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FOREWORD

This manual describes the PDP-11/0§ and PDP-11/10 Computers. The PDP-11/05 and PDP-11/10 are electrically
identical. The PDP-11/03 s specificd for the Original Equipment Manufacturer (OEM) market and the PDP-11/10 13
gpecified for the end user market.

The PDP-11/03 is available in two versions: one provides a maximum of 8K words of core memory and the other
provides a maximum of 16K words of core memory. The PIXP-11/10 is avaiiable only with a maximum of 8K words
oy & - o .

uf core memory.

This manual is divided into four parts,

Part § Computer Description

Part 2 KD11-B Processor

Part 3 MMI1-K, MM11-L Memories
Part 4 Power Supply

Chapter outlines of each part are shown below.

Part |  COMPUTER DESCRIPTION

Chapier | Conmputer Coraponents
Chapter 2 Unibus

Chapter 3 Unpacking and Installation
Chapter 4 Operation

Part 2 KDi1-B PROCESSOR

Chapter $ Processor Gensral Description
Chapter & Instruction Set
Chagpter 7% Console Description
Chapter 8% KD11-B Detafled Description
@ Chapter 9% Microprogram Control
' Chapter 10% Ki311-B and Console Maintenance

Part 3  MM11-K and MM1{-L MEMORIES

- Chapter 11 MM11-K and L General Description

Chapter 12 MM11-K and L Detailed Description
Chapter 13 Memory Maintenance

=“Chapters 7, 8, 9, and 10 have been deleted, Current information is available in the K11 1-B Processor Maintenance Manual,

Xiii
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REMOVABLE SIDE PANEL REMOVABLE TOP COVER

i G

“ &
.
5,
/ L\‘
L 4

SLIDE GUIDE
CONSOLE

DECORATIVE PANEL 6307-2

Figure 3-2 Computer Mounting Box

BACKPLANE UNIT MODULE SIDE

COMPUTER
FAN

FRONT i :
POWER

CONTROL
CHASSIS

POWER SUPPLY FAN POWER SUPPLY INTERNAL SCL CABLE 63076

Figure 3-3 Computer Box With Top Cover Removed
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Figure 3-4 shows the mounting box with top cover and side panel off, and the processor and memory modules
plugged in. In this case, the computer is a Configuration 2 machine, using an MM1 1-L, 8K memory unit. Three small
peripheral controllers are shown with the external cables attached. A G727 Grant Continuity Card is in the top
peripheral slot and an M930 Unibus Terminator Card is in slot A3, B3. In Figure 3-5, the Unibus cable is in place,
replacing the Unibus terminator card.

Figure 3-6 shows the mounting box without modules. The path of the console cable is under the M7260 Processor
Module, then up and over to plug into the top of the M7260. The module guides aid in inserting the modules into
proper slots,

Figure 3-7 is a rear view of the mounting box with attached rack-mountable slides. If the computer contains
peripheral controllers outside the mounting box, the Unibus is extended from under the top cover. The power
control circuit breaker protects the power supply from overload. It is rated at 7A for 110V units or 4A on 230V.
The SCL connector and ac remote power control connectors are also shown.

UNIBUS TERMINATOR G727 GRANT CONTINUITY CARD

FRONT

SLIDE RELEASE PERIPHERAL CABLE CONSOLE CABLE SMALL PERIPHERAL CONTROLLER

6313-3

Figure 3-4 Computer Box with Top and Side Covers Removed

UNIBUS CABLE AND UNIBUS CABLE CLAMP

63134

Figure 3-5 Computer Chassis (showing peripheral cables and the Unibus)
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CONSOLE CABLE CLAMP CONSOLE CABLE MODULE GUIDES

CONSOLE CABLE CONNECTOR

Figure 3-6 Mounting Box Without Modules

UNIBUS CABLE

POWER CONTROL ,LINE CORD AND
CIRCUIT BREAKER ASSEMBLY

BEZEL HOLE >

I/0 CABLE

CABINET POWER
CONTROL CONTACTS

UNIVERSAL I/O
CABLE CLAMP

SCL CABLE
(LETTER ON CONNECTOR
FACE UP) 5

Figure 3-7 Rear of Computer With Cable Strain Reliefs
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3.4 INSTALLATION

er mounts in a standard 194
e z“’:eum the unit, et the ibxed portion
: slides can be removed from the computer by actuating the :’itde refease ;huwn in { igure 3-4' Be sure to mount
the slides so that the fixed guides are parallel and level with the ground.

1

340 Mounting Computer on fnstalled Slide

slide it

o tha

Once the slide guides have been scourely fastened in *‘nm m*wwf m*m ;m mhf SCTEWS, uf’f *hf* computer an
fully onto the ¢ide pudes until the siide rele

Lo tear anv existing cabling.

front mounting screws. Tighten all eight cabinet siide mounting screws, Sﬂid& the computer back and forth and check
for binding of the slides. If there is binding, repeat the above procedure until it is eliminated.

]

cks, As shown in Figore 34, the panel on the
,;u‘:x us if reguired. The

Tha mmru.tm should the

be fully f"f‘rmdm until the ?sz*ﬂ* release

cof Iinz antas and il iT\‘

u’saﬂ in g

i, Remove the console Jw%i frowa the computer by removing the four screws at the rear of the bezel, being
careful not 1o tear the cable that connects the console and processor.

2. Dxill the partial 7/32-inch holes at each top inside corner of the bezel through from the rear of the bezel.
3. bore the 7 h helss 2t the front of the console bezel

acconmoiate the fuu fead of o 10-32 machine sorw,

4. Replace the console bezel.

5. Use two 1032 by 2-inch Phillips-head screws and two Tinnerman nuts (PN 9007786) to secure the
computer to the cabinet rack through the bezel holes at the desired rack position.

6. To make the 1332 by 2 b wide

pracee, noeach 1033 hy '

/8 LD, Oulng in each groove,

jl‘ prf b

343 Dnstallation of 1O Cabies
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and rowndd Y O cables A .
"hc‘”ﬂﬁi then be connected m ﬁ‘h‘* HPPEOT clanip
: ension on the cabies from damaging the connector block inside the computer, The wide Unibus cable, if
requn‘ed, should be folded as shown in Figure 3-5 and routed over and through a clamp attached to the top of the
fan as shown in Figure 3-7, Note that there is a guide extending from the fan that prevents the Unibus cable from
plocking air flow to the computer.
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CHAPTER 4
COMPUTER OPERATION

4.1 INTRODUCTION

This chapter assumes that the computer is installed and connected to the ac power line. It is also assumed that the
reader has access to the appropriate diagnostic materials, and a copy of the absolute loader paper tape. It is further
assumed that the user is using paper tapes to load software and diagnostics. For systems that have mass storage
services, i.e., disks or DECtape, the user should refer to the appropriate software manuals for mass storage operating
systems.

4.2 POWER SWITCH OPERATION

The key lock power switch shown in Figure 4-1 has three positions:

OFF — Fully counterclockwise
POWER — 90° clockwise from OFF
PANEL LOCK — 180° clockwise from OFF

In the OFF position, ac power is removed from the primary of the computer power supply, and the cabinet power
control contacts are open-circuited. In the other two positions, the ac power is applied to the computer power
supply and the cabinet power control contacts are short-circuited. In the POWER position, the console function
switches (the right six switches in Figure 4-1) are fully operative. In the PANEL LOCK position, the console
function switches have no effect on the computer’s operation. PANEL LOCK is used to secure a running computer
from mischievous tampering.

ADDRESS/DATA FUNCTION
SWITCHES (16) SWITCHES (6) KEY LOCK

63131
Figure 4-1 Console Illustrating Switch Movements

4-1



4.3 FUNCTION SWITCHES
The right six switches in Figure d-1 are called function switches. They are listed below in order of their appe
froyn fert to right.

ArAnce

1. LOAD ADRS (load address
2. EXAM {examine}

3. CONT {continue}

4. ENABLE/HALT

5. START

6. DEP {depasit)

"Pf"”h‘ﬂ"‘ switch in Figure 4-1. The
EMABRL .A./HWT are

the 2xception of

4.4 ADDRESS/OATA SWITCHES

The 16 ADDRESS/DATA switches are to the jeft of the function switches (Figure 4-1). These 2-position switches
mpmmm 4 man nahx set fip-tlop rogs ~“n the up position representing 2 logical © and the down position a

| be used o conjunction with the function switchas or in conjunction
: JDATA 5 reterred to as the
e Switch 200 because

5

& compiter’s ¢
B du: urnentation. In Fig
others are sef to a O,

4.5 CONSOLE INDICATORS

4.6 CONSOLE OPERATION

The following paragraphs describe the operation of the functon switches. Table 4-1 indicates the meaning of the

ADDRESS/DATA lights for all cases where the contents of these lights are defined.

4.6.1 Load Address Switch

: ' s the comp ufw is halted causes the
sio f:d i a mm‘um: v register witmu ifie compuier. This data i also displ
verification. The load address operation performs the m fowing functions:

tz of the .;a:"
> ADDRESE/

a. sus address for a subee “amine operation.
k. : ! it operati
C.

4.6.2 Examine Switch

The EXAM switch permits the display of the contents of @ selented Unibus address in the J'LDPR}:*’%S*’D *(JM E E;E 15,
: srontiate addiess in the Switch Register and dopress thie LOAD ADRS swit
teh. The contents of the selected add hen be displayed in the ADD]

‘fFH

,»‘\)

Several features are boilt into the examine function to aid in programming the computer.

A, While the EXAM switch is depressed, the address to be examined is displayed. The data iself is displayed
when the switch is refeased,

b, If the EXAM switch is repeatedly depressed, the Unibus address is incremented by two on each

: n¥, This permits the ewamination of a list of add without repeated load address

The Unibus address is incremented by one when examining general regisiers,

42

#

o



o~ Table 4-1
Significance of ADDRESS/DATA [ndicators

Action Quatification latormation Displayed In
ADDRESS/DATA tudicators

-
Power On {. ENABLE/HALT swit 1

HALT position

’ : AHALT switch in 2.
ke ,w’sB[i pusition

¥ .

Load Address LOAD ADRS switch depressed

ot

Examine EXAM switch depressed Unibus address that s to

2. BXAM swit

Deposit b4

[

DEP switch released Cfontents of §
which is the

RUN Light On Urdefined

Program Halt i

2. 2.

ime
error occurred

gmﬁ i START w

xecution . .
) 2. CONT switcl

nou-existent memory, i i

t SRAT '1?1}11‘»‘ the gen

=)

13t sequentia

fy) hvte AL é 3
increment
EXAM swi




 siate or whep i

: that it be

t té'u, instruetio

depositing into

tions affect full 16-bit

%)

s
ih

halt at end of
TUupts aps wil
ich }‘;tap through pm aimns
5 may
ver-up

2. The program siatus word is reset to zerg

b the LOAL ADRS

4.4

S




RS,
sy
£ '

Ubserve the following precauiions when using the START switch:

a. I the keylock s not in the PANEL LOCK position, depressing the START switch while 5 program i
runining initializes the computer systern and restaris the program

b, Ttis good prastice fo precede every program start with a load address operation.

uid not be staried at 2n odd addre the first é’s?a
will be attempted. It the stack pointer, K6, i
= destroyed,

program sh
odd address
NIGTY 1iEy

1

{3153

4.6.6 Continue Switch

CONT s
we g halie
reieased,

118 used o conting rogram without alt
»d program, depress and velease the DONT sw

The CONT switch is used wi
CONT switch is actuaiw

INABLE/HALT switch to step through programs one in
ABLE/HALT switch is in the HALT position (Vig
s are serviced in single insiruction mode, In single

‘.waazed is displayed in the hghts.

ok

neat mstmuuua to be

4.7 UNCONDITIONAL COMPUTER AND UNIBUS INITIALIZATION

initialization of the computer svstem usually occurs becan
posit into, non-exist memory from the console. However, a penphw

aniy be © > by 1 izing the system from the console. The proceduors i
with the ENABLE/HALT switch in the HALT paosition.

4% LOADING PROGRAMS FROM PAPER TAPE

nagser tape fnpyt). Ho Y, thk i xﬁ*;mter »az“
Fhe: : w35 the first ;
us,iiimte ﬂli‘}

e —»»tapx )""{ju. Thg i
speed reader i3 DEC part

¥ ;mber ?C*‘ ‘

m instructs the computer to aceept and stors in core data that is
Boox:atmp Loader 13 used to load very short paper-tape programs of §
fute Loader snd Menuny Dump progiams), Prograsas longer than 162@, t
te binary format using the PAL-11A Assembler and foaded into memory uvsing the Ab*“

The Absolute Loader {Par
y formai o be o
software (excluding certain s

graph 4.8.2} is a system program that enables data p\mbned on paper- iiik. in absch
i into any available memory bank. I3 15 used peimarily 1o load the g a
ubprograms) and object programs assembled with PAL-11A,

The loader programs are foeded into the upper most area of avallable memory so that {
with system and user g}},’(}ﬁaﬂl& When writing programs, the Jocations used by the lo
without restormy their contents; otherwise, the toaders will have 1o be reloade ad because ¢
attered them,

id not be used
m will bave

Memory Dump prograns sse used 1o print or punch the contends of spe 3 : j
developing or debugging user programs, it is often necessary {o get a copy of the g}wawm or portions of memory.

4-5



in the paper-tape software systcn* ix?&ﬂ’l‘l x&mch pnqzx of gxmches the
tions of ory; and DUMPAR,
suitable for loading with the Absclute 35}3’.‘25?

e
50@}%&;'&&:& Luader ars Hsted in

;%Ee 4.2
sader Instructions

Instruciion

Note in T

"766 should veflect the

05 ?”?4—3
077744
117744

LA W aa pad o

157744

4-6




ain the device

The contents of ’loaatieﬁ XXT7776 (Y ?”&"?’Y'Y in the instruction column of Table sfm)s ~5w=11c1 cont
¢ he used when ioae.iu.
ress is specitied as &

oy

ngh ’Sirsﬁﬂ Paper-Tape Reader — ?7?5 50

e computer initial

48.1.1 Loading the Loader Into Memory — With ¢
togsle in the Bootstrap Loader as explained below.

1. 2 Switch Begister (SR} and press LOAD ADRS switch (XX7744 will he d
2. Hoand Lift DEP switch
NOTE
When depositing data into consecutive words, the DEP switch
sytomatically increments the address 1o the next wosd,
3. wtruction, 000026, in the SR and Hift DEFP switch. Continue to deposit subsequent
4,

MOTE
it is 2 good programming practice to veafy that 2l

ail }

instructions
are stored correctly. Proceed to Step 4.

6. Ret XX7744 i the SR and press LOAD ADRS switch,

7. Em:a fon XX7744 will be 531813”
f the w ion is o0
9. il all instructions have been verified or go t¢ 5
NOTE
Whenever an incomrect struction is displayed, i can be
sorrected by performing Steps 10 and 11,
10. displaved in the ADDRESS/DATA registe
The contents of the SR will be deposited in the location &
1.

The Bootstrap Loader is now in core. The procedures above are illustrated m the flow chart of Figuie

4.7



VUSSR SU—
f“"“‘""""“—"‘““"‘*‘*‘*‘:"““"{ Press EXAM  fa——y

|
|
%

into mer: S {
det code (AS{‘Es code 35 : or lape 5% is ¥ the Absolute i.madarﬁ_

the bﬂi‘r“f*ﬁl” tape i
words. The paper-tape input devics
explained helow:

ting any
used is specified in mmhﬁr‘

x'C'

i, BSetthe ENABLE/HALT switch to HALT.

2. Place the bootstrap tape in the specified reader with the special hootstrap Jeader code over the reader
sensars (under the reader station).

3. Setthe SR to XX7744 (the starting address of the Bootstrap Loader) and press LOAD ADRS switch.

4. Set the ENABLE/HALT switch to ENABLE.

switch. The bootstrap tape will pass through the reader as data is being loaded into

e



6.

The procedures above are illustrated in the flowchart of Figure 4-3.

olstrap taps

The bootstrap tape stops after the last frame of data (Figure 4-5) has been read into memory. The
program on-the bootsirap 18 now in meinory.

With Bootstrap
Loader in Sare

|
i
¥,

Set ENABLE /HALT

to HALT

i
¥

Place Bosisuap Tope
in Specifisd Reader

'

forotcng

set SF woax 7744

b o

H

—

Press LOAD ADDR

;
g

Set EMABLE/HALY
10 ENABLE

g P

Tape Regds inond
Stops af Eng of Dota

Datg i m Dore

following reasons:

4.8.1.3 Bootstrap Loader Operation — The Bootstrap Loader source program is shown below. T

The Boots
Explanatio

EZ‘._.%‘I(;

Ses Figure 4-2

Code 332 must be
over Reader sensors

1218

Figure 4.3  Loading Bootstrap Tapes Into Memory
2 2 P oaag k

Rootstrap Lnader not correctly loaded
Using the wrong input device
Code 351 not directly over the reader sensors

Bootstrap tape not properly positioned in reader

DEC-11-GGPB-D.

s of the program and PAL-11A are found in the PDP-11 Paper-Tap

B

s not read in immediately after depressing the START switch, it &5 due to one of

tem).

-
gt

ol
@

arting address



00006

ER

START: | ADDRESS,

005211 1A RS

100375

0000UG IT DEVICE

BAL-11A. T}

4-10




There are two types of relocated loads:

a. ”i;aaaiing 1o aontinue sm;s wbare he ;i‘uugr ieﬁi e

Feg te %ﬁjz}i@l immediately h“,

b.  Loading into a specific mea of memory is i normally when

programs, A position indepondent pr , ;
memory. The program is written using the p(}\mm: wdepmmem afzstmcfm'* fot
specified b ing the Switch Register to the Toad uddress ¢ dding | 1o i1 {ie., s

Optional Switch Regisier settings for the thre

Switch Register
Type of Load Bits 1-14 Bit 0

Noral {ignored) 4]

ed - load in
d area of memory

The absolute tape may be loaded using either paper-tape reader. The <
available memory (XX7776). The input device status word muy be char

tape. With the Absolute Loader in memory, absclute tapes are joaded as ¢

i. %rt *he E_N;aﬁl iHAL ﬁ:ts:h to ?z LI i To w

Ret the SR 1o reflect the desired type of load.

4., Place the ah

¢ tape in the proper reader with b ATS0L,

o
L

St ENABLE/HALT switch to ENABLE.

6.  Press START switch. The absolute tape will begin passing through the reader station as data is being
isaded into memory,

iute Loader is

if the absolute tape doss not begin passing through the reader station
eotly. Reload the loader and start over at Ssep 1. If it halts in the middls
in the last block of data read in.

<

Normally, the al ape will stop passing ¢ sh the reader staﬁm
penerated ﬁy the staterment END, denoting m& end of a progra

iow byte of RO is 0%, If o, the tape is correctly loaded. If o .
iust loaded, indicating that some data was incorrectly loaded, The tape should h‘e relcaded Mmmg at s .@p !

—

*To read RO, load address 177700 and press EXAM switch.

4-11




4.8.3 Memory Dumps

;% %’iemvry Lu;.ip prograr

of the contents

ed on punch

1 both dump programs follow:

the Bootstrap Loader (Paragraph 4.8.1.2). When the

if an absolute binary {ape i selected e Absoiuie Loader (P

wen the
toai ster

wﬁ I wait in an input loonp, h} such a case, the program may be

4-12




manually initiated, however, this praciice is not recommended because thers 5 no guarantee that load srrors will not
scour when the end of the tape is read.

The transfer block is generated by p%f‘x"(}rming Step S with the wansfer addiess in the Switch Register
with the transfer address nwnus 1 in the ch Hegister. I the tape @& not to be weifsts
address must be specified in Step 5 {e.g., 000001 ).

G

4.8.3.2 Output Formats - The octal output from DUMPIT is in the following format:
XXXXMOGYYYYYY YYYYYY YYYYYY YYYYYY YYYYYY YYYYYY
Where XXX XXX is the a

which starts at Jocation
per jine, but there can be

ched, angd YYYYY words
e of cutput. There are only e

The output from DUMPAB is in absolute binary.

8.3.3 Siorage Maps — The DUMPIT program is 87 words long. When used in absolute format, the s
‘f‘; own in Figure 4.4,

AXT500

Y

RXTF474

KAKRKKFL56

T

KEXEXX=¢

Figure 44 Ab

4-1
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When used in bootstrap format, the siorage map is as shown in Figure 4.5,

XX7776

Figure 4-5  Bootstra: Format

S,
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CHAPTER
PROCESSOR GENERAL DESCRIPTION

51 KDI11-B DEFINITION

?hwﬁca‘zi» %é e KDH% ;:rf?«sis‘ts nf ?wn 8 1;”? %‘m §f‘:’> inch modules, the M7260 and M7261. Each module contains
: ‘ MOS-LSI 40-pin
a:m.grati:d L«Ji)iﬂ“{ u,nc.;& on the M?"’}iﬁ, th\ Mi}S circuit is the ser Ly receiver and
fransmitter. All other integrated circuits used on the KD11-B are bipolar. The connections between the two modules

made through the backplane.

The KD1I-B programmer’s console interfaces fo the processor via a 40- ‘w%ducm cabie that is attached to the
M7260 wmodule. The console i described o detail in the KB Processor Mamtensoce  Manua,
DEC-11-HKDBB-A-D.

872 KDII-B AND THE UNIBUS
The processor is interfaced with memory and most peripherals by the Unibus as shown in Figure 5-1. The KD1 ?-B is

capable of arbitrating hus requests {BR) and non-processor requests (NFPR}Y as they are asserted onto the Unib
the connected peripherals.

The line chock and the serial conumunications line {SCL) do not interface with the processor viz the Unib
traditional PDP-11 sense: both connect to the K1 1-B through an internal bus. For most programs, these pe{”}{‘hf*xa s
are indiam‘wmmb}c %mm their appearance on other PDP-11 implementations. In other wor\is} the g;mg,am ma

c tne clock and the serial comununications Line by using instructions that move data to and from the Unibus
{i ress speufled for these peripheral options in the PDP-11 Peripherals Handbook. T!'ﬁs‘e U}“i"}{ia 3édresses are as

Status Register Address = 177546

b er Status Register Address = 177560

c. Sa L Recuver Buffer Register Address = 177562

d.  SCL Transmitier Status Register Address = 177564
e. SCL Transmiiter Buffer Register Address = 177566

and SCL te be addressed by any devices attach
is not possible to perform NPRs to the %{“‘L from a

it is not possible for the line clock
KD11-B processor. For example, it
DECtape unit.

The SCL input/output is available for connection to such devices as the LA3D DECwrter, the VOS5 URT Terminal,
or the Model 33 ASR Taletype. These SCL inputfoutput signals interi"a’** at the fingers of the processor’s M7260
module via a Berg connector located on the rear of the computer chassis as shown in Chapter 3.
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e PATH
e CONTROL
’ {DPC)

fy-1214

Figure 3-3 Instruction Interpreter Block Diagram

54 MEDIUM AND LARGE SCALE INTEGRATED CIRCUIT REPRESENTATIONS

MSI and LS integrated circuits (Figure 5-4) are represented in the KDI1-B print set as ractangles with mputs on the
it and outputs on the right. Contro} lines often enter the IC from the bottom. The functional deseriptions of the
1-B MSH and LST ICs sre contained in Appendix

,w
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14 15
1 i
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150 A3 i
i
2od 82
"‘fc fp P13
21Q A2 74181
INPUTE 4 ALU
Lood e eoz7 :
) fy P
230 A

14197

54 ALU, MBI Circud

5.4.1 Microprogram Documentation

. microptogram is documented at three levels in the print set. The first level is the mmmy&mvmm flow lam;zg
(K MP-KDN-B-1), at this level, the microprog 5 described in terms of register i
symbolic lsting (K-MP-KD11-B-2} shows how microprogram aceamplishes ,
miicroprogram listing are symbolic; e.g., scratch pad addres R7.; Eh\ binar quwalc*
microprogiam binary Lsting (K-MPEDIT1-B-3}, whic he binary s of ¢
microprogram. The microprogram cross reference listing lists the microprogram by address (K-MP- M}E 1-B-4}. }"hc,
sricroprogram is discussed in detail in the KD11-B Processor Maintenance Manual, DEC-1 1I-HKDBB-A-D.
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CHAPTER 6
INSTRUCTION SET

6.1 INTRODUCTION
T’he KD11-B is defined by its instruction set. The sequences of processor operations ure selected according to the
wstruction decoding. This chapter contains tables that describe the PDP-11 instructions and instruction set
ii ssing modes, Instruction set differences betwesn the PDP-11/05, 11/10 and PDP-11/20 are listed in Table 6-8.
5.2 ADDRESSING MODES

8.2.1 Introduction

t be acee and manipulated. Dats handling &
é;cates:

Data stored i memory o
ADD, ete.) which usually in

wotion {MOVY,

cified by 2 PDP-11

a.  The function {operation code).

for locating the source operand and/or & gene

s

b. A general purp
the destinat

FUIPOSE roy

c. An addressing

be used}.

ge portion of the d
PDP-11 45 designed io undle structurs
instruction in any of the following ways:

a.  Asaccumulators. The data to be manipulated resides within the register.

S
e
[

b, As pointers, The contents of the register are the address of the operand, rather than the operand itse

c. As pointers that automatically step through core locations. 5 % /
consecutive core locations is termeé ﬂms;mcremem addre&'*zmgj mtomatwain stepping rsackwai i3 is
termed avtodecrement addre data,

d.  Asindex registers. In this instance, the contents of the register and the word following the instru
are summed io produce the address of the operand. This allows easy access o variable en

POP-11s also have st c ion addressing mf:x% sns;f's?;rinaiims that facilitate temporary data st
convenient handling of data that must be §req v accessed. This is known as the “stagk”




control;

er 6 as
operand. Figure €-1 shows the
s o * ioion
]
Figure 6-1 Address

£y
i
o

PDP-11 instructions

et
o

states)

yte instructions for the respective instruet
ructions




&y

Py

W

Table 6-1
Addressing Modes

Binary

Assembler

Cade Name Syntax Function
DIRECT MODES
00 Register Rn Register contains operand.
LR Autoincreme {(Rny + Remtcr Oﬂiﬁlhs :ﬁ:}l egs of operand. Register conients incre-

-{Rnj

KR

mented &

wntents de
ess of op

Register ¢
containg 353 d

owing ihe instructic
1 , Neither X nor




Table 6-2
Addressing Times

Addressing Format Time {(us}

Mode Description Symbolic Source™ Destination ¥

0 Regigter R 0 0
0.9 2.4
0.9 2.4

2.4 34

1 Register Deferred

4 Autodecrement ~ (R} 0.9 2.4
24 34

Autodeg
Deferred

6 i Indexed X (R}

7 Index Deferred X (R}
or @ ( ﬁ}

[

SN
£
1

sdd byte addressing.

sing with a non-modity

g with a modifying

Eving inst

64
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PART 3
MMI11-K AND MM11-L. MEMORIES

Part 3 provides both general and detailed descriptions of the MM11-K and MMI11-L
¢ore memories that are used in the PDP-11/05 and PDP-11/10. Mamntenance
mformation is also included. The chaptors of Part 3 are:

Chapter 11 -- MM11-K and L General Description
Chapter 12 — MM11-K and L Detailed Description
Chapter 13 — Memory Maintenance
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CHAPTER 11
MM11-K AND L GENERAL DESCRIPTION

L1 INTRODUCTION

This chapter provides the user with the theory of operation and logic disgrams necessary to understand and maintain
the MMI1-K and MMI1-L Read/Write Core Memories. The level of discussion assumes that the reader 13 fanubar
with basic digital computer theory. Both general and detailed descriptions of the core memorigs are included.

Although memory control signals and dma pass through the Unibus, it is beyond the scope of this discussion 1o
led description of the Unibus is presented io the PDP-11 Peripherals

describe the operation of the Unibus. A dets
Handbook,

i1.2 GENERAL DESCRIPTION

This parapraph provides a physical desoription and specifications for the nsemory, The major functioeal wnits of each
memory are briefly described, and the basic memory operations are discussed.

11.2.1 Physical Description

The MM 11K provides 4096 (4K} 16-bit words: the MMI1-L provides 8192 (8K) 16-bit words, Both configurations
require three standard 8-1/2 inch wide modules: two are hex-height and one 15 quud-height

The quad-height module contains the memory stack: module 1213 for 4K, and module H214 for 8K. Cne
‘h.ex-hei;zht mmiﬁ e (GI I(}} cﬂﬁtaim the cnm'"mi fogic, ie"x}‘xih\'t driveﬁ sense am;v’hﬂers, ané 1(“'3-'bit (}ata rﬁgi%ei": ihe

}"’imm«-;@in mmpxzt;bmw emsta E‘M‘Mm r%m Cy 1?\, }::.;r and k mnmmnm s:}f hmh rhmc modu;as are aim mmmt,b}e

with the standard Unibus pin assignments.

130 Control Mndue and ﬂ
shown in Figures 113, 112, ang

ymended that the G231 Driver Module be fnstalled between the G
ok Module. ,‘hi}i{igi‘ﬁpfi% of the component sides of the modules are

it is recoy
H2 4 Bt

11.2.2 Specifications

The general memory specitications are listed in Table 11-1,



HANDLE(2) STROBE ADJUSTMENT

b
»
{
E E D c B T
6270-2
Figure 11-1 Component Side of G110 Control Module
HANDLE(2)
y o \
N
o

6270-6

Figure 11-2 Component Side of G231 Driver Module
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HANDLE (4)

%.&!\\! “ !!!!!

/o

LERRIRR B

|

1
boari

8192 X 16 BIT CORE ARRAY
WITH PROTECTIVE COVER

&%\

--; ' S
I i

Figure 11-3 Component Side of 8K H214 Stack Module

Table 11-1
MM11-K and L Memory Specifications

Type:
Magnetic core, read/write, coincident current, random access.

Organization:
Planar, 3D, 3-wire

Capacity:
4096 (4K) words for MM11-K
8192 (8K) words for MM11-L

Access Time and Cycle Time:

Bus Mode Cycle Time Access Time
DATI 900 ns 400 ns
DATIP 450 ns 400 ns
DATO DATOB 900 ns 200 ns
(PAUSE L)

DATO-DATOB 450 ns 200 ns
(PAUSE H)




Table 11-1 {Cont)
MM 11-K and L Memory Specifications

Wy ﬁs rrent Mm ¥in
m J( C*

Strobe Pulse Marging:

e
L3 ne @

Voltage Requirements:
+5V £5% with less than D05V ripple
=15V £5% with less than Q.O5V ripple

Average Current Requirements:
Stand by
+5V: LTA
-15V: GL5A
"»'femmy Active
y 3 SN““
© 6.0A

g ,w’fi“fdxﬂx (f;?%" } B 4{}“#
;ﬁhw?m Moduls ﬁf’f‘” or H“I 4y
Total at maxinum repetition

< J0W
120W

Environment:
Ambiznt temperature: 0° Cto S0° C(32° F1o 122° F)
Relative Humidity: 0-90% (non-condensing)

11.2.3 Functional Description
The memory i3 & readfwrite, andom access, q:OLi’l fdent carrent, magnetic core type with g eyele thne (
an access time of 400 ns. 1t is organized in a 3D, S-wire planar configuration. Word length is 16 bits, and the memory
is oifered in two word capacities: the MM11-K coniains 4096 (4K words, and MM11-L contains 8192 (8K) words.

The major functional units of the memory (Figure 11-4) are briefly described in the following paragraphs.

11.2.3.1 G110 Control Module — The G110 Control Module contains the memory control eireuits, inhibit drivers,
sense amphmm, data register, threshold circuit, - SV supply, and device selector.

W

3 - C«J'mnﬂ cireuits are provided fo ackn equest of the master
oy A xmw.; ﬁku{“ or DATORY is 1o

mmg ’mé control log o the desired read or wri

tine AOQ L determine

pey utm&:d &M set up the ap pfmpz ic to perfs

% the byte to be

operation. I a byte operation has been se :
The actual read or write operation is -‘seicclw by w;ztz*o& tines {(CO0 and C01). The memory control logic

also transfers data to and from the Unibus.

h bit mat contains a single inhibit/sense line that passes through all cores on the mat,
it, an inhibit current is passed through the inhibit/sense line that cancels the
: does ot switch, so it remains e the U state, With no iohibit

b Inhibit Dviver —
Towrite a0 intoa
write curreni in the Y brw The comwe
currant, the surrents in the Xe and Yidines switeh the core to the 15

114
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11.2.4 Basic Memory Opesations

The core memory has four basic modes of operation. The main function of the memory is
dats. Additicnal modes i, however, to allow for byte operation and «
3 not needed, thereby b 1 system efficiancy. The four basic memory O{\‘%Y‘“Yii‘ﬁ’ﬁ are:

nmpty to read ;md wréiie

- 4. Read/restore {DATH
b.  Read pause {DATIP)
o, Write (DATOS
d.  Write byte (DATOB).
"

four modes are dis

¢ paragraphs.

k3

Iss the following discussions, all operations refer to the master
controlling device. For example, the tenn “dsta owi”
rdicates data flowing out of the master and into the memory.

Q&
B

iim,il Data in (D&\H; Cyele — The DATI cyvele 15 a read/restore s 'gxz‘zztim;. the

2
nation irm; the UPI&.Z‘%’ d corn 10@ oy, iramim it in

crmation 2 sation i to have ne
w*mmting the restore operation decreases the memory cycle time by a
operation i used for this purpose. The data s read "{;om me;;;usy and
e cyde is used, 2 L}&TT? must always be followed by 2 write cyek

s ‘ if DA%‘ ¥ iz uot fofi

"?s%ﬂer will be unabi:
hunging the bus).

4 3 Data i}at (DA’?Q} Cyele — The DATO evele is a write memory cycle used by ¢
snsure that proper data is stored, the memory uni
ﬁéé to =}3 =*c‘~5'"»¥e ‘ééz"it ng in t 2 new shta ‘f}is

2,

4"

into the
the 3 *‘ﬁw DATIP
eging the write cycle. This

Lsf-x TO mi
pause fla

101, 'sﬁf 3
%ﬁerai

J‘w D%T 3 oyele, except

erred inte the F@;::Emi‘*? imm the bus. During the write ¢ yd{, omxs the se %utﬂﬂ i
;g, ded m‘t' the memory o ma:m ?Hv‘“} the bu& AL the same time, the i At«eé b
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CHAPTER 12
MMIi1-K AND L DETAILED DESCRIPTION
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core on the other 15 mats, The X3-Y2 cores on all mats switch to a binary 1, causing each of the 16 ¢
one bit of 2 16-bit storage cell
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Table 12-1 lists the function of each address bit. Figure 1244 is a simp
258 sefection circuits,

SEL
OSEL T s o conTROL LOGIC

| SRRESEUENUS——
H £

A

e

H
i
%
?
E
[ e S L
i
H
i
|
i
i
i

Figure 1244 Device and Word Address Selection Lo
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. , , . . _ i s
Each byte is addressable and has its own addrw*; location: low bytes are even numbered and high bytes are odd
aumbered. Words are addressed at even mumbered locations oniy: the high {odd} byte is sutomatically included.
B 3

For example, an 8K word memory has 8192 warﬁ= *}r 16 384 bytes; theretore, 16,384 locations are assigned. The
address locations are specified as Sedigit octal . The 16,384 locations for the BK mermory are designated
OG0R000 throush 037777, Figure 12-53 shows the omgan éi atum for an 8K memory.

18 817
|
i
s A BT WOR T i
|
!
vﬂ SR BYTE ] LOW BYTE
GHGooz
520004
RERE RN
I7IVA
537776

111091

e 12-5 Memory Organization for 8K Words

the binary equivalent of the octal

e address seglection 3 responds o
i shown in the following example.

ADDRESS BITS AAT:00>

P
17 S REREER TR o7 VOE 01 100 BT POSITION
o ojobe b i s leie vl le | o jemary
7
¢ 4 7 7 7 ! 2 COTAL

v fmmk {45 or 8K words} requires its own unique device address. For @
v banks {Figure 12-6). The device selector for the 8K n{}mm*miuav

§~;}] Examdnation of tm binary staies of {i bits for i
v Al @at d A 5 allow the selection of & unique comni !
selected by jumpess in the dem\, mu!or.
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included to remind the reader of the negative lc, gic convention of the Unibus.

sgative Logic)
al Asserted: Low = Logical Y
Sigral at Rest: High = Logical 0 =+3V

12.4.2 Device Selector

The &*wce selector located on the G110 Control Module (drawing G110-0-1, sheet 2} shows a logic dingram of the
i t in the 4K configuration,
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L Device Address Jumpers

Memaory Machine w5 Wé w4 w3 W2
Bank {Words) Address {Words) Al3 Ald or AU Als Al AI7L

GU0000--G1

N N IN IN [ IN
QuT N IN IN IN
N ouT IN N N
77 OUT IN IN IN
100000117776 N N ouT IN IN
120000--1377 *:m OUT N ouT N IN
T ouT IN IN
T OUT IN IN
N N IN oUT IN
.i:@OOGmEZ?S 6 OUT N IN OUT IN
240000257776 N GUT IN ouT iN
260000-277776 ouT ouT IN oUtT i IN
300000-317776 IN IN ouT OUT | IN
3206000 %“%?”‘Té OUT I ouT OuUT IN
340000--357776 IN OuUT ouT OUT IN
60—64K mggo;} 37776 ouT OuUT ouT OuUT IN
400000417776 I HY IN N ouT
420000--437776 ouUT N i IN IN ouT
440000~ 457776 N ouT IN IN ouUT
460000~ 4‘:7:’? ouT ouT IN IN OUT
517776 N N ouUT IN ©OUT
OUT N ouT IN . OUT
N ouT ouT IN ouUT
560000--57 ouUT ouT OuUT IN Yoout
£00000--617776 IN N IN OuUT ouT
£20000--637776 ouT IN IN ouUT OUT
6400006 IN ouT IN OUT OUT
£60000-67777 OUT ouT OUT OUT
700000717776 IN ™ ouT OuUT
720000737776 ouUT N ouTt ouUT
120-124K 74000075777 IN ouUT OUT ouT
124 128K 7600007777 ouT ouT OUT

34000055777

g,

Z

oo Q

=

nu}
e
[

Figure 12-8 Device Decoding Guide {Cont}

12,43 Word Belection

Word selection requires two levels of decoding. The word address bits ase placed = g dress
register: 12 bits are used for a 4K memory, and 13 bits are used for an ‘«Ex memory. qu@ b' ts from the z{?;iat“‘"
sutput are combined in a gating network. The cutputs from the gating netw ! '
semster are used as inputs to a group of decoders {Figure 1243, The outputs of th
Y-read/write switches and drivers.
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Table 12-3
Word Address Decoding Signals
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For the Yine, the circuit is from driver YPRDS to diode junction E4-9, across termination i5to mzwh Y::G? The
termination indicates the point on the stack printed circuit board where the X- or Yline is soldered. Physically, the
wire that is connected across the termination is struag through 64 cores per bit mat (total of 1024 cores in series for
16-bit memory ).

125 READ/WRITE CURRENT GENERATION AND SENSING

13

Ini addition to the addressing and control logic, four functional units are involved in generaiing current switch the
cores and detect their staie, The X- and Y-line current generators supply the drive current ima switches and driversy;
ti”s“ inhibit drivers allow Os to be written during a write operation; the sense amplifiers detect Is during a a read
yperation; and the memory data register (MDR) temporarily stores data to be written o data that has been read
frmr; the memory. The following paragraphs describe each functional unit and their interrelationship.

12.5.1 Read/Write Operaii{ms

z mﬁwx dr

vers, sense

For clarity, one data bit (DO7) of the :,eiecsed word is discussed and the text is referenced to Figure 12
@ simplified block diagram. Detailed logic for the memory data register {MDR), Unibes receivers and s ‘*’*%fus
amplifiers, and inhibit drivess for all 16 data bits is shown on drawing G110-40-1, sheets 3 and 4.

During a read operation, haif-select currents flow in the X- and Y.lines for the selected word in 1
nrrents flow opposite to the write currents; therefore, cores in the 1 state are switched 1o the 0 smici gnd cores in
s state are unchanged. Switching the core from the 1 state to the O state induces a voltage pulse in the sense
winding. This ¢ u‘z@c is detected by sense amplifier ES2 as a differential voltage on input pins 6 and 7 tha
threshold reference voitage. This pulse is amplified and when STROBE O H 1s generated at pin i1, ¢ OUfi}dx
sense amplifier ,:523 goes high. Just prior to the strobe signal, the control logic generates RESET ¢ L, which cleas
{resets) flip-flop ES4. The sense amplifier output is inverted by ES6 and sent to the preset input (pin 10) of Rif}?
fiip-flop ES4. A low on the preset input sets the flip-flop: its | -output (pin 9} is a high and its O-output {pin 8}is
iow. The high from pin 9 of the flip-flop is sent to input pin 1 of the Unibus driver E21. The other input to this g
is the data out signal. When the control logic generates DATA OUT H, the output of E21 is low (logical G
wmemory logic and logical 1 for Unibus logic). This is the readout of bit DO7 and is sent to the requesting devic
the Unibus. Timing diagrams for the sense operation are also shown in Figure 12-1

)

mt

o

The read operation is destructive: all cores at the specified location are now 0. The data that was rmd must be
restored by a vrm operation, which immediately follows the read operation. Flip-flop |
therefore, its Groutput {pin 8), which is low, is sent to input pin 9 of NANID gate E53. The contred
the inhibit driver control signal TINHO H, which is the other input to gate E te is not i‘;ﬁeffgd {pin 8 is
high), and Ei‘zz inhibit driver is not turned on. With no inhibit current in the inhibit line 1o oppose the half-sclect
Y.line current, a 1 is writien back into the appropriate cores.

faz ihis example, if bit i}(} a O in core, it does not switch during the read operation and the sutput of sense

sraplifier E52 does not go . Flip-flop E54 remains cleared (reset): its L-output {pin 9) is low and its O-output
i;:m 8) is high. When the control logic generates DATA OUT H, the output of Unibus didver E21 3 mix {logical 1
for memory logic and logical O for Unibus logic}. The O-output of flip-flop ES4, which is high, is sent to NAND gate

ES3. During the subsequent write operation, TINHO H is generated, producing a low cutput ‘«I!g{i%‘ E53, pine
sctivate the inhibit driver which in tars produces o current that opposes the Y-ine current and prevents a 1
being written into this bit of the selected word.
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the base of Q7 and turng it off. \Vit}s (,}’? off, all dynamic current flow ceases in the civenit and the negative voltage
on the base of §7 keegﬁ e circuit turned off until the output of gate E53 goes fow again,
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i2.7 DC LG CIRCUIT

A gircuit on the G231 Dnver Module (drawing
ators when power
Dpera{m& of all 1

{i231-0-1, sheet 2) open

s the - 15V supply line 1o the current
interrupied to the power supply. When pow g

ver is Lﬁs*rm; sted, the +5V suppiv is lost and
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s prevent them from destroying stored
“igure 12-19),
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LO Circuit, Schematic Dlagram

The 15V xsppiv for f’b* X~ and Y-line current generators pas

passes through transistor Q7 in the DC LO circuit. Q7
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For any transaction other than DATIP (DATI, DATO, or DATOR), the PAUSE flip-lop is not set when it is clocked
because ity D-nput is low., It vemains reset which keeps 2 high on pin 5 of E17.

When the R/W flip-flop is cleared, it puts a high on pin 4 of E17. The low output of E17 is now inverted by E15 and
sent to pin 2 of E25. The WRRS flip-flop is reset so that pin 1 of E25 is also high. The output {pin 3} of E25 goes
fow, which generates WRITE RESTART L. This starts the formation of a low WRITE RESTART L pulse. This
output is inverted by E25, pin 6 which clocks the WRRS {lip-flop and sets it, because its D-input is connected to
+3V. Pin 8 of the WRRS flip-flop now goes low, which is in turn fed to pin 1 of E25. Thus, the output of E25
becomes high again, which terminates the low WRITE RESTART L pulse. This pulse triggers the timing circuit and
initiates a write operation.

For o DATO or DATOB following @ DATIP, the PAUSE flip-flop is reset by the SSYN flip-flop, because the DATO
or DATOB transaction started with the PAUSE flip-flop set previously by the DATIP,

12.9.4 Strobe Generating Cireuit

The strobe generating circuit produces a narrow positive pulse (STROBE H} during the read operation 1o enable the
STROBE 0 H and STROBE 1 H signals for the sense amplifiers. The strobe generating circuit is shown in drawing
G110:0-1, sheet 2; however, for clarity, only the strobe generating circuit is shown in Figure 12-25 along with an
appropriate tming diagram.

During the read operation, the timing circuit generates a positive RESET H pulse. The RESET H pulse is sent to pin
5 of the strobe delay one-shot (ST DEL E36); this 74121 one-shot provides complementary outputs but only the Q
(negative pulse) output (pin 1) is used. Pins 3 and 4 of the ST DEL one-shot are connected to ground so that it can
be triggered by a positive-going edge at pin 5. Prior to receiving the triggering signal (RESET H), the strobe
generating circuit is in the quiescent state. The STROBE 08 {lip-flop E28 is in the reset state. (When the memory is
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- CHAPTER 13
MEMORY MAINTENANCE

13.1 INTRODUCTION

This chapter provides the preventive and corrective maintenance procedures for the MMI1-K and L memories. The
- showdd have a thérough understanding of the normal operation of the memory {Chapter 12}, This knowledge

pius the maintenance information will aid the user in isolating and correcting malfunctions.

13.2 PREVENTIVE MAINTENANCE

> consists of specific tasks performed at intervals to detect conditions t?i
erioration or malfunction. The following tasks are considered preves

Preventive mainienance
subsequent performance dete

Vigual inspection of modules for broken wired, connectors, or other obviows defects.

b. 5V and -5V checks: both must he within £3%.
C. X-and Y-current generator check (Paragraph 13.2.2)

./.. -

Two pieces of test equipment are recommended for checking and troubleshooting the memory: Tektronix 453 Dual

Trace Oscilloscope or equivalent, and Honeywell 33R Digital Voltmeter or equivalent with 0.5 percent accuracy.,

13.2.1 Iratial Procedures

Before atterpting to check, adjust, or troubleshoot the memory, perform the following steps.
NOTE

All tests and adjustmments must be perfomed in an ambient

temperature range of 20°C to 30°C (68°F to 86°F).

1. Verify that ali modules are properly and securely installed.
CAUTION
Eusure thai all power is off before installing or removing
" modules.

58
Ce“

obvious defes

2. Visually cheer modules and backplane tor broken wires, con

, 3. Veify that power buses are not shorted together,

4, Tum on primary power and check that both the 15V and +3V power are present and within tolerances
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13.4 PROGRAMMING TESTS

Certain DEC programs may be used to test various memory operations as an aid to troubleshooting. The purpose of
each of these memory-related test programs, as well as the program abstract, is given in the folfowing paragraphs.
Each program contains instructions for use.

13.4.1  Address Test Up (MAINDEC- 11-DIAA;

The purpose of the Address Test Up program is to demonstrate that the selected memory area is capable of basic
read and write operations when address propagation is upward through memory. This test program writes the
address of each memory location (within the test Umits) into jtself and then increments throvugh memory until the
address corresponding to ﬂ*‘e high Hmit is re mched After this location has been vmtcﬁ, m MEMeTy

cvele. m wad <

The program ensures that ail addresses
address selection errors. It will also fi

1112 BTYOTE, OF
lect m\, same core address.

13.4.2 Address Test Down (MAINDEC-11-DIBA)

The purpose of the Address Test Down program is to demonstrate that the selected memorn
read and write operations when address propagation is downward through memory. 1 is 3
Address Test Up program (Paragraph 13.4.1).

This test program writes the address of each location into itself, downward through memory. After writing down,

the program reads and checks back up through the memaory fest ares. The pr

The Address Test Down program resides in the high portion of cove memaory. 18 does not ohedi
address 100, us these loc mmf&: are rveserved for trap and vector locations, The program verifies
perform mm Basic functions, checks that all addressee are selectiable, and can also be use i
wiring errors, or address selection errors.

13.4.3 No Dual Address Tesi (MAINDEC-1 L-DICA)

The purpose of the No Dual Address Test program s
This test ks divided into two pars. The first portion of the test
test location. This is followed by a read check from this location. "i‘he prograny then checks each field location to
ensure there are no variations from the Is configuration. Upon completion of ihis test, the fest [ocation pointer is
iﬂf‘r“m?ﬂf‘f’ﬁ The next lnf*aﬁnp is ﬂwn write/read ’*Yercrw’% with Os, and the test field rechecked for any change i

into the

135«

This program checks for fauli ty s switches or wiring errors,
all 16 bits in the data field for 1s and Us operation.

§3.4.4 Basic Mamory Fatterns Test (MAINDA

DA

The Basic Memory Paiterns Test program hias twe main purposes:

el duta patierns,

field s capable of

g Verilv thet the selectad memory 1

B, Verify that the memwory plane s properdy sbrang.
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CHAPTER 14
POWER SUPPLY GENERAL DESCRIPTION

14.1 INTRODUCTION

The power supply is a forced air-cooled unit that converts single-phase 115V or 230V nominal, 47-63 Hz line voltage
to the three regulated output voltages required by the computer. The output voltages and their principal uses and
characteristics are:

Voltage Use Characteristics
+15V  Communication Circuits Series regulated and overcurrent protected.
+5V 1C Logic Switching regulated and overvoltage and overcurrent protected.
~15V  Core Memory Switching regulated and overvoltage and overcurrent protected.

The power supply @ used in conjunction with the BCOSHXX (115V) or BCOSIXX {220V) Power Conirol
Assemnblies, which contain a line cord, circuit breaker, and RF1 capucitors. Line cord length is specified in the part
number; e.g., 115V, 6 feet is designated BCOSHO6.

The power circuitry also generates BUS AC LO L and DC LO L power fail early warning signals, and the LTC L
real-time clock synchronizing signal.

A thermal control mounted on the heat sink will interrupt the ac input should the heat sink temperature become
excessive due to fan failure or other cause,

14.2 PHYSICAL DESCRIPTION

The power supply comprises three major subassemblies and two cables:  the power control unit, power chassis
asserably, de regulator module, de cable, and ac cable.

14.2.1 Power Control Unit

The power control unit (drawing H400-0-0) is mounted to the rear of the computer by iwo screws. It contains line
cord, circuit breaker, RFI capacitors, LISV or 230V connections for the power supply transformer, and an output
6-socket Mate-N-Lok connector, Physieally, it consists of a sheet metal bracket and a slide-on cover that is locked in
place by one screw. A single pole thermal breaker and a line cord strain-relief grommet are mounted on the flange of
the bracket, making the line cord and breaker reset bution accessible on the rear of the computer.

14-3



A small printed circuit card is mounted directly to the breaker terminals. This card interconnects and mounts the
RFI dual-disc ceramic capacitor, the output Mate-N-Lok connector and three fast-tabs for ac input and ground
connections. A dual fast-tab is connected directly to the bracket. The black and white line cord wires are connected
via fast-tab to the PC card; the green (ground) line cord wire is connected to the dual fast-tab, which in turn is
connected to the third fast-tab on the PC card.

The 115V and 230V models differ in only two respects: breaker current rating and (printed circuit) jumpers for
parallel or series connection of the power supply transformer primaries. Power control part numbers are: BCOSHXX
- 115V, 7A; and BCO5JXX - 230V, 4A; where XX denotes line cord length; e.g., BCOSHO6 has a 6 foot line cord.

14.2.2 Power Chassis Assembly

The 700 8731 Power Chassis Assembly (Figures 14-1 and 14-2) consists of a long, inverted U-shaped chassis,
700-8726 power transformer, and a 5-inch fan. It is secured to the bottom of the computer by four 8-32 by 3/8 inch
Phillips pan-head bolts.

6211-2

Figure 14-1 Power Chassis Assembly (with DC Regulator Module)



62111

Figure 14-2 Power Supply Assembly (with DC Regulator Module Removed)

The chassis is mounted to the right of the connector blocks, when viewed from the front, and airflow is from front
to rear. The fan is held to one end of the chassis by two screws; the transformer is held to the other end by four
mounting studs. The transformer may be removed by loosening four nuts, which are accessible through large holes
on the bottom of the power chassis.

The dc regulator module is mounted to the chassis assembly by six screws and must be removed for cable access. The
dc cable enters a slot on the connector block side of the chassis; the ac cable enters a slot on the other side.

Connections to the fan are made by small fast-tabs; connections to the transformer are made via Mate-N-Lok
connectors: 6-pin for primary, 3-socket for secondary.

14.2.3 DC Regulator Module

The 5409728 DC Regulator Module (Figures 14-3 and 144) is a printed circuit assembly, mounted to the power
chassis assembly by four 6-32 by 9/16 inch and two 6-32 by 1/4 inch Phillips pan-head screws.

14-3



POWER SUPPLY FAN
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Figure 14-3 DC Regulator Module (Top View)
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Figure 144 DC Regulator Module (Bottom View In Mounting Box)
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Computers that were shipped during the first three or four months of production use a de regulator module
designated 5409728-Y A-0; later shipmenty use a module designated 5409728-0-0, E revision. There are differences in
component values on the two modules. The discussion of the de regulator module circuits in this manual is directed
i the later module, designated 5409728-0-0. Engineering drawings applicabie to the module used are shipped with
the equipment. These drawings provide schematics znd component values of the de regulator module.

This module coniains all the circuitry between the wansformer secondary winding and the power supply oufput
cable. The transformer secondary 3-socket Mate-N-Lok connector is plugged into a mating connector thut is soldered
directly to the printed circut board and is accessible underncath it. The 9-pin Mate-N-Lok connector on the de
output cable to the computer is similarly mated to a connector undemeath the other end of the board.

The de regulator module may be probed for troubleshooting purposes from the top; all points on the circuit are
available. It may also be removed from the top for cable access and for parts replacement by removing the six
mounting screws.

The printed circuit is approximately 5 by 10 inches, with about half of the top surface devoted to the heat sink. The
power transistors and power rectifiers are bolted to two shelves on the sides of the heat sink and make contact with
the circuit board directly underneath via solder and screw connections. The heat sink is hard anodized for electrical
insudation.

IIWET

The other half of the top surface is devoted to interconnecting and mounting the balance of the circuit. Three small
sutpat voltage adjustment potentiometers are accessible on this top portion of the board.

Two small pico fuses are mounted on the top of the PC board on the fan end. These fast-acting fuses will typically
only blow when some component is defective or when the +5V or - 15V is too high, The two input Hiter capacitors
ase held to the underside of the board by a bracket and are connected to the circuit via jumper tabs on the fan end.

The +5V and -15V output filter capacitors and inductors are also mounted under the board, the former by screws
and the latter by nuts.

Care must be taken to ensure that afl electrical and mechanical connections are secure. In manufacturing, the
hardware is tightened with a torquing device set to 12 inch-pounds.

i4.2.4 DCCable
pin Mate-N-Lx

This is a simple cable connecting the computer module to the dc power module via a k. The latfer is
muade accessible by loosening the six mounting screws and lifting out the dc modute. Cable access is through aslot on
the computer module side of the power chassis.

14.2.5 AC Cable

This cable interconnects all ac portions of the computer chassis (Figures 14-1 through 14-4}. The ac portions of the
1%
P

computer chassis are as follows:

it

P

Power Supply Fan — two fast-tabs

. Power Supply Thermostat — one 2-pin Mute-N-Lok

Memory Section Fan — two fast-tabs

Transformer Primary — one 6-socket Mate-N-Lok

Power Control — one G-pin Mate-N-Lok

PDP-11 System AC Power Control — two 3-pin Mate-N-Lok conniectors on rear of computer.

oo

RNt

The ac cable is located on the right-hand side and rear of the computer and is inherently shielded by the power
supply chassis and the computer chassis.

14-5
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Power Supply Dutput Specifications

Larameter Specification

+15Y

Load Range

B

¢ in losad for 30 n

pre Mone

Current Hmit at

1 range)

e « . T peak-to-peak




Fable 14-2 {(Cont)
Power Supply OQutput Specifications

Parameter Specification

15V

Load Range
Static U-TA
Dyvnamic #1 Al =5A4505A us)
Dynamic #2 No load — full load {G.5A/us)

Max. Bypass Capacitance in load for 30-ms 1000 uF
¥p P

tur-ern
Overvoltage Crowhar (blows fuse) 17.4--20.5V {22V abs. max. output}
Current Limit at 257C 101334 (-0.03A/°C)

with raw do} SA

Adiustment Rangs 5% min.

Regulation
fine and Static Load +1%
Dynamic Load i’ﬁ *2.5%
Dynamic L@ ad ¥ *3%

T a,émpga,tura { 3»«-;&{}5{?) £1%

BUSDCLO Land BUS ACLOL

bumc FPeriormance at ;‘vuiii oad

BUS DC LO L g

1o high 7480 Vag line voltage
BUS AC LO L goes to high 8§11V higher
BUS AC LO L drops 1o low B0—86 Vac line voltage

BUS DC LO L drops 1o low 710V lower

Hysieresis {contained in above specifications! 34 Vae
Output voltages still good 70 Vac line voltage




Table 14-2 (Cont)
Power Supply Output Specifications

Parameter Specification

BUS DC LO L and BUS AC LO L (Cont)

Dynamic Performance

Worst case on poweeup is high jine,

full foad.

—
T
N
Lo :
[ 30ms
AT i %
| i
! i
jams
et
MiN BUS AC LO
Worst case on power-down is low line,
fuil toad.
’ BOWER DOWN
¥ (P33 i
i ; .
1 ]
; Hing i
F“ME?’?
' ; - B0S AC LO L
i ;
! Sme :
?"&%N*w” sens MIN m«m—a—;

Output Characteristics

50 mA sinking capability
+0.4V max. offset

5V nominal, 18082 impedance

~ 1 us max,

L Outputs shall remain in 0 state
subsequent to power feilure vaiil power
is restored despite Unibus pulling

voltages remaining.

14-9
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CHAPTER 16
POWER SUPPLY MAINTENANCE

16.1 INTRODUCTION

Information is provided in this chapter to maintain the power supply. This consists of adjustments, circull
wavefarms, troubleshooting, and parts identification. The adjustments cousist of three output potentiometers. The
circuit waveforms provide a guide to proper operation at various places in the circuit, The troubleshooting section
provides rules, hints, and a troubleshooting chart as a maintenance aid in isolating power supply malfunctions.
Finally, the parts identification section provides g directive to ob xdmmg pa‘ 15 ii%fﬁt”mdf ion for J’w entire power
supply unit through a parts location directory to the mechanical ¢ 1

Margl,

16.2 ADJUSTMENTS

Three adjustments 1o the power supply adjust the lt‘n‘f“
screwdriver 3g all that i3 required. Clockwise adjustment
potentiometers are located on the top side of the de wuujami mrodude.”

a. R35 — +15V
. R30—+5V
c.  R26—--15V

In performing any of these adjustments note the following:

CAUTION
1. Do not adjust voltages beyond their 105 percent rating
and adjust sfowly in order to avoid overvoltage crowbar,
which will blow de output fuses.

2. Do use a calibraied voltmeter; preferably 2 digital
voltmeter, Voltages should be adjusted to their center
values: +15.0, +5.0, and - 15.0, all under load at the de
cable termination on the system unif,

16.3 CIRCUIT WAVEFORMS

The two basic regulator circuits used on the de regulator module generate +5V and - 15V, Figure 16-1 shows six
waveforms of the +5V regulator civcuif taken at two points {A and 1‘3} in the circuit (F%mm 14-6), Waveforms a, b,
andd ¢ are taken at point A, which i the it and £ are taken at point
B, which is +8V power supply output {§ I s for each
waveform, Figure 162 shows six wave f orsgs of t sinds (O aud ) ?'1 the
citcuit (Figure 14-73. Waveforms a, b, and ¢ are taken at pazm (,, sy output (1293, The
foad conditions and time scales of the respective waveforms are md;caicd in l pure 1642

. These wavelorms were
taken on a Tektronix Model 453 Oscilloscope. All waveforms are with respect te J2-2, power common,

16-1



a) Point A, No load, d) Point B, No load,
2 ms /div, and 2 ms/div, and
10V/div. 50 mV/div.

b) Point A, No load, e) Point B, No load,
20 ps/div, and 20 us/div, and
10V/div. 50 mV/div.

c) Point A, 20A load, f) Point B, 20A load,
20 ps/div, and us/div, and
10V/div. 50 mV/div.

Figure 16-1 +5V Regulator Circuit Waveforms
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a) Point C, No load, d) Point D, No load,
5 ms/div, and 5 ms/div, and
10V/div. 50 mV/div.

b) Point C, No load, e) Point D_, No load,
50 ps/div, and 50 us/div, and
10V/div. 50 mV/div.

c) PointC, 5A load, f) Point D, 5A load,
50 ps/div, and 50 us/div, and
10V/div. 50 mV/div.

Figure 16-2 -15V Regulator Circuit Waveforms
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16.4 TROUBLESHOOTING

T Aaubie:,hok,uné Informuation for the power supply consists of troubleshooting rules, hints, and a troubleshooting
chart., This information provides & maintenance aid fo isolating power supply malfunctions (drawing
D-CS8-5409728-0-1).

16.4.1 Troubleshooting Rules

Troubleshooting rules for the power supply are as follows:
a.  Make certain that power is tumed off and unplugged before servicing the power supply,

[

d.  The dc output fuses F1 and F2 can be repiaced without removing the de regulator module. Before
unscidering fuses, observe cautions described in Steps a and b.

e, For proper operation, all hardware st be secured tightly to about 12 inch-pounds (i.e., capacitors,
chokes, semiconductors). AJ {hardware should be replaced with identical bardware replacement parts,

7y,

f. The de regulator modale v
stiil m.ﬁm»ti o the compuaier

zasis asserably while the latter is
vlace by six serows,

nnoved from
i The do

3

g When veplacing power semiconductor components that are secured to the heat sink, apply a thin coat of
Wakefield #128 compound or Dow Bilicon Grease to the heat sink contact side (bottom} of the
semiconductor. {nsulating wafers are not required.

16.4.2 Troubleshooting Hints

CAUTION
Unplug computer before servicing

The most likely source of power supply maifunction is the de regulator module, A quick remedy Tor a maifunction
may be to replace this entire module, The problem, however, could be a short in the ysiem unit or possibly a
defective component or other problem in the ac input cireuit.

The +5V and -~ 15V regulators confain overveltage detection cirenitry, H R30 or RI6 are adjusted ton far clockwise,
the correspanding erowhar circuit will trip and blow fuses, To correct m condition: adjust the potentiometer fully

ui F n.ah unetion.

16.4.3 Troubleshooting Chart

7, the 1 'M
cmparison

ing the varicus )
snced in Paragr
troublesnooting chard.
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CHAPTER 17
MOUNTING BOX

7.1 INTRODUCTION

17.2 OVERALL MECHANICAL DESCRIPTION

Figure 17-1 shows ﬂv ?DP 11 ’O’?-Ni" %mpuwr mwmu’i in a cabinet, The console and
ttached to i hothat are inserted from the rear
ews. The :"wmni’,u:p SOYOWS e ’iri:'}(i.‘ﬂ;s‘:t'i aimg the

aie
The :
and are wc

W

{rom the cabinet

ai‘.nﬁip is similar)
de when the o

z‘ml F 6 enton

5 om

Figure 17-2 shows the computer fully exiended from the rack and focked
and bottom mounting box covers have been removed. The power supply cover has been removed also. The top and
bottom mounting box covers are each held in place with four Phillips pan-head screws (#6-32 X (.37 in. long) and
four #6 lock washers. The power supply cover is held in place with four Phillips pan-head seraws (#10-32 X 0.31 in.
long) and four #10 lock washers.

int the front down 90° position. The top

stendds partially aoross the

stons e

inte thres compariments,
tion board

The interior of the mounii

front and contains the po and two fans {01 o

The power distribution board (s secured to 2 mownting plate with two Phithps pan-head serews ( =1 in.
fong} and two #6-32 nuts with integral lock washers. The mounting plate containg cutouts to accept the connectors
ony the power distribution board. The two logic fans have protective screens on the intake side. Each fan is mounted
on the cornpartment partition with four Phillips pan-head screws (#6-32 X 0.62 in. long and four #6 lock washers.
The screws are secured by captive nuis on the fan. Intake air énfers the compartment through slois on the left side,

is forced over the modules, and exits through slots in the rear of the mounting box,

toside. This section containg

neld Y}paf b
1 the right ¢

The largest compartment contains the pre-wired backplane, modules, and module guides. The basic computer
cm'i‘f;ams a su‘mdard }3}‘&:-&&/‘2}‘(& ~)«>m, ba»kpmee msmigd pm side uﬂwm next to (he mwcr sxmpi’y it is wumaﬁ to
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Two rows of module guides are installed on mounting box brackets at the front and rear of the backplane
compartment. The bottom row is slotted to guide the module into the slot for installation. The top row is slotted for
the same reason but it also contains a steel rod that is circular in cross section. This rod engages the slotted arm of
the pivoted handles on the hex-width module to provide the mechanical advantage required to properly seat and
unseat the module.

The line set is attached to the rear of the mounting box (Figure 17-4) with two Phillips pan-head screws
(#6-32 X 0.19 in. long). Space is available in the rear of the mounting box for cable access. Three cable retainers are
mounted on a bracket on the rear of the mounting box.

6601-2

Figure 17-1 PDP-11/05 NC Computer Mounted In Cabinet
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UNIBUS
CABLE CLAMP

POWER
SUPPLY

CONSOLE
CABLE

MODULES

BACKPLANE

POWER SUPPLY
FAN

LOGIC FANS
6699-6

Figure 17-2 PDP-11/05 NC Computer Extended and Locked In Front Down 90° Position
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POWER DISTRIBUTION
BOARD CONNECTORS (5)

COMPUTER POWER
HARNESS

LTC TO PIN FV2

PIN SIDE OF
BACKPLANE

+5V

GROUND

+5V(2) ADJUSTMENT ON
H744 REGULATOR

6699-4

Figure 17-3 PDP-11/05 NC Computer Extended and Locked In Front Up 90° Position
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UNIBUS CABLE UNIBUS
CLAMP CABLE

LINE SET CABINET POWER SCL CABLE

CONTROLLER CONNECTORS
6699-9

Figure 17-4 PDP-11/05 NC Computer, Rear View

17.3 BACKPLANE

The backplane is the connector assembly into which the modules are plugged. It consists of a group of molded
connectors attached to a metal frame (Figure 17-5). One side provides slots with finger type contacts into which the
modules are inserted. These contacts terminate in wire wrap pins on the other side of the backplane. The pins are
inserted through and soldered to a printed circuit board that is part of the backplane. This board provides most
backplane interconnections and the remaining interconnections are made by wire wrapping the pins (Figure 17-6).
The printed circuit board also contains eight Faston tabs that mate with Faston connectors on the processor power
distribution cable. This cable provides power, ground, and sensing signals from the power supply to the backplane.
The cable also contains a slip-on connector that sends the line time clock (LTC) signal from the power supply to
backplane pin FO3V2.

17-5



6699-12

Figure 17-5 Connector Side of Backplane

DCLO ACLO GROUND +15V GROUND

+5V -15V +5V

6699-3

Figure 17-6 Pin Side of Backplane
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Figure 17-7 shows the backpiane pin layout and method of identification. The slots are numbered 1 through 9 and
the rows are lettered A through F. Each row is pinned to accommodate a single-height double-sided module
edge-connector. The backplane accepts single, double, quad, and hex modules. A backplane pin is identified a5
fotlows:

Row
Slot
Pin
Side

-
e 3

FRONT

UavouT 9 8 7 6 5 4 3 2 1 ST

|

3

& N BN

® L @L 3

"

®
.
I

w e o
» @ O ® m
-8 "8 @

e
=% 3

ROW A

VIEW FROM WIRE WRAP PIN SiOE.

E .
o COMPUTER IN MANTENANCE POSITION

1i-2864

Figure 17-7 Computer Backplane Connector and Pin Designations

£
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1s finger contacts on euch side. Module contact designations are shown in Figure 17-8,

or the wnﬁwrati‘m shown in Em!re 17-9. 1f an additional bfsckp ane is ztxstaned 0

e
o

, .

e Contact Designat
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CHAPTER 18
UNPACKING AND INSTALLATION

18.1 INTRODUCTION

computer.

oy mountad in a 194n. cabinet. Remove
12 carton “z,ai )ai*%(ag;iz‘i:(
s are atiaohed to the computer, © »
'wg mmexig ?evs Aﬂfi a serial camém}'ucatxm 1
he standard S
module. '%’%;
writer {serial model}, DEC
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Table 18-1
SCL Interface Pin and Signal Designations

708360 CABLE
SIGNAL NAME

MATE-N-LOK PIN
ON 70-08360
CABLE

BERG PIN
ON 70-98360
CABLE

BERG PIN
ON M9970
CABLE CARD

SIGNAL NAME
ON M7260
MODULE

M7260
PIN

SIGNAL
DESCRIPTION

SER G+ (20mA)

SER O - (20 ma)

SER IN + (20 ma)
SERIN~ (20 mA}
READER RUN + (20 mA)
READER RUN ~ (20 mA)
SER ¢ (TTL)

SER IN(TTL)

CLK IN(ITL)

CLK DISAB(TTL}

20 mA INTERLOCK
+5V

+I5V

GROUND

B W -l

AA
KK
K
S
pP
SS
cC
HEH

H.E
TT

U
AB,UUVV

AA
K

sl

HE

T
U
ABUUVY

DPUSEROL
DPH SER 0--15 L
DPH SER INH
DPHSEIS L

DPH RDR ENAB L

DPHRE-ISL
DPH SER O H
FSSERINH
FSCLK L

FS CLK DISAB L

FEZ
FiZ

FN1
FP1

FK2
FR1
DF1
FMI
FH!

PH2

+20 mA SERIAL OUT (from computer)
~20 mA SERIAL OUT

+20 mA SERIAL IN (to computer)

~20 mA SERIAL IN

+20 mA TTY READER ENABLE

-20 mA TTY READER ENABLE
SERIAL DATA OUT (from computer}
SERIAL DATA IN (to computer)
EXTERNAL CLOCK INPUT FOR SCL

DISABLE LINE FOR INTERNAL SCL
CLOCK

NOT USED ON THIS INTERFACE

+5 VPOWER AVAILABLE EXTERNALLY
+15V POWER AVAILABLE EXTERNALLY
LOGIC GROUND

NOTE 1
NOTE 1
NOTE 1,2
NOTE 13

NOTE 1@ These signals are TTL compatible.

NOTE 20 Externally suppliec

NOTE 3

SCL CLOCK must be 16 thnes desired buad rate
1,000 baud).

serted low (o disable internal clock i the external TTL CLOCK is to be used.

t



Table 18.2
BCOSR-03 Console Cable Pin
and Signal Designations

# Diesignations

Pin Signals

PP DAK H
88 SW 15 (1) H
DD SW14(DH
P SW 13 (i)
1 SWI12(1)H
iL SW 11 (1) H
NN SW10(1) 8

bl
o
L
=
<
o

A
o
e 41 :..[:J 7”;] w"'
e E o
< o]
(o238 o
o o

N

o

et

.
el

<

L

SWO04 (1) H
SW 03 (1) H
SWO02(1)H

SWOI (13 H

SWOO (1} H

H SCAN ADRS 01 (1) L
SCAN ADRS 02(1) L
SCAN ADRS 03 (1} L
SCAN ADRS 04 (1) L
L

RUNL
KEY LOAD ADRS (131
KEY EXAM (1) L

KEY CONT (1) L

KEY HLT ENB (1) L
KEY START (1) L
KEY DEP{1)L

- 2

D T e

¥

o
g

[
el s

ot

wRERDTOD
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18.6 CABINET POWER CONTROL
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CHAPTER 19
POWER SYSTEM

19.1 INTRODUCTION

This chapter provides 2 mechanical desciiption of the pow
BCOST/U tine set, and three wiring hawesses. A system (apctiona] description
diagram is incladed.

. that consists of the H750 Power Supply,
and detaiied electrical interconnection

2F &;mt 1)

The regulator circuits are discussed in detail. Regulator maintenance and iroubleshooting information is included
also.

19.2 MECHANICAL DESCRIPTION

9.2.1 Power Supply

v (Kij,

The power supply consists of three transformers (T1, T2, T3), de reguiator (P51}, +5 V reguiator (P 52}
diode hoard (PS3), terminal board (TB1), and fan mounted in a sheet metal chassis (Figures 19-1 and 19

The wmmv is rectangular in i:hmp ;m(i measures approximately 22 in, long by 9-1/2 in. higb by 5 in. wide. The m@

e and ff}")efu'ﬁ”"i of f}"’\”‘
d inserts

2 ) mming is
insti I a:d in int Q;&x brackets :.m:? by !wlm in &k:c, i OI, : {\.3 pottom of the ¢ The fout cover bhas 3

o has cutouts Tor the line set and two
by the fan to cool the power supply.

cutout for the fan and holes for the fan mounting screws. The rear ¢
Mate-M-Lok connectore. Seversl holes in this cover allow alr to be drawn in

The power supply components are mounted as follows,

The di regulator (PS1) is attached to six integral brackets on the side of the chassis with six Phillips pan-head screws
{(#6-32 X 12 in. long} and #6 lock washers. The regulator is installed with the heat sink facing inward. The screws
notes in the board and are threaded into inzerts in the brackets,

pass throug

£234 {F*-‘“?f’.} is avtached de f‘zf f‘w rh;ﬂ‘W% wi”‘l f(“vW’ mfﬂf’”"a pan-head s
s artd are threaded into

f16 in, loay) and four #4 lock wi
muz gundg;‘%‘s {#4.40 K 374 in. long) that are ¢

The diode board {PS3) is attached to the side of the chassis with two Phillips truss-head screws (#6-32 X 3/8 in.
?nng‘e and two #6 lock washers. The screws pass through holes in the chassis and are threaded into two standoffs
H#6-32 % 3[4 in. long) that are attached to the diede board.
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+5V REGULATOR
DIODE BOARD PS3 TRANSFORMER T3 P52 DC REGULATOR PS1

/

RELAY K1 TRANSFORMER T2 TRANSFORMER T1

6699-8

Figure 19-1 Power Supply Side View

Relay K1 is attached to the side of the chassis with four Phillips truss-head screws (#8-32 X 5/8 in. long) and four
#8-32 Kep nuts that have integral lock washers.

Transformers T1 and T2 are attached identically to the side and bottom of the chassis. Each transformer is attached
to the bottom of the chassis by four Phillips flat-head screws (#8-32 X 1/4 in. long). The screws pass through
dimpled holes in the chassis and are threaded into #8-32 standoffs that are attached to the transformer. Each
transformer is attached to the side of the chassis at its top and bottom. At the top, the attachment is made with two
Phillips truss-head screws (#10-32 X 7/16 in. long) that pass through holes in the chassis and transformer bracket
and are secured by two #10-32 Kep nuts. These nuts are accessible inside the chassis. At the bottom, the attachment
is made by two identical screws; however, they are threaded into two #10-32 U-shaped, self-retaining speed nuts
(Tinnerman nuts) attached to the transformer bracket. Tinnerman nuts are used because these attaching points are
not accessible from inside the chassis.

Transformer T3 is attached with two Phillips truss-head screws (#8-32 X 3/8 in. long) that pass through holes in the
chassis and transformer bracket and are secured by two #8-32 Kep nuts.

Terminal block TBI1 is attached to the side of the chassis with two each Phillips pan-head screws (#6-32 X 5/8 in.
long), #6 lock washers, and #6-32 Kep nuts.

The fan is attached to the front end of the chassis with four Phillips pan-head screws (#6-32 X 5/8 in. long) and four
#6 lock washers. The screws pass through holes in the chassis and are secured by self-retaining nuts on the fan.
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POWER
SUPPLY FAN

6699-2

COOLING
AIR SLOTS

CONNECTOR H1-P1
TO LINE SET

CONNECTORS
H1-J3 AND
H1-J4 (TOP)

TO CABINET
POWER
CONTROLLER

FRONT

6699-5

Figure 19-2 Power Supply, Front and Rear Views
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19.2.1.1 DC Regulator — The 5049728 dc regulator (Figures 19-3 and 19-4) consists of a printed circuit board,
heat sink, discrete electronic components, thermostat with cable connector, ac input and dc output connectors, and
attaching hardware. Table 19-1 lists the specifications for the 5409728 dc regulator.

+15V
ADJUSTMENT
POTENTIOMETER &

+5V
ADJUSTMENT
POTENTIOMETER

-15V
ADJUSTMENT
POTENTIOMETER

HEAT SINK

THERMOSTAT
MATE-N-LOK
CONNECTOR

g 0

=15V PICO
FUSE

+5V PICO FUSE

6211-2

Figure 19-3 DC Regulator, Top View
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Current shipments use regulator 5409728-0-0, J revision that is discussed in this manual. Earlier revisions differ in
component values and current ratings. Engineering drawings applicable to the module used are shipped with the

equipment. These drawings include a schematic of the dc regulator module that shows component values and part
numbers.

ci4

FILTER CAPACITORS

DC OUTPUT
MATE-N-LOK
CONNECTOR

AC INPUT
MATE-N-LOK
CONNECTOR

6211-1

Figure 19-4 DC Regulator, Bottom View
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approximately 10 in. long by 5 in. wide with about half of the top surface
are bolted to two shelves on the sides of the
wmnections, The heat

The printed circuit board measures
devated to the heat sink. The power transistors and power rectifiers
sivk and make coutact with the cirouit board divectly undemeath via solder and serew ¢
ard anodized for electrical in

The other half of the top surface is devoted to interconnecting and mounting the balance of the circuit components.
Three output voltage adjustment potentiometers (+5 %, +15V and - 15 V) are accessible on the 1op surface of the
board.

Table 19-1
DU Regulator 5409728 Specifications

Input Specifications

Parameter Specification
Input Veltage {1 phase, snnd ground }* G5--135/190--270V
Input Frequency 47--63 He
Input Current ‘ /2.5 A
Input Power 325 W at full foad

farush 80740 A peak. 1 cycle
Rise Time of Output Voltages 30 ms max. at full load, low Hne

SO260 YV, 1 second

Tnput Creervoliage Transiont 1
I B
360/720V, Limns

Storage After Line Failure 25 ms min., starting at low line, full foad
Input Breaker {part of BCOS line set) 10 A/3 A single-pole, manually reset, thermal
Thermostat Mounted on heat sink {opens 277V, 7.2 A contacts

transformer and fan power} Opens 98"“‘,,;’()5" C

™

COHECiions

type specified with BCOS
Turn-On/Turn-Off Application or removal of power

Hipot {input to chassis and output) 2.1 kV/de, 60 seconds

ving the appropriate Hne sef, DEC Model BOOST o

Continuved
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Tuble 19-1 {Cout)
DC Regulator 5409728 Specifications

Output Specifications

g
g

#

ameter

Specifteation

Load Range
Static
Diynamic

Max. Bypass Capacitance in load for 30 ms turn-on

Overvoltage

Current limit at 257 ¢
Backuyp Puse

Adjustment

Regulation (All causes including line, load. ripple,
noise, drift, ambient temperature}

+5% rvin.

+59%

5V

Load Range
Static
Dvnamic #1
Dynamic #2

Max. Bypass Capacitance in load for 30-ms turn-on

Overvoltage Crowbar {blows fuse}

i
5.

Current Limit at 237 C
Backup Fuse (series with raw de)
Adjustment Range

Regulation
Lins
Statin Load
Dynamic Load #1
Dynamic Load 2
Ripple and Noi

ise
100G Hour Dyt
Temperature {05607

0-15 A
:S A f:"'g”‘i’“c {
No load - full load

2000 pF

+5% min.

3%

2%

£10%

4% peak-to-peak
+H0.25%
1%
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Output Specifications

Parameter Specification

-15V o

Backup Fuse (series with raw

Adjus

- Range

- .
34 Vac

Vac i1




Table 19-1 (Cont)
BC Regulator 5409728 Specifications

Output Specifications

Parameter Specification
- BUS DC LO L and BUS AC LO L (Cont}
Dynamic Performuance
Worst case on power-up is high line, full load. SoWER ON

WEST QUTPUY
£S up

P

E‘““ wmgﬂ
T sax ! BUS DS LD L
i
1
2ms !
i"mm““%{ BUS A0 LO L
i
15
NOMIRAL some

Worst case on power-down is low Hne, full load.

e |

POWER DOWN

e “5ms e
x MR ; \ FASTEST OUTFUT
i 5 GCES DOWN
‘ :
- :
i, Gmsg
™ piin
i BUS AC LO L
¥
‘ Sms ) )
;41#;”-’44““" s MIN o=
H
Output Characteristics
Open Collector 50 mA sinking capability

+.4 V max. offset

% Pull-Up Voltage on Unibus 5V nominal, 180 £ impedance
Rise and Fall Times 1 ps max.
Outputs shall remain in O state subsequent
to power fatlure until power is restored
s despite Unibus pulling voltages remaining.
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Table 19-1 (Cont}
DC Regulator 5409725 Specifications

Mechanical and Environmental Specifications

Parameter Specification
Weight
Dimensions
W

Miniimum Cooling Raguirements 5 t sink

250 ft';,.‘ T OVer caps, ~£)k6$,&f§ﬁ tranpsformer
Rated Heat Sink Temperature
Shock, Mon-Operating

rage, 8 5 peak; v
i) to 30 Hz, & dB/octave roll-off
six diractions

Ambient Ter
Relative Humidity
Altitude IGK ft
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Sourd, BRI dualdize ceramic ¢

1 Mp

s

TR

Two small Pico fuses are soldered to split Jug termvinals on the fan end of the PU board. These fastacting
fuses blow only when some component i3 defective or when the +5Y or -V s {oo high, The two npul filter
capacitors are held to the underside of the board by a bracket and are connected to the circuit via jumper tabs on
the fan end.

The +5 V and -15 V output filter capacitors and inductors are mounted on the bottorn surface of the hoard. The
capacitors {C7 and C14) are attached with screws that are threaded into the capacitor terminals, The inductors (L1
and L2 are attached with integral terminal studs that pass through the board and are secured by Kep nuts.

19.2.1.2 +3 V Regulator — The H744 +5 V Regulator (Figures 19-5 and 19-6) consists of a printed circuit board, heat
sink, diserete electronic components, input/ouiput connector, and attaching hardware mounfed on a sheel metal
bracket.

The main structural member is a U-shaped sheet metal bracket that measures approximately & in. high X 5-1/4 in.
wide X 2.3/4 in. deep. The he ik i mounted in the o op of the bracket with its cooling fins facing outward
and component mounting surface facing mward. 1t s he H by two screws on cach side (hat ¢ pass through holes in the
bracket and are threaded into holes in the heat sink.

The printed circuit board is mounted with its component side facing inward on the rear of the bracket. It is mounted
on two comer lugs on the lower edge of the bracket by two screws that pass through the board and are threaded into
inserts in the lugs. The top of the board is attached to the rear side of the heat sink by the same hardware that is
used to attach the transistor (Q2) and diodes (D4 and D3) to the top side of the heat sink. The large input filter
capacitor {C1) is ¢ *%mmi in an Lesh m"d hwl fer :‘m is attached to the bottom and left side of the bracket with two

ws. The capaci : straps that are secured to the capacitor %‘emimia with screws
and are soldered to : *1&( tricaily
connected to the pris i circuit v.,(m& mm SCIEWS. Tit* cutput inductor (L1} is mechanically and el t’nmi’i
connected to the printed cireuit board with tegral ferminal studs thet §
Kep nuts,

The input/output Mate-N-Lok connector is attached to the bottom right side of the board and is accessible through a
hole in the side of the bracket.

A small notch in the bottom of the bracket provides access to the voltage adjustment potentiometer,

A clear plastic cover is mounted on four mounting Jugs on fﬁw %r:,‘a «,,.\f i}m b
have male threads on one end to attach the cove

mounied to the power supply cha:

s held by fou

19.2.2 Line Set
The lin
{deaws

that is |

ts of a BCOST {115 V) or BCOSU (230
&,, -?M BOGST-0.0 oy & m T
».’f W ’ﬂ o W"l}‘

one end of the box so that the reset button i accessible when the i“‘lb set iy installed in tize wumpuim m ! Antﬁfd
circuit board is mounted on the cireuit breaker terminals with two screws to provide the electrical interconnection
for the circuit breaker. The board is used to mount and interconnect the RFI capacitor, Mate-N-Lok connector, and
ston fah connectors for the ac power cord. The phase (black) and neutral (white} wires of the ac power cord are
connected directly to the Faston fabs on the printed circuit board, The ground (green} wire of the ac power cord is
comnected 10 a dual Faston tab on the bracket and then to the Faston tsb on the printed cirouit board.

w?h’a | jf; ‘J ps 1‘!1-} ”‘7;‘453
the layout of the pfﬂi{w\i chreud Yk—jttﬂl{?\‘}h ?{(4‘{’ QC*SYIICZ

5 A for 220 % and

Pico is a trademark of Littleluse Electrical Su
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OUTPUT FILTER
CAPACITORS

INPUT
FILTER
c1 FUSE

INPUT OUTPUT
RECTIFIER FILTER
D1 INDUCTOR
L1

Figure 19-5 +5 V Regulator, Side View
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PASS TRANSISTOR Q2

CROWBAR
SCR D7

COMMUTATING
DIODE D5

6699-10
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INPUT/OUTPUT
CONNECTOR J1

HEAT SINK

PC BOARD

6699-7

Figure 19-6 +5 V Regulator, 3/4 Bottom View
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CIRCUIT BREAKER

PC BOARD

RFI CAPACITOR

. * il MATE-N-LOK
" __— CONNECTOR
4
L
6712-13

Figure 19-7 BCOST Line Set, Cover Removed

. powerco:ntml
- Elbcost 4743 1z
115 V NOM 6.8 AMP

¥

. AC LINE
CORD

RESET BUTTON
6712-9

Figure 19-8 BCOST Line Set, Rear View
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19,23 Wiring Harnesses

Two mechanical features concering the wiring hamnesses are worth mentioning. One is that termina! block T 3; is
considered patt of the power supply harness (drawing E-IA-7009207-0-0). it is a Cir 540 wnd containg i
15 of screw type terminais.

§:§;

The other feature is that the power distribution board is part of the power to distribution board hasness (drawi
B-IA-7009208-00). 1t is & printed circuit board and the harness wires are soldered to evelets on the board. The
sipaals on these wires are connecied to five identical 9-pin Mate-N-Lok consectors on the board via the eich

123 SYSTEM FUNCTIONAL DESCRIPTION

nctional block diagram of the power system is shown in Figure 19-9. Assume that the iin is plugged in and
the console switch is 1.32 F. Line voltage is applied to the primary of transformer T3 and produces 28 Vac in the
secondary of T3, whick s ¢ ;m*nec%a d to the diode board (P83}, The diode boerd rectifies the secondary output of T3
te ﬂzzezgzzfs the coil N“ refay K1. The 428 V from PS3 must pass through relay coil K1, PS1 regmamr thermostat,

the console switch i 2round to cor aplete the circuit. If the console switch is OFF or the thermostat is open
{overtemperature condition}, relay K1 cannot be energized. This prevents ac line voltage tmm heing applied to
sransformers T1 and T2 and all three fans.

1iz2d3

When the console switch is placed in the POWER position, the relay coil circuit is completed and the relay is
energized. Two sets of normally opened relay contacts now close and ac line voltage is applied to ali thr
the primanes of ramf}r,fwra T1 and T2, The 28 Vo secondury voltage from T1 is applied to the ¢ i
ihe PSI regulator and the 28 Vac secondary voltage from T2 is applied to the recnim circuit in the PS2 regulatorn
The outputs of the regulztors are sent to the power distsibution board and on to the backplane.

The power supply hamess contains tw( NeLok connectors that allow connection to the optio _
mounted power control unit. This device allows all units in a single or multi-cabinet system to be turned on using the
computer console switch. The power control unit automatically removes ac fine power if an overload or
] cocurs in g cabinet.

[+

ion diagram is shown in Figure 1910, All connecior and component pin

:iheé to gllow de
194 SYSTEM CIRCUIT BESCRIPTION

1%.4.1 Introduction
This paragraph provides cireuit descriptions of the 115 Vand 230 V line sets, power distribution board, de re

and ¥5V ’{”’ﬁhlﬁt()f.

1942 Line Set

The 115V and 230V line sets differ only in ihe circuit breaker current rating and m‘»m»d circuit hoard jumper
a:;nmgurats@n, For 115 Vac power, the jumpers connect both primaries of transformers’ 2 and T3 1o 113 Vae
fn parallel (Figure 19-114 For 230 Vae power, the jumpers connect both primaries of spgmey (T1, T2, and

T3) to 230 Vac in series {Figure 19-12).

1543 Power Distribution Board

The circuit schematic for the power distribution board is shown in Figure 19-13. The outputs of the dc regulator
{PS1) and +5 V regulator {PS2) are sent via the power distribution hasness to the board. The hamess wires are
soldered to eyelets on the board. The signals on these wires are distributed via the etch to the five 9-pin Mate-N-Lok
connectors {§1--J5) on the board as shown in Table 19-2.
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Notes:  ®Connected to each Mate-N-Lok via a jumper.
sirically counected on the board, Pine 3 avd © on J1-55 gre spares.

Output +5 V (1) is generated by the 5409728 regulator and is
available on connectors J1 and 32, Output +3V (2} &
generated by the H744 Regulator and is available o
comnectors J3--35, These supplies are separate and should nat
be connected together,
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mteﬁ are maximun; that is, fora

> current ratings for fhe power suppl
] =} value,

the

fmd J2 is 20

DAL

asctors J3, 3, and |

3
H

Y {’?) and GND (2}, using Faston tabs on the power distribution board, are provided to

?OUYLE:KZ;

Table 19-3
Option Power Harnesses

Option Power Harness
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A and DD11-B are pre-wired backplanes used to mount up to four smali § Lﬁmmral inter
' ; D11~ 3w later version of the DDA thet uses Paste on the
hamess. The i}DlE» nses 2 pm&m ?‘*mess that cont: Cﬁ‘i‘fl‘ connes

arg Histed Gf‘ii‘f‘k.
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8K 34 A
49 A
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1944 DC Regulator (P81
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16 generates BUS AC LG L. Both ¢
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subsequent {0 powerup, first Q17, 18, and then Q15, Q16 change stat

ts to charge, Q17 and 16 are on and Q15 and “’*2“‘ are nu
into and raises the m}tage on the cat
L L;;:Msewf nter, tés
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drivers to cut off Q2. The circuit oscillates in this manner and generates a 39 V p-p rectangular pulse train across
diode DS. The regulator circuit acts like a power Schmitt trigger and is either on or off depending on whether the
output voltage is too Jow or too high. The filtered output across C8 and C9 is thus +5 V with about 2 100 mV p-p

10 ‘dh noming I a‘m‘tor}*h nf nmcnmm’sed mph Th, outnut u}mr is an averaging device so the rectangular pulse

Off :irwer QS dwem; mmm tmm the base mf Q4 .:m,ci fhm‘ﬁs; mmmﬁs it. QS‘ R2, amt ﬁener dmde D72 are used to
genevate +15 V for the operation of Bl from the +39 V raw input,

19454 ﬂ’veretsrre:;it Protection Cirouit — The regulator is protected from damage by high current due to a fault
{ v »“m:m }in the load. The current is Hmited to about 3¢ A by the overcuarrent protection circuit tha

31, K2 mmug}; R, #2585 RI7,G7, and C4.

The current drawn by the lvad through pass transistor Q2 is sensed by monitoring the volrage drop across .02 {2
resistor R4 that §s in series with the +39 V raw voliage. If the current exceeds 30 A, the drop across R4 increases and
forward biases Q1 and it turns on. Capacitor C4 chafgm and overcomes the bias on (37 which turns it on. This action
turns on E1 which, in tumn, cuts off pass transistor Q2. The forward bias on Q1 is reduced and it tumns off. Capacitor
ischarges and holds El off for a perod of i?mﬂ during which the current drops nearly to zero. When C4
B turns on to re-esteblish the output voltage. f the fault still exigts, the overcurrent chrenit turns off (7
s tong as the fault exists, the regulator oscillates in this mode an d Limits output current to approxdimately

19.4.55 Overvoltage Crowbar Circuit — The +5 V is used to power digital logic devices that must be pi otected
against voltage in excess of 7.0 V. This protection is provided by the overvoltage crowbar circuit that consists of
silicon controlled rectifier 7, Zener diode 3, diode D8, Q6, R22, R23, and 7.

During normal operation, the trigger input to SCR D7 is at ground pmentiai because the voltage across Zener diode
ss than the 5.1 V required 1o canse it {0 ¢ ses the ontput voltage above
+ D3 turns on which forward blases (}h W!wz f)F« “wdxwts, resistor R23 in the SCR gate circuit draws
57 s on 7. The +5 V catput is short circuited to ground. Capacitor £7 bypasses R23 1o ground so that
line transients of short duration that might cause D3 and D4 to conduct do not fire the crowbar,

is o

19.5 POWER SUPPLY MAINTENANCE

19.5.1  Introduction

Power supply maintecance information includes the following items:

L

Checking and adjusting voltages
b, Removing power supply
¢.  Troubleshooting procedures

1952 Checking and Adjusting Voltages

b

The power supply has four adjustabie output voltages. Three voltages [+3 V{1), +13 V, and - 15 V] are associated
with the 5409728 DC Regulator and one {+35 V {2} s associated with the H744 +3 \, R sgulator.



The computer must be extended more than half way out of the cabinet to provide access to all four adjustments.
The three dc regulator adjustments are located in a vertical line midway on the right side of the computer; from top
to bottom they are +15V, +5V and -15V. The H744 Regulator adjustment is located on the bottom of the
computer approximately 15 in. from the front and 1-1/2 in. from the right side. In each case, access is provided
through holes in the computer mounting box and power supply chassis (Figure 19-24).

ADJUSTING TOOL

+15V ADJUSTMENT

+5V ADJUSTMENT

-15V ADJUSTMENT

6712-2

Figure 19-24 Power Supply Adjustments

All adjustments are controlled by potentiometers with slotted-head shafts that are conveniently rotated using a small
blade type screw-driver. Clockwise rotation increases the voltage in each case. The output voltages should be checked
and adjusted as close to nominal as possible. The nominal values and allowable tolerances are shown below.

5409728 Regulator Output Voltages

Nominal Value and Tolerance Equivalent Range
50V+5% 4.75 V:to 5.25°V
150V 5% 1425Vt 1575V
= St 0EVE 215 % =14 25 Vito=15.75 ¥



H744 Regulator Output Voltage

Nominal Valoe and Tolerance Equivalent Range
50V £35% 475V 10525V

When adjusting the voltages,
tabs} on the pin side of the computer bac
computer from the cabinet, locking it in the 90

use u digital voltmeter and measure the ootput under Joad at the o
tanes, These counectors are jeached conveniently by extending
front up position and semoving the botiom cover.

Observe the following cautions when adjusting the output voltages.

1. Do not adiust the voltages beyond the 105% rating to avoid activating the overvoltage protection
{crowhar) circuit. In the case of the H744 Regulator, the +5 V output is drastically reduced when the
crowhar fires but the fuse does not blow. Inthe case of the 5409728 Regulator, fuse F1 (15 A) h?mm if
the +3 V output is adjusied too high; and fuse F2 (10 A) blows if the - 15 V output is adjustec 18
These crowbar circults are designed to biow the fuses when activated. The +15V (ﬂﬁp“f m, £
overvoltage protection circuit but it uses fuse F1 for protection in case of a malfunction in the +i5V
supply.

,..,.-}

2. The two +5 V outputs, +5 V(1) from the 5409728 Regulator and +5 V{2} from the H744 Regulator,
must not be shorted together. Qutput +5 V(1) is available on power distribution board connectors J1
and J2; and output +5 V(2} is available on connectors J3, 14, and 13 of this board.

19.5.3 Power Supply Removal
The following procedure must be used to prevent damage to the power suppty during removal from the mounting
box;

1. Tum off power,

2, Remove the twe screws that hold the line set to the rear of the monnting box, withdraw the Jine set
slowly, and disconnect line set connector IS from power supply harness connector HE-PL (Figure 19-25),

3. Remove the six screws on the right side of the mounting box that hold the power supply chassis to the
mounting box (Figure 19-26). Disconnect the console cable connector from the Berg connector on the
M7260 module and move the cable away f{rom the power supply cover. Remove the fonr screws that

cure the cover and remove it from the power supply.

onnactors that ave accessible at the rear of the power supply {Figure 19-27).

4, Disconnect the following
4. Power Supply harness connector H1-J2 from power disiribution harness connector H2-P3.

b, Power distribution harness connector HZ2-P2 from transformer connector T2.J1 {2 red and 2 black
wires).

CAUTION
The de regulator output connector PSI-J2 is still connected
but it is not accessible.

1933



5.  Lift the power supply chassis slowly upward until it is free of the compartment in the mounting box
(Figure 19-28). Rest the bottom of the power supply chassis on the top of the mounting box and remove
power distribution harness connector H2-P1 from dc regulator output connector PS1-J2 (Figure 19-29).

6.  Place the power supply on a bench. Be careful when lifting and carrying the power supply because its
center of gravity is near the front end.

POWER SUPPLY
HARNESS
CONNECTOR H1-P1

LINE SET CONNECTOR J5

6712-1

Figure 19-25 Disconnecting Line Set From Power Supply
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POWER SUPPLY CONSOLE POWER SUPPLY
MOUNTING SCREWS(6) CABLE COVER

\

©

POWER DISTRIBUTION POWER SUPPLY HARNESS POWER DISTRIBUTION TRANSFORMER

6712-5 HARNESS CONNECTOR H1-J2 HARNESS CONNECTOR T2-J1
CONNECTOR H2-P3 CONNECTOR H2-P2 (2 RED AND 2 BLACK
WIRES)
Figure 19-26 Removing Power Supply Mounting Screws
6712-6

Figure 19-27 Removing Power Distribution Harness
Connectors H2—P2 and H2—P3

N
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POWER DISTRIBUTION DC REGULATOR OUTPUT
HARNESS CONNECTOR H2-P1 CONNECTOR PS1-J2

-

e
e

6712-7 6712-8

Figure 19-28 Lifting Power Supply Figure 19-29 Disconnecting DC
From Mounting Box Regulator Output Connector
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19.5.4 Troubleshooting Procedures

19.5.4.1 Introduction - Most of the troubleshooting information presented
Regulator and H744 Regulator.

Troubleshooting the other power wsm compornents such as the line set, relay, transformers, connectors, etc., can
be accomplished by performing an electrical coniinuity check using the po i
{Figure 19-10).

15.54.2 Troubleshooting Hints
WARNING

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

s

under load on the pin s
toad or pomi su p?iv By

2 ﬁamr nG f‘sijlpti? is i
waamr ne u,_npu? is generated and the +5 'V fuse or - 15 W fus ywé. 11 this should happen, re power
rotate the appropriate veltage adjustment fully couaterclockwise. Replacs the fuse, | sired, sply
Adjust the output to the recommended value per Paragraph 3.5.2

NOTE
When replucing or swapping the 5409728 DC Regulator (PS1},
etch revision D or later maust be used. Barlier ich revisions,
such as revision C which is used in the 5-1/4 in. PDP-11/05,
11/10 Computer, must not be installed because of insufficient
current capacity.

.3.4.3 Troubleshooting the 5409728 Regulator — Table 19-4 is a troubleshooting chart §
E', should be used with Figures 19-15 throush 19-19 or regulator schematic g D-CR-5409728-0-1 in

1 the 5400738

Regulator.

A visual check is a valnable aid in locating the cause of a malfunct Lmn C wcﬁ; for loose connections, burned resistors,
buried pi sard eich,

3y

iﬁ‘ﬁ&‘ ‘ihe Sw&)iu& Remixim, waveform photos are provided fx

»rothe +5 YV oand
¢ Mode] 453 ( sscope. 4 cforms ar

E& ;m additional aid o izuﬂ'{ﬁes}m"»
=15V outputs. These waveio
to power cornmon (J2 pin 21
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Table 194
5409728 Regulator Troubleshooting Chart

Problem Canse

1415V output

it Too Low Q5, D9, GI10, QF, 411 - 1310 shorted
5 or {7 shorted o
R49, R50, R46, or Ra4d open

Q6, 07, G8, or D11 shorted
Q9. 4319, or DY opsn®

| 1
D14 or transformer T1 open

BUS AC L8O L Will Not Go High

C9 shorted

BUS ACL
raticaily on

eroff

BUS DC LG L Will Not Go High

BUS DU

19-3%




Table 19-4 (Cont)
5409728 Regulator Troubleshooting Chart

Problem Cause

BUS BC LO L Wil Not Go Low 19,020, or G17 open

aird/or acts erraticatly on Q1% or D3 shorted
poweron/poweroff RY, R10, R11, or R8 open
No 1.1TC L Signal RS55 open

D13 shorted

¥

LTC L Going Too High D13 open

P hese causes make the crowbar fire, which, in furn, blows the appropriate fuse.

Figure 19.30 shows six waveforms for the +5 V output taken at points & and B in the circuit (Figure 19-18), Point A
is the output of pass transistor Q6 and point B is the +5 V output (I2 pin 3). Waveforms a, b, and ¢ are taken at
point A and waveforng d, ¢, and 1 are faken at point B. Figure 19-31 shows six waveforms for the =15 V cutput
taken at points C and D in the cireuit {Figure 19-19). Point C is the output of pass transistor Q22 and point 12 is the
-15 V output (J2 pin 9). Waveforms a, b, and ¢ are taken at point U and waveforms d, e and f are taken at paint D.

19.5.4.4 Troubleshooting the H744 Regulator — The design of the +5 V H744 Regulator is similar to the +5 V
portion of the 5409728 Regulator, In general, the same troubleshonting procedures and fault isolation techniques
apply to both regulators.

cedures ave Hsted for the H744. Refer to Figure 19-21 which is the H744 circud

a. A regulator that provides no output, or low ouiput, without causing fuse Il fo blow is probably
1

working into a shortcireuited output. (‘?f ok for a short cireuit in the load or 2 component failure in the
crowhar circuit

b A regulator that provides no output and has fuse F1 blown usually indicates a fault in the pass transistor
or its driver network, Proceed as follows:

i. Check for scorching of the etched board in the area of Q3 and Q4. Check the associated
base-emitter bleeder resistors for damage

2. Check pass transistor Q2, drive transisiors Q3 and 04, and level shifter Q5 with an ohouneter, The
fault could be caused by continuous base drive to (4,
3. The fault cou segision voltage regulator Bl in

cot El pin § to ground should

measure approximately 1.5K {2

4. Check for shorts to ground at the fuse terminals and components mounted on the heat sink.



a) Point A, No load, d) Point B, No load,
2 ms /div, and 2 ms/div, and

10V/div. 50 mV/div.

b) Point A, No load, e) Point B, No load,
20 ps/div, and 20 us/div, and
10V/div. 50 mV/div.

¢} Point A, 20A load, f) Point B, 20A load,
20 us/div, and us/div, and
10V/div. 50 mV/div.

Figure 19-30 +5 V Regulator Circuit Waveforms
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a) Point C, No load, d) Point D, No load,
5 ms/div, and 5 ms/div, and
10V/div. 50 mV/div.

b) Point C, No load, e) Point D_, No load,
50 ps/div, and 50 us/div, and
10V/div. 50 mV/div.

c) Point C, 5A load, f) Point D, 5A load,
50 us/div, and 50 ps/div, and
10V/div. 50 mV/div.

Figure 19-31 -15 V Regulator Circuit Waveforms
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APPENDIX A
INTEGRATED CIRCUIT DESCRIPTIONS

Al INTRODUCTION

The MSI and LSI integrated circuits (JCs) which are shown in the engineering drawings are ;u%uawé in t‘*e m?‘
paragraphs. The descriptions include a pin location diagram, simplified logic diagram, and trutl

dascriptions are intend *é a3 maintenance aids for roubleshooting to the IC level, Table A-l Iis
aumber, nane, and respective paragraph number.

w&

Table A-1
Entegrated Circnits

Manufacturer DEC Name Para,

Part Nunber Part Mumber

8266 190993 2-Input, 4-Bit Digitai A2
Multiplesxer

7413 19039989 Dual NAND Schimit Triggers AL

7473 1905387 Dual 5K Master-Slave A4
Flip-Flops

T474 19405547 Dual D-Type, Edge-Triggered A5
Flip-Flops

7475 1209050 4-Bit Bistable Latch AL

7489 1910396 64-Bit Read/Writz Memory A7

74121 19-10230 Monaostable Multivibrator Al

74150 19-10153 Data Selector Multiplexer AS

74153 1909927 Dual 4-Line-to-1-Line Data A0

» Selectors/Multiplexers

74154 1909701 4-Line-to-16-Line Decoders/ Al

Dernultiplexers




Fable A-1 {Cont;
intoprated Chrouils

Part Namber Part Humber

74157]748158
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96072 1909374 A9




A2 8266 2-INPUT, 4-BIT DIGITAL MULTIPLEXER

Truth Table
Select Lines Output
sf;. S; t“ {(5‘153‘3)
fi‘? s
0 0 B,
0 i B
1 1 i
SELECT
Vee INPUTS CUTPUTS INPUTS  INPUT
g m——— ey g —; %
16 b 15 b~ 14 4 13 12 411 okd 9
L4 2 §
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Az Bg Fa Fo 8y Ap  Sp

Az Bz Fz Fy By Ay 5y
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L e i =) SELECT GND
INPUTS QUTPUTS INPUTS  INPUT denos
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A3 7413 DUAL NAND SCHMITT TRIGGERS

M’:‘ﬁ:} ST ~~D~

1A 4B NG 1C 4D 1Y GHD

POSITIVE LOGIC: Y= ABLD

Pi-4ita




A4 7473 DUAL J-)K MASTER-SLAVE FLIP-FLOPS

g 5ND

OEOOEOE

P

-1
7N fms! O ,:~ @ _(’:’x&
OOOOOOO

(CLEAR K Ve CLOCK CLEAR

TRUTH TABLE
{EACH FLIP-FLUP) |

tpad

e O P PO TR
e}

;ﬁﬂ
tp * Bit time before clock puise.
byt B time after clock puise.

o e e,
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174 DUAL D-TYPE EDGE-TRIGGERED FLiP-FLOPS

3 2

=

Vee  CLEAR 20 CLOCK PRESET
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A6 7475 4-BIT BISTABLE LATCH

& Truth Table
{Each Latch)

£ ‘Inéﬁi

bl Q
1 1
0 0

NOTES: i. L, = bit time hefore cluck
negative-going transition,

2 t4q = bit time after clock
negative-going transition.

o CLntK _
26 2 GND 30
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A7 7489 64-BIT READ/WRITE MEMORY

Fuanction Table

o
&
P

WE Operation Condition of Outpuis

L Writs

H Read

Inhibit Storage
H | Do Nothing
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AR 74121 MONOSTABLE MULTIVIBRATOR

TIMING PINS ,
Ve NG NT . NE
taldis bl i bdolde Lys

T i
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O bed
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g g.,..._.-m-x

i 1

sz s rlaris e 17
Q NG Af Az B Q  GND

TRUTH TABLE
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n INPUT flaet INFUT OUTPUT
ALTAZ! B 1A1IAZ B

t P op ]t INHIBIT
OFX {4 1o)X 10l INHIBIT
X1 ti o] 00! INHIBIT
Cix 9§00 X4 ]0NE SHOT
X1Qi01X]1 0] 1] ONE SHOT
P18 PP X O 1 ! ONE SHOT
ti1 11100 X | 1] ONE SHOT
X O{oixX{41|2 INHIBIT
Ofxioie X iol INsIBIT
Xxtobt el a0 i
Ofxiv it d INHIBIT
11+ o0iIX|01O INHIBIT
11T DI X 1 O INHIBIT
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A9 74150 DATA SELECTOR MULTIPLEXER

DUAL~IN~LINE PACKAGE  (TOP VIEW)

DATA INPUTS DATA SELECT
L T ) v A N\
Ye 8 8 10 31 12 13 14 15 A 8 ¢
g}—zs 22 212019 181171815 14 |13
g ' S At T
3 i H
L
L
Eg € Eyv En Epp &3 Eg By A 8 i
H
- e ¢
i | |Fs_Fs Eq E3 Ep Ey Eg S W D
|
12 { 3 I‘Mﬂ 5 ~{i}~~iaH gux}Hansz
7 & !

8 4 3 2 1 0 STROBE W D GND
.. . S OUT  DATA

UT SELECT
DATA INPUTS PUT SELEC

POSTIVE LOGIC

CDE(+ ABCDEy + ABCDE 3 + ABCDE 4 + ABCDE 5+ ABCDE g + ABCDE 7

o + ABCDE o+ ABTDE ; + ABCDE 2+ ABCDE 13+ ABCDE ) 4 4 ABCDE ¢ 5)

12-0%:4
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Al 74154 4-LINE-TO-16-LINE DECODERS/DEMULTIPLEXERS

DUAL-IN-LINE PACKAGE (TOP VIEW)
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{748158 QGUADRUPLE Z-LINE-TO-1-LINE MULTIPLEXER
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A.13 74174 HEX/74175 QUAD D-TYPE FLIP-FLOPS WITH CLEAR

(3} p ., 1 (2D
TRUTH TABLE A @Dy Q00 TRUTH TABLE
INPUT JOUTPUTS INPUT | OUTPUTS
'n Tntd e © e Yo et
NI Qém o jo 3
H H L S | H HoOoL
i Lo ] i . H
tw ﬂaf* time before (4 (5) In=Bit time before
ciock pulse. B o 5 Dy Qgp—o0g clock puise.
In et =i time ofter 1= Bit time gfter
clock puise. clock pulse.
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A.14 74181 ARITHMETIC LOGIC UNIT/FUNCTION GENERATOR (AL e
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PIN DESIGNATIONS

Deesignation

Pin Mo,

Function

A3, A2, AL AD
B3,B2, 81,80
$3,82,81, 50

Yee
GND

o
ol
&
S

e

3,4,5,6

o

13,11, 10,

i4

ey
i

17

e

WORD A INPUTS

WORD B INPUTS
FUNCTION-SELECT INPUTS
CARRY INPUT

MODE CONTROL INPL
FUNCTION OUTPUTS
COMPARATOR OUTPUT
CARRY PROPAGATE OUTPUY
CARRY OUTPUT

CARRY GENERATE OUTPUT
SUPFLY YOLTAGE

GROUND

CUTBUTS
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e A.15 74182 LOOK-AHEAD CARRY GENERATOR

Equations: INPUTS OUTPUTS

Veo B2 BZ Cn Cnix Cney ©  ndz

eHeHHHH e
Cary =Gy PGy + P PCy ' ] T “: ] |
Cpiy =G+ PaGy + PaP Gy + PoPy BC, S g
G =Gy + Pyl + P3Pl + P3P Gy o rés Caer
?QPSE)EPI?{D ; Pt G0 PO B3 P3P
T Y o Y D {‘i}—w g
& F g Po G P3P W
INPUTS SUTPUT
PIN DESIGNATIONS
i?esignaﬁﬁn Pin No. Function
Go,G1,G2,G3 3,1,14,5 |  ACTIVE-LOW CARRY GENERATE INPUTS
P0,71,72,P3 4,2,15,6 ACTIVE-LOW CARRY PROPAGATE INPUTS
c, 13 CARRY INPUT
Cotx Cotyr Otz 12,11,9 CARRY OUTPUTS
G 10 ACTIVE-LOW CARRY GENERATE OUTPUT
P 7 ACTIVE-LOW CARRY PROPAGATE OUTPUT
Vee 16 SUPPLY VOLTAGE
GND & GROUND

A-19
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A.16 74193 SYNCHRONOUS 4-BIT UP/DOWN COUNTER (DUAL CLOCK WITH CLEAR)

J OR N DUAL~IN-LINE PACKAGE (TOP VIEW)
INPUTS INPUTS

i, OUTPUTS et il
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A C
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LOGIC: LOW INPUT TO LOAD SETS Qp#A,0g7B,Q¢=C,AND Ug=D
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A.17 74194 4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTERS

Vee Qa0 % 0 Q¢ Sp clock st 80

16415414 13 412 {1 0] 9

Qn g Q. 9p cLock S

! r—O CLEAR 50
|
E R A B C D L
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CLEAR SHIFT & 8 e D SHIFT  GND
RIGHT e LEFT
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A18 7528 DUAL SENSE AMPLIFIERS WITH PREAMPLIFIER TEST POINTS
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A.19 9602 DUAL RETRIGGERABLE MONOSTABLE MULTIVIBRATOR WITH CLEAR
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APPENDIX B
COMPUTER CONNECTORS

Tabie B-1 lists the computer connectors, the conuector type, part number, pin and signal designstions, and th
associated connector cable. This includes the connectors for the SCL cable that interfaces the computer (B
ceninector to an LA30 or Model 33 ASR Teletype equivalent (Mate-N-Loks connector. The power supply conned
are described in Part 4 of this manual,

erg)
eIg)
Lors

i

Table B-1
Connectors

Connector Type Part Number Designations Cable

Pin Signals
SCL 40pin Berg 549949 BB 15V 70-8820
Connector {Female} v SER 0+ {20 mA)

1270090-0 T CLK IN{(TTL)
{Male) DD SER IN - (20 mA)

R READER RUN - {20 mA)

N CLE DISAB (TTL3

L SER {1 - {20 mA)

C +5V

D SERG{(TTL)

F READER RUN + {20 mA)

RR SER IN{TTL)

NN 20 ma INTERLOCK

LL SERIAL IN+ (20 mA)
Telgtype fopin 1209340 2 SER O~ 70-8360
or LA30 3 -15¥
Connector 4 ~15V

5 SER O+

6 READER RUN

7 SERIN
Consols Apin 5499449 P DAKH BCORR-O

Berg {Female) BB SWIS(1)H
Connector 1270090-0 DD SWid{HH

FF SWi3{1}H

A SWiZ{ijH

LL SWil{DHH




Tahle B-1 (Conty

Connector Type Fart Number Desiznaiions Cable
Pin Simnals

Console
{cont}

;

SW03 (1)

Nx<=mzo-dmz

DRSO2{1Y L
MM SCAN ADRS 03 (33 L
S8 SCAN ADRSO04 {1} L.
cC PUPL

E KEY LOAD ADRS {13 L
H KEY Ex 4
K KEY CONTI L
M

P

S

KEY HLT ENB (1) L
KEY START(1) L
KEY DEP(1) L

Unibus M92G or AAl INIT L

M3 AA2 POWER {+3V)
AB1 INTR L

AB2 GROUND
ACI D00 L

AC2 GROUKD
ADI1 DO2 L

AD2 DO1 L

AE] D04 L

AEZ DO3 L

AF1 D06 L

AF2 DOS L

AH1 D8 L

AH2 DO7 L
AJl DIOL
A2 DO9 L
AK1 DI2L
AK2 DL
ALl D14 L
AL2 DI3L
AMI PAL
AM?2 DisSL
AN1 § GROUND

b
[




Tabie B-1 (Cont}

S
£ 0 Connectors

Conmector Type Part Number Designation Cable
Pin Signals

Unibus AN2 PBL

{cont} APl GROUND
AP2 BBSY L
AR GROUND
AR2 SACK L
AS1 GROUND
AS2 NPR L
AT1 GROUND
AT2 BR71.
AUL NPG H
AUZ BR 6 L.
AVl BG7H
AV2 GROUND
BAl BG6H
BAZ POWER (+5V)
BB1 BG 5 H
BB2 GROUND
BC1 BR S L
BC2 GROUND
BD1 GROUND
BD2 BR4 L
BE1 GROUND
BE2 BG4H
BF1 ACELOL
BF2 DCLOL
BH1 AULL
BH2 AOOL.
Bl AO3L
BJZ AO2L
BK1 AOSL
BK2 AO4L
BLI AQTL
BL2 AOGL
BM1 AO9L
BM2 AO8L
BN1 AlTL
BN2 AlOL
BP1 Al3L
BP2 AT2L
BRI AlSL
BRZ Al4l
BS1 A17TL
BS2 Al6L
BT} GROUND
BT2 ClL
BU1 SSYN L

B-3




Table B-1 {Cont)
Connectors

Connector

Pin

Designation
=agnals

Unibus
fcont}

AC Remote
Power
Turn-Un
Connegior

BU2
BV1
iBV2

b

i b

COL

GROUND
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