EK-LSIFS-SV-005

LSI-11 Systems
Service Manual

Volume |

Prepared by Educational Services
of

Digital Equipment Corporation



Preliminary, April 1978

1st Edition, March 1979

1st Edition (Rev), September 1979
2nd Edition, November 1980

3rd Edition, August 1982

4th Edition, November 1982

5th Edition, January 1985

© 1978, 1979, 1980, 1981, 1982, 1985 Digital Equipment Corporation.

All Rights Reserved.

Printed in U.S.A.

The material in this manual is for informational purposes and is subject to change
without notice.

Digital Equipment Corporation assumes no responsibility for any errors which may
appear in this manual.

The manuscript for this book was created on a Digital Word Processing System
and, via a translation program, was automatically typeset on Digital's DECset
Integrated Publishing System. Book production was done by Educational Services
Development and Publishing in Marlboro, MA.

The following are trademarks of Digital Equipment Corporation:

ldlifalilt]a]1] Micro PDP-11 RSX

DEC MicroVAX RT

DECmate PDP UNIBUS
DECUS P/OS VAX

DECwriter Professional VMS

DIBOL Q-Bus VT

LSI-11 Rainbow Work Processor

MASSBUS RSTS



CONTENTS
VOLUME | - SYSTEMS CONFIGURATIONS

GENERAL CONFIGURATION RULES............... 1
GENERAL CONFIGURATION RULES.. 1
MEMORY ..o ...6
REFRESH CONFIGURATION PROCEDURE ........ccccoviiiiiiiicicecee 11

MICRO/PDP-11 SYSTEM ..ot 21
GENERAL .

PDP-11V03 AND PDP-11T03 SYSTEMS ... 35
PDP-11V03
PDP-11T03

PDP-11T03-L AND PDP-11V03-L SYSTEMS
PDP-11TO3-L ..o
PDP-11VO3-L oo

PDP-11V23 AND PDP-11T23 SYSTEMS ... 63
PDP-11V23 SYSTEM
PDP-11T23 SYSTEM

PDP-11/03-BASED MINC/DECLAB-11/MINC SYSTEMS ... 81
MODULAR INSTRUMENTATION COMPUTER (MINC)......cccccoooiiiinn. 81
DECLAB-11/MNC SYSTEM ..ot 91

PDP-11/23-BASED MINC/DECLAB-11/MINC SYSTEMS ... 101
MINC e 101
DECLAB-11/MNC PDP-11/23-BASED SYSTEM ..., 112

PDP-11/23 PLUS SYSTEM ....oiiiiiiiiiiiiecie e 123
GENERAL
COMPONENTS ... 124

PDP-11/23S SYSTEM ... 135
KDF11-B PROCESSOR MODULE (CPU) (M8189) .....c.coooiiiiiiiiies 137
KDF11-B LED INDICATORS ..o

MSV11-D MOS RAM MEMORY ..
EXPANSION RULES ...t




CONTENTS (Cont)

PDP-11/23 PLUS, MICRO/PDP-11 AND MicroVAX EXPANSION ... 151
GENERAL oot 151
VT103 LSI-11 VIDEO TERMINAL ...ooiiiiiiiiii i 157
GENERAL ..o 157
LSI-11 BACKPLANE ...ttt 159
CONFIGURATION L.t 160

STANDARD TERMINAL PORT ..o ... 160
VT1X3-MM MAINTENANCE MODULE (M8208) ........cccoveueuiiinnnnns ... 162

11MDS-A MICROCOMPUTER DEVELOPMENT SYSTEM ... 165

GENERAL ..o 165
SPECIFICATIONS.... 167
CONFIGURATION ... ... 169
SYSTEM VERIFICATION PROGRAM .....oooiiiiiiiiiiii ... 185
COMMERCIAL SYSTEMS ... 189
D315 DATASYSTEM ....ooiie ... 189
D322.....cccoiiiiieinn 211
D324 ... 222
D325 ... 232
D333C ..... 235
D33B5C ..o 237

DB3BC e . 239
DPM23 DISTRIBUTED PLANT MANAGEMENT SYSTEM......corrrcee 243

LABORATORY SYSTEMS
PDP-TTLO03 ..ot

TELEPHONE COMPANY SYSTEM .....
CC1A PDP-11V03 SYSTEM

OPTIONS
GENERAL MODULE INFORMATION ......coiiiiiiiiiiieieccee 291
BA11-M MOUNTING BOX

BA11-N MOUNTING BOX....
CONFIGURATION




CONTENTS (Cont)

BA11-S MOUNTING BOX

GENERAL ..o,
POWER SUPPLY ...
FRONT PANEL SWITCHES AND INDICATORS...
FRONT PANEL BEZEL ....c.ccccoiiiiiiiiiiieieee e
H9276 BACKPLANE ..ottt
EXPANSION ...
BAT1-VA MOUNTING BOX.....coiiiiiiiiiiiiiicie e 341
GENERAL L. 341
H349 DISTRIBUTION PANEL .....c.iiiiiiiiiiiiecee e 345
GENERAL ... 345
H780 POWER SUPPLY ...t 347
H786/H7861 POWER SUPPLIES ... 352
SPECIFICATIONS ... 352
H7864 POWER SUPPLY ... 355
SPECIFICATIONS ... 355
H9275 BACKPLANE ...
GENERAL ..o
SPECIFICATIONS....
CONFIGURATION ...
INSTALLATION . ...
H9276 BACKPLANE ..o
GENERAL ...
SPECIFICATIONS
CONFIGURATION ..o 366
H9278-A BACKPLANE ... 368
GENERAL ..o 368
MMV11-A CORE RAM MEMORY ... 377



CONTENTS (Cont)
VOLUME Il - MODULE OPTIONS
AAV11-A DIGITAL-TO-ANALOG CONVERTER .....ccooumrmnrreeeermmmnnnncneneeseees 381

AAV11-C DIGITAL-TO-ANALOG CONVERTER ..........coiiiicee 386

CONFIGURATION ..o 386
PROGRAMMING THE AAVT1-C.....ooiiccccee e 388
IO INTERFACE ..o 390
ADV11-A ANALOG-TO-DIGITAL CONVERTER .......coccoiiiiiiiiiccccee 392
ADV11-C ANALOG-TO-DIGITAL CONVERTER .....ccciiiiiieeeeeeeeeee 397
CONFIGURATION ...t 399

CSR BITS ........... et 402

DATA BUFFER REGISTER.........coiiiiiiiiieeee e 403
IO INTERFACE ..o 404
AXV11-C ANALOG INPUT/OUTPUT ..ottt 405
CONFIGURATION ..ottt 407

CSR BITS .. 411
DATA BUFFER REGISTER..........ccooiiiiiiiiieceteeeee s 413
DAC A AND DAC B REGISTERS.......ccoiieiiiiiiieieeeeeeeee e 414

IO INTERFACE ...t 414

BCV1X BUS TERMINATOR, DIAGNOSTIC AND
BOOTSTRAP MODULES ......c.ooiiiiiiiiiiieeeeeeeeeee e 415

BDV11 BUS TERMINATOR, BOOTSTRAP AND

DIAGNOSTIC ROM ...t 425
BDV11 HALT/ENABLE, RESTART,
AND BEVNT SWITCHES .......cccoiiiiiiieiieeeeeeeeeeee e 431

DEQNA INTERFACE (ETHERNET). ..ottt
GENERAL ......cooooiiiiiiieeee
PREINSTALLATION VERIFICATION
M7504 MODULE ........cooooiiiiiiiiieeeeceeeeeeee e
DEQNA BOOT SEQUENGCE .......coouiiiiiiiieeceeeeeeeeeeeeeeeeeee e

DHV11 8-LINE ASYNCHRONOUS MULTIPLEXER ......ccoieeeeeeeeeeeeeeee 453
GENERAL

Vi



CONTENTS (Cont)

DLV11-E ASYNCHRONOUS SERIAL LINE INTERFACE .........cocoovoiiiee. 483
DLV11-F ASYNCHRONOUS SERIAL LINE INTERFACE ........ccooeoviviiieie. 498
DLV11-J SERIAL LINE UNIT L. 511
DLV11-KA EIA TO 20 MA CONTROLLER .....ccociiiiiiiiiee e 533
CONFIGURATION ...t 533
DMV11 SYNCHRONOUS CONTROLLER ......ccooiiiiiiiiiniiieeeeeeeee e 539
DMV11 OPTIONS
CONFIGURATION ...t 542
CSR BITS .t 556
DPV11 SERIAL SYNCHRONOUS INTERFACE .......cccoiiiiiiiiiiieceeee

CONFIGURATION ...t

RECEIVE CONTROL STATUS REGISTER (RXCSR).... .

RECEIVE DATA AND STATUS REGISTER (RDSR)

PARAMETER CONTROL SYNC/ADDRESS REGISTER (PCSAR)....... 579

PARAMETER CONTROL AND CHARACTER

LENGTH REGISTER (PCSCR)....couiiieec 583

TRANSMIT DATA AND STATUS REGISTER (RDSR).......c.cccccovnnne 590
DRV11 PARALLEL LINE UNIT .o 595
DRV11-B GENERAL PURPOSE DMA INTERFACES.............ccoo 601
DRV11-J GENERAL PURPOSE PARALLEL LINE INTERFACE ........................ 605
DRV11-P FOUNDATION MODULE........coiiiiiiiieeeeee 619
DUV11-DA SYNCHRONOUS SERIAL LINE INTERFACE ... 632
DZV11 ASYNCHRONOUS MULTIPLEXER ......coooiiiiiiieeeeeeee 644
FPF11 FLOATING POINT PROCESSOR ......coiiiiiiiicieeiceeecec 655

GENERAL ..o 655

CONFIGURATION L. 655
G7272/M8659 LSI-11 GRANT CARDS ... 659
IBV11-A LSI-11 INSTRUMENT BUS INTERFACE.......ccoooie 661
KD11 LSI-11 PROCESSOR MODULES ..o 667

vii



CONTENTS (Cont)

KDF11-AX 11/23-A MICROCOMPUTER ..ot 680

KDF11-BA 11/23-B MICROPROCESSOR

GENERAL ..ot

CONFIGURING THE KDF11-BA ...

FACTORY SWITCH AND JUMPER CONFIGURATIONS .......cccooviinies 716
KPV11-A POWER FAIL/LINE TIME CLOCK (LTC) oo 720

-B 120 @ TERMINATOR
-C 250 @ TERMINATOR

KUV11-AA WRITABLE CONTROL STORE .....coiiiiiiiiiiini 725
KWV11-A PROGRAMMABLE REAL-TIME CLOCK ..o 730
KWV11-C PROGRAMMABLE REAL-TIME CLOCK......ccooiiiie 740

CONFIGURATION ..ottt 741
CSR BITS oottt 747
BUFFER/PRESET REGISTER ... ... 751
I/O INTERFACE ..o ... 751

KXT11-A SBC-11/21 SINGLE-BOARD COMPUTER .......ccooiiiiie 752
GENERAL ©.o et 752
CONFIGURATION L.ttt 753
ODT ROMS .ottt 761

VOLUME 1l - MODULE OPTIONS

LAV11 PRINTER INTERFACE .....ooiiiiiiii i 767
LPV11 LP05/LA180 INTERFACE MODULE .......ccooiiiii 772
LSI-11/2 PROCESSOR MODULE DESIGNATIONS ......cocooiiiiii 779
MCV11-D CMOS READ/WRITE MEMORY .....ccoooiiiiiiiiii i 783

GENERAL ..ot 783

CONFIGURING THE MCV11-D MEMORY MODULE ..............ccocoenin 784
MRV11-AA READ-ONLY MEMORY ..o 789
MRV11-BA ULTRAVIOLET PROM-RAM......ccccoiiiiiiiiiiiiececce 793
MRV11-C READ-ONLY MEMORY MODULE.........cccooiiiiiiiiiiiiicccccc 803

viii



CONTENTS (Cont)

MRV11-D UNIVERSAL PROM MODULE .........coociiiiiiiiiiieeeeeeeee e 815
GENERAL ... 815
MSV11-B READ/WRITE MEMORY .......ooiiiiiiiiiiiiicieecees e 825
MSV11-C MOS READ/WRITE MEMORY ... 828
MSV11-D,E MOS READ/WRITE MEMORY .......cccooiiiiiiiiiiiiiciceeece 833
MSV11-L MOS READ/WRITE MEMORY ..o 838
GENERAL ...t 838
MSVI1-L POWER ... 838
CONFIGURATION ..o 841
MSV11-P MOS MEMORY ... 849
GENERAL
CONFIGURATION L. 851
CONTROL STATUS REGISTER (CSR) BIT ASSIGNMENT .................. 857
MXV11-AA,AC MULTIFUNCTION MODULE ... 860
CONFIGURING THE SERIAL LINE UNITS ... 872
MXV11-B MULTIFUNCTION OPTION MODULE ......c.ccoooiiiiiie 884
GENERAL ..o 884
RKV11-D BUS INTERFACE FOR RKV11-D DISK
DRIVE CONTROLLER ... 914
RLV11 CONTROLLER MODULES ... 930
RLV12 DISK CONTROLLER ..o 943
CONFIGURATION ...t 945
CONTROL STATUS REGISTER (CSR)...ccceiiiiiiieiiiiieeceeceeee 949
BUS ADDRESS REGISTER (BAR) ... 952
DISK ADDRESS REGISTER (DAR) .....ccooiiiiiiiiiiiececce ... 953
MULTIPURPOSE REGISTER (MPR).....cccooiiiiie ... 956
BUS ADDRESS EXTENSION REGISTER (BAE) .....ccoooiiiiies 960
RQDX1 AND EXTENDER CONTROLLER MODULE
(RX50, RD51, RD52).....uoiiiiiieieeicicie e 961
LOGICAL UNIT NUMBER SELECTION ............... ... 963
RQDX1 EXTENDER MODULE INSTALLATION...... .... 966
RQDX1-E EXTENDER MODULE OPTION .............. .... 966
RQDX1-E EXTENDER MODULE INSTALLATION ... 966



CONTENTS (Cont)

RXV11 FLOPPY DISK INTERFACE ... 973
RXV21 FLOPPY DISK CONTROLLER .....ooomvvooeeeereeisecsessieannenmssssnesses 982
TSV05 TAPE TRANSPORT AND BUS
INTERFACE/CONTROLLER ...ooooooooooeooooosssssssse s 996
GENERAL oo 996
VSV11 RASTER GRAPHICS SYSTEM......ooooooceeeceoreeeeeesseesseeesseeesennneoons 1007
GENERAL oo oo 1007
M7061-YA SYNC GENERATOR/CURSOR
CONTROL BOARD ... 1009
M7062 MEMORY BOARD ......oovvoeereeoeeseseeeeeeesesssisssesessesssenneeneoe 1016
M7064 DISPLAY PROCESSOR MODULE ........ocoorreeereieianneirineees 1019
PERIPHERAL OPTIONS
RC25 8-INCH DISK DRIVE SUBSYSTEM.........oiovooooeieeooeeeeeeeeeeeeeoeeeeenen, 1023
GENERAL ..o 1023
SPECIFICATIONS ....cooovvooe oo 1029
HOW TO MODIFY THE UNIT SELECT
NUMBER PLUG ..o 1038
RD51 11 Mb WINCHESTER DISK DRIVE SUBSYSTEM ......coovvvoeoveeeeereen.. 1043
GENERAL ..o 1043
VARIOUS CONFIGURATIONS FOR EXPANSION
OF THE RD5T ..o 1046
RD52 31 Mb WINCHESTER DISK DRIVE SUBSYSTEM ..........ooroveeerreee. 1053
LTz N =12 OO 1053
RKO5 DISK DRIVE SUBSYSTEM .......coovooooeeeeeeeeeeeeeeeeeeee oo eeeseeee 1064
RLO1/RL02 5.2/10.4 Mb CARTRIDGE DISK DRIVE UNIT ......vvveeerrrrrer. 1070
RX01 FLOPPY DISK DRIVE.........oovoooooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeer e 1074
RX02 FLOPPY DISK DRIVE.........ooooooeoeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 1077
RX50 FLOPPY DISK DRIVE SUBSYSTEM.........ovvecomooooeeeseoereeeesoeeeeeesseereenen, 1082
GENERAL
SYSTEM AND EXTERNAL SUBSYSTEM
INTERCONNECT .....oooooooeoooeeeeeeeee oo 1087



CONTENTS (Cont)

TU58 TAPE CASSETTE UNIT
GENERAL ... 1098

APPENDICES
DIAGNOSTIC MEDIA AVAILABILITY ..o 1105
FLOATING ADDRESSES/VECTORS ......cociiiiiiicieeeeeeeeeeee e 1125

LSI-11 BUS SPECIFICATION .....ooiiiiiiiiiiiieece e 1127
GENERAL

DMA PROTOCOL....
INTERRUPTS L.
CONTROL FUNCTIONS......coooiiiieiieceeceee e
BUS ELECTRICAL CHARACTERISTICS
SYSTEM CONFIGURATIONS ...

FCC INFORMATION ..ottt st 1168
GENERAL ..o 1168

Xi






GENERAL CONFIGURATION RULES

GENERAL CONFIGURATION RULES

The rules and considerations discussed in this section apply to all LSI-11
systems. Refer to subsequent sections for requirements peculiar to specif-
ic systems.

Backplanes

LSI-11 systems can be divided into two types: those that use only one
backplane, and those that have multiple backplanes. Single backplane sys-
tems are viewed as lumped capacitance. Multiple backplane systems are
regarded as transmission line systems. The characteristics of the two
types differ enough to require separate sets of configuration rules. The
rules are given in terms of power consumption, dc bus loading, and ac bus
loading. DC loading is a measure of the leakage current a module’s bus
signal lines draw when high (undriven). One dc load is nominally 105 uA.
AC loading is a measure of the capacitance a module adds to the bus sig-
nal lines. One ac load is 9.35 pF. Backplanes also add ac loading to the
bus. The power consumption, dc loading, and ac loading is listed for each
module in the ““CPU/Options’’ section.

Configuring Single Backplane Systems

1. The bus can support up to 20 ac loads before additional termination is
required. The processor has on-board termination for one end of the
bus, and after 20 ac loads, the other end of the bus must be terminated
with 120 Q.

2. A terminated bus can support up to 35 ac loads.
3. The bus can support up to 20 dc loads.

4. The bus signal lines on the backplane can be up to 35.6 cm (14 in)
long.

The preceding rules apply only to single backplane systems. The bus can-
not be extended off the backplane in any way. [f it is, the system is consid-
ered a multiple backplane system.



Configuring Multiple Backplane Systems
1. a. Up to three backplanes may be connected together.
b. The signal lines on each backplane can be up to 25.4 cm (10 in) long.

2. Each backplane can have up to 20 ac loads. Unused ac loads from one
backplane may not be added to another backplane if the second back-
plane loading will exceed 20 ac loads. It is desirable to load back-
planes equally or with the highest ac loads in the first and second

backplanes.

3. Total dc loading of all three backplanes combined can be up to 20
loads.

4. Both ends of the transmission line should be terminated with 120 Q.
This means that the first backplane should have impedance of 120 €,
and the last backplane should have a termination of 120 €.

5. a. The cable connecting the first two backplanes should be at least 1.83
meters (6 ft) long.

b. The cable connecting the second backplane to the third backplane
must be at least 1.22 m (4 ft) longer or shorter than the cable con-
necting the first and second backplanes.

c. The combined length of the cables should not exceed 4.88 m (16 ft).

d. The cables used must have a characteristic impedance of 120 Q.

Power Supplies

The ““CPU/Options’’ section lists the typical power requirements for each
module. For reliable operation, the sum of all typical current requirements
should be less than 70 percent of the maximum rated current of the power
supply. Refer to the appropriate power supply section for voitage and cur-
rent ratings.
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TEV11 M8400-YB

MR-0759

A Typical System Configuration Using BA11-M Boxes
Showing Cables Needed for Expansion

NOTE
Expander boxes are normally shipped with W1 installed. This
enables the slave power supply to be powered up and down
without being cabled to the master supply. For system appli-
cations, however, it is recommended that W1 be removed. This
will ensure that the slave supply does not power up unexpect-
edly if the cable is loosened.

Business Products systems (D322 and D324) do not use a PDP-
11/03-J slave console. The two power supplies are connected
by a cable (DEC part number (PN) 70-13371-00). No slave
board is needed. In a standalone device, such as the RKV11-D
disk drive controller, the W1 jumper must be installed and is
rnot removed if it is added to a system.
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LSI-11CPU
MASTER
oo HHH | suerLy
DCOK
M9400-YE
BCV1B-06 — (2) BCO5L-06 BCO3Y-16
M9401
SLAVE 1
°) SUPPLY
DCOK Jwi
M9400-Y D
BCV1A-10— (2) BCO5L-10
M9401
o SLAVE 2
DCOK SUPPLY
TEVI M9400-YB Jw

NOTE:
THE TWO (2) BCO5L-XX CABLE LENGTHS BETWEEN
THE FIRST AND SECOND BOX SHOULD DIFFER
FROM THE BCO5L-XX CABLE LENGTHS BETWEEN
THE SECOND AND THIRD BOX BY AT LEAST FOUR
FEET BECAUSE OF LSI-11 BUS REFLECTIONS.

MR-2370

Typical System Configuration Using Three BA11-M Boxes
Showing Cables Needed for Expansion



Master/Slave Interface Cables

Length DECPN
10.2 cm (4 in) 70-08612-0D
15 cm (6 in) 70-08612-0F
22.9cm (9in) 70-08612-0K
27.5cm (11in) 70-08612-0M
35.6 cm (14 in) 70-08612-1B
45.7 cm (18in) 70-08612-1F
124 cm (49 in) 70-08612-4A
61.0cm (2 ft) 70-08612-02
1.83m (6 ft) 70-08612-6A
3.05m (10 ft) 70-08612-10

Possible Problems Installing the 70-08612 or BCO3Y-XX Cables
On a two box system, connect the remote sockets on the master console
and the slave console with a 70-08612-XX cable.

NOTE
Some of the 70-08612 cables have been found with a con-
nector on backwards. If the DCOK LED on the slave box does
not come on when the master is turned on, the cable may be

reversed.

If RT-11’s clock does not update, the 70-08612 cable may be
in upside down. The cable should be connected pin 1 to pin 1.
The red line should be on the left of both J2 connectors.

Possible Problems Installing BCO5L
Some BCO5L-XX cables may have the ‘“This Side Up” stickers on the
wrong side of one end. The cables should be connected as follows.

e M9400-YE or YD pin AA (J1)
to
BCOS5L-XX pin 1

e BCOS5L-XX pin 1
to
M9401 pin AA (J1)

The pin markings on the BCO5L cables are on the connector. The cables
should be flat when run around the PDP-11/03 cable trays, and not twisted.

If the BCO5L-XX is plugged in upside down, the bus DCOK line is grounded.
The processor will not power up with this condition. Reverse the cables and

try again.



MEMORY

Memory Refreshing Rules
All dynamic MOS RAM must be refreshed. Neither CORE RAM nor

ROM/PROM memories need refreshing. Refreshing is available by three
means: processor microcode, Direct Memory Access (DMA), and self-re-

freshing memory modules.

Processor Microcode Refresh — With processor microcode refresh, the
processor must be strapped to enable the microcode refresh, and the mem-
ory module farthest from the processor on the bus must be configured to
reply to refresh cycles. All other memory modules, including memory on the
processor board itself, must have memory reply disabled. If only the 4K of
RAM on the processor is being used, then that RAM must be strapped to

respond to reply.

NOTE
Only quad-sized processor modules have microcode refresh
capabilities. Double-sized processor modules do not. With
double-sized processors, either DMA refresh or self-refreshing
memory must be used.

DMA Refreshing — The REV11-A or REV11-C modules may be used to pro-
vide DMA memory refreshing. When using the REV11 to refresh memory,
the REV 11 refresh capability must be enabled via a strap on the REV11
board, and the processor microcode refreshing must be disabled. The mem-
ory module farthest from the REV 11 should have reply to refresh enabled. If
a quad-sized processor module with on-board RAM is used, usually that
RAM will be the one strapped to reply to the refresh because it will be the
farthest from the REV 11 option.

DMA memory refreshing can be done by a customer’s own module if that
module makes sufficient memory accesses within the required time.

Self-Refreshing Memory - Self-refreshing memory does not use the bus to
accomplish refreshing; therefore, no memory module need be strapped to
reply to a memory refresh cycle.

Self-refreshing memory can be combined with nonself-refreshing memory
on the same bus; however, when this is done, other refreshing techniques
similar to processor microcode or DMA must be used to refresh the con-
ventional memory. If an MSV11-C is used with a KD11-F or an MSV11-B,
configure the MSV11-C for external refresh.

DMA Refresh Configuration
In systems that use a REV11-C for refresh and a TEV 11 for bus termination,
the REV11-C should be placed immediately after the memory modules.



DRV11-B or RKV11-D modules should follow the REV11-C in order to be
lower in DMA priority.

Systems that use a REV11-A for both refresh and termination must have it
in the last slot.

No open slots are permitted between the processor and the far-end bus ter-
minator. The DMA and interrupt priority scheme is indicated in the following
figure. The arrow indicates decreasing priority.

PROCESSOR

&4

TERMINATOR <——~—-—l

Configuration Examples
If an LSI-11 system must be configured with memories other than the
MSV11-CD, try to use one of the following engineering-approved examples.

Ex.

MR-0761

Q-Q Backplanes DMA /Interrupt Priority Scheme

M7264-0, -AB, -BB CPU

M7944 MSV11-B 4K MEMORY

M7840 DLV11 SLU

M7944 MSV11-B 4K MEMORY

M9400-YA REV11-A
BOOT/TERMINATOR

MR-0798

In this type of configuration, use the M9400 (REV 11) to perform refresh op-

erations.



Jumpers would be as follows.

M7264

M7944
M8400-YA

w4
w9
W10
W4
w2

IN Disable CPU controlled refresh.
ouT Enable reply from CPU memory.
ouT Enable CPU reply during refresh.
IN (both modules) Disable reply during refresh.

IN Enable DMA refresh.

Ex. 2

M7264-0, -AB, -BB CPU

M7955-YD MSV11-CD 16K MEMORY

M7944 MSV11-B 4K MEMORY

M9400-YA REV11-A
BOOT/TERMINATOR

MR-0799

In this type of configuration, use REV11 to control refresh operations.

Jumpers would be as follows.

M7264

M7955

M9400-YA

W4
w9
W10
W7
w6
w2

IN

ouT

ouT

ouT Disable internal refresh.

IN Disable reply during refresh.
IN

Ex. 3

M7264-YA, -YB CPU

M7955-YD MSV11-CD 16K MEMORY

M7944 MSV11-B 4K MEMORY

M9400-YA REV11-A
BOOT/TERMINATOR

MR-0800

In this type of configuration, use REV11.

Jumpers would be as follows.

M7264

M7955

M7944
M9400-YA

w4
w9
W10
W7
we
W4
w2

IN Disable CPU refresh.

IN Disable reply from CPU memory.
ouT This is a ““don’t care”’ (if W9 is in).
ouT Disable internal refresh.

ouT Enable reply during refresh.

IN Disable reply during refresh.

IN Enable DMA refresh.



Ex. 4 M7264.0, -AB, -BB CPU

M7955-YD MSV11-CD 16K MEMORY

MR-0801
In this type of configuration, use CPU refresh.
Jumpers would be as follows.
M7264 w4 ouT Enable CPU refresh.
w9 ouT Enable reply from CPU memory.
W10 IN Disable CPU reply during refresh.
M7955 w7 ouT Disable internal refresh.
w6 ouT Enable reply during refresh.
Ex. 5
M7264-0, -AB, -BB CPU
MB8018 KEV11-WA WCS
M7855-YD MSV11-CD 16K MEMORY
MS400-YE BUS JUMPER I M7944 MSV 11-8 4K MEMORY
BCViB
MS8401 BUS JUMPER I MS400-YC BOOT/TERMINATOR
M7952 KWV 11-A REAL TIME CLOCK
M7950 DRV 11-B DMA INTERFACE
MS3400-YD BUS JUMPER I M7940 DLV11 SLU
BCV1A
M9401 BUS JUMPER M8028 DLV 11-F SLU
DISK TEVI
M7962 RCV11-D INTERFACE M9400-YB TERMINATOR
MR-0802




In this type of configuration, use the REV11-C (M9400-YC) to provide re-
fresh.

Jumpers would be as follows.

M7264 w4 IN Disable CPU controlied refresh.
w9 ouT Enable reply from CPU memory.
W10 OuUT Enable CPU reply during refresh.
M7955 w7 ouT Disable internal refresh.
W6 IN Disable reply during refresh.
M7944 W4 IN Disable reply during refresh.
M9400-YC w2 IN Enable DMA refresh.

Do not use any configuration with DMA devices between the CPU and a
REV 11 performing DMA refresh.

The BDV11 (M8012) is always at end of the bus.
The preferred order of modules in systems is:

CPU
WCS
Memory
DMA refresh
Real time clock
INT fastest
!
slowest
DMA fastest
l
slowest
Program transfer (ROMs, D/As, etc.)
Terminator

For later system configurations see BA11-N, BA11S for expansion.

10



REFRESH CONFIGURATION PROCEDURE
1 Is this CPU a KD11-H (M7264-YA)?
YES NO
1 e Go to step 6

2  Does the system contain an MSV11-B (M7944) memory?

YES lilO
® The CPU should have jumpers W10 and W4 installed.
® If the system has a REV11-A (M9400-YA) or a REV11-C
(M9400-YC), jumper W2 should be removed.
® If the system has MSV 11-CD (M7955) memories, jumpers
W6 and W7 should be installed in the MSV11-CD.
(] If the system has:

MSV11-DA M8044-YA
MSV11-DB M8044-YB
MSV11-DC M8044-YC
or

MSV11-DD M8044-YD

there are no refresh configuration requirements for this

module.

4

3 Does the system contain a DMA device other than the REV11-A
(M7900-YA) or a REV11-C (M9400-YC), such as an RKV11-D (M7969)
or DRV11-B (M7950)7?

YES NO
® Does the system contain a REV11-A (M9400-YA) or
REV11-C (M9400-YC)?
YES NO

e Is the CPU a DIBOL processor (40-pin chip with 2
dies)?

11
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NO YES

® You cannot configure this system without
a REV11.

The CPU (M7264-YA) should control refresh;
jumper W4 removed and W10 installed.

) The MSV11-B (M7944) farthest from the CPU will
reply; jumper W4 removed.

® All other MSV11-B memories should have W4 in-
stalled.
® If the system has MSV11-CD (M7955) memories,

jumpers W6 and W7 should be installed.
] If the system has:

MSV11-DA M8044-YA
MSV11-DB M8044-YB
MSV11-DC M8044-YC
or

MSV11-DD M8044-YD

there are no refresh configuration requirements
for this module.

The REV11-A (M9400-YA) or REV11-C (M9400-YC)
should control refresh; jumper W2 on the M9400 should
be installed.

The MSV11-B (M7944) farthest from the REV11 should
reply to refresh; W4 removed.

All other MSV11-B memories should have W4 installed.

The CPU should not control refresh; jumpers W4 and
W10 installed.

If the system has MSV11-CD (M7955) memories, jumpers
W6 and W7 should be installed.

If the system has:

MSV11-DA M8044-YA
MSV11-DB M8044-YB

12



MSV11-DC M8044-YC
or
MSV11-DD M8044-YD

there are no refresh configuration requirements for this
module.

4 Does the system contain a REV11-C (M9400-YC)?

NO YES

4

e The REV11-C (M9400-YC) should control refresh; W2 in-
stalled.

® The MSV11-B (M7944) farthest from the REV11 should
reply to refresh; jumper W4 removed.

® All other MSV 11-B (M7944) memories should have W4 in-
stalled.
® There should not be a DMA device placed between the

CPU and REV11-C (M9400-YC).

® If the system has MSV11-CD (M7955) memories, jumpers
W6 and W7 should be installed.

® If the system has:

MSV11-DA M8044-YA
MSV11-DB M8044-YB
MSV11-DC M8044-YC
or

MSV11-DD M8044-YD

there are no refresh configuration requirements for this
module.

7
5 |s the CPU a DIBOL processor (40-pin chip with 2 dies)?

NO YES

® You cannot configure refresh on a system without a
REV11-C.

The CPU (M7264-YA) must control refresh; jumper W10 in-
stalled and W4 removed.

13



® If a REV11-A (M9400-YA) is present, its refresh must be dis-
abled. This means jumper W2 must be removed.

® The MSV11-B (M7944) farthest from the CPU should respond to
refresh; jumper W4 removed.

® All other MSV 11-Bs (M7944) should have W4 installed.

® If the system has MSV11-CD (M7955) memories, jumpers W6
and W7 should be installed.

° If the system has:

MSV11-DA M8044-YA
MSV11-DB M8044-YB
MSV11-DC M8044-YC
or

MSV11-DD M8044-YD

there are no refresh configuration requirements for this module.

FROM 1, 5

6 Does the system contain a REV11-A (M9400-YA) or REV11-C (M9400-
YC)?

YES NO
® Is the CPU a DIBOL CPU (40-pin chip with 2 dies)?
NO YES
! You cannot configure this system without a
REV11.
]' Does the system contain an MSV11-B (M7944)?
ES NO

° The CPU (M7264) must control refresh and reply
to refresh; jumpers W4 and W10 removed.

® The MSV11-B (M7944) farthest from the CPU
should reply to refresh; jumper W4 removed.

° All other MSV11-Bs (M7944) should have jumper
W4 installed.

14



® If the system has:

MSV11-DA M8044-YA
MSV11-DB M8044-YB
MSV11-DC M8044-YC
or

MSV11-DD M8044-YD

there are no refresh configuration requirements
for this module.

e The CPU must control refresh; jumper W4 removed and
W10 installed.

e The MSV11-B (M7944) farthest from the CPU should re-
ply to refresh; jumper 4 removed.

® All other system MSV11-Bs (M7944) should have jumper
W4 installed.
® If the system has MSV11-CD (M7955) memories, jumpers

W6 and W7 should be installed.
e If the system has:

MSV11-DA M8044-YA
MSV11-DB M8044-YB
MSV11-DC M8044-YC
or

MSV11-DD M8044-YD

there are no refresh configuration requirements for this
module.

7 .

7 Does the system contain a DMA device other than that of the REV11-A
(M9400-YA) or a REV11-C (M9400-YC), such as RKV11-B (M7969) or
DRV11-B (M7950)?

YES NO
® Does the system contain MSV11-B (M7944) memory?
YES NO

® The REV11-YA (M9400-YA) or REV11-C (M9400-
YC) should control refresh; jumper W2 installed.

15



® The CPU should reply to refresh; jumper W4 in-
stalled and W10 removed.

° All MSV11-B (M7944) memories should have jump-
er W4 installed.

® If the system has MSV11-CD (M955) memories,
jumpers W6 and W7 should be installed.

If the system has:

MSV11-DA M8044-YA
MSV11-DB M8044-YB
MSV11-DC M8044-YC
or

MSV11-DD M8044-YD

there are no refresh configuration requirements
for this module.

The REVi1-A (M9400-YA) or REV11-C (M9400-YC)
should control refresh; jumper W2 installed.

The MSV11-B (M7944) farthest from the REV11-A
(M9400-YA) or REV11-C (M9400-YC) should reply to re-
fresh; jumper W4 removed.

The CPU should not reply to refresh; jumper W4 installed
and W10 installed.

All remaining MSV11-B memories should have W4 in-
stalled.

If the system has MSV11-CD (M7955) memories, jumpers
W6 and W7 should be installed.

If the system has:

MSV11-DA M8044-YA
MSV11-DB M8044-YB
MSV11-DC M8044-YC
or

MSV11-DD M8044-YD

there are no refresh configuration requirements for this
module.

16
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8 Does the system contain a REV11-C (M9400-YC)?

YES NO

YES

-

Is the CPU a DIBOL processor (40-pin chip with 2 dies)?
YES

® You cannot configure this system without a
REV11.

Does the system contain MSV11-B (M7944) memory?

NO

* The CPU (M7264) should control refresh and re-
ply; jumpers W4 and W10 removed.

® If the system has a REV11-A (M9400-YA); jumper
W2 should be removed.

) If the system has MSV11-CD (M7955) memories,
jumpers W6 and W7 should be installed.

® If the system has:

MSV11-DA M8044-YA
MSV11-DB M8044-YB
MSV11-DC M8044-YC
or

MSV11-DD M8044-YD

there are no refresh configuration requirements
for this module.

The CPU (M7264) should control refresh; jumper W4.

The MSV11-B (M7944) farthest from the CPU should re-
ply to refresh; jumper W4 removed.

All remaining MSV 11-Bs (M7944) should have jumper W4
installed.

If the system has a REV11-A (M3400-YA), jumper W2
should be removed.

If the system has MSV11-CD (M7955) memories, jumpers
W6 and W7 should be installed.

17
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10

® If the system has:

MSV11-DA M8044-YA
MSV11-DB M8044-YB
MSV11-DC M8044-YC

or
MSV11-DD M8044-YD

there are no refresh configuration requirements for this
module.

v
Does the system have MSV11-B (M7944) memory?

YES NO
® The REV11-C (M9400-YC) should control refresh; jumper

W2 installed.
e The CPU (M7264) should reply to refresh; jumper W10 re-

moved and W4 installed.

® If the system has MSV 11-CD (M7955) memories, jumpers
W6 and W7 should be installed.

® If the system has:

MSV11-DA M8044-YA
MSV11-DB M8044-YB
MSV11-DC M8044-YC
or

MSV11-DD M8044-YD

there are no refresh configuration requirements for this
module.

v
Is the CPU an M7264-EB, -FB, -HB, or -JB?

YES NO
® The REV11-C (M9400-YC) should control refresh; jumper
W2 installed.
® The CPU should reply to refresh; jumper W10 removed
and W4 installed.
® All MSV11-B (M7944) memories should have jumper W4
installed.

18
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If the system has MSV11-CD (M7955) memories, jumpers
W6 and W7 should be installed.

If the system has:

MSV11-DA M8044-YA
MSV11-DB M8044-YB
MSV11-DC M8044-YC
or

MSV11-DD M8044-YD

there are no refresh configuration requirements for this

module.

The REV11-C (M9400-YC) should control refresh; jumper W2 in-

stalled.

The MSV11-B (M7944) farthest from the REV11-C should reply
to refresh; jumper W4 removed.

All other MSV11-Bs (M7944) should have jumper W4 installed.

The CPU should have jumpers W4 and W10 installed.

If the system has MSV11-CD (M7955) memories, jumpers W6
and W7 should be installed.

If the system has:

MSV11-DA M8044-YA
MSV11-DB M8044-YB
MSV11-DC M8044-YC
or

MSV11-33 M8044-YD

there are no refresh configuration requirements for this module.
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MICRO/PDP-11

MICRO/PDP-11 SYSTEM

GENERAL

The MICRO/PDP-11 system is a general-purpose microcomputer system with
integral mass storage. The system is PDP-11 processor based with 22-bit
addressing capability. The system runs a variety of software such as the
MICRO/RSX, RSX-11M, RSX-11M-PLUS, CTS-300, DSM, V7M-11 and
MICRO/RSTS operating systems.

The MICRO/PDP-11 system is available in three packages: the rack mounted
package, the table top package, and the floor mounted package.

Major components of the MICRO/PDP-11 system are as follows:

KDF11-BP CPU (M8189 module with cables)
MSV11-PK memory (M8067-KA module)
RD51-A Winchester fixed disk drive
RX50-AA dual 5-1/4 inch diskette drive
RQDX1 disk drive controller (M8639 module)
DZV11-CP asynchronous multiplexer (M7957 module)
H9278-A backplane

H7864 power supply

BA23-A mounting box

Patch and filter assembly

Front panel

When troubleshooting the MICRO/PDP-11 system, you should try to isolate the
problem to any of these components.

NOTE
The KDF11-BP contains the KDF11-BE (CPU module only), associated
cables, and the KDF11-B patch and filter panel.
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MICRO/PDP-11 System Packages
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Voltages

+5 Vdc @ 36 A
+12Vdc @ 7 A

MICRO/PDP-11

PATCH AND FILTER
PANEL ASSEMBLY

POWER
KDF11  (M8189) SUPPLY
MODULE
AcsN
MSV11 % (M8067) &
OPTIONAL | DZV114F(M7957)
PANELS
OPTIONAL @ MODULE(S) >
OPTIONAL
CONNECTORS ~ [RQDX1F(M8639
n pc T
A FANS
sAckPLANEA][] 1 A/}
ASSEMBLY L
0 AIR
DIRECTION
N
S B ap
CONTROL
PANEL
RD51
RD51  RX
R/W 50
BOARD

MR.9541

MICRO/PDP-11 Expanded View

Diagnostic Programs

JKDB??.BIC
JKDA??.BIC
JKL5?7.BIC
VMB8AF?.BIN
VMSA??.BIC
VDZA??.BIC
vDZB??.BIC
vDZC??.BIC
ZRQ???.BI?

F-11 basic instruction

KDF-11 MMU test

KDF-11B CPU cluster test
Boot/ROM test*

Q-Bus 22-bit address memory test
DZV-11 test part one

DZV-11 test part two

DZV-11 loopback test

RDRX performance exerciser

“Must be version F or later.
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MICRO/PDP-11

Related Documentation

MICRO/PDP-11 System Option Manual (EK-OLCP5-OD)
MICRO/PDP-11 System Site Preparation and Verification Guide (EK-OLCP5-SP)
MICRO/PDP-11 System Unpacking and Installation Guide (EK-OLCP5-IN)
MICRO/PDP-11 System Technical Manual (EK-OLCP5-TM)
MICRO/PDP-11 System Owner’s Manual (EK-OLCP5-OM)

PDP-11 Microcomputer Interfaces Handbook (EB-23144)
MICRO/PDP-11 lllustrated Parts Breakdown (EK-OLCPS5-IP)
MICRO/PDP-11 Assembly Drawings (70-20442)

BA23-A Unit Assembly Drawings (BA23-A-DBP)

11C23 Unit Assembly Drawings (11C23-0-DBP)

11A23 Unit Assembly Drawings (11A23-0-DBP)

Microcomputer Interfaces Handbook (EB-21344-18)

Microcomputer and Memories Handbook (EB-20912-20)

PDP-11 MICRO/PDP-11 Handbook (EB-24944)

PDP-11 Architecture Handbook (EB-23657-18)

PDP-11 Software Handbook (EB-08687-20)

KDF11-BA CPU Module User’s Guide (EK-KDFEB-UG)

KDF11-B Field Maintenance Print Set (MP-01236)

MSV11-P User’s Guide (EK-MSVOP-UG)

DZV11 Asynchronous Multiplexer Technical Manual (EK-DZV11-TM)
RQDX1 Controller Module User’'s Guide (EK-RQDX1-UG)
Boot/ROM Diagnostic Listing (microfiche) (AH-T578A-MC)
Boot/ROM Diagnostic Listing (paper copy) (AC-T577A-MC)
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MICRO/PDP-11

FLOOR STAND UNIT

Eﬂgnnan l CONTROL PANEL
Micro
PDP-11 O

Run DC OK
Halt Restart

©) O
Fixed Disk 0

Write Protect Ready

@) O

Removable Disk

. 00

TABLETOP/RACK MOUNT UNIT

Removable
Disk

Write
Protect

O
2O

Fixed Disk 0 CONTROL PANEL
Write Protect -

Halt
Run
© © O Micro
PDP-I1
Ready Restart
g D&sK
0 0 O —

MR-9310

MICRO/PDP-11 System Control Panel
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MICRO/PDP-11

MICRO/PDP-11 System Control Panel Switches

Switch Position Function
Power 1,0 1
(rocker switch) Turns on the system power. This switch
glows red when the system is on.
0 Turns off the system power.
HALT IN
(LED lit) The CPU halts and responds to console on-
line debugging technique (ODT) commands.
The basic ODT commands and their func-
tions are listed in Appendix B. Refer to the
Microcomputers and Memories Handbook
(EB-18451-20) for additional ODT
information.
ouT Enables the processor to run.
(LED off)
RESTART IN
(momentary
switch) When the halt switch is out (LED off), the
CPU restarts by carrying out a power-up
sequence and displaying the bootstrap
dialog.
When the halt switch is in (LED lit), the
restart switch will single-step the current
program, executing a single instruction each
time the switch is pressed.
Fixed Disk 0 IN
Protect Write (LED lit) Write protects the RD51 fixed disk drive.
ouT
(LED off) Enables writing to the RD51 fixed disk drive.
Fixed Disk 0 ouT
Ready (LED lit) Places the RD51 fixed disk drive on-line.
IN
(LED off) Places the RD51 fixed disk drive off-line.
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MICRO/PDP-11 System Control Panel Indicator LEDs

Indicator

LED Function

RUN This LED is lit when the CPU is operating; the LED goes off
when the CPU is not executing instructions.

DC OK This LED is lit when the power supply is generating correct dc

power output voltages.
Removable Disk
Write Protect”
Indicator LED

1 When this LED is lit, the diskette in RX50 diskette drive 1 is
write-protected.

2 When this LED is lit, the diskette in RX50 diskette drive 2 is
write-protected.

* Removable disk write-protect is selected by placing an adhesive label over the
write-protect slot of the diskette.

Each module in the H9278-A backplane is assigned a location, depending on its
importance in the MICRO/PDP-11 system.

Slot Module

Slot 1 M8189 CPU module (KDF11-B)

Slot 2 M8067-Kx memory module (MSV11-P)

Slot 3 Additional memory (if present), or M7957 (if present), or M8639 con-

troller module*

Slot 4 M8639 controller module* (if not in slot 3) or other optional modules

* The M8639 controller module must be placed in the last used slot, because of
the length and location of the 50-conductor MASSBUS cable. All direct memory
access (DMA) modules must be installed in front of the M8639 controller mod-
ule, in the bus priority structure.
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MICRO/PDP-11

M8189 Miscellaneous Jumpers and Switch Configurations
The jumpers used by manufacturing and field service for testing the M8189 mod-
ule are listed.

NOTE
The baud rate switches (S2-1 through $2-8) on the M8189 module
should be left at their original factory settings. These switches do not
control the baud rate. Because of external clocking, the baud rate is
adjusted from the KDF11-B patch and filter panel.

All other jumpers on the M8189 module are OUT.

Refer to Appendix B for information on other applications of the

KDF11-BA.
MSD +5V LSD SOCKET
—r—
D1 D2 D3 D4 D5 r £78
nfNl nonoan j’

7
MR-7372

KDF11-B LEDs

NOTE
The light pattern indicates that the corresponding test is in progress
or has failed. Some tests retry (DECnet), and others will halt the CPU
(CPU, memory, non-DECnet boots.)

The PDP-11/23+ system uses a KDF11-BA CPU, while the
MICRO/PDP-11 system uses a KDF11-BP CPU. The difference
between them are the ROM chips and the jumpers on the module. The
PDP-11/23+ uses a 23-339E2 chip and a 23-340E2 chip, while the
MICRO/PDP-11 uses a 23-157E4 chip and a 23-158E4 chip. When
troubleshooting the KDF11-B (M8189) module, make sure the correct
ROMs are installed.

The MICRO/PDP-11 system is shipped with switches S1-1, $1-2, §1-3,
S1-4, S1-7, and S1-8 on. Switches $1-5 and S1-6 are off.
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MICRO/PDP-11

H7864
POWER
CONNECTOR
J1 A B C D
Bk Q22 022 co cp
2 Q22 Q22 cD cD
3 Q22 022 cD cD
4 Q22 Q22 Q22 Q22
5 Q22 Q22 Q22 Q22
6 Q22 Q22 Q22 Q22
— 7 Q22 Q22 Q22 Q22
2 8 Q22 Q22 Q22 Q22
XZ1 X22 XZ3 X24
CONTROL
' 2 PANEL [ i ik [ ]
CONNECTOR SIDE1
NOTES:

CONNECTORS J1, J2,J3, AND J4 ARE MOUNTED

ON SIDE 2.

XZ1-4 ARE BACKPLANE TERMINATOR SOCKETS.
THE SIP TERMINATION RESISTORS MOUNTED IN
XZ1—-4 MUST BE REMOVED WHEN EXPANDING

BEYOND THIS BACKPLANE.

J3 AND J4 ARE NOT POWER SOURCES.

THEY ARE USED TO SUPPLY POWER TO THE
BACKPLANE WHEN THE RD51-A FIXED DISK
DRIVE OR RX50-AA DISKETTE DRIVE IS
NOT INSTALLED.

MICRO/PDP-11 Connector Locations

B C D
1 C-D C-D
2 Cc-D C-D
3 Cc-D C-D
4
5
6
7
8
NOTE:

C+D (1-3) = CD INTERCONNECT

OTHERS = Q22 FORMAT

MR.9416

H9278-A Backplane Layout

MR-9449
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MICRO/PDP-11

REMOVABLE INSERT

®’/ )

50-PIN CONNECTOR
EXPANSION SLOTS

MR-9533

MICRO/PDP-11 Patch and Filter Panel
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AO Al
% BAUD RATE

= 0 50 8 1800
ROTARY 175 9 2000
SWITCH @ 2 110 10 2400
3 1345 11 3600
4 150 12 4800
5 300 13 7200
6 600 14 9600

7 1200 15 19200

0000000000000
0000O0O0OO0OOOOO

0000000000000
000000000000

B

I~

MICRO/PDP-11

ROTARY
SWITCH

MR.9407

LINEO

LINE 1

LINE 2

LINE 3

MR 9409

MICRO/PDP-11 Bulkhead Filter Connector Assembly
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MICRO/PDP-11

MICRO/PDP-11 Configuration Information

Dist Bus Bus

Panel Power Power Load Load
Module Option Insert Priority +5Vde +12Vdec AC DC
Chip Set  KEF11-A N/A N/A 0 0 0 0
Chip Set KEF11-BB N/A N/A 0 0 0 0
mM8189** KDF11-BP 2x3 Highest 6.4 A 0.7 A 2.00 1.00
M8188** FPF11-A  N/A High 75A 0 - -
M8067-KA** MSV11-PKN/A Very High 345A 0 2.00 1.00
M8067-LA** MSV11-PL N/A Very High 360A 0 2.00 1.00
M8059-FA* MSV11-LF N/A Very High 3.90 A 2.00 1.00
M8631-AA* MCV11-DAN/A High 120A - 2.00 1.00
M8631-CA* MCV11-DCN/A High 120A - 2.00 1.00
M7941* DRV11-LP Two 1x3 High 080A - 1.40 1.00
M7950**+ DRV11-BP Two 1x3 High 1.90A - 330 1.00
M8049* DRV11-JP Two 1x3 High 160A - 2.00 1.00
M7954* IBV11-JP 1x3 High 0.80 A - 1.80 1.00
M7952* KWV11-CP1x3 High 175A 001 A 340 1.00
M8017*& DLV11-EP 1x3 High 100A 018A 160 1.00
M8043* DLV11-JP 1x3 High 100A 025A O 1.00
N/A$ DLV11-KP N/A N/A - 028A - -
M7957** DZV11-CP 2x3 High 115A 039A 395 1.00
M8053** DMV11-AP 1x3 Low 3.40 A 0.38 A 2.00 1.00
M8053** DMV11-BP 1x3 Low 340A 038A 200 1.00
M8064** DMV11-CP1x3 Low 335A 026A 200 1.00
M8053** DMV11-FP 1x3 Low 340A 038A 200 1.00
M8020** DPV11-DP 1x3 Low 120A 030A 1.00 1.00
M7951** DUV11-CP 1x3 Low 120A 032A 1.00 1.00
M8061** RLV12 1x3 Low 500A O0.10A 3.00 1.00
M8029-YA* RXV21+ 1x3 Low 180A - 2.00 1.00
AB001* AAV11-C 150 A 0.40 A 1.90 1.00
A012* ADV11-C 200A 045A 325 1.00
A026* AXV11-C 150A - 1.30 1.00
M8027* LPV11-CP 1x3 Low 080A - 140 1.00
N/A TU58-EB N/A$ N/A 075A 120A - -
N/A RX50-AA N/A N/A 080A 180A - -
ST-412 RD51-A  N/A N/A 100A 450A - -
b TSV05-CP Two 1x3
M8639** RQDX1 Low 580A 025A 200 1.00
G7272* N/A N/A - - - - -

*  Dual-height printed circuit board.
** Quad-height printed circuit board.
Use on systems with 256Kb or less.

+
$ Connects to existing option.
&

Can share 1/4 of a DLV11-J panel insert (DIGITAL part no. 70-16436- 01).
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PDP-11V03 AND PDP-11TO3 SYSTEMS

PDP-11V03

The PDP-11V03 includes a PDP-11/03 computer, an RX01 dual floppy disk
drive, and either a VT52 DECscope or an LA36 DECwriter Il. Early models
have 8K of memory, while later models have 16K. All models are configured
to boot on power-up and halt on BREAK. The figures and tables that follow
describe the models, specifications, and components.

RX01
FLOPPY DISK
DRIVE

W
m

H
mmn” “mH'

il
m g’
Il

nnm}m\MI‘}H“:H'}I\ \/@

11VO3 CABINET

LA36 DECWRITER I

MR-0835

PDP-11VO3-E/H
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PDP-11V03

RXO01
FLOPPY DISK
DRIVE
”mm‘\
Rt
el
S
i
|
i
‘ MH” il
it
i
\“m\\”“:‘\lmu\uu
it

VT52 DECSCOPE 11V03 CABINET

MR-0836

PDP-11VO3-A/F

SYSTEM POWER

[D o @ /CORD

©
©

A g . AC LINE
° (115V, 204,
230V,10A)
o
MATE-N-LOK

[ - L - ) CONNECTOR
o

( ] ][ ) I lf{"‘ T

BN52B-7F FROM VT52
OR
BCO5F-15 FROM LA36

MR-0837
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PDP-11V03 System Model Designations

LA36 VT52
8K EA AA
words ED AD

HA FA
16K HB FB
words HC FC

PDP-11V03

8K System Component Model Designations

PDP-11V03 System Model Designations

System
Requirements AA AD EA ED
Input Power (V) 116 230 1156 230
Frequency (Hz) 60 50 60 50
PDP-11/03 Computer | EA EB EA EB
LA36 DE DJ
VT52 AA AB
RXV11 BA BD BA BD
(RXO01 Floppy

with Interface)
H984 (Cabinet) BA BB BA BB
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PDP-11V03

16K System Component Model Designations

PDP-11V03 System Model Designations
System
Requirements FA FB FC HA HB HC
Input Power (V) 115 230 115 115 230 115
Frequency (Hz) 60 50 50 60 50 50
PDP-11/03 Computer | KA KB KA KA KB KA
LA36 DE DJ DH
VT52 AA AB AC
RXV11 BA BD BC BA BD BC
(RX01 Floppy
with Interface)
H984 (Cabinet) BA BB BA BA BB BA
115V 50/60 Hz 230V 50 Hz
PLUG RECEPTACLE PLUG RECEPTACLE
POWER
CONNECTOR @
NEMA #5-15P 515R NEMA # 6-15P 6-15R
DEC # 90-08938 12-05351 DEC # 90-08853 12-11204
cPU CcPU
CABINET LA36 VT52 CABINET LA36 VT52
AMPERAGE
TYPICAL 9.6 4.7
MAXIMUM 10.8 2.0 1.0 5.3 1.0 0.5
WATTAGE
TYPICAL 800 160 118 820 160 118
MAXIMUM 940 300 118 960 300 118
BTU/HOUR
TYPICAL 2730 550 400 2800 550 400
MAXIMUM 3210 1020 400 3280 1020 400
WEIGHT 81.6 Kg 46.3 Kg 20.0 Kg 81.6 Kg 46.3 Kg 20.0 Kg
(180 ibs) (102 Ibs) (44 Ibs) {180 Ibs) (102 Ibs) (44 ibs)
MR-0838

Specifications
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PDP-11V03

Modules Included in the Basic System
Processor
KD11-F (M7264) in PDP-11V03-A/E

Resident memory addressed as bank O
CPU refresh disabled
Powers up to 173000

KD11-R (M7264-YA) in PDP-11V03-F/H

No resident memory
CPU refresh disabled
Powers up to 173000

Memory
MSV11-B (M7944) in PDP-11VO3-A/E

4K RAM
Refreshed by REV11-A
Addressed as bank 1

MSV11-CD (M7955-YD) in PDP-11V03-F/H

16K RAM

Internal refresh

Addresses start at bank O

Part of the KD11-R processor option

Serial Line Interface
DLV11 (M7940)

Device address 177560

Vector 60

300 baud in PDP-11V03-E/H (LA36)

9600 baud in PDP-11V03-A/F (VT52)

20 mA active transmitter and active receiver
One stop bit, eight data bits, no parity
Framing error (BREAK) asserts BHALT
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PDP-11V03

Floppy Disk Interface

RXV11 (M79486)

First device address (disk 0) 177170
First vector 264

Second device address (disk 1) 177150
Second vector 270

Bootstrap/Diagnostic/Terminator
REV11-A (M9400-YA)

Bootstrap enabled

Diagnostics enabled

Refresh enabled in PDP-11V03-A/E

Refresh disabled in PDP-11V03-F/H
120 Q terminator

PDP-11V03-A/E Module Utilization

A B c D

O M7264 PROCESSOR (KD11-F) ®
® M7944 (MSV11-8) M7940 (DLV11) ®
(®)  M7946 FLOPPY CONTROL (RXV11) M9400-YA (REV11-A) ®
EMPTY EMPTY @)

NOTE: CIRCLED NUMBERS (1) THROUGH (8) REFER TO DMA AND
INTERRUPT PRIORITY SEQUENCE. oo

Basic 8K System

A B C D
® M7264 PROCESSOR (KD11-F) @] 1
@ M7944 4K MEMORY (MSV11-B) M7944 4K MEMORY (MSV11-B) @ 2
@ M7944 4K MEMORY (MSV11-B) M7940 SERIAL LINE UNIT (DLV11) @ 3
M9400-YA BOOT/TERMINATOR (REV11-A) M7946 FLOPPY DISK CONTROLLER (RXV11) @ 4

noTE:  circLED NumBERS (1) THROUGH (8) REFER TO
DMA AND INTERRUPT PRIORITY SEQUENCE.

MR-0839

16K System
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PDP-11V03

® CPU (KD11F) ®
®@ M7946 FLOPPY (RXV11) M7944 4K RAM (MSV11-8) ®
® M7940 SLU (DLV11) M7944 4K RAM (MSV11-B) ®
JUMPER/CABLE M7944 4K RAM (MSV11-8) @
TERMINATOR
OPTION
(BCV1B-XX)
/ / M7944 4K RAM (MSV11-8)
@ M7944 4K RAM (MSV11-B) M7944 4K RAM (MSV11-B) @
@ WM9400-YA DIAGNOSTIC/BOOT (REV11-A)
EXPANDER BOX
NOTE: CIRCLED NUMBERS (1) THROUGH (8) REFER TO DMA AND
INTERRUPT PRIORITY SEQUENCE .
11-3720
One-User 28K System
©) CPU (KD11F) + EIS/FIS (KEV11) @
® M7940 SLU (DLV11) M7946 FLOPPY (RXV11) ®
® M7940 SLU (DLV11) M7940 SLU (DLV11) ®
JUMPER/CABLE M7940 SLU (DLV11) @
TERMINATOR
OPTION
BCV1B-XX
M7944 4K RAM (MSV11-8)
@ M7944 4K RAM (MSV11-8) M7944 4K RAM (MSV11-8) @)
@ M7944 4K RAM (MSV11-B) M7944 4K RAM (MSV11-8)
Mg400-YA DIAGNOSTIC/BOOT (REV11-A) M7944 4K RAM (MSV11-8) ®

EXPANDER BOX

NOTE: CIRCLED NUMBERS (1) THROUGH ({6) REFER TO DMA AND
INTERRUPT PRIORITY SEQUENCE.
11 -3719

Four-User 28K System with EIS/FIS
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PDP-11V03

PDP-11V03-F/H Module Utilization

A 8 c D
o (M7264-YA) @|

KD11-R PROCESSOR +
® (M7955-YD) ®)) 2
(5) M7940 SERIAL LINE UNIT (DLV11) M7946 FLOPPY DISK CONTROLLER (RXV11)(&)] 3
SPARE M9400-YA BOOT/TERMLINATOR (REV11-A) (7)] 4

NOTE: CIRCLED NUMBERS (1) THROUGH (8) REFER TO DMA AND

INTERRUPT PRIORITY SEQUENCE.
MR-0840
Basic 16K System
A B c D
@ (M7264-YA) @ 1
KD11-R PROCESSOR +
® (M7955-YD) G) 2
® M7955-YD 16K MEMORY (MSV11-CD) ®) 3
Z L/{M7946 FLOPPY DISK CONTROLLER (RXV11)(7)] 4
BCV1B-XX JUMPER/CABLE
TERMINATOR OPTION
-

7 77 M7940 SERIAL LINE UNIT (DLV11) 1
(12) M9400-YA BOOT/TERMINATOR (REV11-A) M7940 SERIAL LINE UNIT (DLV11) (D] 2
® SPARE SPARE 3
SPARE SPARE @) 4

NOTE: CIRCLED NUMBERS (1) THROUGH (6) REFER TO DMA

AND INTERRUPT PRIORITY SEQUEN

E.

MR-5918

Two-User 28K System
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PDP-11TO3

PDP-11T03
The PDP-11TO3 comprises a PDP-11/03 computer, two RK05 disk drives,

and an LA36 DECwriter Il. The basic system includes 16K of memory. The
system may be ordered without the LA36. All models are configured to boot
on power-up and halt on BREAK. The figures and tables that follow describe
the models, specifications, and components.

SYSTEM CONTROL SWITCHES
gga |

o]
ﬁ RKOSF LA36

DISK DRIVE DECwriter 11
(FIXED DISK) TERMINAL

RKO05J DISK DRIVE
(REMOVABLE DISK CARTRIDGES)

il In

RKV11-D
DISK DRIVE
CONTROLLER

PDP-11/03 861 POWER
COMPUTER CONTROLLER

MR.0131

PDP-11T03
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PDP-11T03

-
AC LINE SWITCH <

AND FUSE

T TERMINAL CONNECTOR

MR-0140

PDP-11T03 (Rear View)
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PDP-11T03

System Component Model Designations

PDP-11T03 System Model Designation
System
Requirements | AA AB AC AD BA BB BC BD
Input Power 115 230 115 230 115 230 115 230
V)
Frequency 60 60 50 50 80 60 50 50
(Hz)
PDP-11/03 KA KB KA KB KA KB KA KB
Computer
LA36 DE DF DH DJ
RKV11-D A B A B A B A B
RKO5 AA AB BA BB AA AB BA BB
CPU CABINET LA36
PLUG RECEPTACLE PLUG RECEPTACLE
W, w
POWER
CONNECTORS @G G
115V NEMA # L5-30P L5-30R NEMA # 5-15P 5-15R
50/60 HZ DEC #12-11193 12-11194 DEC # 90-08938 12-0535T
X X ‘
G G e g
Y@ V ‘
230V NEMA # L6-20P L6 20R NEMA # 6-15P 6-15R
50/60 HZ DEC # 12-11192 12 11191 DEC # 90-08853 12-11204
WATTS 860 300
BTU/HOUR 2340 1020
294.8 KG 46.4
WEIGHT {650 LBS) (102 LBS)

Specifications
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PDP-11T7T03

Modules Included in the Basic System

Processor
KD11-S (M7264-YA)

No resident memory

KEV 11 EIS/FIS option included
CPU refresh disabled

Powers up to 173000

Memory
MSV11-CD (M7955-YD)

16K RAM

Internal refresh

Addresses start at bank O

The memory is part of the KD11-R processor option

Serial Line Interface
DLV11 (M7940)

Device address 177560

Vector 60

300 baud

20 mA active transmitter and active receiver
One stop bit, eight data bits, no parity
Framing error (BREAK) asserts BHALT

Disk Drive Interface

RKV11-D (M7269 plus box)
First device address (drive 0/1) 177170
First vector 264

Second device address (drive 2) 177150
Second vector 270
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PDP-11T7T03
Bootstrap/Diagnostic/Terminator
REV11-A (M9400-YA)
Bootstrap enabled
Diagnostics enabled
Refresh disabled

120 Q terminator

Module Utilization

A B C D

M7264-YA CPU (KD11-R)
AND ARITHMETIC OPTION (KEV11)

KD11-S @ @
PROCESSOR M7955-YD 16K MEMORY (MSV11-CD)

M7940 SERIAL LINE UNIT (DLV11) M7269 BUS INTERFACE
) ® ’
SPARE M9400-YA BOOT/TERMINATOR (REV11-A)
0 )

NOTE: CIRCLED NUMBERS (1) THROUGH (8) REFER TO DMA AND
INTERRUPT PRIORITY SEQUENCE -

MR-0154

Basic 16K System

M9400-YE
A ’ B C D
® l (M7264-YA) @
KD11-S PROCESSOR +
@® I (M7955.YD) ®]
@ I M7955-YD 16K MEMORY (MSV11-CD) @ 3
// Yy Z M7269 BUS INTERFACE 4
BCOSL-XX BCV1B-XX JUMPER/CABLE
TERMINATOR OPTION TO RKV11-D
DISK CONTROLLER
> ~ ~ K7 M7940 SERIAL LINE UNIT (DLV11) 1
(2) M9400-YA BOOT/TERMINATOR ‘ (REVI1.A) M7940 SERIAL LINE UNIT DLVIT) (D] 2
© SPARE ‘ SPARE 3
SPARE \ SPARE o] 4
|
M9401

NOTE: CIRCLED NUMBERS (1) THROUGH (6) REFER TO DMA AND
INTERRUPT PRIORITY SEQUENCE .

MR.0153

Two-User Expanded 28K System
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PDP-11TO3-L

PDP-11T03-L AND PDP-11V03-L SYSTEMS

PDP-11TO3-L

The PDP-11T03-L is a general purpose computer system that can be used
for developing and executing programs in a variety of applications. RT-11
software provides a single user foreground and background system; it can
support a real time application job execution in the foreground and an inter-
active or batch program development job in the background. RT-11 is also
available for a single job configuration.

The PDP-11T03-L system consists of the following equipment.

PDP-11/03-LC (115 Vac) or PDP-11/08-LD (230 Vac) minicomputer with:

KD11-H microcomputer plus 16K words (32K bytes) of MOS memory

(MSV11-CD)

BA11-NC (-ND) box with an H9273 backplane and an H786 power sup-

ply

BDV11-AA bootstrap/diagnostic/terminator and ROM option.

MSV11-CD configured as an additional 12K words (24K bytes) of MOS

memory

KEV11 Extended Instruction Set/Floating Point Instruction Set (EIS/FIS)

RLV11 disk controller

RLO1 five-megabyte dual disk drive units and cartridges

DLV 11-F serial line unit
H9612-AC cabinet
Power controller

871-A 110V 12 A

871-B 220V 8 A
871-C 110V 16 A

50/60 Hz
50/60 Hz
50/60 Hz
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PDP-11TO3-L

In addition to the preceding items, one RT-11 system software kit and one

RLDP+ diagnostic kit are shipped with the system.

The following optional terminals are available for the system.

LA36 DECwriter
VT52 DECscope (with or without copier)
VT 100 Alphanumeric Video Terminal

PDP-11T03-L Operator Switch Panel

Communication between the user and the processor is provided by switch-
es on the front panel of the PDP-11/03-L or by the terminal connected to
the system. The operator switch panel contains three switches: AUX
ON/OFF, HALT, and RESTART. The functions and positions of the switches

are as follows.

Switch Position Function
AUX ON/OFF | OFF As configured at the factory, this switch,
when turned off, removes ac power to the
system.
ON As configured at the factory, it turns on

ac power. If the automatic bootstrap is
selected and the HALT switch is up, the
system boots.

HALT Up (Enable) This enables the processor to run.

Down (HALT) | This halts the processor, which responds
to console ODT commands. Refer to the
Microcomputer Processor Handbook, EB-
18451-20, for ODT instructions.

RESTART RESTART When this switch is activated, the pro-
(Momentary cessor carries out a power-up sequence.
Switch) As shipped, the system presents the
bootstrap dialog as:
28
START?

The HALT switch must be up (enable).
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PDP-11TO3-L

The switch panel also contains two indicators that provide the following in-

formation.

LED Condition Indication

PWR OK ON This LED lights when the proper dc out-
put voltages are being generated by the
H786 power supply.

RUN ON This LED lights when the processor is in
the run state. It goes out when the pro-
cessor is not executing instructions.

11/03-L
MICROCOMPUTER
=

==
/

CARTRIDGE ACCESS DOOR

RLO1 DISK DRIVE

RLO1 DISK DRIVE

STABILIZER FOOT

MR-2006

PDP-11T03-L Computer System
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PDP-11TO3-L

TOP
BOTTOM

DRIVEO

CIRCUIT
1 BREAKER

FROM DLV11
FROM DRIVE 0

BOTTOM

~
XY

T
e

DRIVE O
PWR CORD

BCOBR FROM RLV11

/ V7

FROM PWR
CONTROL (J1)

TO DRIVE O TOP

11/03-L

PWR CORD Trop

BOTTOM
(TERMINATOR)

DRIVE 1
'l‘/ DRIVE 1
15 PWR CORD

|| CIRCUIT
BREAKER

1]
T T EXPANDER BOX
g 1~ (IF REQUIRED)

; | TO J2 ON 11/03-L

MONITOR | | A FRONT PANEL
LAMP T i

FROM RLO1

OFF

AC CIRCUIT 871 >0 RemoTeCD) Locar V! a DRIVE 1
BREAKER =

1l \ﬂ
1 \\\ \\xq\w =

TO LOCAL
POWER FROM TERMINAL

MR-1871

PDP-11T03-L (Rear Panel Removed)
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PDP-11T03-L

LED CONTROL
INDICATORS SPARE SWITCHES

(

/// /\
A

CH dlilgliltlal G U)

K

ON
PWR OK RUN RESTART HALT AUX OFF /

MR-4891

Front Panel Switches and Indicators

RLO1 Disk Drives

The RLO1 disk drive is a random access mass storage device with a remov-
able, top-loading disk cartridge. Access to the disk is provided by a lift-up
cover. The RLO1 has four indicators on its front panel. Their functions are

as follows.
Indicator Function
LOAD Lights to indicate that the spindle has stopped and a

(Push Button)

UNIT SELECT
(READY)
FAULT

WRITE PROT
(Push Button)

cartridge may be loaded.

Lights to indicate that drive O or 1 is ready to read,
write, or receive controller commands.

Lights to indicate that a drive error condition exists.

Lights to indicate that the cartridge currently
mounted is protected from having data written on it.

53



PDP-11VO03-L

UNIT SELECT
(READY) FAULT

WRITE
PROT

MR-1860

RLO1 Disk Drive (Front View)

PDP-11V0O3-L
The PDP-11V03-L includes a PDP-11/03-L computer and an RX02 dual

floppy disk system. The system also has 64K bytes or 32K words of RAM
memory. Earlier systems have 32K bytes or 16K words of RAM memory that
is expandable to 32K words. The system has the following optional termi-

nals.

LA36 DECwriter
VT52 DECscope
VT100 DECscope

The figures and tables that follow describe the models, specifications, and
components.
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PDP-11V03-L

DIGITAL 11VO3-L

digital PDP 11/03-L

(e ===

digital RX02

il il

PDP-11V03-L System

MR 2025
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PDP-11V03-L

POWER CORD

PDP-11V03-L System (Backpanel Removed)

56

il

POWER BA11-N BACKPLANE
SUPPLY AND MODULES
\ A
NG \ \ ﬁ
e § PDP 11/03-L
RX02
N L]
EXPANSION
i H SPACE
6 (IF REQUIRED)
REMOTE CABLE
A.C. POWER TO PDP 11/03L
INDICATOR REMOTE SWITCH PANEL
== = B POWER
;.E%%YE@ rocat n HD CONTROLLER
()] e
L

MR-2031



PDP-11VO03-L

LOCAL POWER POWER CONTROLLER
PLUG RECEPTACLE
871-A
871-A
116V 16A NEMA # 5-16P 5-20R
50/60HZ DEC # 90-08938 12-12265
871-B
871-B
230V 10A NEMA # 6-15P 6-15R
50/60HZ DEC # 90-08853 12-11204-01
871-C
871-C
115V 20A HUBBELL # 5366-C NEMA # 5-20R
50/60HZ DEC # 12-15183 12-12265

MR-2406

Power Connectors
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PDP-11V03-L

16K System Components

System Models
Requirements LA LC LD
Input Power (V) 115 115 230
Frequency (Hz) 60 50 50
PDP-11/03-L Computer| -LC -LC -LD
RX02 Floppy Disk -BA -BC -BD
Power Controller 871-A 871-A 871-B
32K System Components
System Models
Requirements LE LH LJ
Input Power (V) 115 115 230
Frequency (Hz) 60 50 50
PDP-11/03-L Computer |-LK -LK -LL
RX02 Floppy Disk -BA -BC -BD
Power Controller 871-A 871-A 871-B

11V03-L System (LE, LH, and LJ)
The PDP-11V03-L system consists of the following equipment.

A PDP-11/03LK-LL microcomputer consisting of:

KD11-HA (M7270)

MSV11-DD (M8044D)

BA11-N

BDV11-

a microcomputer board

a 32K word RAM

a mounting box with an H9273 backplane
and an H786 power supply

A a bootstrap/diagnostic/terminator

with

expandable ROM space for the user

(M8012-YA).
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KEV 11

RXV21

DLV11-J

RX02
H9610
871

Floppy Disks

PDP-11VO03-L

A chip, mounted on the KD 11-H microcomputer, that pro-
vides the system with the Extended Instruction Set (EIS)
and Floating Point Instruction Set (FIS) features.

The RX02 floppy disk controller module (M8029) inter-
faces the RX02 disk to the LSI-11 bus.

The asynchronous four-channel line interface module
(M8043) inter<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>