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PREFACE

This manual is a guide to troubleshooting and repairing NOVA 4/C
computers at the field replaceable unit level, commonly referred to as
"board swapping". ’

It is organized around four major sections,

Part I is a product description, which

e Introduces the major assemblies and explains how
they interconnect

e DLefines the field replaceable units

e Lists the related documentation

e Explains how to use the consoles.
Part II is devoted to troubleshooting. It explains both how to perform
an initjal checkout and how to repair a system that failed after normal
operation. It describe procedures for finding a failing field
replaceable unit using:

e Visual checks

¢ The CPU’s self-test feature

e Relijability and diagnostic test programs

e Simple manual tests

These procedures, written in a "cookbook" manner, should allow the field
engineer to repair most failures in a minimum period of time.

Part III contains reference information about the power supplies and the
the major printed circuit boards. This information is useful when you
troubleshoot with an oscilloscope.

Part IV provides detailed mechanical replacement procedures for each
field replaceable unit,

WARNING: The power supplies in these units

have hazardous voltages on their printed circuit
boards., They should be repaired only by trained
service personnel,
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11 INTRODUCTION TO NOVA 4/C COMPUTERS
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Figure 1.1

NOVA 4/C Computer System

CHAPTER 1
INTRODUCTION TO NOVA 4/C COMPUTERS

NOVA 4/C computers incorporate a modular design plus self=djagnostic
capabilities that facilitate maintenance and provide high reliabcility.
In most cases, the user can identify the failing fiela replaceable unit
by running simple tests, thus minimizing repair time.

The NOVA 4/C computer supports up to 64K bytes of dynamic RAM (random
access memory).

NOVA 4 computers are rack=mounted in NEMA=standard equipment cabirets,
These cabinets also provide housing for NOVA line peripheral equipment,
such as magnetic tape drives and rack=mounted disc drives.

The computer consist of the following basic modules, which are tailoreo
to the user’s selected configuration:

e Computer chassis
e Power supply

e Fan module

e Front console

® Printed circuit CPU boardg

CHASSIS

Two computer chassis are available to NOVA 4 users: 5= and lé=slot,

Each has its own backpanel printed circuit board with connectors

for the system printed circuit boards. These boards, including a
slide=in power supply board (5 or lé6b=slot version), are inserted from

the front of the chassis, which is easily accessed by removing the NOVA 4
front panel attached to the equipment cabinet. Access to the backpanel
is via the rear coor of the equipment cabinet.
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f;*gsﬂ CHAPTER 1
| 1 INTRODUCTION TG NOVA 4/C COMPUTERS

16=S1ot Chassis

This chassis holds up to sixteen 15=inch by 15=inch printed circuit
boards plus the 16=slot power supply and fan module,

Bus termination for the backpanel is provided by a resistor fence
(soldered into the backpane]l below slot 1) and two bus terminator
cards, one for the A side and one for the B side, The bus terminator
cards push onto the backpanel pins of slot 2.

The 16=slot chassis supports up to twenty 1/0 pacddleboards, which are
vertically mounted at the rear of the unit.

16 AVAILABLE SLOTS
FOR SYSTEM
PRINTED CIRCUIT
BOARDS

POWER SUPPLY
PRINTED CIRCUIT
BOARD

FAN MODULE

FRONT . i
CONSOLE .

S5=Slot Chassis

This chassis holcds up to five 15=inch by 15-inch printed circuit boards

plus the S=slot power supply and fan modules.

Bus termination for the backpanmel is provided by a resistor fence,
is soldered into the backpanel above slot 5.

The stlot chassis supports up to ten I/0 paddleboards. Like the 16=slot
chassis, the paddleboards are vertically mounted at the rear of the unite.

P 2yy ‘dsempos

1>3ds pue sBwy

CHASSIS
COVER

5 AVAILABLE SLOTS
FOR SYSTEM
PRINTED CIRCUIT BOARDS

POWER SUPPLY
'PRINTED CIRCUIT
BOARD

FRONT CONSOLE
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Figure 1.2 16=Slot Chassis (Front View)
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Figure 1.4 5=S)lot Chassis (Front View)
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Figure 1,5 5=Slot Chassis (Rear View)
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A

~ "POWER SUPPLY

Each chassis has its own power sugply, which is available with or witho

battery backup.
l16=S1ot Power Supply

The lé6=slot power supply and distribution system consists of a VAR
(yoltage non=regulated) unit that is vertically mounted to the rear of
the chassis and a slide=in power supply printed circuit board which
plugs into the chassis backpanel, '

The VNR upit converts power from the ac supply line to non=regulated dc
power, which it supplies to the power supply board via an internal
cable. The internal cable also:

. Carries ac power from the VNR unit to the fan module

] Connects the front console switches and indicators to the .

backpanel
° Connects the power switch to the VNR unit,

) When the battery backup option is present, the VNR unit contains a
ii)a battery that supplies power to the battery backup circuits in the pow
«.”supply board. .

16 1/0
15
) N *
13
12
11 ]
10 -
9 e ——————
S — —
7 ——]
e 1
S —_— 5 I1/0
L S, +' —] 4 1/0
3 1/0 3 1/0
e Unused 2 1/0
1 ___CPU 1 CPU
0 Power Supply 0 Power Supply

Figure 1,6
Slot assignment Diagram
16=8l0ot chassis

Figure 1.7
Slot assignment diagram
S=glot chassis
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The power supply board regulates the dc voltages from the VNR unit and
supplies the required voltages to the remainder of the system via the
etch on the backpanel. It also generates the system clocks and supplies
them to the system printed circuit boards via the backpanel.

For more information about the operation of the lé=slot power supply,
see Part II, Chapter 6, and Part IIIl, Chapter 9.

5=Slot Power Supply

Thg S=slot distribution system and power supply resides on a single
slide=in power supply printed circuit board., It converts power from the
ac supply line to regulated dc voltages. ihen the battery backup option
18 present, the battery also resicdes on the power supply board,

The 5=slot power supply supplies the required dc voltages to the
systep,printea circuit boards via the etch on the backpanel while it
§uppl1es ac power to the fan modules via the internal cable., The
internal cable also:

) Connects the front console switches and indicators to
the backpanel

e Connects the power switch to the power supply.,

The S=slot power supply also generates the system clocks and supplies
them to the system printed circuit boards via the backpanel.

For more information about the operation of the S~slot power supply,
see Part II, Chapter 6, and Part III, Chapter 10.

FAN MODULES

Both the 16 and S=slot fan modules reside on the left sige of their
respective chassis. They draw air from outside the cabinet and force it
through the chassis. On the lé=slot chassis, the fan module, conteining
four fans, slides into the chassis from the front of the unit. On the
5=slot chassis, two fans mount on the inside of the chassis cover,

FRONT CONSOLE

The front console assembly mounts on the fan module in the lé6=slot
chassis and on the cover in the S=-slot chassis. It consists of three
switches and three indicator lights., The switches allow the user to
conptrol basic functions such as power up/down, program load and reset
while the indicator lights provide information concerning power status
and the CPU’s operating mode., The remaining operator control functions
are implemented by a virtual console (see below under "CPU Board"),
Operator information for both consoles appears in Part I, Chapter 2.
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CHAPTER 1
INTRODUCTION.TO

NOVA 4/C COMPUTERS

CPU BCARD

The CPU board occucies slot 1 of the chassis. This board contains:

e Central processing unit (CPU)

e Main memory (dynamic KAM array)

@ Full=duplex, asynchronous communications interface

e Virtual console, residing in 512 woras of ROM (read only
memory) with 16 wordgs of scratchpad RAM

e Programmable real=time clock (optional)

CPU

The CPU is a lé=bit microprogrammed processor, which means its cata paths
are controlled by microinstructions stored in internal ROM, It
incorporates the full NOVA le=bit architecture, including four 1é6=bit
accumulators and hardware stack and frame pointers., NUVA 4 CPUs execute
an extendea NUOVA 3 instruction set, augmented with load and store byte
instructions and, octionally, signed multiply and divide instructions.

in two modes: run and console. In run mode, the CPRU
in main memory (dynamic RAM). In console
in the resident virtual

The CPU operates
executes instructions storea
mode, the CPU executes instructions stored
console ROM,

Un power up or after a power fail when battery backup is not present, the
CPU runs a self=-test, This test:

e Exercises basic CPU functions
@ Checks main memory

@ Checks the operation of the device connected to
the resident asynchronous interface.

the CPU enters console mode and is reaaqy
information about the self=test, see

On completion of the self=test,
to accept user commands., For more
Part II, Chapter S,

in figure 1.8, the CPU communicates with the main memory and

the virtual console via the two internal buses, ALUDUT<0=15> and
MBUS<(0=15>, The ALUOUT bus carries 15=bit addresses and l6=bit data
words from the CFU to main memory anag 9=bit addresses from the CPU to the
virtual console. The MBUS bus carries 16=bit data woras from main memory
and the virtual console to the CPU.

As shown

The CPU communicates with the resident asynchronous interface via the two
internal buses, ALUOUT<0=15> and ALUIN<Q=15>, It communicates with any
other I1/0 controller using the standard 48=)ine NOVA 1/0 bus.,.
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CHAPTER 1
INTRODUCTIUN TO NOVA 4/C COMPUTERS

{

Main Memory

Main memory contains a dynamic RAM array and refresh logic. Two

different sizes of RAM arprays are available:

® 32K bytes (16K words)

@ 64K bytes (32K words)

Each array use N=channel MUS memory elements‘which have a 16,384 by 1
bit organization. Memory reaa/write cycle time is 400 ns,

/ASynchronouvanterface

This interface is a programmed 1/0 controller containing both a
transmitter and receiver, It allows full=duplex communications between a
‘serial, asynchronous terminal via either a 20mA current loop or an EIA
RS=232C communications line connected to the CPU board’s A connector via
the backpanel. In addition to standard send/receive terminals, it
supports both an automatic send/receive terminal (i.e., @ terminal

“yequipped with a paper tape reader) as well as a 60cps DASHER terminal
orinter,

When the CPU is in run mode and unlocked (as indicated by the position of
the front console Lock switch), a BREAK character received by the
interface interrupts the executing program and places the CPU in console

mode.,

DG-03380

Virtual Console

console allows a user whose terminal is connected to the
interface to inspect and modify the system’s state

The virtual
resident asynchronous

and aid program debugging.

It provides the user with the ability to:
) Stop, start and continue program execution
e Examine and/or alter CPU registers and memory locations

° Initiate program load sequences.

Real=Time Clock

interrupt requests at one of
100Hz2, 1000HZz or power line

interface can supply program
10Hz,

This optional
four program=selectable freguencies:
frequency.

For more information concerning the CPU board, see Part III, Chapter 11.

IMOyI 1200 ) 20 SOy LY PIINPRIGIL 2 SN NTNS PUT 3D JO ALadosd ay) Sde UFRIY PauITILCD SuONEI>eds pur sBumesp ayy ‘ssemyos |

Wwdinba 1125 20 ‘350 ‘axews 0} I5UINY Aue JunsS

20w p

@4 padun aq 20y jercsdde wapym sopd 5,90

4
J J* D nieQ

daud sey (30@) uones

Iy P

‘worjeijeisuy 53d0sd 3y} O) IPINS ¥ S LIWOJIRI PUF [IULOSIAD DO, Ag I8N 40) §

o

pue

00 o

e




PRELIMINARY

CHAPTER |

INTRODUCTION TO NOVA 4/C COMPUTERS

FIELD REPLACEABLE UNITS

Figures 1.9 and 1.10 snhow the field replaceable units and their

interconection.
numbers.,

NOVA
NOVA
NOVA
NOVA
NUVA

NOVA

NOVA

NOVA

4/C
4/C
4/C
4/C
4/C
4/C
4/c

4/C

DG-03380

32K
32K
32K
32K
64K
64K
64K

64K

Figure 1.9

Tables 1.1 ancg 1.2 list their Data General assembly

byte nemory

byte Memory % RKeal=Time Clock option

2

byte Memory Multiply/Divide option
byte “emory & Real=Time Clock & Multipiy/Divide cptions

byte memory

‘byte NMemory % keal=Time Clock option

b7 ¥

byte Memory Multiely/Divide option

byte Memory & Real=Time Clock & Multiply/Divide options

Exploded View of 16=S1ot FRUs

Backpanel board

Bus terminator, “B’’ side

Bus terminator, A’ side

VNR unit

Fan module

Front console board

Console PCB Assembly

Power switch
Fon
Power Supply board
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NOVA
NOVA
NOVA
NOVA
NOVA
NOVA
NOVA
NOVA

DG-03380

4/C
4/C
4/¢
4/C
4/¢C
4/C
4/cC

4/¢

with 32K
’with 32K
with 32K
with 32K
with 64K
with 64K
with 64K

with 64K

byte
byte
byte
byte
byte
byte
byte

byte

Memory
Memory
Memory
Memory
Mamory
Memory
Memory

Memory

Real=Time Clock option
Multiply/Divide option

Real=Time Clock & Multiply/Divide ootions

Real=Time Clock option
Multipoly/Divide option

Real=Time Clock & Multiply/Divide options

Figure 1.10 Exploded View of S5=Slot FRUs

CONSOLE

PCB
ASSEMBLY

Backpanel board

Fan
Front console card
Power switch

Power supply board
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CHAPTER 1|

INTRODUCTION TO NOVA 4/C COMPUTERS

Table 1.1

l6=s]lot field replaceable

units

Table 1.2

5=-slot field replaceable units

Assembly No.

ROM Part No.

Description

‘Assembly MO o

ROM Part No.

Description

Loc 29N Loc 33N

005=12413 100-1831 |100=-1832 NOVA 4/C CPU with 32K byte (16K
word) memory

005=12413 100-1833 | 100=1834 NOVA 4/C CPU with 32K byte (16K
word) memory and real=time clock

005=-12413 100=-1835 | 100=1836 NOVA 4/C CPU with 32K byte (16K
word) memory and multipy/divide
option

005=12413 100=1837 |1100-1838 NOVA 4/C CPU with 32Krbyte (16K
word) memory, real=time clock, and
multipy/divide option

005=12415 100-1831 }100-1832 NOVA 4/C CPU with 64K byte (32K
word) memory

005-12415 100=1833 | 100=-1834 NOVA 4/C CPU with 64K byte (32K
word) memory and real=time clock

005=12415 100-1835 | 100=-1836 NOVA 4/C CPU with 64K byte (32K

‘ ' word) memory and multiply/divide

option

005=-12415 100-1837 { 100=-1838 NOVA 4/C CPU with 64K byte (32K
word) memory, real=time clock, and
multiply divide option

005=12073 Backpanel board

005=14135 Console PCB assembly

005=12429 VNR unit

005=12064 Power supply board with batttery
backup

005=12061 Power 5uop1y board without battery
backup

115=163 Fan

005=12076 Fanm module

005=12438 Bus terminator, "A" sijce

00S«12439 Bus terminator, "B" side

005=12489 Internal cable

005=07093

12V battery

Loc 29N Loc 33N

005=12413 100=1831 ] 100=1832 NOVA 4/C CPU with 32K byte (16K
word) memory

005=12413 100-1833 | 100=~1834 NOVA 4/C CPU with 32K byte (16K
word) memory and real=time clock

005=12413 100=1835 ] 100=-1836 NOVA 4/C CPU with 32K byte (16K
word) memory and multipy/divide
option

005=-12413 100=1837 | 100~1838 NOVA 4/C CPU with 32K byte (16K
word) memory, real=time clock, and
multipy/divide option

005=12415 100=-1831 ] 100~1832 NOVA 4/C CPU with 64K byte (32K
word) memory

005=12415 100=-1833} 100=-1834 NOVA 4/C CPU with 64K byte (32k
word) memory and real=time clock

005=12415 100=1835 | 100-1836 NOVA 4/C CPU with 64K byte (32K
worcg) memory and multiply/civide
option

005=12415 100=1837 | 100=-1838 NOVA 4/C CPU with 64K byte (32K
word) memory, real=time clock, ang
multiply divide option

005=1240¢ Backpanel board

005=14135 Console PCE assembly

005=12406 Power supply boerd with battery
backup

005=12404 Power supply board without battery
backup

115=121 Fan

005=13470 Internal Cable

005-12873 6V battery
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PRELIMINARY

CHAPTER 1

INTRODUCTION TO NOVA 4/C COMPUTERS

)

-~ RELATED DOCUMENTATION

A list of documentation for NOVA 4/C computers appears in Tabple 1.3.

Table 1.3 Documentation summary

Affected
Assemblies DGC No, Description
NOVA 4/C 014=000617 NOVA 4 Programmer’s Reference Manual
015=-000031 Interface Designer’s Reference, NOVA
’ and ECLIPSE Line Computers
015=000056 Diagnostic Uperating System Technical
Manual
015=000082 DT0S Summary
16=310t 010=000213 Installation Data Sheets, NOVA 4 16=Slot
NOVA 4/C
l"” N
Il
S=Sjot 010=000212 Installation Data Sheets, NGVA 4 5=Slot
NOVA 4/C
CPU Board 001=001600 CPU schematic
016=000857 CPU with 32K byte memory illustrated
parts
016=000864 CPU with 16K byte or 64K byte memory
illustrated parts
Power Supply 001=-001524 Power Supply schematic
PCB
16=slot 016=000688 Power Supply illustrated parts
(including battery backup)
VNR Unit 001=001523 Power Supply VNR Card schematic
le=slot
016=000670 Power Supply VNR Card illustrated
parts
JI
Power Supply 001=001616 fower Supply schematic
PCB
S=slot 016=000861 Power Supply illustrated parts
DG-03380

Affected
. Assemblies 0GC No, Description
Backpanel 001=-001563 Backpanel schematic
l6=slot
016=000675 Backpanel illustrated parts
Backpanel 001=001619 Backpanel schematic
S=slot
016=000696 Backpanel illustrated parts
Front Console 001=001585 Front Panel schematic
PCB
016=000661 Front Panel illustrated parts
Internal 001=-001607 16=slot system wiring diagram
Cable
le=slot
Internal 001=001637 S-slot system wiring diagram
Cable
S=slot
I/0
Paddleboards
005=-012472 008=003294 Wwire list (General Purpose 1/0)
005~-012751 008=002599 wire list (External I/0 bus)
005=012765 008=002570 Wire list (for ULM models
4241, 42414, 4242, H4243)
005=012476 008=-003287 Wire list (Mocdel 8315 Bus
Repeater)
005~-012590 008=003301 Wwire 1ist (DCULU 50, modgels
4250, 4254)
005=012473 008=003288 Wire list (asynchronous interfaces,
models 4007, 4010, 4023, 4075,
4077, 4078)
005=012585 008=003300 Wire list (MCA, model 4206)
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PRELIMINARY

CHAPTER ¢
HOW TO USE THE CONSOLES

CHAPTER 2
HOW TO USE THE CONSOLES

The NOVA 4 conputers contain two consoles: a front console and a virtual
console, These are described below.

FRONT CONSOLE

The front console is located on the upper~left corner of the front panel.
It consists of the following three switches anc three lights:

Switches
PUWER = Powers up and powers oown the system.

PL/LOAD=RESET = when pressed to the PL/LUAD position, the CPU performs a
program load from the aevice whose device code is jumpered on the CPU
board., (See installation data sheets or "CPU Board Replacement," Part
1v, for jumpering information.)

shen pushed to the RESET position, the CFU performs a system reset ana
enters virtual console mode, descriped below.

LUCK = When in the LUCK position, the other two switches, described
above, are disabled. Additionally, auto restart is enableg after a power
failure when the battery backup is present, while access to the virtual
console by a BREAK character from the system terminal is disabled.

In a l6=slot system, if this switch is in the LOCK position, the system
cannot be powered down (i.e., the power switch is disabled). In a S=slot
system, if this switch is in the LOCK position and the power switch is
placed in the OFF position, the system will go into battery backup moge
if that option is present. If the S5=slot system does not contain the
batery backup option, the system will be powered down.

Lights

PWR = When lit, indicates that the system is powered up and the voltages
are within operation specifications, when the PL/LUAD=RESET switch is in
the RESET position, this light goes out,

BATT = when lit, indicates that the system isS running on battery backup
power., (his is usually a result of a power failure.

RUN = when lits, incicates that the system is in run mode and or the

PL/LOAD=RESET switch is in the RESET position. This light goes out when
the system is in virtual console mode,

DG-033890

Figure 2.1

Front Console
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PRELIMINARY

CHAPTER ¢
HOW TO USE THE CONSOLES

VIRTUAL CONSOLE

The virtual console (VC) allows you to interact with the computer through
the system terminal which is connected to the CPU’s on=board asychronous
interface. Simple commands which you enter on the terminal’s keyboard
allow you to: examine and/or modify processor registers or memory
locations; start, stopr and continue program execution; and, initiate a
program load from a selected device,

After a sucessful
is typed on the

FOn poweé up, the computer performs a self=test,
completion of the self=test, the following information
terminal:

OK

1000000

i
"OK" followed by "!" indicates that the self=test ran sucessfully. This,
in turn is followed by the contents of the program counter, which are

all zeroes on power=up, The next "!" is the VC prompt; it tells you that

VC is ready and at your service,

In addition to power=up, VC is entered when:

E) ® A HALT instruction is executed,
@ The RESET switch on the front console is pressed and
the front console is unlocked, or

e The BREAK
the front

key on the system terminal is pressed and

console is unlocked,

incremented contents of the
These are followed bpy

and the

Under any of these conditions, a "!"
is entered,

program counter are typed when the VC

the "!" VC prompt., For exampie, if the program is about to execute an
instruction at location 2077 when the VC is entered, the following is
typed:
002077
!
Cells
The VC operates on “cells’. A cell is either a memory location (memory
cell) or an internal register (internal cell) such as an accummulator.
Eech internal register that is accessible by the VC is assigned an
internal cell number, The cell numbers are listed in Table 2.1.
r
)
L

DG-03380

‘open’ it. Opening a
in octal, on the terminal. . To
in Table 2.2. The VC will
In the table,

In order to examine or modify any cell, you must
cell causes its contents to be printed,
open a cell, use one of the commands listecd
respond only to octal numbers and upper case letters,

‘current cell’ means the last cell that you opened,

When you open a memory cell, VC interprets the address as a 15=bit
physical address. You do not have to type leading zeroes. Al]l you have
to type is the physical address in octal representation. For example, if
you want to open location S5, type 5/. If you want to examine the top

location of a system which contains 64K bytes of memory, type 77777/.

Unce ydu have opened a cell, you may change its contents by simply typing

the octal number whose value is to be placed in the cell. Terminate the
expression with a Carriage Return, Line Feed, or New Line. Note that if
you type Carriage Return, the next cell will also be opened. This is
convenient when you need to enter data into several consecutive

locations.

Table 2.1 Internal Cells

Internal Internal Register
Ce]‘ NO-
0=3 The contents of the accumulators ACO through AC3,
respectively,
U Return address (the contents of the program counter
when the VC was entered).
5 Stack pointer
6 Frame pointer
7 Interrupt enable flag status bit:
0 = interrupnts off
1 = interrunts on
11 Data switch register: Replaces the conventional console
data switches. When the system is in RUN mode (j.e.r
not in VC mode), and a READS instruction is executed,
the 16=bit contents of this register are read by the
CPU, ,
12 Value of the carry Dit
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PRELIMINARY crapren 2
HOW TO USE THE CONSOLES

Table 2.
le 2.2 Cell commands Table 2.3 Function commands
mand ]
Comman Function Command Function 13t
P Start ] ] 12
nA Upen the internal cell whose internal cell arts program execution at the memory location i
- - > speci fi ' HER
number is equal to "n." (See Table 2.1.) (gee Tag?eb; :hi contents af interns} ceil number 4. g 3l
- ) | 1 3
n/ Qoen th em i j ; s ,
equaltti :ﬁ:°gzt;?ci:;ggrwﬁgsf acdress 1s nR Issues an I/0 Reset and starts program-execution at is8
' the memory location specified by the octal number "n." 1E2
(carrijage Close the current cell and open the n 13
‘ ) f ext
return) consecutive cell. I Issues an I/0 Reset. B3
. ‘ . nk Performs a program load from the d hos i £
él‘::wf??:e) Close the current cell but 0o not open another, is equal to "n?" Bit 0 of "n" is :véc:oﬁng ?OSEZA:ZGCOde
device and 2 1 for a high=speed device. |
/ Close the current cell and open the memor i
, y cell F Performs a DG fi i
whose address is equal tc the contents of the (For DGC zseGon;sl? service cassette bootstrap load. i
current memory or internal cell. | )
K Cancels the entire line just typed, and prints a question i

mark (?2),

Function Commands ,
Virtual Console Errors

He, .0 23d02d ay) 0) PG v 3¢ $20W01SND pur [Iuu0ssad DD AQ 38R 20) |t

Table 2.3 lists the VC function commands. All commands must be typed in 1f you type a cheracter that the VC does nmot recognize, it will print a

octal numbers and upper case Jetters. W3n fo]lowed by a New Line. If you wish to cancel an entire line you
just entered, type a "K." In this case, VC will respond with a "?2"

The VC has two commands to start program execution., Typing "P" starts followed by a New Line.

2

program execution at the location specified by internal cell number 4

(the return address). You can also start program execution by typing If you attempt to open @ non=existent memory cell, the 16=bit contents of

13 2014 5,300 IROVIIM Loed W1 40 JOYM Ut PIOAPOIGAI 3q YL JiFYS PUE D 10 Aisadoid y) are ULy PIUIEIUCD SuONESYIIds Pue TBUIMEID 241 “BreMIHOs

"mR." In this case, the CPU issues an I1/0 Reset command and starts the cell printed on the terminal are meaningless, If you gttempt to 09?”h 1
program execution at the location specified by the octal number "n." an internal cell with a cell number greater than 13, VC will respond wit
a !I?.ll X
Typing "I" causes the CPU to issue an I/0 Reset command. 4
3e
‘ - &
You can program loaad from an I1/0 device by typing ﬁnL"_where "n" is the %'
device code, in octal, of the I/0 device to be used. Bit 0 of "n? _ 5
should be 1 if the 1/0 device is high=speed, and 0 if the I1/0 device 1is : :i
§

low=speed, For example, if the program loag device is @ highfspeed 6060
disc drive whose device cove is 27, you would type the following:

100027L ‘;

You can perform a Data General field service cassette bootstrep by typing
"F.H

DG-03380
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CHAPTER 3
INTRODUCTION TO TROUBLESHOOTING

- perform both

i
5

CHAPTER 3
INTRODUCTION TO TROUBLESHOOTING

Part II of this manual contains troubleshooting procedures intended for
use during:

e Initial checkéut of a new installation or addition to an
existing system

o Repair of an existing system

many of the procedures required to
initial checkout and repair are the same, as shown in the
troubleshooting flowchart, Figure 3,1. This flowchart leads you through
a logical seauence of fault isolation, referencing Chapters 4 through 8.
These chapters contain step=by=step procedures for detecting faulty
asgsemblies and checking . the relijability of the system, (Actual
replacement procedures are outlined in Part IV.)

While these situations .are different,

PRE=SITE INFORMATION

efore going to the customer’s site, check the list below and learn the

customer’s configuration, if possible, This wflI help to ensure thgt you

have the appropriate field replaceable units (FRUs) with you on arrivale.
e Chassis: 16 or S=slot

¢ Main memory size

e CPU options

e Battery backup option

e Terminal used as system console

e OUOther peripherals

Also if you are going to repair a failing unit, try to get informetion
_from the customer that may aive you a clue to the failing FRU.

DG-03380

CONFIGURATION CHART

Each system is shipped with a configuration chart which should reflect
its configuration. Attach the chart to the rear door (outside) of the
cabinet. Whenever you or anyone else reconfigures or retajlors the
system, update the chart to reflect the changes.

INITIAL CHECKOUT

If vyou are performing an initial checkout of a new installation; start
with Chapter 4 and follow the steps outlined in the troubleshooting
flowchart,

REPAIR

If you are servicing a failing system, the type of failure determines the
procedures you will use to troubleshoot it. Thus, it is important to ask

the customer the following questions:

1. Was the computer operating proverly before the failure?

2. Is the failure a hard or intermittent one?

3. Did the operating system generate any panic codes?

4. Can the computer successfully complete the self=-test?

5. Was the failure detected by reliability and/or diagnostic
testing?

6. WWas the failure detected while running user programs?

With the answers to these questions, you are now ready to follow the
steps jndicated in the troubleshooting flowchart,
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PRELIMINARY

CHAPTER 4
VISUAL CHECKOUT

CHAPTER 4
VISUAL CHECKOUT

You should perform the visual checkout whenever you initially check out a 5.
system (or addition to a system) or repair an existing system,
Ae
WARNING: The VNR unit (16=slot only) and the slide=in power supply board
(both chassis) carry dangerously high voltages. Turn the power off
before removing any unit, b.
Visually checkout the system using the following procedure. Try to
correct any simple problems you find. Co
1. Turn power off,
2. Check the configuration chart on the rear door (outside) of the de.
cabinet to find out what the system contains and how it is tailored.
3. Open the rear cabinet door and unplug the ac line cord from the e.
cabinet. ,
4. 1If you are repairing a system, check the ac line fuses and replace
them if they are blown. The l16=slot power supply has two 15 Amp line
f“g fuses which screw into the rear of the VNR unit (see Figure 4.1).
w The S=slot power supply has one 7 AMP line fuse which screws into the
rear of the power supply board and extends through a cutout inm the
backpanel (see Figure 4.2).
f.
- N
L/
Figure 4,1 Line Fuses
DG-03380

On a 16=slot chassis:

Swing the VNR unit away from the backpanel (see "VNR Unit
Replacement," Part 1IV). '

Check for bent pins which cause shorts. Straighten any bent
pins,

Make sure the diagnostic test plug is in#erted with the "RUN"
label up (see Figure 4.3), If it is not, remove the plug,
turn it over, and reinsert it with the "RUN" side up.

Make sure none of the connectors to the backpanel or to the
paddleboards are hanging loose.

If you are repairing a system which you suspect has had an
I1/C problem since installation:

the priority jumpers are inserted as
in the installation data sheets.

® Make sure
described

® lake sure the correct paddleboards are used and
connected to the proper backpanel slots (see
installation data sheets).

Reposition the VNR unit (see "VNR Unit Replacement," Part
Iv).

BcKkPaNsL

Figure 4,2 Line Fuses
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PRELIMINARY

CHAPTER 4

VISUAL CHECKOUT

6. OCn

A

b.

7. Plug the ac

agoor,

6. Remove the front pane]

9. If you are

10,

DIAGNOSTIC
TEST PLUG

Figure 4.3 Diagnostic Test Plug

a S=slot chassis:

Check for bent pins which cause shorts. Straighten any

bent pins,

Make sure none of the connectors to the backpanel or to the
paddleboards are hanging loose,

11.
I1f you are repairing a system which you suspect has had an
170 problem since installation: 12.
the priority jumpers are inserted as
in the installation data sheets.

e Make sure
described

e Make sure the correct paddleboards are used and
connected to the proper backpanel slots (see
installation data sheets).

line cord back into cabinet and close the rear cabinet

(see "Front Panel Replacement," Part IV).

installing a system or repairing a system which has

never operated normally:

=

be.

DG-03380

Remove each printed circuit board, except the power supply
board, and make sure it is tailored properly (see "CPU Board
Replacement," Part IV, or the appropriate I/0 device ’
documentation).

If necessary, update the configuration chart on the rear
(outside) of the cabinet door to reflect the proper
tajloring.

Check the fans as follows?

a. If you are servicing a lé=slot chassis with boarags in sjots
6 and 15, remove them, If you are servicing a S~slot chassis
with @ board in slot 4, remove it.

be Turn the power on,
¢. Look through the open slots on the left side of the chassis
and see if all the fans are running. You may need to use 2

flashlight, If all the fans are running, continue
the visual checkout; otherwise, proceed as follows:

e If some, but not all, of the fans are running,
replace the faulty fans and make sure the cable
connectors to the fans and the console PLB assembly
are seated securely,

e If none of the fans are running, go to Chapter 6,
"Troubleshocoting the Power Supplies."”

e After correcting the proklem, continue the visual
checkout,

de Turn the power off and reinsert any boards you removed,

Replace the front panel (see "Front Panel Replacement," Part Iv).
Turn the power on and check the Power=Un light on the front console.
If the power light is on, you can assume that the voltages are
within operating margins. In this case, go to Chapter S5, "Computer
Self=Test"; otherwise, go to Chapter &, "Troubleshooting the Power
Supplies." After correcting the power supply problem, go to

Chapter 5,

~
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PRELIMINARY

CHAPTER 5

COMPUTER SELF-TEST

(”3 CHAPTER S

“ COMPUTER SELF=TEST

Whemever the computer is powered up with the Lock switch off, the CPU
automatically runs a d=second self=test to ensure that the computer can
load ana run diagnostic programs., (The CPU also runs this test after a

power failure when battery backup is not present.) The self=test consis;s
of several ROM=resident diagnostic tests which check the operation of the

power supply, the system terminal, the basic CPU functions, and main
memory., As the CPU completes portions of the self=-test it prints
(displays) part of the following message on the system terminal:

oK
£1000000
H
The last exclamation point (!) is the VC prompt.

If the entire message is printed, all the diagnostic tests have run and
the self=test is successfully completed,
printed, the self=test found a bad unit, The indicator lights on the

front console together with the printed part of the message indicates the

probable faulty unit as shown in the Table S.1.

O

Table S,1 Fault indicators
Message
Power Run printed on Fault
light | light system console indicated
Off On or Off Power supply
On Off CPU/System
terminal
on off C Main memory
(first 32KB) =*
On Off 0K Main memory
(second 32KB) «

{%} * In a 32K byte (16K word) system, this fault indicates
) a fault somewhere in the entire 32K byte memory.

DG-03380

1f only part of the message is

TROUBLESHOOTING WITH THE SELF-=TEST
Check out the computer with the self=test as follows:
le Switch the power on.

2e If the self=test is completed (the entire message is printed out)
and any problems found during the visual check are corrected, go
to Chapter 7, "Diagnos;ic Testing." ‘

5. If the self=test is not successfully completed, follow the procedure
given below for the fault indicated, Turn off the power before
removing or installing any board. If you replace a board and the
self=test still indicates the same fault, replace the original board
before continuing, uniess otherwise indicated. Procedures for
replacing FRUs are gijven in Part IV,

NOTE: Each time you replace an FRU, repeat steps 1 through 3
until the self=test is successfully completed.,

Power Supply Fault

Go to Chapter 6, "Troubleshooting the Power Supplies."

CPU/System Terminal Fault
1. Visually check out the terminal as follows:

a. Make sure tne connectors on the cevice cable for the
system terminal are securely plugged into the
backpanel and the terminal.

0. Make sure that the terminal is connected to the ac
line source, turned on, on=line, and in upper case
mode. Also make sure that the correct interface type
and baud rate are selected (see CPU teailoring of the
appropriate installation data:sheets.)

2. If you have any reason to think that the terminal is faulty,
g0 to step da; otherwise, continue to step 3.
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COMPUTER SELF=TEST

3. Check for a faulty CPU as follows:
Main Memory Fault (First or Second 32KB)

a. Replace the CPU board.

l. Replace the CPU board,
be If the self=test still indicates a CPU/system

terminal fault, do the following: 2, If the self~test still indicates a memory fault with the new
CPU board, check the contents of the accumulators as
e Enter the virtual console (VC) by pressing the described in "CPU Fault," step 2, using both the new and
RESET switch on the front console. original CPU boards. If the contents of the accumulators are
_ identical for both boards, replace the power supply board;
e Read the contents of accumulators ACC, AC1, otherwise, try another CPU board, if you have one.

and AC2 using the VC (see (Chapter 2).

e Replace the new CPU board with the original
CPU boarc and repeat two previous steps,

@ If the contents of the accumulators are NOT
identical in both cases, both CPU boards are
probably faulty. Try another CPU board, if you
have one,

e If the contents of the accumulators are
‘identical in both cases, remove all the
printed circuit boards from the chassis except
the power supply board and the CPU boara. If
the self=test still indicates a CPU/system
terminal fault, replace the power supply
board.
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4, If the self=-test still indicates a CPU/system terminal fault,
check out the system terminal as follows:

a, If you have NGT already replaced the CPU board,
reclace the CPU boards. If the self=test still
indicates a CPU/system terminal fault with the new
CPU board, check the contents of the accumulators as
described in step 3b, using both the new and original
CPU boards. If the contents of the accumulators are
identical for both boards, continue to step b below;
otherwise, try another CPU board, if you have one.

b. See if the system terminal works in local mode, 1If
it does, replace the device cable; otherwise,
troubleshoot the system terminal (see the
‘documentation for the appropriate terminal).
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c. If the terminal uses an EIA interface and you have
NOT already replaced the power supply board, replace
the power supply board.

S. If you have already replaced the CPU and power supply boards ‘;’
in a 16=slot chassis, replace the bus terminators.
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PRELIMINARY FRoUsLEsr
A TROUBLESHOOTING THE PUWER SUPPLIES

)

CHAPTER 6
TROUBLESHOOTING THE POWER SUPPLIES

This chapter will help you find the failing field replaceable units in
the power supply and power gistribution system., Wwhen you find a failing
unit, replace it following the replacement procedure given in Part IV.
For a detailed description of how the power supply operates, see Chapter
9 or 10,

OVERVIEW

Before you try to troubleshoot the power supply, it is helpful to know
what the power supply does and how its indicator lights function.

Major Functions

The power supplies for both the l16=slot and the S=slot chassis perfdrm
the following functions:

e Supply regulated dc operating voltages for the chassis
e Supply ac voltages for the fans
® Generate a time bases for the CPU and real=time clock

® UDetect and respond to emergency concitions (power loss,
excessive voltage or current, etc.)

® Provide power status inaicators for the CPU (power fail,
power Ok, €etc.)

e Provide emergency battery backup for the memory voltages
(optional). '

DG-03380

Indicator Lights

Two indicator lights on the front console of both chassis display the
status of the power supply (see Figure 6.,1).

Power=on Light = Indicates that the dc voltages are stable. If the power
switch is on and the light is out, one of the following may have
occurred:

® AC power brownout or blackout

e Power supply failure

e Excessive load or short circuit on backpanel

° Diagnostic test plug not in "RUN" position
(le=slot chassis only),

Battery Backup Light = Indicates that the battery is supplying the dc
operating votages for the memories because either a power line failure, a
power supply failure, or a shutdown (due to external shorts) occurred,

Figure 6.1 Front Console Indicator Lights

“"p

dinba 1% 20 ‘23N ‘ayew o4 sswary Auwe yorill

“o1 pondun aq 50w jracsdde uajim 2014 §,300 INOYI Lied ) 10 oy W PIIAPOII 2q JIYIII HIEYS PVE DD JO A1ad0sd 4} S UIBIRY PILITINDD SUONPIISds pur tBuerp 2y “Smayed

P

iy

% 43004 3y) 0) 3PS © se LPWOIIND Pur |2UN0Esad INQ AQ I3 20} jERUTW Sy} PATdaId sty (IDQA) veneiedie) Eeses) VNG

"

pue

390 r®

RS
)

por

19



PRELIMINARY

CHAPTER 6

TROUBLESHOOTING THE POWER SUPPLIES

The lé=slot chassis has three additional inaicator lights which give
further status information, These lights are located on the front of the
power supply board as shown in Figure 6ele

Over=Current Light = Indicates that an over=current condition appeared in
the supply or on the backpanel. The supply automatically tries to
recover from an over=current condition, As a result, you may see this
light blink up to & times before it finally stays on. Once it stays on
you must power the supply down to clear the fault light (this probably
will not correct the fault).,

Over=Voltage Light = Indicates that an over=voltage condition appeared in
the supply. You must power the supply down to clear the fault light
(this probably will not correct the fault).

Memory Disaster Light = Indicates that the main memory detected a dc
power failure on =5 MEM. You must power the supply down to clear the
fault light (this probably will not correct the fault).

POWER SUPPLY
BOARD
b (FRONT VIEW)

OVER
CURRENT

MEMD

Figure 6.2 Power Supply Board Indicator Lights

DG-03380

Functional Description

16=Slot Power Supply

T:e Dgwerbsgop]y ang aistribution system for the 16=slot chassis consists
ga z NR]un!t, a power supply printed circuit board, a fan moduie, and a
ckpanel circuit board., These four modules are interconnected by an

internal caole (wiring harness) and by et
: » h on :
Figure 6.3. y etch on the backpanel, as shown in

The VNR unit converts power from the ac line to unregulated dc voltages
for the power supply board. 1t alsoc routes ac power to the fans in the
fan module. 1In a system with battery backup, the ViNR unit contains a
battery charger along with a small battery that supplies power for thne
battery backup circuits on the power supply board. A plug on the back of
the .unit lets you connect an external battery when longer backup times
are reauirec,

The power supply board is a printeg circuit board which regulates the dc
voltages from the VR unit and in turn powers the chassis. It also
provides clock ana status signals for the CPU board. Fault detection
circuits automatically shut down the power supply if an emergency
conaition OCCUrS,

The backpanel routes power, contrcl, ana status signals between the power
supply board and tne printed circuit boards. It includes several reed
switches that detect excessive current flow in the printed circuit
boards. (These switches replace the fuses commonly found on other
backpanels.)

S=Slct Power Supply:

The power supply and aistribution system for the 5=slot chassis consist
of 2 power supply board, a fan mocule, a console PCB assembly, ano a
backpanel circuit board. These mooules are interconnected by an internal
cable (wiring harness) and by etch on the backpanel, as shown in Figure
6.4,

The power supply board converts the power from the ac line to regulated
dc voltages and in turn powers the chassis. It also provides qlocg and
status signals for the CPU and main memory. Fault detection circuits
automatically shut down the supply if an emergency condition occurs. In
a system with battery backupy the power supply board contains a_battery
charger along with a small pattery that supplies power for the battery

backup ¢circuits,

The backpanel routes powery control, and status signals between the power
supply circuit board and the printed circuit boards.
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PRELIMINARY

CHAPTER 6
TROUBLESHOOTING THE POWER SUPPLIES

PawDR SUppLY BOARD

E) (tewwmd Backqanel)
' ' Bhoc PMEL e FAN MobULE
cAsLE
. ( N'af'\ms\\ovusb
Figure 6.3 16=Slot Power Supply

DG-03380

DwoR SuppLy -
LOARD
(Beviend Tocppnel)
BACKPANEL
TNTERNALEARLE

Cooni v\ﬁ'ﬂxmss\

Conrn s B
b o cuas

Figure 6,4

S=S1ot Power Supply
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PRELIMINARY

CHAPTER 6

TROUBLESHOOTING THE POWER SUPPLIES

TRCUBLESHOOTING 16=SLOT POWER SUPPLY

WARNING: The VNR unit and power supply boara generate dangerousiy high
voltages, DO NOT ATTEMPT TO MEASURE VOLTAGES INSIDE THEM.
tbefore you remove the cover on the VNR unit or the power supply
poard, WAIT AT LEAST S5 MINUTES AFTEKk POWERING DOWN THE SYSTEM

to allow the high voltages to dissipate.

Turn off the power before removing or inserting any boards,

To troubleshoot the le=-slot power supply, carry out the following steps:
1. Initial checkout
2. Indicator 1ight cneckout
3. Voltage checkout
4. Final checkout
5. Battery backup checkout

Complete all steps in the order in which they are presented. (Step 5 is
only for systems with battery backup.) Failure to do so may result in
longer system down time and unnecessary assistance from DGC Fiela
Service, Whenever you replace a unit, repeat the check that indicated a
unit was faulty. If the check still indicates the unit is faulty,
replace the original unit before continuing. Procedures for replacing
FRuUs are given in Part 1v,

NOTE: The steps for troubleshooting the power supply assume the
following conditions:

e The CPU poard is in the chassis. (An unloaded power supply
will not produce regulated outputs so ao not troubleshoot the
the power supply without at least the CPU board in the
chassis.)

¢ The load on the power supply is palanced. (You may upset this
palance if you remove or add boards while troubleshocoting.
See the installation data sheets, DGC No. 010=000213, for the
load pbpalancing rules,)

@ All the electrical connections between units are Qocd.

e The lock switch on the front console is in the UNLUCK
position.

If you have any reason to think that these concditions are not met,
check them before proceeding.

DG-03380

Initial Checkout

1.
2.

7.
8.

Turn power off and unplug the chassis ac line cord from the cabjinet.
iMake sure the cabinet is supplying the proper ac line voltage.
Plug the line coro back into the capinet.

Swing the VMNR unit away from backpanel (see "VWR Unit Replacement,"
Part IV).

Make sure the diagnostic test plug is insertec in the correct
location with the "KUn" lapel upr (see Figure 6.5).

DIAGNOSTIC
TEST PLUG

Figure 6,5 Diagnostic Test Plug

Swing the VAR unit back into position (see "VNR Unit Replacement,"
Part IV).

Remove the front panel! (see "Front Panel Rerlacement," Part IV),

Turn the power on,

Look through any open slots on the left side of the chassis and see
if all the fans are running. You may need to remove boards from
slots 6 and 15 and use a flashlight to see the fans.

a, It all tour fans are running, reinseprt any boards you
removed, and go to "Indicator Light Checkout,"

be 1f some, but not all, of the fans are running, replace the
faulty fans and make sure the cable connectors to the fans
and the console PCB assembly are seated securely. (See "Fan
and Fan Module kReplacement for l6=Slot Chassis," Part IV.)

c. If none of the fans are running, continue checkout.
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PRELIMINARY ThousLEs:
TROUBLESHOOTING THE POWER SUPPLIES

« If you have not replaced a fan: Indicator Light Checkout

a. Remove the fan module and make sure the cable connectors to

the console PCB boards are seated securely (see "Fan Module
Replacement for 16=Slot Chassis," Part IV),.

1. Turn the power on.

2. Check the indicator lights on the front end of the power supply

. board (see Figure 6.2). If they are all out, go to "Voltage
« Reins , n ule. , * :
b einstall the fan module Checkout"; otherwise, turn the power off and then on again. If any
11, Make sure the internal cable (wiring harness) connectors to the ?: E:: L;?h;sai:rn oq ;ga;n, :OI]ON :h?apgo:edu¢: be]owa:°:h¥geste
backpanel, the power supply board, and the VNR unit are seated E ¢ on. 'enever you replac units, repe ! Pe
securely (see "VNR Unit Reolacement," Part 1V).
12, Turn the power off, Memory Disaster Light
13, Check the two 15 Amp ac line fuses which screw into the upper left l. Turn the power off.

rear corner of the VNR unit (see Figure 6.6), , . . .
¢ veure ) 2. Check that the diagnostic test plug is in the correct

1 : MRLNY 3 i ]
a. If the fuses are all right, replace the fan module. location with the .RUN 1§§el up (see Figure 6.5). If it is,
continue to step 3; otherwise:

b. If the fuses e own? ..
v are blow a., Reposition the pluag,

® Replace them if you have NUOT already replaced them;

otherwise, b. Turn the power on.
s e If the fans still do not run, replace the VNR unit. Ce gg:i:nizet:e::;; gisaster Tight. If it is on,
14, If you cannot get the fans to run after carrying out steps 9 : , : .
through 13, replace the internal cable (see "16=Slot Wiring Harness 3e Reolage the power supply boaro. If the memory disaster 1ight
" is still on, replace the CPU board.
Replacement," Part V), ,
; 4, If you have alreacy done steps 1 through 3 and theﬁmemory
15. If the fans still do not run after carrying out step 14, reolace . disaster light is still on, replace the wiring harness,

the fan mooule (see "Fan and Fan Module Kepjacement for 16=Slot
Chassis," Part IV), ‘ Over=Current Light

LINE 1,
FUSES

Turn the power off.

2. Replace the power supply board,

3, Turn the power on.

4, Check the over=current light. If the light is on, turn the
power off and remove any printed circuit board, other than

the power supply board.

5. Turn the power on.

Figure 6.6 Line Fuses
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PRELIMINARY

CHAPTER 6 ‘
TROUBLESHOOTING THE POWER SUPPLIES

6.

T

Check the over=current light,

a. If the light is NOT on, replace the board being sure
to insert the correct jumpers (see the appropriate
1/0 device documentationl.

b. 1If the light is on, reinsert the removed board, and
repeat steps 4 through 6 with any other printed
circuit board you have not already tried removing.

¢, 1f you have alreacy done steps a and b and the
over=current light is still on, check that the loao
on the power supply is balanceo (see the installation
data sheets, DGC No., 010=000213, for the load
balancing rules).

1f you have already done steps 1 through 6 and the
over=current light is still on, replace the internal cable
(wiring harness). :

Over=Voltage Light

l.
e
5.
4.

DG-03380

Turn the power off,

Replace the power supply'board.

If the light is still on, replace the CPU board.

I1f you have already done steps | through 3 and the over

voltage l1ight is still on, replace the internal cable
(wiring harness),

Voltage Checkout

1.
2e

Turn the power

Check the +5V voltage at test plug J1=15 (see Figure 6.8). 1If
continue the checkout,

Turn tne power off,

continuing the checkout,

a, If the light
and replace the VNR unit.

+5V is between 5.10V and 5.20V, go to "Final Checkout"; otherwise, 1 £
! g

It

| i

Short MEMD at J35=21 to GND at J35=1 (see Figure 6.7). Before %i;
make sure you have shorted the correct pins. 238

i3g

Turn the power on and check the memory disaster light., 21
is NOT on, turn the power off, remove the short, z

b, If the light
then turn the power on,

on,

Check the =11V voltage at J35=25 (see Figure 6,7).

If

ok,
6.8).
otherwise,

If =11V is between =11,0V and =12,5V (=30VNR ok),
check the HVS voltage at test plug Jl=4 (see Figure
If HVS is greater then 2.9V, replace the
power supply board; otherwise, replace the VNR unit.

6.8).,

J35-1
J35-2

is on, turn the power off, remove the short, and

check the VREF at test plug Ji=14 (see figure
I1f VREF is 5.8V, replace the VNR unit;

J3s-11  J36-21 J35-25
\ \__Z
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PRELIMINARY cuseTER 6

TROUBLESHOOTING THE POWER SUPPLIES

6, Recheck the +S5V voltage at test plug J1=-15 (see Figure 6.8)., If
it is between 5,10V and 5.20V, go to "Final Checkout"; otherwise, try
replacing the internal cable (wiring harness), If this does not
work, get help from DGC Field Service.

POWER SUPPLY BOARD
(FRONT VIEW)

TEST PLUG J1

J1-8 J1-1
0oooooooo
ooooooog
J1-9 J1-16

Figure 6.8 Test Plug

DG-03380

Final Checkout
1. Turn power on.
2. Check the power on light on the front console,
a. If the light is on, continue to step 3 of this cHéckout.

b, If the light is NOT on, check the ONLED=P  voltage at J35-11
(see Figure 6.7).

e If ONLED=P' is 3V or GREATER, replace the power
supply board; otherwise, replace the console PCB
assembly,

e If the light still is not on, replace the fan
module, and if this does not correct the problem,
replace the internal cable (wiring harness).

3, Turn the power off and see if the fans stop.
a, If the fans stop:

e Go to "Battery Backup Checkout" if the system has
battery backup.

e Go to Chapter 5, "Computer Self=Test," if the system
does not have battery backup.

b If the fans do NOT stop:

® Make sure the LUCK switch is im the UNLOCK
position., If the fans still do not stop, check the
PWR FAIL® voltage at test plug J1=3 (see Figure 6.8).

e If PAR FAIL® is NOT less than 0.4V, replace the fan
mogdule,.

e If PiR FAIL 1is less than 0.4V, check PON at test
plug Ji1=11 (see Figure €.8). 1If PON is less than
0.4V, replace the VNR unit; otherwise, replace the
power supply board,
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PRELIMINARY

CHAPTER 6

TROUBLESHOOTING THE POWER SUPPLIES

Battery Backup Checkout

Only carry out this checkout if the system has pattery backup. This
procedure will not dgischarge the battery a significant amount. Note that
it takes 16 hours for the vattery to fully recharge.

1. Turn the power on ana unplug the chassis ac line cord from the
cabinet,

2. Check the +12 MEM voltage at Jlccation J35=3 (see Figure 6.7).

a. 1f this voltage is GREATER THAN 11,0 volts and remains
CONSTANT for MORE THAN 1 MINUTE, continue to step 3;
otherwise,

b. Check the BAT+ voltage at jack J3=1 (see Figure 6.9).

e If BAT+ is greater than 12V, replace the power supply
bocarda.

e If BAT+ is NOT greater than 12V, then measure the
voltage DIFFERENCE between J3=5 and J3=6 (see Figure
6.,9). I1f it is greater than orme volt, replace the
bpattery; otherwise, replace the VNR unit.

3, Check the battery backup light on the front conscle,

a. If this light is on, plug the power cord into the ac source.
and then go to Chapter 5, "Computer Self=Test,"

b, If the light is NOT on, replace the power supply boara, and.
if the light still does not turn on, replace tne console PCLB

assembly,

4, Plug the ac line cord back into the cabinet,

VNR UNIT 3 oog

J3-1

Figure 6.9 Jack 3

DG-03380

TROUBLESHOGTING 5=SLOT POWER SUPPLY

The power supply board generates dangerously high voltages,
DO NOT ATTEMPT 7O MEASURE VOLTAGES INSIDE THEM, Before you
remove the cover on the power supply board WAIT AT LEAST S
MINUTES AFTER PCWERING DOWN THE SYSTEM to allow the high
voltages to dissipate,

WARNING:

Turn off the power before removing or installing any boards,

To troubleshoot the 5=slot power supply, carry out the following steps:
1. Initial checkout
2. Final checkout
3., Battery backup checkout

Complete all steps in the order in which they are presented. (Step 3 is
only for systems with battery backup.) Failure to do so may result in a
longer system down time and unnecessary assistance from DGC Field
Service,

Whenever you replace a unit, repeat the check which indicated that unit
was faulty. 1If the check still indicates the unit is faulty, replace the
orginal unit before continuing. Procedures for replacing field
replaceaple units are given in Part IV,

IMPORTANT: The steps for troubleshocoting the power supply assume the
following conditions:
¢ The CPU board is in the chassis., (An unloaded power supply
will not produce regulated outputs so do not troubleshoot
the system without at least the CPU toard in the chassis.)

@ All the electrical connections between units are good.

o The lock switch on the front console is in the UNLOCK
position,

If you have any reason to think that these conditions are not met,
check them pefore proceeding.
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TROUBLESHOOTING THE POWER SUPPLIES

—

[T)Initial Checkout

1. Turn the power off and unplug the chassis ac line cord from cabinet.,

2. Make sure the ac line source in the cabinet is supplying the proper
ac line voltage. '

3. Plug the line cord back into the cabinet.
4, Turn the power on.
. 5. Look through any open slot and see on the left side of the chassis if
both fans are running. You may need to remove the board from

slot 4 and use a flashlight to see the fans,

a. If poth fans are rumning, reinsert the board you
removed, and go to "Final Checkout."

b. If only one fan is running, repiace the faulty fan and make
sure the internal cable connectors to the fans and the
console PCB assembly are seated securely.

c. If neither fan is running) continue with this checkout.

[ §6. If you have not replaced a fan, make sure the internal cable
— (wiring harness) connectors to the console PCB assembly are seated

BACKPAN BL
'securely (see "16=Slot Internal Cable Replacement," Part IV), '

7. Make sure the internal cable (wiring harness) connectors to the
backpanel and the power supply board are seated securely.

Figure 6.10 Line Fuse
8, Switch the power off,
9., Check the 7 Amp ac line fuse which screws into the left rear corner
of the power supply board and extends through a cutout in the
backpanel (see Figure 6,10).
a. If the fuse is all right, replace the power supply board.
be If the fuse is blown:

® Replace it if you have NUT already replaced it;
otherwise,

@ Replace the power supply board.

10. If you cannot get the fans to run after carrying out steps 1 through
9, replace the internal catle (see "S=Slot ‘Wiring Harness
) Replacement," Part IV).
U

DG-03380
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PRELIMINARY

CHAPTER o

TROUBLESHOOTING THE POWER SUPPLIES

Final

Checkout

1. Turn power on,

2. Chreck the power on light on the front console.

Battery Backup Checkout

Only carry out this checkout if the system has battery backup. This
procedure will not discharge the battery a significant amount. Note that
it takes 24 hours to fully recharge the battery. '

Turn the power on and unplug the chassis ac lihe cora

a. I1f the light is on, continue to step 3 of this checkout,
b. If light is NOT on: 1.
e Replace the power supply board.
2.
e If the light still does not ao on, reseat the
internal cable (wiring harness) connectors to the
the conscole PCE assemblvy. 1If this does
"not correct the problem, first replace the console
PCb assembly, and then tne internal cable.
3, Turn the power off and see if the fans stop.
a. If the fanms stop:
e Go to "Battery bBackup Checkout" if the system has
battery backup.
e Go to Chapter 5, "Computer Self=Test," if the system 3.
cces not have battery backup,
b, 1f tne fans do NUT stop, replace the power supply voard, If
this does not correct the problem, first try reseating the
internal cable (wiring harmness) connectors, and then replace
the internal cable.
4o
DG-03380

cabinet.

Chreck the +12 MEM voltage at backpanel

3.

from the

pin B47.

If this voltage is GREATER than 11.3 volits and REMAINS
CONSTANT FOR MORE THAN 5 MINUTES, go to step 3 of this
checkout; otherwise, continue with step b.

charger on the
If you have
it; otherwise,

Most likely the battery is bad or the battery
power supply board is not operating procerly.
reason to suspect the battery is bad, replace
replace the power supply board, Note that an unusea

battery lasts about 3 1/2 years at 23 deg.C and its life
expectancy Qdecreases greatly with increases in operating
temperature, A battery can be used for about 200 cycles.

Check the vattery backup light on the front‘consolep

3.

b.

Plug the ac

If this light is on, plug the line cord back into the
cabinet and go to Chapter 5, "Computer Self=Test."

replace the power supply board, and
replace the console PCB

If the light is NOT on,
if the light still does not turn on,
assembly.,

line cord back into the cabinets
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CHAPTER 7
DIAGNOSTIC TESTING

PRELIMINARY

CHAPTER 7
DIAGNOSTIC TESTING

Successful completion of the self=test’ indicates that the main portion of
the NOVA 4/C computer is operating properly. This means that the
reljability and diagnostic test programs described in the program summary
table below can be loaded into main memory and used to:

o Detect faulty field replaceable units during troubleshooting

® Verify that the computer is operating properly during
inftial checkout or after repair,

The programs listed in Table 7.1 are available on either:
Magnetic tape or diskette (NOVA 4 DTOS)
Data General Field Service cassette

Loading procedures for DT0S (Diagnostic Operating System) appear in
Appendix B. Procedures for using the field service cassette appear in
\Appendix Ce

TROUBLESHOOTING FLOWCHART

The troubleshooting flowchart, Figure 7.1, leads you through sequences of
reliability and diagnostic tests that will both jsolate faulty field
replaceable units and verify the proper operation of the NOVA 4/C
computer. It assumes that the programs are loaded and run under the
control of DTOS and specifies the DTOS commands to be used. If a DTOS
loading device (i.e., magnetic tape unit or disc drive) is not presept in
the system or is inoperable, the flowchart can still be used Py running
the programs in the seaquences indicated, using the field service

cassette.

NOTE: Detailed information concerning DTUS and DTOS commands
appears in Diagnostic Operating System Technical
Manual, DG No., 015=000056, and DTOS Summary, DG
NO. 015-000082‘

Throughout the flowchart, action recommendations following each program
test are made solely on a pass/fail basis. To determine if a test
passed, refer to the sample program run summary for that test at the end
of this chapter, Each summary describes both the operator ingut and the
program output, i.e., the information that will be printed (displayed) by
the system terminal when the specified test passes.

Table 7.1 Reliability and diagnostic test program summary

DTOS

Program Name Mpemonic Program Description

7/

NOVA 3 Reliability
Test Short

N3MORT S This reliability program consists
of a series of individual programs
that test the interactive
capabilities of the CPU; the
CPU~resident real=time clock,
asynchronous interface, and memory;

and the 1/0 tester board.

NOVA 4 Logic N4LGCTST|  This program tests the logic
Test used by the CPU to implement
the instruction set., It also
performs minimum level testing
of the CPU I/0 instructions,
system terminal I/0, ano tne
program interrupt facility,.

MOVA 4 EXERCISER NAEXER This program exercises the
CPU instruction set and tests
the CPU’s reliability,
NOVA 4/C Memory NA4CMD This progrem consists of a series of

Ciagnostic tests that check main memory for
faulty address decoding, memory
accessibility, sense amplifier
recovery, refresh sensitivity,
interaction between memory elements,
memory access time and memory cel)
reliability,

Basic Input/Output BASICIOT This program reauires ‘the

Test presence of the multi=mode

I/0 tester board hNo., 005=004283,
It tests the I/0 instructions,
the operation of the data
channel and the real=-time clock,

Real=Time Clock RTC TST This program tests the
Test operation of the real=time
clock,
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Wwhen the flowchart specifies tne replacement of @ field replaceable unit
(FRU), proceed as follows:

® PFower cown the system

® Replace the specifiead FRU (see Part IV for replacement
procedures)

e FPower up the systenm
e Reloaa DTOS

® HBegin with the failing test and continue tnrough the testing
seguence. ‘

Memory Diagnostic

The diagnostic testing sequences outlined in the first part of the
troubleshooting flowchart are run in DT0S auto mode. If this testing
fails to detect suspecteg, intermittent mermoPry errors, more vigorous
testing of memory can be accomplished by runrning the memory aiagnostic
test in UT0OS manual moaoe, Operating crocedures for running the memory
diagnostic. in voth modes are outlined in the appropriate sample program
run summaries.

DG-03380
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Figure 7.1 Troubleshooting Flowchart

NOTES:

1.0perator input via the system terminal
keyboard is ingicated in quotation
marks. For example, "LOAD.3 N3MORT 8",

4*1(

“SELECT NYCMD®

2. For program operating procedures, see
the sample program run summaries,

3, See the abpropriate sample run
summaries for the memory diagnostic,

4, If a diagnostic fails after replacing
the specified FRUs, go to entry point
Y in the flowchart,
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DTOS
DTGS
LT0S
Spec
Refe

Estimated Program Run Time:

Uper

*HQOS
*SEL

SAMPLE PROGRAM RUN SUMMARY
NOVA 3 MULTIPROGRAM TEST = SHORT
(DTUS Auto Mode; No Erfors Found)

Mnemonic: N3MORT S

Directorys HOST

Commang: LOAD. 1

ial Machine Reauirements: None
rence: Listing No. 096=000347

5 minutes

ator Input:

T

ECT N3MURT 8 Comments

Program Uutput:

LOAD: .
N3MORT S REV, (4
N3IMORT SHORT =~ KEV 04

TOTAL # 1K*S = 32

NO MAP

TEST RUN LIST

TST# DESCRIPTION
CHKRBRD RAN
SC MEMORY TEST
ARITHMETIC TEST
MUL/DIV TEST

RE
1T

CUEN~ O

L"#$
R/T

*

NOTE

1.

2.

Note 1

AL TIME CLOCK
Y TEST

%87 () %+, =,/0123456789:;<=>7a0ABCDEFGHIJKLMNOFPGRSTUVIWXYZ Note 2

(HRS,MIN,ERTOTI= 0 S Note 3

S

The contents of the test run list will vary depending upon the
program revision level and equipment configuration.

Teletypewriter test, This information may not be printed due to
the running time of the program,

This information may not be printed due to the running time of the
program, The two digits following the (HRS,MIN,ERTOT)= mean

that the test ran 0 hours, 5 minutes. If a third digit is appended,
it refers to the error total, indicating at least one test failed.

SAMPLE PRGGRAM RUN SUMMARY
NOVA 4/C MEMORY DIAGNOSTIC

(DT0S Auto Mode; No Errors Found)

DTOS Mnemonic: N4CMD

Directory: HOST DTOS

Command: SELECT

Special Machine Reguijrements: None
Reference: Listing No. 096=001677
Estimated Program Run Time: 10 seconds

Operator Input:
*SELECT N4CMD
Program Output:

ACTIVE DIRECTORY = HOST
PROCESSOR UNDER TEST = HOST

LOAD: N4CMD

N4MCMD  REV. 00 <Date>

** PROGRAM EXEC *xx

TOP OF MEMORY = 37777

TEST NAME: MODIFIED DATA=ADDRESS
TEST NAME: STUCK ADDRESS BIT

TEST NAME: MARCHING 1=0

TEST NAME: RELOCATING ISZ=-DSZ TEST

TEST NAME: RELOCATING ISZ=DSZ TEST

TESTING COMPLETED ...
*xkxEND PRUGRAM* %%

PASS= 1

x

NOTES:

1. In a 64k byte system, "TOP OF MEMORY = 77777"

Comments

Note 1

is printed.
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SAMPLE PROGRAM RUN: SUMMARY
NGVA 4/C MEMORY DIAGNOSTIC
(DTOS Auto Mode; Errors Found)

DTOS Mnemonic: NA4CMD
Directory: HOST DT0OS Command:

SELECT

=]

d:0) |

Special Machine Requirements: None
Reference: Listing No. (096=001677 NOTES

-

Estimated Program Run Time: 10 seconds
77777"

Operator Input:
*SELECT N4CMD
Program Output:

ACTIVE DIRECTORY = HOST
PROCESSOR UNDER TEST = HOST

LOAD: N44CMD
N4MCMD REV. 00 <Date>

** PROGRAM EXEC =*x
TOP OF MEMORY = 37777
TEST NAME: MODIFIED DATA=ADDRESS

"TEST NAME: STUCK ADDRESS BIT

TEST NAME: MARCHING 1=0
x*x ERROR ENCOUNTERED
ADDRESS =

EXPECTED DATA =

ACTUAL DATA =

TEST NAME:

BIT NUMBER(S) =

<UPPER (OR) LOWER BANK>

DG-03380

Comments

Note 1

Note 2

i.
2.

In a 64K byte system, "TOP OF MEMORY = is printed.

This block of error in%ormation is printed only when the supplem
error information flag is set to 1.

ental
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SAMPLE PROGRAM RUN SUMMARY
NOVA 4/C MEMORY DIAGNOSTIC
(DTOS Manual Mode; No Errors Found)

DTOS Mnemonic: N4CMD
DTOS Directorys HOST
DT0OS Command: LOAD

Special Machine Reaquirements: None
Reference: Listing No. 096=001677
Estimated Program Run Time:

Operator Input:
*LOAD N4CMD

Program Output:

ACTIVE DIRECTORY = HOST
PROCESSOR UNDER TEST = HOST
LOAD: N4CMD

N4CMD REV. 00 <Date>

x*x PROGRAM EXEC =*x

INPUT NEW VALUES FOR CF’S (LF=DEFAULT)
ECM <0=4>7? ’

Operator Input:

<LINE FEED OR OPTION SPECIFIED IN NOTE 2
FOLLGWED BY A CARRIAGE RETURN>

Program Qutput:

SUPPLEMENTAL ERROR INFORMATION (Y/N)?

PRINT ERROR LOG AT CONCLUSION (Y/N)?Z

Operator Input:

<Y OR N FOLLOWED BY A CARRIAGE RETURN>

DG-03380

1 to 3 seconds per test.

See note 4,

Comments

Note 1

Note 2

Question asked when
ECM=0, 1, 2 or 3.
See Note 3.

Guestion asked when

ECM=4, See
Note 3.

Yes or No

Program Output:
PATTERNS (0=17)7

Operator Input:

<LINE FEED OR OPTION SPECIFIED IN NOTE 4 Note 4

FOLLOWED 8BY A CARRIAGE RETURN>

Program Gutput:
TEST NAME:
When this diagnostic test is run using the LOAD

command, the test will continue until stopped by
the operator. See Program Termination below.

IMPORTANT

PROGRAM TERMINATION

Operator Input:

"CONTROL" C (Enters the program monitor == see hote 5 below
A (Aborts the program and returns to DTOS)
NOTES

The following notes summarize
portion of the program listings,
the appropriate listing,

For more cetailed information,

1. Control Flags Defaultx Settings

infomation appearing in the text file

refer tO

Program
Descriptjon of CF CF Octal Default
value
Error control mode ECM "0 Print error, return to DTOS.
Supplementary error SEI 0 None
information
Error log print LP 0 None
Patterns to be run PATS 0 All

*x Line Feed selects default.
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2. ECM refers to the error control mode.

the action taken when an error

‘The number entered affects
Vs encountered.

5.

The following table summarizes the program monitor commands,

)

4.

EMC Action Taken

0 Print an error report and return to DTOS,.

1 Print an error report and continue.

2 Print an error reocort and halt.

3/ Print an error report and go to proaram monitor.*
4 Enter error in error log and continue.

* See note 5 below.

The following information it printea when an error is found:

xx*x ERROR ENCOUNTERED
TEST NAME:

BIT NUMBER(S) =
<UPPER OR LOWER BANK>

If yes is answered to the question concerning supplemental error
report, the following information is also printed: failure
address, expected data, actual data.

If yes is answered to the question concerning the error log, the
the following information is printed at the conclusion of the
testing: chip location (bank, bit), test names, failure count.
See the appropriate listing for more detailed information,

Patterns refer to the bit pattern used to select tests. Thus, to
select one or more tests, enter the octal number that sets the
appropriate bits to 1, See the table below.

Bit ' Run Run Time
Position Test Name Mode (seconds)

15 Modifies Data = Address Auto e

14 Stuck Address Bit Auto 1

13 Marching 1=0 Auto 2

12 Relocating ISZ=-DSZ Test Auto 3

Example: 007 selects all tests except the Relocating I1SZ=DSZ Test.

Test times assume no memory errors are detected.

DG-03380

Commanda Meaning Action Taken
A ABORT Keturn to DTO0S.
C CLEAR Clear error log,.
0 DUMP Print and clear error log,.
E EXIT Keturn to main program,
F "FLAGS Print control flags.
H HALT Halt program,
P PRINT Print error log.
R RESET Print CFs; input new values.
T TERMINATE Terminate the current test and

return to program,
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SAMPLE PROGRAM RUN SUMMARY
NOVA 4 EXERCISER

(DT0S Auto Mooe; No Errors Found)

DTOS Mnemonic: NUEXER

DT0S Directory: HOST

DT0S Command: SELECT or CSELECT
Special Machine Recuirements: MNone

Reference: Listing No. 096=001136
Operator Input:

*SELECT NYEXER

Program COutput:

ACTIVE DIRECTORY = HOST
PROCESSOR UNDER TEST = HOST
LOAD:

N4EXER REV. 00

N4EXER 00 RUNNING

MMU PRESENT

TOTAL # OF 1K’S = 64

PASS 1

PASS 2

PASS 3

PASS 4

*

Operator Input:
*CSELECT N4EXER
Program Qutput:

INPUT DATA CHANNEL EXERCISER TO BE RUN
(0= STANDARD ©ISK, 1= ZEBRA DISK, 2= I/0 TESTER)

Uperator Input:

<ENTER APPROPRIATE NUMBER: 0, 1, 2, FOLLOWED
BY A CARRIAGE RETURN>

DG-03380

Comments

Note 1

Note ¢

Program QOutput:

ENTER DISK TYPE (0=NON 3330 TYPE, 1= 3330° TYPE)

Uperator lnput:

(ENTER APPROPRIATE NUMBER = 0 OR 1 FOLLOWED

BY A CARRIAGE RETURN>

Program Output:

ENTER DISK DEVICE CUDE

Operator Input:

<ENTER APPROPRIATE NUMBER = 33, 73, 27 OGR 67>

Program QOutput:

NOTES
1. TOTAL # 1K’S varies with system,
2. ZEBRA DISK means DGC model 6060,6061 or 6067 aisc drive.
3. This guestion is asked only when a stancard disc
Type 3330 refers to a DGC model 4231 disc drive,
4, The remaining program output is the same as that

when the program is run using the SELECT command

program outputs an "S$" at the end of the first pass ano a npt

approximately every three minutes thereafter,

Note 3

Note 4

is indicated,

generated
except that the
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LJ}

SAMPLE PROGRAM RUN SUMMARY
NOVA 4 LOGIC TEST
(DTOS Auto Mode:s No Errors Found)

DTOS Mnemonic: N4LGCTST

DTOS Directory: HOST

DToS Command: SELECT or CSELECT
Special Machine Requirements: hone
Reference: Listing No. 096=001137

Operator Input:

*xSELECT N4LGCTST Comments
Program Output:

ACTIVE DIRECTORY = HOST

PROCESSOR UNDER TEST = HOST

LOAD:

N4LGCTST REV. 00

PASS

PASS

PASS

PASS

*

Operator Input:

xCSELECT N4LGCTST

Program Cutput:

INPUT DATA CHANNEL EXERCISER TO BE RUN

(0= STANDARD DISK, 1= ZEBRA DISK, 2= I/0 TESTER Note 1

Operator Input:

<ENTER APPROPRIATE NUMBER = 0,1,2 FOLLOWED BY A CARRIAGE
RETURN>

Program Output:
ENTER DISK TYPE (0=-NON 3330 TYPE, 1= 3330 TYPE)
Operator Uutput:

<ENTER APPRUPRIATE NUMBER = 0 OR 1 FOLLOWEL BY A CARRIAGE
RETURN>

Program Qutput:

ENTER DISK DEVICE CGDE

Uperator Input:

<ENTER APPRUPRIATE WNUMBER = 33, 73, 27 or €7>

Program uutput:

NOTES

1. ZEBRA DISK means DGC model 6060, 6061 or 6067 disc drive,

2. This guestion is asked only when a standard disc is indicated.

3330 type refers to a DGC model 4231 disc drive.

4, The remaining program output is the same as that generated when
the program is run using the SELECT commana except that the program
outpus an "S" at the end of the first pass ano a "P" approximately

every three minutes thereafter,
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SAMPLE PRUGRAM RUN SUMMARY
BASIC INPUT/OUTPUT TEST
(DTOS Auto Mode; No Errors Found)

g

DTOS Mnemonic: #A8ICIOT

DT0OS Directorys HUST

DT0OS Command: SELECT or CSELECT ‘
Special Machine Reauirements: Multi=mode I/0 Tester Boara, iNo.
Reference: Listing No. 096=001133

Program Output:

P WL
——

005=004283 ENTER DISK TYPE (0= NON 3330 TYPE, 1= 3330 TYPE) Note 2

Uperator Input:

niedyoads pue s

1nDa 1198 20 *25N ‘aews 0y 23Uy Aue junsl
dad sey (IDQ) ¥

<ENTER APPROPRIATE NUMBER = 0 OR 1 FOLLOWED
BY A CARRIAGE RETURN>

|

"y

Operator Input: Program Qutput:

*SELECT BASICIOT ENTER DISK DEVICE CODE i%g
£

Program Output: Comments Operator Input: §§
SELECT BASICIOT <ENTER APPROPRIATE NUMBER = 33, 73, 27 0OR 67> . ;§i
i

PROCESSOR UNDER TEST = HUST t%!
LOAD: ' l;
BASICIOT REV, 00 ' : NOTES };
&

BASICIOT REV. 00 ‘ l. ZEBRA DISK means DGC model 6060, 6061 or 6067 disc drive, ' i;
PASS 1 2. This gquestion is asked only when a standard disc is indicatea. | 3¢
: Type 3330 refers tc a DGC model 4231 disc drive. e

*

3. The remaining program output is the same as that generated when i

the program is run using the SELECT commana except that the program 85|

Operator Inout: outputs an "S8" at the end of the first pass and a "P" approximately i
. every three minutes thereafter, ‘},
-*CSELECT BASICIOT ;
Program Qutput: !;
®

"N

CSELECT BASICIOT \ | i
INPUT DATA CHANNEL EXERCISER TU BE RUN {
(0= STANDARD DISK, 1= ZEBRA DISK,2= 1/0 TESTER) Note 1 :
§

Operator Input:

<ENTER APPROPRIATE NUMBER = 0,1,2 FOLLOWED
BY A CARRIAGE RETURN>
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O

DT0S Mmemonic: RTC TST Program Output:
DT0OS Directory: HOST
DTOS Command: SELECT or CSELECT . ENTER DISK TYPE (0= NON 3330 TYPE, 1= 3330 TYPE) Note 2
Special Machine Recuirements; RNOVA 4/C with real=time clock option _
References Listing No. 096=000154=153 Operator Input:
<ENTER APPRCPRIATE NUMBER = 0 OR | FOLLOWED
BY A CARRIAGE RETURN>
Operator Input: Program Output:
*SELECT RTC TST ENTER DISK DEVICE CODE
Program Output: Operator Inputs
SELECT RTC TST (ENTER APPRUPRIATE NUMBER = 33, 73, 27 OR 67>
~—~. ACTIVE DIRECTORY = HOST . K
gﬂé PROCESSOR UNDER TEST = HOST Program Output: Note 3
" ; NOTES
LOAD:
RTC TST REV. 13 ) , A . .
RTC TST 13 RUNNING 1., ZEBRA DISK means DGC model 6060, 6061 or 6067 disc drive.,
PASS 1 2. This question is asked only when a standard disc is indicated,
Type 3330 refers to a DGC model 4231 disc drive,
PASS 2
* 3. Tne remaining program output is the same as that generated
when the program is run using the SELECT command except that the

)

SAMPLE PROGRAM RUN SUMMARY
REAL=-TIME CLOCK TEST
(DTOS Auto Mode; No Errors Found)

Operator Input:

*CSELECT RTC TST

Program QOutput: Comments
CSELECT RTC TST
INPUT DATA CHANNEL EXERCISER TO BE RUN Note 1

(0= STANDARD DISK, 1= ZEBRA DISK, 2= 18/0 TESTER)
Operator lnput:

<ENTER APPROPRIATE NUMBER = 0, 1 OR 2 FOLLOWED

BY A CARRIAGE RETURN>
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program outputs an "S" at the end of the first pass and a "P"

approximately every three minutes thereafter,
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" CHAPTER &
MANUAL TESTING

Chapters 3 through 7 of tne troubleshooting section should isolate most
malfunctions associated with the NOVA 4/C computer. The remainder of the
troubleshcoting is directed to system problems, namely, input/output.

DTOS LOADING FAILUKE

1f vyou cannot load UTGS as specified in Chapter 7 follow the steps listed
below., If a fault is found as you proceed through the steps, take
corrective action and attempt to load DT0OS again,

1. 0Disconnect the loading unit (disc or tape drive)
ana oower it up off=line.

Refer to the documentation for the device, Check to ensure
that all functions that can be performed off=1ine are

responding properly. (For example, load the tape drive with a

scratch tape and advance the tape to the beginning of
tape position; advance the tape; rewind_it.) If the unit
fails to perform properly, either troubleshoot or replace

[:} the unit,

2. Examine the device cable. Is it connected properly? Are
there any loose wires? If so, replace the device cable.

3, Examine the condition of the paadleboard cable and
connectors. If they appear to be without fault, slip the
paddleboard connectors off the appropriate backpanel
pins and then reinsert them, making sure they are properly
seated. ‘

N

4, Replace the CPU vnoard.
S. Replace the bus terminators (ié6=-slot chassis only).

6. Replace the controller board if the unit is operating
properly off=line and the device cable and paddleboard
assembly appear to be in good condition and properly
connected,

7. Move the controller board to a different slot, making
sure the priority chain is maintained by inserting jumpers
across the open slot. See the 5= or lé6=slot installation
data sheets,

8., Replace the paddleboard assembly and tne device cable,

L"'-'*'/If the above procedures fail to repair the malfunction, call DGC
Field Service for assistance.
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RELIABILITY/DIAGNOSTIC TEST FAILURE

Succcessful completion of the CPU self=test and the loaaing of DTO0S
indicates that the main portion of the NOVA 4/C computer is operating
properly and the input/output transactions between the disc (tape) drive
controller, the CPU and memory were accomplished without fault,

After replacing the field replaceable units specified in Chapter 7,
follow the steps listed below.

1. Remove all I/0 controllers from the chassis, except the
disc (tape) drive controller that is used as the DT0S
loading device. Make sure the priority chain is maintained
on the backpanel by placing jumpers across the slots that
previously held I/0 controllers. See the S= or lé6=slot
installation data sheets. Also, make sure the load balancing
rules for the lé6=slot chassis are followed as shown in the
lé6=slot installation data sheets.

2. Remove the paddleboard connectors on the backpanel for all
unused I/0 controllers.,

3. Load DTOS and run the failing reliability or diagnostic
test.

4, If the test passes, add one I/U controller with its
associated paddleboard connectors and rerun the test,
Continue adding I/0 controller boards until you isolate
the malfunctioning controller.,

If the above steps fail to correct the problem, call DGC Fielad Service
for assistance.

USER PRUGRAM FAILURE

A uger.pfogram fajlure after successful comcletion of the NOVA 4/C
reliability and diagnostic testing points to either a software
problem or an I/0 controller/device malfunction.

wWhen this situation occurs, recheck any panic codes or error reports
generated by the operating system. If these reports fail to indicate
the source of the malfunction, follow the steps listed below,

l. Load D708,

2. Enter LOAD N3MORT L on the system terminal keyboard, (This

is the DTOS mnemonic for NOVA % Multi=programming Reliability
Test, Long version.)

2
J !
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3, Allow the proaram to run for a minimum of 30 minutes,
when the program oetects an error, it sends an error message

teo the terminal, as shown in the following sample program run
summary.
NOTE: To stop the relijability test, press

the BREAK key. This places the
‘CPLU in console mode.,

4, If an error occurs, run the diagnostics for the
device indicatec, See the appropriate aevice
documentation, Take corrective action and rerun the
Juser program that failed.

run the NOGVA 3 Mylti=programming

It the user program fails again,
N3MURT P), following

Reliability Test, Feripheral version (DTUS mnemonic,
the same steps as outlined above,

SAMPLE PROGRAM RUN SUMMARY
NOVA 3 MUTLTI=PROGRAMMING RELIABILITY TEST
LONG OR PERIPHEKAL VERSION
(DTUS Auto Mode; Error Found)

DTOS Mnemonic: N3MORT L (Long)

NSMORT P (Peripheral)

DTOS Directory: HOST
DTGCS Command: LOAD
Special Machine Reauirements: none
References:
Listing Long: _ 096-000348
Listing Peripheral: 096=000508

NOTE s Al! input/Output'devices should be placed on=line. Disc
drives and tape units should be loaded with scratch disc packs

or tapes to prevent data loss.

Operator Input: Comments

*LOAD N3IMORT L
Program Output:

Note 1

LOAD:
N3MORT L
@200R
N3MORT LONG = REV 04
TOTAL # 1K’S=

REV. 04

Note 2
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TEST RUN LIST Note 3

TST#  DESCRIPTICN

0 CHKRBRD RAN

1 SC MEMORY TEST

2 ARITHMETIC TEST |
4 MUL/DIV TEST 1§§
11 6060/61 DISK(PRI) s;§
15 REAL TIME CLOCK pid
16 1TY TEST i'i
DEV.#27 6060/61 DISK iig
DSK# #CYLS #SEC/S  #SURF 13
0 815 24 19 iig
DEV.#33 M.H.DISK :'i
DSK#  #CYCLES #SEC/S  #SURF

0 408 12 4 v L
R/T(HRS,MINS,ERTOT)=0 5 Note 4 1]
PROGRAM #11 6060/61 DISK(PRI) Note S i
AC*S 010000 017377 060201 i
SCRLO/HI 026000 031777 USER 8 DCHLO/HI 056000 061777 H
MEM ALLOCATION TABLE »15
PRYS  LOGICAL  PHYS  LOGICAL :
74 026000 24 030000 igi
CYL & 2ZBDST Z5CST 3
101012 026114 056114

ZBSTA ZBDOA Z6D0C

060201 000000 017071

R/T(HRS,MINS,ERTOT)= 0 7 1 Note 6

WNhen running peripheral
Number of 1K’s varies with the size of memory,

The tests run vary with the system configuration.

indicates the program ran for 5 minutes without errors,
indicates an error was found when testing the

NOTES

1.

e

3.

4, This message

5. This message
6060761 disc
diagnostics,

6. This message

encountered the failure

darive,

unit 0., In this case, run the 6060/61 i
indicates the program ran 7 minutes before it %
indicated above, ‘g‘

£ 2

‘ﬂ

i*-

st

s 53d0sd 2y} 0} 2pinS ¢ s¥ LIWOISNS pue

version, substitute N3MORT P,

L)

o
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[T> CHAPTER 9

16=SL0OT POWER SUPPLY OPERATION

INTRODUCTION

The NUVA 4 lé6=slot power supply converts a 120 or 220/240 ac voltage
source to the five regulated dc voltages requirea by the NOVA 4
computers, It also 'generates the system clocks, A battery backup opt1on
generates the regulated dc memory voltages from a +12 volt battery during
an ac power failure.

The power supply consists of a VNR (voltage non=regulated) unit ang a
printed circuit board, The VANR unit supplies both nen=regulated dc
voltage to the power supply orinted circuit board and ac voltage to the
fan module via the internal cable. The power supply printed circuit
board supplies the regulated dc voltages and system clocks to the system
printed circuit boards via the backpanel,

A line cord with a 12=pin connector determines the operating voltage for
the power supprly.

FUNCTIONAL OVERVIEW

The 16=slot power supply uses a forward off=line switching regulator to
produce the high power outputs required by the NOVA 4 computers., The
major components of this off=line switching regulator are a rectifier and
fiiter, a duck regulator, and a dc to dc converter.

Figure 9,1 shows the interconnection of these components,

The rectifier and filter convert power from the ac line to a high voltage
dc source. The voltage varies with the line, but is typically 300 volts.

The buck regulator takes power from the filter and provides a constant
voltage for the dc to dc converter, It monitors the output voltage, and
delivers more current as the load increases to keep the output in
regulation, The buck regulator includes a high voltage switch and a
pulse width moculator, The switch alternately opens and closes the path
between the filter and the dc to dc converter, The pulse width modulator
opens and closes the switch at a constant 40 Khz rates but varies the
duty cycle (the ratio between the "on" time and the "off" time) to
achieve regulation,
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The dc to dc converter takes power from the buck regulator and produces
the low voltage output. It includes an H~bridge chopper, a power
transformer and a rectifier and filter, The chopper converts regulated
dc power to a high voltage saquare wave for the power transformer., It
does this by alternately closing a current path in one direction and then
the opposite direction between the buck regulator and the transformer’s
primary winding. The transformer converts the high voltage/low current
input to a low voltage/high current output, which the rectifier and
filter convert oceck to dc,.

To summarize, the off=-line forward switching regulator pertorms five
power transformations to convert 110/220vVAC to SVDC. As you scan Figure
9.1 from left to right, these transformations are:

120 or 2207240 vAC (rms) = 300VDC = 180VvAC (peak) = SVAC = 5VDC

BUCK
REGULATOR DC TO DC CONVERTER _
it RN e e ‘
12.0 ov 33% -\:/%% !
a”a/,«\s’% ! : | 5VDC
v RECTIFY | HIGH H- Rec&nsv | L
:D——-— & »{ VOLTAGE »{ BRIDGE |
FILTER SWITCH CHOPPER FILTER
AC | 1
POWER L ! P! |
| ] i ! |
L__J ‘ . _ _ __ l
LINE VOLTAGE
CONFIGURATION 20z | LI
JUMPER ' :
]
PULSE 40 KHZ
WIDTH -« CLOCKS
MODULATE | ¢ A .
: WAVAVAN

Figure 9.1 Off=Line Switehing Regulator Block Diagram

16=SLUT POWER SUPPLY OPERATION
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OPERATION

We can now take a look at the actual functional blocks included in the
NOVA 4 power supply, These blocks are distributed between the VANR unit
and the power supply circuit board. we will pay particular attention to
the signals that flow in and out of these modules., This may help you to
more easily and accurately identify a faiiing field replaceable unit.

VNR Unit

The VNR (voltage=non=regulated) unit proviges high voltage and low
voltage dc power tor the power supply board,. It can also generate
battery backup power when that option is configured., Figure 9.2 shows
the component parts of the ViiR unit. The easiest way to understand them
is to follow a power on/off sequence,

when you first turn on the power switch,
line, through the line fuse(s) anod to the
The transformer output is rectified and filterea to provide +30VNR and
=~30VnR for the control circuits on the power supply board. The
transformer also powers the fans and drives a low voltage ac signal
to the high state, This signal

current flows from the ac power
jow voltage power transformer,

(ACS)
goes to the real=time clock circuits.,

Current also flows through a very
voltage rectifier and filter,

large resistor and into the high

The resistor limits the current flow as
the filter capacitors charge, which keeps them from biowing the lipne
fuse(s). #when the capacitors are sufficiently charged, the voltage
monitor drives the high voltage sense (HVS’) signal to the low state,
The supply board responds py closing the relay, which short circuits the
resistor, This makes full powepr available to the off=line switching
regulator, which completes the rower=on seguence.

When you turn the power switch off, the fan mooule drives the on=switch
(ONSW) signal to the low state. Following a short delay (to allow the
CPU to save critical information), the supeply board opens the relay,
which disconnects the VNR unit from the ac power line.

The optional battery backup mocule generates 12 volt dc power for special
battery backup circuits on the power supply boara. These circuits
maintain critical memory voltages when a power fajlure occurs in order to
save data stored in main memory, The battery can support main memory

for 90 minutes. If that is not enough time, you can connect a

larger external battery (an automotive battery, for example). The backup
option includes a battery charger that is powered by the low voltage dc
supply., The charger is enabled whenever the relay is turned on,

DG-03380
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BATTERY BATTERY)
| (ENABLE) CHARGER
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POWER TRANSFORMER
RECTIFY FUSE +30 VNR
T & P -
FILTER >
-SOVAR,
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——
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FAN MODULE g FA
AC AC POWER
(7 5D
LOCK SWITCH  POWER SWITCH
FANS
ONSW
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Figure 9.2 VNR Unit and Fan Module Block Diagram
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D

9

Power Supply Board

The power supply board provides several
computer chassis,
for the CPU.
board,
later.,

regulated dc voltages for the
It also generates several clock and status signals
Figure 9.3 shows the component parts of the power supply
It does not show the battery backup circuits; we will cover those

Before we examine the. off=line switching regulétor, we should look at
somé of the support circuits:

e Tne auxiliary supply regulators power all
main voltage regulators. They also provide an adjustable voltage
reference. This reference sets the levels of all the output
voltages (which eliminates the need for individual adjustments),

supply circuits except the

e The master clocks generate several clock signals for the CPU. They
also provide a ramp signal for the pulse width modulator along with
switch signals for the H=bridge chopper.

® The sequencing logic turns the off=line switching regulator on or
off in several steps. The power=up sequence begins after the power
switch is turned on (ONSW), the clocks start up (RAMP) and the high
voltage bulk supply stabilizes (HVS)., First the relay closes,
Then the +11 SW signal starts the H=bridge chopper. Finally the
power=-on (PON) signal starts the buck regulator., If the power
switch is turned off, or a power or clock fault occurs, the
sequencer opens the relay, stops the buck regulator and
disables the H=bridge chopper.

we can now jook at the main supply regulators. You will recognize all
the main components. of the off=line switching regulator at the top of the
diagram.
Unfortunately, the off=line switcher can produce only one regulated
output. So acditional circuits are needed to regulate the remaining
outputs, Because the power demands on these outputs are relatively low,
linear series pass regulators are a practical choice. The 10 volt
transformer winding powers the =5V regulator. The 14 volt transformer
winding powers the +12V regulator. This component regulates ac power
from the transformer before it rectifies it, The 3V regulator is
powered by the 4 volt transformer winding, It rides on top of the 12V
regulator to provide a +15V output.

The remaining circuits detect various kinds of power faults. They
protect the supply from excessive loads, protect the computer from
excessive voltages, and flag power failures.
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The over=current detector monitors signals from several sources:

® The 12CS signal indicates that the +12V regulator is overloaded,

o The
the
are

® The
the

loads.

SC DET signa)
supply outputs (except
detected on the backpanel.)

primary current

indicates that there
=5V or =5 MEM=P),

limiter monitors the total
: : If an over=current condition occurs,
immediately drives the PON signal

is a short circuit on one of
(Short circuits on +5V

current flow into all

the limiter

to the low state and disables the

buck regulator for the remainder of the 40 KHz clock cycle (the

regulator turns on again at the start of the next cycle).

This

effectively reduces the duty cycle of the pulse width modulator, and

so limits the amount of power delivered.
into full current

current

to the nigh state,

limiting when you first turn
charge the output filter capacitors).
limiting too long,

(The supply actually goes
it on in order to
I1f the supply stays in

the limiter circuits drive the RPB signal

Table 9,1 16=slot chassis power supply specifications without battery

backup
voltage Current

Outpeut

Min Max Min Max
+5V +5.10V +5.20V 7.5A 1004
+12V +11.8v | +12,2v 0 12,54 *
+15V t14,5V +15.5V 0 1.5A %
=5V =4,9vV =5.1V 0 3A
-11V -11.0V -12.5V 0 0.,02A
+5 MEM +5.,10V +5.,20V 0 4,5A *
+12 MEM +11.8V t12.2V 0 6A *
-5 MEM ~4,9 =5.1 V 0 0.3A *

*
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The sum of the currents on +12V,

Amps,

+15, and +12 MEM must NOT exceed 12.5

When an over=current fault occurs, the over=current light turns on and
the detector drives the PON ana CUMP signmals to the low state., This
shuts down the entire supply. The detector re=enables the supply two
seconds later. 1t the overload is still present, the detector shuts the
supply down again. This process can continue for five more cycles, If
the overload is still present, the supply shuts down for good.

The over=voltage detectors monitor the +15V, +12V and +5V outputs. If
any of these outputs exceed a preset voltage level, the over=voltage
light turns on and the cetector shuts down the supply. (The =5V
regulator has a built=in over=voltage protector. If a fault occurs,
protector clamps the =5V bus to less tham =8 volts.)

the

The memory cisaster detector monjtors the MEMD signal from the main
memory on the CPU board. If main memory loses =5 MEM, a critical memory
voltage, the memory disaster light comes on and the detector shuts down
the supply.

The under=voltage detector monitors all of the output voltages. If any
output falls below a preset level, the detector arives the Power 0K
signal to the low state, turns off the power=on light and flags a power
failure. A power failure is also flagged when the power switch is turned
off or if the 300 VNR supply fails,

Battery Backup

The battery backup option supports the memory voltages when a power
fai]ure occurs. It also powers the system clocks and the power status
indicators and provides a Memory OK status flag to indicate that the
memory voltages are okay, Figure 9.4 shows the parts of the battery
backup option that are added to the power supply board.

The battery backup option generates three voltages: +12 MEM, +5 MEM=P,
and =5 MEM=P (note that the main supply regulators support these voltages
when battery backup is not configured), It draws power from one of two
sources., During normal operation, power comes from the +12V main supply
output., If a failure occurs, power then comes from the battery. The.
backup option includes three voltage regulators along with some control
circuits. To see how these circuits work, let us examine each voltage
regulator and then follow a power failure seauence.

The +12V regulator draws power directly from the battgry. 'It _
linear serjes pass design and has no built=in protection circuitss,

The +5V regulator draws power from either the +12v main supply or from
the battery. It is a buck switching regulator and is very similar to the
one in the main supply. iWhen the low voltage switch turns on, current
flows from the source, through the primary winding of the flyback
transformer and on to the output. The pulse width modulator controls,the
duty cycle of the switch to regulate the output voltage. If too much
current flows in the primary winding, the current limiter reduces the

modulator’s duty cycle. '

is a simple
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The =SV regulator craws power from the +5V regulator via the flyback
transformer. 1t is a simple linear series pass design and has built=in

. Fo===9
i ' ] +5V ; T
i.-:gg?a_____i L > current limitina,
] N .
E E Leowsd The battery on (BATUnN) signal controls battery backup operation. When
' i r"'“T r""1 the supply operates normally, tne PON signal is ariven to the high state
=it I L___% b ﬁl and the BATON is driven to the low state. This turns off the +12 volt
! i L ! regulator, and current flows from the +12V supply, through the Schottky
Lo s=== diode and to the +12 ME™ output. At the same time, the low voltage ‘
R I .= 16V switch selects the +12V supply, which in turn powers the +5 MEM=P and =5
L . | : rad MEM=P outputs.
| ! [ 1
Lo cusd “‘]‘”‘ +12v when a power failure occurs, the PUN signal is ariven to the low state.
- I1f the failure dic not occur because of a memory disaster, the BATON
r"““} .M v signal 'is driven to the high state. This switches the regulators over
B ) “‘,_4 to battery operation, As long as the vattery retains sufficient charge,
' ! L j v the +12 MEM output stays inm regulation and the MEM OK sigral is in the
T === -TTT E*b high state. But when the battery discharges to a dangerously low level,
! the under=voltage dectector grives the MEM UK signal to the low state,
+ BAT which in turn arives the BATOK signal to the low state. This shuts the
—_——] 2 - supply cown entirely, The entire supply also shuts down when the power
‘ ' +12 MEM switch is turneo off,
ENMIE*
RECTIFY -5 MEM. . L.
— & — e el Table 9.2 lo=slot chassis power supply specifications with battery
- | FILTER ) backup
+6V REGULATOR ,
LHL&N 0 Veltage Current
utput i ,
VOLTAGE FLYBACK — -
34 SWITCH TRANSFORMER/TN DUCTOR Min Max. Min Max
N ~ _ /
PON =0 | (SELECT A +5V +5,10V +5.20V 7.5A 100A
ONSW—F—\ lammx) o .
] ,
+15V +14, +15.5V
PULSE PRIMARY 5 MEM 5V 15.5v 0 1.5A
'WIDTH j&———] CURRENT |- 1 FILTER -
MOD. SENSE -5V “4.9v =5,1V 0 3A
t +5 BAUX =11V =11.0v =12.5V 0 0.02A
>
_ - —_— +5 MEM t4.8V +S.1V 0,.,25A 4,5A %
+12 MEH +11.7V +12.1V 0 6A *
UNDER ; '
VOLTAGE j—— +12 MEM <L ME - -
peTecT 5 MEHM | 4.9 5.1V 0 0.3A7
MEM OK
—
I6-05757 % The sum of the currents on +12V, +15V, +12 MEM, and 0.55 times the
sum of the currents on +S MEM and =5 MEM must NOT exceed 12.5 Amps.
Figure 9.4 Battery Backup Block Diagram
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Table 9.4 Power supply status signals
INTERCONECTION W1TH SYSTEM
The le=siot power supply board communicates with the rest of the system ) - ) . P
via jacks 17 and 35 to the backpanel. Tablgs 9.3 through 9.5 list each Signal Jack Pin Source Destination Description
signal either generatead or recejved by the power supply poard together : _
with the jack locaticns of the signal. See the lé=slot packpanel DATA 15 J35=3 Power Supply Backpanel R::erved for future
schematic, DGC No. 001-001563,f0r the locations of signals on the u
back o .
ackpanel VEVT J35=21 Backpane Power Supply | Failure on =5 MEM
MEMOK J35=23 Power Suppely Backpane]l +12 MEM voltage ok
. . 3
Table 9,3 Voltage Signals GNLED=P J35=11 Power Supply Backpanel A1l DC output
| voltages ok
: . , SaR FAILL - . S 1 Backpanel Power switch off or
Signal Jack Pin Source Destination Description PR FAIL J35+9 Power Supply ODC power failure
GND J17 even Power Supply Backpanel Power or logic , Y - Bac 411 DC output
: A - r Suppl Backpanel A outp
pins ground PWR Ok J35-16 owe Y voltages ok
J35 pins
;;232“' SC DET J35=47 Power Supply Backpanel Short circuit on
= Backpanel Power Supply .
, ac +5v, +5 MEM, +12V,
+5v J17 odd Power Supply Backpanel +5V source or ti2 MEM
pins \
tS MEM=P J35 oins Power Suoply | Backpanel Same as +5V if Table 9.5 Clock Signals
33=306 battery backup not
configured
-5V J35=27 Power Supply | Backpanel =5V source
J35~=28 Signal Jack Pin Source’ Destination Description
=5 MEM=P J35=19 Power Supply Backpanel Same as =5V if B10CLK J35=6 Power Supply Backpane) 10 MHz square wave
battery backup not
configured B20CLK J35-14 Power Supply | Backpanel 20 Mhz sauare wave
=11V J35=25 Power Supply Backpanel EIA interface B4OCLK J35=10 Power Supply Backpanel 40 MHz square wave
voltage .
' 2E e ENBIOCLK J35=15 Power Supply Backpanel 10 MHz pulse train
t12v JSS pins Power Supply Backpane] +12V source NB10C ‘ : ’
43-46 LCLK J35=17 Power Supply Backpanel 50/60 Hz square
- wave (AC line
+12 MEM J35 pins Power Supply Backpanel Same as +12V if frequency)
29=32 battery backup not
configured PSCLK J35=5 Backpanel Power Supply| Reserved for
. - future use
+15vV J35=49 Power Supply Backpanel +15V source
J35-50 5 MHz CLK| J35-7 Power Supply | Backpane] 5 MHz square wave
500 Hz J35=18 Power Supply Backpanel 500 Hz square wave
DG-03380
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Test Foints

Tacle 9.6 lists and expiains the signals that appear on the test points

(J1) on thre front of the le=slot power supply board.

Tabie 9,6 Test point signals
Signal J1 Pin Description Sianal J1 Pin Vescription
+15V o] Same as +15v supply on backpanel, .
POK 5 All external supply voltages ok,
ti2y 10 Same as +12V supply on backpanel. BoR FATL : ; -
by 15 Same as +5V supply on backpanel. PuR FAIL 3 POK or HVS in low state or power switch is
‘ turned off,
+5 AUX 7 Internal +5v supply for the power supply logic. Pam 1 40 KM . v
(A1l supply functions are disabled when there is ‘ }0 KHz pulse train from pulse width moaulator.
no +5% AUX, The ViR unit supplies +30V for the Clocks the main switching regulator which powers
+SAUX regulator.) the external supply voltage regulators.
;$> sy . Same as =5V supply on backpanel. 20 K 16 20 KHz square wave, Clocks the circuits which
| transform high volitage from the main switching
VREF 14 Internal +5.80V reference for all regulators. regulator to low voltages for the external
(A1l internal and externral sueply voltages go out supply voltage regulators.
of regulation if VREF fails,) Q . o , .
30=C 12 29 KH; drive signal in the power transformation
GAD 9 Power and ]ogic ground. circults mentijonea above.
VS 4 High voltage from the VNK unit exceeds 260V. §29=C 13 20 KHz drive §ignal in the power transformation
(A1]1 external supply voltages except =11V shut circuits mentionea above.
down if high voltage fails and battery backup CURREN _ .
comes on-line if configured.) ENT 2 v?lt§ge proportional to current flow in primary
winding of power transformer that converts high
PO 1 External supply voltage regulators are enabled. voltage from the main switching regulator to
(Goes to low state if HVS is in low state, an low voltage for the external supply voltage
emergency condition such as a memory regulators.
disaster occurs, an internal failure occurs, or
power switch turned off, UOattery backup comes
on=1ine when PON goes to low state if power
switch is on,)
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PRELIMINARY

CHAPTER 10

5=SLOT POWER SUPPLY GPERATION

{T) CHAPTER 10

0

'5=8LOT POWER SUPPLY OPERATION

INTRODUCTION

The NOVA 4 S=slot power supply converts a 100/120 or 220/240 ac voltage
Power source to the five regulated dc voltages required oy the NOVA 4
computers. It also generates the system clocks. A battery backup option
generates the regulated dc memory voltages from a +6 volt battery during
an ac power failure,

The entire power supply, including the battery backup option and batterys
is containeag on a single printed circuit board. This board supplies the

regulated dc voltages and system clocks to the printed circuit boards via
the backpanel ana provides ac power for the fan modules via the interna)

cable, '

A line cord with a 12=pin connector is used to determine the
operating voltage for the power supply.

NOTE: Throughout this chapter, reference designators (e.g.r Cl anc
T1) refer to the S=slot power supply logic schematic, DGC No.
001=-001616. Thus when reading this chapter, it is helpful
to refer to the schematic.

ORGANIZATION

The 5=slot power supply, like the 16=slot power supply, uses a forward
off=line switching regulator to produce the high power outputs required
by the NOVA 4 computers. The major components of the S=slot power
supply’s off=1line switching regulator are a VNR source, a pulse width
modulation control, an inverter, and a dc regulator,

In addition to the off=line switching regulator, the S=siot power supply
includes a line filter, an auxiliary voltage supply, soft start logic,
several voltage regulators, various fault detection circuits, and the
system clock circuitry, '

Figure 10,1 shows the interconection of all these components.

OPERATION

Off=Line Switching Regulator

The ac line voltage passes through a line filter to the VNR source where
it is converted into a high dc voltage source. Although this dc voltage

source varies from 259 VNR to 337 VNR with the line voltage, it is
referred to as 300 VNR.

DG-03380

For 100/120 volt operation, the 300 VNR source rectifies and doubles the
ac line source by connecting the junction of Cl and C2 (J1=9) to the
neutral side of the line (J1=8) to provide a 300 VNR ac source; for
220/249Q operation, it simply rectifies the ac line source.

The pulse width modulation control governs the operation of the:- inverter,
and, in turn, of the dc regulator, by controlling the amount of power
through the inverter, It opens and closes the power path once every 50
us (8t a 20 KHz rate) and varies the ratio between the "open" time and
the "closed" time (the duty cycle) in accordance with the variation on
the +5V output. As the line voltage decreases or the +5V output load
increases, the pulse width moculation control increases the "closed" time
to transfer more power. In this way, the pulse width modulation control
regulates the +5V output of the dc regulator.

Inverter

The inverter receives power from the 300 VNR source and transforms it
into the ac voltage outputs which power the dc regulator, Its main
component is transformer Tl1. T1 operates at 20 KHz with a varjable duty
cycle, Its maximum auty cycle is just less than S50 percent.

DC Regulator

The dc regulator receives ac voltages from the inverter and converts them
into five different low dec voltage outputs: +5V, +12v, +1S5V, =5V, and
=11V, It consists of rectifiers, an inductor L1, various filter
circuits, and two voltage regulators.

The +5V output feeds back to the pulse width modulation control to
regulate the duty cycle of the inverter, which, in turn, regulates all
the outputs of the dc regulator. :

The +12V output passes through a simple series pass regulator to produce
a very well regulated +12V supply.

The +15V output is derived from T1 and the +5V in the dc regulator, It
has no additional regulation., Since the pulse width modulation control
removes all line variations from +S5V, line variations will not effect the
+15V outout. Load variations on either the +5V or +15V outputs do effect
the +15V output; however, their effect is relatively small,

The =5V and =11V receive additional regulation. The =5V output is
regulated by a +5V three terminal regulator with its positive output
grounded. The =11V output is regulated by a =12V three terminal
regulator,
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Figure 10,1 Basis 5=Slot Power Supply Block Diagram

DG-03380

(390) voneedio) i

dinba 1125 20 ‘asn ‘anew ) wwady dve junil

nmaqmrmmnwt.mm-w‘n-wnmoqmwwmnMMNoMMmmmmmemnwnz'w

wp

YNMBINY
“wopeyTIsu) 33d0sd ) 0} IPIAS € ST LAWOISND Pu PUL0Id I AQ 358 10) [ERuTW S1y) pasedaid sey

"

pue

390 10

4

pue




CHAPTER 10
S=SLOT POWER SUPPLY UPERATION

PRELIMINARY

Auxiliary Voltage Supply

The ac line voltage powers the transformer T2 to produce anp auxiliary _
voltage which functions as a control voltage for the power supply. This
voltage goes through a 3=terminal voltage regulator to produce the +15V

Table 10.1 5=Slot chassis power supply specifications

AUX and VAUX. The auxiliary voltage supply also produces +5V AUX. These voltage Current
voltages power most of the power supply circuits and also provide voltage Uutput
references. Min Max Min Max

+5y +4,.95y +5.2V 5S4 354
Soft Start Logic ‘

+12V t11.7V +12.7V 0 S5A *
The soft start logic allows the output voltages of the power supply to
come up slowly and not overshoot when the system is powered up. Lts main +15V +14,0vV +16.0V 0 5A %
component is a capacitor with a large time constant, This capacitor must
charge up pefore the pulse width modulation control can switch full power =5y -4 ,75V =-5,25YV 0 1.5A
to the inverter. Most of the faults which shut down the pulse width
modulation control alsc discharge this capacitor to allow the output -1y =~11,0V -12.5V 0 0.025A
voltages to come up slowly when the fault is removed. '

+5 MEmM +d,95Yy +5.2V 0 1A
Fault Detection Circuits +12 MEM +11.3y +12.7V 0 IA
Various circuits monitor the operation of the power supplys checking for -5 MEM -4,75 -5,25V 0 0.05A
under voltage, over voltage, and over current conditions.

Under Voltage Detection

The unaer voltage detector continually monitors the +5V, =5V, +12V and
the +15V outputs. When any of these outputs falls below the minimum

operating level (see Table 10.1), it drives the INT POK signal to a low
state.

The power fail detector monitors the 300 VNR source for under voltage
conditions on the ac line source, When it detects an under voltage
condition, it pulls the INTPF tc the low state. This signal orives the
PWR FAIL signal to the low state to inform the system of an impending ac
power failure. Approximately 22 ms later, INT POK is ariven to the low
State and stays in the low state for 155 ms or longer depending on how
long the power failure lasts.

Whenever, INT POK goes to a low state, it drives PWR 0K to a low State
to reset the CPU., If battery backup is not present and the line fails,
PWR OK stays in the Jow state, and later, it drives MEM 0K to the low
state, If battery backup is present, PWR 0K stays in the low state and
MEM OK stays in the hignh state as long as the battery lasts,

DG-03380

down level

will

* The sum of the maximum currrents on the +12V, +15V, and the +12 MEM

lines must NOT exceed 5 Amps.

current specification for +12 MEWM

Over Voltage Detection

+S5V, +12V, and +15V outputs.
(see Table 10.2),
modulation control down permanently.
not start again until
uUsing the front console power Switch,.
discharges the capacitor
outputs to come up slowly when the system is powered up again.

In battery backup mode the maximum
is 0,3 Amps,

The over voltage detector protects against over voltage conditions on the
If any of these outputs goes above the shut

this detector shuts the pulse width

The pulse width modulator control

the power supply is turned off and on again

This over voltage fault also

in the soft start

llogic to allow the voltage
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Teple 10.2 GUver voitage shutdown levels

Cutput Shutdown Voltage
t5v 5.66 +/; 1%
+%2v 13.56 +/= 5%
+15v | 17.3 +/= 5%

Over Current Detection

The main over current pgrotection device is a cycle by cycle current
limiter, It consists of a current sense transformer T3 in the inverter
ang an over current detector., The over current detector monitors the
current in the secondary winding of this transformer. Wwhen the current
flowing in this winaing is too great, the over current detector shuts the
pulse width modulation control down for one cycle (50 usec).

A secondary over current protection device, the current limiter, monitors
the current on the +12V, +15V, ano +12yv MEM outputs. When the sum of the
current on these three outputs goes apove 5 Amps, the current limiter
temporarily shuts cown the pulse width moaulation control. Although the
shutdown time will vary with the load on these outputs, it is typically
0.5 sec. This over current fault also discharges the capacitor in the
soft start logic to allow the voltage outputs to come up slowly when the
fault condition is removed..

Two reed switches with a one turn winding around them function as
current sensors for the +5V outputs. when the current on either of the
two +5V outputs, goes above 20=25 Amps, the reed switches temporarily
shut down the pulse width modulation control. This over current fault
also discharges the capacitor in the soft start logic to allow the
voltage outputs to come up slowly when the fault condition is removed,

BATTERY BACKUP GPTION
Introduction

The battery backup option generates é6-volt OC power for the optional
battery backup circuitry., This circuitry mainteins the following
critical memory voltages when a power failure occurs: +5V MEM, +12V MEM,
and =5V MEM., These voltages are needed to refresh data stored in the
oynamic RAM main memory. In addition, the battery backup circuity
powers the systems clocks and the front console lights, and provides @
memory status signal (MEM 0OK) to indicate when the memory voltages are
above the minimum operating levels,
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Besides the battery, the battery backup option consists of a cattery
switch, a linear regulating circuit, a pulse width medulation control,

flyback converter, several protection circuits, and a battery charger.
Figure 10.2 shows the interconnection vetween these componentsS.

Operation

The battery switch monitors the state of the INT FF , the MEM UK, and
the INT POK signals to determine when ac power fails and when ac power
recovers. If INT PF 'goes to the low state when MEM (0K is in the high
state, power is failing. The battery switch turms on the battery to
supply power (BATT) to the rest of the battery backup circuitry. Wwhen
the power recovers, INT PF goes to the high state. Shortly, the voltage
outputs from the basic cower supply come up and cause INT PUK to go to
the high state. If the battery is on when the outputs recover, MEM (UK is
in the high state; if the battery is off, MEM UK goes to the high state.
When both INT POK and MEM 0K are in the high state, the battery switch
turns off tne pattery.

The linear regulating circuit regulates the pDattery’s output voltage to
proauce the +5v MEM output, This circuit is a series pass regulator with
current limiting.

{;)The pulse width modulation control governs the amount of power supplied
to the flyback converter. It oprens and closes the power oath between the
battery and the flypack converter once every 50 us (at a 20 KHz rate) and
varies the ratio between the "open" time ana the "closed" time (the duty
cycle) in accordance with the variation on the +12V MEM output of the
flyback regulator. In this way, the pulse width modulation control
regulates the +12V MEM output.

. The flyback converter transforms the &V dc output from the battery into a
regulated +12V MEM output and a =5V MEM output.
The over current detector is a cycle by cycle current limiter. When it

detects an over current condition, it shuts down the pulse width
modulation control for one cvycle (50 us).,.

The discharge protection circuit monitors the voltage level of thne
battery. #hen it drops below 5.4 volts, the discharge protection circuit
turns off the battery to prevent it from degradcing.

The battery charger recharges the battery when basic power supply is
operating.

U

INTERCONNECTION WITH SYSTEM

The S=slot power supply board communicates with the rest of the system

via the jack Jl to the backpanel.
each signal

Tables 10.3 through 10.5 list

either generateg or received by the power supply boara

together with the jack locations of the signal.

schematicy
backpanel,

Table 10,3

PGC No.

001=0001619,

Voltage signals

See the S=slot backpanel
for the locations of signals on the

Signal Jack Pin Source Destination Uescription
GND J1 pins Power Supply Eackpanel Power or logic
i 2} dy grouna
8; 35'“2,
51, 92,
55'64,
79~58
+3V J1431, Power Supply Backpanel +3V source for
Ji=32 backpanel bus
terminators
T5VA Jl pins Power Supply Backpanel +5Vv source
91=100
+5yvg J1 pins Power Supply Backpanel +5vV source
67=76
+S MEM J1=33, Same as +5V if
Ji1=34 battery backup not
configurea
-5V Ji1=27 Power Supply Backpanel =S5V source
J1l=28
=5 MEM Ji=19 Power Supply Backpane]l Same as =5V i{f
battery backup not
configurea
-11V Ji=24 Power Supply Backpane]l EIA interface
voltage
+12V J1l pins Power Supply backpanel +12V source
43=4p
+12 MEW Jl pins Power Supply Backpanel Same as +12V if ,
47=50 battery backup not
configureo
+15v J1=53, . Power Supply Backpanel +15V source
J1=54
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Table 10.4

Power supply status signals

Sianal Jack Pin Source Destination Description ;
¥
—— . , ) . H
ME ML Ji=21 Backpanel FPower Supply Unused i
o . - i
MEM 0K Ji=23 Fower Suopply Hackpanel +5 MEM voltage ok :
UNLED=F Jil=11 Power Supply gackpanel A1) «ac output 3
voltages ok
AT ; - -
Prik FAIL Ji=9 Power Sueply sackpanel Power switch off or
ac power failure $
5
PaR UK Jl=16 Power Supply backpanel , [ A1l ac output

voltages 0Ok

Tacle 1¢.5

Clock signais

qmassy

Signal Jack Finr Source Destination Description
810CLK Ji=6 Power Supply Backpanel 10 MHz square wave
B2O0CLK Ji1=14 Fower Supply Backpanel 20 MHz square wave
B40CLK J1=10 Power Supply backpane] 40 Mrz square wave
ENBIOCLK | J1=-15 Power Sucply Backpanel 10 MHz pulse train
LCLK Jil=17 Power Supply Backpanel 50/60 Hz square
wave (ac line
frequency)
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500 rz Ji=18 Fower Supely packpane| 500 Hz sauare wave
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CPU OPERATION

INTRODUCTION

The NOVA 4/C CPU board is a multi=fuctnion board.consisting of a central
processing unit (CPU), main memory, a virtual console, and an
asynchronous communications interface. A real=-time clock is optional.

CPU = governs the system’s activities by executing assembly language
instructions, It executes the NOVA instruction set enhanced with load
and store byte instructions and, optionally, signed multiply and divide
instructions. The CFU operates in two modes: run and console. In run
mode, it executes instructions stored in main memory. In console mode,
it executes instructions stored in the virtual console.

Majin memory = provides either 32K bytes (16K words) to 64K bytes (32K
words) of dynamic random access memory,

Virtual console = allows a user to examine and modify the system’s state
using a terminal (system terminal) connected to the resident asynchronous
interface.v ‘

‘ Asynchronous interface = a programmed I/0C controller which contains
~"both a transmitter and a receiver.

It provides full=duplex communication
between a serial asynchronous terminal and the CPU.

Real=time clock = an option which provides the system with four program
selectable time bases,

The major units of the CPU board are interconnected by three 16=bit
buses: ALUIN, ALUCUT, ™®B8US, The CPU board, in turn, is connected to the
system controllers by the 48~line I1/0 bus. This bus consists of the
16=bit DATA bus, which transfers all data, plus 32 lines which carry
programmed I/0, program interrupt, data channel, and system control
signals, Figure 11,1 shows the interconnection of these huses and the
major units of the CPU board.

CPU

The two major components of the CPU are a control
manipulation unit.

processor and a data

The control processor executes the NUVA 4/C instruction set by
interpreting each assembly language instruction as a macroinstruction.
IF decodes the macroinstruction and then executes the seguence of
microinstructions needed to perform the specified function. when
executed, these microinstructions control the data paths and the
operation of the data manipulation unit as well as the operation of main
memory and input/output.
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Control Processor
The control processor consists of the following major units:
e System timing logic
) instruction register
e Startingr acaress generator (SAGE)
e I/0 and EA decodge logic
e Microseguencer
e Control store
e Two microinstruction registers
e ALC decode logic
e Control cecode logqic

e Test logic

Figure 11.2 shows the interconnection of tnhnese units.,

System Timing Logic

The system timing logic generates the following system clocks from the
the DGOCLK (EXT40CLK) clock supplied by the power supply., (lhe B40CLK
generated uy the power supply is called EXT40CLK on the CPU boaro ana is
inverted pvefore veing used.)

o BUFACLK
e BHUFBCLK
e BH40CLK
e 1CCLK

e 5CLK

BUFACLK and BUFBCLK are nominally 200 ns clocks which provide the
microinstruction cycle timing. BUFACLK is the comolement of BUFBCLK. 1In
other words, they are 100 ns out of phase., BUFACLK, together with

B4GCLK , 10CLK, ano SCLK nprovide the timing for main memory.

DG-03380

Instruction Register

This register stores the instructions which the control processor
receives from memory in pun moce and from the virtual conscle in console
mode. . o

Starting Address Generator (SAGE)

The SAGE determines the starting aocdress for the next seauence of
microinstructions to be executed and surplies this address to the control
store via the microinstruction sequencer. Before the control processor
begins a new seaquence of microinstructions, tne SAGE examimes the state
of the service request lines listed below. These lines are listeg in
order of priority with a service request from the cata channel having the
highest priority ano a service request from an instruction having the
lowest priority, A non=maskaole interrupt from the memory refresh logic
is an exception to this priority structure., Such an interrupt takes
highest priority.

1. Uata channel
2. 1/0 or non-maskable interrupt
3, Instruction

I1f a service reauest is present, the SAGE generates the appropriate
starting address for the service reqguest with the highest priority,

1/0 and EA Decode Logic

This logic supplements the decoaing of [/0 instructions and memory
reference instructions done by the SAGE., After the SAGE selects the
sequence of microinstructions needed to execute the I/0 instruction

or memory reference instruction, the I/0 and EA decode logic determines
which branch in the secuence the control processor executes. The 1/0 and
EA decode logic supplies the starting address of this branch to the
control store.

Microinstruction Sequencer

The microinstruction seauencer supplies the control store with the eight
high=order address bits of the next microinstruction in the sequence to
be executed.

Each microinstruction specifies a state change condition (a test) that
determines what information the microinstruction register uses to
generate the address, This information determines the address of the
instruction "after the next instruction" to be executec. If the control
processor finds that the specifiea condition is true, the
microinstruction sequencer uses the information specified by the true
fiela of the current microinstruction; otherwise, it uses the information
specified by the false field. '
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Figure 11,2 Control Processor Block Diagram
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Control Store Data Manipulation unit Ej’
The control store contains 48=-bit microinstructions stored in six 512 The datea manipulation unit performs arithmetic and Jogical functions on
WOrG Dy H2=bit RUMS organized in two banks (pages) of three RUOMs. Each the data designated by the current microinstruction. It consists of the

microinstruction is givided into two 24=bit parts = an A half and a B following major components:
half. These halves are storea in two consecutive RUM locations and are
selected by the address suppliec by the microinstruction sequencer
together with BUFACLK (CUFACLK supplies the low=order address bit).

The control store sencgs the addressed microjnstruction to the
microinstruction registers via the CMEM bus,.-

@ Central processing element

® Memory address register

10410 (rIsuan) MeQ

1 53d0d ay) 0) 3pind © sP $22WOISND pur |3uvotiad IDE AQ N 20) [PRVRW S1y) PAsrdasd sey (IDQ) LONT.

e Read data register
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“jcroinstruction Registers e uwrite data register
Two microinstruction registers, the UIRA ana the ulRs, each store half of e Scratchpad RAM
the microinstruction currently beinao executed. When the control store A
receives the address of a microinstruction, it sends the A half of tne Figure 11.3 shows the interconnection of these components.
microinstruction to the ulkA, and 100 ns later, it sends tne B half to
the ulRb, Ihe ulkA distrioutes the control information contained in the |
A half to the data manipulation unit, the control decode logic, and Central Processing Element | 5
various other components on the CPU board. This information governs the N
flow of cata tnrouchout the system. Tne ulRb distributes the control The central processing element consists of four 4=bit microprocessor 3

information contaimed in the b half to the test logic and to various slices which are cascaded to form a lé6=bit unit. The major sections of

other components in the control processor. This information governs the the central processing element are: a high-speed arithmetic/logic unit i

order in which the microinstructions are executed. (ALU) and a 16 word by lé=bit register file. The register file contains s
sixteen registers including the following program=accessible registers:
the four accumulators, the stack pointer, and the frame pointer.

ALC Decode Logic .
The register file has two ports: A and B. Data in any of its registers

This loaic decodes hits 5=9 and 12 of an arithmetic=logic (ALC) can be read from the A-port using the 4-pit A address provided by the
instruction and senrds the results to the ulRA register via the CMEM ous. A=port address logic, REGA<0=3>, Simijarily, data in any of the above 16
These results replace the 10=high order bits of the A-half of the current registers can pe read from the B=port using the 4=bit B address provideo

microinstruction. by the B=port address logic, REGB<(U=3>, when enabled, new data js always
written into the register specified by the B address.
The high speed ALU performs arithmetic and logical operations on the two

Control Decode Logic 11 gh - , - - = -
16=bit inputs designated R and S, The R input field is driven by a

a

This logic decodes portions of the microinstruction stored in the ulRA to e=input multiplexor whilg the § input field is driven by a 3=input
produce control information wnich governs the flow of data throughout multiplexor. Tne operation performed by the ALU is specified by 5
most of the major components on the CPU board. information supplied by ulRA<l4=22>,
The look=ahead carry generator is a support component for the central ;
Test Logic processing element, <§
.H
This logic determines if the state change condition (test) specified by . o ig
the current microinstruction is true or false. It uses information Memory Address Kegister : , g'
supplied by the control store, the ulkB, the ocata manipulation unit, and i ' G . : ‘ .:i
the CPU logic governing the virtual console and I/0 operations, This register stores the 15=bit address for the main memory and the 5

virtual console and the 4=bit address for the scratchpaa RAM., It
receives the aadress frocm the control processing element via the ALUOUT
bus and sends it to main memory, the virtual console, or the scratchpad ‘;)
RAM via the MADR bus. ;

nhen the baftery backup option operates, the row address section of the
memory address register functions as a counter and supplies the row

DG-03380 addresses for memory refreshing. 60
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Data Manipulation Unit Block Diagram
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“rite Jata Register

This register stores the lb=pit cata word to be written into main memory.

It receives the data word from the control processing element via the
ALUOUT bus and sends it to main memory via the MDAT buse.

Kead Data Kegister
This register stores the le6=pit cdata word read from main memory oOr the

Virtual! console. It receives the data word from main memory or the
virtual console via the mMBUS.

Scratchpadg KAWN

Thig RAM provides 256=words of temporary storage which is used for
various purposes. It provides:

e Jtorage during console mode
® Program=accessible data switch register

o BSuffers for data transfers between accumulators and the
resident asychronous interface

e Counter for the real=time clock option,

MAIN MEMORY

The major component of main memory is a dynamic RAM array which is
located on the CPU board, RAM arrays are available with either 32K
bytes (16K words) or 64K bytes (32K words). Both arrays use 16,384 x 1
bit RAM elements. :

The 32K byte array contains one bank (bank 0) of 16 RAM elements wﬁile
the 64K byte array contains two banks (bank 0 and bank 1) each having 16
RAM elements,

The control processor in the CPU initiates all main memory.operations,
including memory refresh operations except during battery backup.

DG-03380

Architecture
In acdition to the RAM array, main memory contains:
e Memory timing logic
@ Row and column select logic
e krow aadress logic
e Column address logic
@ Address gate
e Memory bus ariver

Figure 11.4 shows the interconnection of these components.

Memory Operations

The memory carries out three operations: read, write, and refresh, The
CPU starts each of these operations, The CPU starts a read or wrijte
operation in main memory when either the current microinstruction
specifies such an operation or the SAGE cecodes an ALC instruction,

In the case of an ALC instruction, tne CFPU starts a read operation to
fetch the next instruction so that the CPU can maintain an instruction
execution time of 400 ns, The CPU starts a refresh operation
approximately every 12.8 us, except when the battery backup option is
being switched off or on, In this case, the CPU begins a burst refresh
operation.

Row and Column Selection

A read or write operation begins in the data manipulation unit, First,
the control processing element sends the 15=bit address to the memory
address register via ALUOUT«<1=-15>, This acddress contains the bank select
bit and the row and column address as shown in Figure 11,5

The memory address register latches the address and places it on the MADR
bus and the ROW6 and COLS lines, Meanwhile, the memory timing logic
enables the row address gate by driving ROw to the high state, As a
result, when the address appears on the MADR bus, the row address bits
(MADR<10=15> and ROW 6) pass through the row address gate to the address
gate and from there to the RAM array.
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Figure 11.4 Main Memory Block Diagram
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Figure 11.5 Meaning of memory address bits

Bank Select
ALUCUT 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

CoLS 4 S 6 7

MADR 1 e 8 ROW6 10 11 12 13 14 15
N 4\ yi
4 Y
LS8 Column Address Row Address MSB

MSB LSB

Wwhen the memory timing logic drives RAS to the high state, the row and
column select logic uses the high=ordep address bit, MADR1, to select the
appropriate RAM bank, If MADR1 is in the low state, the row and column
select logic drives RASO to the low state; otherwise, it drives RAS1 to
the low state., The low state of RASU Jlatches the row address into bank
9; whereas, the low state of RAS] latches the row address into bank 1.
When a 32K byte memory is addressed, MADR] is always imn a low state; and,
consequently, the row address is always latched into bank 0.

Soon after the row address is latched into the appropriate bank, the
memory timing logic disables the row address gate and enables the column
address gate. As soon as the column address gate is enabled, the column
address bits (MADR<2,4+=8> and COLS) pass through the column address gate
to the address gate and from there to the RAM array.

When the memory timing logic drives CAS to the high state, the row and
column select_logic drives both TASO" and TAS]1 to the low state. The
low state of CASO latches the column address into bank 0 and the low
state of CAS] latches the column address into bank 1. CASO and CAS1
cannot go to the low state when the CPU is refreshing memory or when a
power failure occurs,

Read

When ulRB27 is driven to the high state and UIRB28 to the low state, main
memory begins a read operation., The memory timing logic drives WE to the
low state and sends it to the row and column select logic. This logic
then drives WEO and WE!l to the high state to enable reading the RAM
array, When the column address is latched into the RAM arpay, the array
places the data in the addressed locatijon on the D<0=15> ]lines. From
there, the data is driven onto MBUS<(=15> by the memory bus driver.

Nex§ the data is latched into the read data register in the data
man1pul§t1on unit. The read data register sends the data to the data
processing element via ALUIN<O=15>,

Appendix D shows the timing for a read operation,

DG-03380

write

Before the CPU starts a write operation, the control processing element
sends the cata to the write data register via ALUOUT<0=15> and it sends
the address to the memory address register. The write data register
supplies the data to the RAM array via MDAT<0=15>,

When both uwIRB27 and ulRB28 are driven to the high stat?. main memory
begins a write operation. The memory timing logic drives WE to the high
state and sends it to the row and column select logic. This logic then
drives WEO and WEI to the low state to enable writing the RAM array.
When the column address is latched into the RAM array, the array writes
the gdata on MDAT<0=15> into the adaressed location,

Appendix D shows the timing for a write.operation,

Refresh

Main memory carries out three refresh operations: normal, burst, and
battery. Each normal ana battery refresh operation refreshes one row in
both banks of the RAM apray whereas each burst refresh operation
refreshes all the rows in the RAM array.

During normal operatjon, the memory timing logic starts a nofmal refresh
operation approximately every 12.8 us. It starts the operation by

" changing the state of REFINT/ to generate a refresh interrupt request,

This interrupt request causes a non=maskable interrupt which is serviced
as soon as the control processor finishes executing the current seqguence
of microinstructions,

when the interrupt is serviced, the control processing element places the
the address of the row to be refreshed on the ALUOUT bus. This address
is latched into the memory address register and passed to main memory via
the MADR bus. Main memory selects the addressed row in the RAM array in
the same way it selects a row during a read or write operation, Column
selection is disabled and both banks are enabled,

When the battery backup option'Switdhes on, and again, when it switches
off, the control processor starts a burst refresh operation to ensure
that all the rows are refreshed within 2 ms,

At the start of a burst refresh operation, the control processing

element places the addaress of the row to be refreshed on the ALUOUT bus.
This address is latched into the memory address register and passed onto
main memory. Main memory carrijes out the refresh operationt in the same
way it carries out a normal refresh operation. The control processor
places the address of the next row on the ALUOUT bus 400 ns after it sent
out the first row address. It continues to send out a new row address
every 400 ns until all the rows have been refreshed.
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Between these two burst refreshes, while the battery backup operates, the When communicating with the terminal, the UAR/T transmits and receives
memory timing logic starts a battery backup refresh operation every 12.8 character codes in serial form. When communicating with the CPU under
us., During this time, the memory address register provides the row program control, the UAR/T’s transmitter receives data in parallel form
addresses for the refresh operations. The row address section of this from the ALUOUT bus and the receiver places data in paraliel form on the
register is actually a presettable counter; however, it only functions as ALUIN bus., : ‘

a8 counter during a power failure, '
.The modem control signal, Clear to Send, is connected to the UAR/T’s

At the beginning of a battery refresh, the memory timing logic drives transmitter clock input line and inhibits data transmission when at the
PFSTART to the high state to start the refresh operation. #hen PFSTART low state. '

goes to the low state, the memory address register increments the row

address by one. The register supplies this address to main memory via The real-time clock option provides four program-selectable time bases:
the MADR bus., Main memory carries out the refresh operation in the same power line freauency, 10 Hz, 100 Hz, and 1000 Rz,

way it carries out a normal refresh operation.
' Both the interface and the real=time clock option use a non=maskable
Appendix D shows the timing for the refresh operations and a refresh interrupt control which is independent of the standard I/0 interrupt
interrupt. ‘ facility. The Busy and Done flags and the priority mask bits for these
devices are located in the 1/0 flag register, which resides in the data
manipulation unit, '

VIRTUAL CONSOLE

Figure 11.6 Asynchronous Interface and Real=Time Clock Block Diagram
The virtual console resides in a Si12=word by lé=bit ROM. This ROM also
contains the assembly language instructions needed to implement the . ' T
computer self=-test., The memory address register provides addresses to |l b= === === === —_——— e ——— - —_——————_———————— == — ="

When the control processor operates in console mode, the virtual console |

ROM supplies the instructions which the control processor executes, Wwhen! . . \] ITo
: ) , ) : Dato. Mo VOUTC 8-\ S —_= 30 wte o)
the virtual console ROM is enabled, it sends instructions to the IR and ¥om gﬂ°*““ Av <& ﬂ’sa wTer

|
I

t

]

» (|

the SAGE via tne MBUS. Data from the virtual console RCM goes to the b Unt (See ‘5'“'3) cLEARTO :
[~ .

>i; |

'

|

\

|

|

|

read data register, The virtual console can access main memory by
temporarily enahling the RAM array to use the MBUS,

]
)
|
! Fram SygeriTEomnn) - UANT - -
: o T AON <57\ To Dt Maw: pulation Uit
| ' | j> (e Fia-i1e32)
ASYNCHRONOUS INTERFACE AND REAL=TIME CLOCK : From Memery Tomi hg;
. | ) B N e
asynchronous iqterface s @ programmed I/0 controller which provides 1
::ll;du?le? co?m:n1catvons between the CPU and a serial, asynchronous I O [ |
H;z.r@ via either a 20mA current loop or an EIA RS=232C communications : Current Twierrupt Conditions
The major component of the interface is a Universal Asynchronous
Receiver/Transmitter (UAR/T). The interconnection between the UAR/T and o LR [ |
the rest of the components of the interface is shown in Figure 11.6. From fower Soppl , Rﬁﬁ;ﬂ:? RTC ] f > \ -
e /T, which contains both a transmitter and receiver, is the e Gee Fim 1. 4) INTERRWT [— 1o ~onive
_communications link between the interface and the terminal. Jumpers ’ | e — 5 CONTRCL ‘ P rocessor
)select its 1ine characteristics., The BAUDRATECLK clock from the memory ' Previoos  {
timing logic provides the baud rate. The frequency of this clock is %ﬁﬁﬂﬁgi - :
selected by a jumper in the memory timing logic. BAUDRATECLK supplies (Feov Covitvol
the UAR/T’s transmitter and receiver clock inputs, ‘ Processor)
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CHAPTER 11
CPU OPERATION

PRELIMINARY

The non=-maskable interrupt control compares previous interrupt conditions
(which are stored in the RF register in the control processor) with
current interrupt conagitions. Whenever a current condition ociffers from

Table 11,3 Data channel and interrupt signals *

B2 136 20 ‘20% ‘ST 0} 26ud Auw esS

S0 IS PUP 3DQ 10 Arssdesd sy Sie By PIVITINED SuBEIIIINS PUT
wuuwmm”oqmmmwgm“«mmﬂpgmm

“ynmasny

the corresponding previous condition, the interrupt control generates a Signal Backpanel Source Destination Description
non=maskable interrupt. Next, the control processor equalizes both sets Pin
of interrupt conditions so the interrupt control can detect future
interrupt conuitions. An interrupt condition occurs when main memory DCRA A60 CPU 1/0 Data channel
generates a refresh interrupt request, the interface receives a start . acknowledge
bit, thevreceiver buffer contains a character, the transmitter ouffer is
empty, or the real=time clock changes state, DCHI 837 CPU 1/0 Data channel fnput
DCHO B33 CPU /0 Data channel output
INTERCONNECTION WITH M
NECTION WITn SYSTEM DCHMO B17 1/0 CPU Data channel mode
The CPU board communicates with the rest of the system via its A and B select
connectors to the packpanel, Tables 11.1 through 11.9 list each signal Fyreros : -
e1ther generateo or received by the CPU board together with the backpanel DCHR 835 170 CPU E:t: ::annel
location of the signal. Qque
| FASTDCH A95 CPU 170 High speed device
Table 11.1 Clock signals INTA AdO CPU -1/0 Interrupt
‘ acknowledge
- INTR B29 1/0 CPU Interrupt reauest
Signal Backpanel Source Destination Description .
Pin - MSKO A38 cPU 1/0 Mask out
— v RGENB B41 CPU 1/0 Request o
B4OCLK A3e6 Paower Supply CrPU 40 MHz sauare wave synchronizing clqck
(EXT40CLK)
SELE A8e2 1/0 CPU Selected device
LCLK A8S Power Supply CPU 50/60 Hz square busy
wave (AC line .
frequency) SELD ABO I1/0 CPU Ze;:cted I/Q device
o .
S00HZ A90 Power Supply CPU 506 He sauare wave

Table 11,2 Memory control signals

Signal Backpane]l Source Destination Description

Pin
MEMOK A96 Power Supply CPU +12MEM voltage 0K
MEMDIASTER -.B96 CPU Power Supply Failure on =5MEM
DG-03380

x See "Interface Designer’s Reference" (DGC No. 015=000031) for more

information on how the I/0 signals function.
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 Table 11.4

1/0 device code *
Sigha1 Backpanel Source Destination Description
Pin
bso AT2 CPU 1/0 Device select bit 0
Ds1 A68 CPU 1/0 Device select bit 1
DS2 Abb CPU I1/0 Device select bit 2
Ds3 A46 CPU 1/0G Device select bit 3
PS4 A62 CPU 1/0 Device select bit 4
0SS AbU CPU 1/0 Device select bit S

* See the "Interface Designer’s Reference"

information on how the 1/0 signals function,

)

(DGC No, 015=000031) for more

" Table 11.5 I/0 function signals x
Signal Bac;$anel ~ Source Destination Description
rin
CLR ASO CPuU I/0 Clear
DATIA Ady CcPU I/0 Data in A
DATIB A42 cPU 1/0 Data in B
DATIC AS4 CPuU 'I/0 Data in C
DATOA AS8 CPU 1/0 Data out A
DATOB AS6 CPU 1/0 Data out B
DATOC A48 CPU 1/0 Data out C
IORST A70 CPU I/0 170 reset
~I0PLS A74 CPU 170 1/0 pulse
ij STRT A52 CPU 1/0 Start

x See "Interface Designer’s Reference" (DGC No. 015=-000031) for more
information on how the I/0 signals function.

TJable 11,6 I/0 data bus signals x*
Signal Backpanel| Source Destination Description
Pin
DATAO 862 CPU 1/0 High=order cata bit
I/0 CPuU
DATAL B6S CPU I1/0 Data bit
1/0 CPU
DATAZ B8e2 cPuU I1/0 Data bit
1/0 CPU
DATAZ B73 CPU 170 Data bit
170 CPU
DATAY Bol CPU 170 Date bit
: I/0 CPU
DATAS 857 CPU 1/0 Data bit
I1/0 CPU '
DATASG B9S CPU 1/0 Data pit
I/0 CPU
DATA7Y BSS CPU I/0 Data bit
I1/0 CPU
DATAS8 B60 CPU I/0 Data bit
I1/0 CPU
DATA9 B63 cCPU I/0 Data bit
I/C CPU
DATALO B75 CPU 1/0 Data bit
I/0 CPU
DATAL1 BS8 CPU I/0 Data bit
I/0 CPU
DATAlZ2 859 CPU 1/0 ‘Data bit
I1/0 CPU ‘
DATA1L13 Be4 CPU I1/0 Data bit
I/0 CcPU
DATA14 BSe CPU I/0 Data bit
I/0 CPU
DATA1S Be6 CPU I/0 Low=order dates
I1/0 CPU bit
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* See "Interface Designer’s Reference"

(DGC No.015=00

information on how the I/0 signals function.

DG-03380

0031) for more

Voltage signals (from power supply board)

Backpanel Pins

Al,
Bl,

593,
B91

A3,
B3,

A10
870,
587,
877

A2, A99, A100
B2, B99, 5100

B94

A4, A97, AG8
B4, B97, B9S8

B71,B72

888, B90

Table 11.7 Front-console signals Table 11.9
Signal Backpanel Source Destination Description Signal
Pin
CONRSTH 851 Front Console CPU From front console
reset switch
ED , +SMEM
CONLED B49 CPU Front Consolel CPU in run mode
; -SME M
CONPL B4g Front Console £PU Program load from
device selectec +5V
oy CPU program load
jumper register
CONL O ' +15V
CONLOCK 840 Front Console CPU CPU and power ‘
supply locked +12MEM
CONRSTL 852 Front Console CPU From front console 12V
reset switch
‘ -11v
PWROK Ay Power Supply CPU DC voltages ok
Table 11.8 Asynchronous intérface signals
Signal Backpane]l Source Destination Description
Pin
CLEARTOSEND A93 System Console CPU System console
ready to receijve
data
ITTO A83 CPU System Console | +15V current loop
voitage
e ————————
READERRUN A89 CPU System Console| Start reader
TTIN A9Y System Console CPU “Serial input
TTOUT A8S CPU System Console| Serial output
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g CHAPTER 12
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CHAPTER 12
REMOVING AND INSTALLING FRUS

INTRODUCTION

This chapter gives step by step instructions for removing and installing
the FRUs. Please abide by the following in all procedures:

e Metric tools must be used in all the procedures.

e Extreme caution must be used in procedures that involve opening
the power supply units., After powering down the system, you
must wait AT LEAST S5 MINUTES before proceeding with the
replacement,

e Do not attempt to remove or replace any component not included
in these procedures.

Fourteen procedures are described in the order listed below.

1.
ce
3.
4.
S.
6.
7.
8.
9.
10,
11,
le.
13.

14,

Front Panel Replacement

Fan and Fan Module Replacement for 16=8Jot Chassis
Fan Replaceﬁent;for S=Slot Chassis

Console PC Board Replacement for 16-Slot Chassis
Console PC Board Replacement for S=Slot Chassis
PC Board Replacement

CPU Board Replacement

Power Supply PC Board Replacement

VNR Unit Replacement

Paddleboard and Terminator Replacement

16=Slot Wiring Harness Replacement

5=Slot Wiring Harness Replacement

Backpanel Replacement for 16=Slot Chassis

Backpanel Replacement for S=Slot Chassis
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FRONT PANEL REPLACEMENT

There are two versions of the front panel assemblies, locking and
nonlocking.

=]

000 sonesedio) isesd

l. To remove a locking front panel, find the metal latch located at the
center of each side of the front panel. Using a screw driver, push
them in towards each other. This will release the latches and allow
the front panel to be pulled off.

indd 1136 20 ‘25N ‘W O B3uIY Ave

To remove a nonlccking front panel, find the release button located at
the center of each side of the front panel. Push them in towards each
other and remove the front panel, )

"p

2. To replace the either a locking or nonlocking front panel, line up the
guide pins and push until it locks in place.
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| METAL LATCHES' (LOCKINGVERS/Y)
:}75‘“_6 outron (NoN Lockive VERSION)

(ONE ON EACH
SIDE)
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[ﬁaFAN AND FAN MODULE REPLACEMENT FOR 16=SLOT CHASSIS S. To remove a fan:

1., P down the system a. Place the fan on a table with the fan side up.
« Power dow y Ne

b. Disconnect the two wires from the faulty fan. Note the
position of the wire connectors on the fan sSo you can install
the new fan in the same position,

2. Remove the front panel. (See Front Panel Replacement procedure.)

P ML

3. Remove 2 nuts with lock washers located to the left of the console

switches. c. If the fan is a bottom fan, remove the nut, lock washer, and

the washer on the stud holding the fan to the casing.
4. Grasp the fan module at the top and bottom and pull out. ’
P d. Turn the module over and remove the self=tapping screw(s)
holoing the fan to the casing. (1 screw for o ba;tom fan; 2
screws for a top fan,)

dinba )33 20 ‘330 ‘anew 0) 38833y Aue juesl
11e2)130ds pue sBuy

e. Carefully 1ift the fan module up. The faulty fan'should
remain on the table,

f. Install the new fan, If it is a bottom fan; make sure jt is
on the stud properly, and then replace the washer, locking L
washer, and the nut.

g. Carefully turn the module on its side, holding the new fan to
make sure it stays in the correct position,

§

h. Replace the sélf-tappﬁng screw(s) which hold the fan to the
casing. (1 screw for a bottom fan; 2 screws for a top fan).

'i. Reconnect the 2 wires to the new fan.

_TOP FaANS

FRONT CONSOLE

WIRE
CONNECTIONS
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6. To replace the fan module:

a.

Remove the 3 screws on the console PC board assembly. (See
the replacement procedure for the console PC board on the

16=slot chassis.)

Remove the console PC board assembly. (See the replacement
procedure for the console board on the lé=slot chassis,)

Remove the console PC board casing from the new fan module,

Install the console PC board in the casing of the new fan
module, Replace the casing,

7. Slide the module in ana push until it locks in place.

8. Replace the 2 nuts and lock washers,

9, Replace the front panel and power up the system,

DG-03380

. 3 SCREWS (2 ON TOP, 1 ON BOTTOM)
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8, Lift the top cover up and over to the left so that it 1ies on its

FAN REPLACEMENT FOR 5=SLOT CHASSIS side. (See photo below.)

‘ . , 9, Di i r
1. Power down the system, open the rear cabinet door, and unplug the ac Disconnect the wires from the faulty fan that connect it to the powe

source from the cabinet. supply. Note the color scheme so you can replace them correctly.
2. Remove t wer ra conn r and 0 .
v he power co ¢ ector and any 1/0 cables 10. Remove the 2 screws holding the fan to the cover and remove the

fan,

3. Remove the front panel, (See the Front Panel Replacement procedure,)

4. Remove the B screws which secure the chassis to the cabinet rails; 1. Install the new fan and replace the 2 screws.

2poeds pue sBumesp 2y) ‘MEMYSs
¥0nes0d10) RIIIY) BRQ

there are 2 screws per raile. 12

5., Slide the chassis out from the front of the cabinet., The slides will

Reconnect the wires, (See the 5=Slot Wiring Harness Replacement
procedure for the correct wire color scheme if necessarys)

dinlia 1155 50 ‘230 ‘anew 0 3suary Ave weil

wp

ynmasey

pasedaud sey (20)

paveivo> swope:

support the chassis until it is about half way out of the cabinet. 13, Place the cover back in position over the chassis and replace the
screws (9 on the top and 3 on the side).
CAUTION: The chassis weighs about 50 lbs (about 23 kgs) fully ,
loaded. You may need help. 14, Slide the chassis back into the front of the cabinet,
6., Place the chassis on a secure table, 15. Replace the 6 screws which secure the chassis to the cabinet rails;
there are 2 screws per rail.

f"77' Remove the top cover (9 screws on the top and 3 screws on the left or
LM} fan side). ( 16, Replace the front panel.

17. Replace the power cord connector at the rear, and replace all

TOP
COVER

9 SCREWS ON TOP -

2 SCREWS
‘AT EACH RAIL

POWER CORD

CONNECTOR 3 SCREWS ON SIDE

/O CABLE

18,

I1/0 cables.

Plug in the ac source, close the rear cabinet door, and power up the
system,

DG-03380
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FAN
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CONSCLE PC BUARD REPLACEMENT FUR 16=SLOT CHASSIS

l. Power down the system and remove the front panel.

(See Front Panel
Replacement proceaure.)

2. Remove the fan mocdule,

(See Fan and Fan Moaule Keplacement procedure
steos 3=4,)

3. Remove 3 screws, 2 on the top of the console PC board
casing ano | on the vottom. (Each screw has 1 lock washer,)

4. Unplug cable Pl on the back of the console PC board,

5. Remove the 4 screws which mount the PC board to its
stand-offs. (Each screw has 2 lock washers.)
6. Mount the new PC board and replace the screws and lock washers,
7. Plug cable Pl into the new PC board,
8. Replace the 3 screws ana lock washers on the PC board casing.

9. Replace the fan module and the front cover.

CONSOLE PC BOARD REPLACEMENT FOR S5=SLOT CHASSIS

1. Go to the fan replacement procedure for the S=slot chassis and perform
steps 1=8,

2. Unplug cable P3 on the back of the console.PC board.

3., Remove the 4 screws which mount the PC board to its stand=offs. (Each

screw has 2 washers,)
4, Mount the new PC board and replace the screws and washers,
5. Plug cable P3 into the new PC board,

6. Go to the fan replacement procedure for the S=slot chassis and perform
steps 13-18,

SCREWS (2 ON TOP, 1 ON BOTTOM)
STANDOFFS

BOARD

CONSOLE 4 %
PCNMWD//J
CASING

CABLE P1

CONSOLE PC

CABLE P3

4 STANDOFFS

DG-03380
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ET} PC BOARD REPLACEMENT

l.

2e
3.

Se

6.

O

Power down the system,

IMPORTANT: If you are replacing the power supply PC board or the
CPU board see to the replacement procedures for these
boards,

Remove the front panel, (See the Front Panel Replacement procedure,)

Locate the PC board that is to be replaced. (See your system’s
Configuration Chart for slot assignments.)

Use the ejector keys to remove the PC board.

Make sure the new board is teilored (jumpered) correctly and install
the new board, Make sure it is seated properly. (The ejector keys
should close completely,) '

Replace the front panel and power up the system,

EJECTORKEYS

DG-03380

CPU BOARD REPLACEMENT

1. Power down the system.

2e Remove the front panel. (See Front Panel Replacement procedure.)

3. Remove the CPU board, (It is ALWAYS located in slot 1,)

4, Install the appropriate ROMs into the sockets at locations 29N and 33N
on the new CPU board. (See the table and the diagram below for the
ROM part numbers and locations.)

S. Install the correct jumpers on the new CPU using the diagram angd the
tables below showing the jumper positions.

6. Install the new CPU board in slot 1 of the chassis.
7. Replace the front panel and power up the system,
8. Check the new board by running the test that failed.
3. If the test passes:
e Power down the system,
e Remove the front panel.
e Remove the néw CPU board.

e On the new CPU board, solder the ROMs at locetions 29N
and 33N into their sockets.

e Install the new CPU board in siot 1 of the sySteh.

e Replace the front panel and power up the system,
b. If the test fails and reports the SAME error as before:

e Power down the system.

e Remove the front panel.

e Remove the new CPU board,

e Instal] the ORIGINAL CPU board in slot 1 of the. -
system, ~

e Replace the front panel and power up the system}
c. If the test fails and does NOT report the SAME error as

before, replace the new CPU board with another CPU board
following steps 1 through 8, , :
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Table 12.1

CPU boara assembly numbers and rom part numbers

Assembly No, ROM Part No. Description
Loc 29N Loc 33N

005=12413% 100=-1831 100-1832 NOVA 4/C CPU with 32K byte (16K
word) memory

005=12413 100=-1833 | 100~-1834 NOVA 4/C CPU with 32K byte (16K
word) memory and real=time clock

005=-12413 100=1835] 100=-1836 NOVA 4/C CPU with 32K byte (16K
word) memory and multipy/divide
option

005=12413 100=1837 | 100=1838 NOVA 4/C CPU with 32K byte (16K

: word) memory, real=time clock, and

multipy/divide option

005=12415 100-1831{ 100=-1832 NOVA 4/C CPU with 64K byte (32K

: word) memory ‘
005=12415 100-1833 | 100-1834 NOVA 4/C CPU with 64K byte (32K
' word) memory and real=time clock

005=12415 100=1835] 100=-1836 NOVA 4/C CPU with 64K byte (32K
word) memory and multiply/divide
option !

005=12415 100=-1837 | 100=-1838 NOVA 4/C CPU with 64K byte‘(SZK

word) memory,
multiply divi

real=time clock, and
de option

CPU ROM AND JUMPER LOCATIONS

B GioRlt has

5 v ey
13 it B LA iRt

SEPOCTGEE e 2V
A o %y R

PARITY JUMPERS

STOP BIT JUMPERS

e Tt T JON P
~h. B

< - A—
‘ﬂ IEEMIC I Y ‘
‘ A r o /
N Dsz rat‘n;n‘g.z:-:t j:m]ﬂ'r: AR

NUMBER OF W15 JUMPER TYPE JUMPER POSITION
STOP BITS POSITION OF
PARITY w12 "113
1 IN
EVEN ouT N
2 our
000 IN IN
NONE our our

CHARACTER LENGTH JUMPERS

~ JUMPER POSITION
CHARACTER LENGTH wi3 Wik
5 8ITS IN, N
6 BITS out N
7 81Ts | ] out
‘88T ouT ot

_,,Juvytoeaawv
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' CHAPTER 12
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DEVICE CODE JUMPERS FOR FRONT PANEL AUTOMATIC PROGRAM LOAD

SELECT THE PROGRAM LOAD DEVICE CODE 8Y INSTALLING JUMPERS
Wil, W8, W6, W7, W9, W10, AS FOLLOWS:

JUMPER OUT = 1

JUMPER IN = 0

EXAMPLE JUMPERING FOR DEVICE CODE 27g:

Wit -

w8

s

w7 W9

wio

out

outr | our

ouT

A

Wh 1S NOT INSERTED IF THE PROGRAM LOAD DEVICE IS A HIGH
SPEED DEVICE, OTHERWISE IT IS INSERTED.

TYPE OF TRANSMISSION JUMPERS

TYPE OF TRANSMISSION

JUMPERS INSERTED* |

20MA CURRENT LOOP Vi, W3

EIA RS232-C w2
i + JUMPER 25 1S INSERTED IF THE SYSTEM TERMINAL IS A TELETYPE.
| ) OTHERWISE 1T IS NOT INSERTED.

% JUMPERS W17 AND W18 MUST ALSO BE INSERTED AS SHOWN BELOW.

.

20MA CURRENT LOOP

e amgé.a
3
N ow-j
o | 7SV
T 14
3 e =

JUMPERS W17 AND W18
MUST NOT TOUCH!

EIA RS232-C

T 40)

19
-N

zalF)

=

T8 A [F13]

A ¢ B
S

W23 IS INSERTED TO DETERMINE THE BAUD RATE
AS SHOWN BELOW:

(9600 SHOWN)
9600
4800 \&
2“00\
‘2°°\":W T8
P oy N poy
—
I~
\..

30:10/.
TE1RME1ATS

W22 IS NEVER INSERTED.

THE FOLLOWING JUMPERS ARE ALWAYS INSERTED;

w5

w19
w20
w21
w24

POWER SUPPLY PC BOARD REPLACEMENT

l. Power down the system, Unplug the ac source from the cabinet.

2. If this is a S=slot chassiss, open the rear cabimet door and remove the
power cord connector and the wiring harness cable Pl.

3. Remove the front panel, (See Front Panel Replacement pocedure.)
The power supply PC board assembly is located in slot 0 of the
chassis.

4, Remove the 2 screws which secure the power supply assembly
to the chassis.

5. Remove the assembly using the ejector keys.

NOTE: If vyou are replacing the power supply PC board for any
16=slot chassis, or a S=slot chassis without the battery
back=up option, proceed to step 16, If you are replacing
the power supply PC board for a S=slot chassis with the
battery back=up option, WAIT FOR 5 MINUTES to allow the
capacitors to aischarge, and continue with step 6.

EJECTOR KEYS

P 3y “ssmpes
[ssusn neg
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| EUM'NA CHAPTER 12 | /
R REMOVING AND INSTALLING FRUS

6. Remove the S5 screws on the top of the power supply assembly (one
in each corner and one in the center) and remove the top cover,

5 SCREWS

a

7. Locate the battery in the front=left corner of the board,

nfj

wonjrsodin) jrrus?) wel

8. Disconnect the two wires (red and black, positive and negative
respectively) that connect the battery to the PC board.

9. Remove the 4 screws that secure the battery bracket and remove the
battery. Replace ‘the bracket (4 screws).

10, Replace the top cover (5 screws).

b 133,30 3P DRI T) Fsuady Ave

11. Remove the S5 screws on the top of the new power supply assembly and WARNING:HAZARDOUS VOLT .
remove the top cover, _ AGES

4 PouE

12. Locate the battery bracket in the front=left corner of the board and
remove it (4 screws).

P

13, Install the battery from the old assembly into the bracket of the
new assembly.

3 Q) #Q 39N 40) fenuris s

| ooy dow insiie watisam s 550 1wouiom el 0 aform ey PRIpaIERs S 3ai1aw PN POP 3D o kysaBosd ) 25t e

14, Replace the bracket (4 screws) and connect the wires,

PUV§

15, Replace the top cover (5 screws).

16. Install the new power supply PC board assembly into the chassis,

17, 1If this is a'S-siot chassis, replace the power cord and cable Pl,
Close the rear cabinet door,

50028 2y 0 apind e e

18, Replace the 2 screws at the front of the assembly,

19, Replace the front panel,

20, Plug in the ac source, Power up the system.
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" VNR'UNIT REPLACEMENT
1, Power down the system, open the rear cebinet door, end unplug the ac
source from the cebinet. Wait AT LEAST 5 minutes before proceeding.
Bgyunpigg the power cord connector on the back of the YNR unit,

3, L@@sea“:hé 2 festeners on the right side of the VAR unit (1/4 ccw
turn),

Notes There may also be 2 shipping screws on the right side of
the VANR unit as well as the fasteners, These screws should
be removed and discerdeg,

Pull the VNR unit on the right side so thet it swings out on its
hinges,

4, Remove the 4 screws on the inside cover, Remove the cover,

5, Unplug cable P4 Jocated a; the bottom right section of the unit,

. b, Remove the battery bracket (4 screws), Disconnect the battery wires
r and remove the battery, Replece the battery bracket (4 screws),

e

7. Replace the inside cover (4 screws),
8, Remove the 4 screws Jocated on the inside of the hinge,

9+ Secure the new VNR unit to the chassis by replacing the 4 screws on
the inside of the hinge,

10, Remove the 4 screws on the inside cover, Remove the cover.

11, Remove the battery bracket (4 screws), Insert the battery from the
old VNR unit and connect the wires, (The polarity of the wires is
etched on the PC board,) )

12. Connect cable P4 located at the bottom right §§§X§9ﬁ of the unit,

13, Replace the inside cover (4 screws),

14, Push the VNR unit in towards the chassis and tighten the 2 fasteners,

15, Connect the power cord connector, P1/J1, on the back of the VAR unit,

16, Plug in the ac source. Close the rear cabinet door,

E,}i7’ Power up the system,
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PADDLEBOARD AND TERMINATOR REPLACEMENT

l.

2.

3.

5.

Power down the system.

Open the rear cabinet door. If it is a lé6=slot chassis, you must swing
the VNR unit out of the way. (See the VNR Unit Replacement procedure,)

A S=slot chassis does not have any terminators. The terminators on a
lé=slot chassis simply pull off and push on the backpanel. (Be
careful not to bend backpenel pins.) They must be located on the pins
of slot 2 and positioned so that their connection starts at the center
bar of the backpanel, '

The paddieboards are mounted on a bracket on the right (fan) side of
the chassis. They are supported by a pair of stand=offs between each
board and a pair between the first board and the bracket. You can
remove the stand~offs by hand.

Their connectors to the backpanel pull off and push off. (Be careful
not to bend backpanel pins,) They must be positionmed so that their
connection starts at the center bar of the backpanel,

The I/0 cables are supported by strain relief brackets. There are two
brackets per chassis, The brackets each contain one screw on the top

to tighten them., The brackets are adjustable to accommodate different
size caples,

Reposition the VNR unit if this is a 16=s]ot chassis. Close the rear
cabinet door and power up the system.,

BACKPANEL PADDLE BOARD
CONNECTlONS

BACKPANEL

VNR BOX CENTER BAR

16-SLOT CHASSIS
ONLY

)
|_ STAND-OFFS

111111)

\\ RS L

B pADDLEBOARDS

AN
R R

< BRACKETS

TERMINATORS

DG-03380

16=SLOT WIRING HARNESS REPLACEMENT

l. Go to the replacement procedure for the VNR unit and perform steps
1=5,

2. Remove the 2 screws on cable Pl, Unplug cables P1, P2, and P3, and
remove the wiring hearness. (See the illustration below and wiring
diagram No. 001=001607,)

3. Plug in cables Pl, P2, and P3 of the new wiring harness in
tne proper sockets. (See the illustration below and wiring diaram
No. 001=001607.) Replace the 2 screws on cable P1.

4. Go to the replacement procedure for the VNR unit and perform steps
12-17.

L

TTeIIL)

W

AR
LA

)

kY

CABLEP3

CABLE P1 CABLE P2

REFER TO WIRING DIAGRAM NO.
001-001607 FOR MORE INFORMATION.
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5=SLOT WIRING HARNESS REPLACEMENT

1. Go to the fan_replacement procedure for the S5=slot chassis and perform

steps 1=8,

2. Remove cable P3 from the console PCB, the 4 wires from the

3. Pull

power swWwitch, and the 4 wires from the fans (2 wires per fan). (See
the illustration below and wiring diagram No. 001=001637.)

in the ,
Remove the wiring harness cables connected to the
P2 end Pl. ,

these cables of the harness through the siot
backpanel,
backpanel,

4.

Being very careful to follow the color scheme shown in the picture
below, connect the new wiring harness to the fans (2 wires per fan),
the power switch (4 wires), and the console PCB (cable P3).

Pull the 2 remaining cables of the harness (Pl and P2) through the
slot in the backpanel and plug them in the appropriate locations.
(See the jliustration below and wiring ogiagram No. 001=001637.)

Go to the fan replacement procedure for the S=slot chassis procedure
and perform steps 13=-18,

[ZZ X
Comnecog,  CAncg
o

CARee

REFER TO WIRING DIAGRAM
.mmook1un697Iﬂﬂ;h@l&lhlbtﬂ“ﬁhﬂw.

DG-03380
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BACKPANEL REPLACEMENT FOR 16=SLOT CHASSIS

CAUTION: This procedure requires at least two people. The chassis weighs
about 110 lbs. (about 50 Kgs,) fully loaded.

1. Power down the system and unplug the ac source.

2. Remove the front panel, (See the Front Panel Replacement procedure.)
. {
3, Kemove all PC boards in the chassis, (See the replacement procecures
for the power supply board, the CPU, and other PC boards.)

4., Remove the fan module, (See the Fan ana Fan Module Replacement
procedure,)

5. Open the rear cabinet door and remove the power cord from the VAR
unit, i '

b. Swing out the VNR unit, (See the VNR Unit replacement procedure,)

7. Remove all connectors, terminators, and paodleboard connectors from
the backpanel. Note their location so you can reconnect them on the
new backpanel. ,

8. Remove the 8 screws which secure the chassis to the cabinet rails;
there are 2 screws per rail.

TOP SCREWS (13)

g 2 SCREWS
= AT EACH RAIL

SIDE :
SCREWS (3) |

\

POWER CORD
CONNECTOR

DG-03380

9, With one person on each side of the cabinet, slide the chassis out
from the front of the cabinet. The slides will support the chassis
until it is about half way out of the cabinet,

10, Place the chassis on a secure table.

11. Remgve'the top cover; there are 13 screws on the top and 3 screws on
the left=hand side (where the fan module is located).

12. Remove the screw which holds the backpanel to the base of the
chassis.

13, Remove the bracket which supports the fan module connector (2
screws).

14, Remove the & screws which secure the backpanel to the back

of the chassis,

15, Yqu should now be able to slide the backpanel out towards the
right=-hand side, away from the fan module. '

16. Slide in the new backpanel and replace the 6 screws which secure it

to the back of the chassis.

17, Replac§ the bracket that supports the fan mooule connector (2
screws),

SLIDE OUT
—

| 6 SCREWS =t

FAN MODULE
CONNECTOR BRACKET
(2 SCREWS)
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18,

19.

20,
2l.
-8

23,

24,

25,

E« 26,

e7.
e8.,

Replace the screw that holds the backpanel to the base of the
chassise.

Replace the top cover; there are 13 screwsS on the top and 3 screws on
the left=hand side (where the fan module is located).

Slide the chassis back into the front of the cabinet.
Replace the 8 screws that secure the chassis to the cabinet rails.

Replace all connectors, terminators, and paddleboard connectors on
the backpanel,

Return all the PC boards to their proper location in the chassis,

(See your system’s configuration chart and replacement procedures for

the power supply board, the CPU, and other PC boards,)

Replace the fan modulé. (See the Fan and Fan Module Replacement

procedure,.)
Replace the front panel. (See the Front Panel Replacement procedure.,)

Return the VNR unit to its proper position. (See the VNh Unit

. Replacement procedure,)

i

Reconnect the power cord to the VNR unit.

Plug in the ac source, close the rear cabinet door, and power up the
system,

BACKPANEL REPLACEMENT FOR 5=SLOT CHASSIS

il.

2e

3.

4.

Se

6.

7

Power down the system, open the rear cabinet door, and unplug the ac
source.

Remove the front panel., (See the Front Panel Replacement procedure,)

Open the rear cabinet door and remove the power»ccrd connector and the

‘wiring harness cable P1.

Remove all PC bbards in the chassis., (See the replacement procedures
for the power supply board, the CPU, and othepr PC boards.) ’

Remove all connectors, including paddleboard conmnectors, from the
backpanel, Note their location so you can reconnect them on the nev
backpanel.

Remove the 8 screws which secure the chassis to the cabinet rails;
there are 2 screws per rail,

Slide the chassis out from the front of the cabinet. The slides will
support the chassis until it is about half way out of the cabinet,

CAUTION: The chassis weighs about 50 1bs (about 23 kgs) fully
loaded. You may need help,

Place the chassis on a secure table,

" Remove the top coveri there are 9 Screws on_the top and 3 screws on

the left or fan side,

1 -~ POWERCORD BACKPANEL PADDLEBOARD
CONNECTOR  CONNEXTORS

9SCREWS iT

2 SCREWS
AT EACH RAIL.

3 SCREWS ON SIDE
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10, Lift the top -cover up and over to the left so that it lies on its
side.

11, Remove the screw that holds the backpanel to the base of the
cChassis,

12. Remove the 4 screws that secure the backpanel to the back of the
chassis.

13, You should now be able to slide the backpanel out towards the right
side, away from the fans.

14, Slide in the new backpanel and replace the 4 screws which secure it
to the back of the chassise.

15, Replace the screw in the base of the chassis,

16, Place the cover back in position over the chassis and replace the
screws (9 on the top and 3 on the side). '

17. Slide the chassis back into the fﬁont of the cabinet.

18, Replace the 8 screws which secure the chassis to the cabinet rails;
© there are 2 screws per rail.

19, Replace all connectors, including paddieboard connectors, on the
backpanel.

20, Return all the PC boards to their proper location in the chassis.
(See your system’s configuration chart and the replacement procedures
for the power supply board, the CPU, and other PC boards.)

2l. Replace the front panel.

22. Replace the power cord connector and cable P1 at the rear, and
replace all 1I/0 cables, '

23, Plug in the ac source, close the rear cabinet door, and power up the
system, : '
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APPENDIX A

RDOS PANIC CODES

APPENDIX A
RDOS PANIC CODES
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Panic Panic
Code. Code
No. Description No, Description
p Not used. 7 Zg;; Panic can only occur when either the 6060, 6061 or
. . disc subsystem is present. It indicates that th
e This panic is caused by an error in the operating disc returned an jllogica . t 2 €
system file SYS.DR. . system. gical status to the operating
Failure may be caused by memory or disc subsystem Accumulator 0 contain | ;
prior to the write data operation on the disc media. the DIB status wgrdf * the DIA sgatus wordi AC1 contains
3 This panic is caused by a stack overflow inside the Failure is caused i
~e X . ed b
RDOS addressing space, disc subsystem, v the malfunctspning of the
Failure may be caused by a CPU/memory related
problem or it may be the result of an I/0 8 Not used
" controller continually interrupting. In the
[ﬁ) latter case, the stack would overfiow from 9 Not used
= continuous return blocks pbeing pushed on the
stack. 10 This panic oc:urs when the operating system receives
. - . an interrupt from a device that is not recognized
4 This panic can be caused by any one of the following: the operating system. The operating systemgatcémpfz
| to clear the interprupt i V i
a. RDOS encountered a logical biock address outside panic 10, Pt 2080 times before it insues
the boundaries of the disc.
b. A cdevice code is encountered in a table for Accumulator 2 contains i '
; e : m the dev
which there is no corresponding device driver, interrupting device causing th;c;rgg?:mOf the
€. A table address was found that pointed to the If it is a non-existent device code, check pin E29 (INTR)
wrong memory address, of each open slot on the backpanel.
Failure may be caused by the disc subsystem, memory 11 Not used
or the CPU,
- 12 Not used
5 This panic is caused by a fatal error on the disc .
from which RDOS was booted. 13 This panic is primarily related to ejther the operating
. . . system or the user sof P
Feilure is caused by the malfunctioning of the tware
disc subsystem used to boot RDOS. Failure could be caused by memory.
6 This panic is caused by the lack of 2~ interrupt from
the disc that was booted.
Ty Failure is caused by the malfunctioning of the
LT} disc subsystem used for last boot,

8s
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Panie

Code )

No « Desecription

14 This panfc can only occur {n & dual processor system
containing & 4240 lnterprocessor Bus (IPB) Subsystem,
It can be csused by an interrupt from the interval
timer (indicating & faflure in the other processor)
oF ‘an fllegal message. from the other CPU,
1¢ asccumulator 2 contains the octal mumber 064400,
the interrupt was the cause of the failure.
in e{ther case, troubleshoot the 4240 IPB subsystem,

15 This panic is caused by & map violation in a user
interrupt handler,
hecumulator 0 contains the logicel address at which
the trap occurred.
Failure coulo be caused by malfunctioning of MMPU
6n NOVA 4/X CPU,

16«20 Not used

21 This panic fndicates an unrecoverable 1/0 error

océcurred on the RDUS master 0isC unit.

Y
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APPENDIX B

DTOS LOADING PROCEDURES

D

APPENDIX B8
DTOS LOADING PROCEDURES

FROM MAGNETIC TAPE UNIT

1.
2.
3,

4,

Se

6.

7.

8,

s,

g

10.
11,

‘The system

Power up processor and tape drive,

Set SELECT switch on tape drive to unit 0,

Press RESET switch on tape drive.

Remove write~enable ring onm tape; lpad and thread tape.

Press LOAD and then ON LINE switches on tape drive. |

Enter 100022L on system terminal keyboard.

The sysfem terminal will print or display the following message:
TYPE IN THE ID NUMBER FOR THIS CPU AND CR
(0=NOVA 1200, 1=NOVA 800, 2=NOVA II, 3=NOVA III, 4=NOVA IV OR
S=ECLIPSE)

Enter 4 in the keyboard foi)owed by a Carriage Return.

terminal will print or display the following message:

CPU SUBTYPE AND CR
4C, 1=NOVA 4S8 OR X)

TYPE IN
(0=NOVA

Enter 0 in the keyboard followed by a Carriage Return.

The system terminal will print or display the following message:
TOP OF MEMORY = (Number varies with system memory size)
HIDTOS REV == (Revision number varies with system revision)
* (This is the DTOS prompt; enter DTOS commands
- as specified in Section 2, Chapters S -and 6)

FROM DISC OR DISKETTE

1.

2.

3.

Power Up ‘processor and aisc or diskette drive.

Insert disc cartridge, pack or diskette into drive assigned
togical unit 0.

:§2caijp%hte the drive as follows:
2. For 6060/6061 and 6067 disc drives

Press RESET switch oh front conscle’
b, ‘For diskette

Open and close drive door

Make sure the READY and TRACK 0 indicators are 1it

4.

6.

7a

c. For other disc drives, use the virtual conscle to enter the
following data in the locations indicatea:

Location Input

00000 063033 (for primery device)
063073 (for secondary device)

00001 065333 (for erimary device)

: 065373 (for secondary device)

00002 063077

ACOQ 000000

ACl 003400

Enter 000COR in the keyboard,

When the console prompt (!) appears, enter the following
in the keyboard,
For 6060, 6061 ano 6067 disc drives:

100027L (for primary device)
100067L (for secondary device)

For other cdisc drives:

100033L (for primary device)
100073L (for secondary gevice)

The system terminal will print or display the following message:

TYPE IN ID NUMBER FOR THIS CPU AND CR
(0=NOVA 1200, .1-NOVA 800, e=NOVA II, 3=NOVA III, 4=NOVA IV
OR S=tCLIPSE) '

Enter 4 in the keyboard followed by a Carriage Return

The system terminal will print or display the following message:

TYPE IN CPU SUBTYPE AND CR
(0=NOVA 4C, 1=NOVA 4S OR X)

‘Enter 0 in the keyboard followed by a Carrjage Return,

The system terminal will print or display the following message:

TOP OF MEMORY =
HIDTOS  REV ==
x

(Number varies with system memory size)
- (Revision number varies with disc bujld
operator input) : '
(This is the DTOS prompt; enter the
. DT0S commands as specified in
Section 2, Chapters-5 and 6)
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Figure D.1 Fiela Service Cgssette Loader

APPENLIX C
FIELD SERVICE CASSETTE PROCEDURES

When you cannot run diagnostic test programs using DTOS, you can run Fhem
using the field service cassette. Load the diagosite programs following
the procedure below and run them in the seguence given in the
troubleshooting flowchart in chapter S, "Diagnostjc Testing",

Throughout the flowchart, action recommendations following each program
test are made solely on a pass/fail basis., To determine ijf 2 test »
passed, refer to the Sample Program Run Summary for the particular test
at the end of this appendix,

~LOADING PROCEDURE

l. Plug the cassette Cable into backpanel pins A68 to A100 in any I/0
slot. )

2. Load the NOVA 4 cassettte (DGC No. 005=009270) in the cassette
loader, '

3. Set the VOLUME control on the loader to between 5.5 and 6 (see.
figure C.1). :

4. Power up the processor.

5. Load the Cassette Executive program

into the top of memory as
follows:

O Using the Automatic Cassette Load
2. Rewind the tape to the beginning.

b. Press the READ key on the cassette loader (see
figure C.1),

€. When a tone sounds, press the F key on the system
console. In a few secords, the tone stops and the
console prints the top memory address to be used by
the diagnostic programs. For a 64KByte system, this
top memory address is 77777(octal); for a 32KByte
system it is 37777(octal). 1If the tone does not stop
before 9 feet of tape have been read, the Cassette
Executive program prabably did not load. In this
case, repeat steps a through ¢, If the program fails
to. load after several attempts, use the cassette
bootstrap as described below. You might also check
to see if tne cassette bootstrap was loaded
correctly. Note the automatic cassette load program

loads the cassette bootstrap into memory sterting at
location 2.
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Using the virtual conscle, enter the following
data in the locations indicated,

Location Input
1000 152440
1001 176440
1002 24402
1003 125401
1004 177526
1005 63600

1006 775
1007 62677
1010 175203
1011 771
1012 055177
1013 151400
1014 14177
1015 764
1616 4200

Rewind the tape to the beginning,

Press the READ key on the cassette loader. When a
tone sounds, enter the following on the console:

11000R

-~ In a few seconds, the tone will stop and the console

will print the top memory address to be used by the
diagnostic programs). For a 64 KByte or larger
system, the top memory address is 77777; for a 32
KByte system it is 37777. 1If the tone does not

stop before 9 feet of tape have been read, the
Cassette Executive program probably did not l1ocad. 1In
this case, repeat steps a through d.

6.

8.

Load a diagnostic program from the cassette using the procedure
pelow. If you do not have a listing of the programs on the cassette
and their file numbers, the program in file 1 will print out such a
listing, Load this program as described below, and run it starting
at address 200 as described in step 7.

a., Depress the READ switch on the loacder, if it is not already
depressed,

b. Enter top memory address used by the diagnostics and press
the R key on the console,

C. When the console prints out a number sign, ¥, enter the file
number of the program you want to run followed by a CARRIAGE
RETURN,

de The conscle will print the file numpber of each file it comes
to. You can keep the console from printing these numbers and
advance the tape more quickly by holding down the MOTION
CONTROL OVERRIDE ando the FAST FORWARD keys on the cassette
loader (see figure C.1). If the file numbers printed out are
higher than the number you entered, rewind the tape by
pressing the MOTION CONTROL OVERRIDE and the REWIND keys on
the loader (see figure C.1),

e, Wwhen the specifiead file is reached, it will be locaded into
memory and the console will print the following message:

{LOADED <file number><top memory éddress>

Run the program by entering the following on the console:
l<gtarting address>R

IMPORTANT: All programs start at address 200 except for the
N4CMD which starts at address 500,

To run another program, press the BREAK key on the console and repeat
steps S through 7. If you cannot 6 load a program, repeat the entire

~ procedure by starting at step 1.
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SAMPLE PROGRAM RUN SUMMARY
NOVA 4/C MEMORY DIAGNGSTIC
(No Errors Found)

DTOS Mnmemonice: N4CMD
Special Machine Requirements: None
Reference: Listing No. 096=001677

Operator Input: Comments

L<ENTER TOP MEMORY ADDRESS USED FOLLOWED BY AN R>
#<ENTER FILE NUMBER OF N4MDU1 FOLLOWED BY A CARRIAGE RETURN>
Program Output: :

LOADED <FILE NUMBER OF N4CMD><TOP MEMORY ACDRESS USED>
Uperator Input:

L500R

Program Output:

LOAD: N4CMD

N4MCMD REV. 00 <Date>

* % PROCRAM EXEC *%

INPUT NEW VALUES FOR CF*S (LF=DEFAULT)
ECM <0=4>7?

Operator Input:

< 0 FOLLOWED BY A CARRIAGE RETURN>
Program Qutput:

SUPPLEMENTAL ERROR INFORMATION (Y/N)?
OPERATOR INPUT:

< N FOLLOWED BY A CARRIAGE RETURN>

Note |

Program Qutput?
PATTERNS (0-17)7
Operator Input:»
<LINE FEED>
Program Qutput:

TESTING COMPLETED
k% END PROGRAM *x*xx%

PASS= 1

NOTES:

1. The program may output the number of each file which it passes

pefore it reaches the specified file.

2. For information on the questions asked by the program and on error
reporting, see the sample program run summaries for N4CMD in Part II,

Chapter 7, "Diagnostic Testing."
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SAMPLE PROGRAM RUN SUMMARY
NOVA 4 EXERCISER
(No Errors Found)

DT0S Mnemonic: NHEXER :
Special Machine Reaquirements: None
Reference: Listing No. 096=001136

Operator Input: Comments
L<ENTER TOP MEMORY ADDRESS USED FOLLOWEﬁ BY AN R>
" 4<ENTER FILE NUMBER OF N4EXER FOLLOWED BY A CARRIAGE RETURN>
Program Output:
. .‘.v. « o+ o Note 1
LOADED <FILE NUMBER OF N4EXER><TOP MEMORY ADDRESS USED>
[i}Operator Input:
1200R
Program Output:
N4EXER 00 RUNNING
TOTAL # OF 1K*S = 128 Note 2
PASS 1
PASS 2
PASS 3
NOTES:

1, The program may output the number of each file which it passes before
it reaches the specified file.

2., TOTAL # 1K’S varies with system,

3, For information on error reporting, see the sample program run
‘summary for N4EXER in Part II, Chepter 7, "Diagnostic Testing.,"

SAMPLE PROGRAM RUN SUMMARY
NOVA 4 LOGIC TEST
(No Errors Found)

DTOS Mnemonice N4LGCTST
Special Machine Reauirements: None
Reference: Listing No. 096=001137

Operator Input: Comments
{<ENTER TQP‘MEMORY ADDRESS USED FOLLOWED BY AN R>

#<ENTER FILE NUMBER OF N4LGCTST FOLLOWED BY A‘CARRIAGE RETURN>

Program Qutput:

& e s e o o Note 1

LOADED <FILE NUMBER OF N4LGCTST><TOP MEMORY ADDRESS USED>
Operator Input: : '

1200R

LP.

Program Output:
PASS

PASS

PASS

NOTES:

l. The program may output the number of

each file which it passes before
it reaches the specified file, ;
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SAMPLE PROGRAM RUN SUMMARY
" BASIC INPUT/OUTPUT TEST
- (No Errors Found)

DTOS Mnemonic: BASICIOT

~Special Machine Reaquirements: Multi=mode I/0 Tester Board No. 005-004283
Reference: Listing No. 096=001133

Operator Input: Comments
I<ENTER TOP MEMORY ADDRESS USED FOLLOWED BY AN R>

#<ENTER FILE NUMBEK OF BASICIOT FOLLOWED BY A CARRIAGE RETURN>

Program Uutput:

* o o e o o o Note 1
LOADED <FILE NUMBER OF BASICIOT><TOP MEMORY ADDRESS USED>

Operator Input:

{200R

Program Output:

BASICIOT REV. 00 <DATE>

COMPUTER TYPE (0=NOVA 4, 1=NOVA 3, 2= MICRONOVA, 3=ECLIPSE)?

Operator Input:

0

Program Qutput:

HIT (CR) wHEN INTP AND DCHP JUMPERS IN PLACE Note 2

Uperator Input:
<CARRIAGE RETURN>
Program Gutput:

PASS 1
PASS 2

NOTES:

l. The program may output the number of each file which it passes before
" it reaches the specified file.

the make sure that the I/0 Tester
and that the harware priority

2. Before entering a carriage return,
Board is inserted in an 1/0 slot,
jumpers are positioned correctly,

—~——

PROGRAM RUN SUMMARY
REAL=TIME CLOCK TEST
(No Errors Found)

DTOS Mnemonics: RTC TST ,
Special Machine Recuirements: NOVA 4/C with real=time clock option
Reference: Listing No. 096=000154=13

Operator Input: Comments
{<ENTER TOP MEMORY ADDRESS USED FOLLOWED BY AN R>

#<ENTER FILE NUMBER OF RTC TST FOLLOWED BY A CARRIAGE RETURN>

Program Output:

L Note 1

LQADED <FILE NUMBER OF RTC TST><TOP MEMORY ADDRESS USED>
Operator Input:
1200R

Program Output:
RTC TST 13 RUNNING
PASS 1

PASS 2

PASS 3

NOTES:

1, The program may output the number of eech file which it passes before
it reaches the specified file.
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APPENDIX D
MAIN MEMORY TIMING DIAGRAMS

READ FROM_MAIN MEMORY

T e
suF:mr | m =\

SR
_____ = _
‘MEMSTART 3 /] I
T ey e e v=n it Rt ket h - ———=-

. Y | . \ . .'_.' ______________ |
et e e = - -~ - — - - ———

ENBMADR '_'_,‘ N\ | R

__."_- ——— _..-..-..._--"V

"’\‘l"' e TR

ALUOUT<O=- 153 vaup AMEESS ula -_J\___—_--_--_--J'\X[!—' - U m_:

MADR(Q 15) - -——_-—P‘—f————_'_quna vALID AGORESS l-‘-_--_—-_,_-— _"‘. ________

RAS ,_-::__.:‘ | [ | | S
pow/COL ~ T ° - Ji \ [ RS

e e ————

————————— - -
R<0‘fb>/R<,0_'6> ..J‘\.. l |ROW ADSRESS X CoL MmN awzss;k ‘‘‘‘‘‘‘‘‘ }‘. _______ '|‘ --------

- ——————— - -——— -

Cas T oA A \

ENDMER T 7 N T TS M\ T

gt P, Lol oot IO S —r
ENBMEM YYD N ' Y
:::‘.‘-_"‘::‘.‘:: ______ : -l Lot ==
NEUS<°’15> “’ ;J . y { '.l':.v.n ‘Y J
TRES —r——=—- - i etk wal -
. CLK"’OUT -_::‘. \‘ . Jl ._J'._.-__.._._?L-tx__’_____,__l'__[_..__---.\._ " r] \_A’_T.
vy v ———mA\ T T T s e bt ¥ aufiat e - —— . ————
WooTSRC Y N A oo _____ )\ | [ .

atuineo-15> X A & i e Yoo/

————— - —— ———— ———
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WRITE TO MAIN MEMORY

oo NANNANNNNANANNNNNNNNANNANNNAN VY
ocek [\ [ /[ /0 '\ T\ [ [ "\

MEMSTART § — - 1/ \ l ..

wE TNTTTTTTTT T N [] W\ F
ENBMADR 7 L I\ /| iy

. R — T R — — ———— —=== = =\ 7--\:--——-—-—---'\W_"

ALUGUT<0=15> ) i Y e o W mow mress  (odf % ey ;\ _

------ ‘\‘r - - Xl.rrcnt: YALID ASODRESS . .

e ——— —— o ——————— IC o e e ———— X _________________ I V.
--------- QI——'—__-—_——"_"'——\

RAS ) ‘L J \ J' -

RowsCOL N ] \ [
Reo-e>/C<06> . D ORI S S AT Crern R SN S
CCRWDAT ;] 0 [ | R S A S . U
MOAT<Om18> __ 4 T TT T e e ) S

— e w —————
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NORMAL REFRESH INTERRUPT

R R R e w y  o =
REFINT ]
REFRESH \\
NMI REG™ 1\

SYNCNMY 1
NMI+INT l l A
INTSAGE l l ‘ ! i
EnSSaGE | | []

) T 3 T
NADKob s
WPC I Lt
CME k== -

ulRb== :___I T -----

- - —————

UIRA== __?______j; ]

ALUGUT<0=15>

0

B4OCLK
10CLK

BUFACLK | \ 7 \ IR, w—
DREFRESH - e __ Cw

i F X T Tt

— = [T

MEMSTART .\ [7 \ .

ENERADR 7 g S el
XM )\ R . O

MADR <2=15>. T~ D v

iALUOUT(O'lS>tW“a Arzemss

RAS 777 K [ \

- e —— ———— — —— ) G- — —— —— — [P——————C ) . — A = - e —— . ————
R<O=6> ' -}: : [ Row avvessc X v \

ROW 07T T A\ [ ___

——————===
~8

g S | Y e 1 S e

NONCAS \ '\ e e
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BUFACLK
PHROX

_PwROFF
RSTNC
ulRB

"ulRA

MEMSTART _

ENd‘WESR

ALUGUT <0 _1'5§"—""'[(][['"lﬁﬂ"7ﬂﬂ]:"llll:s’e“ﬂi T2 O W= an !\\ll'_'_lﬂﬂl'lm]
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' R<Q=6>
NONCAS

BUFACLK
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REFRG
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ROW
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