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BYTE COUNT BYTE COUNT 
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HEADER FIELD 27 37 
RD H . 0 . CC REQ # 1 29 40 

IN WR CRC + ECC #1 35 37 
CRC FIELD 37 39 

SPLASH 41 42 

IN RD CRC + ECC #1 39 41 

DATA GAP 42 43 

SET RD GT #2 50 51 

BOS #3 64 65 

DATA FIELD 67 580 
LOAD SYNC BYTE #2 67 68 
WR H . D . CC REQ #2 65 585 
RD H . D . CC REQ #2 69 589 

IN RD CRC -+ ECC #2 581 589 

IN WR CRC + ECC #2 577 585 

ECC FIELD 579 587 
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~isk Control Registers. 

5-88 

1. Disk Interface Input (DIB) (004100). 

BIT 

07-00 

NAME 

Dh-Dlo 
Read Only 

2. Disk Interface Flags (DIF) (004101 ) 

BIT 

07-04 

03-00 

NAME 

Not Used 

ATN3-ATNo 
Read Only 

3. Disk Interface Output (010) (004104). 

BIT 

07-00 

NAME 

007-000 
Write Only 

4. ~isk Interface Control (DIC) (004105). 

BIT 

07 

06 

05 

04 

03 

NAME 

Not Used 

Strobe 0 
Write Only 

Strobe C 
Write Only 

Strobe B 
Write Only 

Strobe A 
Write Only 

07 06 05 04 03 02 01 00 
Dh 015 Db 011 010 

FUNCTION 

Stores drive status, error codes, drive model number, sector 
counter, etc. of the selected drive to be read by the 
microprocessor. 

07 06 05 04 03 02 01 00 

ATNol 

FUNCTION 

N/A 

Drive Interface Port Attention 0-3. Provides interface flags to IJP 
of selected interface. Reset with Strobe C on the CDC interface. 

07 06 05 04 03 02 01 00 
I 007 DOb DOs 004 D03 DO. DOl DOo 

FUNCTION 

Select number, drive commands, cylinder number, lead 
number, etc. Cleared when strobed to applicable drive. 

07 06 05 04 03 02 01 00 
STD STc STB TBI TBo 

FUNTION 

N/A 

Select Tag to CDC drive. 

Load Cylinder Hi to CDC drive. Must be issued prior to Cylinder 
Tag. Resets selected drive's attention flip-flop in the CDC 
interface. 

Head Tag to CDC drive. 

Cylinder Tag to CDC drive. 



4. Disk Interface Control (KDIC) (004105). Continued 

BIT NAME 

02-00 Tag Bus,-o 
Write Only 

5. ECC Shift Control (ECCSC) (004106). 

BIT NAME 

07-04 Not Used 

03 Shift Pl 
Write Only 

02 Shift P2 
Write Only 

01 Shift PI 
Write Only 

00 Shift Po 
Write Only 

6. ECC Byte 0 (ECCBO) (004110) 

BIT 

07-00 

NAME 

EC •• -ECss 
Read Only 

7. ECC Byte 1 (ECCB 1) (004111 ). 

BIT NAME 

07-00 EC.,·EC.7 
Read Only 

FUNCTION 

Tog Bus 
_2_1_0_ 

0 0 0 Unused 
0 0 1 Select Sector Counter 
0 1 0 Select Sense 
0 1 1 Select Status 
1 0 0' Select Control 
1 0 1 Reserved 
1 0 Reserved 
1 1 Reserved 

07 06 05 04 03 02 01 00 

FUNCTION 

N/A 

Shift ECC data in polynomial register 3 under lAP control. 

Shift ECC data in polynomial register 2 under lAP control. 

Shift ECC dota in polynomial register 1 under I-4P control. 

Shift ECC data in polynomial register 0 under I-4P control. 

07 06 05 04 03 02 01 00 
I ECH EC." ECso ECSI ECS2 ECSl ECs. EC ss 

FUNCTION 

One byte of the ECC data. 

07 06 05 04 03 02 01 00 

I EC.o EC'I EC'2 EC'l ECH ECH EC.1o EC., 

FUNCTION 

One byte of the ECC data. 
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8. ECC Byte 2 (ECCB2) (004112). 

07 06 05 04 03 02 01 00 

I EC3, EC3l ECl4 EC3s EC3. EC'7 EC3I EC,. I 
BIT NAME FUNCTION 

07-00 ECl2-ECl. One byte of the ECC data. 
Read Only 

9. ECC Byte 3 (ECCB3) (004113). 

07 06 05 04 03 02 01 00 

I ECu ECas ECH EC27 ECu EC,. EC30 ECl' 

BIT NAME FUNCTION 

07-00 ECu-ECll One byte of the ECC data. 
Read Only 

10. ECC Byte 4 (ECCB4) (004114). 

07 06 05 04 03 02 01 00 

I EC,. ECI7 EC,. EC,. EC,o ECll EC2'l ECl3 

BIT NAME FUNCTION 

07-00 EC,,-EC:n One byte of the ECC data. 
Read Only 

11. ECC Byte 5 (ECCB5) (004115). 

07 06 05 04 03 02 01 00 

EC. EC. EC,o EC" EC" ECI3 EC,. EC,s I 
BIT NAME FUNCTION 

07-00 EC,-ECls One byte of the ECC data. 
Read Only 

12. ECC Byte 6 (ECC86) (004116). 

07 06 05 04 03 02 01 00 
ECo EC, EC, ECl EC. ECs EC, EC, 

BIT NAME FUNCTION 

07-00 ECo-EC, One byte of the ECC data. 
Read Only 
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13. ECC Zero Flags (ECCZF) (004117). 

07 06· 05 04 03 02 01 00 
P3z P2z Pl z POz 

BIT NAME FUNCTION 

07-04 Not Used N/A 

03 P3 zero Set when ECC polynomial register 3 is zero. 
Read Only 

02 P2 zero Set when ECC polynomial register 2 is zero. 
Read Only 

01 P1 zero Set when ECC polynomial register 1 is zero. 
Read Only 

00 PO zero Set when ECC polynomial register 0 is zero. 
Read Only 
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5·5. eRe AND Eee OPERATION. 

a. Cyclic Redundancy Check. The CRe code im­
plemented is a 16-bit polynomial t X16+X 1S+X'+ 1. 
When header data is written t the serial data is divided 
by the polynomial. The CRC shift registers contain the 
remainder of this division at the end of the field being 
written. This 16-bit remainder is then appended to the 
data by altering the eRC shift registers to perform stan­
dard shifting without feedback and writing the serial 
eRC from bit-15t shifting out one bit at a time. 

When the header field is read, the same division pro­
cess takes place on the serial read data. The remainder 
generated in the CRC registers is then compared bit for 
bit with the 16-bit CRC code read in from the disk. This 
comparison is accomplished by shifting the serial CRC 
code into the registers with feedback enabled. If the 
registers contain all zeros at the end of 16 shifts t there is 
no error. If the results are non-zerot a CRC error is in­
dicated, and the eRe Error latch is set. Implementation 
of the CRC is shown below: 

Data ~.A_r=t Q t'7\ Q Iv;1 t ~ Data 
Inpu~ ~Output 

where: 
+ = Exclusive OR 
o = Flip-Flop 
XO = CRC polynomial term ")" 
XIS = eRe polynomial term "XI." 

The eRC implemented has tt"le following characteristics: 

1. The code will check a length of 2 15.1 = 32767 
bits or less. 

2. Capable of checking single burst length of 16 
or less. 

3. Capable of checking any combination of two 
bursts with a length of 1 and 2. 

4. Code will detect all Single, double, and triple 
bit errors. 

b. Error Correction Code. The Error Correction 
Code implemented is a 56-bit polynomial, 
X56 + XS5 + X., + X·-$ + X41 + X3' + Xli + X37 + X36 + X31 
+X'2+X1'+XI7 +XI6+Xl$+X14+X12+XII +X'+X+ 1. 
The ECC is a Fire Code with high speed decode. When 
data is written the serial data field is divided by the 
generator polynomial by the ECC hardware. The re­
mainder produced by this arithmetic process resides in 
the ECC shift registers at the end of the data 
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field. The remainder is appended to the data field by 
disabling the feedback and shifting each bit out of the 
registers, writing the 56 bits of ECC from bit 55. When 
the data field is read the serial data is divided by the 
polynomial, and the ECC bytes at the end of the data 
field read into the shift registers, with the feedback 
enabled. After the last ECC bit is shifted in, the contents 
of the registers will be zero if no error occurred. If any 
shift register is non-zero, the data is in error, and the 
EeC Error Flag will be set. The microprocessor examines 
the shift registers to determine if the error is correctable 
or uncorrectable. 

The decoding process during read is accomplished in a 
parallel manner by breaking the ECC polynomial into 
factors to allow fast computation of error displacement. 
The polynomial factors accept the serial read data in 
parallel, with each factor performing a division of the 
input data stream. The polynomial factors are essen­
tially contained in four shift registers, with Exclusive OR 
feedback for each term; the four registers are called PO, 
P1, P2, and P3. All four must be zero after a read to in­
dicate no error. The read polynomial factors are: 

PO X22+ 1 

P1 

P2 X 12 +X 11 +X 10 +X9 +X8+X7 +X6+X$+X· 
+X3 +X2+X1 + 1 

The Eec code implemented is capable of detecting 
most errors caused by 3330-11 type media. Single burst 
errors of 22-bits length or less will be detected. 
Capability for correction of single burst errors of 11-bits 
length or less is provided using the ECC. 

1. Write Implementation. When the data field 
is written in a sector, the 56 bits of ECe are generated 
by four shift registers PO, Pl, P2, and P3 with Exclusive 
OR feedback connected as shown in Figure 5-34. The PO 
shift register is 22 bits long, Pl is 11 bits long, P2 is 12 
bits long, and P3 is 11 bits long. The 56-bit ECC is 
phYSically implemented using 14 Motorola 8504 
sixteen-pin DIPs. Each DIP contains 4 XORs and 4 flip­
flops as well as a zero detect gate. 

Serial write data is shifted through registers P3, P2, Pl, 
and PO with gate A enabled. When the last data bit is 
shifted into P3, the gate is disabled and the 56 bits of 
ECC are then shifted out of PO bit-55 and written as each 
bit is shifted. 

2. Read Implementation. When the data field is 
read from a sector, each serial data bit is shifted into 
P3, P2, P1, and PO with gate B enabled. The shift 



registers and Exclusive OR feedbacks are connected as 
shown in Figure 5-35. After the last ECC bit is shifted in, 
gate B is disabled, and all register bits checked for 
zero. Any shift register containing non-zero results in­
dicates an error and the ECC Error flag is set. The 
microprocessor is then notified of the error condition. 

3. Error Correction. Upon detection of an ECC 
Error, the microprocessor examines all four shift 
registers, po, P1, P2, and P3. All must contain non-zero 
results or the error is uncorrectable. 

The microprocessor then shifts po, pattern register, 
using the ECC Control Register and counts the number 
of shifts until all non-zero bits are contained in the low 
order eleven bits (left most 11 in Figure 5-35) and zeros 
are in the high order eleven bits. The error pattern is 
then contained in the low order eleven bits, with each 1 
bit representing a read data bit in error. If it is not pos­
sible to get the eleven high order bits zeroed in 21 shifts 
or less, the error is uncorrectable. 

Upon completion of the PO shifting to contain the error 
pattern in the low order eleven bits, Pl is then shifted 
while counting the number of shifts until the contents of 
P1 match that of po bit for bit in the low order eleven 
bits. If P1 cannot be made to match po (low order) in 89 
shifts or less, the error is uncorrectable. If a po, Pl 
match is accomplished, then P2 is shifted while 
counting shifts looking for a match between PO and P2. 
If P2 cannot be made to match po (low order), in 13 
shifts or less, the error is uncorrectable. If P2 matches 
po, then P3 is shifted while counting shifts and looking 
for a match between P3 and po (low order). If P3 cannot 
be shifted to match PO in 23 shifts or less, the error is un­
correctable. All shifting is performed with feedback 
enabled. 

If P1, P2, and P3 all can be shifted to match the low 
order contents of PO, the microprocessor computes the 
displacement using the following formula: 

D· = - 133055 SCpo + 72358 SCPl 
- 270204 SCP2 - 254540 SCP3 

Where SCpo, SCP1, SCP2, SCP3, are the shifts counted for 
po, P1, P2, and P3 respectively during the pattern 
match. The result obtained from the above, 0, then has 
the integer 585442 added or subtracted until: 

o resu It 585442 

Then the displacement, 0 = 585442 - result. 

This displacement value is the number of bits from the 
end of the ECC to the fjrst bit in error measured from 
the end of the field. 

ebeebbeebbebbbbb 56 bits of ECC 

11 bit burst error ---4 .. ~error displacement 

b = Data Bit OK, e = Data Bit in Error 

The microprocessor then adjusts the bit displacement 
obtained above to a byte boundary and calculates the 
displacement, in bytes, to the first byte in error from the 
end of the data field rather than the last ECC byte. If the 
displacement is 0, the error lies in the ECC bytes, and if 
it is 1 or 2, the error may still be partially in the ECC 
bytes. This calculation may also be performed on the 
bit displacement value without adjustment to a byte 
boundary. If the unadjusted value is less than 56, part 
or all of the error is in the ECC bits. Only that portion of 
the "error pattern" not in the ECC bits, or pertaining to 
data need be used to correct the data stored in the buf­
fer. If the displacement value, 0, exceeds the length of 
the data field plus ECC bytes, the error is also uncor­
rectable. If the displacement is close to the data length 
plus ECC, recheck the error pattern to ensure it matches 
the requirement for a correctable error. 

Upon conclusion of displacement calculation and ob­
taining the eleven bit error pattern, the microprocessor 
enables access to the data buffer in the Data Control. 
Data transfer was automatically suspended by the hard­
ware, and remains so until ECC Error flag is reset by the 
microprocessor. The location(s) in the data buffer which 
are in error as indicated by the displacement are then 
exclusive ORed with the "error pattern"; eleven bit pat­
tern plus 5 zeros to complete one word (2 eight-bit 
bytes). The results are stored in the buffer locations in 
error, thus correcting each bit in error as indicated by a 
"1" in the data pattern and leaving any bits where a 
"0" was indicated unchanged. 

The microprocessor then re-enables the data transfer 
between the computer and disk and the data transfer 
resumes. If an ECC Error is found to be uncorrectable, 
appropriate status is posted and the operation 
terminated. 
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Disk Interface Output Registers 

1. Select Port and Drive 

07 06 05 04 03 02 01 00 
P2 PI 0 0 D .. 02 01 

BIT NAME FUNCTION 

07 Not Used N/A 

06-05 P2-Pl Disk Port Select 

P2 PI Port 

0 0 0 
0 1 1 
1 0 2 
1 1 3 

04-03 Not Used Always O. 

02-00 0 .. -01 Disk Drive Select 0-7. 

2. Cylinder High 

07 06 05 04 03 02 01 00 
CS12 C256 

BIT NAME FUNCTION 

07-02 Not Used N/A 

01-00 CS1,-C2S6 High order cylinder address bits. 

3. Cylinder low. 

07 06 05 04 03 02 01 00 
CI2S. Cu C32 C16 Cs C .. C, C, 

BIT NAME FUNCTION 

07-00 CI28-C, low order cylinder address bits. 

4. Head 

07 06 05 04 03 02 01 00 
H16 He H .. H2 HI 

BIT NAME FUNCTION 

07-05 Not Used N/A 

04-00 H16-Hl Head Select bits. 
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5. Control 

BIT NAME 

07 Release 

06 RTZ Seek 

05 Not Used 

04 Fault Clear 

03 Servo Offset-

02 Servo Offset + 

01 Data Strobe late 

00 Data Strobe Early 

Disk Interface Input Registers 

1 . Status Byte 

BIT NAME 

07 ATIENTION 

06 Duo I Port Busy 

05 Seek Error 

04 Not Used 

03 Write Protect 

07 06 05 04 03 02 01 00 
RlS RTZ FC S- S+ DSl DSE 

FUNCTION 

Used only for Dual Channel Drives. Resets the Reserve and 
Disable flip-flops for both channels, releasing the Reserve and 
Priority Select commands. 

Causes actuator to seek to track zero, clears seek error latch and 
head address register. 

N/A 

Clears fault latch if fault condition no longer exists. 

Offsets actuator from nominal on cylinder position, away from 
spindle. 

Offset actuator from nominal on cylinder position, toward 
spindle. 

Enables the PlO data separator to strobe the data at a time later 
than optimum. 

Enables the PlO data separator to strobe the data at a time 
earlier than optimum. 

07 06 05 04 03 02 01 00 

I ATN DPB SKE o WP FLT . AB ROY I 
FUNCTION 

Set by drive to inform controller that status needs to be checked. 

Enabled on a dual channel drive when a unit selection is at­
tempted and the drive is already reserved by the other 
controller. 

Set when drive is unable to complete a seek within 500 ms, or 
the carriage has moved to a position outside the recording 
field. Also occurs if an address greater than 410 (40 Mb - 9760), 
or 822 (80 Mb - 9762 and 300 Mb - 9766) has been selected. 

Always 0 

Set when drive write circuits are disabled by a foult, setting 
'Write Protect on the drive front panel, or during head 
alignment. 
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Disk Interface Input Registers (Continued) 

BIT NAME 

02 Fault 

01 Access Busy 

00 Ready 

2. Sector Cou nter Byte 

BIT NAME 

07-00 5128-5, 

3. Model Byte 

BIT NAME 

07 CDC 

06-04 Not Used 

03 Fixed Head 

02-00 Model 4-1 

5-112 

FUNCTION 

5et by one of the following faults; DC Power, Write, Write or 
Read while off cy,linder, and Write Gate during a Read 
operation. 

5et when drive is selected, up to speed, heads are loaded, and 
no fault exists. 

07 06 05 04 03 02 01 00 
5128 5b4 532 Sib 58 S4 52 SI 

FUNCTION 

Drive 5ector Count. 

07 06 05 04 03 02 01 00 

I CDC 0 0 0 FH M4 M, M, 

fUNCTION 

Always a 1 if CDC drive is installed. 

Always zero. 

Always .a zero. 

M4 M, MI Drive 

0 0 0 9760 
0 0 1 9762 
0 1 0 9764 
0 1 1 9766 
1 0 0 Not Used 
1 0 1 Not Used 
1 1 0 Not Used 
1 1 1 Not Used 



CHAPTER 6 

OPTION FEATURES 

6-1. INTRODUCTION. This chapter contains a 
description of options and upgrade kits available for 
the standard 9400 Disk Controller System. 

6-2. 
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CHAPTER 7 

PERIODIC MAINTENANCE 

7-1. INTRODUCTION. This chapter describes the 
maintenance procedures to be performed on a regu­
larly scheduled basis. Instructions are provided for 
preventive maintenance including cleaning and in­
spection. For maintenance requirements of the Storage 
Module Drives, refer to the appropriate CDC manual as 
listed in Table 1-2. 

7-2. SAFETY PRECAUTIONS. High voltage is used in 
the operation of this system. Before working inside the 
equipment, turn off the AC circuit breakers for the Con­
troller and disconnect the AC power cord. 

7-3. SCHEDULED MAINTENANCE ACTIONS. Re­
quired scheduled maintenance actions are listed in 
Table 7-1. 

. a. Cables and Wiring. Check cables and wiring 
for the following:' 

1. Frayed, burned, or damaged insulation. 
2. Connectors tight and secure. 
3. loose ties or clamps. 

b. Front and Rear Panels. Check equipment 
panels for the following: 

1. loose controls or indicators. 
2. Illegible markings. 
3. Burned out indicators. 
4. Broken controls or mounting hardware. 
5. Improper alignment of controls. 

Table 7-1. Scheduled Maintenance Actions 

Periodicity Maintenance Action Reference Paragraph 

Semiannually 

Semiannually 

As Required 

Cleaning 

Inspection 

lubrication 

7-4. CLEANING. Accumulated dust should be blown 
out of equipment with dry air, or a bellows. Dust that 
adheres to equipment can be wiped away with a soft 
cloth. The air filter should be removed, washed in 
soapy water, dried, and replaced. The front panel may 
be cleaned with a soft I int-free cloth and isopropyl 
alcohol. 

7-5. INSPECTION. A physical inspection of the 
system should be made semiannually, to check for con­
ditions that could result in equipment failure. Inspec­
tion consists of a visual examination of both the interior 
and exterior of the system and interconnecting cables. 

7-4 

7-5 

7-6 

c. Equipment Enclosures and Slides. Check equip-
ment enclosures and slides for the following: 

1. Blocked air inlet or louvers. 
2. Binding of slides. 
3. loose hardware. 
4. loose circuit card assemblies. 
5. Overheated components. 
6. Damaged wiring and loose connectors. 

7-6. LUBRICATION. The system contains no pOints 
that require regular scheduled lubrication. If. the 
enclosure slides bind, lubricate with a medium weight 
synthetiC based oil or light weight synthetic based 
grease as required. 
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CHAPTER 9 

PARTS LISTS 

9-1. INTRODUCTION. This chapter contains illustra­
tions and parts lists for mechanical parts and electrical 
subassemblies. Parts breakdowns are given to the 
major, field replaceable subassembly level only. 

9-2. PARTS LISTS. The parts lists present a 
breakdown of all intermediate level replaceable items, 
listed in disassembly sequence (when disassembly se­
quence is significant). The parts lists present informa­
tion under the following column headings: 

FIGURE AND INDEX NUMBER 

PART NUMBER 

DESCRIPTION 

UNITS PER ASSEMBLY 

NOTES 

a. Figure and Index Number. This column iden­
tifies the figure which illustrates each listed item, and 
the index number which identifies the item on the 
illustration. 

b. Part Number. This column provides the System 
Industries part number of each item listed in the parts 
lists. 

,c. Description. This column lists all intermediate 
level replaceable items within the equipment in 
disassembly sequence (where applicable). An in­
dented column arrangement is utilized to show the 
relationship between a part and that part's next higher 
assembly. The top assembly of each listing appears in 
indention 1. Primary subassemblies and their attaching 
parts appear in indention 2. 

d. Units Per Assembly. The quantity shown in this 
column reflects the total quantity of a part required by 
that part's next higher assembly. This quantity is not 
necessarily the total used for the complete equipment. 
Some bulk materials are called out by length and are so 
identified in the column. The abbreviation REF is used 
to indicate that the quantity of an item used per 
assembly is listed in the next higher assembly. 

e. Notes. Comments in this column note ob­
soleted and newly released parts. Not all newly 
released parts can be used to replace older parts, 
without making other concurrent changes to a con­
troller. For information regarding parts compatibility, 
contact System Industries in Sunnyvale, California. 
Telephone (408) 732-1650 and ask for Customer 
Service. 

Parts lists 

Figure Number Nomenclature Page Number 

9-1 Mainframe and Basic Controller 9-3 
Assembly 

9-2 Base Assembly 9-5 

9-3 Rear Panel Assembly 9-8 

9-4 Computer I nterface Features, RP04 9-11 

9-5 Configuration Features 9-13 

9-6 CDC Radial Drive Interface Features 9-15 

9-7 Cache (RH70) Interface Features 9-17 
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FIG & UNITS 
INDEX PART PER 
NO. NUMBER 1 2 3 4 567 DESCRIPTION ASSY NOTES 

9-1 9410-7100 Mainframe and Basic Controller REF 

- 1 506-0013 • Screw, Machine, 6-32 '12 PH PHL 2 

- 2 550-0002 • Lockwasher, #6 Internal Tooth 2 

- 3 9400-6002 • PCB Assy, Control Store 

- 4 9400-6004-01 • PCB Assy, Basic Control, RP04 

- 4 9400-6004-02 • PCB Assy, Basic Control, RM03 

- 4 9400-60 14-0 1 • PCB Assy, Basic Control, RP04, 2 MHz Replaces 
9400-6004 

- 4 9400-6014-02 • PCB Assy, Basic Control, RM03, 2 MHz Replaces 
9400-6004 

- 5 9400-7003 • Bose Assy Fig. 9-2 
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FIG & UNITS 
INDEX PART PER 
NO. NUMBER 1 2 3 4 5 6 7 DESCRIPTION ASSY NOTES 

9-2 9400-7003 BASE Assy REF 

- 1 318-0023 • Standoff, VA Dia. 3/4 Long, 6-32 4 

- 2 318-0024 • Standoff, V2 Dia. 3/8 Long, 8-32 Hex 8 

- 3 318-0025 • Standoff, 1/ .. Dia. 1/ .. Long, 6-32 INS 12 

- 4 506-0008 • Screw, Machine, 6-32 14 FH PHl 5 

- 5 506-0009 • Screw, Machine, 6-32 3/. FH PHL 3 

- 7 506-0012 • Screw, Machine, 6-32 3/8 PH PHL 9 

- 8 506-0013 • Screw, Machine, 6-32 V2 PH PHL 6 

- 9 506-0022 • Screw, Machine, 6-32 6
/ 16 PH PHL 21 

- 10 508-0008 • Screw, Machine, 8-32 1/2 PH PHl 6 

- 11 508-0018 • Screw, Machine, 8-32X3 1/2 RND HD 6 

- 12 528-0001 • Nut, Hex, l/e, 0.338 Thick 

- 13 530-0001 • Nut, Hex, 1/8 0.365 Thick 5 

- 16 550-0002 • Lockwasher #6 Internal Tooth 36 

- 17 550-0003 • Lockwasher #8 Internal Tooth 11 

- 18 550-0004 • Lockwasher #10 Internal Tooth 5 

- 19 555-0003 • Washer, #8 Flat, Stainless Steel 2 

- 20 560-0002 • Clip, SHET 6-32, 0.081-0.072 Thick 3 

- 21 620-0014 . • Tape, Adhesive Foam, 1/ .. Thick 3/8 Wide 8.25-in. 

- 23 9400-1001 • Base 

- 25 9400-2002 • Front Panel 

- 26 9400-7005 • Power Suppl y Assy. 

- 27 9400-7004 • Rear Panel Assy. Fig. 9-3 

- 28 508-0007 • Screw, Machine, 8-32 3/8 PH PHl 2 

- 29 9400-3001 • Insulator, PCB 

- 30 9400-1002 • Top Cover 

- 31 9400-2003 • Display Panel 
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FIG & UNITS 
INDEX PART PER 
NO. NUMBER 1 2 3 456 7 DESCRIPTION ASSY NOTES 

9-2 9400-7003 Base Assy (Continued) REF 

- 32 9400-1003 • Rear Panel 

- 33 504-0034 • Screw, Machine, 4-40 II. FH PHL 3 

- 34 532-0001 • Nut, S/8 RND HD Thumb Nut, 8-32 THRU 10 

- 35 468-0020 • Slides, Rack Mount, 900 Tilt Lock 

- 36 820-0008 • Cable, Power Cord 

- 37 9400-1014 • Label, 9400 Serial No. 

9-6 



\ 

\...@(3X) 

VIE W ,.\-,.\ 
SCALE ,:, 

REF' 

--. -- . -.- -_ .. _-------' 

Figure 9-3. 

29 

COIo.ll-.l. ,...". "'£'ot.IEt) 

,,"~M ..,tal ~'D£. 

Rear Panel Assembly 

F"I'lOM TO WIRE 6 
COLOR ITEt.A;bI~IP IT£M/O:5CAIP. LENG 

I At:.. MOO-H 16 

-8 ».8 

--~--~--=~~~~:~!~-+-~~ 
-M -.0-- WMT 

-R (0.0 au< 
-~ 6.0 eLK 

~---+--~~--~---=P+-~5~.O~·+ WWT 

NOTES: 

OJ SOL-DEI'! Ie ~ WIRES TO ITEM ,l!) ~rORF: 
'N:>TALL.I"'~' IN~TAU. Ire", \.~ it; tTLM ~6 
UFOR. INSTAI.L.INIi ITEJ;f:f(i;jJ)cR(j). 

o ~R 18 6,.. W'Q£~ TO IT~"" <V e«FOR. 
INSTAL.UNG ON IT£M 8. 

~ COV£A la GA. w'R£5 W'T>4 Z.5 ,A/CHtrS 01= 
ITilM ~ 

~ CENT.1t 3·OF Ir.~ tn, CENT£RING IT l!IETW&EN 
HOLE5 IN ITEM • )i(RES5 'IV APPROK 
LOCATION ~W • 

m TM./~T WIRE.S ,""PPROl( , TURN PER INCH. 

@ 5HRIN¥.. FIT '" OF ITE.N\@O'JER TE.RMINAL~. 



FIG & UNITS 
INDEX PART PER 
NO. NUMBER 1234567 DESCRIPTION ASSY NOTES 

9-3 9400-7004 Rear Panel Assy. REF 

- 1 312-0034 • Connector, 3-pole, line Outlet with Voltage Selector 

- 2 312-0035 • line Filter, Power Input 

- 3 314-0010 • Connector Pin, Female for 1991 Series 5 

- 4 335-0025 • Connector, Molex, Female W/O Ears, 9-pin 

- 5 344-0018 • Fuse, MOA8, 8 A 250 V, Sio-Blo 

- 6 350-0002 • SWitch,Toggle, DPST, 125 V 15 A/250 V lOA 

- 7 370-0002 • Fan, 110 V, 20 W, 50-60 Hz 

- 8 370-0005 • Filter, Fan 

- 9 526-0001 • Nut, Hex, 6-32, 5/16, 0.0110 Thick 4 

- 10 526-0002 • Nut, Hex, 6-32, 3/32, O. 145 Thick 4 

- 11 528-0001 • Nut, Hex, 8-32, l/a, 0.338 Thick 2 

- 12 530-0001 • Nut, Hex, 10-31, lis, 0.365 Thick 2 

- 13 550-0002 • lockwasher, #6, Internal Tooth 4 

- 14 550-0003 • lockwasher, #8, Internal Tooth 2 

- 15 550-0004 • lockwasher, #10, Internal Tooth, Stainless Steel 2 

- 16 550-0021 • lockwasher, V2-inch, Internal Tooth 

- 17 560-0013 • Clip, Shet, 6-32, 4/u Thick 3 

- 18 506-0015 • Screw, Machine, 6-32, 3;' PH PHl 4 

- 19 580-0014 • Sleeve, PVC, 5116 Black 2.5-in. 

- 20 808-0044 • Insulation, 18 Gauge, White PVC 105 24.5-in. 

- 21 808-0047 • Wire, 18 AWG Ul, 1015 Orange 4.5-in. 

- 22 808-0041 • Insulation, 19 Gauge, Green PVC 105 12.5-in. 

- 23 808-0042 • Insulation, 18 Gauge, Yellow PVC 105 11-in. 

- 24 808-0043 • Wire, 19AWGUl, 1015 Black 30-in. 

- 25 312-0038 • Terminal, Ring Crimp, 12-10 GA #8 

- 26 532-0001 • Nut, 5/8, RNO HO Thumb Nut, 8-32 THRU 4 
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FIG & UNITS 
INDEX PART PER 
NO. NUMBER 1 2 3 4 5 6 7 DESCRIPTION ASSY NOTES 

9-3 9400-7004 Rear Panel Assy. (Continued) REF 

- 27 620-0005 • Tape, Foam, 3~ - I~ 6-in. 

- 28 620-0017 • Tape, Adhesive, Foam 8-in. 

-29 9400-1004 • Rear Panel 

- 30 9400-1006 • Cable Clamp 2 

- 31 580-0016 • Tubing, Shrink, 1/. White 2-in. 
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FIG & UNITS 
INDEX PART PER 
NO. NUMBER 1 2 3 4 567 DESCRIPTION ASSY NOTES 

9-4 9420-7200 Computer Interface REF 

- 1 9400-6007 • PCB Assy, Computer Interface 

FIG & UNITS 
INDEX PART PER 
NO. NUMBER 1 2 3 4 567 DESCRIPTION ASSY NOTES 

9-4 9420-7201 Computer Interface, RP04 10' REF 

- 1 9400-6007 • PCB Assy, Computer Interface 

- 2 9400-6011-01 • PCB Assy, 9400 RP04 CPA 

- 2 9300-6031 -01 • PCB Assy, 9400 RP04 CPA, with Cache Interface replaces 
9400-6011 

- 3 9400-7007 • Coble Assy, CPU Interface 10-foot 2 

FIG & UNITS 
INDEX PART PER 
NO. NUMBER 1 2 3 4 567 DESCRIPTION ASSY NOTES 

9-4 9420-7202 Computer interface, RP04 20'(Obsolete) REF 

- 1 9400-6007 • PCB Assy, Computer Interface 

- 2 9400-6011-01 • PCB Assy, 9400 RP04 CPA 

2 9400-6031-01 • PCB Assy, 9400 RP04 CPA, with Cache Interface replaces 
9400-6011 

- 3 9400-7008 • Cable Assy, CPU Interface 20-foot 2 

FIG & UNITS 
INDEX PART PER 
NO. NUMBER 1 2 3 4 567 DESCRIPTION ASSY NOTES 

9-4 9420-7205 Computer Interface, RP04 35' REF 

- 1 9400-6007 • PCB Assy, Computer Interface 

- 2 9400-6011-01 • PCB Assy, 9400 RP04 CPA 

- 2 9400-6031-01 • PCB Assy, 9400 RP04 CPA, with Cache IIF Replaces 
9400-6001 

- 3 9400-7013 • Cable Assy, CPU Interface, 35' 2 
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FIG & UNITS 
INDEX PART PER 
NO. NUMBER 1234567 DESCRIPTION ASSY NOTES 

! 

9-5 9432-7001 9400 RP04 Configuration Feature # 1 REF 

- 1 9432-8901 A • PROM, EFPGO Configuration #1 Single CPU V1.3 

- 1 9432-8901B • PROM, EFPGO Configuration #1, Dual CPU V1.5 

- 1 9432-8901C • PROM, EFPGO Configuration #1, Dual CPU V1.6 

- 1 9432-89010 • PROM, EFPGO Configuration #1, Dual CPU V2.0 

- 2 9400-6002 • PCB Assy, Control Store REF 9-1 

FIG & UNITS 
INDEX PART PER 
NO. NUMBER 1 2 3 4 567 DESCRIPTION ASSY NOTES 

9-5 9432-7007 9400 RP04 Configuration Feature #7 REF 

- 1 9432-8907A • PROM, EFPGO Configuration #7, Single CPU 

- 1 9432-8901 B • PROM, EFPGO Configuration #7, Dual CPU V1.5 

- 1 9432-8901C • PROM, EFPGO Configuration #7, Dual CPU V1.6 
V1.7 

- 1 9432-8901D • PROM, EFPGO Configuration #7, Dual CPU V2.0 

- 2 9400-6002 • PCB Assy, Control Store REF 9-1 

FIG & UNITS 
INDEX PART PER 
NO. NUMBER 1 234 567 DESCRIPTION ASSY NOTES 

9-5 9432-7010 9400 RM03 Configuration Feature REF 

- 1 9432-8904A • PROM, RM03 Configuration V1.1 
Vl.2 

- 1 9432-8904B • PROM, RM03 Configuration V1.3 

9-13 



TO BE SUPPLIED 

9-14 



.FIG & UNITS 
INDEX PART PER 
NO. NUMBER 1 2 3 4 567 DESCRIPTION ASSY NOTES 

9-6 9450-7100 Feature I, CDC Radial Drive IIF REF 

- 1 3225-7007 • Cable Assy, SMO A, 16-foot, Flat Flat Cable 
Drive 

- 1 3225-7034 • Cable Assy, SMD A, Flat to Round SMD, 16-foot Rnd. Cabte 
Drive 

- 2 3225-7008 • Cable Assy, SMD B, 16-foot, Flat Flat Cable 
Drive 

- 2 3225-7035 • Cable Assy, SMD B, Flat to Round SMD, 16-foot Rnd. Cable 
Drive 

- 3 9400-6008 • PCB Assy, CDC Interface, Radial, Flat Cable 

- 3 9400-6028 • PCB Assy, CDC Interface, Radial, Flat & Round Cable replaces 
9400-6008 

FIG & UNITS 
INDEX PART PER 
NO. NUMBER 1 2 3 4 567 DESCRIPTION ASSY NOTES 

9-6 9450-7101 Feature II, CDC Radial Drive IIF REF 

- 1 3225-7009 • Cable Assy, SMD A, 32-foot, Flat Flat Cable 
Drive 

- 1 3225-7036 • Cable Assy, SMD A, Flat to Round SMD, 30-foot Rnd. Cable 
Drive 

- 2 3225-7010 • Cable Assy, SMD B, 32-foot, Flat Flat Cable 
Drive 

- 2 3225-7037 • Cable Assy, SMD B, Flat to Round SMD, 30-foot Rnd. Cable 
Drive 

- 3 9400-6008 • PCB Assy, CDC Interface, Radial, Flat Cable 

- 3 9400-6028 • PCB Assy, CDC Interface, Radial, Flat & Round Cable replaces 
9400-6008 

FIG & UNITS 
INDEX PART PER 
NO. NUMBER 1 234 567 DESCRIPTION ASSY NOTES 

9-6 9450-7102 Feature III, CDC Radial Drive IIF REF 

- 1 3225-7011 • Cable Assy, SMD A, 48-foot, Flat Flat Coble 
Drive 

- 1 3225-7038 • Cable Assy, SMD A, Flat to Round SMD, 50-foot Rnd. Cable 
Drive 

- 2 3225-7012 • Cable Assy, SMD B, 48-foot, Flat Flat Coble 
Drive 

- 2 3225-7039 • Cable Assy, SMD B, Flat to Round SMD, 50-foot Rnd. Cable 
Drive 

- 3 9400-6008 • PCB Assy, CDC Interface, Radial, Flat Cable 

- 3 9400-6028 • PCB Assy, CDC Interface, Radial, Flat & Round Cable replaces 
9400-6008 
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.FIG & UNITS 
INDEX PART PER 
NO. NUMBER 1234567 DESCRIPTION ASSY NOTES 

9-7 9420-7203 Cache Interface Feature, 10-foot REF 

- 1 9400-6101 • PCB Assy, Address and Control 

- 2 9400-6102 • PCB Assy, Control Buffer 

- 3 9400-6103 e PCB Assy, Data 

- 4 9400-6007 • PCB Assy, Computer Interface 

- 5 9400-6021-01 • PCB Assy, 9400 RP04 CPA 

- 5 9400-6021 -02 • PCB Assy, 9400 RM03 CPA 

- 5 9400-6031-01 • PCB Assy, 9400 RP04 CPA Replaces 
9400-6021 

- 5 9400-6031-02 • PCB Assy, 9400 RM03 CPA Replaces 
9400-6021 

- 6 9400-7010 • Cable Assy, Address and Control 

- 7 9400-7011 • Cable Assy, Data, 10-foot 

- 8 9400-7007 • Cable Assy, CPU Interface 2 

FIG & UNITS 
INDEX PART PER 
NO. NUMBER 1 2 3 4 5 6 7 DESCRIPTION ASSY NOTES 

9-7 9420-7204 Cache I nterface Feature 20-foot (Obsolete) REF 

- 1 9400-6101 • PCB Assy, Address and Control 

- 2 9400-6102 • PCB Assy, Control Buffer 

- 3 9400-6103 • PCB Assy, Data 

- 4 9400-6007 • PCB Assy, Computer Interface 

- 5 9400-6021-01 • PCB Assy, 9400 RP04 CPA 

- 5 9400-6021 -02 • PCB Assy, 9400 RM03 CPA 

- 5 9400-6031 -01 • PCB Assy, 9400 RP04 CPA Replaces 
9400-6021 

- 5 9400-6031-02 • PCB Assy, 9400 RM03 CPA Replaces 
9400-6021 

- 6 9400-7010 • Cable Assy, Address and Control 

- 7 9400-7012 • Cable Assy, Data, 20-foot 

- 8 9400-7008 • Cable Assy, CPU Interface 2 
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FIG & UNITS 
INDEX PART PER 
NO. NUMBER 1 2 3 4 5 6 7 DESCRIPTION ASSY NOTES 

9-7 9420-7206 Cache Interface Feature, 35-foot REF 

- 1 9400-6101 • PCB Assy, Address and Control 

- 2 9400-6102 • PCB Assy, Control Buffer 

- 3 9400-6103 • PCB Assy, Data 

- 4 9400-6007 • PCB Assy, Computer Interface 

- 5 9400-6021-01 • PCB Assy, 9400 RP04 CPA 

- 5 9400-6021-02 • PCB Assy, 9400 RM03 CPA 

- 5 9400-6031 -01 • PCB Assy, 9400 RP04 CPA Replaces 
9400-6021 

- 5 9400-6031-02 • PCB Assy, 9400 RM03 CPA Replaces 
9400-6021 

- 6 9400-7010 • Coble Assy, Address and Control 

- 7 9400-7014 • Coble Assy, Data, 35-foot 

- 8 9400-7013 • Coble Assy, CPU Interface 2 
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CHAPTER 10 

DIFFERENCE DATA 

10-1. INTRODUCTION. This chapter contains dif­
ference data sheets that delineate minor differences in 
hardware and firmware caused by changes to 
operating software systems and product improvements. 

10-2. PDP-11/70 CACHE BUS INTERFACE. 

a. Physical Construction. The PDP-11/70 CPU 
assembly provides dedicated space for up to 4 high 
speed 1/0 controllers. There are 4 slots reserved for 
each of these controllers. In addition, the CPU assembly 
provides space for hex SPC PCBs. 

In the DEC configuration, anRH70 Controller may be 
fitted into each of the 4 available spaces (Figure 10-5). 
The RH70 Controller has 4 hex PCBs and may control 
either disk or magnetic tape storage systems. The high 
speed I/O controller interfaces to the UNIBUS for con­
trol and interrupts, but directly to the Cache of the 
PDP-11/70 for data transfer. The high data transfer rate 
is then achieved by not having to go via the UNIBUS 
MAP and the width of the data transfer is 32 bits. 

b. Installation. In order to connect a 9400 Con­
troller, the CPA board 9400-6021, or 9400-6031 is fitted 
into 'one of the 4 hex SPC slots A, B, C, or D. This pro­
vides the 9400 Controller with its interface to the 
UNIBUS. Three more boards for the Cache Interface are 
then fitted into the space reserved for one of the high 
speed controllers. The fourth position is left unused as 
this is the UNIBUS connection for an RH70. 

The cable connected to J 1 of the CPA board from the 
9400 Controller, is identical to the cable used in other 
PDP configurations. The cable connected to J2 of the 
CPA board, carrying the DMA data and control, is made 
into a 3-way cable and is routed from the 9400 Con­
troller to the data board of the Cache I nterface and 
then to J2 of the CPA. A third cable connects the CPA to 
the address and control board of the Cache Interface. 

c. Logical Description 

1. RP04 Computer Port Adapter. This board in its 
behavior is little different than in smaller PDP con­
figurations. The main difference is that all DMA 

transfers are done via the Cache Interface and are in­
hibited from being done by the UNIBUS. This means 
that no NPR is raised by this board and NPG is simply 
passed down the UNIBUS. The register selection PROM 
is also changed to allow the UNIBUS access to the Buf­
fer Address Extension Register, which extends the 
memory address bus to 22 bits, and to RHCS3. 

2. Cache Interface Address and Control 
Board. This board interfaces all the memory address 
and control lines between the PDP-11 170 Cache and the 
CPA board. Its main function is to control the buffer of 
the 32-bit data bus of the Cache and the 16-bit data bus 
of the 9400 Controller. It has the capability of doing 
16-bit data transfers to the Cache for start and finish ad­
dresses if necessary. A 22-bit address (actually 21, as bit 
o is unused) is sent from the CPA with each data re­
quest. It also sends back to the CPA various status con­
ditions which are mainly detected errors. 

3. Cache Interface Data Board. This board has 
two 16-bit buffers to interface the data buses of the 
Cache and of the 9400 Controller. When reading from 
memory, 32-bits of data are read and stored into the 2 
buffers. The buffers are sent to the 9400 Controller in 
turn. When writing to memory, 16-bits of data are sent 
from the 9400 Controller and loaded into "the first buf­
fer. The next 16 bits are loaded into the second buffer 
and a write cycle is then initiated to the Cache. The 
necessary actions are performed for 16-bit transfers to 
the Cache if the start or finish address of the DMA 
transfer is an odd address. 

4. Cache Interface Control Buffer. This board 
has only one integrated circuit and is used to route 
signals between the address and control board and the 
data board. It is necessary so that there are no wiring 
changes required to the backplane of the high speed 
1/0 controller. 
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P2.I~Te.O C.lC<CUIT BC~Q.D LOCAT\O~5 POPlI/70 
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44-

PARTS REQUIRED 

1. PCB RP04 CPA 
2. PCB Cache Address • Control 
3. PCB Cache Control Buffer 
4. PCB Cache Data 

CONFIGURATION REQUIRED 

4! 

..... 

~ 
~ 

I.-

~1 4' 
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5. Cable Cache Data Cable 9400-7011 or 
9400-7014 

6. Cable Cache Address 1 Control Cable 9400-7010 
7. Cable 9400 - CPA Cable 9400-7007 

It is necessary to have. within the CPU asseMbly of the 11/70. an available RH70 position which is ca.prised of 
4 slots. and an available SPC slot. 

The fo.llowing table gives the 4 possible poSitions of the available RH70 positions and the slots in which the 
cache interface PCBs may be fitted. 

SLOTS 
OR 
OR 
OR 

BUS GRANT JUMPER CARD 

27 
31 
35 
39 

9400-6101 

26 
30 
34 
38 

9400-6102 

25 
29 
33 
37 

9400-6103 

24 
28 
32 
36 

I 

The 6101 1 6103 PCBs are quad high PCBs and should be fitted into positions C to F of the required slot. The 6102 
PCB is double high and should be fitted into positions D • E of its slot. The· bus grant JUMper card should be 
already in position 0 of its slot and should be left there. 

Z" 

The 6031 PCB should be fitted into a spare SPC slot in the CPU asseMbly. The possible SPC slots 40, 41, 42,or 43. 
There should be a bus grant jumper card in any unused SPC slot which must be n!MOved prior to the fitting of the 
6031 PCB. It is possible to avoid the necessity of cutting the jumper on the backplane of the SPC slot from CAl to 
CBI by cutting the link W8 on the 6031 PCB. If however the link on the backplane is cut, it is necessary to leave 
link W8 in on the PCB, so that one and only one of these two links is cut. 

CABlE CONNECTION 

The 15 inch, 50 pin Cache Address. Control Cable (9400-7010) connects J3 of the 6031 pea to J1 of tne 6101 PCB. 
The en10f the cable without the strain relief connects to J3 of the 6031 PCB and the end with the strain relief to 
J1 of the 6101 PCB. 

The three way Cache Data Cable (9400-701;) connects J2 of the CIS PCB within the 9400 Controller to J1 of the 6103 
PCB and then to J2 of the 6031 CPA PCB. It should be noted that Pin 1 is connected to Pin 1 although the cable COMeS 
out of the bottoM of the connector which goes to J2 of the 6031 ePA PCB. 

The 9400 - CPA Cable (9400-7011) connects J1 of the CIB PCB within the 9400 Controller to J1 of the 6031. 

Figure 10-5. Installation of 9400 Cache Interface to PDP-11/70 
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NOTE:. THESE ILLUSTRATIONS ARE FOR REFERENCE ONLY. 
SEE TEXT FOR ACTUAL INSTALLATION REQUIREMENTS. 

Figure 10-5. Installation of 9400 Cache Interface to 
PDP-11/70 (Continued) 
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