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This manual explains the installation and maintenance 
procedures that apply to all components and options of the 
PDP·ll/45 and PDP·ll/S0 systems. Basic PDP·ll/45 
systems include 16K core memory; basic PDP·ll/50 
systems include 16K solid·state (MaS) memory. All 
references to PDP· 11 /45 systems in this manual apply to 
PDP·ll/50 systems, except where otherwise indicated. The 
manual is organized as follows: 

Chapter 1 describes the basic system configurations and 
specifications and lists related reference documents and 
engineering drawings. 

Chapter 2 details site preparation, utlpacking and installa· 
tion procedures, and installation checkout procedures for 
the basic system. 

Chapter 3 describes power distribution within the CPU 
cabinet. 

Chapter 4 details acpower control and distribution. 

Chapter 5 describes dc power distribution and voltage 
regulators. 

xi 

INTRODUCTION 

Chapter 6 lists test equipment requirements, preventive 
maintenance procedures, . diagnostic programs and pro· 
cedures, use of special maintenance cards and extender 
boards, disassembly procedures,. techniques for the removal 
and replacement of integrated. circuits on multilayer 
modules, and a special MaS device handling procedure. 

Chapter 7 specifically refers.to Plug·in Card options and 
Chapter 8 to System Unit options. 

Appendix A describes the more complex integrated circuits 
that are usedin the PDP·l1/45 and options. 

Appendix B is a' Peripheral Preventive Maintenance 
Schedule. 

Appendix e lists PDp· 11 options and their specifications: 

The majoicomponents and options for the PDP·ll/45, 
11/S0sy'stemare individtiallydescribed in a series of 
manuals listed in Table 1·5, R,eIat~d Documentation. 
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1.1 BASIC SYSTEM DESCRIPTION , 
The basic PDP-11/45, 11/50 system components are 
located in a single H960 Cabinet Assembly (Figures 1-1 and 
1-2). Table 1-1 lists the major components and assemblies 
included in the basic PDP:ll/45 system and Table 1-2 lists 
components and major assemblies included in the basic 
PDP-II/50 system. 

Note that two different power distribution systems exist 
for the PDP-II/45, 11/50 systems that are referred to in 
this manual as the older and newer systems. The newer 
systems have CPU cabinet serial numbers 2000 and higher; 
Some older systems were shipped with two 860 Power 
Controllers, instead of the one 861 Power Controller in the 
later systems. 

1.1.1 Physical Characteristics 
The overall dimensions of the cabinet supplied with the 
basic PDP-11/45, 11/50 systems are: 

. might: 71-7/16 in. (181.3 cm) 
Width: 21-11/16 in. (54 cm) 
Depth: 30 in. (76 cm) 

With Cabinet Feet: 39 in. (99 cm) 

A fully-configured cabinet with all options implemented 
and three additjonal system units weighs approximately 
300 lb (135 kg). Maximum weight, with peripherals, is 
approximately 500 lb (225 kg). 

Additional details are provided on e'ngineering drawings 
D-UA-H960-D-0, Cabinet Assembly and E-UA-H950-A-0, 
H950A 19-Inch Frame Assembly. 

1-1 

CHAPTER 1 

GENERAL DESCRIPTION 

1.1.2 Power Requirements and Electrical Specifications 
PDP-l1/45, 11/50 input power requirements are listed 
below for a system that includes: 

a. KBII-A Central Processor Unit - 590 W 

b. FPI1-BFloating-PointProcessor -150W 

C;. KT11-C Memory Management Unit - 160 W 

d. MSll-C Bipolar Memory, providing 8K words 
(maximum) - 990 W 

e. MFll Core Memory: providing 24K words 
(maximum) consisting of three MMI1-S units-
125 W/8K 

PDP-l 1/45, 11/50-CC: 95 to 130 Vac, 47 to 63 Hz, 
single-phase (with 860 Power Controller), two-phase (with 
861A Power Controller),2200 W, ~ 7500 Btu/hI. 

PDP-11/45, 11/50-CD: 190 to 230 Vac, 47 to 63 Hz, 
single-phase, 2200 W, ~7500 Btu/hI. 

Refer to Paragraph 2.2.4 and to Chapter 4 for details on ac 
power requirements. Table 5-2 shows the output capacities 
of the upper and lower H742 Power Supplies that comprise 
the PDP-l1/45, 11/50 power system, and the output 
characteristics of each voltage regUlator used in the power 
system. 

1.1.2.1 Maximum Input Power Requirements - The 
specified maximum input power, equivalent fo heat dissipa
tion of 7500 Btu/hr, does not include additional options 
installed within the CPU Cabinet Assembly, such as the 
PC11. Total power consumption of a fully-loaded H960-C 
is likely to approximate 3300 W (~11 ,300 Btu/hr), 
depending on the additional options installed. 
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RECEPTACLES 
(SWITCHED) 

(HIDDEN) 
AC POWER 

RECEPTACLES 
(UNSWITCHED) 

H742 
POWER SUPPLY 

WITH REGULATORS--H~~~-~~-~~ 
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Item* 

Cabinet Assembly 

CPU Mounting Box 

KB ll-A Central Processor Unit· 

Consists of the following: 

M8100 DAP Module 
M8101 GRA Module 
M8102 IRC Module 
M8103 RAC Module 
M8104 PDR Module 
M8105 TMC Module 
M8106 UBC Module 
M8116 SJB Module 
M8109 TIG Module 

H742 Power Supplies 

H744 +5 Regulators 

H745 -15 Regulator 

861 Power Control 

MF11-LP 8K Core Memory and Control 

MMl1-LP 8K Core Memory 

LA30 DECwriter 

DL11-C Terminal Control 

Table 1-1 
Basic PDP-11/45 Configuration 

Description 

Refer to Figure 1-1. Houses all other major assemblies and 
components, except termirial. 

Refer to Figure 1-1. Houses KB11-A CPU plus other 11/45 
options. 

Basic 16-bit processor logic module installed in wired CPU 
backplane (part number 7008871). 

Data and address paths (slot 6) 
General registers and control (slot 7) 
Instruction register and decode (slot 8) 
ROM and ROM control (slot 9) 
Processor data and Unibus registers (slot 10) 
Trap and miscellaneous control (slot 11) 
Unibus and console control (slot 12) 
System jumper board (slot 14) 
Timing generator (slot 15) 

Refer to Figure 1-1. Upper H742 provides switched power; 
lower H742 provides unswitched power. 

Three H744 +5V Regulators installed in upper H742 Power 
Supply (slots B, C, and D). 

One H745 -15V Regulator installed in upper H742 Power 
Supply (slot E). 

Refer to Figure 1-1. Controls both switched and unswitched 
H742 Power Supplies. Replaces two 860 Power Controls used 
on early systems as shown in Figure 1-2. 

Provides 8K core memory, with parity. Mounts in one system 
unit location on BAll-FA. 

Additional 8K core memory to provide total 16K core 
memory for basic system. 

Serial I/O terminal; described in related manual. 

LA30 DECwriter interface to Unibus; described in related 
manual. 

*Items listed are major components of basic PDP-ll/45-CC,-CD systems. Refer to engineering drawing A-PL-ll/45-0-0 for complete 

parts list for all PDP-ll/45 systems. 
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Item* 

Cabinet Assembly 

CPU Mounting Box 

KBII-A Central Processor Unit 

H742 Power Supplies 

H744 +5 Regulators 

H745 -15 Regulator 

861 Power Control 

MSll-BC MOS Memory Control 

Consists of the following: 

M8110 SMC Module 

H744 +5 Regulator 

H746 MOS Regulator 

MSll-BP 4K MOS Memory 

Consists of the following: 

G401 YA MOS Memory Matrix 

LA30 DECwriter 

D L11-C Terminal Control 

Table 1.2 
Basic PDP·ll/50 Configuration 

Description 

Refer to Figure 1·1. Houses all other major assemblies and 
components, except terminal supplied. 

Refer to Figure 1-1. Houses KBll-A CPU, plus other II/50 
options. 

Basic 16-bit processor logic modules installed in wired CPU 
backplane (part number 7008871), as listed in Table 1-1. 

Refer to Figure 1-1. Upper H742 provides switched power, 
lower H742 provides unswitched power for MOS memory. 

Three H744 +5V Regulators installed in upper H742 Power 
Supply (slots B, C, and D). 

One H745 -15V Regulator installed in upper H742 Power 
Supply (slot E). 

Refer to Figure 1-1. Controls both switched and unswitched 
H742 Power Supplies. Replaces two 860 Power Controls used 
on early systems as shown in Figure 1-2. 

Controls up to 16K of MOS memory; described in related 
manual. 

Semiconductor memory control (slot 16) 

One H744 +5V Regulator installed in lower H742 Power 
Supply (slot J) 

One H746 MOS Regulator installed in low H742 Power Supply 

Up to four can be used to provide up to 16K MOS memory. 

Each provides 4Kwords of MOS memory withtwo additional 
bits for byte parity storage (slots 17, 18, 19, and 20). 

Serial I/O terminal; described in related manual. 

LA30 DECwriter interface to Unibus; described in related 
manual. 

*Items listed are major components of basic PDP-ll/SO-CC,-CD systems. Refer to engineering drawing A-PL-ll/SO-O-O for complete 

parts list for all PDP-ll/SO systems. 
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1.1.2.2 H742 Power Supply Characteristics - Each H742 
Power Supply has space for five plug-in voltage regulator 
modules. Figure 1-3a shows the voltage regulator slot 
assignments for the various configurations in a system with 
the new power harness (CPU cabinet serial numbers greater 
than 2000); Figure 1-3b shows the same for a system with 
the old harness (serial numbers 1999 orlower). (See Figure 
1-1.) One function of each H742 Power Supply is to 
provide 20-30 Vac to its associated voltage regulators. 
They also provide the power fail control signals, AC LO and 
DC LO, to the processor. The upper H742 provides 
+ 15 Vdc at 3A to enable the H745 -IS V Regulators and 
the M8109 TIC module, +8 Vdc for maintenance card 
indicators, and the line clock signal. The lower H742 
proVides -IS V dc to the M8110 SMC Module when the 

II upper ppwer supply 

iJh742 

MSII Semiconductor Memory System is installed in the 
system. 

1.1.2.3 Voltage Regulator Characteristics - In a basic 
system, the upper H742 is equipped with three H744 +5 V 
Regulators (in slots B, C, and D) and an H745 -IS V 
Regulator (in slot E). As options are added to the basic 
~ystem, additional H744 +5 V, H745 -IS V, and/or an 
H746 MOS Regulator are added to slots A, F, H, J, K, and 
L; an H754 Regulator replaces the slot E -IS V Regulator 
if options requiring +20 V and -5 V (such as MFII-U/UP) 
are installed in system units I, 2, or 3 (refer to Figure 1-3 
and Table 1-3). Output characteristics of these plug-in 
regulators are shown in Table 5-2. 

SWITCHED REGULATORS 

I 

-15V TO +5V +5V +5V +5V 
SYSTEM UNITS INTERNAL CENTRAL CENTRAL FLOATING 

1.2-3 OPTIONS PROC'ESSOR PROCESSOR POINT 

+5V TO 
ROWS 

26.27.28 

+20V. -5V 
AL TERNATE 
TO SYSTEM 

UNITS 
1.2.3 .5V TO 

SYSTEM 
UNITS 

1.2.3 

.5V TO +5V TO +5V TO 
ROWS ROWS ROWS 
10-15 1.6.7.8.9 2.3.4.5 

Engineering Drawing No. A-DC-S 310709 

I lower power so..ppIy 
• h742 

UNSWITCHED REGULATORS 

+5V . +5V +15V 
CENTRAL 

H742 
BULK 

SUPPLY 

+15V TO 
REGS EF 

ROW 
13&CONSOLE 

ACLO.DCLO 

+8V TO ROW 
1 FOR MAINT 

MODULES 

50/60 HZ SIG 
10 TO +5V) 
TO ROW 1 

FOR CLOCK 
MODULE 

H742 
BULK 

SUPPLY 
+5V 

BIPOLAR 
MEMORY 

+5V 
BIPOLAR 
MEMORY 

IF BIPOLAR 
MEMORY IS 
INSTALLED 

IF BIPOLAR 
MEMORY IS 
INST ALLlD 

PRS~g~OR .... - ...... _-1 

+ 5V TO 
ROWS 
24.25 

+ 19V +23V -5V 
IF MOS MEMORY 
IS INSTALLED 

MOS VOLTAGES +5V TO 
TO ROWS ROWS 
22 - 25 2122.23 

+5V TO 
ROWS 
1920 

+5V TO 
ROWS 

16.17.18 

+5V +19V +23V -5V 
IF MOS MEMORY IF MOS MEMORY 

IS INSTALLED IS INSTALLED 

+5V TO 
ROWS 
16-2S 

MOS VOLT AGES 
TO ROWS 

17 - 20 

ROWS 
1. 2.15 

INTERNAL 
OPTIONS 
·15V TO 

ROWS 
262728 
CONSOLE 

Engineering Drawing No. A-DC-S310710 

Figure 1-3a Regulator Slot Assignments, 
Serial Numbers 2000 and Higher 
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1.1.3 Interface Specifications 
The PDP-11/45, 11/50 system is completely compatible 
with the standard PDP-11 Unibus interface, which is fully 
described in a related manual. Provision is made on the CPU 
backplane for two separate PDP-II Unibus interface 
connections, designated Unibus A and Unibus B. Block 
diagrams of the system Unibus interfaces are shown in 
Chapter 1 of the KBll-A, Central Processor Unit Mainte
nance Manual. Briefly, Unibus A connects directly to the 
KBll-A, and Unibus B connects to the MSII Semicon
ductor Memory System when that option is implemented in 

. the system. Unibus interconnection details are provided in 
Chapter 2 of this manual (paragraph 2.3.5.1). 

+15V 
CENTRAL 

PROCESSOR 
-15V TO 

ROWS 
1.2.15 

INTERNAL 
OPTIONS 
-15V TO 

ROWS 
26.27.28 

CONSOLE 

SYSTEM 
UNITS 

-15V TO 
SYS 

UNITS 
#1.#2 

I 

+5V 
INTERNAL 
OPTIONS 

+5V TO 
ROWS 

26.27.28 

SYSTEM 
UNITS 

+SV TO 
SYSTEM 
UNITS 

#1. #2. #3 

REGULATORS 

+5V 
CENTRAL 

PROCESSOR 

+5V TO 
ROWS 

10.11.12.13.14.15 

1.1.4 Environmental Specifications 
The basic PDP-ll/45, II/50 electronics operate in the. 
following environment: 

Temperature range 
Relative humidity 

(without condensation) 

500 to 110°F (100 to 40°C) 
·10% to 90% 

Peripheral equipment associated with the system may 
require closer environmental tolerances. Refer to Appendix 
C for speCifications. 

. . 
+5V 

CENTRAL 
PROCESSOR 

+5V TO 
ROWS 

1.6.7.8.9 

+5V 
FLOATING 

POINT 

+5V TO 
ROWS 
2.3.4.5 

BULK 
SUPPLY A 

REGULATORS 
A.B.C.D.E 

SWITCHED 

+15V TO REGS 
E.F 

+15V TO ROW 
13 CONSOLE 

+8V TO ROW 
1. FOR MAINT 

MODULES 

50/60 HZ SIG 
(0 TO +5V) 
TO ROW 1 

FOR CLOCK 
MODULE 

Engineering:Drawing No. A-DC-S309903 

REGULATORS 

BULK 
+5V +5V +5V +5V -15V SUPPLY B 

BIPOLAR BIPOLAR IF BIPOLAR IF BIPOLAR SYSTEM 
MEMORY MEMORY ME.MORY IS MEMORY IS UNITS REGULATORS 

INSTALLED INSTALLED F.H.J.K.L 
NOT 

SWITCHED 

+5V TO +5V TO +5V TO 
ROWS ROWS ROWS 

24.25 1920 16.17.18 

+19V .23V -.5V +5V +19V+23V.-5V 
IF MOS MEMORY IF MOS MEMORY IF MOS MEMORY 

IS INSTALLED IS INSTALLED IS INSTALLED 

• REG H 
MOS VOLTAGES +5V TO MOS VOLTAGES WILL BE 

TO ROWS +5V TO ROWS TO ROWS -15V TO EITHER A 

22- 25 ROWS 16.17.18.1920. 17-20 SYS UNIT +5V OR MOS 
2122.23 2122.23.24.25 #3 VOLTAGE REG 

Engineering Drawing No. A-DC-S309904 

Figure 1-3b Regulator Slot Assignments, 
Serial Numbers Less Than 2000 
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1.2 SYSTEM CONFIGURATIONS AND OPTIONS 
Table 1-3 lists some of the PDP-ll/45 options that can be 
implemented within the CPU Mounting Box. A block 
diagram that shows the relationship of these options is 
provided in Chapter 1 of the KBII-A Central Processor 
Unit Maintenance Manual. Peripherals or options that may 
be installed in the upper half of the H960-CD Cabinet are 
not included in Table 1-3. 

1.3 EXPANSION CABINET OPTION 
An H960-D expansion cabinet option is available with the 
PDP-I 1/45, 11/50 systems. It is not included as part of the 
basic system, but may be ordered as required to house 
additional peripheral devices or memory. The basic com
ponents that may be included in each expansion cabinet 
option are summarized in Appendix C. Chapter 4 provides 
instructions for interconnecting the H960-D remote power 
control to the CPU Cabinet Assembly. 

1.4 REFERENCE DOCUMENTS 
Table 1-4 describes the following reference material: 

a. A six-manual series of PDP-l1/45, 11/50 main
tenance manuals. 

b. The Maintenance manuals for the various com
ponents supplied as part of the basic system. 

c. Several reference manuals that describe the 
PDP-l1/45, 11/5q system and provide essential 
information pertaining to all PDP-II systems. 

Documentation for specific peripherals and options that are 
external to the CPU cabinet are not listed in the table. 
When peripherals and options are included in the system, 
the appropriate manuals are supplied with the system. 

1.5 ENGINEERING DRAWINGS 
PDP-11/45, 11/50 systems are shipped with a set of 
engineering drawings for the basic components and applica
ble options. Table 1-5 lists the contents of the drawing sets 
that are provided. Information pertaining to additional 
engineering drawings is contained within each set. 

( 

The H960-D Cabinet includes a BAI1-FB Mounting Box in 
the lower half of the cabinet which provides space fornine 
system units. The upper half of the H960-D Cabinet -is 
available for mounting other equipment. The H960-D 
includes an H742 Power Supply that can adequately service 
the nine system units that can be installed in the BA Il-FB 
Mounting Box. Additional power supplies must be provided 
for or included as part of the additional equipment that is 
installed in the upper half of the cabinet. 

DEC drawing numbers are interpreted as indicated in the 
following example: ( 

E-CS-M81 09-0-1 

Original drawing size 

Drawing type 

CS: 
BS: 

Circuit Schematic 
Block Schematic 

DD: Drawing Directory 
MU: Module Utilization 
AD: Assembly Drawing 
UA: Unit Assembly 
WL: Wire List 
PL: Parts List 
IA: Inseparable Assembly 

Series 

Manufacturing variation 

Module type, equipment type, 
or a 7-digit DEC part number 

ML: Master List (replaced by DD in new drawing sets) 
IC: Interconnecting Cabling 
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1.6 DRAWING CONVENTIONS 
Figure 1-4 illustrates some of the drawing conventions used 
on the circuit schematics. Example A defines the meaning 

,of each part of a typical signal mnemonic. Example B 
provides the following information: 

1. CLR SL YEL L, originating on sheet D of the 
TMC drawing (on which this gate is shown), is 
asserted when low (0 V). 

2. 

3. 

UBCE INIT H is input to TMC module on pin 
CJ 1, as in dica ted by the arrow. (This pin rna tes 
with backplane connector pin C 111 1.) 

The NOR gate is provided by pins 1, 2, and 3 of 
a type 8885 integrated circuit located at posi
tion E24 on the TMC module. 

IRCB ' VOMD1 H 
'--..r--J\.....,J 

4. TMCC SERF (1) H is the high (+3 V) output of 
the SERF flip-flop, when the flip-flop is set. 

ExampleC shows the arrows indicating signals that leave 
the module. TMCE BUST OUT L is output on pin DLl of 
the TMC module. 

Examples D and E show the flip~flop conventions. Note in 
D that IRCA IR05 (1) H is the same pin as IRCA IR05 (0) 
L, and that IRCA IR05 (1) L is the same pin as IRCA IR05 
(0) H. 

The same type of flip-flop has been re-defined in example E 
- the D input is inverted; the 1 and 0 outputs are 
interchanged as are the Set and Reset inputs. 

0","" ~I 
I~LE~ 

M8102 
SHEET B OF 

PRINT SET 

1 1- ASSERTION LEVEL 

L- SIGNAL MNEMONIC 

A 

CJ1 
UBCE INIT H a 

TMCC SERF(ll H 

1 ' 

2 ~ TMCD CLRSL VEL L 

TMCE BUST H -4~--1 

TMCC TS3 CLK A H --'-=--l 

12 
IRCA IR05 

IRCA IR05 

IRCA IR05 
11 

IRCA IR05 

0 

B 

C 

(1) H 

(1) ,L 

(0) L 

(0) H 

E 

IRCH V (1) H 

IRCH V (1) L 

IRCH V (0) L 

IRCH V (0) H 

11-1135 

Figure 1-4 PDP-ll/45, 11/50 Drawing Convention Examples 
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Option* 

Consists of the following: 

M8112 FRM Module 
M8113 FXP Module 
M8114 FRH Module 
M8115 FRL Module 
H744 +5 V Module 

Consists of the following: 

M8107 SAP Module 
M8108 SSR Module 

Consists of the follOWing: 

M787 Line Time 
Clock Module 

MS11-BC MaS Memory Control 

Consists of the following: 

M8110 SMC Module 

H744 +5 V Regulator 

H746 MaS Regulator 

Table 1-3 
PDP-llJ45 System Options 

Description 

FPll Floating-Point Processor 

Described in related manuaL 

Logic modules mount in CPU backplane, in slots indicated. 

FP ROM and ROM control (slot4). 
FP exponent and data path (slot 5). 
Fraction data path - high order (slot 2) .. 
Fraction data path -low order (slot 3). 
Mounts in space provided on upper H742 Power Supply (slot A). 

KT11-C Memory Management Unit 

Described in related manuaL Required for all systems with more 
than 28K of memory. 

Logic modules mount in CPU backplane in slots indicated. 

( 

System address path (slot 14; replaces the M8116 SJB module). ( 
System status registers (slot 13). \ 

KWII-C Line Frequency Clock 

Described in related manuaL Mounts in CPU backplane slot 1, row 
C. Refer to Paragraph 7.4. 

MSll-B MOS Memory 

Described in MSII manuaL Controls up to four G401 or G401YA 
MaS Memory Matrix Modules (16K words of MaS memory). 

Semiconductor memory control for first 16K of MaS memory. 
Mounts in CPU backplane (slot 16). 

One required. Mounts in slot J of lower H742 Power Supply. 

One required. Mounts in slot Hoflower H742 Power Supply. 

* See engineering drawings for complete parts lists. ( 
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Option* 

MSII-BD MOS Memory Control 

Consists of the following: 

M8110 SMC Module 

H746 MOS Regulator 

MSII-BM 4K MOS Memory 

Consists of the following: 

G401 MOS Memory Matrix 

MSII-BP 4K MOSMemory 

Consists of the following: 

G401YA MOS Memory Matrix 

Table 1-3 (Cont) 
PDP-ll/45 System Options 

MSll-B MOS Memory (Cont) 

Description 

Second MOS memory control for up to additional 16K words of 
MOS memory. 

Semiconductor memory control for second 16K of MOS memory. 
Mounts in CPU backplane (slot 21). 

One additional H746 voltage regulator is required for second 16K of 
MOS memory. Mounts in slot L of lower H742 Power Supply. 

Provides 4K words ofMOS memory. 

Mounts in CPU backplane. Slots 17 through 20 accommodate first 
four 4K modules. Slots 22 through 25 accommodate second four 4K 
modules. 

Provides 4K words of MOS memory with two additional bits for 
byte parity storage. 

Mounted in CPU backplane in same configuration indicated for 
G40l modules. 

NOTE 
A complete 32K MOS memory system consists of two M8110 
SMC Modules, eight G401 MOS Memory Matrix Modules, one 
H744 +5 V Regulator, and two H746 MOS Regulators. 

MSII-CC Bipolar Memory Control 

Consists of the following: 

M8110 SMC Module 

H744 +5 V Regulators 

* See engineering drawings for complete parts lists. 

MS ll-C Bipolar Memory 

Described in MSII manual. Controls up to four M8111 Bipolar 
Memory Matrix Modules (4K words of bipolar memory). 

Semiconductor memory control. Mounts in CPU backplane Control 
for first 4K of bipolar memory mounts in slot 16 Control for second 
4K of bipolar memory mounts in slot 21. 

Two required for each 4K words of bipolar memory. If no MOS 
memory is implemented, H744s mount in lower H742 Power Supply 
slots Hand J. If MOS is implemented, H744s for bipolar memory 
mount in lower H742 Power Supply slots K and L. 
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Option* 

MS11-CM lK Bipolar Memory-

Consists of the following: 

M8111 Bipolar Memory Matrix 
Module 

MSII-CP lK Bipolar Memory 

Consists of the following: 

M8111 Y A Bipolar Memory 
Matrix Module 

Table 1-3 (Cont) 
PDP-ll/45 System Options 

MSII-C Bipolar Memory (Cont) 

Description 

Provides lK word of bipolar memory. 

Mounts ip. CPU backplane. Slots 17 through 20 accommodate first 
four lK modules. Slots 22 through 25 accommodate second four lK 
modules. If bipolar is mixed with MOS, M81U modules mount in 
slots 22 through 25. 

ProVides lK words of bipolar memory with two additional bits for 
byte parity storage. 

Mounted in CPU backplane in same configuration as M8111 
modules. 

NOTE 
A complete 8K bipolar memory system consists of two M8110 
SMC Modules, eight M8111 Bipolar Memory Matrix Modules 
and four H744 +5 V Regulators. 

MF l1-L, MF ll-LP 8K Core Memory and Control 

Includes the following: 
MF11-L 

GII0 Control Module 
G231 Driver Module 
H214 8K Core Stack (16 bits) 
11/45 System Unit 

MFII-LP 
GI09 Control Module 
G231 Driver Module 
H215 8K Core Stack 

with Parity (18 bits) 
M7259 Parity Module 
11/45 System Unit 

* See engineering drawings for complete parts lists. 

Described in related manual. Mount space and power for three of 
these units is provided in the CPU Mounting Box. Additional-MF 11 
units can be installed in the separate H960-D Expansion Cabinets. 
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Table 1-3 (Cont) 
~DP-llj45 System Options 

Options* Description 

MFII-UjUP 16K Core Memory and Control 

Includes the following: 

MFII-U 
M8293 16K Unibus Timing Module 
G114 Sense Inhibit Module 
G235 X-Y Driver 
H217D Stack Module (16 bits) 
7009295 Backplane Assembly 

MFII-UP 
M8293 16K Unibus Timing Module 
G 114 Sense Inhibit Module 
G235 X-Y Driver Module 
H2l7C Stack Module 

(18 bits including parity) 
7009295 Backplane Assembly 
M7259 Parity Control Module 

MM ll-U Module Set 
Includes all modules listed in MF ll-U 
but does not include backplane assembly 

MMII-UP Module Set 
Includes all modules listed in MF II-UP 
but does not include backplane assembly 

Described in related manual Mount space and power for one of 
these units is provided in the CPU mounting box. Additional 
MFll-UjUP units can be installed in separate H960-D Cabinets. 

NOTE 
The MFJl-UjUP option cannot be installed in CPU Cabinets 
containing the older power distribution system. It can, 
however, be used in the older version of the Expansion 
Cabinets. Refer to Paragraph 8.4d. 

Includes the following: 

M792-YD ROM Diode Matrix 
M792cYE ROM Diode Matrix 

MRll-DB Bootstrap Loader 

64-word bulk storage bootstrap loader 

Card 11 slots 26, 27, or 28. 
Card 2J 

( \. * See engineering drawings for complete parts lists. 
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Title 

Table 1-4 
Related Documentation 

PDP-ll/45 Manuals* 

KBll-A Central Processor Unit Maintenance Manual 
MSll Semiconductor Memory Systems Maintenance Manual 
FPII Floating-Point Processor Maintenance Manual 
KT1I-C Memory Management Unit Maintenance Manual 
MMII-S, MFII-L, and MFII-LP Core Memory Systems 

Additional Manuals for Basic System 

LA30 DECwriter Maintenance Manual 
VT05 Alphanumeric Display Terminal Maintenance Manual 
DUI Asynchronous Line Interface Manual 

Reference Manuals 

PDP-I 1/45 Processor Handbook 

PDP-II Peripherals and Interfacing Handbook, 1973-74 

Document Number 

DEC-II-HKBAA-B-D 
DEC-II-HMSAA-C-D 
DEC-II HFPAA-C-D 
DEC-II-HKTCA-C-D 
DEC-II-HMFLAcB-D 

DEC-00·LA30-DD 
DEC-OO-HVTMA-E-D 
DEC-II-HDLAA-A-D 

67.00473.2743 
IN.09.30 

112.00973.2908 
RD-09-30 

* A set of engineering drawings is provided with each of the components and options in the PDP-l 1/45 , 
11/50 system. 
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c Table 1-5 

Reference Drawing Summary 

Drawing Number Title 

PDP-11/45 System Engineering Drawings 

B-DD-ll/45-O-0 Drawing Directory , 
D-CS-5409684-O-1 Circuit Schematic - Console Board 
D-IC-ll/45-O-2 11/45 Back Panel PC Board 

KB11-A Central Processor Unit 

B-DD-KB ll-A-O Drawing Directory 
E-MU-KB11-A-l Module Utilization 
D-BD-KBII-A-2 Block Diagram 
D-FD-KB11-A-3 Flow Diagrams 
E-CS-M8100-O-1 M8100 DAP Module Schematic 
E-CS-M8101-O-1 M8101 GRA Module Schematic 
E-CS-M8102-O-1 M8102 IRC Module Schematic 
E-CS-M8103-0-1 M8103 RAC Module Schematic 
E-CS-M8104-O-1 M8104 PDR Module Schematic 
E-CS-M81 05-0-1 M8105 TMC Module Schematic 
E-CS-M8106-O-1 M8106 UBC Module Schematic 
E-CS-M8116-O-1 M8116 SJB Module Schematic 
E-CS-M8109-O-1 M8109 TIG Module Schematic 

( D-IC-KBII-A-BG Bus Cables and Grant Chain 
C-CS-M930-O-1 Circuit Schematic - Bus Terminator 
C-CS-M920-O-1 Circuit Schematic - Internal Bus Connector 
E-CS-5409910-O-1 Circuit Schematic 
E-CS-5409912-O-1 Circuit Schematic 

FP11-B Floating-Point Processor 

B-DD-FP11-B-O Drawing Directory 
E-CS-M8112-O-1 M8112 FRM Module Schematic 
E-CS-M8113-O-1 M8113 FXP Module Schematic 
E-CS-M8114-0-1 M8114 FRH Module Schematic 
E-CS-M8115-0-1· M8115 FRL Module Schematic 
D-FD-FP11-B-0l FP Data Paths 
D-FD-FPI1-B-02 FP11 Flows 1 (Ready State and Utraps) 
D-FD-FP11-B-03 FPll Flows 2 (Nomem Class) 
D-FD-FPI1-B-04 FP11 Flows 3 (Nomem Class) 
D-FD-FP11-B-05 FPll Flows 4 (LOAD Class) 
D-FD-FPII-B-06 FPll Flows 5 (LOAD Class) 
D-FD-FPII-B-07 FPll Flows6 (STORE Class) 

" D-FD-FPII-B-08 FPll Flows 7 (STORE Class) 
D-FD-FP11-B-09 FP11 Flows 8 (Execute ADD, SUB, or CMP) 
D-FD-FP11-B-lO FPll Flows 9 (Execute ADD, SUB, or CMP) 
D-FD-FPll-B-ll FP11 Flows 10 (Execute MUL or MOD) 
D-FD-FP11-B-12 FP11 Flows 11 (Execute DIV, LDCF orLDCI) 

( 
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Table 1-5 (Cont) 
( Reference Drawing Summary 

Drawing Number Title 

FPI1-B Floating-Point Processor (Cont) 

D-FD-FP11-B-13 FPll Flows 12 (Normalize and Round) 
D-FD-FPll-B-14 FPll Flows 13 (Execute STEXP and STCF) 
D-FD-FPI1-B-15 FPll Flows 1;4 (Execute STCI) 

KTI1-C Memory Management Unit 

B-DD-KT11-C-0 Drawing Directory 
D-BD-KT11-C-l Block Diagrams 
E-CS-MSI07-0-1 MSI07 SAP ModUle Schematic 
E-CS-MSI0S-O-l M8108 SSR Module Schematic 

MSII-B MOS Memory 

B-DD-MS11-B-O Drawing Directory 
D-BD-MSII-O-1 Block Diagram 
E-CS-M8110-O-1 M8110 SMC Module Schematic 
E-CS-G40 1-0-1 G401 MOS Memory Matrix Schematic 
E-CS-G401-YA-l G401 YA MOS Memory Matrix Schematic with parity 

MSII-C Bipolar Memory 

( 
B-DD-MSII-C-O Drawing Directory 
D-BD-MSII-O-l Block Diagram 
E-CS-M8110-O-1 M8110 SMC ModUle Schematic 
E-CS-M8111-O-1 M8111 Bipolar Memory Matrix Schematic 
E-CS-M8UI-YA-l MSlll Y A Bipolar Memory Matrix Schematic with parity 

MFI1-LP 8K Core Memory 

B-DD-MMI1-F-0 Drawing Directory 
D-MU-MMII-F-O Module Utilization 
D-CS-G 1 09-0-1 G 109 Module Schematic 
D-CS-G 231-0-1 G231 Module Schematic 
D-CS-H215-0-1 H215 8K Memory Matrix Schematic 
D-CS-M725.9-0-1 M7259 Parity Module Schematic 

MF It-U 16K Core Memory 

B-DD-MFII-U Drawing Directory 
D-CS-GI14-0-1 16K Sense Memory •. 
D-CS-G235-0-1 16K X-Y Drive 
D-CS-M8293-0-1 16K Unibus Timing 
D-CS-H217-0-1 Memory Stack (16K X 16) 
D-MU-MFI1-U-MU Module Utilization 
D-TD-MFll-U-l Timing Diagram 

( D-CS-5410345-0-1 , Backplane 
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( Table 1-5 (Cont) 
Reference Drawing Summary 

. Drawing Number Title 

KWII-L Line Frequency Clock 

c· A-ML-KWII-L-O KWll-LMaster List 

Power System 

D-IC-l1/45-0-1 Interconnection Diagram 
B-DD-H742-0 H742 Drawing Directory 
D-CS-H7 4 2-0-1 H742 Circuit Schematic 
C-CS-5409730-0-l H742 Power Control Board Circuit Schematic 
B-DD-H744-0 H744 Drawing Directory 
D-CS-H744-0-l H744 Circuit Schematic 
B-DD-H745-0 H745 Drawing Directory 
D-CS-H745-0-l H745 Circuit Schematic 
B-DD-H746-0 H746 Drawing Directory 
D-CS-H746-0-1 H746 Circuit Schematic 
D-CS-H754-0-1 H754 Circuit Schematic 
B-DD-860-0 860 Drawing Directory 
C-CS-860-0-1 860 Circuit Schematic 
C-CS·5409770-0-1 860 Power Control Board 
D-CS-86l-A-l 861-A Power Control 

( D-CS-86l-B-l 861-B Power Control 
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2.1 GENERAL 
This' chapter contains installation information and recom
mendations to ensure a successful PDP-ll/45 installation. 
Installation of new options in an existing PDP-l1/45, 11/50 
System is described in Chapters 7 and 8 for PC Board and 
System Units options. 

Customer assistance is provided during site planning, 
preparation, and installation; the final layout plan should 
be approved by both the customer and DEC prior to 
delivery of the equipment. 

Planning considerations should include: 

• Shipping and access routes, e.g., door, hall, 
passageway, elevator restrictions, etc. 

• Floor plan layout for equipment. 

• Electrical and environmental considerations. 

• Fire and safety precautions. 

• Storage facilities for accessories and supplies. 

Site preparation is dictated by the customer's requirements 
and can range from providing the required source power to 
complete construction or remodeling of the selected 
installation site. Therefore ids recommende~ that any and 
all requirements and restrictions be considered and effected 
prior to shipment and installation of the equipment. 

2.2 SITE PREPARATION 
Adequate site planning and preparation simplifies the 
installation process. DEC Sales and Field Service Engineers 
are available for consultation and planning with customer 
representatives regarding objectives, course of action, and 
progress of the installation. The information in this 
paragraph is provided primarily to permit review of the site 
planning; uSe the PDP-ll/45 Site Configuration Worksheet 
to perform the initial site planning. 
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CHAPTER 2 

SYSTEM INSTALLATION 

2.2.1 Physical Dimensions 
The overall dimensions and total weight of a particular 
system - the dimensions, weight of any optional cabinets, 

. cable lengths, and the number of free-standing peripherals 
- should be known prior to shipment. 

The route the equipment is to travel from the customer 
receiving area to the installation site should be studied; 
measurements of doors, passageways, etc., should be taken. 
to facilitate delivery of the equipment. All measurements 
and floor plans should be submitted to the DEC Sales 
Engineer and Field Service to ensure that the equipment is 
packed to suit the installation site facilities. Any restric
tions (such as bends. or obstructions in hallways, etc.) 
should be reported to DEC. 

If an elevator is to be used for transferring the PDP-l1/45, 
11/50' and its related equipments to the installation site, 
DEC should be notified of the size and gross weight 
limitations of the elevator so that the equipment can be 
shipped accordingly. 

The site space requirements. are determined by the specific 
system configuration to be installed and, when applicable, 
provision for future expansion. To determine the exact area 
required for a specific configuration, a machine-room floor 
plan layout is helpful. When applicable, space should be 
provided in the machine room for storing tape reels, printer 
forms, card files, etc. The integration of the work area with 
the storage area should be considered in relation to. the 
work flow requirements between areas. 

In large installations where test equipment is maintained, 
DEC recommends that the test equipment storage area be 
within or adjacent to the machine room. 

Operational requirements determine the specific location of 
the various options and free-standing peripherals of the 
system. Dimensions, weights, and cable lengths of free
standing peripheral equipment must be known prior to 
installation - preferably during site preparation and 



planning. The computer peripherals must not be located at 
distances where connecting cables exceed maximum limits. 
The following points should be considered when planning 
the System layout: 

a. Ease ·of visual observation of input/output 
devices by operating personnel. 

b. Adequate work area for installing tapes, access 
to console,etc. 

c. Space availability for contemplated future 
expansion. 

d. Proximity of the cabinets and peripherals to 
any humidity-controlling or air-conditioning 
equipment. 

e. Adequate access to equipment (e.g., rear door, 
etc.) for service personnel. 

The fmal layout will be reviewed by the DEC Sales 
Engineer, Field Service, and in-house engineering personnel 
to ensure that cable limitations have not been exceeded and 
that proper clearances have been maintained. 

2.2.2 Fire and Safety Precautions 
The following fire and safety precautions are presented to 
aid the customer in maintaining an installation that affords 
adequate operational safeguards for personnel and system 
components. 

a. 

b. 

c. 

d. 

e. 

If an overhead sprinkler system is used, a dry 
pipe system is recommended. Upon detection 
of a fire, this system removes source power to 
the room and then opens a master valve .to fill 
the room's overhead sprinklers. 

If the fire detection system is the type that 
shuts off the power to the installation, a 
battery-operated emergency light source should 
be provided. 

If an automatic carbon dioxide fire protection 
system is used, an alarm should sound prior to 
release of the CO2 to warn personnel within the 
installation. 

If power connections are made beneath the 
floor of a raised-floor installation, waterproof 
electrical receptacles and connections should be 
used. 

An adequate earth ground connection should 
be provided to protect operating personnel. 
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2.2.3 Environmental Requirements I 

An ideal computer room environment has an air distribu- \ 
tion system that provides cool, well filtered, humidified air. 
The room air pressure should be kept higher than that of 
adjacent areas to prevent dust infiltration. 

2.2.3.1 Humidity and Temperature - The PDP-ll/45~ 
11/50 electronics are designed to operate in a temperature 
range of from 500 F (l0° C) to 1100 F (400 C) at a relative 
humidity of 10 to 90 percent with no condensation. 
However,' system configurations that use input/output 
devices such as magnetic tape units, card readers, etc., may 
require closer control of the environment. See Appendix C 
for detailed speCifications. Nominal operating conditions 
for a typical system configuration are a temperature of 
700 F (200 C) and a relative humidity of 45 percent with no 
condensation. 

2.2.3.2 Air Conditioning - When' used, computer room 
air-conditioning equipment should conform to the require
ments of the "Standard for the Installation of Air Condi
tionillg and Ventilating Systems (non-residential)", 
N.F.P.A. No. 90A, as well as the requirements of the 
Standard for Electronic Computer Systems, N.F.P.A. No. 
75. 

2.2.3.3 Acoustical Damping - Some peripheral devices 
(such as line printers and magnetic tape transports) are ( 
quite noisy ~ In installations that use a group of high ' 
noise-level devices, an acoustically damped ceiling will 
reduce the noise. 

2.2.3.4 Lighting - If CRT peripheral devices are part of 
the system, the illumination surrounding these peripherals 
should be reduced to enable the operator to conveniently 
observe the display. 

2.2.3.5 Special Mounting Conditions:" If the System will 
. be subjected to rolling, pitching, or vibration of the 
mounting surface (e.g., aboard ship), the cabinetry should 
be securely anchored to the installation floor by mounting 
bolts. Since such installations require modifications to the 
cabinets, DEC must be notified when the order is placed so 
that the necessary modifications can. be made. 

2.2.3.6 Static Electricity - Static electriCity can be an 
annoyance to operating personnel and can (in extreme 
cases) affect the operational characteristics of the 
PDP-ll/45, 11/50 and related peripheral equipments. If 
carpeting is installed on the computer floor, it should be of 
a type designed to minimize the effects of static electricity. ( .. 
Flooring consisting of metal panels, or flOOring with metal . 
edges, should be adequately grounded. '. 



( 

( 

( 

2.2.4 Electrical Requirements 
The PDP-ll/45, 11/50 operates from a nominal 115 Y, 
50/60 Hz or 230 Y, 50/60 Hz, ac power source. The 
primary ac operational voltages should be maintained 
within the tolerances defined in Paragraph 1.1.2 and in 
Chapter 4. 

For certain options that use synchronous motors, line 
voltage tolerance should be maintained within ±15 percent 
of the nominal values, and the 50/60 Hz line frequency 
should not vary more than ±2 Hz. 

Primary power to the system should be prOvided on a line 
separate from lighting, air conditioning, etc., so that 
computer operation will not be affected by voltage tran
sients. The wiring should conform to the following general 
guidelines: 

1. 

2. 

3. 

All electrical wmng must conform with the 
National Electric Code (NEC). 

The ground terminal on the receptacle ~ll 
normally have a green colored screw; the 
neutral terminal will be white or silver colored; 
and the "hot" terminals will be brass colored. 

Under the NEC (in the U.s. only), the color 
coding for the neutral wire is either white or 
gray, and the ground wire is solid green, green 
with one or more yellow stripes, or bare. There 
are no specified colors for the "hot" wires. 

The PDP-ll/45 cabinet grounding point should be con
nected to the building power transformer ground or the 
building ground point. Direct any questions regarding 
power requirements and installation wiring to. the local 
DEC Sales Engineer and/or Fidd Service. 

Chapter 4 contains a detailed description of the ac Power 
System and includes a list of connectors and plugs use~. 

2.3 INSTALLATION AND INSPECTION 

CAUTION 
Do not attempt to install the system until DEC 
has been notified and a DEC Field Service 
Representative is present. 

The procedures in Paragraphs 2.3.1 through 2.3.5 are 
provided to assist in receipt, unpacking, inspection, and 
installation of the PDP-l1/45, 11/50, and associated 
peripherals and equipments. Paragraphs 2.4 and 2.5 de
scribe the procedures recommended for bringing the system 
up. 
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2.3.1 Unpacking 
Before unpacking the equipment, check the shipment 
against the packing list provided. Check that the correct 
number of packages has been delivered and that each 
package contains all the items listed on the accompanying 
packing slip. Also, check that all items on the accessories 
list in the Customer Acceptance Procedures have been 
included in the shipment. Unpack the cabinets as follows: 

1. Remove outer shipping container. 

2. Remove the polyethylene cover from the 
cabinets. 

3. Remove· the tape or plastic shipping pins from 
the cabinet(s) rear access door(s). 

4. Unbolt cabinet(s) from the shipping skid as 
follows: to remove shipping bolt from right 

. side of cabinet, 

5. 

a. 

b. 

c. 

d. 

e. 

Remove the shipping bracket. Pull CPU 
Mounting Box out to locked position and 
remove side panels from cabinet. 

Remove nut and washer from the under
side of the shipping skid. 

There are three 10-32 screws attaching 
the lower power supply to the front 
upright of the cabinet; loosen these three 
screws (no more than three turns). 

At the rear of the lower power supply are 
three additional screws. Remove these 
completely and swing the power supply 
toward the middle of the cabinet 1 to 
1-1/2 inches. Holding the power supply, 
remove . the shipping bolt by pulling 
straight up. 

Swing the power supply back to the 
original position, replace the rear screws, 
and tighten the front screws. 

Raise the leveling feet so that they are above 
the level of the roll-around casters. 

6. Use wood blocks and planks to form a ramp 
from the skid to the floor and carefully roll the 
cabinet onto the floor. 

7. Roll the system to the proper location for 
installation. 



· 8. If necessary, repeat Steps 1 through 7 for the 
expansion cabinets. When the cabinets are 
properly oriented, follow· the procedure of 
Paragraph 2.3.3 to install the cabinet(s}. 

2.3.2 Inspection 
After removing the equipment packing material, inspect the 
equipment, and report any damage to the local DEC sales 
office. Inspect as follows: 

1. 

2. 

3. 

4. 

5. 

Inspect external surface of the cabinets and 
related equipments for surface, bezel, switch, 
light damage, etc. 

Open the rear door of the cabinet, and internal
ly inspect the cabinet for console, processor, 
and interconnecting cable damage; loose 
mounting rails, loose or broken modules, 
blower or fan damage, any loose nuts, bolts, 
screws, etc. 

Inspect the wiring side of the logic panels for 
bent pins, broken wires, loose external com
ponents, and foreign material. 

Inspect the power supply for proper seating of 
fuses and power connections. 

Inspect all peripheral equipment - including 
magnetic tape and DECtape transport heads,' 
motors, paper-tape sprockets, etc. - for 
internal and external damage. 

CAUTION 
Do not operate any peripheral device that 
employs motors, tape heads, sprockets, etc., if 
these items appear to be damaged. 

2.3.3 Cabinet Installation 
The cabinets are provided with roll-around casters and 
adjustable leveling feet so it is not necessary to. bolt the 
cabinet to the mounting floor unless conditions indicate 
otherwise (e.g., shipboard installation). In multiple cabinet 
installations, receiving restrictions may require that cabinets 
be shipped indiVidually or in pairs. In ·such cases, the 
cabinets are connected at the installation site. Cabinet 
installation procedures are as follows: 

1. With the cabinets positioned in the room, 
install H952-GA filler strips between cabinet 
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2. 

3. 

4. 

groups (filler strips areshipped attached to the '( 
end of a cabinet group). Remove four bolts 
each from the front and rear filler strips. Butt 
the cabinet groups together while holding the 
fllier strips in place and rebolt through both 
cabinets and the fllier strips (drawing 
C-UA-H952-G-0). Do not tighten the bolts 
securely at this time. 

Lower the leveling feet so that the cabinets are 
not resting on the roll-around casters but are 
supported on the leveling feet. 

Tighten the bolts that secure the cabinet groups 
together. Ensure that all leveling feet are 
planted firmly on the floor. 

Electrical connections, including intercabinet 
ground strapping, are described in Paragraphs 
2.3.4 and 2.3.5. 

2.3.4 AC Power Connections 
Paragraph 2.2.4 and Chapter 4 define the electrical require
ments and the ac power outlets required at the site. Early 
systems include two 860 Power Controls as shown in Figure 
1-2. Current versions are equipped with a single 861 Power ( 
Control as shown in Figure 1-1. Most of the additional 
cabinets in a system include a power control and ac 
connector that is similar to that supplied in the basic CPU 
cabinet. All ac power is distributed from the power control 
to the appropriate power supplies within the cabinet. 

Ground the cabinets to an earth ground with ground straps 
connecting all the cabinets to each other. In addition, 
connect the frame ground wire in each power cable that 
connects the cabinet ground system to the site power 
system ground. 

The power controls in all cabinets are connected together 
to provide central control of power turn-on and turn-off 
from the CPU console POWER switch. Before connecting 
any power cables to the site source power, check all 
building wiring. Ensure that power receptacles of the 
appropriate types have been provided for each cabinet and 
that the receptacles are positioned close enough to the 
cabinet positions to allow the cables to be connected 
without stretching or crossing the cables. In particular, 
check that the phase and neutral wires have been connected 
to the same pins in each receptacle. 
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2.3.5 Intercabinet Connections 
When a multi-cabinet system is assembled, three types of 
electrical connections must be made between cabinets 
(refer to Paragraph 2.3.3 for mechanical connections). 
These connections are: 

a. Unibus connections - A BCII-A cable must 
connect the last system unit in a cabinet to the 
first system unit in the next cabinet. 

b. 

c. 

Remote power connections - All cabinet 
power controls are connected to a control bus 
that provides for system turn-on and turn-off. 

Ground strapping - The frame ground of the 
system is distributed through the cabinets by 
direct electrical connections between the 
cabinet frames. 

2.3.5.1 Unibus Connections - The BCll-A Unibus cable 
is the I/O bus that connects all system components. To 
connect the Unibus between the CPU Cabinet and an 
Expansion Cabinet, insert the BC ll-A cable in the rear 
system unit slot of the mounting box of the CPU Cabinet. 
The cable runs through a cable clamp in the upper left 
corner at the rear of the CPU mounting box and passes 
under the power supply mounting rails into the next 
cabinet. In the Expansion Cabinet, the cable passes through 
a similar cable clamp and is inserted in the appropriate slot 
of the first system unit of the Mounting Box. 

2.3.5.2 Remote Power Connections - The Power Controls 
in all cabinets must be interconnected to ensure common 
power turn-on and turn-off. Detailed cabling instructions 
are provided in Paragraph 4.2 of this manual. 

2.3.5.3 Ground Strapping - Electrical safety is provided 
by connecting all the cabinet frames to the ground level of 
the site power system. This is accomplished by connecting a 
wire in each power cable between the frame and the power 
system ground; this is not a load-carrying wire - it is 
intended only as an emergency ground path. The green wire 
in each power cable is the frame ground, while the white 
wire is the neutral, or return wire, that carries the load 
current. 

To improve the level of safety provided by the frame 
ground connections, all cabinet frames are connected by 
braided copper straps or #4 AWG solid wire with crimp-on 
lugs which are fastened to copper studs that are welded to 
the frames (this also prevents the generation of ground 
loops between cabinets that are connected by signal
carrying cables). The studs are w~lded to the bottom side 
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rails of the cabinet frame, facing inward; the stud on the 
left side of the cabinet is slightly forward of center while 
the stud on the right side is slightly to the rear. 

The ground strap supplied with each cabinet is fastened to 
one stud, passed over the side rail of that cabinet and the 
side rail of the adjacent cabinet, and fastened to the stud in 
that cabinet. The copper studs are threaded and nuts are 
supplied on the studs .. 

2.4 INITIAL POWER TURN-ON 

CAUTION 
The following checks and those in Paragraph 
2.5 should be performed as part of the initial 
system installation checkout procedures. 

Inspect the CPU backplane assembly for bent connector 
pins, loose wires, imperfections in the de power distribution 
board etch, or any other physical defects that can be 
observed. Correct any problems discovered. 

With the power off, check the power distribution system to 
determine if any short-circuits to ground exist. Refer to 
power supply dc distribution charts in Chapter 5 of this 
manual for circuit and connector information. 

Check the de power system as described below. Figures 
5-1a, b, and c show the power distribution harness for 
newer systems (CPU cabinet serial numbers 2000 and 
higher, H960D cabinets 7000 and higher) while Figure 5-1d 
shows the same for older systems. Paragraph 3.3 defines old 
and new systems. 

1. 

2. 

Unplug the ac power cables. Disconnect the 
following Mate-N-Lok plugs: 

New Harness 

P2-P13 
P17-P2l 
P25~P3l 

P36,P37,P40 

Old Hamess 

P2-P13 
P17-P2l 
P25-P3l 

PI, P14-P16, P22-P24 and P32-P35 remain 
connected in all cabinets. 

Turn off the circuit breakers on all the 860 and 
861 Power Controls. The console switch must 
be on or the LOCAL/REMOTE switch on the 
power control must be set to LOCAL to check 
the ac voltages on the upper supply. 



3. Plug in the ac power cable(s), turn on the 
circuit breaker(s), and check the 20-30 Vac 
generated by the H742 Power Supplies. These· 
voltages can be checked at the pins of plugs Pl7 
through P2I, P25 through P31 (also P40 in 
newer systems). Table 5-2 provides specific pin 
numbers. 

4. Turn off the circuit breakers and connect plugs 
Pl7 through P21, P25 through P31, (and P40 if 
applicable) .. 

5. Turn the circuit breakers on and check the dc 
voltages generated by the regulators. Note that 
not all regulators need be present. The voltages 
should be checked on the following connectors 
(PS through. Pl1 are ground returns for these 
Voltages): 

New Hamess 

P2'-P7 
PI2 
P36 &P37 

Old Hamess 

P2-P7 
PI2&P13 
P36 

Table 5-2 provides specific pin numbers. 

If a regulator shows no output, turn off the 
circuit breakers, lower the voltage adjustment 
for this regulator, then reapply power and 
check again (the regulator may have crowbarred 
due to overvoltage). 

6. Turn the circuit breakers off and plug in the 
remaining connectors. 

7. Turn the power on and check the voltages at 
the points listed in Table 6-2. Adjust if neces
sary. 

S. Verify correct operation of the console power 
switch. Refer to Table 3-1 of the KBll-A 
Central Processor Unit Maintenance Manual. 

9. Check the operation of all fans. 

10. Refer to Paragraph 2.5 for an initial test 
procedure of the KB II-A, which should be 
performed after this initial power turn-on 
procedure. 

2-6 

2.5 SYSTEM CONFIGURA nON TEST PROCEDURES ( 
The test procedures require the following basic PDP-I 1/45, 
II/50 system components: 

a. KBII-A Central Processor Unit, with console 
and power supplies, installed in cabinet. 

b. Magnetic core memory with Unibus connection 
to KBll-A, or MSll Semiconductor Memory 
System installed in the CPU backplane assem
bly. 

c. . MS1l6 SJB Module or KTlI-C option (MS106 
SSR Module and M81 07 SAP Module) installed. 

2.5.1 Special Test Equipment 
The following special test equipment is required: 

a. Maintenance card with W130 or W133 Driver 
Module. Use of. the maintenance card is 
described in Paragraph 6.5. 

b. Tektronix Model 454 oscilloscope, or equiva
lent, is preferred; however, Tektronix Model 
453, or equivalent, is adequate for most tests. ( 

2.5~2 Preliminary Checks 

The follOwing procedures are recommended as preliminary 
precautions when installing a PDP-II /45, II/50. 

I. Check the power supplies as detailed in Para
graph 2.4. 

2. Turn' the power supplies off. Refer to the 
module location drawing to either install, or 
check for proper installation of all required 
modules. These include: 

a. The KBll-A module complement and 
console connectors 

b. The MS1l6 SJB Module or the KTlI-C 
modules (M81 06 and MSI 07) 

c. The Unibus A cable connector to the 
magnetic core memory or the MS 11 
modules 

( 

-, 
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3. If a problem is detected, install the mainte
nance and driver cards. Install the WI30 Driver 
Module in slot 1, row F, on the CPU backplane. 
If dual driver module W133 is used, install it in 
slot 1, rows E and F. The maintenance card 
plugs into the driver module connector associ
ated with row F for KBII-A test purposes. 

2.5.3 Detailed Procedure 
The following test procedure is used to verify the correct 
operation of sufficient logic elements in the KBll-A to 
enable the initial KBll-A diagnostic programs to be 
executed. The sequence of these tests leads to the ultimate 
execution of an unconditional branch instruction, which is 
the first instruction tested by the diagnostic programs. 

The logic elements are checked in small groups. Each step 
uses only previously tested logic elements to perform tests 
on additional logic elements. Test results only verify that 
the logic undet test is operating; they do not test speed or 
quality of performance. 

NOTE 
Use the KBll-A block diagrams shown in the 
KBII-A Central Processor Unit Maintenance 
Manual, Chapter 5, Figures 5-1 and 5-4, as an 
aid to visualize which groups of logic elements 

. are being verified by each test. 

2.5.3.1 RC Maintenance and Crystal Clock Test 

1. Install the maintenance card and set CLK 
switch S3 to RC. 

2. Turn the power supplies on and use the console 
key switch to apply power to the KB II-A. 

3. Connect oscilloscope to observe TIGA TPH 
MAT H clock output at pin FUI of slot 15. 

4. Adjust potentiometer RI04 on the TIG module 
(RC clock adjustment) to produce a 60 ns 
period for each complete TIGA TPH MAT H 
clock pulse. This ensures a 300 ns machine state 
made up of five 60 ns time states. 

5. Set maintenance card CLK switch S3 to XTAL 
and observe that the crystal clock is operating 
properly: 
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2.5.3.2 Microprogram ROM Cycle Test 

1. Turn power off. 

2. Set console ENABL/HALT switch to HALT. 

3. Turn power ,on. 

4. Set DATA display select switch to IlADRS 
FPP /CPU. Verify that the CPU ROM address is 
1708. This is displayed in the low-order byte of 
the DATA display. 

When the correct DATA display is observed, proper 
operation of the following processor logic elements is 
verified: 

a. The ROM microaddress (UADR) logic. 

b. One microprogram branch (console). 

c. The microprogram ROM and buffer (drawing 
RACA through RACD). 

d. Part of the display multiplexer (low byte 
drawing PDRF). 

e. Part of the console DATA indicator lamps 
(drawing KNLA). 

2.5.3.3 Single Time Start Test 

1. Set maintenance card switches SI and S2 to 2 
to select SING TP operation. 

2. Press console START switch. The DATA 
display should display microprogram ROM 
address 2008 in the low byte indicators. 

This test provide~ additional checks of the ROM micro
address (UADR) logic, the display multiplexer, and the 
DATA display indicator lamps. 

2.5.3.4 Single Time Step Test 

1. Press maintenance card MAINT STPR switch to 
produce time pulses. 

2. Note that each time the MAINT STPR switch is 
pressed, the TPH indicator changes state. 



3. 

4. 

Verify that the IlADRS changes at T3, and the 
processor sequences through several machine 
states. Maintenance card indicators T1 through 
TS will light in sequence, progressing from T1 
thrOl,lgh TS each time TPH goes off. 

Verify that after several machine states, the 
IlADRS becomes 1708 . After arriving at 1708 , 

the processor continues to cycle through that 
machine state. 

When correct results are observed for this test,. the 
microprogram branch and microprogram address logic is 
further verified. 

2.5.3.5 Switch Register and Display Test 

1. 

2. 

3. 

Reset the maintenance card switches S 1 and S2 
to 0 and advance the MAINT STPR switch to 
allow normal timing cycles. 

Set the DATA display select switch to BUS 
REGISTER. 

Set the console switch register for various 
switch inputs to test all switches and DATA 
display indicators. 

When this test is successfully completed, all parts of the 
COilsole DATA display, the display multiplexer, and data 
inputs from the switch register are verified for proper 
operation. When correct test results are obtained for all 
tests up to this point, the following logic elements are 
operating properly: 

a. Console switch register. 

b. Basic microprogram control and address logic. 

c. Processor timing circuits. 

d. Part of the bus ~egister multiplexer (BRMX), 
bus register (BRA), and part of the display 
multiplexer, all located on M8104 PDR 
Module: 

2.5.3.6 Internal Data Transfer Test - The following test is 
the initial data path test; it involves transferring data from 
the switch register to one of the general registers. 

1. Set maintenance card switch SI to 0 and S2 to 
1 to select ROM CYCL operation. 
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2. 

3. 

4. 

Set the console ADDRESS display select switch (" 
to CONS PHY. 

Set up various address selections on the console 
switches 'and press LOAD ADRS for each 
selection. 

Observe that the ADDRESS display corre
sponds to the address selected. 

When correct test results are observed, proper operation of 
the following parts of the processor is verified: 

a. 

b. 

c. 

d. 

e. 

f. 

The A multiplexer (AMX) (passing the BR 
input without error). 

The ALU (passing the A input without error). 

The shifter (SHFR) (passing the data without 
error). 

The source register (SR). 

The bus address multiplexer (BAM X) (passing 
the BR input). 

The console ADDRESS display indicator lights. ( 

2.5.3.7 Register Deposit/Examine Test 

1. Set the console ADDRESS display select switch 
to CONS PHY and set the DATA display select 
switch to DATA PATBS. 

2. Set switches to alIOs. 

3. Press LOAD ADRS. 

4. 

S. 

6. 

7. 

Press REG DEP. 

Increment the switch register by 1, by setting 
the switches accordingly. 

Repeat steps 3, 4, and S for successive values 
from 08 through 178 . (Register 0 contains 0, 
register 1 contains 1, etc.) 

Load address 0 and press REG EXAM. Observe 
that the DATA display indicates the contents 
of Register 0 are Os. 
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8. 

9. 

Increment switch register contents by 1 an:d 
press REG EXAM. Continue to examine the 
contents of each register to determine if the 
correct data was deposited during steps 2 
through 6. 

NOTE 
If a register has the number of some other, 
register in it, the address logic is probably 
at fault. If the numbers in the register 
have any bits other than the four least
significant bits set, the register storage 
elements are probably the cause of the 
trouble. 

As a further test,deposit other switch register 
data into the general registers to ensure that all 
bits are stored and displayed correctly. 

When the test results are correct, the folloWing parts of the 
processor have been verified for proper operation: 

a. The general destination (GD) register (drawings 
GRAD through GRAH). 

b. The destination register multiplexer (DRMX) 
(drawings GRAD through GRAH). 

c. The destination register (DR) (drawings GRAD 
through GRAH). 

d. . The program counter registers (PC A and PCB) 
(drawings DAPF and DAPH) if register 078 is 
~deposited and examined. 

.2.5.3:8 I/O Data Transfer Test - The tests performed up 
to this point have verified that the processor can transfer 
data to an external location. 

1. Set the console switches to an address within 
the range assigned to the available memory 
(either Unibus memory ot MSII Semiconductor 
Memory System). 

2. Press LOAD ADRS. 

3. Set ENABL/HALT switch to HALT. 

4. Set various data into the switch register and 
perform alternate DEP and EXAM functions. 
With the DATA display select switch set to 
DATA PATHS, the DATA displayed by the 
deposit should match the DATA displayed by 
the EXAM for each test. 
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5. After checking the DATA display for each test, 
switch the DATA display select to tlADRS 
FPP/CPU and observe that the processor 
returns to ROM stateCON.OO (ROM address 
1708 ) after each DEP and EXAM is performed. 

When the correct test results are observed, the following 
parts of the processor are verified to be operating properly: 

a. The Unibus (or semiconductor memory) 
control logic on the M8106UBC Module. 

b. The data multiplexer (DMX) , passing the BR 
inputs without error (drawing PDRE). 

c. 

d. 

The BRMX Unibus inputs (drawing PDRA) and 
the BAMX PCB inputs (drawings DAPB, DAPC, 
and DAPD). 

Additional timing pulse logic on the M8109 
TIG Module. 

If the deposit and examine tests are unsuccessful, the 
problem is probably in the external data transfer operation. 
To further isolate the cause of malfunction, perform either 
the Unibus test outlined in Paragraph 2.5.3.9 or the Fastbus 
test outlined in Paragraph 2.5.3.1 O. 

2.5.3.9 Unibus Test 

1. 

2. 

3. 

Set maintenance card switchesSI and S2 to I 
to select SING TP operation. Center CLK 
switch S3 for single time pulse operation. 

Repeat Step 4 of the I/O data transfer test 
(Paragraph 2.5.3.8). _ 

Press the MAINT STPR switch to perform the 
deposit and examine functions in single time 
steps. 

Look for the following normal indications: 

a. 

b. 

c. 

Step through time states until the maintenance 
card BBSY indicator lights. 

Several more time states should elapse before 
the MSYN indicator lights. If not, ground 
MSYN SET H at pin E12 U1 on the UBC 
module and repeat step to see if MSYN ever 
lights. 

The SSYN indicator should appear to light 
Simultaneously with MSYN. 



d. There should be several clock ticks before the 
MSYN and SSYN indicators go off. 

e. There should be several more clock ticks before 
the BBSY indicator goes off. 

NOTE 
Data transferred into the processor during 
the examine function should appear in 
the BR at the end of ROM cycle at 
J.LADRS 1538 • Set DATA display select 
switch to BUS REGISTER. The input 
data should be located in the DR at the 
end of ROM cycle at J.LADRS 1378 , Set 
DATA display select switch to DATA 
PATHS. 

2.5.3.10 Fastbus Test - Use the same test procedure as 
described for the Unibus test (paragraph 2.5.3.9). Look for 
the following normal Fastbus indications: 

a. The BBSY indicator lights. 

b. 

c. 

Several more time states should elapse before 
the MEM indicator lights. 

The CNTL OK and T3 indicators should appear 
to light simultaneously. . 

2.5.3.11 ALU Arithmetic Test 

1. Select an address an-d deposit data into that· 
location. 

2. Press DEP again several times to deposit the 
data into severa(successive word locations. 

3. Load the original address and press EXAM 
several times to determine that the data was 
stored in the several successive locations. 

. When correct test results are observed, the following parts 
of the processor are verified to be operating properly: 

a. The constant multiplexer KOMX (draWing 
DAPD). 

b. The B multiplexer (BMX) (drawing DAPB, 
DAPC, and DAPD). 

c. The ALU arithmetic function A plus B 
(drawings DAPF and DAPH). 
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2.5.3.12 Unconditional Branch Test 

1. Deposit a branch instruction (0007778 ) in a 
memory location. 

2. Load the address of the instruction. 

3. Set maintenance card switches SI and S2 to 
select ROM CYCL operation. 

4. Set ENABL/HALT switch to ENABL. 

5. Press START. 

6. Use the MAINT STPR to step the processor 
through single machine· states as indicated by 
the J.LADRS FPP/CPU DATA display. Look for 
the following events: 

a. The processor should enter the RES.OO 
machine state at J.LADRS 015 after 
executing machine states 200, 154, 170, 
and 176. 

( 

b. The processor should cycle through the 
RES.20 state at J.LADRS 374 at least 
twice. If this does not occur, the micro
program branch has failed and the pro- . ( 
cessor cannot execute instructions at full 
speed. 

c. The processor should enter the IRD.OO 
state at J.LADRS 343 with the correct data 
in the BR. 

7. Set DATA display select switch to' BUS 
REGISTER to check for the correct data 
(0007778)' 

8. Press the MAINT STPR. The next J.LADRS I 

indication should be 326, which is the BXX.02 
machine state . 

NOTE 
When the correct test results are ob
served, the processor fork A. logic is 
operating properly. Once this test has 
been successfully completed, reset main
tenance card switches SI and S2 for 
normal operation and repeat the test, 
allowing. the processor to loop through 
the branch instruction. If it does, the 
offset is being computed properly. 
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9. While the processor continues to loop through 
the BR instruction, press the HALT switch. The 
processor should halt in the CON .00 state at 
MADRS 170. If it does not, check the processor 
in single ROM cycle mode to determine that 
the BRQ branch during instruction fetch works 
and that the trap sequence ends in the console 
state. 

2.5.3~13 Register-to-Register Data Move Test 

1. Load address 0000028 and press REG DEP to 
deposit data into general register 2. 

2. Deposit a MOV R2, R3 instruction (0102038) 
into a memory location, followed by BRA 
instruction (0007768). 

3. Load the address of the MOV instruction. 

4. Set maintenan_ce card switches SI and S2 for 
ROM CYCL operation. 

5. Press START and then step through the MOV 
instruction that moves data from R2 to R3. 

6. Upon completion of the instruction, press 
HALT and check the contents of general 
registerR3 for correct data (0000028). 

When the correct test results are observed, this test verifies 
that the fork A and BRQ branch logic are operating 
properly. 

2.5.3.14 Move-Immediate-to-Register Test 

1. Deposit a move-immediate-to-RO instruction in 
memory, followed by a HALT instruction, as 
follows: 

Address 

X 
X+2 
X+4 

Contents 

012700 
000077 
000000 

Symbolic 

MOV#77,RO 

HLT 

2. Set DATA display select switch to DATA 
PATHS. 

3. Execute the sequence deposited in Step 1. The 
immediate data, 778, should be displayed. 
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When the correct result is observed, the processor fork C 
logic has been verified to be operating properly. 

NOTE 
The preceding tests check all the KBll-A logic 
required to load and execute the initial diagnos
tic program. When the correct test results have 
been observed, load the diagnostic programs as 
described in Chapter 3 of the KBII-A Central 
Processor Unit Maintenance Manual. These 
programs provide - a complete check of all 
KBll-A operations and are listed in Chapter 6 
of this manual. Run each diagnostic as de
scribed in the related MAINDEC program. 
description. 

2.6 CUSTOMER ACCEPTANCE 
Verify correct system operation by performing the 
Customer Acceptance Procedures. The Customer Accep
tance Procedure document is shipped with the system, and 
lists all the tools, programs, and tests required to certify 
correct operation. 

A properly running system must be able to execute the 
system diagnostic programs successfully without error. 
These programs are loaded and run according to procedures 
described in the related Customer Acceptance Procedure. 
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This chapter describes the several versions of power 
distribution, both ac and dc, in the CPU cabinet. The ac 
power system is described in Chapter 4, the dc power 
system in Chapter 5, and expansion cabinet power in 
Chapter 8. 

3.1 OVERALL SYSTEM DESCRIPTION 
Figure 3-1 is a block diagram of the CPU cabinet power 
system. The basic components are two H742 Power 
Supplies and their associated Power Control(s). AC power 
from the building mains is fed to the Power Control unites), 
which provides two sets of ac outlets: one switched, the 
other unswitched. Two H742 Power Supplies are provided 
in the CPU cabinet; one is plugged into the switched Power 
Control outlet, the other is plugged into the un switched 
Power Control outlet. These H742 Power Supplies are 
designated upper and lower according to' their mounting 
location in the cabinet (refer to Figures 1-1 and 1-2). Each 
H742 contains a complement of voltage regulators, which 
depends upon the system configuration. 

The power system block diagram shows a typical comple
ment of voltage regulators installed in the appropriate slots 
of the upper and lower H742 Power Supplies (Figure 3-1). 
Some· voltage regulators are supplied with the basic system 
and others are supplied as part of system options. The 
voltage regulator complement for the basic system and 
options is summarized in Table 3-1. Circuit descriptions of 
each voltage regulator type are provided in Paragraph 5.2.1. 

The primary purpose of the switched supply is to provide· 
dc power to the KBll-A and to the options, other than 
semiconductor memory, that are installed in the CPU 
Mounting Box. The lower H742 subsystem (except for the 
H745 -15 V dc regulat9r in slot F) is unswitched because it 
must remain on at all times during normal operation to 
provide dc power to the optional MS11 Semiconductor 
Memory System, plus ac power to the logic fans. The power 
supplied to these compon~nts must not be inadvertently 
switched off because 

I. If the power is switched off, the Semiconductor 
memory contents are lost. 
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Other Unibus devices, or another processor, 
maybe accessing the MOS or bipolar memories. 
Core memory is shut off (-15 V) via +15 V 
from the upper supply. 

3. Fan voltage is required for cooling semi
conductor memories. 

3.2 DIFFERENCES BETWEEN MODELS (AC POWER 
REQUIREMENTS) 
The PDP-1 1/45, 11/50 power system operates with 
115 Vac or 230 Vac primary source power inputs. The 
861-A (CPU cabinet) or -C (expansion cabinet) or the 
860-A Power Controls are used with 115 Vac source power 
and the 861-B or 860-B Power Controls are used with 
230 Vac source power. The differences between the power 
controls are described in Chapter 4. The H742-A Power 
Supply is used with the 115 Vac source and the H742-B 
Power Supply is used with the 230 Vacsource. Appropriate 
jumper connections are made at its primary input for 
operation on 115 or 230 Vac input power, as shown on 
draWing No. D-CS-H742-0-1, sheet 1. 

3.3 DIFFERENT VERSIONS OF CPU CABI~ET 
There are two different versions of the CPU Cabinet 
determined by the power distribution system;· the older 
version (serial numbers less than 2000) is shown in Figure 
3-2, the newer one (CPU cabinet serial numbers 2000 and 
higher) in Figure 3-3. The most obvious physical difference 
between these versions is the Power Distributor (to the 
System Units), whkh is mounted on the rear of the CPU 
box in the older version, and on the top of the CPU box 
next to the KB11-A backplane connectors, in the newer 
version. 

The older version may have either two 860 Power Con troIs 
(first units) or one 861 Power Control (later units). All 
cabinets with the new harness have one 861 Power Control. 
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Type 

H744 

H745 

H744 

H744 

H744 

H746 

H745 

H754 

Name 

+5 V Regulator 

-15 V Regulator 

+5 VRegulator 

+5 V Regulator 

+5 V Regulator 

MOS Regulator 

-15 V Regulator 

+20, -5 V 
Regulator 

Table 3-la 
Voltage Regulator Configuration Data 

Cabinet Serial Numbers 2000 and Higher 

Quantity Location Comments 

Basic System 

3 

1 

B +5 V to CPU modules slots 
6-9. 

C +5 V to CPU and KT11-C 
modules, slots to-15. 

D +5 V to internal options, slots 
26-28, system units 1,2, and 3, 
and Console. 

F -15 V to CPU and internal 
option' modules. This supply is 
switched, even though in the 
lower H742, because it is fed by 
+15 Vdc from the upper H742. 

FPII-B Floating-Point Processor 

A 

MSll-C Bipolar Memory 

2 H,J 

2 K,L 

MSII-B MOS Memory 

1 J 

2 H,L 

+5 V to FPll modules, slots 
2-5. 

+5 V to control and matrix 
modules if no MOS memory is 
installed, or only 4K is used. 
H: slots 16-18;J: slots 19-20. 

If MOS memory is also installed, 
or if more than 4K of bipolar is 
used. K: slots 21-23, L: slots 
24-25. 

+5 V to control and matrix 
modules, slots 16~25. 

+19.7 V, +23.2 V, and -5 V to 
MOS matrix modules; H slots 
17-20; L slots 22-25. 

MMII Core Memories and Controls 

1 

i 

E 

E 
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-}5 V to System Units 1-3. 

+20 and -5 Vdc to MF11-U/UP. 
No -15 Vdc available for other 
system units. 



Type Name 

H744 +5 V Regulator 

H745 -15 V Regulator 

H744 +5 V Regulator 

H744 +5 V Regulator 

H744 +5 V Regulator 

H746 MOS Regulator 

H745 -15 V Regulator 

Table 3-1b 
Voltage Regulator Configuration Data 

Cabinet Serial Numbers Less Than 2000 

Quantity Location Comments 

Basic· System 

3 

1 

B +5 V to CPU modules, slots 
6-9. 

C +5 V to CPU and KT11-C 
modules, slots 10-15. 

D +5 V to internal options, slots 
26-28, system units 1,2, and 3, 
and Console. 

E -15 V to CPU and internal 
option modules and system units 
1 and 2. 

FPll-B Floating-Point Processor 

1 A 

MS ll-C Bipolar Memory 

2 H,J 

2 K,L 

MSll-B MOS Memory 

1 J 

2 H,L 

+5 V to FPll modules, slots 
2-5. 

+5 Vto control and matrix 
modules if no MOS memory is 
installed, or only 4K is used. 
H: slots 16-18; J: slots 19-20. 

If MOS memory is also installed, 
or if more than 4K of bipolar is 
used. K: slots 21-23, L: slots 
24-25. 

+5 V to control and matrix 
modules, slots 16-25. 

+19.7 V, +23.2 V, and -5 V to 
MOS matrix modules; H slots 
17-20; L slots 22-25. 

MMII Core Memories and Controls 

F 

3-4 

-15 V to System Unit 3. H745 
provided in basic system supplies 
System Units 1 and 2. This 
supply is switched even though 
in the lower H742, because it is 
fed by +15 Vdc from the upper 
H742. 

( 
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" This chapter contains information relative to ac power 
control and distribution in the PDP-11/4S, 11/S0 CPU 
cabinet. Input specifications for ac power are discus,sed in 
sections 1.1.2 and 2.2.4. Appendix C lists ac power 
requirements for the various components of the PDP-II 
systems. 

4.1 PRIMARY AC POWER OUTLETS 

4.1.1 Primary ac Power Outlets, 861 Power Control 
Thetype of input power cable provided, depends on which 

CHAPTER 4 

AC POWER 

version of the 86J Power Control is being installed (see 
Table 4-1). Cables supplied with all versions are 1 S feet long 
and composed of insulated stranded conductors. The power 
cable connector types proVided also differ dllpending upon 
which 861 version is being installed. Table 4-2 lists the plug 
and receptacle types with NEMA, Hubbell, and DEC 
designations. Figure 4-1 illustrates the power connector 
outlines and provides color coding information. 

An 861-A must be supplied with two power phases that are 
displaced by either 1800 (120/240 V split phase) or 1200 

Table 4-1 
Input PoWer Cables 

Control Conductors Size Coding 

86 I-A 4 #12AWG Green, black, white, red 
861-B 3 #14AWG Green, black, white 
861-C* 3 #12AWG Green, black, white 

*Used on peripheral cabinets. 

Table 4-2 

Input Power Cable Connectors 

Model NEMA PLUG RECEPTACLE 
No. Configuration Description Poles Wires DEC # HUBBELL # DEC # HUBBELL # 

861A L14-20* 120 V, 21/>, 20 A 3 4 12-1104S 2411 12-11046 2410 
120V, Split 
phase, 20 A 

861-B 
860-B L6-20* 240 V, 11/>,20 A 2 3 12-11192 2321 12-11191 2320 

-

861-C 
860-A LS-30* 120 V, 11/>,30 A 2 3 12-11193 2611 12-11194 2610 

-

* Add Suffix "P" for plug, "R" for receptacle 
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(two phases of a 120/208 V 3-phase V). The same phase 
must not be connected to both X and Y terminals because 

. this would cause current in excess of 20 A to flow through 
the Neutral wire, causing the circuit breaker to trip. Figure 
4-2 shows the proper connections for an 861-A Power 
Control. 

861-B and 86J-C Power Controls use the plugs and 
x:eceptacles shown in Table 4-2; these are wired as shown in 
Figure 4-1. 

4.1.2 Primary ac Power Outlets, 860 Power Controls 
. Primary power outlets at. the installation site must be 
compatible with the primary power input connectors. The 

. PDP-ll/45, 1l/50requires two receptacles - one for the 
860 Power Control associated with the switched H742 

PHASE 1 

GREEN 

EARTH G 
GROUND 

PHASE 2 

GREEN 

EARTH G 
GROUND 

GREEN G 

EARTH 
GROUND 

RECEPTACLE. 

WHITE 

W NEUTRAL 

NEMA L14-20R 

PHASE OR 
NEUTRAL 

(NEUTRAL 
PREFERRED) 

PHASE OR 

NEUTRAL 

NEMA L6-20R, 

WHITE 

NEUTRAL 

PHASE 

NEMA L5-30R 

Power Supply, and .one for the 860 Power Control (,0 
associated with the unswitched H742 Power Supply. Table 
4-2 describes the plugs and receptacles used with the 860-A 
and 860-B Power Coptrol units. Figure 4-1 shows the 
outline of the plugs and receptacles and the connections to 
them. 

4.2 AC POWER CONTROL 
Power from the building mains is applied to the system 
components in each cabinet through Power Control unites). 
These units are interconnected to allow power in all the 
cabinets of a system to be controlled from the Console 
(power ON/OFF) or from emergency shut down devices 
(OFF only). Interconnections are explained in Paragraph 
4.2J, and the Power Control Units in Paragraph 4.2.2. 

PLUG 

RED 

WHITE GREEN 

W G 

BLACK NEMA L14-20P 

GREEN 
BLACK Y 

NEMAL6-20P 

WHITE W 
GREEN 

BLACK 

NEMA L5-30P 

11-2293 

( 

Figure 4-1 Power Connectors 
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4.2.1 Remote Power Connections 
Each cabinet in a PDP-II /45, 11/50 system has one 861 or 
two 860 Power Cpntrols. All thepbwer controls are 
connected by a 3-wire bus that carries a remote turn-on 
signal (line 1), an emergency turn-off signal (line 2) and a 
con tfol ground (line 3). Tliese signals appear on pins 1, 2 
and 3, respectively of the Power Control's 11, J2 and 13 
connectors. Operation occurs as follows: 

a. 

b. 

c. 

Connection between Line 1 and Line 3 ener
gizes the power control relay and applies power 
to . the components under control. When the 
LOCAL/OFF/REMOTE Switch on the Power 
<;ontrol is in LOCAL, Line 1 and Line 3 are 
connected. 

Connection between Line 2 and Line 3 over
rides all other conditions to disconnect. input 
power to the components under control. 

If no connection exists between either Lines 1 
or 2 and Line 3, the components will remain in 
the power off state unless the LOCAL/OFF/ 
REMOTE Switch is in LOCAL. 

Refer to Figure 4-3. Three identical parallel'wired 
Mate-N-Lok connectors are provided on each Power 
Control. A cable, DEC part number 7008288, is supplied 

~ --l MAIN POWER 
TRANSFORMER 

(a) 120/240V Split- Phase 

with each cabinet to connect the power control of that 
cabinet to the power control in the next cabinet. Because 
each power control must be capable of connecting to the 
power controls in the preceding and follOwing cabinets, two 
Mate-N-Lok connectors are reserved for the intercabinet 
cables; a third connector is provided for connection to 
thermal switches and other. shut-off devices within the 
cabinet. 

The . 3-wirepower control cable, DEC part number 
7008288, can also be used to interconnect RnO Power 
Supplies. A special power control cable, DEC part number 
7008964, is used to connect an 860 or 861 Power Control 
to an RnO Power Supply. This cable is available for use 
with special multiprocessor systems that include both a 
PDP,11/45, 11/50 and a PDP-n/15 or a PDP-11/20. 

4.2.2 Power Controllers 
Circuit schematics of the 861,A, 861-B and 861cC Powel 
Controls are included in the engineering drawing set 
(D-CS-861-A-1, D-CS-861-B-1 and D-CS-861-C-l). (Figure 
4-6 shows circuit details of the 860 Power Control used in 
early systems.) Twoidentical 860 Power Controls are used 

in each cabinet,one for the switched, and one for the 
unswitched power supplies. 

-Table 4-3 summarizes the operation of the Power Controls. 

A detailed description of the 861 and of the 860 circuitry is 
given in the following paragraphs. 

~I;;om--' I TRANSFORMER I 

I z .rx-,-;-I .,..---~-------; 
I 
I 
I 
I 
I 
L ___ ---1 
(b) 120/208V Three Phase 11-2294 

Figure 4-2 Two Phase Power Connectors 
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Figure 4~3 Example of Remote Power Control 

Table 4-3 
Power Control Operation 

-

SWITCH POSITION 

CONNECTIONS LOCAL OFF 

BETWEEN CONTROL SWITCHED SWITCHED 

LINES POWER IS POWER IS 

NONE ON OFF 
1-3 ON OFF 
2-3 OFF OFF 
1-3,2-3 OFF OFF 

44 

860/861 POWER CONTROL 

REMOTE 

SWITClIED 

POWER IS 

OFF 
ON 
OFF 
OFF 

'1-2295 

( 
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4.2.2.1 861 Power Controls - There are three versions of 
the 861 Power Control: 

861-A, 90-135 Vac, 2 Phase, 32 Amps 
(20 A circuit breaker) 

861-B, 180-270 Vac, 1 Phase, 16 Amps 
(20 A circuit breaker) 

861-C, 90-135 Vac; 1 Phase, 24 Amps 
(30 A circuit breaker) 

The following paragraphs describe the operation of the 861 
Power Controls in general terms; Figures 4-4a, b, and care 
simplified schematics of the three 861 models. 

861 Operation - Refer to Figure 4-4. Power is applied to 
the terminal block mounted on the power line filter, which 
is an L-type L-C filter with series RF chokes and shunt 
capacitors to ground. If the rated voltage is present at the 
indicator terminals, 11 and/or 12 light. All aclines are 
connected to elements at the 'circuit breaker CBl. All loads 
connected to the power controller (both switched and 
unswitched) are controlled by CBl. 

r---pj---' 
r--...,y t--- , I 

r CBi'" r-K1 1 r- CI--' 
I 20A I I I I I 

I 
I 
I 
I 

r-+-~----------~--r---.---~~~~~---r--.--.r-~--~~--~~~--~--~--------~ 

wi 

~--------' 

2 

L..-__ --< 3 

4 

/ 

"' I 
I 
I 

" I 05 

"' I 
I 50poF 

"' I "+ 

I 

I 04 

I 
L ___ ---

1 "' " 

2' ." 

I 
I 

< 
I 

~ I 
I 

Kl I 
02 '--- I 

03 01 I 
I 

LOCAL REMOTE I 
ON OFF ON _ ______ .J 

I 
J 

Jt (' 1 2 3 I 

I 
I 
I 
I 
I 
I 

.J 

I 
I I 

J21 t 2 

Figure 4-4a 861A Power Controller Schematic 
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( If the current through any of the ac lines exceeds the rating 
of ,CBl, CBl trips, removing power from the loads. Power 
outlets PI and P2 connect across the circuit breaker output. 
These outlets are energized whenever the circuit breaker is 
closed. Each outlet line from CBl is connected to a 
normally open contact on relay Kl. The field coil associ
ated with Kl is energized by the output of CBl if a relay 
on the Pilot Control Board is closed (see below for a 
deSCription of the Pilot Control Board). 

When Kl is closed, ac power is applied across outlets P3, 
P4, P5, and P6. The two O;IJ.LF capacitors (Cl) connected 
across the lines at the relay reduce the amplitude of voltage 
spikes at the output of the controller when switching 
inductive loads, thereby preventing interference to nearby 
electronic data processing equipment. 

Pilot Control Board Circuit Description - Figures 4-4a, b 
and c illustrate the pilot control board simplified circuit 
schematic. The pilot control board contains the circuitry 
that allows remote turn-on and emergency turn-off of the 
switched power outlets (P3, P4, P5 and P6) in all 861 
Power Controller versions. These functions are accom-

. plished by controlling the voltage applied to the field coil 
of relay Kl in the 861 Power Controller. 

The circuit consists basically of a full wave rectifier loadedc. 
by the center-tapped field coil of a· relay. Three control 
lines connect to the board. Pin 3 connects to the 
center-tapped secondary of the full wave rectifier trans
former. Pin 2 is the disable (Emergency Shutdown) line 
from the signal bus, pin 1 is the enable (power Request) 
line from the signal bus. Two additional lines (from the 
thermal switch) are connected to the lines associated with 
pins 3 and 2. 

When the LOCAL/OFF/REMOTE switch is in the 
REMOTE position and pins 3 and 1 are connected, current 
flows through the lower portion of the center-tapped relay 
field coil to the full wave rectifier transformer. This action 
closes the relay on the pilot control board and causes an 
energizing potential to be applied across the field coil 
associated with Kl in the power controller energizing the' 
controlled outlets P3, P4, P5, and P6. When pins 3 and 2 
are connected (Emergency Shutdown is true), current flows 
through the lower and upper halves of the centertapped 
field coil in opposite directions before returning to the 
power supply transformer. The resultant current through 
the field coil is less than that required for holding the relay 
closed. Energizing potential therefore is not present at relay 
Kl and power is removed from controlled outlets P3, P4, 
P5, andP6. 

4-7 

Diode· D2 provides a current path in the lower section of 
the coil to prevent closing the relay in instances where pins 
3 and 2 are connectedbut pins 1 and 3 are not. 

Closing T 1 (the' thermal switch) performs the same function 
as Emergency Shutdown (connects pins 2 and 3 together). 
This switch is exposed to the ambient air surrounding the 
power controller. Temperatures above 1600 F close the 
switch (disabling P3, P4, P5, and P6). The switch resets 
automatically when the temperature drops below 1200 F. 

Placing the LOCAL/OFF/REMOTE switch in the LOCAL 
position provides a connection between pin 3 and the lower 
portion of the coil to energiie Kl, regardless of the state of· 
the Power Request line on the signal bus. This switch 
position is normally used for maintenance purposes; opera
tions on the pilot control board are exactly the same for 
situations where a connection is provided between pins 3 
and 1 of the signal bus connector due to closing of a circuit 
in an external device. A connection between pins 2 and 3 
disables the switched outlets regardless of the position of 
the LOCAL/OFF/REMOTE switch. 

The power supply that provides the potential for closing 
the relay need not be returned to ground. It can be 
operated in a floating configuration where a connection 
between pins 3 and 2 (as by the thermal switch or 
Emergency Shutdown) disables the switched outlets and a 
connection between pins 1 and 3 (Power Request) enables 
the switched outlets. 

4.2.2.2 860 Power Controls - Figure 4-6 shows circuit 
details of the 860 Power Control for the switched power 
supply. Either an 860-A or 860-B Power Control is 
supplied, depending on the power source voltage. The 
860-A operates with 115 Vac input power, and the 860-B 
operates with 230 Vac power. The basic differences 
between these 860 types are that: 

a. CB 1 is a 30 A circuit breaker in the 860-A and 
a 15 A circuit breaker in the 860-B. 

b. T1 primary is connected for 115 Vac in the 
860-A and 230 Vac in the 860-B. 

The 860 Power Controls for both switched and unswitched 
power supplies are identical. 

The T1 secondary voltage is half-wave rectified to provide 
+24 V, which is used to provide Vee to control transistors 
Ql and Q2, and to energize relay Kl. The +24 V output of 
each 860 is used to energize the K1 relay in the opposite 
860 Power Control. The purpose of this interlock circuit is 
to shut down either power supply if input power to the 
opposite subsystem fails. 



4.2.2.3 Switched 860 Power· Control - In the switched 
860 Power Control REMOTE/OFF/LOCAL switch SI is 
normally set to REMOTE. When the console POWER 
switch is turned to ON, it completes a ground circuit that 
causes Ql to cut off. When Ql cuts off, Q2 conducts and 
causes relay Kl to be energized, which closes the switched 
output circuit. Other connectors are provided on the 860 
Power Control so that power in other system cabinets can 
be controlled from the console. 

Thermal switch S2 provides protection against fire or 
excessive heat. It is normally open but closes if the ambient 
temperature exceeds 1300 F (540 C). If it closes, Q2 cuts 
off, relay Kl de-energizes, and ac output is switched off. 
Pin 2 on n, 12, and 13 allows additional thermal switches 
in the cabinet and the extension mounting box to be 
connected in parallel with S2 to perform the same function. 
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4.2.2.47 Unswitched 860 Power Control - The unswitched ( 
860 Power Control is identical to the switched power . 
control except that the REMOTE/OFF/LOCAL switch SI 
is always set to LOCAL. Thus, Ql is always cut off, Q2 
always conducts, and Kl remains energizea under normal 
operating conditions. 

Note that only excessive temperature or an input power· 
failure to the switched 860 Power Control will cause 
unswitched power control relay Kl to de-energize. 

4.3 AC POWER DISTRIBUTION 
Figures 4-5 and 4-6 show the ac connections for the various 
fans and for the H742 Power Supplies. Any options that 
require an ac input are also plugged into the Power Control 
ac outlets. 

Refer to Figures 3-2 and 3-3 for a pictorial view of power 
connections. 
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This chapter explains the distribution of dc power through 
the power harness and the configuration, theory, and repair 
procedures for the regulators. 

5.1 DC POWER DISTRIBUTION 
The outputs from the switched and unswitched power 
supplies and the voltage regulators are applied through the 
power distribution cable harness to the CPU backplane, the 
system uniLpower distribution board, and the console. The 
ac power is also supplied through the power distribution 
cable harness to the CPU Mounting Box logic cooling fans; 
this ac power distribution is schematically shown in Figures 
4-5 and 4-6. 

5.1.1 Power Distribution Cable Harnesses 
Figures 5-1 a, b, and c illustrate the revisions to the power 
harness for CPU cabinets with serial numbers 2000 and 
higher. Figure 5-1 d illustrates the earlier version of the 
harness for cabinets with serial numbers below 2000. Table 
5-1 relates the various revisions of the harness to ECOs and 

. specific hardware modifications. 

The power distribution cable harnesses consist of three 
distinct connector groups that connect to the upper power 
supplies, the lower power supplies, and the CPU backplane 
and console, as shown in Figure 5-1. In this figure, the 
power harness connectors are designated with a "P" prefix; 
e.g., PI, P2, etc., whereas the connectors that are mounted 
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on the bulk supplies, regulators, back panel, etc., are 
assigned a "J" prefix. The power harness uses the male (P) 
half of the Mate-N-Lok connector(s), and the bulk supplies, 
regulators, etc., use the female (J) half of the connector(s). 
When a connector reference appears in the text, a "P" 
designation (PI, PIO, etc.) refers to the power harness, and 
a "J" designation refers to one of the female connectors 
mounted on the bulk supplies, regulators, back panel, etc. 

5.1.2 Backplane Power Distribution 
The bulk power supply and individual regulators supply dc 
power, and apply it via the power harness to the ten 
connectors (J2 through 111) on the backplane, to the 
connectors on the system unit power distribution board, 
and to the console. The harnesses that distribute this power 
are shown schematically in the engineering drawings. 

The ten connector (12 through 111) power distribution 
board on the CPU backplane is etched to carry dc voltages, 
AC LO, DC LO, and clock signals on the outer side of the 
board, while the various grounds connect to the inner side 
to form a common ground. The CPU backplane row and 
slot assignments are shown in Figure 5-2. Backplane 
connectors and pins are shown in Figure 5-3. 

Table 5-2 shows the distribution of dc power from its 
source at the regulator to its destination on the backplane. 
Connectors, slots, rows and pins are listed. 
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Figure 5-1a Power Distribution Cable Harness, Revision F, 
Cabinet Serial Numbers Greater Than 2000 

(See Table 5-1) 
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Figure 5-1 b Power Distribution Cable Harness, Revision E, 
Cabinet Serial Numbers Greater Than 2000 

(See Table 5-1) 
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Figure 5-1c Power Distribution Cable Harness, Revision D, 
Cabinet Serial Numbers Greater Than 2000 

(See Table 5-1) 
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Figure 5-1d Power Distribution Cable Harness, Revisions A Through C, 
Cabinet Serial Numbers Less Than 2000 

(See Table 5-1) 
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ECONo. 

11/45-00031 

.. 

11/45-00054 

11/45-00057 

11/45-000XY 

( 

( 

From 
Rev. 

A 

C 

D 

E 

Table 5-1 
Major ECO Summary for the Power System 

To 
Rev. 

B 

D 

E 

F 

Description 

Replaced 860 Power Control with 861 Power Control. Drawing 
D-IC-l1 /45-0-1, Revision A, documents machines with the 860 
Power Control. 

Power distribution redesigned to accommodate an H754 
Regulator (+20 V and -5 V) for 16K memory. Power harness 
changed from Part No. 7008784 to Part No. 7009540. System 
unit power distribution harness moved from back of CPU box to 
top rear of CPU box. System unit connectors changed from flat 
8-pin connector to IS-pin and 6-pin pair of rectangular con
nectors. 

7009540 harness modified for distribution of -15 V to system 
units when H754 Regulator is installed for 16K memory. 

7009540 harness modified to accommodate a second H746 MOS 
Regulator in slot L of lower H742 when system has over 16K of 
MOS memory. (Rework of CPU backplane is required.) This ECO 
added P30 to the 7009540 harness near P29 on machines with 
serial numbers greater than 2000. If the serial number is less than 
2000, P30 of the 7008784 harness must be rewired to distribute 
MOS voltages from the H746 in slot L of the lower H742. For 
either type of harness, +5 V from slot D of the H744 must be 
rewired to lower the voltage drop to the system units. 
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VIEWED FROM PIN SIDE OF BACKPLANE 

For single unibus systems, on M9200 jumper module is used to connect Unibus A and Unibus B 

PIN ASSIGNMENTS 
(ONE ROW-ONE SLOT SECTION) 

rJi1- A2-1 
I 0 B1 0 B21 

C1 0 C2 0 
1 0 D1 0 D21 

E1 0 E2 0 
I 0 F1 OF21 

H1 0 H2 0 
I~ 8 g t51 
I 0 L1 0 L21 

Ml 0 M2 0 
I ON10N21 

P1 0 P2 0 
I OR10R21 

S1 0 S2 0 
1 0 T1 0 T21 

U 1 0 U2 0 
10 V1 0 V21 o 0 
L ___ J 

t-,D 6 5 4 3 D? 
~OOOO~ 

MATE-N-LOCK CONNECTORS J2-J7 

m ~ 9 <? ~9Jb 
MATE -N- LOCK CONNECTORS J8-Jll 

(A,B26 and A,B27) together. The unibus is then continued from slot A,B28 (M930 terminator removed). 
)1-0960 

Figure 5-2 CPU Backplane Slot and Row Assignments 
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VI 

&. 

PIN 

SL 

~ 

NOTES: 1. Used only if FP11 option is installed. 
2. Used only if semiconductor memory is installed. 
3. Slot H contains H746 if MOS memory is installed. It contains 

"H744 if no MOS memory but more than 2K bip~lat memory 

is installed. 
* 4. Wire wrap connection. 
"f 5. P8 through Pl1 are ground connections. 

6. Dotted lines on etch are on connector side. 

** 7. -15 V from lower H742 * ** 8. -15 V from H745 in slot E (newer units) or slot F (early units) 

tt 9. Revision F and higher. 

/~ 

TO SYSTEM UNITS 
HARNESS 7009540 
(SIN 2: 2000) 

, 

.TO SYSTEM UNITS 
HARNESS 7008784 

(SIN <2000) 

NOT 
2 

1---------------------------+---, TO SYSTEM UNITS 
I HARNESS 7009540 

SLOT A SLOT 8 

H744 
NOTEj +5VDC 

1 REGULATOR 

SLOT H 
~-----, 

I H746 ~-5VH 
~ MaS I 7TOP6-4 

SLOT K 

H744 
+5VDC 

REGULATO 

Figure 5-3 Backplane Connectors and Pins 

SLOT L r-----' : HJci~Q Itt ,REGULATOR I . 

H744 
+5VDC 

REGULATOR 

.... 
~ 0 " ..., 

CJ 
Q 

(SIN ~2000) 

11-2299 
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VI 

&. 

~-

VOLTAGE 

+S Vdc 

* 
t 

* Newer systems only 
t Early systems only 

REGULATOR 
Slot Plug 

B PI8-2,S 
B PI8-2,S 
C PI9-2,S 
D P20-2 
D P20-S 
D P20-S 
D P20-S 
D P20-S 

A PI7-2,S 

J P27-2,S 

J1 P27-2,S 

H2 P31-2,S 
K3 P28-2,S 
L4 P29-2,S 

J5 P27-2,S 

K6 P28-2,S 
L7 P29-2,S 

1 Controller and 1st and 2nd K of Bipolar Memory 
2 3rd and 4th K of Bipolar Memory 

Table 5-2 
Voltage Distribution, PDP-l1/45, 11/50 

HARNESS BACKPLANE MODULES 
Plug Slot Row Pins 

KBI1-A - NO OPTIONS 

12-1,2 1,6-9 A-F A2 Slot 1: KWI1-L, W131, W133 
11-1,2 6-9 A-F VI Slots 6-9: DAP, GRA, IRC, RAC 
13-S,6 1O-1S A-F A2,Vl PDR, TMC, UBC, SSR, SAP or SBJ, TIG & PHK 
11-8 - - - Console 
112-1,4 - - - System Units 
112-S,4 - - - System Units 
17-8 26 A,B A2 Unibus A, Peripheral Controller 
17-8 26-28 C-F A2 Peripheral Controllers 

FLOATING POINT OPTION 

12-S,6 2-S A-F A2, VI FRH, FRL, FXP, FRM 

MOS ONLY MEMORY 

J4-1,2,4,S 16-2S A-F A2, VI Slots 16 & 218: M8110 Controllers 
JS-l,4,7,8 Slots 17-20 & 22-2S: G401 Matrix Modules8 

17-S,6 27-28 A,B A2 Unibus B 

BIPOLAR ONLY MEMORY 

J4-4,S 16-18 A-F A2,Vl Slot 16: M8110; Slots 17-18: Two M8111 8 

17-S,6 27-28 A,B A2 Unibus B 
J4-1,2 19,20 A-F A2, VI Two M8111 8 

JS-l,2 21-23 A-F A2, VI Slot 21: M81108 ; Slots 22-23: Two M8111 8 

J6-S,6 24-2S A-F A2, VI Two M8111 8 

BIPOLAR AND MOS MEMORIES 

J4-4,S 16-20 A-F A2, VI 
17-S,6 27-28 A,B A2 
PS-l,2 21-23 A-F A2, VI 
P6-S,6 24,2S A-F A2, VI 

3 Controller and 5th and 6th K of Bipolar Memory 
47th and 8th K of Bipolar Memory 
5 Controller and up to 16K of MOS 
6 Controller and 1st and 2nd K of Bipolar 

~-

Slot 16: M811O;Slots 17-20: G401 (YA)8 
Unibus B 
Slot 21: M81108;Slots 22-23: M8111 8 

Two M8111 8 
-- -- -- --- ----

7 3rd and 4th K of BipoIar 
8 As required 

'. j, 

~'" 
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Ul 

.!.J 

VOLTAGE 

+8 Vdc 

+15V t 
t 
* 
* 
t 

* 
I * 

ACLO 1 

ACL02 

CLOCK 

DC LO 1 

* Newer systems only 
t Early systems only 

REGULATOR 
Slot Plug 

Upper P14-1 
H742 

P14-2 

P14-2 

P14-3 

P14-3 

P14-8 

P14-10 

P14-11 . 

P14-12 

, . 
.......Jt.....-- --

/--'\ " ~\ 

Table 5-2 (Cont) 
Voltage Distribution, PDP-ll/45, 11/50 

HARNESS· BACKPLANE MODULES 
Plug Slot Row Pins 

P2,8 1 E,F B1 W131, 

P21-5 - - - -15 V Regulator Slot E 
P25-5 - - - -15 V Regulator Slot F 
P254 - - - -15 V Regulator Slot F 
P214 - - - -15 V Regulator Slot E 
P36-8,7 - - - System Units 
P3-2,3 15 E Al TIG 

26-28 C Al Peripheral Controllers 

Pl"1 - - - Console 
P12-2 - - - System Units 

. 

P36-2 - - - System Units 
, 

P3-7 12 C SI UBC 
P22-10 - - - Lower H742 

P22-8 - - - Lower H742 
P7-7 28 B Fl Unibus B 

P36-6,5 - - - System Units 
P2-7 1 C Rl KWll-L 

P3-8 12 C U1 UBC 



Vt 

00 

~ 

VOLTAGE 

ACL02 

ACLO 1 

DCL02 

DCLOX 

-15 Vdc 
unswitched 

-15 Vdc t 
switched t 

t 
t 
t 
* 

t 
* 
* 
* 
* 

, 
* Newer systems only 
t Early systems only 

REGULATOR HARNESS 
Slot Plug Plug 

Lower P22-8 P14-10 
H742 P7-7 

P22-10 P14-8 
P3-7 

P22-9 P7-4 

P22-12 P4-3 

P22-4 PP5-6,5 
P3-1 

E P21-1 PI2-7,2 
P7-1,2,3 
P3-4 

PI-5 
P21-1 P36-13 , 

F P25-1 P13-7 
P25-1 P7-1,2,3 

P3-4 

PI-5 

Table 5,2 (Cont) 
Voltage Distribution, PDP-l1/45, 11/50 

--
BACKPLANE MODULES 

Slot Row Pins 

- - - Upper H742 
28 B FI Unibus B 

- - - Upper H742 
12 C SI UBC 

28 B F2 Unibus B 

16,21. B U2 SMC 

21 E B2 Second M811 0 
16 E B2 First M81l0 

- - - System Units No.1 & 2 
26-28 C-F B2 Peripheral Controllers 

15 E B2 PHK 
2,3 E B2 FRH,FRL 
- - - Console 
- - - System Units - Only if no +20, -5 V Options 

- - - System Unit No. 3 
26-28 C-F B2 Peripheral Controllers 

15 E B2 PHK 
2,3 E B2 FRH,FRL 
- - - Console 

- _ .. _ .. _--------------

~ ~ 

• 
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Table 5-2 (Cont) 
Voltage Distribution, PDP-ll/45, 11/50 

VOLTAGE REGULATOR HARNESS BACKPLANE MODULES 

Slot Plug Plug Slot Row Pins 

-5 VdcMOS H P26-3 P64 IT-20 F Cl G401 (YA) MOS Matrix 
22-25 F Cl 

+19.7 Vdc MOS H P264 P4-6 17-20 A,C,E U2 
tt L P314 P6-2 22-25 A,C,E U2 

+23.2 Vdc MOS H P26-5 P4-8 17-20 A,C,E V2 
tt L P31-5 P6-3 22-25 A,C,E V2 

-5 Vdc E P40-3 P12-14 - - - MMII-U/UP 

+20 Vdc P40-5 P12-3 - - -

VI 
tt Revision F and higher. 

-b 



S.2 DC POWER SUPPLIES 
Both theory and repair procedures of dc power supplies and 
voltage regulators are discussed in this section. Table 5-3 
lists the regulator specifications. 

S.2.1 Theory of Operation 

S.2.1.1 H742 Power Supplies - The input circuits of the 
upper and lower H742 Power Supplies are shown in Figures 
4-5 and 4-6. Jumper connections for 115 or 230 Vac 
operation are provided by TBI at the primary of T1. Each 
power supply contains a bulk supply cooling fan Fl and 
three voltage regulator cooling fans F2, F3, and F4. An 
elapsed time meter receives 115 Vac from the upper H742 
to indicate total time power is applied to the CPU. On the 
lower H742, the corresponding output is applied to the 
nine cooling fans in the CPU Mounting Box to provide 
unswitched cooling for the logic modules installed in the 
CPU backplane. 

a. +15 V and +8 V Supply - The power control 
board of each H742 Power Supply contains a 
+15/+8 Vdc supply (drawing 
C-CS-5409730-0-l). The dc supply receives 20 
to 30 Vac from the secondary of transformer 
Tl. The ac input is full-wave rectified by diode 
bridge D 1. The resultant dc is applied to 
Darlington voltage regulator Q 1 through fuse 
F1. The bias on Ql is controlled to provide 
+ 15 V dc at output pins 2 and 3, with respect to 
output pins 4, 5, and 6. Zener diode D7 
provides approximately +8 Vdc at output pin 1. 
The combined output of this supply (+15 V 
and +8 V) is rated at 3A. 

The power control board outputs of the upper 
H742 are used as positive (+15 V, +8 V) volt
ages with respect to ground. On the lower H742 
power, control board, the positive output pins 
are at ground and the negative output pins are 
used to provide a -15 V dc output with respect 
to ground'. This -15 V output is used by the 
M8110 SMC Modules. 

When DC LO 1 (or DC LO 2) is grounded at pin 
9, Q2 conducts hard and cuts off Ql com
pletely, thus removing the +15 V and +8 V 
outputs. 

b. CLOCK Output - The CLOCK output is 
derived from one leg of full-wave rectifier 
bridge Dl, by voltage divider RIO and Rll, and 
Zener diode D2 (drawing C-CS~5409730-0-1). 
The CLOCK output is a 0 to +5 V square wave, 
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c. 

at the line frequency of the power source (47 
to 63 Hz). The CLOCK output is used to drive 

the KWll-L Line Frequency and KWll-P Real 
Tirne Clock options. 

AC LO and DC LO Circuits - A 20-30 Vac 
input from the secondary of transformer T1 is 
applied to the AC LO and DCLO sensing 
circuits on each of the H742 power control 
boards. The sensing circuits are shown on 
draWing C-CS-5409730-0-1. The ac input is 
rectified 'by diodes D8 \~th~g1gh--'D 11, and 
filtered, by capacitor C3.'A cOf!!@Qn !~[~ence 
voltage is derived by resistor':-Kl8.-llnd Z~~r: 
diode D12. Both .sensing circuits operate simi
larly; each contains a differential amplifier, a 
transistor switch, and associated circuits. The 
major difference is that the base of Q6 in the 
AC LO circuit differential amplifier is at a 
slightly lower value than that of Q9 in the DC 
LO differential amplifier. The operation of 
both sensing circuits depends on the voltage 
across capacitor C3. 

AC LO Sensing - The 20-30 Vac input is 
rectified and stored in capacitor C3, which will 
charge and discharge at a known rate whenever 
the ac power is switched on or off. Thus, the 
voltage applied to, the emitters of differential 
amplifier Q6/Q7 through R17 is a rising or 
falling waveform of known value. For example, 
when power fails or is shut down, the dc 
voltage decays at a known rate, as determined 
by the RC time constant. If the voltage 
decreases to the point where th~ base of Q6 
becom!!s negative with respect to the base of 
Q7, the increased forward bias on Q6 causes it 
to conduct more, and the resultant decrease in 
Q7 causes it to cut off. This removal of voltage 
across R16 causes Q5 and Q4 to conduct. The 
AC LO line at pin 8 is grounded. An extra AC 
LO line (AC LO X on pin 10) is also grounded 
by the similar Switching of tr~nsistors Q15 and 
Q14. 

AC LO 1 is applied through the cable harness 
and CPU backplane to the power fail initialize 
logic shown on drawing UBCE. The mnemonic 
assigned to the input is BUSA AC LO L. AC LO 
2 is applied through the cable harness to the 
Unibus B terminator as BUSB AC LO L. The 
AC LO outputs from the upper and lower H742 
Power Supplies are interconnected for use in 
multiprocessor systems. 

( 

( 

( 
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Table 5-3 
Regulator Specifications 

Regulator 
Output Peak-to-Peak 

Voltage and Tolerance Current (max) Ripple (max) 

H744 +5 Vdc ± 5% 25A 

H745 -15 Vdc ± 5% lOA 

H746 +23.2 Vdc +3, -5% 1.6 A ) 
+19.7 Vdc 3.3A (1) 
-5Vdc 1.6 A 

H754 +20 Vdc ± 5% 8A 
-5 Vdc ± 5% 1 A-8A (4) 

H742 +15Vdc ± 10% 3A ) 
+8 Vdc ± 15% LA (2) 

20-30 Vac (5 outputs) 300 W ea output, 
I Kwmax. 
total output. 

Notes: 

, 1. Refer to drawing D-CS~H746-O-1. Since the 19.7 V output is obtained by 
regulating down from the +23.2 volt level, any combination of loads on the 
two outputs is acceptable as long as the sum does not exceed 5 A. 

Negative 5 V level is obtained by inserting a 5.1 V Zener diode in series with 
the +23.2 and +19.7 loads, and using the Zener cathode as GND. Therefore, 
maximum - 5 V load current is equal to the greater of 1.6 A or the sum of the 
two positive load currents (+23 and + 19). 

2. Total not to exceed 3 A continuously. 

3. At backplane. Typical ripple ~±3%. 

4. Maximum -5 V current is dependent upon +20 V current. It is equal to 1 A + 
1(+20) up to a total of 8 A. (1(+20) is the amount of +20 V current.) 
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DC LQ Sensing - The DC LO sensing circuit 
operates in a manner similar to that described 
for AC LO. The difference between these 
circuits is the voltage level at which they trip. 
For example, if the ac input starts to decrease, 
as a result of a power failure or shutdown, the .. 
AC LO lines are grounded before the DC LO 
lines. As power is restored, the. ground is 
removed from the DC LO lines before it is 
removed from the AC LO lines. A description 
of how the AC LO and DC LO control signals 
are used i~ the KBll-A is provided in the 
KBll-A Central Processor Unit Maintenance 
Manual. 

AC LO and DC LO indicate the status of the 
associated H742 bulk supply, as described in 

132 VAOC J : POWER ON ...+-t----+: +5V (H744) a 
I r i _ MOS (H746) 

o -'I-: _---oJ : I · DC LO 

o -:---..I.i...J· r--+. AC LO 

I : : I NOTE: 
o -+-----+--WI - - -.. Processor operotion 

I I I is internally inhibited 
I II~ for 70ms after AC 

I I I I LO is removed. 

I I ·11 -15V (H745) 
I II 1 : II:. +15V, +8V (H742) 

I .020 I II 
1- MAX.-I I 1 I 
I _1 1,0301_ 

,025 IIMAX I 
I- MAX.-II 

o 

o 

II -I I ,002 NOM. 

TIMES SHOWN ARE IN SECONDS 

a. TURN ON 

the preceding paragraphs. These signals are not (' 
affected by the outputs of the individual 
voltage regulators. 

DC LO 1, generated by the switched H742 
power control board, is applied to the power 
fail initialize logic shown on drawing UBCE as 
input BUSA DC LO L. DC LO 2, generated by 
the unswitched H742 powe.r control board, is 
applied to the Unibus B terminator module as 
BUSB DC LO L. A DC LO X output from the 
lower H742 power Supply is applied to the 
M81! 0 SMC Modules. 

Figure 5-4 shows the H742 Power"up and 
Power-down Sequences. 

l--- 95 VAC 

0- '---------... POWER OFF 
+ 5V ---:1----------. 

0- L :~V (H744) a 
+3,5V ---' ____ ..., ~ (H746) 

+3,5V --:------. 0 1 L ----+1_ DC LO (H742) 

0 1 !--..,----1-.. AC LO (H742) 
O -L I. 

J I _______ . -15V (H745) 

- 15V --;. __ ---',::.....-...Jj I - 15 V 

+15V I r----;-- +15V 

I 0 t-- I I • +15V (H742) 

-: .007 '-I_'~?~ . ....J 
I :!:,003 I I I 
1 ~ ,...002 MIN., .007 TYP. 
I I 1 

b, TURN OFF 
11-2334 

( 

Figure 5-4 H742 Power Up and Power Down Sequences 
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5.2.1.2 H744.+5 V Regulator - From three to eight H744 
+5 V Regulators are used in the PDP-I 1/45, II/50 power 
system, depending on the system configuration (drawing 
D-CS-H744-0-1). 

a. Regulator Circuit - The 20-30 Vac input is 
full-wave rectified by bridge D I to provide a dc 
voltage (24 to 40 Vdc, depending on line 
voltage) across filter capacitor CI and bleeder 
resistor Rl. Operation centers on voltage regu
lator EI, which is configured as a positive 
switching regulator. A simplWed schematic of 
EI is shown in Figure 5-5. EI is a monolithic 
integrated circuit that is used as a voltage 
regulator. . It consists of a temperature
compensated reference amplifier, error ampli
[jer series pass power transistor, and the output 
circuit required to drive the external transistors. 
In addition to EI, the regulator circuit includes 

pass transistor Q2, pre drivers Q3 and Q4, and 
level shifter Q5. Zener diode D2 is used with 
Q5 and R2 to provide + 15 V for E I. Q5 is used 
.as a level shifter; most of the input voltage is 
absorbed across the collector-emitter of Q5. 
This is necessary because the raw input voltage 
is well above that required for EI operation. 
This +15 V input is supplied while still retaining 

, the ability to switch pass transistor Q2 on or 
off by drawing current down through the 
emitter of Q5. 

The output circuit is . standard for most 
switching regulators ah~ consists of free
wheeling diode D5, choke coil L1, and output 
capacitors C8 and C9. These components make 
up the regulator output filter. Free-wheeling 
diode D5 is used to clamp the emitter of Q2 to 
ground when Q2 shuts off, thus providing a 
discharge path for Ll. 

FREQUENCY 
v+ COMPENSATION 

INVERT I NG "--________ ----+-----, 
INPUT -

VREFo--~----~ 

V- CURRENT CURRENT 
LIMIT SENSE 

r------oVc 

SERIES PASS 
TRANSISTOR 

...------,-() V 0 U T 

'------ovz 

11- 0965 

Figure 5-5 Voltage RegulatorEI, Simplified Diagram 
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In operation, Q2 is turned on and off, gener
atinga square wave of voltage that is applied 
across D5 at the input of the LC filter (Ll, C8, 
and C9). Basically, this filter is an averaging 
device, and the square wave of voltage appears 
as an average voltage at the output terminal. By 
varying the period of conduction of Q2, the 
output (average) voltage may be varied or 
controlled, thus supplying regulation. The 
output voltage is sensed and fed back to El 
where it is compared with a fixed reference 
voltage. El turns pass transistor Q2 on and Off, 
according to whether the output voltage level 
decreases or increases. Defined upper and lower 
limits for the output are approximately 
+5.05 V and +4.95 V. 

During one full cycle of operation, the regula
tor operates as follows: Q2 is turned on and a 
high voltage (approximately +30 V) is applied 
across Ll. If the output is already at a +5 V 
level, then a constant +25 V would be present 
across Ll. This constant dc voltage causes a 
linear ram:pof current to build up through Ll. 
At the same time, output capacitors C8 and C9 
absorb this changing current, causing the 
output level (+5 V at this point) to increase. 
When the output, which is monitored by El, 
reaches approximately +5.05 V, El shuts off 
turning Q2 off; the emitter of Q2 is then 
clamped to ground. Ll discharges into capaci
tors C8, C9, and the load. Pre drivers Q3- and Q4 
are used to increase the effective gain of Q2, 
thus ensuring that Q2 can be turned on and off 
in a relatively short period of time. 

Conversely, once Q2 is turned off and the 
output voltage begins to decrease, a predeter
mined value of. approximately +4.95 V will be 
reached; causing El to turn on; El, in turn, 
causes Q2 to conduct, beginning another cycle 
of operation. 

Thus, a ripple voltage is superimposed on the 
output and is detected as predetermined maxi
mum (+5.05 V) and minimum (+4.95 V) values 
by El. When +5.05 V is reached, El turns Q2 
off; when +4.95 V is reached, El turns Q2 on. 
This type of circuit action is called a ripple 
regulator. 
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b. +5 V Overcurrent Sensing Circuit - The over- (~

current sensing_circuit consists of: Ql, R3 
through R6, R25, R26, programmable unijunc
tion Q7, and C4. Transistor Ql is normally not 
conducting; however, if the output exceeds 30 
A, the forward voltage across R4 is sufficient to 
tum Q Ion, causing C4 to begin charging. When 
C4 reaches a value equal to the voltage on the 
gate of Q7, Q7 turns on and El will be biased 
off, turning the pass transistor off. Thus, the 
output. voltage is decreased as required to 
ensure that the output current is maintained 
below 35 A (approximately) and that the 
regulator is short circuit protected. The regula
tor continues to oscillate in this new mode until 
the overload condition is removed. C4 then 
discharges until El is again allowed to turn on 
and the cycle repeats. 

c. +5 V Overvoltage Crowbar Circuit - The 
following components comprise the overvoltage 
qowbar circuit: Zener diode D3, silicon-con
trolled rectifier (SCR) D7, D8, R22, R23, C7 
and Q6. Under normal output voltage condi
tions, the trigger input to SCR D7 is at ground 
because the voltage across Zener diode D3 is 
less than 5.1 V. If the output voltage becomes (
dangerously high (above 6.0 V), diode D3 
conducts, and the voltage drop across R23 
draws gate current and triggers the SCR. The 
SCR fires and short circuits the +5 V output to 
ground. 

5.2.1.3 H745 -15 V Regulator - According to the power 
requirements of the particular PDP-l 1/45, 11/50 system 
configuration, one or two H745 -15 V Regulators may be 
included in the power system. Operation of the H745 is 
basically the same as that of the +5 V regulator (draWing 
C-CS-H745-0-l). Input power (20 to 30 Vac) is taken from 
the transformer secondary and input to full-wave bridge 
DI, whose output is a variable 24 to 40 Vdc input across 
capacitor Cl and resistor Rl. 

a. -15 V Regulator Circuit - Regulator operation 
is almost identical to that of the +5 V regulator; 
however, the +15 V input that is required for 
El operation is derived externally and is input 
across capacitor C2 to El, and the inverting and 
noninverting inputs to El are reversed. In 
addition, the polarities of the various com
ponentsare reversed. For example, Q5, which is 

\ 

( 
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used as a "level shifter", is an NPN transistor on 
the +5 V regulator; whereas a PNP is required 
on the -15 V regulator, thus allowing the 
regulator to operate below ground (at -15 V). 

Under normal operating conditions, regulator 
operation centers around linear regulator El 
and pass transistor Q2, which is controlled by 
El. Predetermined output voltage limits are 
-14.85 V minimum and -15.15 V maximum. 
When the output reaches -15.15 V, El will 
shut off, turning Q2 off; and LI discharges into 
C8 and C9. When the output reaches -14.85 V, 
El will conduct, causing Q2 to tum on, thus 

. increasing the output voltage. 

b., -15 V Overcurrent Sensing Circuit - The 
-15 V regulator overcurrent sensing circuit is 
basically made up to the same components used 
in the +5 V regulator, except Ql is an NPN 
transistor in the -15 V regulator. Q 1 is normal
ly not conducting; however, once the output 
exceeds 15 A, Ql will tum on and C3 will 
charge. WhenC3 reaches the same value as the 
gate of Q7, El will be biased off, which turns 
Q2 off, thereby stopping current flow and 
turning the -15 V regulator off. Thus, the 
regulator is short circuit protected. 

c. -15 V Overvoltage Crowbar Circuit - When 
SCR D5 is fired, the -15 V output is pulled up 

. to ground and latched to ground until input 
power or the + 15 V input is removed. A 
negative slope on the + 15 V line can be used to 
trip the 'crowbar for power-down sequencing, if 
desired. 

5.2.1.4 H746 MOS Regulator - If the particular 
PDP-ll/45, 11/50 system configuration contains MOS 
memory, the MOS regulator must. be included in the 
.PDP~II/45, 11/50 power system. The MOS regulator 
supplies.regulated outputs of -5, +19.7, and +23.2Vdc. 
Basic MOS regulator operation and circuitry is similar to 
that of the +5 V regulator; however, major differences do 
exist between the ,input and output circuitry of the two 
(+5 V and MOS) regulators, because a higher input voltage 
is required in the MOS regulator, and multiple outputs of 
-5 V, +19.7 V, and +23.2 V are supplied by the regulator 
(drawing C-CS-H746-0-1). 
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a. 

b. 

Regulator Circuit...,. As in the +5 V and -15 V 
regulators, operation of the MOS regulator 
centers around El, pass transistor Q2, pre driver 
Q3 and level shifter Q5. The input uses a 
vol~age doubler as opposed to the full-wave 
diode bridge used in the +5 V and -15 V 
regulator. This is necessary because the +23 V 
output requires a much higher input voltage (48 
to 80 Vdc) to ensure the circuit operates 
efficiently. The remaining regulator com
ponents are identical to those of the +5 V 
regulator except that the individual com
ponents are selected to operate at the higher 
voltage levels. 

The output circuitry contains additional com
ponents to yield the. required multiple outputs 
of -5, +19.7 and +23.2 Vdc. Transistor Q6 is a 
Darlington power amplifier that.is employed as 
a linear pass transistor to drop the +23.2 Vdc 
down to +19.7 Vdc. This is necessary because a 
constant 3 tq 4 V difference in the two voltages 
is required in MOS memory operation. All of 
the current drawn by the +23.2 and +19.7 V 
outputs is fed back to the rectifier source via 
the ground line, through Zener diode DI0, to 
yield the - 5 V dc output from the anode of 
DIO. 

Overcurrent Sensing Circuit - The overcurrent 
sensing circuit, consisting of Q 1, R4 through 
R7, Q8, R29, and C3, operates in exactly the 
same manner as in the +5 V regulator. 

c. Overvoltage Crowbar Circuit - The overvoltage 
circuit consists of D7 through D9, Q7, and 
associated circuitry, and operates in exactly the 
same manner as the +5 V regulator crowbar 
circuit. 

5.2.1.5 8:754 +20, -5V Regulator - If the system 
c(;mtains an option requiring +20 and -5 V, such as the 
MFII-U/UP, H754 regulator(s) must be added. They are 
mounted into slot E of the PDP-ll/45, 11/50 cabinet or 
into slots D and/or E of an expanded cabinet. 



a. 

b. 

c. 

Regulator Circuit - The circuit (schematic 
D'CS-H754-0-1) is similar to that of the other 
regulators: like the H746, it has a voltage 
doubler input, but the output consists of two 
shunt regulator circuits, one for the +20 V, the 
other for the - 5 V. The +20 V shunt regulator 
consists of transistors Q4, Q 10 and Q 11; the 
-5 V shunt regulator, of Q6 and Q9. QI0 and 
Q9 are the pass transistors. 

The output of the basic regula tor is 25 V (- 5 to 
+20 V). The shunt regulators are connected 
across this output, with a tap to ground 
between the pass transistors Q9 and Q 10. The 
voltage at the bases of Q6 and Q4 will vary with 
respect to ground, depending on the relative 
amount of current drawn from the +20 V and 
-5V outputs of the regulator. If the +20 V 
current increases while the - 5 V current 
remains constant, the output voltage at the 
+20 V output will tend to go more negative 
with respect toground; this will cause the -5 V 
output to go more negative also, since the 
output of the basic regulator is a fixed 25 V. 
This change is sensed at the bases of Q6 and 
Q4: Q6 will conduct, causing Q9 to conduct 
also, thus increasing the current between - 5 V 
and ground until the balance between the 
+20 V and the -5 V is restored. At this time, 
neither Q6 nor Q4 will be conducting. If the 
- 5 V current increases, Q4 and Q 10 will 
conduct to balance the outputs. 

Overvoltage Crowbar Circuits - There are two 
crowbar circuits in the H754: Q7 and its 
associated circuitry for the +20 V, and Q12 and 
its circuitry for the - 5 V. Either one will trigger 
SCRD9. 

Overcurrent Sensing Circuit - The overcurrent 
circuit is comprised of Ql, Q8, Q13, Q14 and 
associated circuitry. The total peak current is 
sampled through R4. When the peak current 
reaches approximately 14 A, Q 1 turns on 
sufficiently to establish a voltage across R 7 and 
R38, thus firing Q8. This pulls the voltage on 
pin 4 of the 723 up above the reference voltage 
on pin 5, thereby shutting off Q2. D6 now 
conducts, and the current through R37 turns 
on Q14, which turns on Q13. This keeps Q8 on 
for a time which is determined by the output 

d. 

voltage and L1. This action, in turn, allows the ( 
off-time of Q2 to be greater than the on-time; 
the off-time increases as the overload current 
increases, thereby changing the duty cycle in 
proportion to the load. The output current is 
thus limited to approximately lOA. 

Voltage Adjustment - The +20 V adjustment is .. 
located on the side of the H754; and the -5 V 
pot is on the top, next to the connector. To set 
the output voltages: power down, disconnect 
the load, power up, adjust for a 25 V reading 
between the +20 and - 5 V outputs with the 
20 V pot. Then set the - 5 V between its output 
and ground. Power down, reconnect the load, 
power up and then check and adjust the 
outpu ts again. This procedure is necessary 
because the +20 V pot (R17) actually sets the 
overall output of the regulator (25 V from +20 
to - 5 V), while the - 5 V adjustment (R21) 
controls the - 5 V to ground output. (See 
schematic drawing D-CS-H754-0-1.) 

5.2.2 Voltage Regulator Test Procedures 
This paragraph suggests procedures to troubleshoot and test 
the H744 +5 V Regulator, H745 -5 V Regulator, H746 
MaS Regulator, and H754 +20 - 5 V Regulator Modules. ( 
The procedures are intended to aid in locating a fault, 
provided the fault has not destroyed the etched circuits. 

When replacing a faulty voltage regulator, the new voltage 
regulator may need adjustment to compensate for the load. 
In some instances, if the new regulator is initially adjusted 
too high, it may activate the crowbar circuit and therefore 
provide no output when initially installed. If this happens, 
turn power off and rotate the adjustment potentiometer 

. counterclockwise. Then reapply power (regulator should 
not crowbar) and adjust the regulator output. 
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5.2.2.1 Initial Tests - When a power system fault has been 
isolated to a voltage regulator, examine internal fuse F1. A 
blown fuse usually indicates that the main pass transistor 
Q2 and/or one of its drivers Q3 and Q4 has short-circuited. 

1. Check for damage to base-emitter bleeder resis
tors and scorched etched board in the area of 
Q3 (andQ4 if applicable). 

2. If the pass transistor and drivers check OK on a 
YOM, the fault may be caused by continuous 
base drive to the first driver Q4 (Q3 in H754). 
Check level shifter Q5 for a short-circuit. ( 



( 

( 

3. Check the resistance to ground at the input to 
the precision voltage regulator integrated circuit 
E1 (pins 4 and 5) to determine if an external 
short-circuit is holding the IC in conduction. 

4. Use the YOM to check for short-circuit 
between fuse termin3.Is and ground. Possible 
short-circuits involving mounting. TO-3 com
ponents to the heat sink may be located by 
connecting YOM leads between TO-3 cases and 
a regulator bracket mounting screw on the end 
of the heat sink. 

5.2.2.2 Output Short-Circuit Tests - A voltage regulator 
that provides no output, or low output, without causing 
fuse F 1 to blow is probably working into a short-circuited 
output. 

NOTE 
An activated crowbar or a short-circuited ; 
output in an otherwise properly operating 
voltage regulator will not cause Fl to 
blow. 

1. . If fuse F1 is not blown, and the area of etched 
circuit around the ac input to the bridge circuit 
is not damaged, it is safe to apply an ac input to 
the voltage regulator to determine if the regula
tor is overloaded by a short-circuit across the 
output. 

2. 

3. 

Connect the voltage regulator to a test bench 
source and advance the Variac to about 90 V. If 
the output is near 0 V, turn the voltage 
adjustment fully counterclockwise and repeat 
the test. 

If the regulator appears overloaded, check for 
short-circuit across the output and for a com
ponent failure in the crowbar circuit. 

5.2.2.3 Testing a "Dead" Regulator - Use the following 
procedure to test a faulty voltage regulator that does not 
exhibit the symptoms described above. 

1. Apply 115 Vac to the test bench source 
(25 Vac at the voltage regulator input), with no 

. load on the regulator output. 
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2. 

3. 

4. 

5. 

Check for 30 Vdc across filter capacitor C1 
(and C2 if applicable). 

Check for +15 Vdc at pin 12 of precision 
voltage regulator E1. No voltage at this point 
could mean Zener diode D2 (H744) or D3 
(H746 or H754) has failed. 

Check for 6.8-7SVdc at pin 6 of E1 with 
respect to ground, pin 7. 

If all voltage measurements in Steps 2, 3, and 4 
are OK and there is no output voltage, pin 5 of 
E1 should be positive with r_espect to pin 4. 

E1, pin 2 should be +0.6 V with respect to pin 
3. If it is not, connect emitter and base of Q5 
together. If 0.6 V-indication is obtained, preci
sion voltage regulator E1 is OK and the fault 
probably is caused by Q5 or Q4 (Q3 in H754). 

5.2.2.4 Testing a yoltage Regulator After Repairs -
Before returning a repaired voltage regulator to service, it 
should be checked as follows: 

1. Connect the repaired voltage regulator to the 
appropriate source connector. 

2. Set the voltage adjustment fully counterclock
wise and set the load to zero. 

3. 

4. 

5. 

6. 

Close the input circuit breaker and advance the 
Variac until output voltage is indicated (at 
approximately 60-80 Vac input). No audible 
noise should be heard under no-load conditions. 

Be sure Q2 is connected and soldered before 
loading the regulator. 

Advance the Variac to 130 Vac and return to 
115 Vac. 

Apply a 30-50 percent load. The output 
voltage should remain nearly constant. A clean 
whistle may be heard. A buzz or a harsh hissing 
sound indicates possible instability. Check 
waveforms as indicated in Figure 5-6 . 
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Figure 5-6 Typical Voltage Regulator Output Wavefcmns 
(Maximum output ripple is specified in Table 5-3) 

7. 

8. 

Apply 100 percent load and set the voltage 
adjustment for nominal output, as listed in the 
following chart: 

H744 

H745 

H754 

H746 

+5.10 Vdc 

-15.10 Vdc 

+25 Vdc between +20 and -5 V 
outputs. 

+23.2 Vdc. After this adjustment, 
the regulator should be slid out to 
allow access for the 19.7 Vdc ad
justment. 

9. 

10. 

CAUTION 
If the output voltage does not decrease 
noticeably (approximately 1 V on H744, 
or 1 to 5 V on the H74S, H754, and 
H746), do not attempt the following 
short-circuit test. 

Short circuit the output. The regulator should 
continue to operate at a low frequency with a 
cleari, smooth whistle and stable waveforms. 

Increase the voltage adjustment and observe the 
output voltage when the crowbar circuit fires. 
The output voltage should be within the fol
lowing ranges: 

H744 6.00-6.65 V 

H745 16.8-20.5 V 

H746 26.0-30.0 V 

( 

( 

Apply 200 percent load and check for a 
decrease in the frequency and the output 
voltage. H754 25.0-30.0 V and -6.00--7.00 V C 
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PDP-ll/45, II/50 maintenance procedures are divided into 
two categories: preventive maintenance and corrective 
maintenance. Corrective maintenance should be performed 
to isolate a fault or malfunction and to make necessary 
adjustments and/or replacements. Using diagnostic pro
grams that test the functional units of the system and 
special calibration and test procedures aid in performing 
corrective maintenance. 

This Chapter contains the following sections: 

6.1 Maintenance Equipment Required 

6.2 Preventive Maintenance - General 

6.3 Power Systems Maintenance 

6.4 CPU Maintenance - DiagllOstic Programs 

6.5 How to Use Maintenance Cards 

6.6 How to Use the W900 Module Extenders 

6.7 Module and Assembly Removal and Replace
ment 

6.8 Removal and Replacement of ICs 

6.9 Special MOS Handling Procedures 

6.1 0 Equipment Configuration, Revision Status, and 
Mechanical Status Stickers. 

6.1 MAINTENANCE EQUIPMENT REQUIRED 
Maintenance procedures for the PDP-I 1/45, 11/50 require 
the standard equipment (or equivalent) listed in Table 6-1. 

Generally the voltage regulators are not field repairable. 
However, guidelines are given in Paragraph 5.2.2 for depot 
or factory repairs. 
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CHAPTER 6 

MAINTENANCE 

6.2 PREVENTIVE MAINTENANCE 
Preventive maintenance consists of specific tasks performed 
periodically to prevent failures caused by minor damage or 
progressive deterioration due to aging. A preventive main
tenance iog book should be established and necessary 
entries made according to a regular schedule. This data, 
compiled over an extended period of time, can be very 
useful in anticipating possible component failure resulting 
in module replacement on a projected module or com
ponent reliability basis. 

Preventive maintenance tasks consist of mechanical and 
electrical checks. All maintenance schedules should be 
established according to environmental conditions at the 
particular installation site. Mechanical checks should be 
performed as often as required to enable fans and air filters 
to function efficiently. All other preventive maintenance 
tasks should be performed on a regular schedule determined 
by reliability requirements. A recommended schedule is 
every 1000 operation hours or every three months, which
ever occurs first. Appendix B is a suggested preventive 
maintenance schedule for peripheral equipment. 

6.2.1 Physical Checks 
The following is a list of the steps required for mechanical 
checks and physical care of the PDP-II /45, 11/50: 

1. Check all fans to ensure that they are not 
obstructed in any way. Vacuum-clean the air 
vents of the upper and lower logic fan housings, 
and upper and lower regulator fan housings. 
Remove and wash the filters in the cabinet fan, 
located in the top of the cabinet. 

2. . Inspect all wiring and cables for cuts, breaks, 
frays, deterioration, kinks, strain, and mechani
cal security. Repair or replace any defective 
wiring or cable covering. 



3. 

4. 

5. 

6. 

Inspect the following for mechanical security: 
lamp assemblies, jacks, connectors, switches, 
power supply regulators, fans, capacitors, etc. 
Tighten or replace as required. 

Inspect all module mounting panels to ensure 
that each module is securely seated in its 
connector and the locking-releasing mechanism 
is working properly. 

Inspect power supply capacitors for leaks, 
bulges, or discoloration, and replace as re
quired. 

Inspect module guides for wear, damage, and 
secure fastening. 

6.2.2 Electrical Checks and Adjustments 

6.2.2.1 Voltage Regulator Checks - Perform the power 
system checks listed in Table 6-2. Use a YOM to check the 
output voltages under normal load conditions. Use an 
oscilloscope to measure the peak-to-peak ripple contenton 
all dc outputs. Each voltage regulator has an adjustment 
potentiometer located just below the output indicator lamp 
(indicator lamp not present on earliest verSions). If the 
regulator output is not within the specified tolerance, 
adjust as required to obtain an acceptable output. If a 
voltage regulator cannot be adjusted to meet specifications, 
remove and replace the regulator. 

Table 6-1 
Maintenance Equipment Required 

Equipment or Tool Manufacturer Model, Type or Part No. DEC Part No. 

Oscilloscope Tektronix 453* 

Volt/Ohmeter (VOM) Triplett 29-13510 

Unwrapping Tool Gardner-Denver 505244-475 29-18387 
(DEC Catalog #H812A) 

Hand Wrap Tool Gardner-Denver A-20557-29 29-18301 
(DEC Catalog #H811A) 

Diagonal Cutters Utica 47-4 29-13460 

Diagonal Cutters Utica 466-4 (modified) 29-19551 

Miniature Needle Nose Pliers Utica 234-1/2 29-13462 

Wire Strippers Millers lOIS 29-13467 

Solder Extractor Sol'der Pullit Standard 29-13451 

Soldering Iron (30W) Paragon 615 29-13452 

Soldering Iron Tip Paragon 605 29-19333 

16-Pin IC Clip AP Incorporated AP923700 29-10246 

24-Pin IC Clip AP Incorporated AP923714 29-19556 

Maintenance Cards DEC W131, W133** 

Maintenance Card Overlay DEC 5509974-0-1 

Module Extender Boards (3) DEC W900 

* Tektronix Type 453 Oscilloscope is adequate for most test procedures; Type 454, or equivalent, may be required for some 
measurements. 

** W133 is a dual version ofW130. It provides the drivers for two W131 maintenance cards. 
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Table 6-2 
.' CPU dc Output Voltage Checks 

Measure at Max. Ripple 
Output CPU Backplane Pin Voltage 

Peak-to-Peak V 

H744 +5V Regulator A02A2 
(slot A) 

H744 +5V Regulator A06A2 
(slot BY 

H744 +5V Regulator AlOA2 
(slot C) 

H744 +5V Regulator A26A2, 
(slot D) 

H744 +5V Regulator A19A2 
(slot H) (Bipolar) 

H744 +5V Regulator A16A2 
(slot J) 

H744 +5V Regulator A21A2 
(slot K) 

H744+5V Regulator A24A2 
(slot L) 

H745 -15V Regulator E02B2 
(slot E) 

H746 MOS Regulator A17V2 
(slot H) 

,*(slot L) A22V2 

H746 MOS Regulator A17U2 
(slot H) 

*(slot L) A22U2 

H746 MOS Regulator F17C1 
(slot H) 

Switched H742 P.S. E15A1 

Switched H742 P.S. EOIB1 

.. *ReVlS10n F and higher. 

6.2.2.2 Ppwer Control- Operate the REMOTE/OFF/ 
WCAL switch Sl on each power control to ensure that 
power is turned on in the LOCAL position and discon
nected in the OFF position. Return Sl to its original 
position after performing this' test. On early systems 
equipped with two 860 Power Controls, the upper 860 Sl 
should be set to REMOTE, the lower 860 Sl to LOCAL. 
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+5.0 0.15 

+5.0 0.15 

+5.0 0.15 

+5.0 0.15 

+5.0 0.15 

+5.0 0.15 

+5.0 0.15 

+5.0 0.15 

-15.0 0.45 

+23.2 0.70 

+19.7 0.60 
(3-4V less 
than +23.2) 

-5.0 0.15 

+15-.0 0.45 
(13.5-16.5) 

+8.0 0.24 
(6.8-9.2) 

Figure 1-2 shows which 860 Power Control is associated 
with each H742 Power Supply. 

6.2.2.3 AC Power Connector Receptacles - Test the 
output voltage at each plug to ensure that 115 or 230Vac 
is available. 



6.2.3 33 ASR Teletype Preventive Maintenance Checks 
Check the following 33 ASR items during system preven
tive maintenance: 

a. Check distributor plates for deposits. 

b. Check platen and typewheel for deposits. 

c. Check wires around distributor area for secure 
mechanical and electrical connections. 

d. Check the print hammer; replace if worn. 

e. 

f. 

Rotate the mainshaft manually and check that 
movement is free. If movement is restricted, 
check clutch assemblies. 

Check typewheel pinion racks and gears for 
dirt. 

6.2.3.1 Lubrication - Use a 50-50 mixture of 20-weight, 
nondetergent oil and STP oil additive for viscosity improve
ment to perform the following lubrication, except where 
otherwise noted: 

a. 

b. 

c. 

d. 

Oil all clutch assemblies. 

Oil all felts until saturated. 

Lightly oil all pivot points. 

Oil drive motor at both lubrication points 
provided. 

e. Oil print carriage bearings. 

f. Oil main shaft bearings. 

g. Oil bearing on function shaft. 

h. Oil the eye ends of all springs. 

i. Oil the type wheel pinion and gear. 

j. Oil repeat mechanism in keyboard assembly. 

k. 

1. 

Clean the dash pot assembly and lubricate it 
with graphite dust. 

CAUTION 
Do not put oil in the dash pot. 

Grease the teeth on spacing ratchet. 

64 

6.2.4 PCOS High-Speed Paper-Tape Reader/Punch 
The PCOS High-Speed Paper-Tape Reader/punch includes a 
Roytron 500 Series Reader/punch mechanism. Complete 
lubrication and preventive maintenance instructions for this 
mechanism are contained in the Preventive Maintenance 
Section of the Roytron Maintenance Manual, which is 
supplied with the PCOS. In addition to the preventive 
maintenance procedures listed in that manual, perform the 
following mechanical and· electrical checks as part of the 
system preventive maintenance procedure. 

6.2.4.1 Mechanical Checks - Inspect the PCOS as follows: 

1. Visually inspect the general condition of the 
tape reader. 

2. 

3. 

4. 

Clean the PC05, inside and out, using a vacuum 
cleaner or a clean cloth that has been moistened 
with a nonflammable solvent. 

Lubricate the chassis slide mechanism with a 
ligh t machine oil. Wipe off excess oil. 

Inspect all wiring and replace any defective 
wiring or defective cables. 

5. . Check that the READER FEED switch, 
READER ON/OFF LINE switch, light con
denser, photo transistor assembly, depressor 
arm, hold-down bracket, all connectors and 
circuit modules, tape feed motor, front cover, 
and resistor assembly are mechanically secure. 

6.2.4.2 Electrical Checks - Perform power supply output 
tests listed in Table 6-3. 

Us.e a YOM to measure output voltage and an oscilloscope 
to check ripple voltage. The +5 V and -15 V outputs are 
adjustable; the -18 V and - 36 V outputs are not adjustable. 

6.2.5 LA30 DEC writer 

6.2.5.1 Preventive Maintenance Schedule - When an 
LA30 DECwriter is included in the system, it is supplied 
with documentation that contains detailed preventive main

. tenance procedures. The items to be cleaned, inspected, and 
replaced on a regular schedule are listed in Table 6-4. 

( 

( 
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Table 6-3 
Power Supply Output Tests 

Output 
Pin Number on 

Tolerance 
Ripple 

PCOS Logic Assembly (peak-to-Peak V) 

+ 5V AIA2 ±0.25 0.1 
-15V AIB2 ±1.0 0.1 
-18V B8V2 ±2.0 1.0 
-36V A8V2 ±4.0 1.0 

Table 6-4 
LA30 Preventive Maintenance Schedule 

Printing Interval 
Clean Inspect Replace (Hours) 

300-500 1. Ribbon Idlers 1 .. Ribbon Tension 1. Print Head Assy 
(Para. 5.2) (Para. 5.4.6) {para. 5.4.2) 

2000 1. Ribbon Motors 1. Ribbon Tension 
{para. 5.2) - (Para. 5.4.6) 

2. Carriage Assy Round Shaft 
{para. 5.2) 

3. Ventilating Fan Blades, 
if necessary 
(Para. 5.2) 

4. Linkage Pins; 
Ratchet and Pawl Mechanism 

.. (Para. 5.2) 

NOTE; Paragraphs mentioned.in this. table refer to applicable paragraphs in Chapter 5 of the LAJO DECwriter 
Maintenance Manual. 

6.2.S.2Cleaning Procedures - Always lise a clean, lint-free 
cloth to wipe off outside surfaces and a lightly-oiled doth 
to remove any dust or ink from inside the unit. (The ink is 
oil-base.) Use commercial furniture or automotive wax to 
protect the outside of the cover. Dust the cover and wipe 
the keyboard clean whenever paper is replenished. 

Do not attempt to dean the print head assembly; rather, 
replace it after 300-500 hours of operation. The replace
ment procedure is described in Paragraph 5.4.2 of the LA30 
DECwriter Maintenance Manual. At the time it is replaced, 
wipe the ribbon idlers dean with an oiled cloth. 

Mter 2000 hours of operation, remove each ribbon motor, 
as described in Paragraph 5.4.5 of the LA30 manual. Apply 
a light oil to the lower bearing felt. At this time, lubricate 
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the carriage assembly round shaft, DEC Part Number 
74-8656-1/2. Spray a light coating of Molykote 557 along 
the entire shaft and wipe lightly with a dry cloth to leave it 
thin coating oflubricant on the shaft. 

NOTE 
Do not attempt to clean or vacuum-clean the 
control box assembly. It will function betterif 
left alone. 

If necessary, after 2000 hours of operation remqve the fan 
and wipe the blades dean with an oiled cloth. The fan 
inotordoes not require scheduled lubrication. 

At the 2000-hour interval of preventive maintenance, check 
the paper advance mechanism linkage pin and pivot pins for 



grease and freedom of movement. Normally, no mainte
nance is required. However, if the terminal is in an extreme 
ambient temperature, environment, these pins will require 
lubrication. If so; disassemble the linkages and apply 
Molykote B2KR grease'toall bearing surfaces. 

NOTE 
The two dark green nylon rollers must remain 
free of oil or grease if the mechanism is to 
function properly. 

6.2.6 Timing Margins 
, A preventive maintenance timing margin chart is provided 
at the back of this manual. The tiriling margin chart can be 
used to maintain a record of margin test results. Such a 
record of timing variations over a period of time will serve 
to point out any deterioration in system timing margins arid 
indicate when corrective maintenance maybe required to 
prevent. a system failure. 

Paragraph 6.5 describes how to use the maintenance cards 
to vary the CPU and FPP RC clocks to perfQrm timing 
margjn tests on the CPU and FPP. As each' diagnostic 
program listed on the preventive maintenance timing 
margin chart is run, vary the appropriate RC clock to 
determine the minimum and maximum clock speed at 
which the program fails. Nominal margins are 28-50 ns for 
the CPU, and 50-290 ns for the FPP at 70° F. Refer to the 

, Note in Paragraph 6.5.1. Record these speeds on the chart 
for each test. In the space provided above each entry, 
record the date of the preventive maintenance procedure. 

NOTE 
Appendix B provides a table of peripheral 
preventive maintenance schedules. 

6.2.7 General Diagnostic Testing 
Run all applicable diagnostic programs listed in Paragraph 
6.4 for a minimum of one complete pass, or three minutes, 
whichever is longer, to ensure that no machine problems 
exist that were not detected in the timing margin tests. 

6.3, POWER SYSTEM MAINTENANCE 

WARNING 
Dangerous voltages (115 or 230 Vac) are 
present in the power system! Be .careful when 
servicing these circuits. 

6.3.1 Circuit Tracing 
A thorough knowledge of the location and operation of the 
various components of the PDP-ll/45, 11/50 Power 
System is essential for troubleshooting this system. The 
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drawings and text of Chapters 3 (Power System), 4 (ac 
Power) and 5 (dc Power) of this Maf!ual, in conjunction ( 
with the schematics listed below should provide all the 
necessary information in this respect. 

H742 Power Control Board 
H744 +5 V Regulator 
H745 -15 V Regulator 
H746 MOS Regulator 
H754 +20, - 5 V Regulator 
PDP-I 1/45 Console Board 

861 Power Control 

C-CS-5409730-0-1 
D-CS-H744-0-1 
D-CS-H745-0-l 
D-CS-H746-0-1 
D-CS-H754"O-1 
D-CS-5409684-0-1 

(drawing KNLC) 
D-CS-861-A-I, -B-1 or -C-I 

6.3.2 Visual Aids to Troubleshooting 
If a power system fault is suspected, visually inspect the· 
system components for obvious fault indications. For 
example, each of the voltage regulator modules is provided 
with an output indicator lamp that lights when the output 
voltage is within range . .lf a single indicator lamp within the 
group (A-E or H-L) is not lit, the fault is probably within 
that voltage regulator module. In the case of the H744 +5 V 
Regulator, this can be verified by swapping H744 modules. 
Once the fault has been isolated to a voltage regulator 
module, refer to the voltage regulator checkout procedure 
described in Paragraph 5.2.2. A decal is placed on the rear 
of the BAll-FA chassis to indicate the location and 
function of each voltage regulator. 

If none of the voltage regulator output indicator lamps in 
the group are lit, the fault is probably in the associated 
H742 Power Supply or power control. Visually inspect the 
power indicator lamps and circuit breakers provided with 
these components to determine whether the fault can be 
isolated to either the H742 or the power control. Figures 
4-5 and 4-6 show where these indicator lamps and circuit 
breakers are located (electrically) in each component. A 
description of the Power Controls is given in Paragraph 4.2. 

6.4 CPU MAINTENANCE 
Maintenance of the PDP-I 1/45, 11/50 CPU consists mainly 
of running diagnostic tests and making the adjustments, if 
any, that may be required. 

The follOWing groups of diagnostic progran;J.s are applicable 
for the basic PDP-11/45, 11/50 system and options: 

a. KB ll-A Central Processor Unit Diagnostics 

b. Memory System Diagnostics 

c. FPII-B Floating-Point Processor Diagnostics 

( 

( 

.. 



( 

( 

d. KT11-C Memory Management Unit Diagnostics The following program naming convention is now in use for 
MAINDECs. 

e. KLII Teletype Unit Diagnostics 

Diagnostic programs for all MF 11 memory systems are 
listed in section 6.4.2; those for the MSll,FPll, and KT11 
options are described in Chapter 7. . 

Diagnostic. programs for peripherals and I/O devices in the 
system are listed and described in their associated mainte
nance manuals. Detailed descriptions and specific operating 
procedures for each diagnostic program are provided in 
related diagnostic program description (MAINDEC) docu
mentation. A Libkit lists all the diagnostics that are 
supplied with a particular piece of equipment. 

D CFPKA-X 

- L MCNlevel 

Program Naming Convention 1 is a test written for the 
PDP-11/45 to test the FP11 option and is test number K 
version A. 

6.4.1 KBll-A CPU Diagnostics -
In general, all diagnostic programs are loaded into the 
lowest 4K words of physical memory. All diagnostic 
programs start at address 200. The programs run in Kernel 
mode. If the KT11-C option is implemented in the system, 
it is disabled by clearing SRO bit O. 

x = no MCN ever issued 

o = initial MCN announcing latest program version 

1 - 9 latest MCN rev level 

L----A thru Z = revision designation 

L----A thru Z = program designation. 

o thru 9 = overlay designation 

L-. ____ 2 digits = option designation 

,.. A = 11/05,15,20 processors 

B 11/40 processor 

C 11/45 processor 

D 11/05 only 

Z ~ _~ll processors 

X DEC/XII exerciser software 

'----------- D indicates a Diagnostic Program, and is not used 

in naming a program. 

Program Naming Convention 1 

6-7 



Any trap or interrupt vectors not used 'by the test in 
progress are set up as "trap catchers"; the new PC, stored in 
the first word of the vector, points to the second word of 
the vector, which contains a O. When the 0 is fetched as an 
instruction,the processor interprets it as a HALT instruc· 
tion. The instruction being executed when the trap 
occurred can be identified as follows: 

5. Perform a second EXAM operation to deter· ( 
mine the instruction. This procedure will fail if . 

1. Do a REG EXAM operation to determine the 
contents of register 6. ' 

2. Set the number found in R6 in the switch 
register and do a LOAD ADRS operation. 

3. Do an EXAM operation to determine the 
contents of the top word in the stack. This is 
the PC at the time that the false trap/interrupt 
occurred. 

4. Set the same number minus two, four or six, 
depending upon addressing mode, into the 
switch register and perform a LOAD ADRS 
operation. 

the last instruction before the trap altered the 
PC. 

Whenever an error is identified by a diagnostic program, the 
program executes a HALT instruction. The-location of the 
HALT identifies the type of error identified. To loop 
continuously through a particular test, replace the instruc
tion following the HALT with a branch instruction to a 
location preceding the . test - if pOSSible, to a SCOPE 
instruction (if the test is failing conSistently, the branch can 
replace the HALT instruction). The SCOPE instruction is a 
MOV PC, RI (octal code 010701) in the DCKB tests. The 
later type of SCOPE provides a tag that identifies the last 
successfully completed subtest. 

The diagnostic programs are listed in Table 6·5 in the order 
in which they are normally run. 

DCKBA SXT Instruction - This is a test of the SXT 
instruction that ensures correct results and condition code 
operation. The SXT instruction is tested in all address 
modes in a general register and the PC. 

Table 6·5 
KBll·A Central Processor Unit Diagnostic Programs 

Number 

MAINDEC·ll·DCKBA
MAINDEC·l1·DCKBB· 
MAINDEC·ll·DCKBC· 
MAINDEC·ll·DCKBD· 
MAINDEC·ll·DCKBE· 
MAINDEC·ll·DCKBF· 
MAINDEC·l1·DCKBG· 
MAINDEC·l1·DCKBH· 
MAINDEC·ll·DCKBI· 
MAINDEC·ll·DCKBJ· 
MAINDEC·ll·DCKBK· 
MAINDEC·ll·DCKBL· 
MAINDEC·ll·DCKBM· 
MAINDEC·ll·DCKBN· 
MAINDEC·ll·DCKBO· 
MAINDEC-l1·DCKBP" 
MAINDEC·ll·DCKBQ
MAINDEC·I1-DCKBR-* 
MAINDEC-I1-DCQKC-

Tests 

Sign extend instruction 
Subtract one and branch instruction 
Exclusive-OR instruction 
Mark instruction test 
Trap and interrupt return 
Stack limit test 
Set priority level instruction 
Register test 
Arithmetic shift instruction 
Arithmetic shift combined instruction 
Multiply instruction 
Divide instruction' 
!frap instructions and error traps 
Program interrupt request test 
Processor states test 
Power fail test 
Console test 
CPU Parity test 
Instruction exerciser 

"Used only with systems containing Parity Memory. 
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DCKBB SOB Instruction - This is a test of the SOB 
instruction that ensures correct branching' and condition 
code operation. 

DCKBC XOR Instruction - This is a test of the XOR 
instruction that ensures correct results and condition code 
operation. The XOR instruction is executed using various 
operands; all address modes are executed using a general 
register and the PC. 

DCKBD MARK Instruction - This is a test of the MARK 
instruction. The test executes the MARK instruction using 
all values of "N" and checks the results. Correct condition 
code operation is also tested. 

DCKBE RTT Instruction - This is a test of the RTT and 
RTI instructions and uses "T" bit traps in the test. Proper 
stack operation and proper status changes are tested. 

DCKBF Stack Limit Test - This is a test of the stack limit 
register and ensures correct YELLOW zone and RED zone 
boundaries, and overflow traps for all values of the stack 
limit register. (Dependent on available memory.) 

DCKBG SPL Instruction - This is a test of the SPL 
instruction, The test checks that only the priority level bits 
in the PSW (PS7-5) are affected by the SPL instruction. 

DCKBH 11/45, 11/50 Registers - This is a test of all the 
PDP-ll/45, 11/50 hardware registers (RlO-RI5), supervi
sor stack pointer (RI6), user stack pointer (RI7), and the 
micro break register. This test ensures that all bits in each of 
the registers can be set and cleared, and are selected 
properly. 

DCKBI ASH Instruction - This is a test of the ASH 
instruction. It tests ASH with different shift counts and in 
all the registers. 

DCKBJ ASHC Instruction - This is a test of the ASHC 
instruction. It tests ASHC with different shift counts and in 
all the registers, including odd registers (test of circular 
shift). 

DCKBK MUL Instruction - This is a test of the MUL 
instruction, It tests MUL with different number patterns in 
all registers, including single precision ( odd registers). 

DCKBL DlV Instruction - This is a test of the DlV 
instruction. It tests DIV with different number patterns in 
all even registers. Error conditions are also checked. 
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DCKBM Traps Test - This program tests all trap instruc
tions and error traps (time out, odd address, and overflow). 
Interrupt logic is also tested, using the Teletype. 

DCKBN PIRQ Interrupt ~ This is a test of the program 
interrupt request (PIRQ) logic. 

DCKBO 11/45 Processor States - This program tests that 
PDP-ll/45 instructions are executed properly in the three 
11/45 modes (Kernel, Supervisor, and User). Also, the 
MIPD/I and MFPD/I instructions are tested. 

DCKBP 11/45 Power Fail Test - This test checks out the 
power fail system. 

DCKBQ - This test checks out the console. 

DCKBR - This program will test parity aborts during CPU 
execution of read/restore (DATI) and read/pause (DATIP) 
memory operations. Normal parity is generated when 
writing to Memory (DATO) and checked for "other" parity 
when reading from memory (DATI or DATIP). Parity 
aborts are forced by setting a Parity Control Register for 
"other" parity (not normal) before execution of DATI or 
DATIP instructions. 

This program does not test memory; it tests the processor 
and assumes memory to be functioning properly. 
MAINDEC-II-DCMF A will test memory and should be run 
in conjunction with this program to provide a thorough test 
of parity. 

DCQKC - This diagnostic program is designed to be a 
comprehensive check of the PDP-l1/45, 11/50 processors. 
The program executes each instruction in all address modes 
and includes tests for traps and the Teletype interrupt 
sequence. The program relocates the test code throughout 
memorY,0-124K. 

6.4.2 Core Memory Diagnostics 
The diagnostic programs used with the MF 11 Memory 
Systems are described briefly in the following paragraphs. 
Table 6-61ists the diagnostic programs used with the MFll. 

DZQMA - This test checks memory up to 124K, using 
NPR devices. 

DZQMB - This test checks 0-124K of memory for unique 
addressing and worst-case noise patterns. 



Table 6-6 ( 
MFll Core Memory System Diagnostic Programs 

Number 

MAINDEC-I1-DZQMA (I) 
MAINDEC-II-DZQMB 
MAINDEC-II-DCMFA (2) 

{I) Requires NPR device input 
(2) Parity memories only 

DCMFA - This program locates the Parity Memory 
Registers for the memory and performs a check of the bits 
in each. It then creates a map showing the Memory 
controlled by each parity register. The Parity Registers and 
the Memory are then tested using the information in the 
map. 

6.5 HOW TO USE MAINTENANCE CARDS 
The maintenance card that is used to perform maintenance 
tests and troubleshooting procedures on the PDP-ll/45 
system is shown in Figure 6-1. The maintenance card is 
constructed from a W131 Maintenance Module. The WI3! 
is used with a W133 Driver Module. Figure 6-2 shows the 
special overlay that is used to designate switches and 
indicators for KBII-A and FPII-B test functions. Table 6-7 
lists the indicator lamp functions and the sources of the 
inputs from the KBI1-A and FPll-B. 

6.5.1 Clock Selection 
CLK switch S3 is used to select the crystal clock (XT AL), 
the . RC maintenance clock (RC), or the MAINT STPR 
switch as the timing source for the CPU or FPP, CPU timing 
and FPP timing are independent; thus, the switches on each 
maintenance card need not be set for the same s~lection. 

When set to XTAL, the 33.3-MHz crystal clock is selected 
for the CPU timing source and the I8-MHz crystal clock is 
selected for the FPP. When theCLK switch is set to RC, the 
variable frequency RC maintenance clock is selected as the 
timing source. By adjusting the potentiometer (RI04 on 
the CPU TIG module, R32 on the FPP FRH module), the 
useful range of the period of the RC maintenance clock 
pulse can be adjusted as follows: 

-CPU RC Clock: 28 to 50 ns 

FPP RC Clock: 50 to 290 ns 

Tests 

MemEx>28K 
O-I24K Memory Exerciser 
Parity Check' 

NOTE 
When using both CPU and FPP RC clocks, half 
of the FPP clock period must be shorter than 
two CPU ROM cycles. 

6.5.2 Maintenance Mode Control 
Maintenance card switches S2 and SI are used to select the 
maintenance mode, as indicated in Table 6-8. 

6.5.2.1 Single ROM Cycle - When switches SI and S2 are 
.. set for single ROM cycle mode, the processor will proceed 

through a single ROM cycle each time the console CONT 
switch is pressed. For convenience, MAINT STPR switch S4 
on the maintenance card can also be used to initiate the ( 
single ROM cycle. In this mode of maintenance operation, 
TIGA STOP T3 L is asserted at time state Tl, causing the 
processor to stop at tiine state T2 of each microstate. 
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6.5.2.2 J.LPB STOP - When switches SI and S2 are set for 
J.LPB (microprogram break) STOP mode, the KBII-A or 
FPII-B will continue to execute program instructions each 
time CONT is pressed, until the ROM address register 
contents match the Program Break (PB) register contents. 
When both 'microstate addresses are equal, the processor 
stops at time state T2 of the selected mic.rostate. At that 
point, SI and S2 can be set for SING TP mode as described 
in·· Paragraph 6.5.2.3. Load the PB with the desired 
microprogram address as follows: 

1. 

2. 

3. 

Press HALT switch. Processor halts at micro
program conoo (CPU ,uADRS 170). 

Set PB register address 777770 into console 
switch register. 

Press LOAD ADRS. ADDRESS display will be 
777770. 

( 

... 
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FTPH F T1 F T2 

MEM CPFC1 EN T3 
FPEC1 DlY 

FP FP FP 
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11-1077 

Figure 6-1 Maintenance Card Installed for Test Purposes 
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Figure 6-2 Maintenance Card Control and Indicator Overlay 
for KBll-A and FPll-B Test Procedures 
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Indicator 
KBI1-A 

TPH TIGA TPH MAT H 

Table 6-7 
Maintenance Card Indicators 

Source 
FPll-B 

Signal Description 

FRHJ MSTEP CLOCK (0) H KB II-A: Basic processor 
timing pulse, whether crystal 

. clock, RC clock, or MAINT 
STPR is selected. 

FP 11-B: Indicates MAINT 
STPR clock pulse. 

Tl through T5 TIGA (Tl :T5) MAT H FRHH (TlS:T4S) H Indicate major time states for 
KB11-A and FP11-B. T5 is 

BUST 

MEM 

REF REQ 1 

REF REQ 2 

ENT3DLY 

BBSY 

MSYN 

SSYN 

CNTLOK 

FPSYNC 

FPREQ 

UBCB BUST MAT H 

TMCFMEMH 

SMCA RREQ IN PROG H 
(1st SMC) 
SMCARREQ IN PROG H 
(2nd SMC) 

TIGB ENABLE T3 DLY H 

UBCA BBSY MAT H 

UBCB MSYN B MAT H 

UBCC SSYN MAT H 

UBCA CONTROL OK MAT H 

UBCE FP SYNC H 

RACKFPREQH 

UBCB BUST MAT H 

TMCFMEMH 

, SMCA RREQ IN PROG H 

TIGB ENABLE T3 DLY H 

UBCA BBSY MAT H 

UBCB MSYN B MAT H 

UBCC SSYN MAT H 

not used for FP11-B. 

KB11-A Bust Cycle. Not as
serted by FPll-B. 

MS11 Semiconductor Mem
ory System response to Fast
bus memory address. From 
M8110 SMC Module. 

Indicates semiconductor 
memory recycle is in pro
gress. Asserted only by an 
SMC module that is control
ling G401 MaS Memory Mat
rix Modules. 

Asserts TIGA STOP T3 L 
when KTl1-C option is in
stalled and enabled. 

Indicates Unibus A is busy. 

Indicates Unibus A Master 
Sync is asserted. 

Indicates Unibus A Slave 
Sync is asserted. 

UBCA CONTROL OK MAT H Asserted by processor to al
low Fastbus memory cycle to 
be completed by MS 11. 

UBCE FP SYNC H 

RACHFPREQH 

6-12 

Indicates that the FP11-B is 
ready to send or receive data. 
Asserted by FRMJ FP SYNC 
L. 

Used with FP SYNC to in
dicate to CPU that more data 
words are required. If FP 
SYNC is returned to CPU 
without FP REQ, the mem
ory cycles are terminated. 

( 
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Indicator 
KBII-A 

FPATTN UBCD FP ATTN H 

FP WAIT FRHH WAITS H 

CPFCljFPECl No connection 

AERF TMCC AERRF MAT H 

SERF TMCC SERF MAT H 

Table 6-7 (Cont) 
Maintenance Card Indicators 

Source 
FPll-B 

UBCD FP ATTN H 

Signal Description 

Decoded from CPU ROM 
states where MSC = 5, indi
cating floating-point instruc
tion has been decoded: 

FRHH WAITS H Represents the Wait state of 
the FPll-B. 

No connection Spare indicator. For future 
use, wire to row E, pin C 1 
(FPP) or row F, pin C 1 
(CPU). 

TMCC AERF MAT H Indicates state of KBll-A 
Address Error Flag. 

TMCC SERF MAT H Indicates state of KBll-A 
Stack Error Flag. 

PAR ERR UBCBPARITY ERR MAT H UBCB PARITY ERR MAT H Indicates Unibus A or Fast
bus memory has detected a 
parity error. 

T TMCB PS04 MAT H 

N IRCHMATN H 

z IRCHMAT ZH 

v IRCHMATVH 

C IRCHMATCH 

TMCB PS04 MAT H 

FRLP FN (1) H 

FRLP FZ(1)H 

FRLP FV(1) H 

FRLP FC (1) H 

Indicates processor status 
word trace bit is set. 

KBll-A: N (negative) bit of 
the CPU processor status 
word condition code. 

FPll-B: N bit of the FPP 
program status register. 

KBll-A: Z (zero) bit of the 
CPU processor status word 
condition code. 

FPll-B: Z bit of the FPP 
program status register. 

KBll-A: V (overflow) bit of 
the CPU processor status 
word condition code . 

FPll-B: V bit of the FPP 
program status register. 

KBll-A: C (carry) bit of the 
. CPU processor status word 
condition code. 

FPll-B: C bit of the FPP 
program status register. 



Table 6-8 
Maintenance Mode Selection 

S2 SI Mode Operation 

0 0 NORMOP No effect on KBll-A or FPll-B operation. 

0 1 J,LPB STOP The KBII-A or FPII-B will execute instructions until the microprogram 
ROM address matches the contents of the Program Break (PB) register. It 
halts at T2 of that ROM state. 

1 0 ROMCYCL The KBII-A or FPII-B will execute a single ROM state each time the MAINT 
STPR is pressed. 

1 1 SINGTP The basic clock changes state each time the MAINT STPR -is pressed. Thus, 
pressing MAINT STPR twice provides a single time pulse. 

4. Set desired microprogram break address into 
the low byte of the switch register. For 
example, to stop at FET.OO, set 2178 into the 
switch register. 

5. Press DEP. The DATA display will display this 
input in the low order byte with the Data 
Display Select switch set to DATA PATHS. 

6. Press CONT. The processor will execute 
program instructions until the RAR equals the 
PB, then stop. 

6.5.2.3 Single Step - When switches SI and S2 are set for 
SING TP mode, gating logic shown on drawing TIGB 
inhibits the source synchronizer from selecting either the 
crystal_ clock or the RC maintenance clock. Under these 
conditions, each time MAINT STPR switch S4 is pressed, 
TP H changes levels. 

NOTE 
MAINT STPR must be pressed twice to com
plete each time pulse. 

This feature allows events that occur on the leading' edge 
or trailing edge of the same time pulse to be examined 
separa tel y . 

6.5.3 Using the Maintenance Card with KBII-A 

6.5.3.1 Deposit Test Instruction - Set the Address 
Display Select switch to CONS PHY, load address 1000, 
and deposit the Test Instruction 6-1. 

Address Data 
(octal) ( octal) Comments 

1000 022767 Compare instruction, 
1002 000015 Source operand immediate, 
1004 000100 Destination operand indexed 

1106 000000 Word = 0 

Test Instruction 6-1 

6.5.3.2 J,LPB STOP MODE - This setup 'loads the test 
instruction address into PCA; then into PCB. The processor 
performs the RES.OO microprogram sequence (Flows 3) 
and then fetches the test instruction. 

I. Set up the PB for a J,LPB STOP at FET.l 0 (CPU 
J,LADRS 260). 

2. Load address 10008 • 

3. Set maintenance card switches SI and S2 for 
J,LPB STOP mode. 

4. Set ENABL/HALT to ENABL and press 
START. 

( 

( 

Chapter 6 of the KBll-A Central Processor Unit Mainte
nance Manual explains how to use the processor flow 
diagrams; an instruction example is also provided (Para
graph 6.4) to familiarize the reader with the sequence of 
machine states used to execute a typical instruction. The 
same Compare instruction example is used to demonstrate 
how to use the maintenance card for test purposes. 

The processor will stop at FET.lO microstate 260 in T2. 
Refer to Paragraph 6.4 in the KBII-A manual to review the 
processor events. Table 6-9 indicates normal console indica- c __ 
tions_as a result of these events. 
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Table 6-9 
Console Indications 

Console Display 

ADDRESS: CON PHYS 
DATA: DATA PATHS 

BUST REGISTER 
tlADRS FPP/CPU 

PAUSE 

.. Maintenance card indicator T2lights. 

Contents (octal) 

1000 
1002 
1000 
260 

6.5.3.3 Single ROM Cycle Mode - This setup causes the 
processor to execute one ROM cycle of the test instruction 
and stop each time MAINT STPR switch S4 is pressed. 

1. Set maintenance card switches SI and S2 for 
single ROM cycle mode. 

2. Press maintenance card MAINT STPR switch 
S4 or CaNT switch on the console. 

Refer to the test instructIon description in the KBll-A 
manual, Paragraph 6.4. Table 6-10 lists normal ADDRESS 
and DATA displays resulting from each ROM cycle 
execution, starting with FET.lO, T2 of the example test. 
instruction. 

6.5.3.4 SING TP Mode - This procedure allows the main
tenance card user to step through microstates of the test 
instructions example in the SING TP mode. 

1. Set ENABL/HALT to HALT and press START. 

2. Load the example instruction address 1000. 

3. Set maintenance card switches SI and S2 to 
tlPB STOP mode. 

4. Set ENABL/HALT to ENABL and press 
START. 

When the processor stops at T2 of FET.lO (CPU tlADRS 

Table 6-10 lists the normal DATA and ADDRESS displays 
for each time state of the example, starting with T2 of 
FET.IO (CPU tlADRS 260). 

NOTE 
The example assumes the test instruction is 
deposited in a semiconductor memoiy location. 

If the test instruction is deposited in a core memory 
location, Unibus control signals MSYN and SSYN will be 
displayed on the maintenance card indicators. Also, if the 
KTll-C option is implemented, the EN T3 DIS indicator 
lights. While EN T3 is lit, the processor will remain in T2 
until the delay counter is stepped through three complete 
time periods. 

6.6 HOW TO USE THE W900 MODULE EXTENDERS 
The W900 Module Extender is a double-height, multilayer 
etch board that provides one-to-one connections between 
module connectors and corresponding CPU backplane 
connector slots. Thus, three W900 Module Extenders can 
be used to extend a PDP-I 1/45 hex-size module from the 
CPU backplane to provide access to ICs and discrete 
components for test purposes under active operating 
conditions. 

NOTE 
Do not attempt to extend more than one 
module at a time while performing test proce
dures. 

When a KBll-A module or a module of an option 
controlled by KBII-A timing is extended with W900 
Module Extenders, use the RC mainteriance clock as the 
source of CPU timing. Clock selection is described in 
Paragraph 6.5.1. 

1. Connect an oscilloscope to measure TIGC T1 H 
at CPU backplane pin D15T2. 

2. Adjust potentiometer R104 on the TIG module 
to provide a 60 ns TIGC T1 H pulse duration. 

260), set SI and S2 to select SING TP mode. Therfpress 6.7 MODULE· AND ASSEMBLY REMOVAL AND 
MAl NT STPR switch S4 twice to step through each time REPLACEMENT 
state . 

NOTE 
A time state is only valid when the associated 
time state indicator and the TP H indicator are 
both lit. 

No special procedures are iequired to disassemble and 
reassemble most of the components and assemblies in the 
H960-C Cabinet or the BAll-FA Mounting Box. This 
paragraph outlines the procedures for removing and re
placing modules and the steps required to disassemble the 
console. 
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Table 6-10 
Normal Display Indications for Single ROM Cycle Example ( 

After Executing 
The Console Displays will be: 

ROM Microstate: 
IlADRSCPU DATA PATH 

FET.I0 
IRD.OO 
S13.00 
S13.1O 
D67;80 
D67.00 
D67.1O 
DI0.30 
DI0.60 

TST.OO 
. TST.Ol 

* Indicates BUST 
**l's complement of 15 

343 
022 
027 
117 
006 
251 
122 
177 
-FAST 032 
FAST 033 
217 
260 

1002 
1004 
1004 

15 
1006 
1106 

15 
15 

-16** 

--
--

- Determined by next instruction; nofincluded in this example. 

6.7;1 Module Removal and Replacement 
The multilayer modules used in the PDP-I 1/45, 11/50 are 
equipped with lock/release type handles, and each slot in 
the backplane has card edge and center guides that allow 
the modules to be installed easily. The card guides ensure 
that the modules are not removed or inserted at an angle so 
great that module or connector slots are damaged. 

CAUTION 
Even though these features are provided"always 
install and remove the modules carefully. 

6.7.2 Removal and Repair of Console 
To replace a faulty indicator bulb on the console, follow 
.the procedu.re below. 

1. Remove two screws from each side of console 
bezel. Gently pull the bottom of the bezel 
outward and lift up. The bezel has a lip that 
extends around the rear of the console face
plate and prevents the bezel from being pulled 
directly outward. 

2. Pull off the two indicator switch knobs on the 
right-hand side of console. 

3. Remove three nylon screws from the top of the 
console panel. -

4. Indicator support plate is now exposed. 
Remove eight screws that secure this plate to 
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BUS REGISTER ADDRESS CON PHYS 

022767 1002 
022767 1002 
022767 1002 

5. 

6. 

15 1004* 
15 1004 

100 1004 
100 1106 

--
--

15 1106 
·.0 1006 

--
--

the console. 1)1e plate can then be removed to 
expose the indicator bulbs. 

Replace the faulty indicators. 

Test all indicators by lifting the indicator test 
switch. This is an unlabeled, white switch 
located between switch register bit 0 and the 
LOAD ADRS switch. All indicator bulbs should 
ligll t. 

To remove console logic board, remove the top three 
standoffs from console logic board. These standoffs are the 
receptacles for the three nylon screws previously removed. 
In addition, remove bottom three screws from console logic 
board. The logic board can then be removed. 

6.8 REMOVAL AND REPLACEMENT OF ICs 

c 

The PDP-II /45, 11 ISO modules are multilayer etched 
circuit boards. The four layers consist of two· power and 
ground internal planes, and two etched circuit external 
layers (Figure 6-3) .. The inner power and ground planes 
form a decoupling capacitor between the power and ground 
planes providing shielding between the etched circuit layers 
and reducing the possibility of noise and crosstalk. One 
advantage in using this type of module construction is that 
the need to route power and ground signals to each 
individ.ual component and IC via etching 011 the two outer ( 
etched boards is eliminated, allowing a much greater 
component density on each board. -

.. 
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ETCH LAYER SIDE No. I 
COMPONENT SIDE 

ETCH LAYER SIDE No.2 

GLASS EPOXY 

11-0959 

Figure 6-3 Cross Section of Multilayer Board 

6_8.1 Location ofICs 
On the handle end of . the board, the physical location of 
the 'last IC in each row is E-numbered to aid in locatillg ICs 
during maintenance and troubleshooting. 

The first sheet of each module circuit schematic is a 
physical layout showing the location of the ICs and discrete 
components on that module. 

When possible, some IC locations on most boards are not 
used; these spare locations, provided on a space available 
basis, ensure that if future ECOs (engineering change 
orders) involving additions are required, they can be more 
easily implemented. 

When spare locations are provided on the module, each 
spare location has a number just like one ohhe ICs. The 
spare locations must also be counted when locating ICs on 
the board:. 

When an IC is added to a board (e.g., because of an ECO), 
the IC assumes the preassigned number of the location into 
which it is installed. Thus, the numbered IC locations at the 
handle end of the board, as well as all other IC locations, 

. always remain the same. 

6_8.2 IC Connections 
IC and component connections to the power and/or ground 
inner layers are normally made as shown in Figure 6-4A. 

. The ICs and components are connected to the inner layers 
in this manner to allow the IC or component to be more 
easily replaced. 
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When a compon~nt is tied directly to an inner layer as 
shown in Figure 6-4B, instead of connecting through an 
etch as shown in Figure 6-4A, it is difficult to remove the 
component because most of the heat from the soldering 
iron is absorbed .by the inner layer, preventing the solder 
around the leads of the component or IC from melting. To 
minimize this difficulty, direct connections to the inner 
layer are made by a vein-type connection as shown -in 
Figure 6-5. This type of connection reduces the connected 
area between the plated-through hole and the inner layer. 
This reduces the amount of heat transfer to the inner layer 
when heat is applied to the plated-through hole when 
melting solder and removing component leads, or removing 
excess solder once the lead has been removed. 

6.8.3 IC and Component Removal and Replacement 
Because. the etch and plated-through hole eyelets are so 
small, extra care should be taken during the maintenance 
and repair of the multilayer mqdules, especially when 
soldering and unsoldering components. Certain tools (or 
their equivalent) are recommended for use during removal 
andreplacement ofICs on the multilayer modules; they are . . . . . 

listed in Table 6-1. The manufacturer and type of part 
number of each tool is indicated in parentheses at its first 
occurrence in the procedure . 

6.8.3.1 Removal and Replacement of Plastic Case ICs -
To remove and replace a plastic case Ie and to preclude 
damage to the multilayer board, the procedure described by 
Figures 6-6 through 6: 13 should be strictly adhered to . 
Removal and replacement of ceramic ICs is covered in 
Paragraph 6.8.3.2. 



>C-..l,-~'<--4~-NO CONNECTION 
TO INNER PLANES 

'-------'----'-- PLATED THROUGH HOLES 

A. NORMAL COMPONENT CONNECTION TO INNER LAYER 

CONNECTION MADE TO 
INNER POWER LAYER '------'--- PLATED THROUGH HOLES 

B: COMPONENT CONNECTED DIRECTLY TO INNER LAYERS 

Figure 6-4 Component Connections to Inner Layers 

11-096\ 

~-'--------"-""-------,,,,£--- PLATED THROUGH HOLE 

1----- INNER GROUND PLANE 

'-____ CLEARANCE HOLE THROUGH 
THE INNER PLANE-

VEIN CONNECTION BETWEEN INNER PLANE 
AND PLATED THROUGH HOLE 

Figure 6-5 Top View of Component Connection 
Made Directly To Inner Layer 
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Figure 6-6 Module to Be Repaired and Tools Required 

This sample module is a G401 MOS Memory Matrix Module which has components that 
are connected directly to the inner layers using the vein method described in Figures 6-4 
and 6-5. 
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Figure 6-7 Removing a Defective IC From the Module 

Defective IC leads are clipped, using small diagonal cutters (Utica, Part No. 47-4). Cut the 
leads as close to the body of the IC as possible to allow the remaining leads to be more 
easily removed. 
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Figure 6-8 Defective Ie Removed 

Ie location after the Ie has been removed - with the Ie leads still in the board. Locate 
the leads of the Ie just removed on the soldered (back) side of the board and cut all leads 
to avoid difficulty during their removal. 
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Figure 6-9 Removing IC Leads 

IC leads being removed from side I of the board. Apply heat to the lead until the lead 
becomes loose. Then remove the lead by pinching with the soldering iron (paragon, Part 
No. 615) and pliers (Utica, Part No. 23-4). 

CAUTION 
Leads that are connected to an inner layer require more 
heat because much of the heat is absorbed by the inner 
layer. It is helpful to add solder to the lead first causing 
more heat to be conducted to the solder in the eyelet 
around the lead. 
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Figure 6-10 Ie Lead Removed 

Lead directly after removal from the eyelet using the soldering iron and pliers. 
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Figure 6-11 Applying Solder to Refill Eyelet 

After all of the IC leads have been removed, remove the excess solder remaining in the 
. eyelets prior to inserting the new IC. This figure shows solder being applied to the eyelets 
after all the leads have been removed. The extra solder absorbs excess heat and keeps it 
from being applied directly to the etch of the plated-through holes. 
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Figure 6-12 Removing Excess Solder From Eyelet 

Once the eyelets have been refilled with solder, as described in Figure 6-11, remove the 
solder using the soldering iron and solder extractor as shown above. In this figure, the 
eyelet has no connection to the board inner layers; thus, the solder can be extracted from 
the same side of the module to which the heat is applied. However, in cases where direct 
connections to the inner layer are made, heat must be applied to one side of the module 
and the solder must be extracted from the opposite side due to the heat sinking 
properties of the inner layers. In this case, the module should be in a vertical position to 
allow access to both sides of the module simultaneously. 
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Figure 6-13 IC Location Ready for Insertion of New IC 

IC location after all the eyelets have been cleared of solder. 

1. Inspect the eyelets to ensure that no excess solder remains. If all the solder is not 
removed, refIll the hole as described in Figure 6-11 and remove the solder again as 
described in Figure 6-12. Continue this procedure as required, until all of the 
eyelets are cleared of excess solder. 

2. Use a cleaning solvent and brush to clean the IC location of any excess solder flux. 

3. Thoroughly inspect the IC location and surrounding area for solder splash and 
damage to etch lines and plated-through holes. 

4, Ensure that none of the leads are bent, and insert the replacement IC in the holes. 
When inserting the replacement IC into place, avoid bending the leads on the 
opposite side of the module; this makes future removal of the IC easier, should it be 
necessary. 

CAUTION 
If the leads must be bent to hold the IC in position for 
soldering, avoid bending the leads more than 45°, using 
only one lead at each end and on opposite sides of the IC. 

5. Solder in the new IC from the opposite side of the module. Use enough solder to 
fill the holes and make a good connection. Avoid using an excess of solder to 
prevent overflow on the top side of the board, which could cause a short under the 
body of the IC. 

6. Once all the solder connections are made, clean and inspect the area for any 
damage. Cut off IC leads close to the board. Take necessary corrective action for 
any defects that are found. 

CAUTION 
After installing the ECO or replacing a: faulty IC on a 
module, ensure that no short circuit exists between the 
power and ground planes of the module. Do this before 
replacing the module in the equipment. 
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6.8.3.2 Removal and Replacement of Ceramic ICs
Ceramic ICs require a different removal/replacement pro
cedure than the plastic ICs because of their different 
construction. Leads of the plastic ICs extend out and down 
from the case of the IC, whereas the leads on the ceramic 
ICs extend straight down from the case of the IC, and are 
harder and thicker than those found on plastic ICs. Thus, 
certain steps of the removal/replacement procedure for the 
plastiC ICs do not apply to removal and replacement of 
ceramic ICs. To remove a ceramic IC, use the following 
procedure: 

L Special. diagonal cutters (DEC Part No. 
29-12551) are required to remove ceramic ICs. 
(See Figure 6-14.) Cut all the IC leads and 
remove the IC from the module. 

2. Inspect the component side of the module for 
any burrs tha! may be present from cutting the 
IC lead. If any burrs ,are present, carefully 
remove them using the special diagonal cutters. 

3. Perform procedure listed in Paragraph6.S.3:1 
starting with Figure 6-S. 

NOTE 
Because the leads will be cut flush with 
the board surface, it is not possible to 
pinch leads between pliers and soldering 
iron. Use the following procedure to 
remove leads. 

4. Cut the leads on side 2 of the board to allow 
easy removal. 

5. On side 1, heat the plated-through hole and 
extract lead and solder with solder extractor. If 
lead cannot be extracted from side 1, try to 
extract it from side 2. 

NOTE 
Do not attempt to remove melted solder 
or lead by banging the module on the 
bench. 

6.8.4 Solder Mask Removal 
Side 2·of PDP-l 1/45, 11/50 modules (the side opposite the 
component side) is coated with a solder mask to prevent 
short circuits between adjacent electrical connection points. 
To repair side 2 of these modules, scrape off the wIder 
mask chemical. Use a knife or X-acto tool to remove the 
solder mask. 

6.9 SPECIAL MOS HANDLING PROCEDURES 
Because of the high input impedance of MOS (metal oxide 
semiconductor) devices, they are susceptible to damage 

6-27 

from static discharge. These devices, such as the Intel 
11 03-1, are employed extensively on the G401 and 
G401 Y A MOS Memory Matrix Modules. 

Many manufacturers of MOS devices use various types of 
internal protection against damage from static discharge. 
These types of protection range from Zener diodes to 
limiting resistors. However, the effectiveness of these 
protection schemes is questionable and many manufac
turers suggest that additional precautions be taken to 
ensure safe handling of these devices. 

This paragraph outlines some basic rules for handling MOS 
devices in the field. The precautions taken at the factory 
are more extensive than those that are practical for field 
implementation. Therefore, the following rule~ represent 
only the basic requirements for safely handling MOS 
devices in the field. 

These rules are intended to keep the MOS device at the 
same electrical potential as the work area, tools, and 
personnel. Do not handle MOS devices in areas of high 
static susceptibility such as carpeted areas or areas of 
extremely low humidity. 

1. 

2. 

Choose a work area that exhibits minimal 
potential for the generation of static electricity. 

Use a power receptacle that has a connection to 
earth ground. 

3. Only use a soldering iron that offers a 3-wire 
ground such as the new DEC-supplied soldering 
iron (DEC Part No. 29-13452). Do not use a 
transformer-type soldering iron. 

4. Removal of defective MOS devices from a 
module requires no special handling procedures. 
MOS devices, once 'soldered on the board, offer 
no danger of damage from static discharge. 

5. If you are sitting in a chair while working with 
MOS devices,it is suggested that the chair be 
electrically connected to the frame of the work 
table. If this is not possible, use care to prevent 
the chair from touching the work table, thus 
preventing a static discharge from the chair to 
the work table. 

6. If you are standing while handling MOS devices, 
avoid rubbing your clothing against the work 
table or nearby furniture, thereby preventing 
the build-up of static electricity. 



Figure 6-14 Special Tool and Method Used 
To Clip Ceramic IC Leads 
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7. 

8. 

9. 

MOS devices (as supplied by DEC) are packaged 
in a conductive plastic bag. Before opening the 
bag, touch the work table or metal connected 
to it to discharge any static build-up. 

Empty the contents of the bag onto the work 
area without touching the MOS devices. 

Prior to touching the MOS device, always 
discharge yourself by touching the work area or 
attached metal. 

10. Insert the cMOS device into the module using 
care to ensure minimal handling of the device 
leads. Try to grasp the chip by the body of the 
device and not by its leads. 

11. Using the soldering techniques described in 
Paragraph 6.8.3.1, Figure 6-10, solder the MOS 
device using the 3-wire grounded soldering iron. 
If a grounded iron is not available, always 
attach a wire from the iron tip to ground (or 
the work area) to prevent any potential differ
imce between the device and the soldering iron. 

12. Replace the unused spare MOS devices in the 
conductive plastic bag by grasping the body of 
the IC, after previously discharging yourself 
against the work table. Reseal the bag using 
tape or a stapler. 

All of the above are precautions to reduce the possibility of 
a potential difference between the MOS device being 
handled and the surrounding environment. Again, common 
sense is essential when choosing a good work area and 
method of handling these devices. 

6.10 EQUIPMENT CONFIGURA nON AND REVISION 
STATUS 
The following paragraphs describe the MUL sticker, the 
ECO status sticker, and module revision status. The MUL 
sticker lists the equipment complement system serial 
number, etc.; the ECO status sticker provides information 
about the current ECO status of wire-wrap devices;module 
revision status shows the current ECO status of the module. 

6.10.1 Mechanical Status Sticker 
See Figure 6-15. This sticker is located on the rear of the 
Mounting Box. Box Type is 11/45, 11/50, H960-D or 
H960-E. A letter deSignates the Revision Level at Manufac
turing. Field installed ECOs should be entered as per
formed. 
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MECHANICAL STATUS 
BOX TYPE ________________ __ 

REVISION LEVEL AT MFG. ______ __ 

FIELD INSTALLED MECHANICAL ECOS 

ECONUMBER DATE 

Figure 6-15 Mechanical Status Sticker 

6.10.2 ECO Status Sticker 
The ECO status sticker (Figure 6-16) is located on the 
inside of the module door in the CPU or BAll-FB 
Mounting Box. This sticker is filled out for installation of 
ECOs to wire-wrap devices such as the KBII-A or the 
various system units. Table 6-11 describes how the various 
columns are to be filled out and the department responsible 
for filling out these items. Later versions have an additional 
MUL sticker for BA11-FB Mounting Boxes, used in 
expansion cabinets. It consists of nine system unit sections 
similar to those shown for system units 1, 2, and 3. It is 
used for the same purpose. 

!~SL~~~~ 
No.IOATEIINIT.1 COMMENT 

CD I 

-
--, 

(3) -0 -CD -0-

DEC 12-(776)- lO97-NI72 

11-1498 

Figure 6-16 ECa Sticker 



Item No. 

2 

3 

4 

5 

6 

7 

Table 6-11 
Completing the ECO Status Sticker 

Responsibility 

Production 

Production 

Production 

Production/Field Service'" 

Production/Field Service* 

Production/Field Service* 

Production/Field Service* 

Description 

Option designation code for applicable device (e.g., 
KBII-A, MMl1-S, etc.). 

Device serial number. 

Original wire wrap revision letter (e.g., ORIGINAL REV. 
B). 

Numerical portion of ECO number (e.g., for ECO 
KB 11-0002 write only 02 in this column). 

Installation date of ECO. 

Initials of person installing ECO. 

Necessary comments about ECO or its installation, (e.g., 
only part 2 installed). 

* If option is installe-d in factory, production has responsibility for filling out ECO sticker. If the option is an add-on in the 
field, field sernce will fill out items 4 through 7. 

'Note: ECO STATUS STICKER is located on the inside of the module door for BAll-FA and BAll-FB Mounting Boxes. 

Item No. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Responsibility 

Production 

Field Service 

N9ne 

Field Service _ 

Production/Field Service* 

Production/Field Service* 

Production/Field Service* 

Production/Field Service* 

Production/Field Service* 

Production/Field,Service* 

Production/Field'Service* 

Table 6-12 
Completing MUL Sticker 

System Serial Number 

Acceptance Date 

Unused 

Description 

Comment area. Note tech tips installed, partial ECOs, miscel
laneous information about module or slot. 

For in-house use. Slot to plug in OSTconsole. 

Enter memory type as installed (G401, (;401 VA, M8111, 
M8111 Y A). Comment area should list address of memory. 

List option designation as installed (e.g., KLll, PCll, etc.). 

Enter module type for control module (e.g., M780 for KLll, 
etc.). 

Enter option serial number. 

List system unit device type (e.g., MMll-S, DDII-A, MMII-F, 
etc.). 

List system unit serial number. 

List option designation code devices within DDll-A if 
applicable (e.g.,' LP 11 , CRll, etc.). Also iriclude small 
peripheral serial numbers. 

( 

( 

* To be filled out by production if option or device is factory installed. If option or device is an add-on in the field, field (' 
service will complete these items. 

Note: The MUL STICKER is located on the top of the KBII-A cover over the modules. -
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6.10.3 Module ECOs 
Each module is stamped with the alphabet (except for G, I, 
and 0) to record various circuit schematic revisions to a 
module. When a module is shipped from the factory, the 
actual revision letter from production is stamped on the 
handle. When ECOs that revise modules are installed in the 
field, scratch off the appropriate letters from the module. 
For example, if an ECO corresponding to revision F of the 
module were installed and anECO corresponding to 
revision E of the module were not installed, the letter F 
would be scratched out and the letter E would remain 
intact. 

6.10.4 Module Utilization List (MUL) Sticker 
This sticker (Figure 6-17), located on the top panel of the 
BAll-FA Mounting Box (left-hand side), provides a quick 
convenient tabulation of the various equipments located in 
a particular system. Additional information such as serial 
numbers, comments, technical tips,and installation of 
partial ECOs is also shown on the sticker. Table 6-12 
describes the manner in which the sticker is to be filled out 
and indicates the department (production/field service) 
responsible for filling out the various items. 
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This chapter provides the information needed to install PC 
Board options in an existing PDP-ll/45, 11/50 System. 
Options included are: 

FPIIB Floating Point Processor 

KT11 C Memory Management Unit 

MSII Semiconductor Memory Systems 

KWll Line Clock 

7.1 FPll-B FLOATING POINT PROCESSOR 

7.1.1 Installation 
The following steps outline the procedure necessary to 
install the FPII-B Floating-Point processor. 

1. Turn power off at the console by shutting off 
both circuit breakers on the power supplies. 

2. Install the H744 +5 V Regulator in slot A of 
the upper H742 Power Supply as indicated on 
the power supply decal located at the rear of 
the CPU Mounting Box. 

3. Install FRH Module M8114 in slot 2 of the 
CpU backplane assembly (Figure 5-4). 

4. Install FRL Module M8115 in slot 3 of the CPU 
backplane assembly. 

5. Install FRM Module M8112 in slot 4 of the 
CPU backplane assembly. 

6. Install FXP Module M8113 in slot 5 of the CPU 
backplane assembly. 
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7. Turn circuit breakers on and recheck the 
+5 Vdc and -15 Vdc regulator outputs for 
proper voltages. Readjust as required in 
accordance with Paragraph 6.2.2. Refer to 
Table 6-2 for test points. 

8. Set the Data Display switch on the console to 
J.lADRS FPP/CPU and press the HALT switch. 
The FPl1-B microaddress should display 076. 
Connect an oscilloscope probe to A2Al to 
determine that the oscillator is running. Press 
the START switch and check that the FPll-B 
cycles back to address 076. 

9. Run the diagnostic programs listed below. 

7.1.2 Diagnostics 
Table 7-1 lists the diagnostic programs for the FPll-B 
Floating-Point Processor. These programs test the FPl1-B 
in all modes with fixed number poatterns. Additional test 
procedures for the FPll-B are provided in Paragraph 7.1.4. 

DCFP A through DCFPL Diagnostic - These programs test 
the FPll-B in all modes with fixed number patterns. The 
programs should be run in order for at least two passes with 
all switches down. 

DCFPM Maintenance Instruction Test - This program tests 
the maintenance instructions and microtraps. 

DCFPO Basic Instruction Exerciser - This. program is a 
general test of all instructions .. 

DCFPR LDD/STD Exerciser - This program tests the load 
and store instructions, using random numbers. 



DCFPS Add and Subtract Exerciser - This program tests 
the add and subtract instructions, using random numbers, 
and compares the results of these instructions with 
FORTRAN software. 

DCFPT Multiply Exerciser - This program tests the 
multiply instruction, using random numbers, and compares 
the results of this instruction with FORTRAN software. 

DCFPU Divide Exerciser - This program tests the divide 
instruction, using random numbers, and compares the 
results of this instruction with FORTRAN software. 

DCQOA - Overlay diagnostic 

7.1.3 Using the Maintenance Card with the FPll-B 
FP11-B operation in the maintenance modes selected by 
maintenance card switches Sl and S2 is similar to those 
operations described for the KIP I-A. See Paragraph 6.5. 

tiPB STOP Mode ~ The FPll-B microbreak register is 
loaded with the required microprogram ROM address, using 
the FP11-B maintenance instruction LDUB (Load Micro
break Register), 170003, as described in the FPII-B 
manual. Basically, this procedure requires that the ROM 
address be deposited into the low order byte of CPU 

Table 7-1 

general register R3. The -LDUB instruction transfers this 
address to the FPI1-B micro break register. When the CONT 
switch is pressed, program execution wiII proceed until the 
contents of the FPII-B control ROM address register 
matches the contents -of the microbreak register. When a 
match occurs, the FP11-B stops in time state TS2 of the 
ROM state. 

ROM CYCL Mode -FPll-B operation in the ROM CYCL 
maintenance mode is identical to KBII-A operation in that 
mode (Paragraph 6.5.2.1). The FPI1-B stops at time state 
TS2 of each successive ROM cycle. 

SING TP Mode - Same operation as described for KBll-A. 

FPP Test Timing 
When an FPIl-B module is extended with W900 Module 
Extenders, use the FPP RC maintenance clock as the source 
of FPP timing. Clock selection is described in Paragraph 
6.5.1. 

1. 

2. 

_ Connect an oscilloscope to measure FRHJ 
CLOCK A H at CPU backplane pin. 

Adjust potentiometer R32 on the FRH module 
to provide a 50 ns FRHJ CLOCK A H pulse 
duration. 

FPII-B Floating-Point Processor Diagnostic Programs 

Number 

MAINDEC-II-DCFPA
MAINDEC-II-DCFPB
MAINDEC-II-DCFPC
MAINDEC-II-DCFPD
MAINDEC-II-DCFPE
MAINDEC-II-DCFPF
MAINDEC-ll "DCFPG
MAINDEC-II-DCFPH
MAINDEC-II-DCFPI -
MAINDEC-II-DCFPJ
MAINDEC-II-DCFPK
MAINDEC-II-DCFPL
MAINDEC-11-DCFPM

MAINDEC-II-DCFPO
MAINDEC-II-DCFPR" 
MAINDEC-II-DCFPS
MAINDEC-II-DCFPT
MAINDEC-II-DCFPU
MAINDEC-I1-DCQOA 

Tests 

CFCC, LDFPS, STFPS, SETI, SETL, SETF, and SETD Diagnostic 
STST Diagnostic 
LDF and STF, LDD and STD Diagnostic 
ADDF and SUBF, ADDD and SUBD Diagnostic -
CMPF, CMPD Diagnostic 
MULF, MULD Diagnostic 
DIVF, DIVD Diagnostic 
CLRF, NEGF, ABSF, and TSTF Diagnostic 
LDCDF, LDCFD, STCFD, and STCDF Diagnostic 
LDCIF, LDCID, LDCLF, LDCLD, STCFI, STCFL, STCKI, and STCDL Diagnostic 
_LDEXP-and STEXP Diagnostic 
MODF and MODD Diagnostic 

'LDUS, LDSC, STAO, MRS, and STQO Maintenance Instructions 
Exercises all instructions 
LDD and STD Exerciser 
ADDF, ADDD, SUBF, and SUBD Exerciser 
MULF and MULD Exerciser 
DIVF and DIVD Exerciser 
OVERLAY 
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7.1.4 FPll-B Floating-Point Processor Procedures 
This paragraph describes maintenance techniques available 
for the FPII-B Floating-Point Processor. The procedures 
involve the use of the maintenance card (W131) and driver 

. module (W1300r W133), mounted in slotEl of the 
KBII-A CPU backplane. The use of the maintenance card is 
described in Paragraphs 6.5 and 7.1.3. 

7.1.4.1 Time Margining -The timing of the FPll-B RC 
clock can be varied by using the maintenahce card with 
switch S3 in the RC position. Timing is adjusted by 
potentiometer R32 on the M8114 FRA Module. The 
nominal limits are from' 50 ns to 290 ns. Refer to the Note 
in Paragraph 6.5.1. 

7.1.4.2 Special Maintenance Instructions - A set of five 
maintenance instructions is available to assist maintenance 
personnel. These instructions are described in the following 
paragraphs. 

IDUB - Load Microbreak Register (170003) - This 
instruction causes the lower eight bits of genenll register 3 
in the CPU to be loaded into the microbreak register. 
LDUB can be used for the functions described in the 
following paragraphs, depending on the FMM bit (bit 4) in 
the program status word (FPS). 

NOTE 
The FMM bit in the status word is used to 
enable special maintenance logic. To set this 
bit, the CPU must be in Kernel mode. 

With the FMM bit set, the microprogram will be aborted 
through the trap rou tine ROM address to th(.!\ Ready state 
after the state specified by the address (next sequential 
ROM state) in the microbreak register is detected. If the 
Interrupt Enable bit (bit 14) of the floating-point processor 
status word is set, the' CPU will trap to location 244. An . 
exception code of 16 will be stored in theFEC (floating 
exception code) register. The contents of the FEC register 
can be transferred to the CPUby the STST (storestatus) 
instructi'on. A second function, available as a result of the 
LDUB instruction, allows maintenance personnel to use the 
address match as a scope sync independent of the FMM bit. 
When the ROM address matches the contents of the 
micro break register, the UMATCH flip-flop is set at the 
leading edge of TS1. The'set output of this flip-flop (pin 
DK 1 of slot 4 in the FXP module) i~ used as a scope sync to 
allow visual observation of events that occur during a' 

,particular ROM state. UMATCH is cleared at the trailing 
edge of TS4, providing maintenance personnel with a sync 
signal that occurs at the beginning of a speCified ROM state 
and ends at the beginning of the next ROM state. 
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IDSC - Load Step Counter (170004).c- This maintenance 
instruction loads the 1 's complement of the least significant 
six bits of general register 4 into the step counter. LDSC 
sets the SC LOADED flip-flop, provided FMM (bit 4) of the 
processor status word is set (CPU must be in Kernel mode 
to set FMM),which inhibits the ROM from loading the step 
courtter. When the step counter is incremented to all 1 s, the 
Sc LOADED flip-flop is cleared. As a result of this 
instruction, maintenance personnel ciln set tip the step 
counter to perform a specified number of steps in a 
multiply or divide routine and can stop where ~esired to 
examine the contents of the registers. ' 

ST AO - Store AR in ACO (170005) .:.... This instruction 
transfers the contents of the AR to ACO, as described 
below: 

AR (57:35) -7 ACO (57:35) if FD = 0 

AR (57:3) -7 ACO (57:3) if FD = 1 

STQO- Store QR in ACO (170007) -This instruction' 
transfers the contents of the QR to ACO, as described 
below: 

QR (57:35) -+ ACO (57:35) if FD = 0 QR 
QR (57:3) -+ ACO (57:3) if FD:= 1 

NOTE 
The ST AO and STQO instructions are ·used to 
store the contents of,the AR and QR (internal 
registers) in an AC. Since the contents ,of the 
ACcan be transferred to memory,maintenance 
pel'Sonnel are able to check the contents of the 
AR and QR registers. 

MRS - Maintenance Right Shift (170006) -'The'Mainte
nance Right Shift instruction shifts the AR or QR one bit 
position to the right. This instruction is used with the STAO 

MRS - Maintenance Right Shift (I70006) -The Mainte
nance Right Shift instruction shifts theAR oiQR one bit 
position to the right. This instruction is used with the STAO 
instruction to allow AR59 and AR58 to be examined. Two 
MRS instructions are necessary to transfer AR59 to AR57 
and AR58 to AR56. The MRS instruction is also used with 
the STQO instruction to allow bits QR59 and QR58 to be 
examined. Two MRS instructions are necessary' to shift 
QR59 to QR57 and QR58 to QR56. AR59 and AR58 as 
well as QR59 and QR58 represent the sign bit and hidden 
bit, respectively. These bits are not transferred between the 
CPU and the FPII-B but are used in data calculations by 
the floating-pOint processor. Therefore, to eXamine the 
state of these two bits, the use of the MRS instruction is 
required. 



7.1.4.3 Maintenance Instruction Programming Example
Program Example 1 demonstrates the use of the FP11-B 
maintenance instructions. The program is a multiplication 
example, whereby the contents of the AR and QR are 
typed out with each incrementation of the step counter 
from 1 through 71. Note that the MRS instruction is used 
to get AR and QR bits 59 and 58 into general register R5 
for the typeout in each pass through the loop. 

The fractional part of the multiplicand (1/2 or 0.1) is 
stored in the BR and the fractional part of the multiplier 
(consisting of alternating Is and as) is stored in the QR. 

The multiplier has an exponent of 200 and the multiplicand 
has an exponent of 204. The sign bit is a a and the hidden 
bit is a 1. The result of each step of the multiplication is 
stored in the AR. The typeout of the listing after each step 
of the multiplication is shown in Table 7-2. 

The contents of the AR and QR are typed out 57 times. On 
the 58th typeout, the step counter is not set and this last 
typeout represents the final product. 

7.1.4.4 C()nsole Display Features - The console can be 
used to display the floating-point ROM address and, under 
certain conditions, can display the contents of the EALU. 

Program Example 7-1 

001000 012706 START: MOV #600,%6 ;SET UP STACK POINTER AT 600 
001002 000600 
001004 170127 LDFPS #40220 ;DISABLE INTERRUPTS; SET DOUBLE AND MAINT. MODE 
001006 040220 
001010 172667 LDD ML YR,AC2 ;LOAD MULTIPLIER IN AC2 
001012 000204 
001014 012703 MOV #230,%3 ;SET REG. 3 to 230 
001016 000230 
001020 170003 LDUB ;SET MBR TO 230 
001022 005004 CLR %4 ;CLEAR COUNTER 
001024 005204 NXTMUL: INC %4 ;INCREMENT .COUNTER 
001026 ·170004 LDSC ;LOAD 1 'S COMPLEMENT OF R4 INTO SC 
001030 012705 LSTMU1.: MOV #OR+l0,%5 ;SET UP REG. 5 TO STORAGE TABU 
001032 001166 
001034 172567 LDD MCND,ACl ;LOAD MULIIPLICAND INTO ACl 
001036 000150 
001040 1711 02 MULD AC2,ACl ;DO PARTIAL MULTIPLY 
001042 170007 STOO ;TRANSFER OR TO ACO 
001044 174045 STD ACO,-(5) ;STORE OR IN TABLE 
001046 042715 BIC #177600,@5 ;CLEAR SIGN AND EXPONENT 
001050 177600 
001052 170005 STAO ;STORE AR IN ACO 
001054 174045 STD ACO;-(5) ;STORE AR IN TABLE 
001056 042715 BIC #177600,@5 ;CLEAR SIGN AND EXPONENT 
001060 177600 
001062 170006 MRS ;SHIFT AR AND OR RIGHT ONE PLACE 
001064 170006 MRS ;SHIFT AR AND OR RIGHT ONE PLACE 
001066 170007 STOO ;TRANSFER OR TO ACO 
001070 174067 STD ACO,TEMP ;MOVE ACO TO TEMP 
001072 000134 
001074 016703 MOV TEMP,%3 ;MOVE MOST SIGNIFICANT 7 BITS OF OR TO R3 
001076 000130 
001100 042703 BIC #177600,%3 ;CLEAR SIGN AND EXPONENT 
001102 177600 
001104 006303 ASL %3 ;SHIFT MSB OF OR ONE PLACE LEFT 
001106 006303 ASL %3 ;SHIFT MSB OF OR ONE PLACE LEFT 

001110 050365 BIS %3,10(5) ;SET OR59 AND OR58 IN TABLE 

001112 000010 
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( Program Example 7-1 (Cont.) 

001114 170005 STAO ;STORE AR IN ACO 

001116 174067 STD ACO,TEMP ;MOVE ACO TO TEMP 

001120 000106 
001122 016703 MOV TEMP,%3 ;MOVE MOST SIGNIFICANT 7 BITS OF AR TO R3 

001124 000102 
001126 042703 BIC #177600,%3 ;CLEAR SIGN AND EXPONENT 

001130 177600 
001132 006303 ASL %3 ;SHIFT MSB OF AR ONE PLACE LEFT 

001134 006303 ASL %3 ;SHIFT MSB OF AI'! ONE PLACE LEFT 

001136 050315 BIS %3,@5 ;SET AR59 ANDAR58 IN TABLE 

001140 004567 JSR %5,PRINT ;PRINT AR AND QR 

001142 000234 
001144 000410 BR .+22 ;BRANCH OVER ARGUMENTS 

001146 000000 AR: .FLT4 0 ;AR STORED INTHESE FOUR LOCA1iONS 

001150 000000 
001152 000000 
001154 000000 
001156 000000 QR: .FLT4 0 ;QR STORED IN THESE FOUR LOCATIONS 

001160 000000 
001162 000000 
001164 000000 
001166 020427 CMP %4,#'71 ;HAVE 71 PASSES BEEN DONE 

001170 000071 
001172 100714 BMI NXTMUL ;NO-DO NEXT PASS 

001174 001402 BEQ LSTPAS ;YES-DO LAST PASS 

001176 000167 JMP START ;THIS MULTIPLY COMPLETE-DO NEXT ONE 

( 
001200 177576 
001202 005204 LSTPAS: INC %4 ;INDICATE 72ND PASS 

001204 000167 JMP LSTMUL ;DO LAST PASS WITHOUT LOADING SC. 

001206 177620 
001210 040052 MeND: .wORD 040052 

001212 125252 .WORD 125252 

001214 125252 .wORD 125252 

001216 125252 .WORD 125252 

001220 040000 MYLAR: .WORD 040000 

001222 000000 .WORD 000000 

001224 000000 .WORD 000000 

001226 000000 .wORD 000000 

001230 000000 TEMP: .FLT4 0 

001232 000000 
001234 000000 
001236 000000 

000001 .END 
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Table 7-2 
TYPEOUT OF QR AND AR 

Step AR QR 

1 0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0. 1252525252525252525 
2 00.0.0.0.0.0.00.0.0.0.0.0.0.0.0.0.0. '0.525252525252525252 
3 10.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0. 0.252525252525252525 
4 0.40.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0. 0.1.25252525252525252 
5 120.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0. 0.0.52525252525252525 
6 0.50.0.0.0.0.0.0.0.0.00.0.0.0.0.0.0. 00.25252525252525252 
7 1240.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0. 0.0.12525252525252525 
8 0.520.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0. 0.0.0.5252525252525252 
9 1250.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0. 0.0.0.2525252525252525 

10. 0.5240.0.0.0.0.0.0.0.0.0.0.0.0.0.0. 0.0.0.1252525252525252 
11 12520.0.0.0.0.0.0.0.0.0.0.0.0.,0.0. 0.0.0.0.525252525252525 
12 0.5250.0.0.0.0.0.0.0.0.0.0.0.0.0.0. 0.0.0.0.252525252525252 
13 125240.0.0.0.0.0.0.0.0.0.0.0.0.0. 00.0.0.125252525252525 
14 0.52520.0.0.0.0.0.0.0.0.0.0.000. 0.0.0.0.0.52525252525252 
15 125250.0.0.0.0.0.0.0.0.0.0.00.0. 0.0.0.0.0.25252525252525 
16 0.525240.0.0.0.0.0.0.0.0.0.0.0.0. 0.0.0.0.0.12525252525252 
17 1252520.0.0.0.0.0.0.0.0.0.0.0.0. 0.0.0.0.0.0.5252525252525 
18 0.525250.0.0.0.0.0.0.0.0.0.0.0.0. 0.00.0.0.0.2525252525252 
19 12525240.0.0.0.0.0.0.0.0.0.0.0. 0'0'0'0'0'0'125~525252525 

20. 0.5252520.0.0.0.0.0.0.0.0.0.0.0. 0.0.0.0.0.0.0.525252525252 
21 12525250.0.0.0.0.0.0.0.0.0.0.0. 0.0.0.0.0.0.0.252525252525 
22 0.52525240.0.0.0.0.0.0.0.0.0.0. 0.00.0.00.0125252525252 
23 125252520.0.0.0.0.0.0.0.0.0.0. 0.0.0.0.0.0.0.0.52525252525 
24 0.52525250.0.0.0.0.0.0.0.0.0.0. 0.0.0.0.0.0.0.0.25252525252 
25 1252525240.0.0.0.0.0.0.0.0.0. .. 0.0.0.0.0.0.0.0.12525252525 
26 0.525252520.0.0.0.0.0.0.0.0.0. 0.0.0.0.0.0.0.0.0.5252525252 
27 1252525250.0.0.0.0.0.0.0.0.0. 0.0.0.0.0.0.0.0.0.2525252525 
28 0.5252525240.0.0.0.0.0.00.0. 0.0.0.0.0.0.0.0.0.1252525252 

Display of ROM Address - The 16 DATA indicators on the 
console can be used 1:0 display the 8-bit FPP ROM address 
and the 8-bit CPU ROM address. The FPP ROM address is 
displayed on the high order byte DATA indicators (bits. 
15-08) and the CPU ROM address is displayed on the 19W 

order byte indicators (bits 07-00). The four-position data 
selector switch on the console must be set to the J1ADDR 
FPP/CPU position to display the ROM address. 

NOTE 
If the maintenance card is set up to perform 
single ROM cycles or micromatch, the FPP 
ROM address displayed is the next ROM 
address, i.e., the address of the next ROM state 
to be cycled: because the ROM address changes 
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Step AR QR 

29 12525252520.0.0.0.0.0.0.0.0. 0.0.0.0.0.0.0.0.0.0.525252525 
30. 0.5252525250.0.0.0.0.0.0.0.0. 0.0.0.0.0.0.0.0.0.0.252525252 
31 125252525240.0.0.0.0.0.0.0. 0.0.0.0.0.0.0.0.0.0.125252525 
32 0.52525252520.0.0.0.0.0.0.0. 0.0.0.0.0.0.0.0.0.0.0.52525252 
33 125252525250.0.0.0.0.0.0.0. 0.0.0.0.0.0.0.0.0.0.0.25252525 
34 0.525252525240.0.0.0.0.0.0. 0.0.0.0.0.0.0.0.0.00.12525252 
35 1252525252520.0.0.0.0.0.0. 0.0.0.0.0.0.0.0.0.0.0.0.5252525 
36 0.525252525250.0.0.0.0.0.0.· 0.0.0.0.0.0.0.0.0.0.0.0.2525252 
37 12525252525240.0.0.0.0.0. 0.0.0.0.00.0.0.00.0.0.1252525 
38 0.5252525252520.0.0.0.0.0. 0.0.0.0.0.0.0.0.0.0.0.0.0.525252 
39 12525252525250.0.0.0.0.0. 0.0.0.0.0.0.0.0.0.0.0.0.0.252525 
40. 0.52525252525240.0.0.00. 0.0.0.0.0.0.0.0.0.0.0.0.0.125252 
41 125252525252520.0.0.0.0. 0.0.0.0.0.0.0.0.0.0.0.0.0.0.52525 
42 0.52525252525250.0.0.0.0. 000.0.0.0.0.0.0.0.0.0.0.0.25252 
43 1252525252525240.0.0.0. 0.0.0.0.0.0.00.0.0.0.0.0.0.12525 
44 0.525252525252520.0.0.0. 0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.5252 
45 1252525252525250.0.0.0. 0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.2525 
46 0.5252525252525240.0.0. 0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.1252 
47 12525252525252520.0.0. 0.00.0.0.0.0.0.0.000.0.0.0.0.525 
48 0.5252525252525250.0.0. 0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.252 
49 125252525252525240.0. 0.0.0.0.0.0.00.0.0.0.0.0.0.0.0.125 
50. 0.52525252525252520.0. 0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.52 
51 125252525252525250.0. 00.00.0.0.0.0.0.0.0.0.0.0.0.0.0.25 
52 '0.525252525252525240. 0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.12 
53 1252525252525252520. 0.0.0.0.0.0.0.60.0.0.0.0.0.0.0.0.0.5 
54 0525252525252525250 '0.0.00.0.0.0.0.0.0.0.0.0.0.0.0.0.0.2 
55 1252525252525252524 0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.1 
56 0.525252525252525252 00.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0.0. 
57 1252525252525252525 0.0.0.0.0.0.0.00.0.0.0.0.0.0.0.0.0.0. 
58 1252525252525252525 '0.0.0.0.0.0.0.0.0.0.00.0.0.0.0.0.0.0. 

-
·1252525252525252525 0.0.0.0.0.0.0.0.0.0.00.0.0.0.0.0.0.0. 

at the end of time state 2 and a Pause or Wait 
state occurs between time state 2 and time state 
3. If the maintenance card is set up to perform 
single clock cycles during time states 1 and 2, 
the ROM address displayed is the current 
address; for single clock cycles during time 
states 3 and 4, the ROM address displayed is 
the next address. 

Display of EALU Contents - In certain ROM states of the 
CPU; the contents of the EALU may be displayed on the 
lower 16 ADDRESS indicators (bits 15-00) o~ the 
console. These CPU ROM states are unique to F class 
instructions and are listed in Table 7-3. 

( 
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Table 7-3 
Class F CPU ROM States 

ROM State Octal Address 

FOP.30 173 
FOP.50 211 
FOP.60 362 
FOP.70 316 
FOP.80 376 
FOP.90 375 
FOPAO 36 
FSV.20 225 

NOTE 
The contents of the EALU at any of these 
ROM states is dependent on the FP ROM state 
occurring at that time. Both the FPP and the 
CPU should be set up for single step operation, 
using b()th the CPU and FPP maintenance cards 
to see meaningful data in these ROM states. 

The eight-position address selector switch on the console 
must be set to CONS.PHYS or PROG.PHYS. 

7.2 KTlI-C MEMORY MANAGEMENT UNIT 

7.2.1 Installation 

Use the following procedure to install the KT11-C Memory 
Management Unit. 

1. Turn switched power off at the console by 
shutting off both circuit breakers on the power 
supplies. 

2. InstallSSR Module M8108 in, slot 13 of the 
CPU backplane assembly. 

3. Install SAP Module M8107 in slot 14 of the 
CPU backplane assembly. 

NOTE 
SAP Module M8107 replaces the SJB Module 
M8116,which is located in slot 14 when the 
KTlI-C is not installed. 

4. Turn circuit breakers on. 

5. Measure the voltage at pin A13A2, which 
receives +5 Vdc fwm the H744 +5 V Regulator 
located in slot C of the H742 Power Supply. If 
voltage is not correct, adjust voltage as required 
(Paragraph 6.2.2). 

6. Run the KTl l-C Memory Management Unit 
diagnostic programs listed below to verify that 
the KTlI-C is operating properly. 

7.2.2 Diagnostics 
Table 7-4 lists the diagnostic programs for the KTII-C 

. Memory Management Unit option. If a fault is suspected in 
the KT11-C prior to mnning the diagnostics, the internal 
registers (status, page address,' and page description) should 
be checked at the console for proper operation. The 
addresses of the status registers are: . 

SRO - 777572 
SRI - 777574 
SR2- 777576 
SR3 - 772516 

The addresses of the page address and page description 
registers are given in Table 2-1 of the KT11-C manual. Bits 
12 through 15 of the Page Address Registers are not used, 
'l)1d bits 4, 5, and 15 of the Page Description Registers are 
not used. Press the DEP and EXAM switches for each ofthe 
registers. 

Table 7-4 
KTI1-C Memory Management Unit Diagnostic Programs 

Number 

MAINDEC-II-DCKTA-A 
MAINDEC-I1-DCKTB-A 
MAINDEC-I1-DCKTC"A 
MAINDEC-I1-DCKTD-A 
MAINDEC-II-DCKTE-A 
MAINDEC-I1-DCKTF -A 
MAINDEC-I1-DCKTG-A 

Tests 

Basic Logic Test, Part 1 
Basic Logic Test, Part 2 
Access Keys Test 
Move to Previous I/D Space Test 
Move from Previous I/D Space Test 
Abort Tests 
Memory Management Exerciser 
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DCKT A and DCKTB Basic Logic Tests One and Two -
Tests the basic logic, including write into PAR and PDR, 
and all status registers. 

DCKTC Access Keys Test - Performs a test of all Access 
Control Field (ACF) keys to verify that each key provides 
the required results for valid and invalid access attempts. 

DCKTD MTPD/I with Memory Management - Tests the 
MTPD and MTPI instructions with the KTl1-C enabled. 
The instructions are executed in iIl1 combinations of current 
and previous mocie conditions. 

DCKTE MFPD/I with Memory Management - Tests the 
MfPD and MFPI instructions with the KTl1-C enabled. 
The instructions are executed in all combinations of current 
and previous mode conditions. 

DCKTF Memory Management Abort Tests - Tests the 
memory management abort errors. This diagnostic causes 
an abort of each BUST Qf the KB11-A. Following the 
abort, the diagnostic checks for correct information in the 
status registers and on· the stack. The sequence of tests 
begins with Page 1 of the microflows and proceeds from 
left to right. 

DCKTG KTl1-C Exerciser - Exercises basic KTl i-C 
Memory Management Unit functions. In addition, this 
diagnostic uses all available memory and will run many I/O 
devices simultaneously with KTl1-C tests. 

7.3 MStt SEMICONDUCTOR MEMORY 

7.3.1 Installation 
Table 1-2 indicates the wide range of MOS and bipolar 
memory configurations that can be implemented ~n a 
PDP-ll/45 or 11 /50 system. Before installing a semicon
ductor memory system, the user should be completely 
familiar with the MSll-B MOS and MSll-C Bipolar 
Memory options, described in the MSII Semiconductor 

Memory Systems Maintenance Manual. The MS11 manual ( 
presents comprehensive coverage of all optional jumper \ 
connections. 

7.3.1.1 Semiconductor Memory Jumper Connections -
When MOS or bipolar memory is installed, certain jumpers 
are to be cut or. installed, depending on the range of 
memory addresses desired. The following paragraphs 
describe the jumper connections for theMOS (G401) and 
bipolar (M8111) memory matrix boards, followed by a 
description of the jumpers for the memory controller 
(M8110). 

NOTE 
. To fully utilize MOS memory speed, the MOS 
memory address should be cut for the lower 
portion of memory (O-XK). However, if power 
fail recovery is a critical requirement, it may be 
more desirable to locate core memory in the 
lower portion of the total memory range. 

In either case, the DEC Field Service Representative should 
contact the customer so that optimum use can be made of 
the memory system. We suggest that bipolar memory be 
addressed as the last segment of memory because it is 
expandable in 1K increments; however, when configuring a ( 
total memory system, the customer should always be . 
advised of the variables to determine the optimum con~ 
figuration for each installation. 

MOS - Table 7-5 contains the required jumper configura
tion for the assignment of the 4K block of MOS memory 
addresses. If, for example, a G401 MOS Memory Matrix has 
jumpers C and B installed, then that matrix contains 
memory locations XX 4096 through XX 8191. The Xs 
preceding th.e number denote that the memory addresses 
can be selected anywhere in the range from 0 to 128K. Any 
address from 4096 to 8191 is recognized and responded to 
by the matrix. 

Table 7-5 
G401 MOS Memory Matrix Selected Address Configuration (4 of 16K) 

MAD Required Jumpers 
MOS Matrix Memory . 

14 13 (MAD 14) (MAD 13) 
Address Assignment 

0 0 C A 0-4095 
0 1 C B 4096 - 8191 
1 0 D A 8192 - 12,287 
1 1 D B 12,288 - 16,383 
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MAD 02 and MAD 01 (not jumper selected) further define 
. a particular lK block of addresses within the specified 4K 

block (Table 7-6). 

can designate that memory module as having a unique lK 
set of consecutive addresses within the total set of 16K 
addresses. Table 7-7 lists the jumper connections and the 

Bipolar - The M8111 Bioolar Memory Matrix decodes 
Unibus or Fastbus address bits (14:11>. The selective 
jumpering of these bit inputs at an M81!1 memory module 

. corresponding address set selected by each connection 
configuration. As in the MOS matrix, addresses can be 
selected from 0 to 128K. The jumpers are wire·wrapped in 
place. 

UNIBUS 

-
14· 13 12 

MAD 

14 13 11 

0 0 0 
0 0 0 
0 0 1 
0 0 1 
0 1 0 
0 1 0 
0 1 1 
0 1 1 
1 0 0 
1 0 0 
1 0 1 
1 0 -1-
1 1 0 
1 1 0 
1 1 1 
1 1 1 

Table 7-6 
G401 MOS Memory Matrix Control Level Generation 

and Selected Memory Address Block (lof 4K) 

MAD 
Memory Address Block Selected 

02 01 

0 0 0-1023 
0 1 1024 - 2047 
1 0 2048 - 3071 
1 1 3072 -4095 

Table 7-7 
M8111 Bipolar Matrix Selected Address Configuration (1 of 16K) 

11 Required Jumpers Memory Address Assignment 

10 (MAD 14) (MAD 13) (MAD 11) (MAD 10) 

0 D F H B o to 1023 
1 D F H A 1024 to 2047 
0 D F J B 2048 to 3071 
1 D F J A 3072 to 4095 
0 D E H B 4096 to 5119 
1 D E H A 5120 to 6143 
0 D E J B 6144 to 7167 
1 D E J A 7168 to 8191 
0 C F H B 8192 to 9215 
1 C F H A 9216 to 10,239 
0 C F J B 10,240 to 11 ,263 

-1 C F J A 11,264 to 12,287 
0 C E H B 12,288to 13,311 
1 C E H A 13,312 to 14,335 
0 C E J B 14,336 to 15,359 . 
1 C E J A 15,360 to 16,383 
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M8110 SMC Module - The jumper connections on the 
M8110 SM~ Module are designated by Enumbers. Jumpers 
are located on E67, E75, E78, and E87 (described in the 
following, paragraphs). All jumpers :are prewired on the 
controller module; fora specific address configuration, 
jumper wires must be cut. If the configuration is changed it 
is necessary to reinstall some jumpers previously cut. Refer 
to -the MS]] Semiconductor Memory Systems Maintenance 
Manual and related engineering drawing set for detailed 
information pertaining to the various jumper connections. 

E67 - Figure 7-1 shows the jumper Cbnnections at E67 
that interface the Fastbus to the controller for MaS and 

MOS 

16 SMCF FB SAPJ PAI2 H 
MUX 141i2 H 2 

SAPJ PA14 H 
3 'SMCF FB 

SMCF 4 'MUX DEC 14 H 

DECODE 14 H 
5 SMCF FB SAPJ PAil H 

MUX 13/11 H 6 
SAPJ PAI3 H 

7 SMCF FB 

SMCF B MUX DEC 13H 

DECODE 13 H E67 

bipolar memory. Note that bits 13 and 14 are designated 
Jor MOS and bits 11 and 12 for bipolar. Note also that ( 
SMCF DECODE 14 and SMCF DECODE 13 are connected 
only for MaS memory. 

E78 - Figure 7-2 shows the jumper connections at E78 
that interface the Unibus to the controller for MaS and 
bipolar memory. Note that bits 13 and 14 are associated 
with MaS and bits 11 and 12 are associated with bipolar. 
Also note that SMCF DECODE 14 and SMCF DECODE 13 
are not connected for bipolar. 

BIPOLAR 

16 SMCF FB SAPJ PA12 H MUX 14/12 H 2 15 
SAPJ PA14 H 

14 SMCF FB 

SMCF 13 MUX DEC 14 H 

DECODE 14 H 
12 SMCF FB SAPJ PAil H 

MUX 13111 H 11 
SAPJ PA13 H 

10 SMCF 

SMCF 8 9 MUX DEC 13 H 

DECODE 13 Ii E67 

11-1327 

Figure 7-1 Fastbus Multiplexing (14: 11) Required E67 Jumper Configuration 
( 

,," 

MOS BIPOLAR 

16 SMCF UB 16 SMCF UB SMQi UBAD 12 H MUX'I4/12H SMCH UBAD 12 H MUX 14/12 H 
SMCH UBAD 14 H 

2 
SMCH UBAD 14 H 

2 15 

3 SMCF UB 14 SMCF UB 

4 MUX DEC 14 H 
13 MUX DEC 14 H 

SMCF SMCF 
DECODE 14 H 

5 
DECODE 14 H 

12 SMCF UB SMCF UB SMCH UBAD 11 H 
MUX'131t1 H SMCH UBAD ttH 

MUX 13/11 H 6 11 
SMCH UBAD 13 H' SMCH UBAD 13 H 

7 SMCF UB SMCF UB 

8 MUX bEC 13 H 8 MUX DEC 13 H 
SMCF SMCF 

DECODE 13 H E78 , DECODE 13H E78 

11-1329 

Figure 7-2 ' Unibus Multiplexing (14: 11) Required E78 Jumper Configuration 

( 
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E75 - The jumpers at E75 permit Fastbus and Unibus 
address selection. Four of these jumpers correspond to 
Fastbus addresses and four correspond to Unibus addresses. 
Each jumper allows the MSll 0 control to respond to a 4K 
group of addresses; thus, each Mgll 0 can control up to 
16K words. The corresponding jumper is removed if 
memory is present for the associated address group. 

Table 7-S illustrates the required jumper connections for 
both MOS and bipolar memory. Assume that MOS memory 
is connected to a controller and jumper J is cut. In this 
case, memory addresses from 0 to 4K are assigned to 
memory, and the controller will recognize and respond to 
this group of addresses from the Fastbus. If jumper N is 
cut, the controller will recognize and respond to these 
addresses from .the Unibus. Table 7-9 shows the jumper 
configuration as additional memory matrices are added to a 
memory controller. For example, if MOS memory is 
connected to the controller, and it is desired to have the 
con troller respond to addresses from 0 to 12K from the 
Unibus, jumpers N, P, and R must be cut. If, at some future 

date, it is desired to reconfigure the memory from 4K to 
12K, for example, jumper N must be reinstalled. 

ES7 - Jumpers C, D, E, F, and H are used to assign a block 
of MOS or bipolar addresses to a controller from the total 
available address area from 0 to 12K (Table 7-10). For 
example, to have the controller respond to bipolar memory 
addresses from 120K to 124K, jumpers C, D, E, and F must 
be cut. Jumpers C, D, and E allow assignment of 16K words 
within the total address space; jumpers F and Hallow 
assignment of 4K words within the assigned 16K. 

For MOS memory, jumper A (ES705) is cut. If this jumper 
is not cut, the controller is configured for bipolar memory 
and refresh is inhibi ted. If the parity option is installed, 
jumper B located at ES701 is cut to enable the Parity 
Control Register. If jumper T, located at ES702, is. cut, 
Parity Register address bit 1 will be a 1; if jumper T is not 
cut, this bit will be a O. See Drawing D-CS-MSI10-0-1, sheet 
SMCF. 

Table 7'S 
MOS/Bipolar Module Addressing 

MOS Fastbus Unibus Bipolar 

Address Address 
Bit Memory Address Memory Address Bit 

Assignment 
Remove. Jumper Remove Jumper 

Assignment 
14 13 12 11 

0 0 0-4095 J(E750l) N(E7504) 0-1023 0 0 
0 1 4096-S191 K(E750S) P(E7506) 1024-2047 0 1 
1 0 SI92-12,287 L(E7502) R(E7503) 2048-3071 1 0 
1 1 12,2SS-16,383 M(E7507) S(E7505) 3072-4095 1 1 

Table 7-9 
MOS/Bipolar Memory Addressing per ControUer 

Matrices 
Memory Capacity 

Fastbus Unibus 
Per Controller 

Per Controller 
Remove Jumper Remove Jumper 

MOS Bipolar 

1 4K lK to 4K J N 
2 SK J,K N,P 
3 12K J,K,L N,P,R 
4 16K J,K,L,M N,P,R,S 
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Table 7-10 ( 
Fastbus/Unibus Memory Address (Assign and Decode) 

Fastbus/Unibus Memory Address 
Address Decoder Bits Assignment 

17 16 15 14 13 Bipolar MOS 

0 0 0 0 0 0-4K 0-16K 
0 0 0 0 1 4-8K ! 0 0 0 1 0 8-12K 
0 0 0 1 1 12-16K 
0 0 1 0 0 16-20K 16-32K 
0 0 1 0 1 20-24K 

! 0 0 1 1 0 24-28K 
0 0 1 1 1 28-32K 
0 1 0 0 0 32-36K 32-48K 
0 1 0 0 1 36-40K 

! 0 1 0 1 0 40-44K 
0 1 0 1 1 44-48K 
0 1 1 0 0 48-52K 48-64K 
0 1 1 0 1 52-56K 

! 0 1 1 1 0 56-60K 
0 1 1 1 1 60-64K 
1 0 0 0 0 64-68K 64-80K 
1 0 0 0 1 68'--72K ! 1 0 0 1 0 72-76K 
1 0 0 1 1 76-80K 
1 0 1 0 0 80-84K 80-96K 
1 0 1 0 1 84-88K ! 1 0 1 1 0 88-92K 
1 0 1 1 1 92-96K 
1 1 0 0 0 96-100K 96-112K 
1 1 0 0 1 100-104K ! 1 Ie 0 1 0 104-108K 
1 1 0 1 1 108-112K 
1 1 1 0 0 112-116K 112-128K 
1 1 1 0 1 116-120K 

! 1 1 1 1 0 120-124K 
1 1 1 1 1 124-128K 

Note 1: "X" denotes jumper to be cut. 

7.3.1.2 Installation of MSll-B MOS Memory - From 4K 
to 32K of MOS memory in increments of 4K, can be 
installed in the PDP-l1/45, II/50 system. The MSll-BC 
memory option controls 16K of MOS memory (Table 1-2). 
If more than 16K of MOS memory capacity is desired,an 
additional MSI1-BD Memory Control is required. The 
procedure for installing MOS memory is described below. 

C 
E8703 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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1. 

2. 

M8110 Jumpers (E87) 
(Note 1) 

D E F H 
E8704 E8706 E8702 E8708 

X 
X 
X X 

X 
X X 
X X 
X X X 

X 
X X 
X X 
X X X 
X X 
X X X 
X X X 
X X X X 

X 
X 
X X 

X 
X X 
X X 
X X X 

X 
X X 
X X 
X X X 
X X 
X X X 
X X X 
X X X X 

Turn· off circuit breakers on both the H742 
Power Supplies. Install theH744 +5 V Regula
tor (part of the MSll-BC) in slot J of the lower 
H742 Power Supply. 

( 

Install the H746 MOS Regulator in slot H of (. 
the lower H742 Power Supply~ 



( ·3. Install the M8110 SMC Module in slot 16 of the 
CPU backplane assembly and install the G401 
MOS Memory Matrix Modules in the CPU 
backplane assembly in slots 17-20 (maximum 
of four G401 modules per M811 0). 

NOTE 
• If MSII-BP (memory parity) option is 

selected, the MOS . memory matrix 
modules are designated G401 Y A. 

( 

4. If more than 16K of memory is required, install 
the second M811 0 SMC Module that comprises 
the MSI1-BD Memory Control in slot 21 of the 
CPU backplane assembly. Install the additional 
G401 MOS Memory Matrix Modules starting at 
slot 22 of the CPU backplane assembly. Install 
additional H746 Regulator in slot L of the 
lower H742. Modification of the backplane is 
required if the power system revision letter is E 
or lower. See Table 5-1. 

5. 

6. 

TUrn on· circuit breakers and measure the 
voltage from A16A2 of the CPU backplane to 
ground for +5 Vdc. 

Measure the follOWIng voltages at the points 
indicated below: 

Voltage 
CPU Backplane 

Point of Measurement 

+23.2 Vdc Pin A17V2 and ground 

+19.7 Vdc 

- 5 Vdc 

(Rev F and up A22V2 and ground) 
Pin A17U2 and ground 
(Rev F and up A22U2 and ground) 
Pin F 17C 1 and ground 

7; Readjust as required in accordance with Para
graph 6.2.2. 

NQTE 
Do not cut any jumpers on the power 
harness when installing MOS memory. 

8. Refer to the MSII engineering print set for 
appropriate timing adjustments. 
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7.3.1.3 Installation of MOS and Bipolar Memory - Up to 
16K of MOS memory (in 4K increments) and up to 4K of 
bipolar memory (in lK increments) can be installed in 
combination in the CPU cabinet. The MSII-CC Memory 
Control handles 4K of bipolar memory. The installation for 
combined MOS and bipolar memory is described below. 

1. Turn off H742 Power Supply circuit breakers. 

2. Cut the jumper between P5-5 and -4 on the 
power harness. 

3. Install the H746 MOS Regulator in slot H of 
the lower B742 Power Supply. 

4. Install one H744 +5 V Regulator in slot J of the 
lower H742 Power Supply. 

5. Install second H744 +5 V Regulator in slot K of 
the lower H742 Power Supply. 

6. 

7. 

If more than 2K of bipolar memory is installed, 
. install third H744 +5 V Regulator in slot L of 
the lower H742 Power Supply. Cut the jumper 
between P6-7 and -8 on the power distribution 
cable harness. 

Install the M8110 SMC Module supplied as part 
of the MSI1-BC MOS Memory Control option 
in slot 19 of the CPU backplane -assembly. 

~ 

8. Install the G401 MOSMemory Matrices 
(G401 Y A if memory parity is selected), starting 
at slot 17 of the CPU backplane assembly. Up 
to four modules can be installed. 

9. Install the M811 0 SMC Module supplied as part 
of the MS ll-CC bipolar Memory Control in slot 
21 of the CPU backplane assembly. 

10. Install the M8111 Bipolar Memory Matrix 
Modules in the CPU backplane assembly 
(M8111YA with memory parity) starting at slot 
22 of the CPU backplane assembly. 

11. Turn on power supply circuit breakers. 

12. Measure the following voltages between the 
pOints indicated. 



Voltage 

+ 5 Vdc 
+23.2 Vdc 
+19.7 Vdc 
- 5 Vdc 
+ 5 Vdc 
+ 5 Vdc 

CPU Backplane 

Between A16A2 and ground 
Between A17V2 and ground 
Between A17U2 and ground 
Between F17C1 and ground 
Between A21A2 and ground 
Between A24A2 and ground 

13. Adjust voltages if required as described in 
Paragraph 6.2.2. 

NOTE 
All M81l0 SMC Module adjustments have 
been made at the factory. If further 
adjustment is required, use the latest SMC 
module circuit schematic for the proper 
adjustment procedure. 

7.3.1.4 Installation of Bipolar Memory Only- Up to 8K 
of bipolar memory (in 1K increments) can be installed in 
the PDP-II /45, 11 /50 cabinet. The following steps outline 
the procedure for installation of the bipolar memory. 

1. Turn off H742 Power Supply circuit breakers. 

2. Install H744 regulators and M8110 SMC 
control modules, and cut power harness 
jumpers per Table 7-11, depending on amount 
of Bipolar Memory: 

3. 

4. 

Install the M8111 Memory Matrix Modules 
(M8111'y A with memory parity). These each 
contain 1K of memory. 

Note that: 

a. Each M8110 can control up to four 
M8111s: two M8110s are needed for 5K 
of Bipolar memory. 

b. Each H744 +5 V regulator can supply 
. enough current for only two M811 1's, 
plus one M8110: 2K of memory requires 
only one regulator, but 3K requires two 
regulators. The H744 regulator is rated at 
25 A. The M8111 requires 9 A @ 5 V and 
the M8110, 5 A@ 5 V. 

c. Installation of Bipolar memory alone (no 
MOS) must start at CPU slot 16. 

d. Refer to Figure 5-3 for +5 V regulator 
, configurations. 

5. Turn on the circuit breakers. 

6. Measure +5 V at each of the points indicated in 
Table 7-12. 

7. Adjust voltages if required as described in 
Paragraph 6.2.2. 

8. Refer to MSll engineering print set for 
appropriate timing adjustments. 

7.3.2 Semiconductor Memory Calibration 
Semiconductor memories must be calibrated before uSe. 
The procedures for this are set forth in the· Msi 1 print set 
shipped with each unit. 

7.3.3 Diagnostics 
The diagnostic programs used with the MS11 Semicon
ductor Merriory System are briefly described in the 
following paragraphs. Specific calibration and maintenance 
procedures are provided in. section 7.3.2 of this manual, as 
well as in the MSII Semiconductor Memory Systems 
Maintenance Manual. Table 7~13 lists the diagnostic 
programs used with the MS 11. 

Table 7-11 
Bipolar Memory Configurations 

~2K 

Slot J 

no jumpers cut 

~4K 

Slots J; H 

cut P5-7, 8 

M8110 in CPU Slot 16 

7-14 

~6K 

Slots J, H, K 

cut P5-7, 8 

cut P5-3, 4 

>6K 

Slots J, H, K, L 

cutP5-7, 8 

cut P5-3, 4 

cut P6~7, 8 

M8110 in CPU Slot 21 

( 

c 

( 
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Table 7-12 
Bipolar Memory Voltage Checks 

Regulator Point of 
Slot Voltage Measurement 

-Slot H +5Vdc Between A19A2 
and ground 

Slot J - +5Vdc Between A16A2 
and ground 

Slot K +5Vdc Between A21 A2 
and ground 

Slot L +5 Vdc Between A24A2 
and ground 

Table 7-13 
MSII Semiconductor Memory System 

Diagnostic Programs 

Number 

. MAINDEC-ll~DZMSA-(1) 
MAINDEC-ll-DZQMA- (2) 
MAlNDEC~11-DZQMB
MAINDEC-ll-DCMFA- (3) 

(1) MOS Memoiies only 
(2) Requires NPR device input 
(3) Parity memories only 

Tests 

Logic 
Mem Ex>28K 
0-124K Memory Exerciser 
Parity Check 

DZMSA Memory Parity Test - The Memory Parity Test 
reads the semiconductor control parity register addressed 
and prints out on the 33 ASR whether or not'the register 
exists. If the addressed register does exist, the function of 
each register bit is tested. This diagnostic will also load the 
addressed· register and initiate parity write/read tests in the 
memory section designated, and permit error interrupts as 
specified by the state of the pertinent parity register bit. 

DZQMA - This test checks memory up to 124K, using 
NPR devices. 

DZQMB - This test checks 0-124K of memory for unique 
addressing and worst-case noise patterns. -

DCMF A - This program locates the Parity Memory 
Registers for both the core and MaS parity memories and 

_ performs a check of the bits in each. It then creates a map 
showing the memory controlled by each parity register. The 
Parity Registers and the Memory are then tested using the 
information in the map. 

7.4 KWII-L LINE CLOCK 

1. Shut power off. 

2. Cut the jumper betweenCOIR2 and COIV2 on 
the CPU Backpanel. 

3. 

4. 

Install the KWII-L Module in slot 1, row C of 
CPU. 

The following programs may be used to check 
the operation of the KWI1-L: 

a. INTERRUPT MODE 
The follOWing program is an example of 
one way the KWII-L can be used in the 
interrupt m.ode. This program is intended 
to enter the routine TIME after every N 
interrupts .. The mnemonic LKS represents 
the permanent memory address of the 
KWII-L, 777546; LKV represents the 
vector address, 100. When the main pro
gram is interrupted, it is directed to LKV, 
and then to LKV + 2, which is 102. The 
word in location 100 is the address of the 
first instruction in the interrupt service 
routine; this address is transferred into 
the program counter of the processor. 
The word in location 102 is the new 
status word, wh,ich is transferred into the 
status register of the processor. The new 
status word contains the number 300, 
which indicates a priority level 0[6, with 
all five condition codes, T, Z, N, V, and C 
equal to o. 
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LKS= 777546 
LKV= 100 

MAIN: MOV #N, CNTR 
MOV #100, LKS 

.LKV: 

LKSERV: 

TIME:. 

LKSERV 
300 
MOV #100, LKS 
DECCNTR 
BEQTIME 

RTI 
MOV#N,CNTR 

RTI 

;ENB INTR 

;Oear bit 7. This instruction is optional 

;If counter is zero, go to time. 
;If counter is not . 
;zero, continue. 

;Reset counter 

( 

Program Example 7-2 

b. NONINTERRUPT MODE 

The following program is an example of 
one way the KWII-L can be used in the 
noninterrupt mode. In this example, it is 
assumed that an INIT or a previous 
DATO with D06 = 0 has placed the 
KWl1-L in the noninterrupt mode. This 
program alternates between two program 

START: 
SYNC: 

ON: 

OFF: 

LKS = 777546 
CLRB 
TSTB 
BPL 
CLRB 

LKS 
LKS 
SYNC 
LKS 

TSTB LKS 
BPL ON 
CLRB LKS 

TSTB 
BPL 
CLRB 
JMP 

LKS 
OFF 
LKS 
ON 

;Reset bit 7 

routines - each lasting forapproximatefy 
the time period between line clock 
changes, which is either 16.67 ms or ( 
20 ms. Each routine contains a program 
loop that lasts for a considerably shorter ' 
time than the period between line clock 
changes. The mnemonic LI\.S represents 
the permanent memory address' of the. 
KWII-L,777546. 

;Wait until bit 7 is set, 
;Then reset it 
;Oear bit 
;Do first routine 

. Each time through loop test bit 7 , ". . 
- ;When bit is set 
';Clear bit 
;I?o second routine 

;Test bit 7 
;If not set, do loop again 
;If set, clear bit 
;Do first program again 

Program Example 7-3 
( 
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8.1 SYSTEM UNITS 
Many of the options available for the PDP-I 1/45, 11/50 
Systems consist either in whole or in part of System Units. 
Appendix C lists these as SU in the Mounting Code column. 
A System Unit consists of 

a. The. backplane, which can be either single (four 
card slots) or double (nine card slots),. and 
either wire-wrapped or printed circuit etch 
connected. 

b. PC Module(s) that plug into the backplane. 

c. A power harness that brings power from the 
cabinet power distribution system to the option 
backplane. Harness numbers are listed in 
Appendix C. 

If the System Unit is a peripheral device controller, the 
cable to the peripheral device plugs into a connector on one 
of the modules. System Units may be installed, within the 
limits set by the applicable configuration rules, in either the 
CPU or in an Expansion Cabinet. Three single System Units 
can be installed in the PDP-ll/45, 11/50 CPU Cabinet and 

CHAPTER B 

SYSTEM UNIT OPTIONS 

nine in an H960-DExpansion Cabinet; a double SU takes 
up the space of two single units. 

8.2 EXPANSION CABINETS 

The H960-D Cabinet contains one BAII-FB Mounting Box 
containing up to nine system units and an associated H742 
Power Supply. The ac power distribution for the cabinet is 
shown in engineering drawingD-IC-H960-0. 

The' ac power control system is the same as that for the 
CPU Cabinet, which is explained in Chapter 4 of this 
Manual, with the exception that only one (swi,tched) H742 
is provided per BAll-FB Mounting Box. 

The Voltage Regulator complement varies with the System 
Unit configuration. DC power distribution is explained in 
Section 8.3. 

8.3 DC POWER DISTRIBUTION 
There are two different power distribution systems for 
H960-D cabinets, as well as for the CPU cabinet. These 
systems . are described in the follOwing sections, Part 
numbers are listed in Table 8-1. 

Table 8-1 
Power Distribution Components 

Part Version 
Cabinet 

CPU H960-D' 

Harness older 7008784 7008754 
newer 7009540 7009566 

Power older 5409903 5409944 
distribution newer 5410590 5410590 

board 
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8.3.1 CPU Cabinets 
Chapter 5 and Figure 1-1 of this Manual define both the 
older and the newer versions of the dc power distribution 
system. The most obvious difference, in regard to System 
Units, is that the connectors for the SU power harnesses are 
at the rear of the CPU mounting box in the older version 

TYPICAL 

(see Figures 8-2 and 1-1), and at the top of the box in the 
.. newer versions (Figures 8-1 and 1-1). See ,engineering 
drawings D-UA-11/45 (or 11/50)-0-0) for more details on 
both versions of the CPU Cabinet. The newer harness is 
installed in cabinets bearing serial numbers 2000 and 
higher. 

#4---- OPTION ----" 
HARNESS 

TYPICAL OPTION 
BACKPLANES 

Figure 8-1 Instalhition of System Units, Later Systems, 
Cabinet Serial Numbers 2000 and Higher 
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TO 
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" () 
o 
...J 
() 

UJ 
Z 
...J 

Z 
a: 
m 

G772A 
PC BOARD 

SEE NOTE 1 

G772A 
PC BOARD 
SEE NOTE 1 

549903 
SYSTEM UNIT 
DISTRI BUTtON 
BOARD 
MOUNTED ON REAR 
OF CPU BOX 

7008784 
POWER HARNESS 

NOTE: 

-15V 

GND 

In some system units, such 
as MM"-S,G772A plugs 
into slot C04; on other 
options, AO:3 is used. 

Power distribution to these 
5 lots is shown below: 

+5V 

.-15V 

GND 

+5V 

LINE 
CLOCK 

- +15V 

(pin side af system 
unit power slot) 11-2302 

Figure 8-2 Installation of System Units, Early Systems, 
Cabinet Serial Numbers Less Than 2000 
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8.3.2 Expansion Cabinets 
The H960-D cabinets may be distinguished by the appear
ance of the Power Distribution Panel. The older version is 
mounted vertically and is shown in Figure 8-4; the newer 
one is mounted horizontally and shown in Figure 8-3. 
Drawings D-UA-H960-D-0 show the complete assembly of 
both old and new Expansion Cabinets. The newer harness is 
installed in cabinets bearing serial numbers 7000 and 

_higher. 

8.4 INSTALLATION OF SYSTEM UNIT 
The installation of a System Unit requires the items listed 
in Table 8-2: 

Qty 

Table 8-2 
SU Installation· Requiremen ts 

Item' Remarks 

Backplane 

Power Harness See Appendix C 

M920 Unibus Except when the 
Jumper Module SU is fhe. first 

installed in a 
BAll-I<B expan
sion box. 

The following steps outline the procedure to be used when 
installing a System Unit Option. The rear of the CPU 
Mounting Box, which is housed in the H960-CA or 
H960-DB (Table 1-1) Processor Cabinet, can accommodate 
three System Units. An additional nine system units can be 
installed in an Extension Cabinet Mounting Box, Which is 
housed in the H960-DCabinet. 

1. ,. Install the required number of System Units in 
the H960 Cabinets and secure them to the 
Mounting Boxes" using the thumbscrews pro
vided. 

8-4 

2. Plug in the System Unit power cables. Two 
types are used: one connects to the SU back
plane by means of a G772A Power ConneCtor 
Card (see Figure 8-2 for wiring details); the 
other uses Fastab connectors. The G772As are 
standard, while the Fastab harnesses vary with 
the option. The other end of this cable has one 
(older systems) or two (newer versions) 
Mate-N-Lok connectors which plug into the 
Power Distributor panels. Installation is shown 
in detail as indicated in Table 8-3: 

Table 8-3 
SU Power~able Installation 

Version 

older 
newer 

Cabinet 

CPU 

Figure 8-2 
Figure 8-1 

Figure 8-4 
Figure 8-3 

3. Plug in an M920 Unibus Jumper Module for 
each System Unit that is installed. This module 
jumpers the Unibus from one System Unit to 
slots AOl, BOI of the next System Unit. 

When System Units are to be installed in an 
H960-D expansion cabinet, a Unibus cable is 
connected from the last System Unit in the 
processor cabinet to 'the first System Unit in 
the expansion cabinet. 

4. A special case is that of anMFll-U/UP 16K 
memory installed in an old style H960-D 
cabinet (it cannot be used in an old version 
CPU cabinet). In this, Case (Figure 8-5) a 
7009569 conversion harness must ·be used 
between the H754 +20, -5 Vdc regulator and 
the backplane, in addition to the 7009568 
harness to the Power Distributor. One 7009569 
can power two MFll-U/UP backplanes. If only 
one is used, the jumpers between backplanes 
should be cut. One 7009568 is required per 
backplane. 

( 

( 

( 
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A field modification kit is available for these installations . 
. The FMll-U permits installation of one or two MFII-U/UP 

backplanes. 

8-5, 

Refer to the field modification kit print set for installation 
procedures (DD-FMII-U). 
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( 

SU 
~P18 

Pl 

NOTE: 
A jumper harness will have 10 be 
removed when install ing DBll 
Uni bus repeaters. 

TO SWITCHED 
OUTLET 

'" POWER CONTROL 

11-2303 

Figure 8-3 Expansion Cabinet Power Distribution 
Cabinet Serial Numbers 7000 and Higher 
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FAN AC POWER 
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7009511 

POWER HARNESS 
7008754 

-------~ -~ 

TO SWITCHED 
OUTLET 
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00 
\0 

'" 

9 PIN 
CONVERSIO N HARNESS 
7009568 (I PER MFII-U/UP 
BACKPLANE I 

NOTE 1: IN EXPANDEA BOX. 
PLUG MF11·U!UPs IN 
SLOTS: 

5U2&SV3,or 
SU5&SU6,or 
SU8&SU9 

IN 11/40 CPU BOX, 
PLUG MF11·U/UPs IN 
SLOTS; 

SU5&SU6,or 
SU8&SU9 

NOTE 2: a. WHEN REMOVING 

SLOT E H745 TO 
INSTALL H754 AND 
CONVERSION HARNESS, 
THE BLUE - 15 V WIRE 
(FROM P15! MUST BE 
REMOVED fROM Pl·' 
AND A JUMPER WIRE 
ADDED FROM Pl·' TO 
P3·2, TO PERMIT THE 
SLOT 0 H745JO PROVIDE 
-15 V TO THE ENTIRE 

b. THE RED AND WHITE 
AC WIRES MUST BE 
REMOVED FROM P15 
PINS 6 AND 8 AND 
PLUGGED INTO PINS 7 
AND 8 OF REGULATOR 
HARNESS 7009569. 

NOTE 3: If ONLY ONE MF1',U!UP 
IS USED, CUT THE UNUSED 
JUMPER WIRES AT THE 
BACKPLATE TO PREVENT 
POSSIBLE SHORT CIRCUITS. 

~ 

~" 

. POWER HARNESS 
1\~7008754 

'''- "-

~~1, 

~ 

Figure 8-5 Installation of MFll-U/UP and FM-ll Kit in Early /3ystems 
Serial Numbers Less Than 6999 
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,0 
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, ( 
5"0 A 
~15J.iV 
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APP'ENDIX A 

Ie DESCRIPTION 

A.l 3101 RANDOM ACCESS MEMORY 

The 3101 64-bit random access memory is a TTL/DTL-compatible MSI circuit using Schottky-clamped transistors 

to obtain the characteristically high access speeds. The memory is organized as a 16-word by 4-bit storage array 

that is addressed by an integral 1-out~f-16 binary decoder driven by 4 input address terminals. A separate cltip

select terminal permits selective enabling of specific sets of memory circuits when outputs are wire~Red. The 

3101 also has integral write and sense amplifiers. 

Write cycle (3101 A & 3101) 

CHIP SELECT 
INPUT 0 \~ ____ --JI 

WRITE INPUT 

1 . ';(----------x 
O_- __ J . ~---

1 ----y - x----
o . '- _________ J~. ---

o r'-'=t -:= - ~'-:I,.---
I \l _-J V ~ __ _ 

Read cycle (3101) 

CS jr--------J~ ----~ • ~ ~----

t C - t++ ~ 
______ t+_ C~~ 
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Pin configuration Logic symbol 
( 

ADDRESS INPUT Ao Vee 
CHIP SELECT CS A1 ADDHESS INPUT 

,WRITE ENABLE WE A2 ADDRESS INPUT 

DATA INPUT D1 A3 ADDRESS INPUT 

DATA DUTPUT 01 D4 DATA INPUT 

DATA INPUT D2 04 DATA DUTPUT 

DATA DUTPUT 02 D3 DATA INPUT 

GND 03 DATA DUTPUT 

( 
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A.2 74H74 D-TYPE EDGE-TRIGGERED FLIP-.FL()PS 

The 74H74 consists of two D-type edge-triggered flip-flops. Eachflip~flbp;has individual clear and preset inputs 

and complementary Q and Q outputs. Information atmputD is transferred t6 the Q output on the positive

going edge of the clock pUlse. 

TRUTH TABLE (Each Flip-Flopl 

tn t n+1 
Signal/Pili Designation 

Sign!!I Name Circuit #1 Circuit #2 
INPUT OUTPUT OUT?UT 

D Q Q D. 2 12 
CLOCK 3 11 

L L H CLEAR 13 
PRESET 4 10 

H H L Q 5 9 

H = high level, L = low level Q 6 8 

NOTES: A. tn = bit time before clock pulse. 

B. t l1+1 = bit time after clock pUlse. 

functional block diagram (each flip-flop) 

PRESET 0--------... .-, 

CLEAR o---4I~-+--------i Jr-.... --<l Q 

1:)--.... -0 Q 
CLOCK.o-~~-+--~--~ 

Do----------; 

A3 74S74 D-TYPE EDGE-TRIGGERED FLIP-FLOPS 

The 74874 D-Type Edge-Triggered flip-flop is similar to the 74H74 flip-flop described in Paragraph A.2 above. 

The major difference is that the 74874 is a faster flip-flop. 
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S~nal/Pin DeSignation ( 
. Signal Naille Pin Designation 

AO 10 
Al 12 
A2 13 
A3 15 
BO 9 

Inputs. BI 11 
B2 14 
B3 1 
A<B 2 
A>B 4 
A:;:B 3 

( A>a 5 
Outputs A:: B 6 

A<B 7 

( 
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A.4 7485 4-B11 COMPARATOR 

The 7485 perfonns mitgnitudecomparison of straight binary or straight BCD codes. Three fully decOded decisiorls 

(A> B; A < B; A::: B) about two4-bitwords (A,B) are made and are exterIiitllyavailable at three outputs .. 

TRUTH TABLE 

COMPARING CASCAOING 
OUTPUTS 

INPUts INPUts 

A3,B3 A2,II2 - AI, Bl AD,BD A>B A<B A=B A>B A<B A=B 

A3> B3 x X x x x X H L L 

A3< B3 X X X X X X L H L 

A3= B3 A2 > B,2 X X X X X H L L 

A3=B3 A2< B2 x x x x X L H L 

A3= B3 A2 ='B2 AI> Bl X X X X H L L 

A3= 83 A2 = B2 Al < Bl X X X X L H L 

A3= B3 A2"; 82 Al = Bl AO> BO x X X H L L 
A3= 83 A2 =B2 Al = Bl AO< Bci x X X 'L H L 
A3= B3 A2 =.B2 Al =Bl AO= BO H L L - H L L 

A3= B3 A2 = B2 Al,='Bl AO= BO L H L L H ,L 

A3= 83 A2=82 Al = Bl AO= BO L L H L L H 

NOTE: H = high level, L = low level, X = irrelevant 

Alo!I51 

·a 
'" 

••• 

A2 1131 

.; 
\141 

tA':BIIN 12' 
ta, 

!A - BIIN ,41 A=B 
IA-~a, IN 

AI 
1121 

., 
'11' 

AC. 

AO,";"::"O::..' t-~-H~ 
.0'O::::'9,-+-~-+--LJ 

Pin (16) = Vee. Pin (8) = GNO 
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A.58598 READ-ONLY MEMORY 

The 8598 is ~,25 6-bit, r~ad-only memory . organized as 32 words .of g. bits each, Addressing is accomplished in 

straightS-bit binary with:fllol) ,decoding. An overriding memory enable input is provided which, when taken high, 

will inhibit the 32 address gates and cause all 8 outputs to remain high. 

BINAR,Y 

SELECT 

MEMORY (151 
ENABLE 0-""'----...1 

32 - WORO - BY - 8 - BIT 

MEMORY CELL 

,~1 __________ ~V~~_·_6 ______ ~ 

Pin (16) = Vee. Pin (8) = GND 
OUTPUTS 

A-6' 
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A.6 74S112 DUAL J-K EDGE-TRIGGERED FLIP-FLOPS 

These monolithic dual J~K flip-flops feature individual J, K, clock, and asynchronous preset and clear inputs to 

each flip-flop. When the clock goes high, the inputs are enabled and data will be accepted. The logic level of the 

J and K inputs may be allowed_ to change when the clock pulse is high, and the bistable will perform according to 

the truth table as long as minimum setup and hold times are observed. Input data is transferred to the outputs 

on {he negative-going edge of the clock pulse . 

Signal/Pin Designation 
TRUTH TABLE 

tn tn+1 
Signal Name Circuit #1 Circuit #2 

J 3 11 
J K a 
L L an 
L H L K 2 12 

CLOCK 1 13 
CLEAR 15 14 

H L J:I 
H H On' 

NOTES: A. tn = Bit time before clock pulse. PRESET 4 10 
S; tn+1 = Bit time after clock pulse. Q 5 9 

Q 6 7 

00-.... « 

CLEAR 0----. • ___ -<> PRESET 

~==~---oK 

CLOCK 
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A.7 ·74151 SoLINE TO I-LINE MULTIPLEXER 

The 74151 selects dne of eight data sources for multiplexing the output onto one line. The circuit can be. used 

for parallel-to-serial conversion or can be used as a five-variable function operator. 

TRUTH TABLE 

Inputs 

C B A Strobe DO DI D2 D3 D4 DS 

x x x 1 x x x x x x 

0 0, 0 0 0 x x 'x x x 

0 0 0 0 1 x x x x x 

0 0 1 0 x 0 x x x x 

0 0 1 0 x 1 x x x x 

0 1 ,0 0 x ,x 0 x x x 
0 1 0 0 x x 1 x x x 
0 1 1 0 x x x 0 x x 
0 1 1 0 x x x 1 x x 
1 0 0 0 x ,x x x 0 x 
1 0 0 0 x x x x 1 x 
1 0 1 0 x x x x x 0 
1 0 1 0 x x x x x 1 

I 1 0 0 x x x x x x 
1 1 0 0 x x x x x x 
1 1 1 0 x x x x x x 
1 1 r 0 x x x x x x 

,When used to indicate an input, x = irrelevant. 

J OR N DUAL-IN.~LlNE 
OR WFLAT PACKAGE (TOP VIEW) 

DATA INPUT 
, . 

Vee 4 5 6 

• DATA INPUTS 

7 

DATA SELECT 
~ 

A B C 

C 

B 

~ t GND 
OUTPUTS STROBE 

_ ___ _ _ _ _ POSITIYE I".O_GIC _ _ 
Y=S(ABCDO~ABCD1+ABCD2+ABCD3+ABCD4+ABCD5+ABCDs 
ABCD7) w·y 

A-8 

Outputs 

D6 °7 Y W 

x x 0 1 

x x 0 1 

x x 1 0 

x x 0 .i 
x 'x 1 0 

x x 0 1 

x x 1 0 
x x 0 1 

x x 1 0 

x x 0 1 

x x 1 0 

x x 0 1 

x x 1 0 

0 x 0 1 

1 x 1 0 

x 0 0 1 

x 1 1 0 

11-0634 
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STROBE 
(ENABLE) 

DO 

.-- .-.J 
0\ 

h ~ H 
02 ~ 

}-~ H 
~OUTPUT Y D3~ -I.........; 

~ 

H -DATA t---.-INPUTS .... 
~OUTPUT W 

D4~ 

r-H r'--
.-

05 

.... :-:-1 

06 

h ~H 
07 

". 
( ~H 

Ii: 

I~. A -
DATA - 1 - B 

SELECT B ~ 

(BINARY) 
C 

0---{>- 1 ~ '- c -v c 

tt-0635 

( 
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A.8 74153 DUAL4-LINE TO I-LINE DATA SELECTORS/MULTIPLEXERS 

The 74153 is a dua14-line to I-line multiplexer with separate strobe lines applied to each section. It can be used 

for data multiplexing, parallel,~to-se:r:ial conversion,pulse pattern generator and as a Bo,qlean function, generator . 

ADDRESS 
. , 

INPUTS 
DATA INPUTS S;rROBE 

B A CO C1 C2 C.3 G 
X X X X X X H 
L L L X X X L 
L L H X X X L 
L H X ·L X X L 
L H X H X X L 
H L X', X L X L 
H L X X H X L 
H H X X X, L L 
H H X X X H L 

Address inputs A and·Rare common to both sections. 

H = high 'Ievel, L = low.leveJ., X = irrelevant 

STROBE IG 
!ENABLEI 

'Coo-'~-------~+-+-HI.· ~ 

lei (5) 

DATA 1 

,C,O-,I4:::1 ______ -+-+---4~-+_l_../ 

lC3 {3} 

{

B 

ADDRESS 

.~, " •• "<' rA" 

'C,o-:= ______ +-+-+++-,--... 
DATA '] 

Pin (16) = Vee. Pin (8) = GND 

A-lO 

OUTPUT 

V 
L 
L 
H 
L 
H 
L 
H 
L -

H 

OUTPUT ,v 

OUTPUT 

" 

( 
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A.9 74154 4-LINE TO 16-LINE DEMULTIPLEXER 

The 74154 4-line to 16-line demultiplexer decodes four binary coded inputs into one of 16 mutually exclusive 

outputs when both strobe inputs (G I and G2) are low. The demultiplexing function is performed by using the 

four input lines to address the output line, passing data from one of the strobe inputs with the other strobe input 

low. When either strobe input is high, all outputs are high. 

A G -r--
B o 

c 
D 

A H-

-
~ 

B 2 
_r--

J G -

~ ~ 

lG 

2G 
3 

~ 

4 
C 

A 

~ I .---... 

A 

A 

5 

~ 

INPUTS B B 

~ I 
B .---... 

6 

7 

c 
,..,J 

I ~ 
C 

D 

c OUTPUTS 

8 

~ D 

9 

1 

ri. -

D 
f.---l_ D ~ 

D 

10 

~ c 
11 

-r--
12 

H 
B 13 

A ~ 14 

A G~ B 
C 

D 

15 

11-0637 
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TRUTH TABLE 

Inputs Outputs 

Gl G2 D C B A 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 ( 
L L L L L L L H H H H H H H H H H H H H H H 

L L L L L H H L H H H H H H H H H H H H H H 

L L L L H L H H L H H H H H H H H H H H H H 

L L L L H H H H H L H H H H H H H H H H H H 

L L L H L L H H H H L H H H H H H H H H H H 

L L L H L H H H H H H L H H H H H H H H H H 

L L L H H L H H H H H H L H H H H H H H H H 

L L L H H H H H H H H H H L H H H H H H H H 

L L H L L L H H H H H H H H L H H H H H H H 

L L H L L H H H H H H H H H H L H H H H H H 

L L H L H L H H H H H H H H H H L H H H H H 

L L H L H H H H H H H H H H H H ·H L H H H H 

L L H H L L H. H H H H H H H H H H H L H H H 

L L H H L H H H H H H H H H H H H H H L H H 

L L H H H L H H H H H H H H H H H H H H L H 

L L H H H H H H H H H H H H H H H H H H H L 

L H X X X X H H H H H H H H H H H H H H H H 

H L X X X X H H H H H H H H H H H H H H H H 

H H X X X X H H H H H H H H H H H H H H H H 

H = high, L = low, X = irrelevant 

Signal/Pin Designation 

Signal Name Pin Designation 

( 
A 23 
B 22 
C 21 

Inputs 
D 20 
2G 19 

IG 18 
0 

2 
2 3 
3 4 
4 5 
5 6 
6 7 

Outputs 7 8 
8 9 '.' 
9 10 

10 11 
11 13 
12 14 
13 15 
14 16 
15 17 

( 
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A.I0 74155 3-UNE TO 8-LINE DECODER 

The 74lS5 3-line to 8-line decoder consists of l-to-4line demultiplexers with individual strobes and common 

binary-address inputs in a single l6-pin package. When both sections are enabled by the strobes, the common 

binary-address inputs sequentially select and route associated input data to the appropriate output of each 

section. The individual strobes permit activating or inhibiting each of the 4-bit sections as desired. Data applied 

to input 1 C is inverted at its outputs and data applied at 2C is not inverted through its outputs. The inverter 

following the 1 C data input permits use as a 3-to-8 line decoder or l-to-8 line demultiplexer without external 

gating. When used as a decoder, data inputs lC and 2C are conneCted together and are used for enabling and 

for cascading. 

3·LlNE·TO·8·LlNE DECODER 

INPUTS OUTPUTS 

SELECT 
STROBE 

OR DATA 
101 111 121 131 141 151 161 171 

ct B A G' 2YO 2Y1 2Y2 2Y3 1YO 1Y1 1Y2 1Y3 

X X X H H H H H H' H H H 

L L L L , L H H H H H H H 

L L H L H L H H H H H H 

L H L L H H L H H H H H 

L H H L H 'H H L H H H H 

H L L L H H H H L H H H 

H L H L H H H H H L H H 

H H L L H H H H H H L H 

H H H L H H H H H H H L 

Signal/Pin Designation 

Signal Name Pin Designation 

STROBE lG 2 
STROBE 2G 14, 
SELECT A 13 
SELECTB 3 
DATA lC 1 
DATA2C 15 
OUTPUT lYO 7 
OUTPUT lYl 6 
OUTPUT lY2 5 
OUTPUT lY3 4 
OUTPUT2YO 9 
OUTPUT 2Yl 10 
OUTPUT2Y2 11 
OUTPUT 2Y3 12 

A-13 



SELECT 
A 

DATA 
2C 

STROBE 
2G 

SN54155. SN74155. SN54156. SN74156 

2YO 2Y I 2Y2 2Y3 

,----
I ,..........L-.IoI--IoL.....IoI-..., 

I 
I 
I 
I 
I 
I 
I 
I L __ _ 

2G 2C 

ENABLE/DATA 

IYO 1YI 1Y21Y3 

---1 
~~"--'L--'I...-. I 

IG IC 
ENABLE/DATA 

I 
I 
I 
I 
I 
I 
I 

.J 

ADDRESS-SELECT 

A-14 
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.< 

OUTPUT 
2YO 

OUTPUT 
2Yl 

OUTPUT 
2Y2 

OUTPUT 
2Y3 

( 
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.. 
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A.ll 74157 QUADRUPLE 2-LINE TO I-LINE MULTIPLEXER 

The 741S7 quadruple 2-line to I-line multiplexer features buffered inputs and outputs. All outputs are low 

when disabled (enable high). The truth table and logic diagram are shown below . 

INPUTS OUTPUTY OUTPUTW 

SN54/74157, 

ENABLE SELECT A B SN54S/74S157 SN54S/74S158 

H X X X L H 

L L L X L H 

L L H X H L 

L H X L L H 

L H X H H L 

H = high level. L = low level. X = irrelevant 

iAO(2) 

lB 
(3) 1Y 

2A 
(5) 

2B 
(6) 2Y 

(14) 
3A 

3B 
(13) 

4A 
(11) 

4B 
(10) 

SELECT 

Pin 16 = VCC' Pin 8 = GND 
ENABLE O'---'---oQ 

Pin (16)= Vee. Pin (8) = GND 

A-IS 



A.12 748158 QUADRUPLE 2-LlNE TO I-LINE MULTIPLEXER 

The 74S 158 is a quadruple 2-line to I-line multiplexer featuring buffered inputs and outputs. All outputs are low 

when disabled. 

INPUTS OUTPUT V OUTPUTW 

SN54/74157. 

ENABLE SELECT A B SN54S/74S157 SN54S/74S158 

H X X X L H 

L L L X L H 

L L H X H L 

L H X L L H 

L H X H H L 

H = high lev.el, L = low level, X = irrelevant 

SELECT (1) !l5) ENABLE 

2W 4W 

A-16 
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AJ374161 4-BIT BINARY COUNTER 

The 74161 binary counter is a 4-bitcounter with internal look. ahead for fast counting and a carry output for n-bit 

. cascading. 

INPUTS 

CASCADING FOR N-BIT HIGH-SPEED COUNTING 

141 

DATA 

lSi 

DATA 

ENABLE 
T 

LOAD 
COUNT ENABLE 

ICEP' CET) 
MODE 

H H Count Up 

H L No Change 

L X Parallel Loadt 

H "- high level, L = low level, X = irrelevant 

1---t-t:==~J! CLOCK 

D. 

CLOCK 

(14) 
DA 

(13) 

D. 

1121 
Dc 

1111 
DO 

L. _____ ~~~~~~~~------~R~I~:: 
CARRY 

Pin (16) = VCC, Pin (8) = GND 

OUTPUTS 

Clear input of SN54174161 is asynchronous as shown for the 
SN54174160 at left 

A-17 



A.14 74174/74S174 HEX D-TYPE FLIP-FLOPS 

The 7 4S 174 contains six flip-flops with single outputs. The flip-flops contain direct clear inputs and buffered 
clock inputs. 

INPUT OUTPUTS 

tn t n + 1 

0 Q Q 

H H L 
L L H 

tn = Bit time before clock pulse. 

tn+1 = Bit time after clock pulse. 

A o...:I.:.:31 _________ ~DA 

o-l...:41~ _____ +_+_~DB 
OB 

121 

151 
°B 

o-l..:.61 ______ +_+_~ Dc Oc 171 Oc 

D o-l:.:.':.:'I _____ -+~___IDD (101 
Go 00 

o-l...:'3.:.:1 _____ -+-4~DE 

o-l..:.'4...:' _____ -+-4~DF OF {15) OF 

CLOCK n..~_~_ 

b-~~-d 

CLEAR 

Pin (16) = Vee, Pin (8) = GND 

A-I8 
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A.15 74175 QUAD D-TYPE FLIP-FWPS 

The 74175 contains four D-type flip-flops with dual outputs. Each flip-flop has direct clear and buffered clock 

inputs. 

INPUT OUTPUTS 

tn t n +1 

0 Q' Q 

H H L 
L L H 

tn = Bit time before clock pulse, 

tn+1 = Bit time after clock pulse. 

A (4) 

151 

(121 

(13) 

CLOCK "-""----~-
b-~H--<J 

CLEAR 

Pin (16) = Vee. Pin (8) = GND 

A-19 

DB DB 
171 

"B 

"B 

DC 
(101 

Oc DC 

Oc 

(15) 

DO "0 00 

"0 



A.16 74181 4-BIT ARITHMETIC UNIT WITH FULL LOOK-AHEAD 

The 74181 performs up to 16 arithmetic and 16 logic functions. Arithmetic operations are selected by four 

function-select lines (80, 81, 82, and 83) with a low-level voltage at the mode control input (M); and a low-level 

internal carry. Logical operations are selected by the same four function-select lines with the exception that the 
mode control input (M) must be high to disable the internal carry. 

53 
S2 
S1 
so 

M 

Cn 
12-0320 

A-20 
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TABLE OF LOGIC FUNCTIONS 

( Function Select 
Output Function 

S3 S2 SI SO Negative Logic Positive Logic 

L L L L F=A F=A -
L L L H F=AB F=A+B 

L L H L F=A+B F=AB 

L L H H F = Logical 1 F = Logical 0 

'.' 
L H L L F=A+B F=AB 

L H L H F=B F=B 

L H H L F=A®B F=A@B 

L H H H F=A+B F=AB 

H L L L F=AB F=A+B 

H L L H F=A@B F=A@B 

H L H L F=B F=B 

H L H H F=A+B F=AB 

H H L L F = Logical 0 F = Logical I 

H H L H F=AB F=A+B 

H H H L F=AB F=A+B 

H H H H F=A F=A 

With mode control (M) high: Cn irrelevant 

For positive logic: logical 1= high voltage 

logical 0 = low voltage 

For negative logic: logical 1 = low voltage 

logical 0 = high voltage 
, 

( 
TABLE OF ARITHMETIC OPERATIONS 

Function Select 
Output Function 

S3 S2 SI SO Low Levels Active High Levels Active 

L L L L F= A minus 1 F=A 

L L L H F= AB minus 1 F=A+B 
L L H L 

-
F=A+B F= AB minus 1 

L L H H F = minus 1 (2's complement) F = minus 1 (2's complement) 
L H L L F = A plus [A+B] F= A plus AB 
L H L H F = AB plus [A+B] F = [A+B] plus AB 
L H H L F = A minus B minus 1 F = A minus B minus 1 
L H H H F=A+B F= AB minus 1 
H 'L L L F = Aplus [A+B] F = A plus AB 
H L L H F=Aplus B F=Aplus B 
H L H L F = AB plus [A+B] F = [A+B] plus AB 
H L H H F=A+B 

~ 

F = AB minus 1 
H F:I L L F=AplusAt F=AplusAt 
H H L H F= ABplus A A = [A+B] plus A 
H H H L F= ABplus A F = [A+B] plus A 
H H H H F=A F = A minus 1 

With mode control (M) and Cn low 

t Each bit is shifted to the next more significant position. 
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PIN DESIGNATIONS 

Designation Pin No. Function ( 
- - - -
A3, A2, AI, AO 19,21,23,2 WORD A INPUTS 

H3, H2, HI, HO 18,20,22,1 WORD B INPUTS 

S3,S2,SI,SO 3,4,5,6 FUNCTION-SELECT INPUTS 

Cn 7 CARRY INPUT 

M 8 MODE CONTROL INPUT 

F3, F2, Fl, FO 13,11,10,9 FUNCTION. OUTPUTS •. 
A=B 14 COMPARATOR OUTPUT 
-
P 15 CARRY PROPAGATE OUTPUT .. 
Cn+4 16 CARRY OUTPUT 

G 17 CARRY GENERATE OUTPUT 

VCC 24 SUPPLY VOLT AGE 

GND 12 GROUND 

DUAL-iN-LINE PACKAGE (TOP ViEW) 

INPUTS OUTPUTS 

Vee AI BI A2 B2 A3 B3 GCn+4 P A:B F3 

( 

80 AO S3 S2 SI so Cn M FO Fl F2 GND 

INPUTS OUTPUTS 

A-22 , 
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A.17 74182 LOOK-AHEAD CARRY GENERATOR 

The 74182 Look-Ahead Carry Generator, when used with the 74181 ALUprovides full high-speed carry 100k

ahead capability for up to n-bit words. Each 74182 generates the look-ahead (anticipated carry) across a group 

of four ALUs and, in addition, other carry look-ahead circuits may be employed to anticipate carry across sections 

of four look-ahead packages up to n-bits. 

Carry inputs and outputs of the 74181 ALU are in their true form, and the carry propagate (P) and carry generate 

(G) are in negated form. 

PI 

(;1 

PO 

GO 

Cn 

~ )-

~ R ~ 

............. 

t:l...-
~ 

~ 

n--
)--

~ ---1 -
..---

~ -t 
~ 

Q--J 

~ 
~ 

p~~ 
I ..-
'-----" 

{>-

A-23 

en +z 

C n +y 
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PIN DESIGNATIONS 

Designation Pin No. Function ( 
-- - - -

GO, GI, G2, G3 3,1,14,5 ACTIVE·LOW CARRY GENERATE INPUTS 

Po, PI, 1'2, P3 4,2,15,6 ACTIVE·LOW CARRY PROPAGATE INPUTS 

Cn 13 CARRY INPUT 

Cn+x,Cn+y,Cn+z 12,11,9 CARRY OUTPUTS 

G 10 ACTIVE·LOW CARRY GENERATE OUTPUT 

I' 7 ACTIVE·LOW CARRY PROPAGATE OUTPUT 

VCC 16 SUPPLY VOLTAGE 

GND 8 GROUND ", 

( 

.'" 

( 

A-24 
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A.I8 74187 I024-BIT READ-ONLY MEMORY 

The 74187 is a custom-programmed, 1024-bit read-only memory organized as. 256 words of 4 bits each. This TTL 

memory array is addressed in. straight 8-bit binary with full decoding. Two overriding memory enable inputs are 
provided which, when taken high, will inhibit the function causing all four outputs to remain high. 

BINARV 
SELECT 

141 

171 

161 

lSi 

1 OF 32 

DECODER 

MEMORY ~GA"::!~====:r:::>-""1"+----'-+--~+--1 (f>,JABLf GBe> 1141 
(131 

~--~----~v~----------~ 
OUTPUTS 

Pin (16) = Vee. Pin (8) = GND 

A-25 



A.19 74191 4-BIT BINARY COUNTER 

The 74191 is a 4-bit binary counter that counts in BCD or binary and c~an operate as an up or down counter. The 
counter can be preset by the load control and uses a ripple clock output for cascading. 

DOWN/UP ENABLE LOAD MODE 

X X L Parallel Load 

X H H No Change 

L L H Count Up 

H L H Count Down 

H ; high level, L; low level, X; irrelevant, 

Signal/Pin Designation 

Signal Name Pin Designation 

CLOCK 14 
DOWN/UP 5 
DATA INPUT A 15 
DATA INPUT B 1 
DATAINPUTC 10 
DATAINPUTD 9 
LOAD II 
RIPPLE CLOCK l3 
MAX/MIN OUTPUT 12 
OUTPUTOA 3 
OUTPUTOB 2 
OUTPUTOc 6 
OUTPUTOD 7 

A-26 
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,t· 

( 

( 

o!,'4!b .... CLOCK 

i~ oowNi 
·vP 

l~ 
DATA 

INPUT A-

ENA8 LE_ 

DA 
INPU T~ B-

115) 

(4) 

11) 

D 
IN :li: c ~ 

I'D) 

DATA (9) 

INPUT O-

01) 
LOAD 

.. 
.. 

L 

~-, 
-D-r-tI 

r-rr 

I 
i 

rl 

r 

j 

1 
I 

r 

I 

-

---. 
113) RIPPLE ,..l re -0 CLOCK 

(12) -MAX/MI 
-0 OUTPUT 

N 

= -
-I. .r .b. 

PRESET (3) 
-0 OUTPUT rr- J 0A 

-<C H CLOCK 

-..- ""J C}AR 

D 
-

G- I ..Q, 
12) PRESET 

-oOUTP r-r- J 0 8 

~ ~ CLOCK 

- r K 08 h CLEAR 

UT Os 

D J 

-I. ./' 
PRESET (6) 

-0 au r-11 J Oc 

~ ~ CLUCK I 

~r K Oc 
lU.AR 

TPUT Oc 

D -:1 

-t .r 1 
(7) PRESET 

--0 r-r----; J (l°l bP L--c CLOCK 

K 00n ~L CLEAR J 
~ -IJ 

OUTPUT 00 

I 
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A.20 74193 4-BIT BINARY COUNTER 

The 74193 Binary Counter has an individual asynchronous preset to each flip-flop, a fully independent clear input, 

internal cascading circuitry, and provides synchronous counting operations. 

COUNT UP COUNTDOWN LOAD MODE 

X X L Parallel Load 

CLOCK H H Count Up 

H CLOCK H Count Down 

H = high level, L = low level, X =,irrelevant 

Signal/Pin Designation 

Signal Name Pin Designation 

DATA INPUT A 15 
DATA INPUT B I 
DATA INPUT C 10 
DATAINPUTD 9 
CLEAR 14 
LOAD II 
DOWN COUNT 4 
BORROW OUTPUT 13 
CARRY OUTPUT 12 
UP COUNT 5 
OUTPUTQA 3 
OUTPUTQB 2 
OUTPUTQc 6 
OUTPUTQn 7 

A-28 
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DATA 
INPUT A 

DOWN 
COUNT 

UP 
COUNT 

DAT 
INPUT 

A 
S 

ATA 

IJ 

D 
INP UTC v-

DATA 
INPUT D v 

CLEAR 

LOAD 

I ~ =! /'" C -r 

IT 
L .:t ./ 

=Q n 
I I 

-

I ~ 
~ 

~ 
~ 

~J2 1 
...1 

...-- t:G , 
L ~ __ 

1 1 j:;k> I 
I 
~ -

-

I -Q 
, r 

1 r J-L 
4~ 1 

1 H L l --= 

.1r 

-J n l_ 
~ 

~ 
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SORROW 
o OUTPUT 

CARRY 
OUTPUT 

I ]= 
'PRESET 

QA 
1 

-0 OUTPUT 

--( T 

ilA 
CLEAR 

~ 

J 

I PRESET 

QS I OUTP 

~ 
J 

I PRESET 

Oc ... -0 0 T UTPUT QC 

-(T 

~I 
-

11 
-0 Oor 1 OUTPUT QD 

-<:T 

,c9vn 
-



A.21 74S194 PARALLEL-ACCESS SHIFT REGISTER WITH MODE CONTROL 

The 74S 194 is a parallel load, parallel output, shift register with left shift and right shift capability. Clocking is 

accomplished by positive-edge triggering. ~n addition, the IC contains an inhibit function and direct overriding 

clear input. 

CLEAR 

CLOCK 

PARALLEL OUTPUTS , 
'QA QB QC QD 

QA QB QC S QD 

CLOCK 

R R R R 
CLEAR CLEAR CLEAR CLEAR 

SHIFT ABC D SHIFT 
RIGHT ~-------------y-------------' LEFT 

SERIAL PARALLEL INPUTS SERIAL 
I NPUT INPUT 

LOGIC DIAGRAM 

MODE CONTROL 

S1 SO 

PARALLEL LOAD H H 

SHIFT RIGHT (IN THE DIRECTION QA TOWARD QD) L H 

SHIFT LEFT (IN THE DIRECTION QD TOWARD QA) H L 

INHIBIT CLOCK (DO NOTHING) L L 

Vee SO 

CLEAR ABC D GND 

SHIFT~SHIFT 
s~~~~l I N PUTS S~~ rIL 
INPUT INPUT 

PI N LOCATOR 

BE-OSIS 

( 

'"i1) 

c 

( 



( 

• 

APPENDIX B 

PERIPHERAL PREVENTIVE 

MAINTENANCE SCHEDULE 

Peripheral 

LA30 DECwriter 

TU56 DECtape Transport 
weekly 
monthly 

RK05 Disk Drive 

Monthly 

TUl 0 DECmagtape Transport 
weekly 
monthly 

CRII-A Card Reader 
(300cpm M200) 

CD II Card Readers 
(MIOOO, M1200) 

LA30 DECwriter 

RK05 Disk Drive 

Quarterly 

RPII-C/RP03 Disk Pack System 

PC05 Paper Tape Reader/Punch 

TUIO DECmagtape Transport 

LPll-F, H Line Printer 

LPII-J, K Line Printer 

LPII-M, Q Line Printer 

B-1 

I Man-Hours· 
(approximate) 

0.25 

0.25 
1.0 

0.5 

0.5 
1.25 

0.25 

0.25 

0.75 

1.0 

0.75 

0.75 

1.75 

1.0 

1.0 

2.0 



Quarterly (Cont) ( 
IPII-R, S Line Printer 2.0 

CRII-A Card Reader (M200) 0.75 

CD 11 Card Readers 0.5 
(Ml000, MI200) t, 

LPSII Laboratory Peripheral System 3.0 
,<, 

*KBII-A Central Processor 3.0 

*MSII Semiconductor Memory System 0.5-

*KT11-C Memory Management Unit 0.5 

*FPII-B Floating Point Processor 0.75 

*MMII-S Core Memory 0.5 

*Run all diagnostics on system 

Semi-Annual 

RK05 Disk Drive 1.0 

LPII-M, Q Lme Printer 3.5 ( 
LPII-R, S line Printer 3.5 

LVII Printer/Plotter 3.0 

RK03 Disk Drive 1.0 

RPI1-C/RP03 Disk Pack System 2.75 

NOTES: 
1. For any devices not listed, run their associated 

diagnostics programs quarterly. 

2. Analog devices are not included in this list 
because of the numerous options and variations 
that are available. '., 

3. AIl man-hour requirements are approximations. 

'" 

( 
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( PDP-l 1/45 Timing Margins Preventive Maintenance Chart 

Margin 
Test Program 

Oock +ns -ns +ns -ns +ns -ns +ns -ns +ns -ns +ns -ns +ns -ns 
, 
KBII-A DCKBO 

States Test 

DZQGA 
General Test Program / 

DCKTG 
IfKT1I-C is 
implemented 

DZFPO 
If FPll-B is 
implemented 

DIGB 
Use MSI! if 
implemented 

c- FPll-B DZFPO 
FP Exerciser 

DZFPp· 
General Test Program 
with FP Overlay 

B-3 
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APPENDIX C 

SUMMARY OF 

EQ'UIPMENT SPECIFICATIONS 

This table provides" mechanical, environmental, and pro
gramming information for PDP-II optional equipment. The 
equipment is arranged in alphanumeric order by Model 
Number. 

NOTES 

1. Mounting Codes 

CAB = Cabinet mounted; If a cabinet is 
included with the option, it is indicated by an 
X in the "Cab Incl" column. 

FS = Free standing unit. Height X Width X 
Depth dimensions are shown in inches. 

IT = Table top unit. 

PAN = Panel mounted. Front panel height is 
shown in inches. An included cabinet is indi
cated when applicable. 

SU = System Unit. SU mounting assembly is 
included with the option. 

SPC = Small Peripheral Contr,oller. Option is a 
module that mounts in a quad module, SPC 
slot. 

MOD = Module. Height is single, double, or 
quad. 

( ) = Option mounts in the same space as the 
equipment shown within the parentheses. 

Some options include 2 separate physical parts 
and are indicated by use of a plus (+) sign. 

C-l 

2. Cabinet and peripheral equipment (such as 
magnetic tape) are included in the specifi
cations. 

3. Relative humidity specifications mean without 
condensation. 

4. 

5. 

Equipment that can supply current is indicated 
by parentheses ( ) around the number of amps 
in the POWER section. MEMORY POWER: 
MFll- and MMll- require the same amount of 
power. In this table, MFll- power figures show 
the power required when the memory is active, 
while MMll- figures reflect that required by an 
inactive unit. 

Non-Processor Request devices are indicated'by 
an X in the "NPR" column. 

6. 7008855 in 11/45-11/50 CPU; 7008909 in 
H960-D and 11/40. 

7. 7009174. If first MFll-L in 11/40, use 
7009103. 

8. 7009560. If first MFll-L in 11/40, use 
7009565. 

9. H960-C, D only (not CPU Cabinet): one 
7009568 per backplane (9 pin conversion) and 
one 7009569 for two backplanes (regulator 
harness). 

CONVERSION FACTORS 

(inches) 
(lbs) 
(Watts) 
[(OC)X ~] +32 

X 2.54 
X 0.454 
X 3.41 

= (em) 
= (kg) 
= (Btu/hr) 
= CF) 





MECHANICAL ENVIRONMENTAL POWER PROGRAMMING UNIBUS 
Model Description Mounting Size Cab Weight Power Harness Oper Rei Cur needed/(suppJied) Power I IstReg Int BR NPR Bus Model 

Number Code HXWXD Incl (Ibs) Early New Temp Humid +SV I liS Vac / Other Dis i Address Vector Level Loads Number 
(inches) (0C) (%) (amps) (W) 

I 

( 
AAII'D D/ A Subsystem SU Note 6 70'0'9562 10-50' 20'-95 3 0'.5 60' 

I 

776756 140',144 4,5 I AA11-D 
ADDI-D A/D Subsystem PAN 5% 0'-55 10'-95 0'.5 60' 776770' 130' 4-7 I ADDI-D 
AFC11 A/D Subsystem CAB 10-55 10-95 15 170'0' 772 570' 134 4 I AFC11 
BA11-ES Mounting Box PAN IO~ 100' BAII-ES 
BA614 D/ A Converter (AAII-D) BA614 
BB11 Blank Mntg Panel SU BBII 
BB11-A Blank Mounting SU BBII-A 

Panel (non-slotted 
blocks) 

BCIIA UNIBUS Cable BCIIA 
BM792-Y Bootstrap Loader SPC 0'.3 I BM792-Y 
CBll Telephone Switching Cab X 30'0' 10-50' 10'-90' 5.6 650' "j 7640'0'0' float 4-7 1,2 CBII 

Interface 
CDII-A Card Reader SU+TT 14 X 24 X 18 85 , Note 6 70'0'9562 10'-50' 10-90' 2.5 4 450' 772 460' 230' 4 X I CDII-A 
CDII-E Card Reader SU+TT 38 X 24 X 38 20'0' Note 6 70'0'9562 10-50' 10-90' 2.5 6 70'0' 772 460' 230' 4 X I CDII-E 
CMII-F Card Reader SPC + TT II X 19 X 14 60' 10-50' 10-90' 1.5 4 40'0' 777 160' 230' 6 I CMII-F 
CRll Card Reader SPC + TT llXI9XI4 60' 10-50' 10'-90' 1.5- 4 40'0' 777 160 230' 6 I CR11 
DAII-B UNIBUS Link SU Note 6 70'0'9562 4 772 410' 124 5 X I DAII-B 
DAIJ.-F UNIBUS Window SU 70'0'90'99 70'0'9563 5 float 7 X I DAII-F 
DB 11 Bus Repeater SU Note 6 70'0'9562 5-50' 10-95 3.2 I + I DB 11 
DCII-A Asynch Line Inter SU Note 6 70'0'9562 10'-50' 20'-90' see Product Buli. 7740'0'0' float 5 I DCII-A 
DDII Periph Mntg Panel SU 70'0'90'99 70'0'9563 DDII-A 
DECkit DI-A Remote Analog Data PAN 5%XI9XI3 15 0'-50' 10-95 1.5 @ 115 Vac 175 

i 
DECkit DI-A 

Concentrator: 8 0'.75 @ 230' Vac 
Channels, Serial 

DECk it II-F I/O Interface: 3 SU Note 6 0'-70' 10-95, 1.84 User User 7 4 DECk it 11-F 
Words In/4 Words 
Out 

( 
DECkit 11-H I/O Interface: 4 SU Note 6 0'-70' 10-95 3.91 User User 5-6 4 DECkit II-H 

Words In/4 Words 
Out 

DECkit II-K I/O Interface: SU Note 6 0'-70' 10-95 1.97 User 2 DECkit II-K 

8 Words In 
DECkit II-M I/O Interface: SU Note 6 0'-70' 10-95 1.75 User User 4 2 DECkit II-M 

Ins'trumentation 
Interface 

DFDI-A Acoustic Coupler TT 6 X 7 X 12 6 0'-60' 0'.3 DFDI-A 
DFII Line Sig Cond DF slot see Product Bull. DFII 

DHlI Asynch Line MX 2SU 70'0'9466 70'0'9561 5-45 10-95 8.4 0'.24 A@-15 V float float 5 X 2 DHll 
DJlI Asynch Line MX SU 70'0'90'99 70'0'9563 5 see Product Bull. float float 5 I 0111 
DLll-A Terminal Control SPC 1.8 D.15A@-15V 777 560' 0'60',0'64 4 I DUI-A 

DUI (others) Asynch Line Inter SPC 1.8 0'.15 A@-15 V 77650'0' float 4 I DUI (others) 
DMI1-BB Modem Ctr. MUX (DHII) 2.8 7750'0'0' float I DMll-BB 
DNII Auto Calling Unit SU Note 6 70'0'9562 0'-40' 20'-90' 1.4 D.IOA@± 15 V 77520'0' float 4 1 DNII 
DPII Synch Line Inter SU Note 9 70'0'9562 0'-40' 20'-90' 2.5 D.IOA@± 15 V 77440'0' float 5 I DPII 
DQll -DMA Sync Line SU 70'0'90'99 70'0'9563 10'-50' 10'-90' 5.7 0'.0'4 A Ca) + 15 V float float 5 X I DQII 

Interface 0'.0'7 A (ill -I 5 V 
~ 

DRII-B DMA Interface SU Note 6 70'0'9562 10-50' 20-90' 3.3 772 410 124 5 'X I DR11-B 
DRII-C General Interface SPC 10-50' 20'-90' 1.5 767770' float 5 I DRII-C 
DTD3-F UNIBUS Switch PAN 5% 2 user 7 I + I DTD3-F 
DXII IBM Chan. Interface CAB X 180' 10-55 10-90' 2.5 30'0' 77620'0' float 4-7 X I DXII-B 
GT4D Graphics Terminal TT 18 X 20' X 24 150' 15-35 20'-80' 15 150'0' float float I GT4D 
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MECHANICAL ENVIRONMENTAL POWER PROGf!:! MMING UNIBUS 
Model Description Mounting Size Cab Weight Power Harness Oper Rei curl needed/ (supplied) Power 1st Reg Int BR NPR Bus Model 

Number Code (H X W X D) IncI (Ibs) Early New Temp Humid +5V 115Vac/Other '. Dis Address Vector Level Loads Number 
(inches) (C) (%) (amps) (W) 

( H312-A Null Modem H312-A 
H720-E Power Supply (BAll) 30 0-50 20-95 (22) 6 (WA)@-15V 700 H720 
H722 Transformer (pC 1 I-A) 1.5 A @ 230 Vac H722 
H742 Power Supply (H960-D) 8 (1A)@+15V H742 
H744 +5 V Regulator (H742) (25) H744 
H745 - 15 V Regulator (H742) (lOA)@-15V H745 
H746 MOS Regulator (H742) (1.6 A) @ 23.2 V H746 

(3.3 A) (iiJ 19.7 V 
(1.6A)@-5V 

H754 +20, - 5 V Regulator (H742) (8 A)@!+20V H754 
, (1 A)@-5 V 

H933-C Mounting Panel SU H933-C 
(H803 blocks) 

-
H933-D Mounting Panel SU H933-D 

(H808 blocks) 
H960-C Cabinet FS 72 X 21 X 30 X 120 H960-C 
H960-D Cab (I drawer) FS 72 X 21 X 30 X 300 7008754 7009566 (75) 8 (20 A) @' - 15 V 900 H960-D 
H960-E Cab (2 drawers) FS 72 X 21 X 30 X 470 ~ 7008754 7009566 (ISO) 16 (40A)@-15V 1800 H960-E 
H961-A Cab w/o side pan FS 72 X 21 X 30 X 120 H961-A 
KEII-A Ext. Arith. Elem. SU Note 6 7009562 4 777 300 1 KElJ-A 
KGll:A Comm Arith Unit SPC 1.5 770700 1 KGll-A 
KWII-L Line Clock MOD single ht 0.8 777 546 100 6 1 KWII-L 
KWII-P Programmable Clock SPC 1 772 540 104 6 1 KWII-P 
LA30 DECwriter FS 31 X 21 X 24 110 15-35 20-80 3 300 LA30 
LCIl-A LA30 Control SPC 1.5 777560 060,064 4 1 LCll-A 
LPII-F Printer (80 col) SPC + FS 46 X 24 X 22 200 10-43 15-80 1.5 2 250 777 514 200 4 1 LPI1-F 
LPII-J Printer (132 col) SPC +FS 46 X 48 X 25 575 10-43 15-80 1.5 4 500 777 514 200 4 1 LPII-J 
LPII-R Ptr (heavy duty) SPC + FS 48 X 49 X 36 800 10-43 15-80 1.5 17 2000 777514 200 4 1 LPII-R 

( 
LPSII Lab Periph System PAN 5~ 80 5-43 20-80 3 300 float float 4-6 opt i LPSll-S 
LSII Line Printer SPC + TT 12 X 28 X 20 155 -5~38 ---- ----5=90 -_._-- --- --1-;5-- - -3----- -- --------- -- -_._ ... ~.--- ---300----- 77'7-514--- 200 4 1 LSll 
LT33 Tetetype FS 34 X 22 X 19 60 15-35 20-80 2 200 LT33 
LVII Electrostatic Ptr SPC + FS 38 X 19 X 18 160 10-43 20-80 1.5 5 600 777 514 200 4 .J. LVll 
MI05 Adrs Select Module MOD single ht 0.34 M105 
M783 Bus Transmitter MOD single ht 0.2 M783 
M784 Bus Receiver MOD single ht 0.2 M784 
M785 Bus Transceiver MOD single ht 0.1 M785 
M792 Diode ROM SPC 0.23 773000 1 M792 
M795 Word Count MOD M795 
M796 Bus Control MOD M796 
M920 Bus Jumper MOD M920 
M930 Bus Terminator MOD double ht 1.25 M930 
M1501 Bus Input Interface MOD single ht 0-70 10-95 0.3 M1501 
M1502 Bus Output Interface MOD double ht 0-70 10-95 0.75 M1502 
M1621 DVM Data Input MOD quad ht 0-70 10-95 0.78 Ml621 

Interfac~ 

M1623 Instrument Remote MOD quad ht 0-70 10'-95 1.6 M1623 
Control Interface 

M1710 Unibus Interface MOD & quad ht 0-70 10-95 0_79 opt M1710 
Foundation SPC 

M1801 16-Bit Relay Output MOD quad ht 0-70 10-95 1.46 M1801. 
Interface 
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MECHANICAL ENVIRONMENTAL POWER PROGRAMMING . UNIBUS 
Model Description Mounting Size Cab Weight Power Harness Oper ReI Cur needed/(supplied) Power 1st Reg Int BR NPR Bus ModeJ 
Number Code (H X WX D) Incl (Ibs) Early New Temp Humid +5 V I 115 Vac"/ Other Dis Address Vector Level Loads Number 

( 
(inches) CC) (%) (amps) (W) 

I 

M7820 Interrupt Control MOD single ht 

I 
M7820 

M7821 Interrupt Control MOD single ht M7821 
MEII-L Core Memory (8K) PAN 514 0-50 10-90 5 125 , 1 ME11-L , 
MFll-L Core Memory (8K) 2SU Note 7 Note 8 0-50 10-90 3.4 6A@-15V 125 1 MF11-L 
MFI1-LP Parity Memory (8K) . 2SU Note 7 Note 8 0-50 ~0-90 4.9 6A@-15V 125 I 2 MF11-LP 
MFI1-U Core Memory (16K) 2SU Note 9 7009535 0-50 - 0-90 4.5 3.5 A@20V 120 i 1 MFll-U 

0.5 A@-5 V ! 
: 

\~ MF11-UP Parity Memory (16K) 2SU Note 9 7009535 0-50 0-90 6 3.4A@20Y 120 I 2 MF11-UP I 

.0.5 A@-5 V I 

-
MMll-L Core Memory (8K) (MF11-L) 0-50 10-90 1.7 0.5 A@-15V 125 1 MMll-L 
MMll-LP Parity Memory (8K) (MF11-LP) 0-50 10-90 1.7 0.5 A@-15V 125 1 MM11-LP 
MMll-U 4.5 0.5 A@20V MM11-U 

0.5A@-5V 
MM11-UP Parity Memory (16K) (MFll-UP) 0-50 0-90 4.5 0.5 A@20V MM11-UP 

0.5A@-5V 
MRI I-DB Bootstrap 2SPC 0.6 

, 

i 2 MRI I-DB 
MS1 I Semiconductor Mem {I 1/45) 0-50 10-80 772 100 ! 114 1 MS11 
PCll Paper Tape SPC + PAN lOh 50 13-38 20-95 1.5 3 350 777550 070,074 4 1 PCll 
PDM70 Programmable Data TT 514 X 19X23 X 55 0-40 10-95 115 Vac 250 PDM70 

Mover 230 Vac 250 
PR11 Paper Tape (rdr) SPC + PAN lOh 50 13-38 20-95 1.5 3 350 777 550 070 4 1 PRll 
RCI1-A Disk & Control PAN lOh 115 17-50 20-80 2.2 250 777 440 210 5 X 1 RCIl-A 
RF11-A Disk & Control PAN + PAN 16 + 16 X 500 17-33 20-55 6.5 750 777 460 204 5 X 1 RF11-A 
RK05 Disk Drive PAN lOh 110 15-43 20-80 2 160 RK05 
RKII-D Disk & Control SU+PAN lOh X 250 7008992 7009562 15-43 20-80 7.5 2 200 777 400 220 5 X 1 RKll-D 
RP03 Disk Drive FS 40 X 30 X 24 415 15-33 10-80 6 A@230Vac 1300 RP03 
RP11-C Disk & Control CAB + FS X 740 15-33 10-80 7 6 A@230Vac 2100 776710 254 5 X 1 RP11-C 

( 
RSll Disk Drive PAN 16 100 17-33 20-55 2 200 RSll 

RS64 Disk PAN 10h 65 17-50 20-80 2.2 250 RS64 
RTOI Numeric Data Entry TT 6.5 X 12.5 X 15 X 12 0-40 10-90 0.25 @ 115 Vac 30 RT01 

. Terminal 0.12@ 220 Vac 
I RT02 Alphanumeric Data TT 6.3 X 14.4 X 16 X 14 0-40 10-90 110 Vac 50 RT02 

Entry Terminal 220 Vac 50 
TAll Cassette SPC + PAN 514 10-40 20-80 1.5 1 120 777 500 260 6 1 TAll 
TCll-G DEC tape & Control PAN + PAN lOh + lOh X 250 15-27 40-60 9 870 777340 214 6 X 1 TCll-G 
TMll Magtape & Control, PAN + PAN 26 + 10h X 500 15-27 40-60 9 1000 772 520 224 5 X 1 TMll 
TUlO Magtape Transport PAN 26 X 450 15-27 40-60 9 1000 TUlO 
TU56 DEC tape Transport PAN 1O~ 80 15-27 40-60 3 350 TU56 
UDCll I/O Subsystem CAB 5-50 10-90 15 1700 771 774 234 4,6 2 UDCll 
VR01 Display PAN lOh 30 10-50 10-90 1 120 VR01 
VR14 Display PAN lOh 75 10-50 10-90 4 400 VR14 
VT01 Display TT 12X12X23 50 0~50 10-80 2.2 250 VT01 
VT05 Alphanum Terminal TT 12 X 19 X 30 55 10-43 8-90 2 130 VT05 

C-7 



( 

( 

I, 

l) 



, PDP-ll/45 AND PDP-ll/50 
SYSTEM MAINTENANCE MANUAL 
DEC-ll~H45SM-E-D 

Reader's Comments 

Your comments and suggestions will help us in our continuous effort to improve the quality and usefulness of 

(. our publications. 

: What is your general reaction to this manual? In your judgment is it complete, accurate, well organized, well 

. written, etc.? Is it easy to use? 

: What features are most useful? 
: --------~----------------------------------------------

C- . What faults do you find with the manual? 

Does this manual satisfy the need you think it was intended to satisfy? 

Does it satisfy your needs? __________ _ Why? _______________________________ __ 

Would you please indicate ap.y factual errors you have found. 

Please;'descHbe:'yotlrposftihn .;,t·Y<';'''fii~' ,-to,.,,: .. ·";·~'~";',.c;;~" ,. :.:""i(if.:·:.·.·, .. c· •. ,· ..• v,· ,i·'.:;:~ . P 

,.:",--,: '~.'·;,::i,0.:~;-~.~)., ......... !.. ::(,~~:;~~ "·:~,::t· 

Organization' _______________ _ 

( Department 
1 " .~,_':~;~~<:<; .-:": ~{~>.~<:-

City ~~~=~~~.,...... __ ___ 
",e' ~·.'«Z}~ .::;>;\,:::.-.:.!\~~"':';:?:~ -J.~ -;. :.,_ • 

Zip or Country ___________ ---,-
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