maPPing" and it is a necess;:i.r···,·· Pr·oced1Jr·,:. 
whenever the disk drive that is attached to the CPU does not contain the same 
sPecifications as the drive suPPlied by the CPU manufacturer. 

of the dis. k MaP Override is nothing more than a sPecial operating mode 
controller which allows it to transfer the disk address 
described in stePs 1-5, bypassing the maPPing Procedure. 
feature is onlv used in an environment in which the user 

to the dr·ive as. 
TYPically, this 

re9uires the entire 
disk drive to be formatted as one large logical unit. In other· wor·ds, 
l o 9 i c a l u n i t w o u 1 d e <=1 u a l o n e P ly·,·· s i c a 1 u n i t . 

~nable Real Time Clock Control 

The real time clock line is from the 60-cYcle Power SUPPlY in the LSI. The 
0Peratin=:i SYstem uses the clock for time and date. The line on the Q-Bus. 
BEVNT, can be disabled bY a switch on the controller, which when ON enables real 
time clock control. or when OFF disables control. The register. address 777 
546, is shown at the end of this section. 

A summary of the 
1~ a c h r· '-~ 9 i s t e r· • 

is shown in Figure c= c 
._1- ... :i., followed by a descriPtion 1::if 
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FIGURE - CONTROLLER REGISTER CONFIGURATION 

BIT POSITION 

CONTROL ANO STATUS 1 
777 .. 0 (RKCS1) 

WOROCOUNT 
7714•2 (RKWC) 

BUS ADDRESS 
177 ••• (RKBA) 

OISC AOORESS 
777 •46 (RKOA) 

CONTROL ANO STATUS 2 
717 450 (RKCS2) 

ORIVE STATUS 
777 •52 (AKOS) 

ERROR REGISTER 
777 ·~ (AKER) 

ATTENTION SUMMARY ANO 
OFFSET 777 •56 (AKASIOF) 

OESIAEO CYLINDER 
AOOAESS 777 •60 (AKOC) 

MSB LSB 

I 15 I ,. 13 ,2 ,, 10 09 oa 01 06 os a. 03 02 01 oo 

I 

EAR 01 
AST 

0 GAP TO 06/ X MEM CR IE 
07 

WOAO COUNT 

BUS AOOAESS 

HEAO AOORESS 

0 lwcEI o INEOINEMI PE IMOSI 0 0 , 

0 FUNCTION 

SECTOR AOORESS 

I SCL I IBA I 0 

I SC I PIP I 0 I WP I SPARES 1~10R,os1 SE 0 I OF I 0 

OCK OU 01 0 WPE 10 COE HAE BSE HEC DTE 0 0 0 
· AE 

GO 

OS 

0 , 

SI ILF 

ATTENTION NOT USEC I ON I OP I NOT USEC 

DIAGNOSTIC MOOE NOT USEC CYLINDER AOORESS 

EXTENOEO MEMORY NOT USED XMF NOT USEC XMF NOT USED BITS 1&21 
ADDRESS 777 462 (RKXMAI 

REAOIWRITE BUFFER 
777 4~ (AKOBI 

MAINTENANCE 1 
777 466 (RKMR1) 

ECC POSITION 
777 470 (RKECPS) 

ECC PATTERN 
777 • 72 (RKECPT) 

MAINTENANCE 2 
777 474 (RKMR2) 

MAINTENANCE 3 
777 476 (RKMAJ) 

ENABLE REAL TIME CLOCK 
CONTROL 777 S4e (RKERTC) 

DATA BUFFER 

NOT USED FIRMWARE 
MODEL 

NOT USEC ERROR POSITION 

NOT USED ERROR PATTERN 

HEAO MAPPED SECTOR MAPPED 

NOT USED CYLINDER MAPPED 
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CONTROL ~ STATUS ReC::t1sTER i. 
BIT<:::;) DEFINITION 
00 GO - When set, this bit causes Pro9rammed commands (function 

Ol-04 

1: o d e s ) t o b e e >~ e c u t e d • W h e n s e t , o n l ·.,.. t w o o t h e r· b i -t s c a n b e 
s e t ( e :=< c e P t i n t h e d i a 9 r11:0 s t i c m o d e ) ; t h e Y a r· e : 8 i t l 5 , CCL R , 
in RKCSl, and Bit 05, SCLR, in RKCS2. 

FUNCTION CODE--

BIT 
4:~:21 0 (GO) 

0000 1 
OOOl 1 
0010 1 
0011. 1 
0100 1 
01.01 1 

0110 1 
011 1 1. 
1000 1 
1001 1 

OCT{4L 

01 
o:::: 
05 
07 
1 1 
j ·-=· . ·-' 

15 
17 
21 
·-:··::· 
,..:.._ ·--· 

COMMAND 

::::e 1 e ct Dr· i ve 
Pack Acknowled9e 
Drive Clear <Reset Drive Fault) 
Unload (No 0Peration) 
::::tar·t ::::Pindle 
Recalibrate <Restore Drive 

Reset Fault) 
Offset 
Seek (No Operation) 
Read Dat.:i. 
Wr·ite Data 
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1010 1 
1011. 1 

.-.c:-_..::..._. 

27 
Read Headers (1 Track of Headers) 
Write Headers <Format Track) 

1 100 1 31 W r· i t e Che c k 

05 SPARE - ALWAYS 0 

06 INTERRUPT ENABLE - When this bit is set, the controller is 
allowed to interrupt the Processor under any of the followin9 
conditions: 

* When the Controller Ready bit (bit 07 in RKCSll is set 
UPon completion of a command. 

* When any drive sets an associated Attention fla.9 <ATN7-
ATN0) in RKAS/OF, and the Controller Ready bit is set. 

* When the controller or any drive indicates the Presence 
of an error by settin9 the ERR/RST bit in RKCSl. 

In addition, via Pro9ram control, an interrupt can be forced 
bv the simultaneous settin9 of the IE and RDY bits in RKC:Sl. 
The IE bit can be reset via Pro9ram control as well as bY 
conventional initialization <INIT, CCLR, :::::CLR>. 

07 CONTROLLER READY - This is a read-only bit. It is set via 
convention;:!.] initial izati•:on ( INIT, CCLR, :::C:L_R) upon comPletion 
of a controller command, or when an error condition is de-
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tected. The RDY bit is reset when the GO bit (bit 00 in RKCS1> 
is set. 

10 

l1 

EXTENDED BUS ADDRESS - These bits constitute an extension of 
the 16-bit Bus Address register CRKBA>, which contains the 
memory address for the current data transfer. 

RK06/RK07 SELECT - When set. this bit selects RK07. 
reset, RK06 is selected. 

OPERATION TIME OUT - When set, this read-only bit indicates 
that the GO bit has been set for a specified time Period and 
the current command has not been executed within that time 
Per·iod. 

12 GAP CONTROL - In the Write Header command ~Jr write format) 
bit 12 will direct the controller to generate a long gap 
(24 bytes) or a short 9aP (16 bvtes> between sector and 
header·. NOTE: When bit 12 is St'?t. the Wor·d Count Register· 
should be set for 520 bytes. 

Bit 12 1 = :::;hor·t Gap 

2 = Leong GaP 

In the Wr·itt- Data or· Read Data command. bit l2 wi 11 .dir·ect 
the controller to Write or Read a st-ctor data field (512 bvtes) 
with or without ECC (7 bvtes) to or from memorY. 

Bit 12 1 = 512 Bvtes + 7 BYtes 
<DATA> CECC) 

0 - 512 Bytes 

SPARE ALWAYS 0 

14 DRIVE INTERRUPT ENABLE <SEEK OR RESTORE> - This bit is set 
during a Seek or Restort- operation or when any attention bit 
is set in the RKAS/OF rt-gister. The bit is reset by Bus 
Initialize <INIT), Subsystem Clear <SCLR) or by Drive Clear 
commands asserting attention. 

15 COMBINED ERROR/RESET - When reading bit 15 via Programmed 
control. a zero indicates an oPeration comPlete with good 
status; a one indicates an operation comPlete with an error. 
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WORD COUNT REGISTER 777 442 <RKWC> 

15 00 

WORD COUNT 

This is a Read/Write re9ister. The bits of this re9ister contain the 2/s 
complement of the total number of words to be transferred durin9 a Read. Write, 
or Write Check operation. The re9ister is incremented by one after each 
transfer. When the re9ister overflows (all WC bits 90 to zero). the transfer is 
comPlete and controller action is terminated at end of the Present disk sector. 
OnlY the number of words specified in the RKWC are transferred. It is cleared 
by INIT or RESET functions. 

BUS ADDRESS REGISTER 777 444 <RKBA> 

15 ()() 

BUS ADDRESS 

The Bus Address Re9ister is initially loaded with the low-order sixteen bits of 
the bus address that reflects the main memorv start location for a data 
transfer. With the low-order bit (bit 00) always forced to zero. the Bus 

'Address Re9ister bits are combined with bits 09 and 08 of the RKSCl register 
(8Al7. 8Al6) to for·m .;i c.:•mPlete even-n•Jmber·ed, 1::::-bit memor· .. ,.. addr·ess. Fc·llou.1ir1'C1 
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each data transfer bus cvcle. the Bus Address Re9ister is incremented to select 
the next even-numbered location. 

DISK ADDRESS <TRACK AND SECTOR) REGISTER 777 446 <RKDA> 

00-04 
(00-07) 

0::::-1 (I 
( 0:3-15) 

15 08 07 ()() 

HEAD ADDRESS SECTOR ADDRESS 

DEFINITION 

SECTOR ADDRESS - In the emulation mode. bits 00-04 select 
UP to 20 sectors of 16-bit words. In the maP override 
mode, bits 15, 14, 1::;:, 12 in the DE"sir·ed Cvlinder· 
Re9ister 777 460, are set to 1. (l, o. Q, resPectivelv. 
The Sector Address then uses bits 00-07. 

HEAD <TRACK> ADDRESS - In the emulator mode. bits 08-10 
select h<?ads O, 1, 2. In the maP over·ride mode, bits 
15. 14. 1::::, 12 and in thE- Dt.-sir·ed C....-1 inder· Addr·ess Re9-
ister 777 460, are set to 1, O. 0 and O. resPectivelv. 
The Head <TRACK> Address then uses bits 08-15. 
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CONTROL AND STATUS REGISTER 2 777 450 <RKCS2> 

00-0:::-: 

04 

05 

07 

o:=::: 

11 * 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 00 

0 WCE 0 NED NEM PE MOS 0 0 SCL IBA 0 OS 

DRIVE SELECT 
SPARE-ALWAYS 0 

INHIBIT BUS ADDRESS 
SYSTEM CLEAR 

INPUT READY (ALWAYS 1) 
OUTPUT READY (ALWAYS 0) 

SPARE-ALWAYS 0 
MULTIPLE DRIVES SELECTED 

PROGRAM ERROR 
NONEXISTENT MEMORY 

NONEXISTENT DRIVE 
SPARE-ALWAYS 0 

WRITE CHECK ERROR 
SPARE-ALWAYS 0 

DEFINITION 

DRIVE SELECT These bits specify the drive to be selected. 

ALWAY:::; 0 

INHIBIT BUS ADDRESS INCREMENT - When this bit is set. the Bus 
Address register is Prevented from incrementing during data 
tr·ansfer·s. 

SYSTEM CLEAR - When this bit is set, the controller and drive 
ar·e reset. 

INPUT READY - ALWAYS 1 

OUTPUT READY - ALWAYS 0 

SPARE - ALWAYS 0 

MULTIPLE DRIVES SELECTED - This bit 
drive has been selected at the same 
be cleared by INIT or SCLR. 

is set 
time. 

when more than one 
This bit can onlv 

PROGRAM ERROR - This read-onlv error bit is set if anv 
controller register is written <CCLR and SCLR excluded) while 
the GO bit in RKCSl is set. 

NONEXISTENT MEMORY - This read-only error bit is set when the 
controller attemPts to execute a bus cvcle and SSYN is not 
returned within the specified time Period. 

NONEXISTENT DRIVE - When set. this read-onlv error bit indi-
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15 

cates that Select Acknowledse <SACK> has not been asserted 
bv the selected drive in response to a Select Enable sent 
teo the dr0 ive. 

:=:PARE - ALWAYS 0 

WRITE CHECK ERROR - When set. this read-onlv bit indicates 
that a data word read from the disk (during a Write Check 
command) did not compare with the data word in main memorv. 
If a Write Check error is detected and the IBA bit (bit 04 
of RKC::'.:2) is clear0 ed. Bus Addr0 <-'"SS r0 t-gisbo•r0 u•i 11 contain 
the memory address of the mis-matched word Plus two or 
Plus fouro. 

SPAR~ - ALWAY::: 0 

*Causes bit 15 in RKCS1 to set. 

DRIVE STATUS REGISTER 777 452 <RKDS> READ ONLY REGISTER 

BIT<S> 

00 

01 

02 

o:::: 

04 

15 14 13 12 11 10 09 08 07 06 05 04 03 

SC P1P 0 WP SPARES 06/ OR OS SE 0 OF 
07 

01 ()() 

0 

SPARE-ALWAYS 1 
SPARE-ALWAYS 0 

SPARE-ALWAYS 0 
DRIVE FAULT 

SPARE-ALWAYS 0 
SEEK ERROR 

DRIVE SELECT 
DRIVE READY 

RK06/RK07 
SPARES-ALWAYS 0 

WRITE PROTECT 
SPARE-ALWAYS 0 

POSITIONING IN PROGRESS 
SEEK COMPLETE 

SPARE-ALWAYS 1 

DESCRIPTION 

SPARE ALWAYS 1 

::::PARE AL.WAY:::: 0 

SPARE - ALWAYS 0 

DRIVE FAULT - When set, indicates an error condition is 
detected within the drive and is Prohibiting all operations. 
This bit is reset manuallv bv clearing the fault condition 
within the drive. 

SPARE - ALWAYS 0 
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05 

06 

07 

o::::: 

09-10 

11 

1 '":• . ._ 

1 ·-=· ·-· 

14 

15 

:::::EEi< ERROR - Wher1 set, indicates a seek was not •:omPleted 
within a specified time Period after it was initiated. 

DRIVE SELECTED - When set, the drive is selected and on-line. 

DRIVE READY - Drive ReadY is a read-onlv bit which when set 
indicates the selected drive is UP to sPeed. the heads are on 
cvlinder and the drive is ready to accePt commands. It is 
reset when these conditions are not met or when drive is 
seekin!O'I. 

RK06/RK07 - When set indicates RK07; when reset indicates 
RK06. 

SPARES - ALWAYS 0 

WRITE PROTECT 
Pr·otected. 

SPARE - ALWAYS 0 

When set, the selected disk is write 

POSITIONING IN PROGRESS - When set, the selected disk is 
wr·it(=:- Pr·otected. 

SEEK INCOMPLETE - This read-only bit sets when the drive is 
ON CYLINDER. SEEK or RESTORE is comPleted. 

ERROR REGISTER 777 454 CRKER> 

15 14 

DCK DU 

13 

01 

12 11 

0 WPE 

10 

ID 

AE 

09 08 07 06 05 04 03 

COE HAE BSE HEC DTE FE 0 

02 01 00 

0 SI ILF 

ILLEGAL FUNCTION 
SEEK INCOMPLETE 

SPARE-ALWAYS 0 
SPARE-ALWAYS 0 

FORMAT ERROR 
DRIVE TYPE ERROR 

HARD ECC ERROR 
BAD SECTOR ERROR 

HEADER READ ERROR 
CYLINDER OVERFLOW ERROR 

INVALID DISC ADDRESS ERROR 
WRITE PROTECT ERROR 

SPARE-ALWAYS 0 
OPERATION INCOMPLETE 

DRIVE UNSAFE 
DATA CHECK 
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BIT(:::;> 

00 

Ol 

02 

o:~: 

04 

05 

07 

lO 

l 1 

12 

DEFINITION 

ILLEGAL FUNCTION - When set. this read-unlv bit indicates 
that an illegal command has been loaded into the RKCs1· 
r·egister·. 

SEEK INCOMPLETE - When set. this read-onlY bit indicates 
that a seek operation has not been completed by the 
s1:•lected drivE·. 

SPAF:E ALWAY:::; 0 

FORMAT ERROR - When set in conJunction with bit 
that the sector Pulses are too close together. 
message is "SECTOR SIZE TOO :::;MALL." 

09. indicatE:-s 
Diagnostic 

DRIVE TYPE ERROR This read-onlY bit is set when the drive 
tYPe status does not comParE- with Control Drive TYPe bit 
(RKC::'.;1, bit 10), i.e., Rl<O~. instead of R~:::07 or· vicE--ver·sa. 

HARD ECC ERROR - When set, this read-onlY bit indicates that 
a data error detected bY the ECC logic cannot be corrected 
using ECC:. 

BAD SECTOR ERROR - When set, this read-onlY bit indicates 
that a data transfer was attempted to or from a sector and 
the sector is bad. 

HEADER READ ERROR - When set. this read-only bit indicates 
that an uncorrectable ECC error was detected on a sector 
h ea de r· d u r· i n 9 a. d a t a t r· a n s f '2 r· • I f b i t l :~: i s a I s o s (? t • t h e 
er·r·or· indication is "HEADER NOT FOUND." 

CYLINDER OVERFLOW ERROR - When set. the word count is not 
e9ual to zero and the operation is Prosrammed to continue 
b12·-.--ond th12 last logical sector· on th<? disk. This will occur· 
on a RE-ad or Writ<? data OPE-ration. 

INVALID DISK ADDRESS ERROR - When s<?t. this bit indicates 
that an invalid cYlindE-r address or an invalid head address 
has been det<?cted during a Se<?k command or Write/RE-ad 
data command. 

WRITE PROTECT ERROR - When s<?t. this rE-ad-onlY bit indicat<?s 
that the drive rE-cE-ived assertion of Writ<? Gat<? while in th<? 
write Protect mod<?. 

SPARE - ALWAYS 0 
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l4 

15 

OPERATION INCOMPLETE - When set. this read-only bit indicates 
that during a data transfer. the desired header could not be 
found. This error can result from anY one of the following: 

* Head Mis-position 

* Incorrect Head Selection 

* Read Channel Failure 

* ImProPer Pack Formattin9 

DRIVE UNSAFE - When set. this read-only bit indicates that a 
Read/Write Unsafe condition has been detected. 

DATA CHECK - When set, this read-onlY bit indicates that a 
data error was detected when the current sector was read. 

ATTENTION SUMMARY AND OFFSET REGISTER 777 456 CRKAS/OF) 

BIT<:=;) 

00-02 

04 

15 08 07 05 04 03 02 00 

ATIENTION NOT USED NOT USED J 

DEFINITION 

SPARE - ALWAYS 0 

OFFSET POSITIVE - Offsets the head in the Positive direction 
from the centerline of the track (positive is from the lower 
cYlinder number toward the higher cylinder number). 

OFFSET NEGATIVE - Offsets the head in the negative direction 
from the centerline of the track (negative is from the higher 
1: . .,.. 1 i n d 1? r r1 u m b e r· t (1 w a r· d .t h e l 1:i we r· 1: .. ,.. l i n d e r· n tJ m b e r ) . 
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05-07 

o::=:- 1 s 

SPARE - ALWAYS 0 

ATTENTION - The eight Attention bits, one for each drive. 
correspond to the logical unit number of each drive. Each 
bit indicates the state of the Drive Status Change flip-flop 
in the corresponding drive. All of the ATN bits are 
continuously scanned and updated (polled). 

DESIRED CYLINDER ADDRESS REGISTER 777 460 CRKDC> 

00-09 

10-11 

15 12 11 10 09 00 

DIAGNOSTIC MODE NOT USED CYLINDER ADDRESS 

SPARE-ALWAYS 0 

DEFINITION 

CYLINDER ADDRESS - The cvlinder address in RKDC js the emulated 
address. The actual mapped address is contained in RKMR2. The 
cvlinder number is written in octal in the register. 

DI AGNO::::T IC MODE 

15 14 1 ·-=-·-· 1 ·-· ..::. 

0 0 0 0 

1 0 0 0 

These bits are as follows~ 

RK06/RK07 Emulation Mode 

MAP OVERRIDE MODE - These bits can be set bv the 
Programmer to override the maPPins alsorithm. 
When set, th1::- head, cylinder·, and s12ctor· add
resses suPPlied to the controller specify 
absolute address to the disk. Could be tvPi-
cal lv used to Permit the device handler to be 
modified to take advantage of the head Per 
track options available in some disk drives. 
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1 1 0 

1 1 

1 1 0 

1 1 1 

0 

0 

1 

1 

DMA BUFFER TEST MODE - Allows Reading/Writing 
of the controller data buffer using the computer 
DMA interface. The controller word count and 
memorv address registers are used to set UP the 
DMA transfer with a maximum transfer of 1024 
bvtes starting with location 0 of the data 
buffE-r·. The wr·ite command, 23 , wi 11 11.wite 
from the buffer. The read command, 21 • will 
read from the data buffer. 

ECC TE::::T MODE 

I/O BUS INTERFACE TEST MODE 

I/O W/R INTERFACE TEST MODE 

EXTENDED MEMORY ADDRESS REGISTER (22-bit) 777 462 CRKXMA> 

00-05 

06-09 

1 o. l 3 

11-12, 
14-15 

15 14 13 12 11 10 09 06 05 

SPARE-ALWAYS 0 
EXTENDED MEMORY FLAG BITS 

SPARE-ALWAYS 0 
EXTENDED MEMORY FLAG BITS 

SPARE-ALWAYS 0 

DEFINITION 

()() 

BITS 16-21 

BIT:::: 16-21 - These bits. wht::.n set. define bits 1.6-21 of thE< 
22-bit extended memorv. 

SPARE - ALWAYS 0 

EXTENDED MEMORY - When bits 10 and l3 are set, the 22-bit 
addr·ess is used. 

SPARE - ALWAYS 0 
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READ/WRITE BUFFER REGISTER 777 464 <RKDB> 

15 

00-15 

00 

DATA BUFFER 

DEFINITION 

The Data Buffer Register is a Read/Write resister. 
into the register loads data into the controller data buffer. 
one word at a time. Reading the resister reads data from the 
controller data buffer. The commands INIT. CLL, and SRC 
clears the Data Buffer address allowins writins or readins 
of the Data Buffer startins at location 0. Readins from or 
writins into the buffer will increment the address resister. 

MAINTENANCE REGISTER 1 776 466 

02 00 

NOT USED 

L FIRMWARE MODEL 

BIT(:=;> DEFINITION 

00-02 FIRMWARE MODEL - These three bits define the model number of 
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the firmware used in the controller. 

03-15 '.3PARE - ALWAY'.:::; 0 

ECC POSITION REGISTER 777 470 <RKECPS) 

BIT<S> 

00-12 

i::::-15 

15 14 13 12 00 

NOT USED ERROR POSITION 

DEFINITION 

ERROR POSITION - These read-onlv bits define the start loc
ation of an error burst (containing from one to eleven error 
bits) within a 256-word data field. sequence. The position 
is valid if the error is ECC correctable. 

SPARE - ALWAYS 0 

ECC PATTERN REGISTER 777 472 !RKECPTl 

15 11 10 00 

NOT USED ERROR PATTERN 
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BIT(S) 

00-tO 

ll-15 

DEFINITION 

ERROR PATTERN - These are read-onlv bits that Provide an 
11-bit correction pattern for an error burst that does not 
exceed 11 error bits in lensth and is therefore ECC 
cor·r·E-ctabl e. 

SPARE - ALWAYS 0 

MAINTENANCE REGISTER 2 777 474 CRKMR2> 

BIT<::::) 

00-07 

08-15 

15 08 07 00 

HEAD MAPPED SECTOR MAPPED 

DEFINITION 

SECTOR MAPPED - These bits definE- thE- actual mapped sector 
address in the disk as OPPosed to the emulated address. 

HEAD MAPPED - ThE-se bits define the actual mapped head 
address on the disk as opposed to the emulated address. 
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MAINTENANCE REGISTER 3 777 476 

BIT<S> 

00-10 

11-15 

15 11 10 00 

NOT USED CYLINDER MAPPED 

DEFINITION 

CYLINDER MAPPED - These bits define the actual maPPed 
cvlinder address on the disk as OPPosed to the emulated 
address. 

SPARE - ALWAYS 0 

ENABLE REAL TIME CLOCK CONTROL REGISTER 777 546 

15 07 06 05 00 

IERTCI NOT USED I NOT USED 

L ENABLE REAL TIME CLOCK CONTROL 

PAGE 5-50 

The Enable Real Time Clock Control register Performs a separate function from 
the other registers. During a read oPeration. bit 06 is alwavs reset. Durins a 
write operation bit 06 is set. 9ivins the real time clock control. Switch 89 
must be ON to enable this function. 



CQ06 DISK CONTROLLER 

TROUBLESHOOTING AND THEORY 

This section describes troubleshootins Procedures at three levels 
basic svstem, controller svmPtoms and detailed analysis. 
troubleshootins Procedures are visual checks not re~uirins test 

of comPl e>::i t·y: 
Basic svstem 

e"IUiPment and 
mav be Performed by the operator. Controller symptom Procedures mav require a 
scope, meter, extender board or diasnostics, and should be Performed bv a 
technician. Detailed analysis is troubleshootins at the IC level, and is 
Presented for ensineers or sYstem analvsts for controller evaluation. The 
latter method may require the use of test e"luiPment and the material Presented 
here: board layout, term listing. theorY of operation and losic diasrams. 

CAUTION: Make sure the Power is off when connecting or disconnecting 
boar·d or· Plu9s. 

Basic System Troubleshootins 

The followins should be checked before Power is aPPlied: 

1. Verify that all si9nal and Power cables are ProPerlv connected. 
Ribbon cable connectors are not keved. The arrows on the 
connectors should be Properly aligned. 

2. Verify that all switches are ProPerlY set. 

3. Verify that all modules are ProPerlY seated in the computer and 
ProPerlY oriented. 

The following should be checked during or after aPPlication of Power: 

1. Verify that the computer and disk drive generate the Proper 
responses when the svstem is Powered UP. 

2. Verify that the computer Panel switches are set correctly. 

·::1 
·-' t!J Verify that the console can be operated in the local mode. 

not, the console may be defective. 
If 

4. With the drive Power switch on, verify that the drive READY li9ht 
is on. 

5. Verify that the green dia9nostic light on the controller is on. 

Controller SYmPtoms 
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Controller svmPtoms, Possible causes and 
in Table 5-8. Voltage checks should be 
complex Problems. 
l o 9 i c d i a 9 r, am s • 

The +5V source maY be 

PAGE 

checks/corrective action are 
Performed before trouble- shooting more 
checked from anv component shown on the 

The Phvsical lavout of the board is shown in Figure 5-6. 

TERM TESTING 

The inPut and outPut terms for each logic diagram are described in Table 5-7. 

TABLE 5-7 - TERM LISTING 

Term Origin Description Term Origin Description 

LXRF- 11 Load External Register RAM 
Destination 

MROB+ 3 Memory Request Q Bus 
OCD+I- 16 Open Cable Detect 
ONCYL+/- 17 On Cylinder From Drive 
PICK 16 Power Pick 
OB USA 2 Q Bus Access 
03 10 Q Register Shift Line 
RAM3+ 10 Shift Output of ALU RAM 
RCLOCKA/B + I 18 Read Clock From Drives A or 

B 
RDATAA/B +I - 18 Read Data From Drives A or B 
RDATA+ 18 Read Data 
REP 19 Read Error Pattern 
RESET 4 Reset Signal to Controller 
RMCLK 3 RAM Clock 
RSYNC- 13 Read Synchronize 
R/WCK- 18 Read/Write Clock 
R/WSRE+ 3 Read/Write Shift Register 

Enable 
SELA/B 18 Drives A or B Selected 
SENOA/B 18 Drives A or B Seek End 
SCLK 3 System Clock 
SCLOCKA/B 18 Servo Clock From Drives 
SDB08+ 2 Slave Data Bus Bit 8 
SEE KAIB 18 Seek End From Drives 
SEC+/- 17 Sector Pulse From Drive 
SERR+/- 17 Seek Error From Drives 
SUIN+ 2 Slave Interrupt Acknowledge 

Request 
TAG112/3 16 Tag Lines To Drives 
TDIN+ 3 Transmit Data In 
TDOUT + 3 Transmit Data Out 
TDMG+ 2 Transmit Direct Memory Grant 
TOMA+ 2 Transmit Direct Memory 

TSYNC 3 Transmit Synchronize 
TWTBT 3 Transmit Write Byte 
UNRDY 17 Drive Unit Ready 
USEL0/1/2/3 16 Drive Unit Select Bits 0, 1, 2, 3 
USELA/B 18 Drive Unit Select A, B 
UST AG 16 Drive Unit Select Tag 
VEC- 8 Vector Address Register 

Select 
WOATA+ 14 Write Data Bit Stream 
WCLOCKAJB +I 18 Write Clock To Drives A or B 
WDATAA/B+/- 18 Write Data To Drives A or B 
WPRT 17 Drive Write Protect 
WREN- 3 Write Enable 
XSDO 11 External Source Decode Slave 

Address 
XSD1 11 External Source Decode Data 

Input MSB 
XSD2 11 External Source Decode Data 

Input LSB 
XSD3 11 External Source Decode CPU 

Bus Status 
XSD4 11 External Source Decode Data 

Buffer 
XSD5 11 External Source Decode Oise 

Drive Status 
XS06 11 External Source Decode Seek 

End Status 
XSD7 11 External Source Decode Error 

Status Register 
XSD8 11 External Source Decode 

Bootstrap PROM 
XSD9 11 External Source Decode 

Configuration Switches 
XSDA 11 External Source Decode 

Literal PROM 
Request 

TIAK+ 2 Transmit Interrupt 
XSOB 11 External Source Decode RK06 

Switches 
Acknowledge 

TIRO+ 3 Transmit Interrupt Request 
TRPLY 3 Transmit Reply 
TSACK 2 Transmit Select AcknowledQe 

XSDF 11 External Source Decode RAM 
YOO/Y07 10 Y-Bus Bits 0-7 
ZERO+ 10 Zero Output of 2901 
,1KOV+ 15 1024 Address Counter 

Overflow 
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!TABLE 5-7 CONTINUED> 

Term Origin Description Term Origin Description 

AMF 17 Address Mark Found From CPS 12 Control Pulse 5 
Disc CP6 12 Control Pulse 6 

BAOO·BA09+ 15 Buffer Address Counter Bits CP7 12 Control Pulse 7 
00-09 CRCER + 13 Cyclic Redundancy Check 

BBS7l BUS (AP2) Bus Peripheral Address Selecl Error 
BBS7+ 4 Peripheral Address Select CR1-0/7 9 Control Register One Bits 0-7 
BC4+ 13 Bit Count 4 From Bit Counter CR2-0n 9 Control Register Two Bits 0-7 
BDALOOL BUS (AW2) Bus Data/Address line 00 CR3-0/7 9 Control Register Three Bits 0-7 
BDAL01l BUS (AV2) Bus Data/Address line 01 CR4-0/7 9 Control Register Four Bits CH 
BDAL02L BUS (BE2) Bus Data/Address line 02 CRS-017 9 Control Register Five Bits 0-7 
BDAL03l BUS (BF2) Bus Data/Address Line 03 
BDAL04l BUS (BH2) Bus Data/Address line 04 

CR6-017 9 Control Register Six Bits 0-7 
CSAO + /CSA9 + 8 Control Store Address Bits 0-9 

BDAL05L BUS (812) Bus Data/Address line 05 DA16+ 3 Extended Data/Address Bil 16 
BDAL06l BUS (BK2) Bus Data/Address Line 06 DA17+ 3 Extended Data/Address Bit 17 
BDAL07L BUS (Bl2) Bus Data/Address line 07 DATO+ /DAT7 + 14, 15 Data Buffer Bits 0-7 
BDAL08l BUS(BM2) Bus Data/Address line 08 DBWC1 + 13 Data Buffer Write Control In 
BDAL09l BUS (8N2) Bus Data/Address line 09 DBWS- 13 Data Buffer Write Strobe 
BDAL10l BUS (BP2) Bus Data/Address Line 10 DBWS1- 13 Data Buffer Write Strobe In 
BDAL11l BUS (BR2) Bus Data/Address line 11 0800 + IDB07 + 6 Data Bus Bits 0-7 
BDAL12L BUS (BS2) Bus Data/Address line 12 0808+10815 + 7 Data Bus Bits 8-15 
BDAL13L BUS (BT2) Bus Data/Address line 13 OEN- 6 Data Enable 
BDAL14l BUS(BU2) Bus Data/Address line 14 DMGI+ 4 OMA Grant In 
BDAL15L BUS (BY2) Bus Data/Address line 15 000+1007 + 2,3,4,9, 11, D-Bus Bits 0-7 
BOAL 16l BUS (AC1) Bus Address Extension line 12,14,17, 

16 18,19 
BDAL17l BUS (A01) Bus Address Extension Line EADO+ 3 Enable Address 

17 EADO- 6 Enable Address 
BDAL18l BUS (BC1) Bus Address Extension Line EBITC+ 3 Enable Bil Count 

18 ECCO+ 19 Error Correction Code Out 
BOAL 19l BUS (801) Bus Address Extension line EOATA+ 3 Enable Data 

19 ENRD- 13 Enable Read Data Register 
BOAL20l BUS (BE1) Bus Address Extension line ENWD- 13 Enable Write Data To Buffer 

20 FAULT 17 Drive Fault 
BDAL21l BUS (BF1) Bus Address Extension line GDATA+ 13 Gated Read Data 

21 GSCLK- 3 Gated System Clock 
BDINL BUS (AH2) Bus Data In GTIRO+ 5 Gated Transmit Interrupt 
BOIN+ 4 Data In Request 
BDMGIL BUS (AR2) Bus OMA Grant In IAKI+ 4 Interrupt Acknowledge In 
SOGOL BUS (AS2) Bus OMA Grant Out IAKIG- 2 Interrupt Acknowledge In 
BDMRL BUS (AN1) Bus OMA Request Grant 
BDOUTL BUS (AE2) Bus Data Out INDEX 17 Index Pulse From Drive 
BOOUT+ 4 Data Out INIT + 4 Initialize 
BEVENT BUS (BR1) Real Time Clock Control LXRO- 11 Load External Register Data 
BFULE + 3 Enable Buffer Full Out MSB 
BFULL- 15 Buffer Full LXR1- 11 Load External Register Data 
BIAKIL BUS (AM2) Bus Interrupt Acknowledge In Out LSB 
BIAKOL BUS (AN2) Bus Interrupt Acknowledge LXR2- 11 Load External Register OMA 

Out Address MSB 
BINITL BUS (AT2) Bus Initialize-Clear LXR3- 11 Load External Register OMA 
BIR04L BUS (Al2) Bus Interrupt Request Level 4 Address LSB 
BIRQ5L BUS (AA1) Bus Interrupt Request Level 5 LXR4- 11 Load External Register Data 
BIR06L BUS (AB1) Bus Interrupt Request Level 6 BulferLSB 
BIR07L BUS (BP1) Bus Interrupt Request Level 7 LXR5- 11 Load External Register Data 
BITQ.81T10 16 Control Bits to Disc Drives Buffer MSB 
BIT7 +,- 13 "Complete Byte" Output of LXR6- 11 load External Register Data 

Bit Counter Buffer 
BPOK-H BUS (881) Primary Power O.K. LXR7- 11 Load External Register 
BPOK- 4 Primary Power O.K. Extended Address 
BRPLYL BUS (AF2) Q Bus Reply LXR9- 11 Load External Register Drive 
BRPLY + 4 Q Bus Reply Control Tags 
BSACKL BUS (BN1) OMA Select Acknowledge LXRA- 11 Load External Register Drive 
BSYNCL BUS (AJ2) Bus Synchronize 1/0 Control Bus Bits 
BTSPF + 2 Bootstrap Flag LXRB- 11 Load External Register Vector 
BWTBTL BUS (AK2) Bus Write Byte Address 
BWTBT + 4 Bus Write Byte LXRC- 11 Load External Register 
BYTCK+ 13 Byte Clock System Control 
COUT+ 10 Carry Out LXRD- 11 Load External Register 
CP1 12 Control Pulse 1 Bootstrap Address 
CP2 12 Control Pulse 2 LXRE- 11 Load External Register CPU 
CP3 12 Control Pulse 3 Bus Control 
CP4 12 Control Pulse 4 
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TABLE 5-8 - CONTROLLER SYMPTOMS 

Symptom Possible Causes Check/Corrective Action 

1. Green DIAG light on the 1. Microprocessor section of con· 1. Controller/Place controller on extender 
controller is OFF. troller inoperative: board. With a scope, check the pins on 

the 2901. All pins except power and 
a. Bad oscillator ground should be switching. Check for 
b. Short or open on board "stuck high" or "stuck low," or half-ampll· 
c. Bad IC tude pulses. Check + 12V and - 5V power 
d. PROMs not properly seated and + 5V at various IC's. Check PROMs 

A 1 through A7 for proper seating. Check 
oscillator. 

2. No communication be- 2. 1/0 section of controller "hang· 2. Computer interface logic of controller/ 
tween console and ing" Q Bus: 
computer. 

a. DEN always low a. Check signal DEN for constant 
assertion. 

b. Shorted bus transceiver IC. b. Check 1/0 IC's. Remove controller 
board to see if trouble goes away. 
(Ensure slot is filled or jumpered.) 

c. Bad CPU board. c. Run CPU diagnostics. 

3. No data transfers to/ 3. Disc not ready, bad connec· 3. Disc/Consult the disc manufacturer's 
from disc. tion, or bad IC in register sec· manual for proper setting of disc 

tion of the controller. switches, or READY, NO FAULT, or UN-
SAFE lights. Check cable connections. 

Controller Registers/Using ODT, examine 
the Drive Status Register. The DISC 
READY and SELECTED must be "one's." 
Using ODT, deposit "ones" and "zeros" in 
the remaining disc registers and verify 
proper register data. 

4. Data transferred to/from 4. Multiple Causes: 4. Computer-controller·disc/ 
from disc incorrect. 

a. Bad memory in backplane a. Run memory diagnostics. 
b. Noise or intermittent source b. Check AC and DC power. 

of DC power in computer. 
c. Bad IC in disc 110 section of c. While operating, check lines from con-

controller. trailer to disc with a scope for short or 
open. 

d. Bad area on disc. d. Run the Format and Diagnostic Test 
program (Section 3). If errors occur at 
the same place on the disc, it is prob-
ably a bad area on the disc. Assign 
alternate tracks as specified in Section 
3. 

e. Disc heads not properly e. Consult disc drive manufacturer's man-
aligned. ual and align heads. 

5. Intermittent failure- 5. Failure of heat sense 5. Isolate the bad component by using heat 
Controller runs for a component on controller. and cooling methods (heat gun, freon 
short time after power spray) and replace the bad component. 
is applied and then 
fails. 
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THEORY 

The controller may be examined as three Parts: computer interface. disk 
interface and controller internal functions. Signals from and to the comPuter 
are described in Table 5-1. Signals from and to the disk drive are described in 
Tables 5-2 and 5-3. Figure 5-7 is a simPlified block diasram illustrating the 
interfaces and some of the functonal comPonents. Sinsle lines in the 
illustration rePresent serial data and the wider lines represent Parallel data. 

FIGURE 5-7 - SIMPLIFIED BLOCK DIAGRAM 

a:: ~ATA/ADDRES~) 
w 
1-
::> 
a. 
::;; 
0 
u e CONTROL _ 

CONTROL 

DATA 

COMPUTER 
INTERFACE 

K DATA 

CONTROL 

TIMING 

•DATA INPUT REGISTER 

•DATA OUTPUT REGISTER 

• ADDRESS DECODE DRIVER 

• ADDRESS DRIVER 

•BUS RECEIVER/DRIVER 

Computer Interface 

:) 
MICROPROCESSOR 

•TIMING SOURCE 

•CONTROL CENTER 

• REGISTER STORAGE 

K-

DATA 

DATA 

CONTROL 

TIMING 

•DATA BUFFERING 

•SOURCE/DESTINATION DECODE 

• BOOTSTRAP LOADER 

"> WRITE DATA 

-
PERIPHERAL 

READ DATA 

INTERFACE 

CONTROL 

STATUS 

•DATA RECEIVER/DRIVER 

• CONTROL DRIVER 

• DRIVE STATUS RECEIVER 

• ECC LOGIC 

The PUrPose of the comPuter interface is to (1) buffer lines between 

..J 
<{ 
er: 
w 
I 
a. 
iI 
w 
a. 
0 ..... 

the 0-Bus 
of the 11/23+ computer and the controller. and (2) to synchronize information 
transfers. The controller is a slave device during initialization and 
status-transfer se9uences. The controller is selected bv base address 777 440 . 
The controller is bus master durins data transfers and either receives data from 
or outPuts data to the computer memorY via the 11/23+ DMA facility. 

The control lines re9uest information transfers. select the tYPe and dir·~~ction 

of transfers. and synchronize the transfers. The control 1 i n1:;- s ar·e 
uni-d:i.r·<?.ctional and used for· "bus arbitr·ation." Bus s·..-·nchr·onization is fully 
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controlled bv the controller microprocessor. This allows the comPuter bus to be 
used bv other devices when the disk controller is busy with 
and controller/disk data transfers. 

internal functions 

Data bus driver/receiver registers 13H through 16H buffer the inPut data and 
distribute it as DB 00-15 in the controller. The DB sisnals are routed to a 
data inPut MUX and address decode registers. 

Output data and addresses from the microProcessor Y-Bus 
registers 13G through 160, and transferred to the Q-Bus 
13H through 16H. 

<YOO-Y07J is latched bv 
via bus driver/receivers 

Note that the Device Enable sisnal <DEN-) is active when either Address Enable 
<EADD> or Data Enable <EDATA> sisnal is active. DEN controls the oPeratins mode 
of all data and address driver/receivers, under control of the firmware. via the 
Y-Bus. 

Disk Interface 

The disk is connected to the controller bv seParate data and 
common control cable is daisv-chained to both drives 
configuration. while separate data cables are alwavs used. 

control cables. A 
in a multiple-drive 

Serial read data is received by receivers 16C or 15C and then converted to 
Parallel data bv the read/write shift resister 9D In the reverse direction, 
Parallel data from the data buffer is converted to serial data bv the shift 
register. then sent to data cable drivers. 

The Control Cable drivers 78, 88. 98. and 108 are always enabled and are driven 
bv the outPut of registers 9C and lOC. which act as latches to capture the Y-Bus 
data from the microprocessor. 

Control Cable receivers 128 SUPPlY data to the disk 
resister/multiPlexer 13C 

118 and 
at all times. The data is available 

status 
to the 

microProcessor via the D-Bus when sisnal XSD5- is active. 

CONTROLLER INTERNAL FUNCTIONS 

The microprocessor 
m1cr0Processor is 

is the timins and control center of 
controlled bv instructions stored in 

the controller. The 
Prosrammable read-onlv 
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memor···..- <PROM>. The instr·uctions, called "fir·mware," cause the micr·opr·oc1:;ossor· 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 11/23+. 

Because the disk and computer transfer data at different rates, it is necessary 
to buffer data going to and from the disk. High-sPeed RAM allows a full sector 
of data to be buffered during read and write oPerations. 

All data transfer and comPuter/disk Protocol is under microprocessor control. 
This feature allows modification of controller operating characteristics by 
making onlv changes to the firmware. InPut/outPut lo9ic remains essentially 
unchanged. 

The output fr·om the micr·opr·ocessor· is the "Y-Bus." Y-Bus instr·uctions gove1-·n all 
controller oPerations bv acting as the controller source for all receivers and 
drivers either directly or through the source/destination decode IC's. 

The "D-Bus" is the data inPut to the micr·opr·ocessor·. 
manv signal sources to be connected to the bus 
enabled bv the source/destination decode logic. The 
D-Bus enabling signals: 

FUNCTION 

:::::1 ave Addr·ess 
Dat.:.i InPut <M::::B) 
Data InPut (L:::::B) 
Q-Bus ::::ta tus 
Data Buffer· 
Disk Status 
Seek End/Unit Select 
Er·r·or· Status 
Boot PRC1M 
::::witches 
L.it1:;.r·al 
RKO(:. Switches 
Scratch RAM Enable 

TERM 

x::mo 
x::m1 
x :;::[I:;~ 
xsD:::: 
X ::::D4 
XSD5 
x:::::D6 
XSD7 
x:::::D:::: 
XSD9 
X:::::DA 
XSDB 
X:3DF 

ENABLED 

16F 
14F 
15F 
1 ::::F 

:::::F 
l3C 
14C 

9F 
12F 
17F 

7H 
21C 

:::::H, 9H 

Tr· i-s ta tt
while on l .. ,.. 

following 

dr·iver·s allow 
one at a time is 

l is t 

All data on the D-Bus is under control of the 
F'ROMs llH, 15D. The microprocessor selects 

t1rmware as decoded bv source 
the Proper inPut data bv enabl in9 

one of the above lines. 
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The Y-Bus is the microprocessor output. Output of the 
decoded by 12H and 17H to select the destination of the 
following list describes Y-Bus enabling signals: 

microcode PROM SH is 
data on the Y-Bus. The 

FUNCTION 

Data Out Register 
< M:::;B) 

Data Out Register 
( L:::;B) 

DMA Address <MSB> 
OMA Address <LSB) 
Data Buffer Address 

<LSB> 
Data Buffer Address 

( M::::B > 
Data Buffer Load 
Load Extended Address 
Dr·ive C:ontr·ol <Tasis) 
Dr·ive Contr·ol <Bus 0-7) 
Load Vector Address 
S·· ... stem Contr·ol 
E::-::ter·na l Event 
i:;:i~Bus Contr·o l 
RAM Destination 

TERM 

LXRO 

LXR1 

LXR2 
LXR3 
LXR4 

LXR5 

LXR6 
LXR7 
LXR9 
LXRA 
LXRB 
LRXC 
LRXD 
LRXE 
LRXF 

ENABLED 

1 ::::e:; 

15Ci 

l4Ci 
160 

11 c. 12D 

12C 

7C:, SG 
13[1 
10(: 

9C 
lOG 
1::::0 
22[1 
17[; 

::::H, 9H 

With the single exception of bus rePlY detector 21E. all Y-Bus data and address 
activity is controlled bY the 15 signals shown above. 

Each LXR (Load External Resiisterl 
conJunction with Y-Bus data. latches 

Control Registers CR1 through CR6 are 
signals control the microprocessor 
source/destination decode losiic. 
Data Buffer· 

sisnal activates a 
the aPProPriate data 

re:iist,;_.1"·· 
wor·d. 

which, in 

the outPuts of the microcode PROMs. These 
functions and pr·ovide the data to th0 

Data Transfers to and from the buffer are both two-steP operations. First, an 
entire sector of data is loaded into the buffer durins either a read or write 
operation. Once loaded. the buffer contents are then transferred to disk or 
11/23+ memorY in a comPletelv separate operation. Fig~re 5-8 illustrates read 
and write operations to and from the RAM data buffer. 
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Durin9 a write operation. Parallel data <YOO-Y07) is transferred from 11/23+ 
memory via microprocessor to the write data resister 8G. The data <DATO-DAT7> 
is then transferred to the buffer 100 and 110 Parallel data <OATO-OAT7) from the 
buffer is then transferred to shift register 90. converted to serial data CW 
DATA>. and transferred to the data cable driver 19A. 

During a read oPeration, serial read data <R DATA> from the data cable receivers 
is ANDED with Enable Bit Count <E BIT C) resulting in the signal G DATA. This 
signal enters the shift register F7 and is transferred as Parallel data to the 
Read Data register 8D, for transfer to the data buffer while the next bvte is 
being shifted through shift resister 9D. The read data from the buffer 
<DATO-DAT7> is transferred to driver SF to the microprocessor for transfer to 
11/23+ memorY. 

The counter located at 11C, 
buffer into which data 
capability of being Preset 
microprocessor. 

12C and 12D is used to address the location 
can be written or read from. The counter 
to a specific starting address via the Y-Bus 

ERROR CORRECTION CODE <ECC) LOGIC 

Functional Operation 

in the 
has the 
of the 

The ECC Generator does not correct errors; it generates codes during write and 
read operations and durins reading generates a syndrome. A syndrome is the 
result of mersing check characters being read with check characters generated. 
A zero syndrome indicates no error; a non-zero syndrome indicates an error. 
This syndrome contains all the information necessary to find the error location 
and the error Pattern, i.e .• to allow error correction. 

The error location is found by counting the number of clock Pulses required to 
make the EP output go hiBh. The error pattern is then available on the LPO-LP3 
and QO-Q7 outputs and can be used to exclusive OR with data. DePending uPon the 
Position of switch S5 <location D17), either the computer or the controller 
corrects the error. Note that some error Patterns cannot be corrected. These 
are flagged to the comPuter. 

Component DescriPtion 

During 
56-bit 
disk. 

a write operation. a 32-bit ECC is appended to the header record 
ECC is aPPended to the data record of each sector of information 

ECC/s are also generated while information is being read from the 

and a 
on the 
disk. 
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The codes generated during the read operation are compared with the equivalent 
codes Previously written. Discrepancies detected (errors> are signalled to the 
microProcessor and corrected if Possible. 

The ECC Generator <7E), also referred to as the Burst Error Processor, 
in three different tvPes of operations: write. read. and correct. 
information about the ECC generator is given bv an AMD. AM9520/Z8065 
specification. 

i 5 US<::Od 

Detailed 
pr·oduct 

Durins writing or reading, information is connected to the DO through D7 inPuts 
of the ECC Generator. Select inPuts SO and Sl determine whether a 32- or 56-bit 
Polvnomial is being used. The 32-bit Polvnomial is used for ECC header checks. 
and the 56-bit Polvnomial is used for data record check. The Data Buffer Write 
Strobe CDBWS> is the source of Clock Pulses <CP> to the ECC Generator. 

Control information for the ECC Generator from the Y-Bus is stored bv LXR5 
ECC Control Register 9G. 

into 

When MF- is asserted. the logic is initialized. 
Pattern) makes outputs LPO-LP3 and QO-Q7 active. 
used. The ECC Generator functions selected bv the 

C2 

L 
L 
L 
H 
H 

C1 

L 
L. 
H 
L 
H 

co 

L 
H 
L. 
I_ 
L 

FUNCTION 

ComPute C:heck Bits 
Wr· i te Chi::- ck Bits 
Read No r·ma l 
Load 
c:or·r·ect Nor·ma l 

Asserting REP (Read Error 
Contr·ol inPuts PO-P:::: ar·e nut' 

CO-C2 inPuts are as follows: 

Check bit outPuts QO-Q7 are connected to the DATO-DAT7 lines one bvte at a time 
under control of REP and C0-C2. The remaining outputs of the ECC Generator are 
stored in ECC Status Resister 9F bv clock GSCLK. The microprocessor monitors 
ECC status on the D-Bus durins XSD7 time. 

Outputs LPO-LP3 <Located Error Pattern), together with outPuts QO-Q7, Provide 
the 12-bit error Pattern. Q7 is the MSB and LPO is LSB of the Pattern. Outputs 
LPO-LP3 are active onlv when REP is asserted. OutPut AE <Alisnment ExcePtion) 
is asserted if the error Pattern will not line UP automaticallv during a 
correction se9uence. This can occur because of the method of Polvnomial 
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division implemented in the ECC generator. 

OutPut EP <Error Pattern) is asserted when the error Pattern has been located 
during the correction sequence. OutPut ER is asserted if an error was detected 
after the last check bvte had been read during a read function. 
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FIGURE 5-8 - DATA PATHS 
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+12 VOLT TO -5 VOLT POWER SUPPLY 

The +12 to -5 volt Power suPPlY is a de-to-de converter that Produces 
volts reguired for the current mode line driver to the disk(s). 

PAGE 5-64 

the c:· -- ._ .. 

InPut Power is obtained from the +12 volts on the backplane. Oscillator R19, 
Cb, 14A Provides rectangular pulse that drives current switch Ql. When the 
oscillator turns Ql on, +12V is aPPlied to Ll and an increasing current is 

Produced. When the oscillator turns off Ql, the energy stored in Ll Produces a 
negative voltage (at the toP of Ll), chargins diodes C4 and C5 through diode 
CRl. Successive oscillator Pulses cause the voltage across G5, G4 to build uP 

to aPProximatelY -5 volts. Circuit 21A is a zener-referenced resulator that 
Produces a threshold control voltage that regulates the dutv cvcle of the 
oscillator· dr·ive voltage aPPlied to C:!l (incr·easing or· decr·easing "ON" time). 
Circuit 21A thus controls the energy stored in Ll to maintain and regulate the 
voltage on G5, G4 at -5 volts under normal load conditions. 



CHAPTER 6 

MO SEMICONDUCTOR MEMORY 

INTRODUCTION 

The MO memorv card is an add-in memory for the FHL PowerFrame svstem. The 
standard memory caPacitY of the MQ memory module is 512K words bv 18 bits 
(529.288 words x 18 bits). 0Ptiona1 memory caPacitY is available upon request. 
See Table 6-1. 

TABLE 6-1 

MEMORY SIZE 

64K Words 
64K Words 

128K Words 
128K Words 
256K Words 
256K Words 
512K Words 
512K Words 

0Ptions 

MEMORY CAPACITY 

NO. OF DATA BITS 

16 Bits 
10 .v Bits 
16 Bits 
10 u Bits 
16 Bits 
10 .v Bits 
16 Bits 
10 u Bits 

CSR 

No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 

Battery backup can be utilized on this module. The +5 battery backup voltase 
Pins are compatible with those that FHL Provides on the MSV11-L MOS memor~ card. 
Table 6-2 9ives JumPer requirements. 

TABLE 6-2 BATTERY BACKUP 

For +5 batterv backuP 
For non-battery backup 

W1 
I 
R 

W~ ~ 

I 
R 

W4 
R 
R 
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* I= Install 
R = Remove 

This module has the caPabilitY for address decodin9. UP to 2 mesawords 
<4MB>. Table 6-3 sives Jumper settinss for this option. 
TABLE 6-3 ADDRESS RANGE 

For 128KW Address Ranse 
For 2MW Address Range 

*I= Install 
R = Ren1ove 

._1:;::::::: 
R 
I 

._124 
I 
R 

The CSR can be enabled or disabled bv installins and removins the 
Pro~er Jumpers. Table 6-4 shows the selections. 

TABLE l:.-4 c:::=:R OPTION 

For· c::::R Enab 1 ed 
For CSR Disabled 

*I= Install 
R = R<..=>move 

._1:::: 1 

I 
R 

I·:·--=· i_ ._1..:._ 

R 

I 

The MQ256 has on-board parity serreration and checkins. The I/O Pase is 
factory set for 4KW. 

Modes of 0Peration 

The MQ256 memory module is caPable of oPeratin9 in the three modes 
the 11/23+ system. 

r·E"'l u i r·e d 

1. DATI <Read) 
2. DATO, DATOB <Write) 
3. DATIO. DATIOB (Read-Modify-Write> 

The r·ead 
eith<..:.r· 

modes oPerate on the 
on the full word or 

timins and addressins. 

Timing 

full 16-bit memorY 
a bYte basis. Th0 

wor· d. 
memor· .. ,.. 

The wr·ite modes 
Pr·ovides its 01.1in 

o Pe r·a t e 
r·efr·esh 
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The MQ256 Performance for access and cvcle time is listed in Table 6-5. UP to 
500ns mav be added to the cvcle times if the memorv is doing a refresh operation 
when a memorv cvcle is requested. Cvcle time is defined as SYNC H to SYNC H 
nesated at maximum allowable 11/23+ bus sPeed. DATI cvcle access time is 
defined as internal SYNC H to RPLY H with 25ns from SYNC to DIN H. DATO <B> 
cvcle access time is defined as internal SYNC H to RPLY H with 50ns from the 
SYNC H to DOUT H. 

TABLE t.-5 ACCESS ANO CYCLE TIMING 

MEMORY FUNCTION BUS CYCLE TYPE ACCE::::;:::;; CYCLE 
TIME <MAX) TIME <MAX> 

Read DATI 190ns 490ns 
Wr0 i te DATO ( B) 90ns :::::90ns 
Read-Modifv-Write DAT IO ( B > 700ns 1000ns 

* Timing values given are referenced to 1.5V level. 

Power Requirements 

Table 6-6 is a list of Power requirements needed for the MQ256 memory module. 

TABLE 6-6 POWER REQUIREMENTS 

::::;UF'F'L Y VOLT AGE OPERATIONAL CURRENT REQUIREMENTS 
STANDBY OPERATING 

2.:::;: A 4" 0 A ma>:o +5V 
+5VBB 

5V +/- 51.. 
5V +/- 51.. 1 • 5 A 1 • 6 ma::< 

Environmental Specifications 

The MQ256 is designed to operate 
includin9: 

in a varietv of environmental 

* TernPer0 aotur0 e Ambient air temperature range of 0 C to +50 C 

* Thermal Shock - The memory can withstand a thermal shock with 
a maximum rate of chanse of 30 C Per hour during operation. 

* Humidity - The MQ256 can operate from 10% to 90% relative 
humiditv (without condensation). 

c o n d I t i C• n s , 
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ShiPPins and Storage 

* Temperature Durins shipment or storage. a temPerature range 

* 

of -40 C to +85 r can be withstood by the memorY. 

Thermal Shock 
minute can be 

A thermal rate of change as hi9h as 
tolerated bY the memorY. 

10 C Per 

* Altitude - A shiPPin9 altitude of 40.000 feet can be withstood. 

Dimensions 

Table 6-7 9ives dimensions on the MQ256 memorv module. 

TABLE 6-7 

PCB Thickness 
Width 
Lens th 

DIMENSIONS 

Max component height 
Total thickness max 

.056 inches 
10.457 inches quad module 
8.930 inches (includes handles) 

.375 inches 

.490 inches 

PAGE 6-4 
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THEORY AND OPERATION 

Interface SPecification 

Bus Receivers 

InPut Low Voltage 
InPut High Voltage 

1.3V maximum 
1.7V minimum 

Maximum inPut current when connected to 3.SV is SOuA even with no 
Power aPPlied. 

Bus Drivers 

OutPut low voltage when sinkin9 70uA 
current when connected to 3.SV is 25uA 

Interface Signals 

is .7V. 
even if no 

Maximum 
Power is 

output hish 
aPPlied. 

PAGE 6-5 

Table &-8 gives a list of input control 
one standard bus load 

signals to the memorY. The memory 
module Presents 
following signals: 

TABLE 6-8 CONTROL SIGNALS 

to the 11/23+ sYstem bus for each of the 

SIGNAL NAME CONNECTOR PIN 

BDOUT L 
BDIN L 
BSYNC L 
BWTBT L 
BBS7 L 
BDCOKH 
BINIT L 

AE2 
AH2 
AJ2 
AK2 
AP2 
BA1 
AT2 

DescriPtion of Control Signals 

* BDOUT L - When this signal 
cycle <DATO), or the write 
<DATIO) is to be Performed 

is asserted it indicates that a write 
portion of a Read-Modify-Write cvcle 
bv the memorv. 

* BDIN L - When this signal is asserted it indicates that a read 
cvcle CDATI> or the read Portion of a Read-Modifv-Write is to 
be Performed bv memorv. 
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* BSYNC L - When this si9na1 is asserted, it indicates that a valid 
address is on the bus. When the address is in the oPeratins ran9e 
of memory, BSYNC will also initiate a memory cycle. The tYPe of 
memory cycle will be determined by BOIN, BDOUT, or BWTBT. 

* BWTBT L - When this si9nal is asserted durins a leadins ed9e of 
a BSYNC si9nal, it indicates a write cvcle is to be Performed 
<DATO, DATOBl. If asserted durins the duration of a BDOUT, 
a bvte write <DATOB, DATIOB> will take Place. The bvte to be 
written is determined bv the state of BDAIO durins the leadins 
edse of BSYNC. BDAIO = 0 indicates BYte O; BDAIO = 1 indicates 
Bvte 1. 

* BBS7L - When this sisnal is asserted, it indicates an I/O oper
ation. If address bits 1-12 match the CSR address. then a CSR 
Write or Read will occur. 

* BDCOK H - This sisnal soes active hish for 3ns minimum, after 
DC Power is aPPlied. It falls low 5u minimum before DC 
voltases are out of tolerance. It is used to Prevent the memory 
module from beins selected or Power UP or Power down. 

* BINIT L - The MQ256 uses this sisnal to reset the Control and 
Status Resister <CSR>. 

DescriPtion of Output Sisnals 

Table 6-9 sives a list of output sisnals. 

TABLE 6-9 OUTPUT SIGNALS 

SIGNAL NAME CONNECTOR PIN 

PARE RR ACl CBDAL 16> 

AD1 CBDAL 17> 

BRPLY AD2 

* PARERR 

BOAL 16 is used to indicate memory Paritv error. 

BDAL 17 is the memorv enable line. 

PAGE 6-6 
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* BRPLY 

This signal is generated by the memory module to indicate that it 
has Placed its data on the BDAL bus. or that it has accePted 
outPut data from the bus. 

I/O Connector Pin List 

The I/O Connector Pin List for the memory card is shown in Table 6-10. 

TABLE 6-10 1/0 CONNECTOR PIN LIST 

COMPONENT SIDE 

A Connector 

BDAL16 L 
BDAL17 L 
+5V BATT (oPtion) 

Ground 

Ground 

Ground 

+5V BATT (option> 

B Connector 

BDCOK H 

BDAL 16L 
BOAL 19L 
BOAL 20L 
BDAL 21L 

Ground 

PIN PIN 

Al A0 ~ 
81 90 ~ 
Cl C2 
[11 D2 
El E2 
Fl F2 
Hi H2 
Jl 10 

~k 

Kl K2 
Lt L0 ~ 

Ml M2 
Nl N2 
Pl p~ L 

Rl R2 
Tl T2 
Ul U2 
Vl V2 

Al A2 
81 82 
Cl C2 
[11 02 
El E2 
Fi F2 
H1 H2 
Jl 10 

~~ 

Kl K2 

SOLDER SIDE 

+5 Volts 

Ground 

BDOUT L 
BRPLY L 
BDIN L 
BSYNC L 
BWTBT L 

BI AKI L 
8IAKO L 
BBS? L 
BDMGI L 
BIN IT L 
BDALOO L 
BDAL01 L 

+5 Vol ts 

Ground 

BDAL02 L 
BDAL03 L 
BDAL04 L 
BDAL05 L 
BDAL06 L 

PAGE 6-7 
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Ll L ·-::· BDAL07 L 
(;r·ound Ml M.-. 

L BDAL<X:: L 
Nl N .. -:. 

..:.. BDAL09 L 
Pt p·-:· ..:.. BDALlO L 
Rt R·-::· BDALl 1 L_ 
81 ~=;2 BDAL12 L 

Cir· o •Jn d Tl T2 BDAL l:::: L 
Ul U2 BDAL14 L 

+5 Vol ts Vl v·-· .. :.:. BDAL15 L 

Al A.-, 
..:.. +5 Vol ts 

Bl 82 
Cl C2 Cir .. ound 
D 1 [12 

El E--:· ..:.. 

Fl F2 
Hl H2 
._11 1·-:· ·-,A... 

Vl f····-· · ... ..::. 
L1 L2 
Ml M2 BI Af< I L 
Nl N2 BI AKO L 
F' 1 p--::· 
Rl R-:· ..:.. BDMC:; I L 
81 ·=··-:· ·-•.:.... BDMGO L. 

Gr·ound Tl T2 
Ul U2 
V1 v·-::· 

Al A·-: .. +~; Vo 1 ts 
81 82 
Cl C2 C:;r- o •Jn d 
Dl [12 
El E·-::· 
Fl F·-:· ..:.. 

Hl H"-· L 

. _11 , .. -; . ._..._ 
Kl f<2 
Ll L·--:· ..:.. 

Ml M.-, 
L 

Nl N2 
F' 1 F'2 
Rl R2 
81 C··-:• ·-•..:... 

Gr·ound Tl r--:· ..:.. 

Ul U2 
Vl v·-::· 
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Timing 

Timing is done by usin9 a 200ns delaY line fed bY the Read/Write fliP floP and 
the refresh grant fliP floP. APPrOPriate taps are selected for enable RAS and 
CAS latches. CAS is disabled durin9 a refresh cycle; therefore only a RAS 
refresh cvcle is performed. 

The followins figures are the timins charts of DATO, DATOB (Fisure 6-1); 
<Figure 6-2) and DATIO, DATIOB CFi9ure 6-3>. 

DATJ 
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FIGURE 6-1 - DATO or DATOB 

R DAL (3) R ADDf1 R DATA r (3) 

25 rf) ii'""\ 

Sy'NC. 

~ 25 f -1 ~ ~·~ ..100 
.150 

15. 
,..,..,ii") 

min ,...,,.,, 
DoUT 

.150 
r'Y') ii") 1300 ... ,;..., 

11PLY 

BS.i' I (3) (3) 

___, 25 
t'Yli'1 

WTFU" (3) /f ·~ "< ASSERT•ON-eyrE )( (3) 

I ~ 25 mi f") 

1. Timin9 shown at Bus Driver InPuts and Bus Receiver OutPuts. 
2. Signal name Prefixes are defined below: 

T. Bus Driver InPut 
R. Bus Receiver Output 

:~:. Don···t car·e condition 

PAGE 6-10 
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FIGURE 6-2 - DATI Bus Cvcle Timins <Read Memorv> 

(3) 

syt..1c. ___ ....._ __ __, 

300 min ~ 

(3) = 

1. Timins shown at Bus Driver InPuts and Bus Receiver Outputs 
2. Sisnal name Prefixes are defined below: 

To Bus Dr·iv~~r· InPut 
R. Bus Receiv,?r OutPut 

3. Don/t care condjt1on 
4. All timins siv<?n in nanos1?conds 
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FIGURE 6-3 - DATIO or DATIOB Bus Cvcle Timins 

R/r DAL (3) q ADDR (3) 

1~?~ p=~ 
T DATA P (3) 

'.LOO 
""~>' 

1~~ ~ 1;;;, ~ 
~oouT ___ .!,__ _ __: ___ _.!.,

1 

____ _;_ ____ -,--_____ __, 

t'~~ 
I RPLy -----------

~ es1' C3l (3) 

l . T i m i n 9 s h o w n a t B u s Dr· i v e r· I n P u t s a r1 d Bu s Re c {.~ i v e r· Cl u t P u t s 
2. Sisnal name Prefixes are defined below: 

T • B u s D r· i v e r· I n P u t 
R. Bus Receiver Output 

3. Don~t care condition 
4. All timinss are siven in nanoseconds 

PAGE 6-12 
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Control and Status Register 

The MQ256 uses the Control and Status Register <CSR> for Pro9ram control of 
C<'.'r<tain Par<itY functions and c•_•nt"1ins dia9ni:•st1•: infor<mation, shr:•uld a PaTit<, 
error occur. The CSR has a Q-8us Address. Therefore, it can be accessed bv a 
bus master. Bus !NIT (L) will clear some of the CSR bits (see S19nal 
Descr·i.Ption for· an it<2mized list). Bus !NIT is asser<<h:o-d r:•n sYst<?m F'•:iwer· UP •:•r 
bY a r·es,=.-t instr·uction. R1?f0r< to Table 6-14 f·:ir< c:::;R Addr·ess selectior,, and 
Table 6-11 for CSR Bit allocation. 

TABLE 6-11 - CSR ALLOCATION 

15 1.£+ 13 12 11 10 ()CJ OP. O=f' Olo OS 04 03 02. Oi 

NOT NOT A.14. A1"!. A1'1. ,A.1.1. NOT NOT NOT 

USED US€:'D OF\ o~ OF\ oR USED USED USE"D 
AiT Alb A15 A2.1 A2.0 A1.9 A1B 

I 
'W1TE' ~RITY ER~oq ADO~ESS 

EF\PiQA. 
W~ONEf 

NCHE: 

EXTENDEC> 
C.S~ ~EAD 
EN~BLE 

c:=:R Bi ts 0 1 , 
CSR. These 
Wr··iting into 
the c:::;R. 

o:.::, 04, l:?' 
bits will 
these bits 

13 are not used bv the 
alwavs be read as 1 s. 
w i l l h av E' n o e f f e c t i:• r1 

PA~l""f 

* CSR Bit o: Paritv Error Enable: This bit is a Re~d/ 

Write bit and is set to a 0 on a Bus INIT or a Power 
UP. If a Parity error should ever occur on either ~ 

DATI or DATO<B> cvcle to memory and CSR Bit 0 = 1, 
then BOAL l6 and BDAL 17 will be asserted (L) on the 
bus simultaneously with data. 

* CSR Bit 1: Not Used . 

.j.< C ::;; R B i t 2 : W r' i t e W r· (• n 51 F' a r i t Y : [..J h e n t h i s b i t i s ~ e t 
to a 1 and a DATO<B> ~Ycle to memory occurs. the Par11 

00 

PAt 
€R.~O 
ENA 
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RAMs will receive wrong Parity data. The bit is a 
maintenance bit used to check Parity error logic and 
CSR failed address information. The bit is a Read/ 
Write bit - Power LJp or Bus INIT sets this bit to a 0. 

Not Us<?. d. 

* CSR Bit 4: Not U~.;ed .. 

* CSR Bits 5-11: These are Read/Write bits. and are not 
cleared bY Bus INIT or Power UP. If a Parity error occurs 
on a DATI or DAT0(8) memory cvcle. then address bits A11-
A17 are stored in CSR bits 5-11 and address bits A18-A21 
are latched. Onlv one read is re~uired on the CSR for 
128KW svstems (18 bit address). For svstems larger than 
128KW C22 bit address) a second read of the CSR must be 
done. The use of CSR bit 14 is re~uired to do this. The 
Paritv error address will be narrowed to a lK segment of 
memo r·"!'. 

* c::;:::i:;: Bi t 12: Not Us.ed. 

No:• t Us. 1?. d • 

* c:::::R' Bi t l 4 : Extended CSR Read Enable: This bit is not 
used on a 128KW svstem and is read as a 0. Svstems with 
more than 128KW use this bit to read address bits A18-A21 
which are stored in CSR bits 5 through 8, respectivelv. 
When reading a Paritv error address larger than l28KW, the 
first steP is to set CSR bit 14 to a O, then read the CSR. 
Bits 5-11 of the CSR will contain address bits A11-A17. The 
second step is to set CSR bit 14 to a 1, then read the CSR. 
Bits 5-::::: wi 11 contain "3.ddr·ess bits At:=:::-A:?l. The c:=:::R wi 11 
isolate the failing address to a 1K sesment of memorv. 
This bit will be set to a 0 on a Bus INIT or a Power LJp, 
and is a Read/Write bit. 

Pa r· i t Y E r· r· o r· : 
a Paritv error should occur. 

This bit w i 1 l be set to a 1 if 
This is a Read/Write bit and 

a Power UP or Bus INIT will set this bit to a 0. 

Parity Generation and Checkins 

and 

PAGE /:..-1 LI· 

checkin9. The M0256 has the provision on 
Parity generator and checker 
<DATO> parity is generated Per 
checked Per bvte. 

boar·d for· 
is done on 
b"i"te. On 

Parity 9eneration 
a Per byte basis. C1n all wr·it<? c·.-1:11~<::. 

al l r·1.:.ad c·..-·c 1 es CDATI> Paritv i~ 
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If a Parity error should occur on either bYte. 
onto the 8DAL 16 and BDAL 17 Q-Bus lines. 
Processor dur1ns the memory read DATI cycle. 

a Parity error 
These sisnals 

PAGE 6-l5 

sisnal is 
are checked 

sated 
by th~ 

The Parjty circuitry can be functionally checked by writins a 1 into CSR Bit £• 

which causes bad Parity to be written durins a DATO cycle. BY do1n9 a DATI at 
the same address the Paritv ERROR si9na1 will be set to BOAL 16, 8DAL 17. 

Reserved I/O SPace 

When BanK Select Seven (8887 L> is asserted. the memory is deselected during 1/0 
operations. 
The MQ256 is 

BBS7 L is also used to determine 
factory set for a 4KW I/O sPace. 

Mechanical DescriPtion 

if CSR address selection occurs. 

The M0256 is comPletelY contained on one multi-laver prjnted circuit modul0. 
This memorv module is desisned to Plug directly into the standard H9270 
(''quad''), the H9273A LSI-11 backplane/card guide. the H9275 11/23+, and the FHL 
expansion unit. 
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I N'.:::TALLAT I ON 

Intr·oduct ion 

This section contains basic information for installation of the MQ256 memor~ 

module. The MQ256 can be installed in and is electrically compatible with the 
11/23+ sYstem. No special tools are required for installation of the MQ256. 

Preliminary Procedure 

Run all system exercisers on the sYstem Prior to installation, 
inte9ritY. If a Problem is found it should be noted and fixed 
with the installation of the memory card. 

Startins Address Selection 

to i nsur·;..~ 
before ProceedinY 

Jumpers J4-J12 Provide the starting address selection. Tables 6-12 and 6-13 
9ive a detailed list for startins address selection. Startins address selection 
is done in 4K incr·ements. For· addr·E·sses lar·9er· tha.n L2::=:r:::w, .__12:::: must b-:.=:· 
installed. Tables 6-12 and 6-13 are used tosether for startin? address. Refer 
to Fisures 6-4 and 6-5 for ProPer orientation of Jumper locations. 

CSR Address Selection 

The MQ256 contains an on board Control and Status Register <CSR> which contains 
error information in the event of a ParitY error. There are ei?ht Possible CSR 
addresses which are listed on Table 6-14. Refer to Fisures 6-4 and 6-5 for 
ProPer orientation of Jumper locations. 

Memorv Size Selection 

The M0256 mav be set from a minimum of 64KW to a maximum of 512KW. 
lists Jumper settinss for selectins memorY size. 

Tab l '-"' 



MQ SEMICONDUCTOR MEMORY 

F-- I IJURF:"° 6-4 ASSEMBLY DRAWING 

F'AOE 6-17 

ViEW 
A 

VIEW 
B 
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FIGURE (~.-5 - .JUMPER LOCATION:~; 

J31 

~J32 

Fl 

VIEW A VIEW c VIEW B 
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TABLE 6-12 - ADDRESS SELECTION 

e <:m> _ _,,..., ------a.. _______ __, ________ ,·------------------------• 
S1ARTING JUHPlRS** I 

I ADDRESS* J4 JS J6 J7 J8 I 

·----------------------------------------------------! 
.. I OK 0 0 0 0 0 I 
I 4K I 0 0 0 0 I 
I 8K o I 0 0 0 I 
I 12K I I 0 0 0 I 

•----------------------------------------------------' l 16K 0 0 I 0 0 I 
I 20K I 0 I 0 0 I 
I 24K 0 I l 0 0 I 
I 28K I I I 0 0 I 

'----------------------------------------------------' I 32K 0 O 0 I 0 I 
I 36K I 0 0 I 0 f 
I 40K 0 I 0 I 0 I 
I 44K l I 0 I 0 I 

•~--------~-----------------------------------=-----' I 48K 0 0 I I 0 I 
I 52K I O I I 0 I 
I 56K 0 I I I 0 I 
t 60K I I I I 0 I 

•------------------------------------~-------=-------' 641\ 0 a 0 0 I 
68K I 0 0 0 I 
72K 0 I 0 0 I 
76K 1 I 0 G I 

SOK 0 c l 0 I 
84K I ·a I 0 I 
88K 0 I I 0 I 
92K I I I 0 I 

----------------~---------------~~-----------------~ 96K 0 0 0 1 I 
1001( I 0 0 I I 
104i( 0 I 0 I I 
108K I I 0 I I 

-------------~-~~-~---~~--------~---~~~~~~~~~--~~~--
112K 0 0 
1161\ I 0 
120K 0 I 
1241\ l I 

O = Removed 
Note: 

l = Installed 

*• Standard configuration 

I 1 I 
I I I 
I I I 
I I I 

External address option 
Jumper 24 installed 
J23 removed 

F'ACiE /y- J :i 
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TABl..F 6-1:~: - .JUMF'ER 2:~: IN':::TALLED 

J.DDR£SS JUHPE:RS** 
.RANGE J9 J10 11 J12 

OK-128K* 0 0 0 0 

OK-12&K~'* 0 0 0 0 
.i 2.8K-256K I 0 0 0 
256K-3841C 0 I 0 0 
3S'4K-512K. I I 0 0 

512K-640K 0 0 1 0 
640K-"l6BK I 0 I 0 
'768K-696K 0 I. I 0 
896K-1024K I. r I 0 

10'24K-1.152K 0 0 0 I 
11 5'21(-12801\ I " 0 0 1 
12SOl<-140SI<. 0 I 0 I 
1409K-153E>K r "I 0 1 

153&t<-1b641< 0 0 1 I 
1664lK-1792tC I 0 l I 
1792.K-1920K 0 I I I 
1920K-204BK I l I l 

Address Rang~ S~lectlon 

0 = .R€1r1oved 
~ote: 

I = Insta1ied 

• NOf'l Extended Addre.s i; 

.... EKtended Address Option 
J24 re111oved 
J23 installed 

J23 J24 

Extended Ad CJ r~ SS 1 R 

Non Exte-nded A.ddre-ss R I 
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TABLE 6-14 - CSR ADDRESS SELECTION 

22 61.t 18 Bit 
CSR. CSR 
}\ddress Address 

17772100 772100 
17712101 772102. 
17712104 772104 
17712106 712106 
11772110 772.110 
17172112. 712J12 
17772114 172114 
17772116 772116 

TABLE 6-15 - MEMORY SIZE SELECTION 

MEMORY 
SIZE J27 J28 

65KW 0 I 
128KW I 0 
256KW I 0 
512KW I 0 

0 
1 

JUMPERS 
J1 

I 
0 
I 
0 
I 
0 
I 
0 

0 = Remove 
I = Install 

JUMPE"RS 

J2 

J29 J30 

I 0 
I 0 
0 ! 
0 I 

= Remove 

= Install 

I: 
I 
0 
0 
r 
I 
0 
a 

PAGE 6-::?1 

J3 

I 
I 
I 
I 
0 
0 
0 
0 

J25 J26 

I 0 
I 0 
I 0 
0 I 
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TABLE 6-16 - JUMPER DEFINITIONS 

JUMPER 

J22, J15, J14 
JlS, J19 

J21 'I' J16, J l '3 
J17, J20 

J24 

J23 

w1,, w2. W3 

W4 

J3l 

.J32 

PU~POS£ 

Factory Test Aid 

Factory Test Aid 

E~tended Ad<2ress 
option 

Extended Adciress 
Option 

+5 aa.ttery Supply 

+5V Supply ;: 

CSR Enable 

CSJi Disable 

r = Install 
1\ = "R.c11Jove 

* 

* 

** 
*~ 

~ 

* 
~ 

* 

CONFIGURATION 

Standard ConEl9uration 
R = ~actoTy Test Only 

I = Factory Test Only 
R = StandaTd Conf lguratlon 

I = 128K Word Address ~an9e 
'R = 2 Mega Word ~ddress 

1\ange 

I = 2 Mega Word Address 
"Range 

1l = 128K Address ~an9e 

l = Battery Bnck-u~ option 
[\ : "~on Battery Bac~-u~ 

I = Non Battery Back-up 
ll = ~attery ~ack-~P option 

I = StandaTd Conf 1gurat1on 
R :: Eliminate CS'R 

I = E:l1mina1.e CSR. 
l\ = Standard eo~£lguration 

* Standard Conf iguratlon 

** Jumpers will be factory set to 
customers configura.'tion · 
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Add on Installation 

A. '.'.:::1.::.t all P1.=>r·iPh1.::.r·als to ''•Jnload'' ci:•ndit1o:•n. 

B. Turn svstem Power off at this time. 

CAUTION: DO NOT IN:::::TALL. the m1.::.mor···,· mi:•du 11."' u.•i th Pou••2r· 
to the backplane. Dama9e to memory mav occur. 

C. Verify JumPer confisuration for starting address, CSR Address. 
a n d me m o r· Y s i z ~'° . 

D. Install memory module carefully into the selected slot. I n s u r· <2 

that the component side faces the correct d1rect1on and the module 
is aligned in the card guides. Caution should be taken not to allow 
components to rub adJacent modules. Press FIRMLY when module en9a9es 
backplane connectors makins sure module is seated ProPerlv. 

E. Tur·n s .. ..-stem Power· "C1N". 

F. Run memory diasnostics. (See fol lowin9 section) 
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TROUBLESHOOTING 

I n t r· o d u c t l o n 

This section describes how to use the memory 
isolate a failure in memory to a faulty RAM. 
Procedures are used on Processors with no 
software switch register will be in Location 

diagnostics to troubleshoot and 
Standard XXDP load1ns and startinY 
h.:::i.r·dwar·e switch r·<.::-9ish:-rs; the 

176. 

n:::MA: This diagnostic will test 0-256KB of memory on the 11/23+ computer. 

Switch Settins Summary: 

BIT 
BIT 
BIT 
BIT 
BIT 
BTT 
BIT 
BIT 
BIT 
P. IT 
BIT 
BIT 
BIT::::; 

15 ( :i 00000 ) ; 
14 ( 040000) ; 
l :::: ( 020000) ; 
1 :? ( 0 10000 ) ; 
l 1 ( 004000) ; 
l 0 ( 002000) ; 
09 ( 00 l 000 ) ; 
o::::: ( 000400) ; 
07 ( 000200) ; 
06 ( 000100) ; 
05 ( 000040) ; 
04(000020); 
:::=:-(> 

* CAUTION: 

:::::w15=1 
:::::w14= 1 
:;::;t,.J l ::::== l 
:::::w 1:2=1 
;::::w i 1 = l 
:;:::1,.J 1O=1 
:::::W09== 1 
:::::wo:::::== 1 
:::::W07=1 
:::::W06=l 
:::::W05=1 
::::W04=1 
:::::w:=~:-o 

Hal t i:• n Er· r· or· 
Lo•:iP on Test 
Inhibit Error Printouts 
Enable Testing Above 28K 
Enable Parity Testing 
Halt After Each Test 
Inhibit Program Relocation 
TYPe First Failure in 4K Bank 
Long Gal loP Test* 
Inhibit Memory Sizins 
Inhibit End Pass Printouts 
Inhibit Printouts 
Besinnins Test Number 

T h '°" l o n 9 1-::; a l l eo P Te '5 t w i l l i r1 c r· <? a s '"° 
test times by .:::i factor of 25. 

F:unn ins Z~<MA 

1. Load Prosram ZKMA?? into memory (L ZKMA?? <CR>>. 

·-:· .. :_. Select oPtions bY settins bits into 
to the above switch settinss. NOTE: 
be bits 11 and 12 set (014000). 

::~: . ::::: tar· t Pr· o '=' r· am t e s t i n s ( ::::: <CR> ) . 

the switch register 
Normal switch settinss would 

4. A Pass with no errors detected will aPPear similar to the followins 
s a rn P 1 e P r· i n t o u t : 

000000-757777 
PPiR I TY 
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T:::;r13 BNt< (J 

T::::;T1 :::: BM< l 
T::::;T 13 Bf\H:: 2 
r:::;T1 :::: BNf::: :~: 

T:=.n 1 :::: BNK 4 
r:n1:::: BNf:: c:-

·-' 
T::::;T13 BNK I--
RELOC 
T::::;T1:::: BNf< 0 
END PA:::::::::; 1 

5. The fol lowing is an examPle of a tvPical error messa9e printout: 

L.OCATION 
177210 

GOOD 
177777 

BAD 
17777/:-.. 

LOCATION - FAILING MEMORY LOCATION 

F'C 
16:2'.5 

GOOD = GOOD DATA <DATA THAT WAS EXPECTED> 
BAD = BAD DATA <DATA THAT WAS FOUND> 
PC = PROGRAM COUNTER AT ERROR CALL 
ERROR = FAILING ERROR NUMBER 

ERROF: 
1 (l 

PA::::;FLG 
r: r::::TO J 

PASFLG = CONTENTS OF ERROR PASFLG <THIS MAY NOT BE RELEVANT> 

I ..I s i n 9 t h <? a b o v \'? Pr· i n t o u t a s a n e ::<am P 1 e , t h e f a i 1 u r· <~ w o u l d b <? f o u n d i n I: h <: .. 
addr1::"=-s r·ange n-12:::::f:::B <17721.0 is between 0 and 0037777/::.). The failing bit o•i:111ld 
be zero; this is determined bv comparing good data with bad data (177777-177776 
= 000001). Using Figur·e 4-l, the failing RAM is found to be in the fir·st r·(o1.t1 .-,f 

R?-'tMs (1_11-ui::=n. ::::;ince it is kr101.1m that bit 0 is bad, th1=? fa.ult··,·· F:AM mu<:t 
tht'"r·<0·fo:1r·E· h<? Ul. Th€~ PC:, ERROR and PA:::::FLCi infor·mation ar·e riot nor·mall··,· ne;:;.d-;=·d 
t o d <?. t <?. r· rri i r 1 <.? t h ,:~ f a i l i n 9 RAM a n d a r· <.'? n o t n e e d 1? d i n t h i s 1? ::-:: c:i m P l '"' • I f t h <? .,. ;; ,- "' 
needed, refer to the diagnostic listing for ZKMA. 

ZCtMC: Thi'.:; Pr·ogr·am has the ab11 itY 
757777, ( 0-:24:::=:f:::B of memo r···,··) , on t ht::. 

to test memorv 
11. /23+ Pr·ocesso1 . 

Switch Setting Summary 

BIT J co.· ( l0Cl000) ; ::::;w l 5= 1 -· ' 
BIT 14 ( 040000 ) ; '.3(..J 14= 1 
BIT l ::.:: ( 0:::::0000) ; :::;w 1 ::.::== l 
BIT 12( 010000 ) ; ::::;w12= 1 
BIT l l (004000) ' ::::;w1 1.=1 
BIT 10( 00~?000 ) ; ::::;Wl O= 1 
BIT 0·::1 ( 00 l 000) ' ::::;W09=1 
BIT o::::: (000400 ) ; ::::;wo:::::=1 
BTT ()7 ( 000?00 ) ' :;:;W07= l 
BIT 06(000100 ) ; ::::;W06=1 

Hal t on Er· r· or· 
l._ o r:• P o:• n T 0 s t 
Inhibit Error Printouts 
Inhibit Memory Management 
Inhibit Subtest Iteration 
Rins Bell on Error 
L. o o:• P o n E r· r· o r· 
LooP on Test in SWR<4:0> 
Inhibit Program Relocation 
Inhjbit Paritv Error Detection * 

000000 
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BIT 05<000040); 
BIT::::: 4-0 

SW05=1 
SW4.-0 

Inhibit Exercisins Vector Area 
Besinnins Test Number 

* With Parity error detection enabled. a memory failure 
can cause a ParitY error. The error Printout on a 
Parity error does not tYPe the sood data. Thus. a bit 
droPPed or Picked up will not be tYPed as such. 
Therefore. it is best to run the Prosram for 1 Pass 
with Parity disabled, then restart the prosram with 
Par·it....- <~nabled. 

F:unn i ng ZOMC: 

L Load Pr·osr·am Z()MC?? into memor"·,··, (L ZC~MC':'.·? <CR:>>. 

Select oPtions bY settins bits into the switch resister. Refer 
to the above switch settinss. NOTE: Normal switch settinss would 
be bit 6 set for the first pass (000100), and no bits set for the 
second Pass (000000). 

4. If there are no errors detected the Printout will aPPear sjmilar 
to the followins format: 

KTll <MEMORY MANAGEMENT> AVAILABLE 
MEMORY MAP: 
FROM 000000 TO 757777 
PARITY MEMORY MAP: 
REGISTER AT 172100 CONTROLS 
FROM 000000 TO 757777 
PROGRAM RELOCATED TO 720000 
PROGRAM RELOCATED TO 000000 
END P{i:::::·:::: l 

5. There is a total of 31 t....-Pes of error reports senerated b~ this 
Program. Some of the key column headins mnemonics are described 
below for clarity: 

F'C: 
\.//F'C 

F'/PC 

TRF' /F'C 

MA 

- PROGRAM COUNTER OFF ERROR DETECTION CODE. 
= VIRTUAL PROGRAM COUNTER. THIS IS WHERE THE ERROR DETECTION 

CODE CAN BE FOUND JN THE PROGRAM LISTING. 
- PHYSICAL PROGRAM COUNTER. THIS IS WHERE THE ERROR 

DETECTION CODE IS ACTUALLY LOCATED IN MEMORY. 
= PHY::::: I CP1L F'ROGRAM COUNTER OF THE CODE l.JH I CH CAIJ::::;E[I r-1 TRAF'. 
- MEMORY ADDRESS 
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REG = PARITY REGISTER ADDRESS 
PS - PROCESSOR STATUS WORD 
JUT = INSTRUCTIONS UNDER TEST 
S/B - WHAT CONTENTS SHOULD BE <GOOD DATA> 
WAS - WHAT CONTENTS WAS (BAD DATA> 

The following is an examPle of a tvPical error message Printout: 

V/PC 
oot.::::oo 

F'/PC 
001::..:.::00 

MA 
4737::::2 

::::;/B 
1:::::::::7::::2 

vJA::::: 
j 73732 

Using the above Printout as an examPle. the failure would be found in the 
address range 128KB-256KB. (473732 is between 004000000 and 00777776). The 
f a i 1 i n 9 b i t w o u l d b e b i t " 1 4 " ; t h i s i s d '·"' t e r· m i n e d b .,.. c o m Pa r· i n 9 ::i 1:i o d d ;,:i. t a tu i ti 1 

bad data. (S/B with WAS), and doing an EXCLUSIVE OR of the two <133732-173732 = 
040000). and locating tht- bad octal bit, bit "14 11 • 

failing RAM is found to be in the second row of RAMs. 
U s i r1 9 F i g u r· e 

<U19-U36l. 
th<:> 

::::;ince it is 
For· er"r·or· 
da.ta, r·e·h':'r· 

k n own t hat b i t 11 1 4 11 i s bad , t he fa u 1 t Y R Pi M mu s t t he r· e f i:1 r· e be IJ ~: '."; • 
m1?ssa9es that d•:i not disPl-3.·..-· thl? fai 1 in9 addr·ess and ~1oc•d and b~.:i.,:1 

to the diagnostic listins for ZOMC. 

In the 11/23+ svstem. a dia9nostic/bootstraP ROM Providl?s the necessary test 
f 'J n c t i 1) n s • Table 6-17 lists the memorY er·ror messages. 
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T?4BLE 6- l 7 MFMORY ERROR MESSAGES 

ADDRESS OF ERROR 

1 r=: ~~: t ::. 

?()()()0-2777 (.:. 

177777 
()()()()()() 

07?'524 
1 2'."i l ~-::·5 

[I J ::::F'L n Y (OCT AL COMME-~NT 

O:? 

02 

l 

M <.'! m o r .,. i::: r r '·-' r ~~: • l...J 1 i t <? 

.::id d r· <'°' c. = 1 ,., i t c, :" 1 + , 

B··,. ·1_-.-,,, 

M,::-m•:•r··,-· '•'r1·.,_,,. 11·1 1=·r·,?--

n1<'.'mi:·r·· .,. tc·c, t. 

I-~:::= f a i. l i. n g d ;:1 t .1 

R3=exPected data 
R 5 ::: f <1 i. l i r1 .,~ ;:t ':J d r· "' s. ''' 

Me m o r .,. •? r r· c1 r· • 8 i I: 1 •:::; 

set 1n one of the 
Parity CSRs t172100-
l72l ~:6). F .:ii l i n9 m<."'m

o rY should hav0 the 
Par j t-. LE[I c•11. 

1·1 •? 1 ri o r· , ·2 r· r· ·~1 r 1 1 1 

0-2044KW. 2? b1t mem-
o r···1 test. C: 1.• nr1T1 (1 n (7! r· r· (1 r· 

h a 1 t f i:1 r s l ·,.. d 1 f f ·:C.· r· •? n t 

t "" ·~ t ·,~ . I f I-~: :: =: (i , t i , "' n 
e r· r· o r· i 1 , ·r "' ~.· t :I. -- c·; • T h e n 
F:...'.J. d <-'° t ••2 r· 111 i ,., ,,, •::. f .. ; i l i ,., 9 

te<cL 

R4 exPected data 
F: 5 f .::i. I I t n "" •L:t. i: .1 

TESl DESCRIPTION 

(·, d d r e ~:. s T .:.· c. t , I • i t 1 J -· (; 

[1.3 ta Test 
U;:, i:-;,1 T,;:, 5: t 
Odd Parit~ Pattern Test 
8-.te Addressing Te~t 
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FI Cil 1i:;·F /-.-/-. - R(-iM/Fi'f"IM CHAF:'T 

u l 

Ul9 

\;""' c im 

ll.cv 0 U55 

un 

U9l 

Ul09 

IJ! 21 

0 

U2 

UlO 

UJ8 

U56 

U74 

un 

UllO 

u12a 

l 

Rw A ~ 
F.OY !l • 
Ro"' C ~ 
l'.ov 0 ~ 

~) U4 U5 U6 U7 U8 

U21 U22 U2J U24 U25 ua 

UJ9 U40 U41 U42 U4) U44 

U57 U5f U59 U60 U61 U62 

un U7.J U77 U78 U79 ueo 
-

U9J U94 un U96 U97 U96 

Ull I Ulll Ull J IJl 14 Ull 5 UI !6 

Ul29 UDO Ul'.l! U!H U!JJ UIJ4 

2 J ' 5 6 

0-64K"' (0-00)77776) 
6'Kw-128K"' (OO~OOC00-00777176) 

!28Kw-l,2Kw (OlOOCCOC-01)77776) 
t9~K~-2~6Kw (01400000-01777776) 

1 

U9 

U27 

1.145 

UC.J 

UBI 

U99 

UI !7 

UIJ5. 

l'O 

UIO 

U28 

U46 

U64 

U82 

UIOO 

UllB 

UIJ(, 

i'I 

U! l Ul2 u:n IJ ! 4 U! S Ul6 u:1 

U29 UJO UJI un U)) UJ4 UJ5 

U47 U48 U49 I \:50 U51 I U52 U5J 

U6~ U66 U67 u~a U69 U70 U71 

U84) ll64 U8~ !te6 U87 \ uee I U~9 
UIOl U!02 UIOJ Ul04 Ul05 U!06 U107 

UI 19 Ul20 Ul 21 Ul 22 Ul2J Ul24 u1is 

UIJ7 U!J6 UIJ9 UI 40 IUl4! U!42 Ul43 

8 9 10 J I l I I 2 I !J !4 

Rov ~ ~ 2~6Kw-)20Kv (020000r.0-02)77776) 
Rev r • Jlnx~-Je'Kw (02•00000-02777776) 
Row C • J8~Kw-,48Kw (OJOC0000-0)]1777t) 
Ao~ H w 49Br.w-5!2Kw (0)400000-0)777776) 

I 
.uu 

U)6 

U54 

un 

U90 

UIO! 

UIH 

Ul4-l 

15 
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For Test 1-S CR3=0) determine 22 bit failin~ address as follows: 

R j b j t l l -0 f~l i l addr·<c- s 5 b i ts l l -( -) !'· .l no~ .. 

R2 b i t t 
r.:- , fa i 1 .;i.ddr·<?S s b i. ts ·-:··"""'.·- 1 -s -,~r:. l no:~ .::_....:.. .. :: . 

E r· r· <:• r· s 1 n .:i. d d r· <.::. s s 1.1 n :i ::i u '-"' r1 .E-' s s t ~,, s t . 
i. s · r1 o t e c:i 1 J a l t o 0 t h ·.? n e 1-· r· o r· l s i n 

Test checks address bits 21-6 Test 6. 

R4 -· 
R":::; = 
R:? -

. I 

t h .i '.=· t<::.- s t . 

fail i n9 data 
22-bit failin9 address bits 21-6 fail1n9 address 
Bi ts 5-0 .:i.1·•? a i wa....-s 0. 

I 

173736 

, 
02 Memor~ error in Pre-memoc·y address 

tes+ for locations 0-776. 

R2 =failing d6ta 
RS= failing address and exPected dat.:i 

Memory er·ror t, data t~st f01led. 
TE.' 5. t o-:3n lLI i u·, MMU o) ff j f i=-· r· ~:;. s ·::"rd .. 

F: 1 - f a i l i n ·::i ·3. d d r· 1'!' s s 
R4 - exP0cted data (e1th2r 000000 

or· 177777) 
F:5 -· fail i.n9 d.:::i.ta 



Please take a few minutes to complete this form. Your responses and comments will help us to 
improve the quality and usefulness of our publications. 

Is the manual clear, complete and easy to understand? ___________________ _ 

Which features of the manual are the most useful? _____________________ _ 

Did you find any problems or errors? __________________________ _ 

Does the manual address your questions and answer them competently? ____________ _ 

Do you have any other general comments? _______________________ _ 

Would you like a representative to call you? _______________________ _ 

Name __________________ Street _________________ _ 

Title __________________ CitY------------------

Company ________________ State/Zip Code/Country __________ _ 

Department _______________ Telephone No. ______________ _ 

Part No. 52001200 
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