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SECTION 1
GENERAL DESCRIPTION

Thig manual containg the specificatons installation infor-
mation mremomes lists maintenance data. and theory of
operation for the ophon board Depenaing on the system
conhigurauon. the oplion board contains sorme or all of the
toliowing teatures

« Gommon logic
1 Q Gontrol logic
- Teletype controt'er (TC)
Keyboarc display terminal controller
. Power failure restart (PF R)
- Real-time ciock (RTC)
- Memory protection (MP)
- Memory parity !0giC
+ Prionty memory access (PMA) (see note)

Note PMA cannot be acded 'n the tield

1.1 FUNCTIONAL DESCRIPTION

The V70 Seres optian boare contains mainframe features
tor tne SPERRY UNIVAC V70 Series Computer Systems
Tanie 1-1 hsts the mine available 9ption boarg configura-
tigns togetrer with Surrent reguiremenits ‘or eacn =5V a¢
operanng voitage The current regquirements for the <12V
dc anc -24V ac operating voltages are histeg «n table 1-2
anc are tne same for ail corfigurations

F'gure 1-1 .5 a Block diagram of the option board and its
intertaces Communicalor between the option board anc
the DroCessar DOars :s thrau g™ the common logic Bulfer
repowering ' the ComMmon iogic reduces the load on the
processor t O Zus and 3150 reduces the numobers ot
integrated circuits (1C) requirec for the options The
peocessor | O controt section which s Idcatea on the
-othon poard s aiscussed n the V70 Series Processor
Manual

1.1.1 Teletype Controlier

The Teletype controlier (TC) 1s a control and intertace
device f0r data transfers Detween the Processor board ang
a Modet 33 or 35 Teletype Data 1s transferred between
the processor board and the TC in 8-bit bytes over the
1:Q) bus under sither interrupt or sense control Data is
transferred between the TC and the Tejetype over a senal.
asyncrronous, fuil dupiex intertace

Note The keyboard-display terminat (CRT) uses the same
controfier (with minor modification) as the Teletype
Throughout this manual. ali references lo Teletype
(TTY) aiso pertain to CRT

Table 1.1. Option Board Configurations

Contigurations ' Current

i 170 control logic 25 amps

2 Common logic. | O control iogic. “te=2-, ie 32 amps
parity logie”

3 Common legic 1:0 control loge RTC 15 5 amps
TC/CRT PF R |

4 Commen fogic | C contrel 10g 2 Me=c:, |36 amps
panty legic® RTC. TC CRT PF R !

H

&  Common log:c. | O control logs Me~=2-, 7% ames
parity logic®. RTC, TC CRT PF R MF

& Common logic | O control legic “Mew2e, 7% amgs
parity logic-. RTC CRT (oniy: AF & N3

7 Common logic 1. O controt logic Memer: 153G amos
parity logie*, RTC TC CRT PF R Pnta

8 Common logic. | 'O controt loge. Me=zry 12C a™ps
parity legic*. RTC. TC CRT PF R MP P

9 Common logic | Q control lagic Me=cry 125 ames
panity logic®. RTC. CRT (only) #F @
MP. PMA .

" The memory party i0gic 1S functional onty when the
eniire system memary 'S COMpPrisec of oLlional par.ty
core and or parity 3emMiCONGuctor memory modyies (18
=19}

1.1.2 Power Failure/Restart

The power failure:restart (PF R: prctects Curing I0ss or
reduction of ac prime pcwer the Drogram im progrest anc
the contents of computer memcry ang registers Lgor
restoration of power. the PF R automaticaily restar’s ‘he
computer and causes it 10 reenter the interrypted program
at the point of interryption

Power reduction. failure or turn-off imitiates a power-gown
cycle dunng whicn the PF R compietes execution of the
current instruction and then interrupts the processor
directing it to the aadress of the SAVE subrouting This
servicg subroutine ioads the contents of the volatile regis-
tars (A. B. X, P. ang overtiow) 1At0 preseiected agdresses
In memaory. After the execution of SAVE. the PF R disables
the processor and memaory untii power 1s restored

When power 1s restored so that all power up conditions are
satistied, the PF/R enables the processor and memory,
nttiates the system.start signai. and directs the processor
to -the address of the RESTORE subroutine This service
subroutine reloads the registers with the saved data. and
contamns a jump instruction that direcis the processor to
reenter the program at the pomnt of interruption and
continue execution.



GENERAL DESCRIPTION

1.1.3 Real-Time Clock
Tha reaktime clock (RTC) provides the following real-tire
functions:

°  Variable-interval interrupt

*  Memory-overfiow interrupt

¢ Readabie free-runming counter

The variable-nterval interrupt has thrae preseiectabdie
hardware timing sources: (1) a 10 kHz signal (standard
uniess otherwise specified), (2) line frequency from the
power supply. or (3) a user-supplied external source. The

software-ssiectabie interval can be anywhere in the range
ana to 4,095.

The memary-overflow interrupt, which operates in conjune:
tion with the Variable-interval Interrupt (VIl), is impie
mented By loading an increment-memory-and-replace
nstruction into the Vil address. Thus is momitored by the
ovarflow-detection lagic. winich triggers the memory-overtiow
interrupt when the contents of the varable-interval-
interrupt are incremented to C40001.

The 16-Dit readadie free-running counter 13 continyally
updated and read under program cantrol. Counter timing
1$ based an the 10kHz-clock, the varable-interval interrupt
rate, the ling frequency. or 3 user-supplied external source.

VTIl-1968 3
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RESTART
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Figure 1.1. Option Board Ellack Oiagram
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1.1.4 Memory Protection

Mermory protection (MP) prevents unaythorized or unin.
tentional program access to, or modification of, protected
areas of memory.

Mernory is divided into 512-word segments, each of which
can be aither protected or unprotected. Segments not
designated as protected are. by definution, unprotected.
The protected/unprotected status of each segment s
stored n the MP in four 16-bit mask registers that are
loaded by 1/0 instructions from the processor These mask
registers can store ihe status of up to 64 memory
segments.

The MP momitors the address of the instruction being
processed. the address specified by the next instruction in
sequence. and the address specified by the stfective
address lsing this information and the status of ihe
stored segment, the MP determines and operaies on
errors.

Wher 2 program is executed in uynprotected memory. any
of the following operations constitutes an error:

< Querflowing into a protected segment
¢« Wnting into 3 protected segment
¢ Jumping into 2 protecied segmant

o Executing an [/Q nstruction i an unprotected
segment

«  Executing a hait instruction in an unprotécted segment

When the MP detects an error, execution of the current
instruction is completed However, if the instruction
specifies writing or |/ O operations, the conients of the A. B,
ang X registers and memory are not modihed Processor
program processing s then interrupted and directed to one
ot five preassigned memory addresses Frorn this address.
the program 1s directed t0 a user-written service subroytine
for error analysis and Eorrectlon,

NOTE: By definition. an error cannot exist during the
execution of 3 protected insiruction even when it indirectly
references an unprotected address.

When the memory map option 1S instalied, memory
protection 1$ disabled.

1.1.5 Memory Parity Logic

The memory parity logic generates and checks parity for
all memory access. The parity cnecik/generator generates
parity on memory writing operatons. ang checks it on
reading operations. The parity coniroi generates an inter-
rupt requast when a parity error s detected. The parnty
logic 18 functional only when the entire system memory IS
compriseq of optional panty core memory and/or parity
semiconductor memory modules (18 bit).

GENERAL DESCRIPTION

1.1.6 Priority Memory Access

The priority memory accass (PMA) 1s the interface (figure
1.2) between memory and the four data-transfer channels.
The channels have hargdware-fixed priorities. All signais
transmitted on these channels are controlied by an
nteriock scherme that makes the interface independent of
circuit and cable spesd. This perrmits processing of data
uSING 3 widde variety of transfer rates and Circunt speeds.

The PMA continuously scans the four channels and
generates acknowledgments as required The order of
priority for memory access on the B port 1s:

o PMa
¢ Direct memory access (DMA)
* 820 compaubie direct memory access

°  Processor

in dual port systems in which the processar is configured
Of port A, requests 10 separate memory Moduies will cause
both requests o be serviced at the same iime (figure '=3)

After receiving an acknowiedgment. the PMA controller
clears the request uniess consecutive memory cycles are
required, in which case the line remains set The controiler
then enables ihe 20-Dit address bus. gates the data onto
the 16, 18-bit bidirechonal bus. and, 1t a reading operation
was reguested. enables the read hne When the buses are
giable. the data transfer begins When the PMA detects
the memory-data-ready signal from memory it gates the
¢jata to the PMA bus and clears the acknowiedgment For
reading operauons. the controlier uses the traiing edge
of the acknowiedgment signal to clock the data

Up to eight controllers can share the PMA option Where
several controliers are connected to a given channei. only
one ¢can be active at a time.

The memory access logic scans the PMA ang OMA request
lines at the main system clock rate If the lines are not
enabled, the processor controis all memory cycles |f the
PMA, DMA, or 620 compatible DMA request lines are en-
abled, the processor 13 locked out of memory after a request
is recognized, and no other unit has access o Memory
as long as a PMA request 1S enableg. PMA requests thus
take prionty over those from the DMA. PMA requests are,
however, ignored in case of power faiure.

1.2 SPECIFICATIONS

Tables 1.2 through 1-8 contain the physical. electrical. and
operational specifications for the option board and each ot
the options.

13
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GENERAL DESCRIPTION

MEMQRY
QPTION BOARD PCRT A PORT B
/O e, . ‘
POWER CONTROL ®
FAILURE—p|| LOGIC [_-_pMA INSTALLED ONLY IF
LINE & — PROCESSOR IS CON-
— NECTED TO MEMORY
: PORT 8
Q
4 A
= =
5| §
& g PROCESSOR CAN BE
3 < CONNECTED TO EITHER
B¢ 2¢ __PORT A OR PORT §
4
MEMORY 'O *
contrROL [~© o

PROCESSOR BOARD

Note: The processor, parity, and PMA are all connected to
port B on @ V72 system,

¥T11-15634
Figure 1.3. Memory Access

Table 1-2. Option Board Specifications

Parameter Description

Organization Contains circuits for the common 1ogic.
1/0) control logic. TC, PE R RTC MP
memaory parity logic and PMA on a
15.6-by~-19-1nch (39.6-0y-48 3-cm)
circut board

Logic Levels High. +2.4 to +55V dc
Low: 0.0 to + 0.5V de

Interconnection Plugs 1nto the backplane of the
computer maintrame, \nterface signails
are routed via carg-edge connectors.
PMA bus ang TC signals pass through
separate connectors at the rear of
the board

Power requirements =12V dec at 10 milliamperes
24V ac at 10 milhamperes
+ 8V dc at 12 amperes (maximum)

Operational Envircnment 0 to 50 degrees C. 0 to 90 percent
refative humidity without condensation



GENERAL DESCRIPTION

Tabie 1.3. TC Spacifications

Paramaeter

Organization

Peripheral Device

Transmssion Speed

Mades of Operation

Device Address
Memory Access

Interrupts

Description
Containg input and output registers, timing
cantrol circuitry for simuitaneous two-way

transmission, and processor/TTY interface
logic

Sperry Univai maditied Modet 33 ASR 3§
ASR, or 35 K3R Teietype unit

Controlied by TTY: ten characters per sec.
ond (100 miiliseconds per character) at sither
random or sustained rate

Input: fram TTY keyboard or paper-tape
reader

Qutput: to TTY grinter or pager-tape punch
ool
Cantratied By the processor

Write ready and read ready available to PIM

Tabie 1.4, PF/R Specifications

Parameter

Qrgamization

Prignity Assignment

interrupt Addresses

Service Subroutines

Description

Contains saguencer 10g1C. pOwer-up, Sower-
down logie. start-processor logic. and
interrupt logic

Second only ta MP on 1.Q bus

Pawer.down SAVE subiroutine at 040 and J4l:
power-up RESTORE subroutine at 342 ang 243

When power fails, SAVE stores valatie register
contants, than haits the processar

When gower 18 restored. FESTORE reloads
volatile registers. then enables program
resumption



GENERAL DESCRIPTION

Table 1-5. RTC Specifications

Parameter

Modes of Operation

FRC Capabiiity

1O Capability

Timing Sources

interrups Priority

Description

Variabie-interval interrupt. memory overtlow
interrupt. inferval accumulation time-of-Gay
accumulation. and event accumulation

Counts up t0 0177777 with ihree
hardware-jelectable tming sources

Seven external control and two data transier
msiryctions

10 kiMz ¢ | percent, squarewave. variable
interval interrupt range 100 microseconds
toe 409.5 muiliseconds (ir 10C-microsecena
INCPRMENtS) :

Line freguency. gerived trom 24V rms
sinewave. varnable-inierval interrupt
range (nornnal) 16.7 milisecongs 1o
68.3 seconds (in 16 7-muhsecond
nerements) at 60 M2 ang 20 0 mih.
saconds 0 81 9 seconas (in 20 0-
milisecond incraments) at 50 2

Externsl tirming (user-suppiied) mmimimum
positive duration. 50 microseconds min
mum negative duration 5.0 microsesonds

Determined Dy position on the priority chain

Table 1.6. MP Specifications

Parameter
Protection capacity

Modes of Operation

interrupt Priority

1.Q Capabulity

Description
Up to 64 segments (512 word) of memory

Detects halt overflow. 1/Q. writing, and
jump errors

Highest on the |- O bus priority chan

Six external.control and eight data transter

Table 1-7. PARITY Specifications

Parameter

Mode of Operation

Interrupt Prionty
70

Bus

Description

Interrupt 10GIC 1SSUES interrupt
request upon detection of a panty
error

Foliows PF/R and MP on the /0O bus

170 interface via the nterval 1/0 bus logic
Generates and checks parity on ether

the A or B bus. but not both The hard:

ware-selectable bus 1S the same as that
used by the processor.



GENERAL OESCRIPTION

Table 1.8. PMA Specifications

Parameter
Number of Channeis

Maximum Number of
Controllers per PMA

Mazximum Cable Length

Latency (Tyoical for
10-foot cable assuming
60 nanasecand user
controller delay)

Maximum transter rate
(Tymicai tor 10-foat
cable assuming 60 nano-
secona user-controlier
delay)

Contral Signals

Prigrity

1.3 RELATED DOCUMENTATION

Description

Four, with hardware-assigned priority

Eight. variously distributed among the four

channels (only cne active controlier per
channel at a given tme)

20 feet (§ metery)

530 nanoseconds (min)
1180 nanoseconds (max)

Sermconductor memory
1.10 MMz (write)
1 Q1 MHZ (reag)
Caore memory
1.01 MMZ (write)
0.93 MH2 (reaq)

Interlocked responses o all signals al-
low trye asynchironous operatan

Second onty to PF R

Oocuments such as lagic diagrams. schematics anc parts
lists are suophed 1n a systam documentaton package.
This manual s assemBbieg when the equipment s stipped.
ang reflecs the co'nfiguranon ot a specific systam

Tre following hist cantains the gart numbars of otner
manuals pertinent to the V70 sartes comouters (thex at the
ena of each gqocument numpar s the revisian numzer ang

can de any aigit G tnrough 9):

Title

V70 Arcmitecture Reference Manuai

VTQ Processor Manual

V70 Semiconcuctor Memory Manuai
V76 Systam Reterence Manual
Vv77-800 Systern Qaterenca Manual

MAINTAIN HI Manual

Manual Number

98A 3906 00x
98A 3906 02x
98A 3906 Q4x
98A 9906 23x
38A 3906 40x
98A 93952 07x



SECTION 2
INSTALLATION

This section describes the steps to be taken during the
unpacking and instailation of the opticn board. gives a
physical description ' of the board. and hsis the pin
assignments.

2.1 INSPECTION

The option boarg has been inspected and packed to ensure
11s arrival in good working order To prevent damaging the
board. take reasonable care during unpacking and han-
dhing Check the shipping list to ensure that ail equipment
has heen recewved. Immediately after unpacling. ingpect
the equiprnent for smipping damage. If any 1s found.

¢ Notity the transportation company
o Notify Sperry Univac

¢ Save all packing material

2.2 PHYSICAL DESCRIPTION

The option boarg 15 a 15.6:Dy-19.nch (39.6-by-48.3.cm)
- printed circwit {PC) board that mounts in any mainirame
chassts slot (hgure 2-1).

arBTaiet .

gros ?

The integrated circuits (ICs) on the option board are dual
in-ine. plastic-encased chips. Under certain circumstances.
some ceramic ICs are used.

2.3 INTERCONNECTION

The option board intarfaces with otner system components
through card-edge connectors pius connectors Mounted
at the rear of the board These connectors carry all signats
ngicated by the block Glagram (figure 1=1) as interfgcing
with the rest of the sysiem TC ang PMA-Bus signais pass
through the CoRneciors at the rear of the Doarag to special
cables ieading to the Teletype ana PMA cantroller (respec-
tively). The memory Bus provides the inieriace between
memory and the.option board (MP. PARITY. and PMA)
Excent for the PMA. which goes not use tne | O bus all
1.0 signais between the CPU ang tne opuon boarg are
repowered 10 (he option board common 10gic and disir -
uted vid the oplion Dus within the Hboara

Option-board pin assignments are histed as part of the
logic dagram (9180407) n the sysiem documentation
package. The signal mnemonigs are defined i~ section 6

L RITARLE
antig,
PECCEISCE CPTIT. | Coa

{

aux | @ uraviRsaL 1 ©
CHONNECTOR
RTC TV X
% . P
L

[ ] f———

\

CCresCLt

Aot QRY BUS

Pt

-

pC .. €
PG .. 88 SOCNTECL

4w AC Fal. PC .. EF

MAINFRAME - REAF -/1E.7

8TH- 20834

Figure 2-1. Typicai Option Board installation
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SECTION 3
OPERATION

The option board has no aperating controls or ingiCators.
Cornputer operations that affect the opuon board are
explained in the V70 Series Processor Manual

31



SECTION 4
THEORY OF OPERATION

Option-board legic (logic diagram 9180401) may consist of
one or more of the circuit Blocks shown in the option board
block diagram (figure 1-1). Signal mnemonics for the
option board are defined in section 6. As shown in figure
1-1. all option board features (except PMA) are intercon.
nected Dy the option bus. This bus i$ the interface between
the individual sections and the option board common logic.
The common logic n turn is the interface between the
option board and the bidirectional 1/Q bus which carries
data and control signals to and from the rest of the sysiem

The PMA Ras its own PMA bus. The three options that deal
directly with memary (MP PARITY, and PMA) are aiso
connected 6 the memory bus.

The common logic circuits consist of butfered gsystem
control hnes (1UJX=1 to QIUJX +, DRYX=| to ODRYX +,
FRYX=1 to OFRYX %, SYRT=| to OSYRT »., [UAX=I to
OIUAX + . IUCX=T to QIUCX +, and QIURX= vig QIURX +
to {URX=1) and a set of mutually exclusive drivers and
gates that either transter data {rom the option bus (OBOO-
through (OBiS-) to the bDidirectional 1/Q bus (EBOC=I
through EB1%=[) or vice versa. Thus, for 3 data-transtern
(g figure 4.1), recevers are disabled by QBOUTA=
and OBOWTB= while the drivers are enabled by OBOUT »
and OBOUTB « On dats.iranster-out. the reverse is frue.
LKBZ = creates the 12.1212 MMz intermnal option-board
cloch.

4.1 TELETYPE CONTROLLER

The Teletype controtier (TC) (figure 4=2) consists of the
tollowing functional blocks nstruction decoding and con-
trol logic. MQS transmutter recewer TG clock. data-
transter-aut Dufter register and the TTY interface logic

The instruction gecoaing ana control logic responds 10
PrOCASSOr Gata-transmission requests and supohies interrupt
signals for prionty interrupt moduie (PIM; controt The TC

tedodes the device adcress (01) from the low-order six
bits of the option bus (OB00- through OBOS=) progucing
TOA + after ANDing with not interrupt acknowiedge
(QIAUX=). It an address s on the Oplion Bus. 1t 18 recognized
when QIUAX + is faise The | Q-TC intertace provides for
TC imtiahzation and storage for processor-TC data transters
in a two-word format The control 10g:c generates signals
o controt other TC logic blocks. Inciuging the MOS trans-
mitter-receiver It aiSC provices iogic for externai control
instructions ang initalizaton

‘The MOS transrmitter receiver 18 a single 40-pin chip It
monitors ali data transfers Detween the TC ang the TTY
INCluging parallel-to-senal data conversion ang transmis-
sion to the TTY. senal-to-parallel cata conversion tor
transfer from the TTY {0 the processor ang data flags to
the nsiruction decoging ana controi iegre

The TC clock supplies timeng signais to the MOS transmit
ter ‘receiver andg the control logic by counting.gown 2
24 2424 MKHZ signal from the processor internal crysiai-
controlied ascillator The counter can be programmed using
jurmpers {0 vary the transier rate (igure 4 3)

The data-transier-out buffer reg'ster provides tne necessary
butiering for data transmission

The TTY interface iogic provides a three-line interface from
the TC to the TTY The interface hines are isoiated from the
TC by optical couplers to control possible nigh valtages n
the TTY intertace (up 10 140V ac during power surges)

4.1.1 Signal Interfaces

The TC interfaces with the basic computer and a factory
modified TTY No other options are require¢ however the
TC can interface with a PIM to provide character ready
interrypts.

- DEVICE
DRYX-I ?
QBOUT+ DATA |
VTil 1563

Figure 4.1. Common-Logic Timing for Data-Transter-in
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THEORY OF OPERATION

- [e42]es0]e3s[e3s[e34]e32]E30 [E28 [ €26 [E24 ] E22 [£20
BAUD RATE [TO |TO[TOTO|TO [TO|TO |TO |TO |TO|TO |TO
£43 |E41|E39|€37 | E35|€33] €31 [E29 | £27 {£25] €23 | €21
110 bps * x| x| x|x x!x|x X X
150 bps X x| x X x| x]x| x
300 bps X1 X Xi X | X
1200 bps x| x X | x|x|x X

X = INSTALL JUMPER
= 110kps IS STANDARD

%
1]

VTil-13654

Figure 4-3. TC Clock Jumpers for Various Transfer Rates

4.1.1.1 Teletype Interface

The TC interfaces a model 33 or 35 TTY wia the option
boarg TTY connecior. The TTYs are modified at the factory
prior to delivery 1o the customer. To modify the 33 ASR
TTY.

@ Set the TTY for 20 mA operation This includes the
agaiion of a wire {Rat enables the TTY to supply
“patiery ' for the send ang receive data l0ops to the
ctock carg (the TTY 1s the curreni source for the TC
optical coupiers).

b. Setthe TTY for full-dupiex operation.
¢. Disabie the WRU contacts.

d Disabie parity on the keyboard.

€. Modify the answer-back drum.

f. Install the 180801 function lever.

The mode! 35 is similarly modified. Modet 33 and 35 TTYs
are elecirically interfaced and cabied to the TC in almost
the same manner, even though they are physically quste
different in appearance and In their internal operation.

The cable used for the TC/TTY interface for the 33 ASR
runs from S connector piug P2 in the TTY {o option board
TC connector J8 at the rear of the CPU. The S connector 15
located ai the right rear, top row second connector from
the night. The TTY cabie 1s normally 20 feet long with nine
leads. theee of which are used with standard Teletypes.

The TTY end of the cable (F2) includes two other wires
Ping 7, 4, and 5 are interconnected These connectons
fie together internal TTY leads prought 1nto the S connector
plug as part of the wiring Note that both ends of the cable
are keyed 10 ensure proper matung

NOTE

The TTY cabie 1s normally instalied at the TTY
by Sperry Univac before customer gehvery
The mode! 33 TTY requires about 3 amperes of
ac power. and the model 35 TTY about 6
amperes

TTY DESIGN: The 33 ASR s primarily designed for light to
medium use. Normally, 1t 1§ the basic computer nput/
output device anu 1s the most widely used urit Its full:
duplex operating mode allows simuitaneous nput and
autput.

The 3% ASR performs the same function as the 33 ASR. but
it is designed for heavy sustained use.

The 3% KSR is used for keyboard send/receive only and
lacks ihe paper tape punch (PTP) and paper tape reader
(PTR) capability of the ASR modeis. The operating
characieristics are simiiar to model 33 keyboard operation.
This unit is also designed for heavy, sustained use.

TTY INPUT METHODS: TTY input can be via the keyboard
or the PTR. At the keyboard. the operator types at a
random rate not greater than 10 characters per second
(cps), the maximum rate for TTY input. Standard eight-
level paper tapes are read by the PTR at a rate of 10 ¢ps.

4.3
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TTY QUTPUT METHODS: TTY output is aither printed
(typed) or punched an paper tape. For the printer or the
PTP. the TC sends controi codes or data at a random rate
ar at the maximum cutput rate of 10 cps. Data are printed,
or control functions, such as line teed or carriage return,
are performed on the printer. Sirularly, control codes
regulate the operation of the PTP, and data are punched
nta erght-level paper tape.

TTY SWITCHES: The ON/QFF gswitch cantrois the motor.
The power supply and battery for TC relay drivers remain
on. independent of this switch,

The line switch controls the TC/TTY interface. In the ON-
LINE position. the interface is complete, and the TTY is
under CPU control. In the OFF LINE position, the TTY is
independent of the TC. and can be used for printing or
preparing tapes.

The following switcres control the tage and are not on he
35 KSR The START. STOP/FREE switeh on the PTR causes
the tape t¢ move n START, to stop :n STOP, and to be
released from the sprocket drive wheel 10 FREE, Pressing
8SP on the PTP hackspacas the tape ane character.
P-egsing REL removes pressure from the tage. Pressing
LQCK ON locks the punch on (prevents change of punch
status). Pressing UNLCSCK unlocks the punch ang enatles
punch status change Dy the TC cr from tha keyboard.

The 35 ASR made switch mechanism enables the following

agerating mades.

Pasition  Keyboard Reader Printer Punch

K On line Oisabled Qn line Oft Line
KT On hne Qn hne Qn time On ne
T Qft hne Gn Iine Qn line Ot ine
TS o .ne Qan hine Disabled Qft ine
TTR ot hine Chisabled Qisapled  On line

TTY FUNCTION CODES: The TTY recaives the fallawing
cantrol codas from the TG that cause it to gerform spgecific
functions. An enabhng code must follow a disabling code.
(Coces R. T. Q. and $ are nat acphcadie to the 35 K3SR.)

Code 8it Format Function
Contral A 100Qo0o1 Enable printer
Contral O 100000t 1 Oisable printer
Cantrol R 1¢Q10010 Erable punch
Cantral T 1C010100 Oisable punctt’
Contrat Q 10010001 Enable reader
Cantral S 1001Catl Oisabie reader

QPTICAL COUPLER ISOLATION: Qptical coupiers (figure
4.4) in the TC comprise the actual interface between the TC
and tne TTY. The coupiers physically ana stectricaily isolate

434

the two umits. The recsiving coupler, is driven by the TTY.
The senging coupler, is driven by the TC. The couplers
switch approximately 20 milliamperes of current on or off
the hine. This method of interfacing is called “make/
break’. Each coupler can be said to drive or be driven by a
current loop. When there s current flowing through a
caupler, the current loop s closed. The line is then In the
rmalke condition (aiso referred to as the mark condition).
When no current 13 flowing through the coupler, the current
loap is open. The line is then in the break condition (aiso
referred to as the space condition). The steady state of the
loops s the mark condition when both the computir and
TTY power supplies are on, and Doth coupiers are active.
When computer power is off the current loap is maintained
on the transritter via the coupler and is kept 1n tha mark
candition. When the TTY power s off, the steady state of
the current 'oop 1s in the break candition. and nerther s
active.

Except for the difference in switcming control location, the
imput and output loops have dentcal functions. The
factory-modified system :s full-dupiex to provide simulta-
neaus transmission of data in Both directians.

The current jourcs for the twa [00ps ariginates in the TTY
ang i3 someumes referred 10 as  Dattery.” The TC uses
no loop source current, since it 1S 1s0lateg By the opucal
couplers. Tymcal current in a factory-maditied TTY inter-
face locp 13 20 MA.

The coupler-cantrolled current-!cop intarface method en-
atles the processor-TC and the TTY ro be pracad far apart
withaut naise interfarence. graund loops. etc., atfecting the
system. Narmaily, the TTY cable s 20 teet long.

When either the TTY or the TC sends data. the optical
couplers operate (make or Dreak) o conform tg the
craracter pattern being sent. Characters are sent or
recarved seriaily by the current foap.

TTY CHARACTER BIT FORMAT: Each Teletype craracter
or command 13 serial and 13 divided nto 11 pericds or oits
consisting of one start it. eignt data Dits. ang two stag
Dits (see figure 4.9),

The bit pattern for the character shawn in hgure 4.5 s
10101011, The bit-length 1s 9.1 miliseconds and the it
rate 1s 110 bits per second (bps). The character length s
100 mihseconds. and the character rate s 10 cps. The
start Dit 1S always a space = zerg Dit = ng current in logp
= logop open. Data bits are either mark or space. A mark
= one il = current in 100p = Q0P ciosed,

The aighth data bit i3 always mark. It can Se used By the
TTY as an even panty it (optignal). The stop bits i the
character bracket the data bits. This simphifies the design
ana operation of the TC input circuitry.
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TY

r‘%ﬁ__{?—? —ro

OUTPUT LOOP

2 20mA
® Loor ¢ O
CURRENT
) . —] SOURCE |

IN TTY

r=l=---r"

] - !

. i el ]
b= = =t-d INPUT LOOP
NOTE: Equivalent, not actual, circuit with two independent current loops for full=dupliex operation.

The current loops may have a single common current source and rerurn wire. [solatien is
achieved by optical couplers.

VT 1
Figure 4-4. Optical Coupier isotation for TC/TTY Intertace
BEGIN START LAST STOP 8IT END
FiRST STOP BIT
i 2 3 4 5 6 7 8\
- 14 ] v R |
1 0 1 0 1 0 1T v 1 ' !
L] ! i ]
1) ] L] L]
L— EIGHT DATA BITS '—"""'—"
TWO PREVIQUS STOP BITS OR NORMAL LINE STEADY STATE
VTI-1%68

Figure 4.5. Typical TTY Character
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NOTE

The exgression. the TTY 13 runming open. means
the send loop to the TTY lacks current = steady
spacing condition. This occurs 1f coupler K2
remains ogen, if the loop current source fails, or
1f the send loop apens.at any point.

TTY INPUT CHARACTER: The recetving circuitry synchro-
nizes at start-bit time. The bit pattern s sampiled and
stifted in the center of the start Dit and continues at the
center of each data Dit through to the eghth data bit
(higure 4 6). When the last data bit has besn sampled and
shifted, the character is ready for transter to permarient
storage (e.g.. the computer). The TC enables transter to the
CPU at the end of the hirst stap bit. The stop it pertod s
used for the transter of the character to the processor:
tnerefore. tnese Dits are not sampiad.

TaRT Hr
(AT

S / 2 3 4 3 5 » 3

| ' 5 - i o ' .

| i p 1 : 1 b ! l‘i/ :
F1AST TSP T _//

LAST 3TCP QT

I |

b TI Nt

Figure 4.6. Input Character Sampling

To keep the receving umit synchranized with the sending
TTY. the recaiving oscitator ar equivalent hrming crrcust
must De ailowed to stopg ang restart when the start bit lor
the next character occurs. |f the sending device cutpuls a
mew start Dit Defore the recerving asciilatar has time ta stap
anag recover. the two units are aut of synchronization and
arronecus data resuit. The next new character start Dit may
gccur immediately after the stop Dit or may not occur for
an indefimte hime nterval. This 13 typical of asynchranaus
transmussion. The recaving uitit must Be able to recaive
and synchromize to new clata al any time.

TTY QUTPUT CHARACTER: The TTY is assumed ready to
receive data at any time. The TC autput sequence begins
~hen a character 's loaded n the MQS transmutter A
continuously runming ascillatar circuit is synchromized when
ready to sand a start Dit. All bit imes (start and data) are
equal, and each bit takes 16§ ascillator perods.

When the last data it s sant. the TC obtains a new
character trom the CPU n preparation far the hext
character transmission. The oscitlater in the TC continues
to run during the stop bit. Tygically, the TC odtains a new
character during the 'ast stop bDit. If there are no rmare
autput characters. the TC oscilator cantinuas runming and
olaces a steady one-Lit leved on the output line, The TTY
can then await a new start Dit ~Mmch accurs on the next
autput character.

ASYNCHRONQUS TRANSMISSION: The previaus para-
graphs detaied basic TTY input and cutput. Several points
should be stressed: -

a. The sending unit transmits at a fuil or randami rate at
any time.

b. The recsiving unit must be able to accept data at any
time, at a full or random rate.

c. The receiving urit must resynchronize with each new
start bit (every character) to maintain proper
synchromization.

d. The tength of the output character must be carefully
maintained. The recaiving circuit can normally tolerate
some distortion (less than 1/2 bit per total charac:
ter). The waveforms of figure 4.7 \llustrate an example
of proper cutput character length dut malagjusted

nput umMmng.
INAYT
. .
v LI} 1 T
SArPLE
.
l
V' TIr-0938

igure 4.7. Maladjusted input Clock

4.1.1.2 PIM Interface

The TC provides twa interrupt ine autguts: ane (IUSB—1)
ingicates that the (ngut bulter 13 ready. a secang (IUAA=])
indicates that the transmitter s ready for ancther Byte of
data. These lines must De wired ta PIM interrugt ine 1nputs
when it 18 desired to coerate tne TTY under interrupt control
rather than sense control. The computer system must, of
course. cortain a3 PIM ta operate under interrugt control.

4.1.2 Circuit Description

The TC operating tneary descrided nerein 13 3 sequential
senes of tunctional aperations that exercise e TC
circuits. To astter ynderstand the functianal operation ot
the circuits tnemsaives. refer tq iogic diagram 3180401
(system documentation package). timing diagrams (fig-
ures 48 through 4.12). mnemorucs (secton 6). ang
nterface cata (sectian 4 t 1)

4.1.2.1 Initial Condition

VWhen computer power 13 hirst turned on, the TC and the
processor circuitry are \n an undefined state. Pressing the
RESET switch on the contral panel imitializes the TC (and
the processor) to property perform various functions under
program control. This enatles the TC to monitor the TTY
tor input characters and to accept autput characters from
the procestor to the TTY. When imitiahized. the TC aiso
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Figure 4.8. TC Controi Timing

transmits a steady marx 1o the TTY by keeping the
transmitting ootical coupter actve The TC can aiso be
imtiaiizecd unger program control but the nstruction
cannot be issued while the TC 1s in communication with the
TTY Figure 4.8 shows the software initiahization timing.

NOTE
An winialization instruction performs the same
function as pressing the RESET switch.

4.1.2.2 TC/Common-Logic Interface

The processor controls the TC with external control and
data transfer INStructions via the option bus. When such
an nstruction 15 1ssued, the following device sequence
occurs: TDA + 18 high «f the proper address (01) 13 put

on the option bus anad QIUAX = 18 Iow (N0 «Ater udt or CMA)
TDA - hign enables the instruction-generatcn gates

The functions of the option bus signals are OBCO- through
0805 enable the device agdress signal TDA = QBO&~
enabies .the outpul-ready sense response TTS -+ 0B07-
enables the input-ready sense response TRS « In adadition.
the bidirectionat signals 0BQO= through OBO7- enabie the
data-transfer-out butfer register QBll- enabies the
software reset ane-shot. OB12- enables sense response
SERX= i, 0B13~ enabies the input sequence. and OBlda-
enabias the output sequence.

QIUAX + innibits TC selection when the processor has an
nterrupt or direct memory access (OMA) in process The
processor can :ssueé any of several instructions All of the
foltowing instructions issue a device address and OFRYX «
(FRYX={) and several issue QDRYX + (DRYX=|)

4.7
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a. Senseoutput ready (QB06~): OFRYX + anly
b. Senseinputready (0B07=): JFRYX + anly
¢. Execute(imtiaiize) (Q811=): OFRYX + only

d. Qutput (load transmit bulter register) (OB14-):
QFRYX + and ODRYX +

4. Ingut (read input Dutter register) (0813=): OFRYX +
ana QORYX +

Fiqures 4-3, 4-9. and 4-12 contain the timing diagrams
for tnese nstructions.

It 3 sense candition 1s met. SEAX-=| goes low Under sense
controt a sense struction 1S narmaily (ssued defare input
ar cutput SERX=i Iow 1s anabled by aither TTBREA » or
TRS « . tne latter being the ANQ ot TOE= ang TORA »

TO

'

TTEREA + and TRS + sigrify respectively that the TC has
aninput character or 1s ready t0 accapt an Qutput character.

When initialized, the TC is set to enable immediate sutput
under processor control. TRS + s not true until the TTY
has loaded a complete character into the receving hait of
the receiver/transmitter.

Whaen the processor issues an output instruction, an
QFRYX + /QDRYX + sequence sets and resets flip.llop
TDTO +. When the processor 1ssues an input nstruction,
an OFRYX +/Q0RYX + seguence sats and resets flip.flop
TOTl +.

4.1.2.3 TC Output (Write)

QOuring a TC outout cperanon. partions of ire TC com-
MaN-Iogi¢ 1ntarface, cutput lirming cantral. tne MQS trans-

IPREVIOUS (NSTRUCTION| |  DATA-TRANSFER-QUT INSTRUCTION | [ NEXT INSTRUCTION |

}

rraRsAo__[ |

2

| .
— DEVICE -
—_ H_aooréss £
! 431,489
FRY X -1 l
|
TOTO+ } l/ 476/
. 723 932, 350
I
DRYX-I A
! 523/567 I 1018 1084
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TTRLXX+ 7//7///////7//

///7///,11/ \

s s

I 2w f
}
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Figure 4-9. Processor-to-TC Qutput Timung
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NQTE 1: The MQS transmitter is dovble -buffered 1o permit loading of o second characrer ar
any time during the transmission of the first choracter except when TTBREA= is low,

NQTE 2: Clock detail (16x)

ol

TBRL-

TCLK=

pipEpEpNpinlniy

|

OO — l

TTRO A" l |
i

1,716 8IT

|
r‘-

YT 151

Start time, the negative transition of TTROA« far the start bit, is on the first negoative
transition of TCLK+ following the negative, asynchronous TBRL= puise.

Figure 4.10. TC Data-Transfer-Qut Tim.-,

mitter - receiver, and portions of the TC/TTY interface are
used Circuri stements are control fitp-fiops, a group of gates
enadbied Dy the opton-bus signals, a programmaole free-
runmng clock that 1s synchronized with the processor, the
transmitting haif of the MOS transmitter/recaiver, and an
output coupler o the TTY with associated drivers. The data
" and control output waveforms iliustrate the loading of the
output from the processor to the TC and thence (o the
device (figures 4-9 and 4-10). For these waveforms, as-

sume that the TC has been nitialized, the transfer rate 1s
110 bps. the data is 1 11-pit format, the Processor has
sensed write ready and has 1ssued an output instruction,
and the output character is 10101010 binary Daia are
output from the processor in 2 two-word format. the first
contains the device address (01) and tee function. and the
second 15 character data. The device address is sampled
on the trailing eage of FRYX=={, and data are sampled on
the traling edge of DRY X=|.

4.9
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4.1.2.4 Loading the Output Buffer and MOS
Transmitter

Loading of the output bufter register cccurs from the
leading to the traiing edge of OR'YX=1. The data present on
the buffer register inputs at the traiing edge of DRYX=1|
are latched nto the butter and presanted to the MOS
sransmitter via TTOBO + through TTDS87 «. The trailing
sdge of DRYX=1 aiso enablas the TBRL~ loading signal to
tne MQOS transrmutter. The character to Be transmitted s
ioaded into the MQS transmitter on the traling edge ot
TBRL-.

4.1.2.5 Output to the TTY

VWhen the character !0 be transmitted has Deen lcaded nto
the MQS transrmutter Duffer register. automatic data-

transmission begins. The MQS device generates the start-
bit. eight data Dbits, and two stop-Dits without the
intervention or supervision by the TC. The MOS transmutter
sarial-output signal TTRO + goes low ta signal, via the
aptical coupler, the beginning of transmussion.

4.1.2.6 TC Input (Read)

Ouring a TC input aperation, portions of the TC/TTY or
TC. Intaton intertace, input uming contral, the MOS trans-
mitter/ recsiver, and gortons of tne TC. common-iogic in-
tertace are used. Circuit eiemaents are control ip-flops, a
group of gates to enabie the option Bus. and an input sptical
coupler from the TTY. The data and control waveferms
llugtrate the loading of the input from the Qavice to the
TC and thencs !0 the pracassor (figures 4=11 ang 4-12),
Fgr these wavelorms, cwsumae that the TC nas Seen ini-

m_-_lsuar] BEREEEREEEEREE onronsrcpz!sr.ml

*99e l Jara Aailacie
(Nore 1)
NQTE 1+ A1 3 cantimygys 'ransfer rare, rhe pracesiar »as cporaximgrely ane 'characrer ri=e'
19 re1pong 3rd read the characrer sur 3F tme *AQS receiver. (F an lepur lnirryct-an
is 491 13.4g 2uring *hit period, 2gre are iasr.
[NIHE
Figure 4-11. Input Timing TTY to TC
T(=555) T‘O TS(‘)O T1000 T1300
[PREVICUS INSTRUCTION| [ DATATRANSFER-IN [NSTRUCTION || NEXT [NSTRUCTION |
| 1
tore | ODATA AVAILABLE l
300/ 500
/as oevice 323589 t
23xX-l - AQOQRESS |
' 1317238 431,489 !
I
FRYX{ I L—J ]
[ 11000/1155
rort- 1 | |
TOAR- o 1 MICIOSECOND [
| ’ 674,723 1008/1062
ORYX-1{ |
t
Q8ouT- . { |

(AN AN

Figure 4-12. TC Qata-Transter-ln Tiruing



tialized. the device has just begun to transmit & Gharacter.
ang the nput optical coupier is ceactivated. Character
reaging 1s intiated by the negative transition of TRI-
signaiing the start-bit. From this transition 10 {he positive
transihion of the gata-ready signai TDR = ail oparations are
unger control of the MQS transmitter. The positive
transiion of TDR« indicates that the character has been
received and loaded into the MOS device. About 500
nanoseconds later the data appear at the MOS device
outputs TRFIO0 « through TRRO7 = The processor has
aporoximately one “character time’ to execute a8 daia-
transister-in instruction beiore Jdata are iost. During the
execution of this instruction the common-iggic drivers are
enableg by OQBOUT- low TDRR- clears the TDR thp-fiop
within the MOS device ang prepares the next character
Data are transferrec {0 the processor on the trathng edge
of DRYX-I

4.1.3 Programming

The TC can be programmed directly under Processor con-
101 (with OF WItROUS INt@rruUptS).

The TC can supply interrupts (input ready and output
ready) 1o the PIM when thigs option s ncluded n the
computer system. thus saving computing time and simphity.
ng software since programmed delay and sense loops can
be avoided With thws feature. the program runming in the
processor 1§ interrupted 3t the proper time.

The sottware imittalizes the TC (3s does pressing the RESET
switeh on the control panel) The TC is then ready to accept
output from the processar and 1s aiso capable of accepting
an iAput character from the TTY The software normaily
1ssues 3 sense instruction and, f a sense-ready condition
exi15ts, follows it with 3 reading (1nput) or loading (output)
nstruction to enable the data transfer of one character
between the TC and the processor.
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Except for interrupts. the TC operates. for TTY operations
withini the following general tirmirg restrictions.

Output: Maximum data transfer rate s 10
.characters per second. There is mo minimum
rate. The processor can output a single eharac
ter. discontinue output for an indefinite period
of time (longer than 100 milliseconds), and then
output another character without loss of data or
synchronization.

Input: Maximum data transfer rate 1s 10 charac:
ters per seconc (100 mullisezongs per charac
ter). The processor must read the input charac
ter transterred from the TTY by the TC during
the iast (second) 9.1 -millisecond stop-Bit perad.
1$ the processor fass to read the character input
during this, time and pefore the TTY inputs
again, ihe character ig lost.

The TC and the TTY respong 6 the nstructions histed
table 4-1 and the standard TTY codes n tabie 42 The
imtiahizing instruction performs the same function as the
RESET switch on ihe computier console. The TC 18 prepared
{6 accept processor output ang to momiter TTY input This
instruction can not be 1ssued while the TC 15 communicar
1Ag with the device.

The sensing instructions are the sense ready 10-read and
the serise ready-to-write instructions. which erabie the
processor to deterrmine TC status If the sense cond:tior 1§
met. 3 data transfer can proceed |f the sense cordition 1§
not met, the processor must wait to perform data transfer
A sense InStruction can be issued at any time and normaliy
precedes any data transfer instruction

The data transfer instructions are the read (input) and
lead (output) instruchions. which transter data betweer the
processor and the TC through the read anc write registars.
Issuing a3 reading or loading nstruction at the wrong time
results in 1ncorrect data transfer

Table 4.1. TC and TTY instructions

Mnemonmic Octal Code
External Control
EXC 0401 100401
Transfer
QAR 01 103101
OBR 01 103201
OME 01 103001

Functional Description

Initialhize

Transfer the A register to the
transmit butfer regisier

Transfer the B regisier to the
transimit butter register

Transter the memory address {0 the
transmnt butter reqgister

(continued)
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Table 4-1. TC and TTY Instructions (continued)

Qctal Code

Functional Description

Transter the input bufter register
to the A register

Transter the input butter register
to the 8 register

Transfer the input butfer register
te the memory register

Tranater the input dulter ragistar
to the cleared A register

Transter the input buiter register
0 the ct2ared B ragister

Transmit Dutter ragister ready

Input bufter register ready

TTY Instructian Cades

TAPE OFF

Cade Typed As

201 Contral and A
204 Cantral angd O
221 Cantral and Q
222 Cantral angd R
223 Caontrol and S
22¢ Contral and T

Table 4-2. ASCHl TTY Cades

Mnemonic
INA Ol 102101
INB 0} 102201
IME 01 102001
ClA 01 102501
cia o1 102601
Sense
SEN 0101 101101
SEN Q201 101201
Function Symbal
Print Enable SOM
Print Suppress EQT
Reader On XON
Punch On TAPE
Reader Off XQFF
Punch Off
2 300
A 301
8 302
c 303
0 304
3 305
F 308
G 307
2] 310
1 il
J 312
X 313
L 314
M 318
N 316,
Q k1v4
P 320
Q 321
R 322

X
Y
4
{ 333
\
]
t

Blank 240
]
=
S
% 249
&

* 232

(cantinyed)
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Table 4.2, ASC!! TTY Codes /covt ~ ec.

Teletype Symbol ASClHl Code
S 323
T 324
U 325
v 326
w 327

4.2 POWER FAILURE/RESTART

The operation of the power failure/restart (PF/R) (higure
4-13) 1nciudes

o PF R power supply interaction

+ PF R processor interaction

o PF.Rinternai functions
NOTE: The PF/R s o;orativc only when the computer i1s
in RUN mode. If the computer 1s (n STEP made wher power

1$ lost. the PF R interrypt 13 not acknowiedged ang the
contents of the volatile regrsters are lost

bTI-19%
Figure 4.13. PF 'R Functional Block Diagram

In the PF:R.power supply intersction the computer power
SUDDly generates a low power taiure 31IgRal at the start of 3
power-up secuence. When ail d¢ voltages are withun thesr
operating ranges and the ine voltage 1s 105V ac or higher
the power failure signai goes fugn This positive transition
triggers the PF, R power up sequence

When power 1S lost or betow minimum requirements for
computer operation. the power failure signal goes low The
PF.R then generztes an interrupt rec.est. causing the
processor {0 execule the SAVE subroutine if the computer 18
in run mode Iin halt mode. the processor does not
acknowiedge the request. In this case, the memary and
processor are immediately disabled. and the contents of
the volatiie registers are lost

During a power loss. the PF/R interrupt request is not
acknowiedged until the instruction 11 process completes
execution |f the instruction requires multievel addressing,
this acknowiedgment can be delayed up (0 five memory
cycies. depending on the number of addressing levels (one
machine cycie per level) DMA memory activity can aiso
deiay the interrupt processing up to one DMA cycte

SAVE includes operations such as storing the contents of
the volatile registers so that the interrupted program can
compliete execution when power s restored.

Taeletype Symbol

ASCil Code

hd 253
o 25¢
288

. 256

‘ 257

The power supply causes the system.reset sigral to remain
low from turn.on to 100 microseconds before the pos.tive
transition of the power faiiure sigra! thus disaciing the
processor. When the power failure signal goes high system
reset 1S removed ang the nterruct clock 1S enadled
Approximately 90C nanoseconds later the PF. R simuita
necusly places the processor in run Mode and requests an
interrupt. The processor sckrowiecges the request by
jumpiRg to address 042 as specifiec by the PF R The
processor ther executes the PF R RESTORE subroutine
Quring which all other interrupts are dAisabled. At ine
completion of RESTORE. the processor jumps back (under
program control) to the program benng executed when
power was 198t and reenabies all otker interrupts.

During a power-down sequence. the power failure signal
FEM3iNS Iow 38 long 88 power falure conditions exist
Following the negative transition of the power-failure signa!
the PF. R interrupt request logic 18 enableg The processor
then. after executing the current instruction acknowiedges
the request by jumping to interrypt address 040 and
executing the PF. R SAVE subroutine gurimg which all cther
nterrupts excent Mermory protection are drsablec.

Approximately one millisecond after SPFi=~ goes low the
power supply generates SRST= . which disacies the proces
$6r and memory

The usual SAVE ang RESTORE subreutines use a Ralt run
flag to :ndicate whether 3 power failure ccourreg whiie 'ne
processcr was in HALT mode It so the f'ag s unchanrzed
since SAVE was not exesuted Upon res:cration of power
RESTORE examines the flag to determine whether the
previous data can be restored in the voiatie registers or a
HALT 1s required.

The PF/R internal logic consists of three functional blocks
sequencer. system start, and interrypt request

The sequencer logic sends cantrol signais ta the other PF/R
logic sections to generate the required cutput signais

The systern start logic produces a short puise for starting
the system when state 01 1S true.

The interrupt request logic generates signais to request an
interrupt cycle and to define the memory address of the
interrupt. The interrupt priority logic generates a signal
that disables lower-priority options and peripheral control
lers when the PF/R 1s executing a power up RESTORE
subroutine or a power-down SAVE subroutine
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4.2.1 Timing

Figures 4.14 and 4-195 show the PF/R power-up timing on
the power-supply and processor interfaces, respectively.
Figures 4.16 and 4-17 show the PF/R power-down timing
on the interfaces. Figure 4-18 shows the saquencs of events
in the PF/R cantrol logic.

The significance of the tming considerations in the
operation of the PF/R 13 discussed n the descriptions of
the circuits (section 4.2.2).

 — POWER TURN-ON

4.2.2 Circuit Description

Tao bettar understand the tunctionai operation ot the PF/R
circuits in this section, refer to logic diagram 9180401
(system documentation package). tuming diagrams (sec-
tion 4.2.1), and mnemonics (saction §).

A power-ug condition exists when the power-supply de
veitages are ail within their operating ranges and the line

ALL OC VOLTAGES ./

|

SPFA-

i S

SRST-

RESTORE
SUSRQUTINE

3500=100.
NANQSECONDS

5200 MILLISECONDS

100 MICRO=__|
SECONDS

——

BT

figure 4-14. Power-Up Timing at the Fower Supply-PF/R Interface

SPFA- |
AN
SRST= |

wex- L7 L

IURX - /7 |

[UAX= L~ I

QPSTRT- |~ I I

POWER ___|
TURN-ON

N A ]

Figure 4-15. Power-Upg Timing at the PF/R.Processor Interface
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r———" POWER FAJLURE

ALL DC
VOLTAGES

$PFA-
SRS~ SAVE
SUBROU-
<100 MICROSECONDS ]  um [ TVE
<300 MICROSECONDS I

=== 21 MILLISECOND =mmme=

RN
Figure 4-16. Power-Down Timing at the Power Supply-PF/R Interface

POWER
FAILURE
SPFA- [ '
- L1 L L1
JURX~ l |
IUAX- L |
PRNX- T I
SRST- L

VT18.15°%9
Figure 4-17. Power-Oown Timing at the PF/R-Processor Interface
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Figure 4-18. Cantral Logic Sequence



voltage 13 105V ac of greater. A power-down condition
exisis when one of mMore of the power-up requirements 1§
not fulfilled.

Prior to the beginning of a power-up sequence. SPFA= and
SRST- are low. The sequence begins wher the power
supply forces SRST=- high Approximately 100 microseconds
later. SPFA= goes high. The initializing flip-flop set-output
FCX1 + goes high on the clock transition with the control
logie going to state 01. This sets the ane-shot and
generates systern.start puises OPSTRT- and QINT=. Thus,
the positive transition of SPFA= causes the PF/R i0 enable
the interrupts and the CPU to begin execution of the
resetore subroutine within 500 to 1000 nanoseconds.

The interrupt request to the CPU for the RESTORE
subroutine 13 generated when the control flip-flop 1S reset
(FCi1X= high) and controi state 01 signal FCSi= goes low.
enabiing, when BINT=- 1g high. OIURX=. low.

After a request, the CPU activates the interrupt-acknowi-
edgment signal QIUAX + high. and this 18 gated with
BINTE= ang FCSI2 +. if either ¢control state 0 or 10 s
active (FCS12 « migh) and the memory-protection inferrupt
18 disabled (BINT= migh). the interrupt-adaress flip-fiop set
sutput FIOD « goes high on the positive transition of clock
FRYX + Acknowledgment of the interrupt during power-up
causes the control logic to enter state 11. the power.
quiescent state. Internal interrupt signals FCS12+ and
FIOAK + generate the interrupt address (OBOS~ ang
QBOI=-) and output it to the i/Q bus with {/O-transfer
control signal OBOUT=.

When an interrupt address s accepted (FIOD =+ high) in
controi state 01 (FCS1 = rugh). the control flip-flop set
output FC1X < goes tigh. The fhp-flop clears when FRSTA=
goes low

RESTORE reioads the volatiie CPU registers wmith the same
data as they heid before power 10%s. and a (ump nstruction
at the end of RESTORE reenters the interrupted program.

All lower priofity options inctuding all interrypts except
memory protect are disabied durng this tme by a low
PF R-active signai FINTE—  generated by either the ni-
tahization or control flip-flop. The initialization flip-flop 18
cleared by a iow system-reset signal FRSTA-- Upon com-
pletion of restore, FINTE — returns to the figh state, allowing
the |,Q prionty chain to become active again,

The system-start logic produces the short pulse OINT= low
when the one-shot is set and the PF/R i3 in control state
01, thus starting the system.

Upon power failure. the power-down sequence begins with
SPFA= going low, where it remaing as long as there is a
power-down condition. The negative iransition enabies the
PF/R interrupt-request signals IUCX- and IURX~. When
SPFA~ goes low and the one-shot expires, the initializing
flip-flop output FCX1- goes high on the next negative
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transition of clock OIUCX + with the control lcgic go~g !¢
state 10. The control thp-flop set output FCIX = 1§ Rigr
and is reset when FCS2+ goes high. If the mermor,
protection interrupt 1 disabled (BINT= hmigry. QIURX~
goes low to enable the PF R interrupt request to the CPU
and’ cause the CPU to execute the SAVE subroutine

Memory protection interrupts if enadiec. will be ackncwi-
sdged first Acknowleagmaent of the interrupt after the proc-
€330F completes the instruction 1N progress is analogous
to the acknowiedgment Quring power-up excest tha: tre
controi logic enters state 00 on power-gown

The request generates the interrupt address C=3 spec‘ ez
by the PF/R, and executes the SAVE subrcutime Zurrg
this sequence of events. all other interrupts a=~d opt.crs
except rnemory protection are gisabled

NOTE: If the processcr 18 in a multiprocessor system a= 2
coes not have the Mighest-priarity memory port it may rot
get port access in tirme to process the SAVE subrou-e
after power loss. PMA requests are 1gnorec when the PE =
15 3ctive.

4.2.3 Programming

Althougn the standarg Sperry Univac prograrms gc =2t
contain PF. R gervice routines ‘0° saving ang restcrng
contents of the volatie registers ang sense switsmes '=e
PE'R eircwitry proviges capabity for hamg =3 such
routines To utilize tRis capasihity the yser ca= wreile a
SAVE and RESTORE service routine Itke the one smownr :n
figure 4-19

During a power-down condition. interrupt addresses G4C
and O4] must eontain 3 |jump-ang-mark to the SAVE
routine; during 3 power-up condition. interrupt addresses
042 and 043 must contain a jump to the RESTORE routine

If the computer 1s 1n the hait mode during a power loss the
PE/R interrupt reques: - not acknowledged the memor,
and CPY are immeaq:ate:y disabled. and the contents of the
volatiie regisiers and sense switches are lost.

If a muitilevel addressing instruction 1s N process when
power is lost, the CPU acknowiedgment of the PF R
interrupt request can be delayed up to five memory cycles
An active DMA request at the time of power loss (SPFA-
going low) could delay acknowiedgment up to one DMA
cycle.

A halt instruction must be located at the end of the SAVE
routine. This stops memory activity before SRST- 13 forced
low by the power supply.

The service routine should contain a halt/run flag This
indicates whether 3 power falure occurred while the
processor was in RUN or HALT mode. so that either the
volatile registers can be restored or a HALT executed

The RESTORE routine execution time must not exceed 400
nucroseconds, and the SAVE foutine, 300 microseconds

417
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Label Mnemonic Operand
pPwAn gy .
Lo W, TF
a2 R, TP
24
sTA HLTPF
LoA $avs
L {4 44
QAR arr
L0 $AVQ
Ja2 396G
ar
80l 108 KAV
L08 sava
LoY Savy
Ine L]
pPwON fQuU ool
L g sava
L 341 Sava
aTY SaVY
TERN ar
AQFA
$TA AV0Q
LONL 2
8 SETH
LBLA | S
83 SETH
‘ BLA 4
8y SETS
STY YAVS
™I W TP
LT AAYS o .
SAva a3y 1
SAVS LR 1
SAVY LER 1
1va LA 1
LIYE sy 1
SETY nEDG LL]
L4 T4

PaweE
GEY
Jyme

Comment

8 yp Envtoy
ALY IN AUN FLAG
17 SQuEP FALL NOT IN PN

PESET WALT IN %uN FLAG

cET

RESE
rREY
Jume

PESE
RESE

SENSE JwITEN FLAGS

Y SENSE IWITCHES
gvear, 0w FLAG
1% FPLAG NOT SET

T OVERFLOw
T A PEGISTER

PESET 8 PESISTER

"ESE
ey

POwE
fave

T v REGISTER
oy TQ INTEOANATED LCCATION

9 AQwn EuTeY
A REGIITES

SAYE 1 2¢STITER

Save
ERQ
AQQ

SAVE

save

Saveg

Save

SAVE

L1 84
waL?

Savg

Saveg
SAve
SAVE
SAVE
nENG

1 ACGTATER

V.8, REGISTEDRS
QvEIFLAw TQ A PEGISTER
QVERFLQW

181 PLAG
§82 FLAG

$83 PLAG

SENGE IWITCH PLAGS
WALT IN UM FLAG

IN PUN FLAG

A REG QuFele

A REG BUFFES

X PEG WUFFER

QVERFLAW AUFFEQ

SENSE JuITCWES AyFFER
8 & X AND SAVE TN X

Figure 4-19. Typical PF/R Service Routine

4.3 REAL-TIME CLOCK

The real-time clock (RTC) option camprises seven func.
tional Dlocks: clock-cantrol logic. tirmng source put
logic. tree-running counter, varablenterval logic, avertlow
detection logic. nterrupt contral logic, and instruction
decading and cantrol logic (higure 4.2Q). Inputs to the RTC
include the internal 1/Q Bus. 3 24 2424 MMz signal ‘rom
:Me processor. an external himng source: and 3 power
supply hne frequency.

The clock-control logic oroduces the 10 kMZz clacking

5:gnal Its npul 1S the squarewave signal from the
-9t 9n 99ara’s 12,1212 MMHZ, crystai-contraited 1/Q clock.

118

The timing source input logic consists of 3 puise-shapger for
the ine frequency sinewave inpul and the speciaily wired
timng source seiection plugboard (hgure 4-21).

The free-running counter (FAC) grovides real-ime and
avent accumuiation. Timing is hardware-seiectadie (hqure
4=21) and can be aither the line !requeancy sourcs. an
axternal source, or the varrable-interval interrupt rate. The
counter is factory-wired to the line frequency unless other-
wise specified By the user. It runs continuously. ang, if it
1S wired o the vanaoie«ntervai 10GIC's 2ero-daetectian aut-
aut. is incramented at the vanadie-ntarvai nterrupt rate
aven if the interrupt |8 masked. Only the clear-FRC instruc-
non (EXC 047) resats the countar, which continues to count
aven whie the orocessor 's in step Mmode.
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PRIORITY PRIORITY
———p| INSTRUCTION -
LINE DECODER anD | CONTROL | (TETERRJFT LINE
‘ CONTROL > NTROL
VO BUS ety LOGIC — Locic ——» /O BUS
4
__ZERQ DETECTION
EMORY AL . v E
' MEM > ARIABL
;fgﬁifém OVERFLOW < > INTERVAL
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SQUARET™ conmroL COUNTRR [ VO Bus
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v
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TIMING ———»  CIRCUITS
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b Figure 4-20. RTC Block Diagram
13
10k Hz :
=~
EXTERNAL TIMING EIS '~ T Ei FREE-RUNNING
SOURCE ORI F COUNTER INPUT
T~
VARIABLE INTERVAL E16 .=~ AT EI18 .
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VT 1588

COUNTER INPUT
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QUTPUT
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STANDARD WIRING
OPTIONAL USER-SPECIFIED WIRING

Figure 4.21. Timing Source Selection

4.19
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Tha variable-interval logic consists of a 12:bit interval
seiection register. vanabiesnterval counter, and zero
detection logic. Timung for the vanabie-nterval counter 18
hardware-selectable and can be a crystal-controlied 10 kHz
source. an external source, or the line frequency (figure
4-21). The standard source is the 10 kHzZ signal (uniess
otharwisa specified). Thus, the variable-interval interrupt
rate s narmaily 1 kH2Z because the interval seiection
register 1s loaded with 000012 curing imtialization of the
RTC. The interval selection register 1s loaded, under
programmed 1/Q control. with a binary numoer that s
prapartional ta the desired timing interval. The register
contents are than transferred to the 12-Dit varniable-miterval
counter. The counter 13 decremented to zero under
nardware contral and, 1if the vanableinterval ‘nterrypt 18
nat masked, the CPU s interrupted. When :he vanabie-
interval counter 1§ decremented to zerg. it 1s again !2iled
from the interval salection -egister ang again decremenr:ad.
The variable-nterval interrupt OCCUrs continuously at a rate
determned Dy the count A the nterval selection register
until tne interval 1s changed Dy the program ar until the
RTC s retmtiahzed By tne EXC Q447 instruction or when
tne RESET switch an the computar cantrol panel 13 pressad.

wnen the ATC s mtiahzad. tne interval selection reqister
18 sat to 0012, Haowever. if the register count 1s set. Dy the
pragram. !0 zerQ. the RTC mardware reacts as f the cgunt
has been set 10 04096,

The overtiow detsction logic requests interrupts aof the
computer when 3 specifisd adiress 1 MeMQry 13 (NCree
manted Seyond a preseiectad count and avertiow rasuits.
When the memaory-overfiow nterrupt 18 axpected. the vari-
able-interval nterrypt address (Q44) Always containg an
increment memary and replace instruction The address
t3 De ncramented 3 the next ssquential iocaton (045).
Tre gvartiow cetection Iagic MoOmtors tha maost signiticant
it 3t the pracassar R register (R 14) after a vanable-interval

ATRFURL ANa dunng the execution of the iInCrament merory.
and reglace :nstruction. it it 14 of the memary word is

Qone. trus I0gIC generates @ Mermory-overfigw interrupt re-
guest; | 8. when tne ncramented acdress count reaches
Q40000. tne next varatie-nterval interrupt regresents aver-
"aw Thus. theincrementgd address cantains 04000t when

the memory overflaw interrupt occurs, assuming that the
address was initialized 19 a value under 040000. The inter-
rupt could ba set to occur at any value that enadies it 14,

The interrupt contral logic processes RTC interrupts. When
poth RTC interrupts (variable-intervali and memary gver-
flow) are pending, the vamable-interval interrupt has
priority. it either or Doth of the interrupts are maskaed, thus
section stores interrugt requests and transters them to the
processor when the interrupts are enabled. The interrupt
cantrol logic can stare one of each type of interrupt.
Subsequent interrupt requests when the nterrupts are
masked are lost. *

The instruction decader and control lagic decodes nstruc.
tions from the processor and generates cantrol s.;~als to
enadie data transfers, mask 3r uamask nterrupts, ang
inthahize or Glear the RTC functions.

4.3.1 Timing

The external iming source supplied by the user Mmust be a
pasitive-going pulse with a mMmmum puisawdth ot §
microsacands and 3 mimimum cycte time of 10 micrasec:
orids (the negative-level mimmum curation s §
microseconds).

The ine frequency source 15 3 24V a¢ gower supply autput
It 1s shapeg by a TTL Schrmutt trigger an tne RTC ircuit
Boarg.

4.3.2 Circuit Description

To better understand the functian ot the RTC circuits
srigwn 1n fiqure 4-20. refer to the mnemanics (section 8)
ang to logic diagram 3180401 (System Maintenance
Manual).

The toilowing subsections descrioe the saven tunctignal
secuons of the RTC: tNe instruction decoder ang controt
logic, reg-rynming counter. CIGCK caounter (QGiC, tming
sQurce iQgic. vanadie intarval lagic. memary overtlow cetect
logie. ang interrupt cantrol ogic. Tanle 4-3 lists tne ATC
fuAGlIaNS 1N relalon 1o (e LmMng and ranges aof the varn-
able-intarva) interrugt and tne tree-runmng counter

Table 4-3. Major RYC Functions

Variable-interval

Interrupt
Functian Saurce

Frae-Running Counter
Source Range

Hgh rate interval 10 Mz 100 micro- Varaole- 6.5 seconds
interrupt ang n- seconds to interval to 7.46 hours
tarrugt accumula- 409.5 miin. interrupt depending on n-
ten < seconds n rate tarrupt rate

10Q.micro-

seconds in-

crements
=gn rate interval 10 wHz Same as abave External Up to 63.536
nterrugt and event avents

Jciumulinen

‘cantinyed)



Table 4.3. Major RTC Functions (continued)

Variable-interval

THEORY OF OPERATION

Interrypt Free-Running Counter

Function Source Range Source Range
High-rate interval 10 kH2 Same as abow¢ Line Up to 18.2
interrupt and time. frequency minutes
of-day accumulation
High-rate interval 10 kM2 Same as above 10 kHz 6.5 seconds in
interrupt ang high- 100-microsecond
rate interval ac inerements
cumuiation
Low-rate interrypt Line 16 7 mulle Variable 18.2 minutes to
ang interrupt ac frequency  seconds to ntervai 51 8 days de
cumulation 68.3 seconds nterrupt pending on A.

n 16 7-milh- rate ' terrupt rate

second 1A.

cremaents
Low-rate interrupt Line Same as above  External Up to 65.536
and event accumula. frequency . events
tion
Low-rate interrupt Line Same as above Line Up to 182
angd time-of-day freguency frequency minutes
acgumulation
Low-rate interrupt Line Same as abave 10 kiz 6.8 seconds in
and time-of-day frequency 100-microsecond
accumuiation Increments
Event count inter- External One to 4.09% Variable. 65.536 to 268
rupt and mnterrupt events interval mithon events
accumulation nterrupt depending on

rate ngerrupt rate

Event count inter. Exiernai Same as above Extiernal Up to 65.536
rupt and event . events
accumuilation
Event count inter. Externai Same as above Line Up to 18.2
rupt and time-of. frequency minutes
day accumulation
Event count inter- Externai Same as above 10 kHz 6.5 seconds in

rupt and time.of-
ca. accumuiation

100-microsecond
ncrements

4.3.2.1 instruction Decoder and Control Logic

The mnstruction decoder and control logic consists of
receivers and drivers, fhp-flops, inverters, log'c gates, and
an instruction decoder. These logic components decode
instructions from the CPU and generate the control signals
to enable data transfers, mask or unmask interrupts, and
nstialize or clear the RTC.

The 16.bit bidirectional internal option bus interfaces the
RTC and the processor (OBOO= through O0B15=). Instruc.

tions or data are accepted by the receivers and data are
transmitied by the drivers. RBQ] +, RBO2 +. and RBOS +
assert the RTC interrupt addresses on the option bus.

The instruction decoder is a 3-to-8-hne decoder that
decodes OB0OS, OBO7, and OBO8 into one of the states,
REXQ0- through REX07- (REX0S- not used). These
signals enable or disable logic functions in the RTC circuits.
The instruction gecoder 15 enabled by RFRY -, OB11. ang
RDA47.

421
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Memory overflow enabling flip-ilop RMOE activates the
memory overflow detection logie. RMOE 1s preset by
REXQl= to enabie the RTC. The memary cverflow detec:
tion logic s disabled by clearing the flip-Hop with REX02=,
REXQ3= ., or RRST=. The same logic deciphering is true for
the set and reset conditions of variable interrupt-enabling
flip-flop RVIE. This signal activates the interrupt control
logie.

Data-transter«n and data-transfer-out nstructions with
QFRYX + and R0OA47, are deccded to ROT! and R0TO,
respectively. RPOTO= presets fhp-flop ROTO, indicating
that the RTC i1s accepting registor selection data from the
procassor. ROT! and ROTO are clocked Dy RKFRY- ang
RORY=.

The RTC device address 1s 047 (RDA47). The states of
CB00- through QB05- are decacea by a NANO gate and
Averter i the ansence of (ne Merrupt acknawieagmant
$gnal to ganerate RDA47

Processor signais QIUCX ». QIUAX +, QFRYX +. and
CORYX -« feed vanous functianal circuits. APAM + 13 a
prianty signal from a mgner-grionty device. RRST =13 a
systam reset or «mitaiize-FITC signal.

4.3.2.2 Free-Running Counter

The 'res-rynming caunter (FRC) consists ot 18 flip-Naps
ang can ce read uncer program control. Qne application
ot the FRC 13 10 1ndicate ta the procassar the elapsed tirne.
3y subtracting a previous count from the current count,
the Qrocessor deterrmines the numoer of avents In 3 given
panag ot nme. the ume of day, or the elagsed tme. The
FAC '3 controled By tha-tlog AKFCL ang gating circuits.

RAKFCL 13 clocked By RFRCK + . The output ot RKFCL 13 the
conditioned clock ingut to the 18.oit FRC fip-flops. The
direct clock 1nput sets RKFCL thereby ctacking the FRC.
RFREN « presets RKFCL. This gate prevents RFRCK +
trom ctearing the fho-flap during a data transter «n (ROTI-

REXQ0= s output Dy the instruction decoder It gaes low
durirg an ZXC 347 instryction. clearing the FRC. REXCIO=
Z0es to 'me FRC 23 well as lo the reset nput of RKFCL
when an EXC 047 insiruction s axecuted, RXFCL s
imtiahized Mmgh and other FRC Mp-flops, ta zera. This
provides a paint of reference far the gragram in computing
elapsed tme and time of day. The FRC aqutputs (RFRQO=
15 + ) are routed to the option Dus.

4.3.2.3 Clock Countar Logic

The clock countar 'agic (CCL) adjusts the 12 1212 MH2
Qption Doard Squarewave Ciack to ganerate a 10 kHz iming
squrce, R10KH « This source can be seiected as an input
1Q the variable-nterval interrygt logie and. ar to the ree-
runmng counter as desired Dy the user. Tha CCL cansists
ot hg-Haps. cauntars. and gaung lagic. The 12,1212 MMz
signal TR82 «~ feeds a serres of counters that reguces the
trequency '0 20 xH2. Fhp-Hop A20KH enables the clack

122

to the 10 kiHz flip-lop R10KH. The countars can Be ¢leared
by ATAST-= by any one of the following: RRST= from the
SYSTEM RESET switch on the computer front pansl,
ROTO-during the execution af 3 data-transter-out instruc-
tion, or REXO8~ enabied Dy a software reset.

4.3.24 Timing Source Logic

The timing source l0gic permits user selection of a uming
squrce as an input tq the variadble-interval interruot l0gic
(input AVICK +) ang to the fres-running counter (input
RFRCK +).

Faur timing sources are availadle for seiection:

1. Qutput of the clock counter lagic (10 kHZz)

2. External tim:~7 source (see tabie 1-4)

3. Output ot the .artable-interval interrupt (0gic

4 Line frequency (S0 or 80 HzZ 3s available. See 'adle
1-4)

Timing source selection 18 accomplished Dy means of
jumpers between “E-points as sNQwn n ligure 4-21 Soth
standarg and optional intercannection are .ndicated. Note
that jumpenng the vanabie-interval \nterrupt lagic output
(E18) to 1ts input (E£18) 1s nat 3 useful connection.

The timing source l0gic darives the line frequency signal
at logic 'eveis by 3assing the 24V ac rms through 3 voitage
dnnder. rectitier titer Circuit followed By 3 Schmitt trigger
The 24V ac rms s the power-turn-on relay contral valtage
fram the mainframe power suooly.

The hirmng source logic bufters the external irmng source
signal (ETR +) by means of a par of inverters \n senes.
ETR + must be standard TTL compatibie with durations
as spacified n tavie 1-4,

4.3.2.8 Variable Interval Logic

Tre vanatie interval logic genarates an outout at the vari-
able-intarval interrupt rate. This cutput (AVI + ) s sent to
thaintarrupt controt lagic togenerate the CIUAX « 1nterruot
raquest signal. Figures 4=22 and 4-23 shaow the vari-
adle=nterval iming.

The varabie interval logic can be divided nto two
functional subcircuits.

The tirst circuit consists of 3 12-0it dufter ragister that can

De programmed via the nstructian decogar and control

logic. The rugister consists of 12 O-type flip-flops lcaged

trom the ocption bus (Q800= through QB811=) with a Dinary
numoer proportional to the desirsd time nterval. All 12

Mp-flops are clocked by ADTQ = on the trasing edge ot

data ready (QDRYX +) dunng a data-transter-out. The

fig-Hop outputs (RIRQQ-= througn RIA11=) are traristerreg

o the 12-0it counter. The 12-0it register can De Cleared

by RRSTA.
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RISTS- |
RVIL+ _...._......_r—"I
RVIL+ |
QIURX + ﬂ
OlUAX +» n

TIMING DETAIL:

RIST 8- _______[

RVIL+ l
Rvite . _NOTE 3 |
olucx+ [ O | |
OlURX- l |
NQTE !
[
OlUAX ] [
Ofixx= ~ NOTE 2 [

CFRYXX + r_]

NQTE I: ThIS TIME FRAME (S VARIABLE DEPENDING ON WHEN THE REQUEST [S ACKNOWLEDGED.
NQTE 2: [MTEIRUPT ADORESS

NQTE 3: [F THE VARIABLE INTERVAL [NTERRUPT ENABLING FLIP/FLOP [S SET AND A MEMQRY
QVERFLOW [NTERRUPT IS NQT PENDING RVII* GOES HIGH.

s e reas

Figure 4.23. Varable-interval Interrupt Timing
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The second circuit consists of logic gates. flip-flops, and a
12-1t counter. RIROO= through RIR1l= are transterred
into the counter The loading of the counter 1§ sychronized
with RVICK + s0 that ihe counter does not attempt to load
and ingrement at the same time.

Note that if the 12-bit selection register i1s set to 2ero the
counter rgacts as if the count were 4096 When the
counter reaches zero, it 1S again loaded ancl incremented.

The varagie-intervai interrypt continues to accur at a rate
determinec Dy the frequency source and the butfer register,
untit the contents of the butfer register are changed under
program contro!

The interrupt process is imitiated by RISTB- setting RVIL
evary ime the counter cycles. wnchcating a variable intervai
nterrupt 1$ 10 process RV g then set generating the
variabie interval interrupt request when the variable
nterval interrypt 1S enabled ana the memary overflow
nterrupt 18 MOt N process. RVIL can be cleared by
QSYRT = when the processor s transierring data out. or
when the counter 1s imtiahzed

4,3.2.6 Memory Overflow Detection Logic

If an \ncrement-memory-repiace NSIFUCHion is located at
the vanable-interval imierrupt adcress (044). the memory
overtiow deiection |0gIC interrupls the processor when the
contents of the incrementes memory address overtiow
Prigr 1o iNCrementaton, the contents of the memaory acoress
specitied Dy the INR instruction 11 address 044 (typically
acaress 0435) are placed in the memory-input lateh MiLxx
ang the RTC memary overfiow detection iogic checks the
15th Dit Quring the execuhon of an RCrement-memory-
and-reptace (INA) instruction If this Bit 13 388, 1ncicating
a count of 040000 or more. the RTC records an overtlow
conaition

The memory overflow getection iogic consists of gates and
fhpo-flogs tor generaiing the memary gvertiow interrypt re-
quest signai RMFi = Flip-tico REMT sets while a var-
abie-interval interrupt 1 Deing executed The orocessor INR
instruction signat CCS30 + . AK167 - ar ~ZMT + com-
‘Dine to se’ ' thp-flop RMTFF f tha mer iry input latch
bit 14 (MIL. . —) 1S Set when overtlow accurs. RMTFEF =
sets memc:y-Overtiow latch thp-flop RAMFL. Memory-
overfiow interrupt thp-flop AMFI sets on the traihng edge
of interrupt clock (OIUCX + ) wnen RMFL 18 set and there
1S N0 varanie-nterval interrupt. RMF| + 15 sent to the inter-
rupt control fogic to generate an overflow interrypt.

THEORY OF OPERATION

4.3.2.7 Interrupt Control Logic

The interrupt control logic eonsisis 3t tne gates and flip-
flops required to generates OIURX— and intarrupt adaresses,
ind 10 ensure RTC prionty

The prionty output signal PARTC O is sent to lower-prionty
1 O devices to indicate tnat the RTC nas se:zed interrudt
prionty, OIURX= (s sent to the processor along witn
OCPRM RINT= iow 1ndicates that tne intarrupt reguest
fip-fiop 1s S@t ana NO Migher-prionty interrupt request s
active. Either a vanabie-interval interrupt or memory-
overtiow interrupt request signai can then reqguest the proc-
€S30r 10 execute an instruchon

Eitner the interrupt adaress 044 or 046 or the conternts of
the FRC counter may de placed on the cption bus Whnen
reading the FRC counter the contents of the counter are
placed on the option Dus. When an iAterrupt 18 be:ng oroc-
e33eqQ the Ntefrupt adaress IS placed on the oplion bus

4.3.3 Programming

The uger writes the RTC service routines using the RTC
mnstructions 10 tabie 4.4 The RTC device address 1s 047
Interrupt addresses 044 ang 045 process variable interval
(increment) interrupts. and addresses 046 ang 047 process
overtlow interrupts

It the memory-overtiow nterryot 1s used 044 must be loades
with an Iincrement-memaory-and-replace instruction (1 @

INR. INRI. or INRE) If the memory-overiow Aterryot 18
enabled. but ROt used and adaress locanons C44 ang 045
0o ROt contatn an INCrement-Memory-and-replace nstruc-
tion, an erronecus Memory-overiiow interrypt May occur
MNormally a jump-ang-mark IAStruction to a suitable proc-
0ssing subroutine 1S Ioades n the memory-Qvertiow
interrupt locatons 046 and 047 However 1t the Qverftow
interrupt capabiity 1$ nOt used anc s maskec the
varable-interval interrupt iocations 044 ang 045 shouig con-
tain a jump-and-mark 1Nstruction

Figure 4.24 shows a typical RTC service routine

The RTC service routine concludes with enaphng instruc-
tions for other internal computer options (e g  Priofity inter-
rupt moduies) whose interrupt requests have beeninhibited

4.2%
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n

Mnemanic

External Control

EXC Q47

EXC Q147

EXC 0247

EXC 0347

EXC Qaa7

EXC C&a7

EXC Q747
Transter

QAR Q47

caR Q47

CME Qar”

INA Q47
INE 047
IME 247

CiA Qa7

cig 047

Table 4-4. RTC Instrycticns

Code

0100047

0100147

0100247

0100347

0100447

0100647

0100747

0103147

Qlo3zaz

q103c47

- Q102147

0102247
0102047

0102347

0102647

Description

Clear FRC (the FRC cannot otherwise
be reset)

Enable RTC interrupts (pending RTC
interrupts are :mmechately procsssed)

Inmbit memaory overflaw interrupts
(inmbits only overflow interrypts)

Enable variable interval interrupts
(inMibits qverflow interruypts)

Imbalize ATC (iInMmbits all interrupts
and resets the .nterrupt control lcgic
and clock control legic)

Imtiahze variable nterval counter
(loads the contents of the interva!
selection register 0 the interval
counter and resets the clock cantrol)

Iniit vaniable aterval nterrugt

Qutput A ragister to ntervai
selection ragister

Qutput 8 register to interval
selection ragister

Qutput memory ta interval selection
register

Ingut FRC cantents to A reg:ster
Input FRC cantents ta 8 register
input FRC cantents to memory

*
Clear ana nput FRC contents to A
register

Clear and input FRC contents 9 B
register
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*¢9RTC INITIALIZATION CODING °°°

SET INTV = 1000 (interrupts {0 occur once each

second)
SET INSC = 10 (variable nterval interrupts. 1 per
milion) o
INTV EQU 1000 '
ORG 044 INITIALIZE ADDRESSES 044.047
INR PERIOD
PERICD DATA 040001 =INTV
JMPM TIMUP
***INITIALIZE RTC®"*
ORG 0500
INSK DATA INSC INTERVAL SELECT COUNT
BEGIN EXC 047 INITIALIZE RTC
ExC 047 Ciear FRC
LDA INSK
QAR 047 QUTPUT INT SEL COUNT
EXC 0147 ENABLE RTC
(USER'S PROGRAM)
CeoINTERRUPT PROCESSOR °®
ORG 01000
TIMUP ENTR PROGRAM COUNTER STORED
EXC 0247 INKIBIT MQI
STA SAVEA SAVE A REGISTER CONTENTS
LDAI 0400071 =INTV REINITIALIZE RTC COUNTER
STA PERIQD
(Other instructions can be inserted here)
LDAI 0 RESTORE A REG
SAVEA BES 0
EXC 0147 ENABLE MO!
JMPe TIMUP RETURN TQ INTERRUPT
END

Figure 4-24. Typicali RTC Service Routine (in symbolic coding form)

4.4 MEMORY PROTECTION

The memory protection (MP) opthion consists of the sections
sRown in he DIOCK dlagram (figure 4-25) and descnbed
betow.

The addres: sequencer checks for program eniry into non.
protected memory segments, controls loading of the
instruction address register, checks for jumps and overflow
_from non-protected to protecied memory segments, and
checks for write to protected mernory segments from 3
program originating in non-protecied segments.

The instruction saqusncer checks for loading of the pro-
gram counter for a possidle jump efrofr and checks tfor
input/ output and halt instructions onginating in a program
residing 1N a non-protected memary segment

The mask register section (figures 4-26 and 4.27) siores
the protected/unprotecied status of each 512-word seg
ment of core memory. If a given flip-flop n the mask
register is s&t, the corresponding segment of core Mmemory
13 protected. |f the flip-tlop s reset, that memory segment
i$ unprotected. The mask register section consists of eight
16-bit mask registers. To load a register, the register 1§

a.27



THEORY OF OPERATION

MEMORY ‘> ‘Nfggggso"' MASK
ADDRESS 8US REGISTER REGISTER
SEGMENT —
ADDRESS - o) /O 8US
STATUS . —
CACIOC o .
DRCI _ o J
ClOALT | iNsTRUCTION | INTERRUPT oINT
) 7| seQuencer "] seQuencsr —_—
CI0 MK . 3INS
*MRSTA _ R
MPTL ~ :
ADORESS
alilel) »  SEQUENCER
51 C23A - '
b L1484

Figure 4.25. MP Block Diagram

selected Dy an EXC instruction and a data-transfer-out
instruction 18 1ssued 1o transfer 16 bits of data to the
selected register wia the 1/Q bus. Ouring error detection,
the qutputs of the correct mask register are salected by the
upger three Dits of the address and are gatad out o the
segment address status sectian.

The segment-address status section decades bits 09
through 12 of the address and ANQOs the resuit with
corresgonding status outputs of the mask registar to
deterrmine whether or nol the addressed segment s
protected. The status of the addressed segment 's then
gated out to the address sequencer as the status of the
current ward.

1.28

The instruction address register stares the contents of the
processor program counter at the beginming aof each
instruction-fetcn memary cycle. The register is updated on
each such cycte untit an MP error s detected. It is then
disabled by the resuiting error interrupt. Further updating
13 thus intidited until the MP s reenabied By an /0
instruction during the error subrouline.

The interrupt sequencar raises an .nterrupt requast to the
processor when any MP arrar condition 1S detected. The
interrupt sequencer disables 3!l lower griorty dewices until
iIts interrupt request s raised. Quring an interrugt, the
interrupt sequencer aborts any 1/ Q commands just started.
restarts the CPU in the event of an unprotected hait
instruction, ang farces the CPU to wait tor the pending 1O
interrupt.
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ADDRESSES
000000 - 000777
001000 - 001777 .
b
MASK REGISTER 0
. 81413127108 8768832710

016000 - 016777 Y
017000 - 017777
020000 - 020777
021000 - 021777
U e e, ol

MASK REGISTER 1

| R N WU N SN AN S | {

) ol
1514131211109 8 7 6 5 4

|

e s e 3210
036000 036777
037000 037777
040000 040777
041000 041777

MASK REGISTER 2
) T SN TS N G LU N U SN S SR B
1514131211109 8 7 6 5 4 3 2 1 0

|

R
056000 - 056777
057000 - 057777
060000 - 060777
061000 - 061777

LM
MASK REGISTER 3
] Ll | [ R N N o | |
. 151413121110 9 8 7 6 5 4 3 2 1 0

076000 - 076777 l
077000 - 077777

(NI
Figure 4-26. Mask Register Bit Assignment
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ADDRESS
00LOVD - 0V0777
001000 - 001777

V02000 - 002777

005000 - 605777
006000 - 006777
007000 - 007777
010000 - 010777
011000 - 011777
012777 - 012777
013777 - 013777
014777 - 014777
015777 - 015777
016777 - 016777

017000 - 017777

MLMORY

PROTLCILD

UNPROTICILD
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Tr3 input ‘output section deccdes the device address. ang
ccmirols data transters 1o the mask regisier and from the
r3iryuchion agdress register The | O section also gates the
irraerypt 30aress on the + O bus

4.4.1 Error Sequences

The MP prevents (1) moditication of the contents of pro-
tected armas of memory Dy instruchions in unproteciec
areas. (2) program entry into protected areas of memory
while executing programs in ynprotecied areas. and (3)
loss of computer control by protected-area programs to
urproteciag-area programs Any attempt to accomplisn one
or more of these conaitions 1S detected as an MP error
condition. Tabtes 4-5 and 4-6 snow the MP errar conditions
possibie unger varnous Circumsiances.

Aroinstryction 1§ 3 protected instruction f the first (or
CRly} woret 18 1N 3 protected area of memary By dgefinttion.
ne MP error congiticns carn exist Quring the execulion of
SUGR an Instructicn nor Can they exist dunng the execution
et ar instructior i 3 protected area that ndirectly
reterences an ungrotected address.

Swice the apphication of pipehming techriques mahkes it
impessibie to agsociate directly the agdress status with the
nstruchion bemg decoded. two fhp flops (BANPT ang
BINPT) keep track of address staius for later use 1n errof
checuing BANPT sets whem an instruction from an
unprotected memcry address s placed n the instruchon
regrster BINPT sets when an nstruction 1 decoded while
BANPT s set

RALT ERROR: This conditon exisls when a ML T instruc
110 1s attempted from an unprotectec area or when 3 H(T
15 attempted from any area via an execulion Nstruction
igcated v an unprotecied area (However an execution
ngiryction 1N a protected area can execute 3 HLT located
N any area ) Upon detection of a hait error the HLT
cgmpietes. the CPL s interrupted to 020 ang -.its after
terching the instruction at this address The error detection
causes the MP 10 hold its start signal (OINT =) true unti
compiefion of the interrupt Thus. the CPU immediatety
reenters RUN mode after haiting. NOTE A manual haltusing
the STEP switch on the control panel cannot be detected
by the MP

OVERFLOW ERROR: This condition exists when a single
word instruction, or either word of a two word nstruction.
15 10 the last location of an unprofected area and the first
word of the next instruction hies 1 seguence n the next
area whichi 18 protected (Note that, when the iast location
of an unprotected area contans the second word of 3 jump,
indexed jump. jJump-and -mark, jump-and-set return, or bt
test instruction for which the jump condition 1$ met, an
overflow error condition does not exist When an overflow
error 15 detecied. the last instruction in the unprotected
area completes. the next :nstruction n sequence 1S not
executed, and the processor IS interrupted to 030.
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1.0 ERROR: This condition ex:sts whe- 3 single werc | Q
instruction. or the first wor2 ¢¢ a deuble-word | O
INS{ruction. S :n an ynproteciec area or ! execution of an
I Q nstruction located 7 any area 1¢ atrempted via an
execution instryction located n yngritesied area (How-
ever. an execution nstruction . a protectegd area can
executs an | -0 instruction locatec ~ ary area. When an
I O error 1s detected. the | O instructicn 1n process
compietes. Howaver. in ali such cases | QO contret com
mands and data transfers between the processer and
peripharal controliers are inhibited Thus tne centents cf
mernory and of registers A B ang X remain unmodified by
the i/ Qinstruction This:s accomptisned Dy noiding QINT =
true. Upon completion of the nsiruchon the processor s
interrypied to 022

WRITING ERROR: This ccnditicn apphies onty to instruc
tions that write into memary (operand starage instructions)
and 13 defined as existing when an instruction attempts 1o
write 1Nt 8 protected area. and e:ither the single word
instruction, or the first word of a double word nstruction
18 11 an unprotected area. or the instruction attempting to
weite 1§ being executed as 3 result of an execution
Instruction 1IN an unprotecied area (However an axecution
Ingtruction N a protected area can execute a writing
nstruction 1N any area.)

For an immediate MStruction a writing error exists only
wher the NiPst worg 1S 1R an unprotected area ans tne
secsngd word (S 1N a protecied area

All operand siore instructions end w:t= an gperard storage
cycle. during which writing errors car be Jdetecteg Al
memaory Cycles addressing protectec memsr, frem ymprg
fected memory will be changed unconc:tional, to reacng
cyctes To change a writing cycle tc 2 reaging cyc'e tne
read weile (MWLY= MWRY=) inpuls o tne memor, are
puited down {0 nearly OV

When a write error 18 detecreq. the nstrysticn i~ Srocess
compleies However the writing cyc:e 1S cnamged fo a
reading cycle {o prevent moditicaticr of memory The
contents of registers A 8. ang X reman ynatecied Jpon
compietion of the instruction the processor s interrupted to
024

JUMP ERROR: This condition applhes only 10 a jumng
indexed jump, jump-and-mark jump and set return it
test. or skhip-on.register-equal instructions ang exists when
an attempt 1s made to |jump or skip 10 a protected area and
the first word of the instruction hies in an unproiected area

The jump, indexed-jump, jump-and-set-return, and bit-test
INSIructions each ends in an adaressing cycte, and the skip-
or-registers-equal (SRE) instryuction ends n a special skip
cycie. The final (effectivel aodress s nOt avaslable until the
fingt adgress 1$ on the memory bus dunng the first memory
cycie following the jump aadress cycie.

For the conditional jump nstructions in the case where the
lump condihion 1S not mef, a |ump error cannotl occur
However, an averftow error may still occur for this case
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When a jumg arror i1s detected. the instruction in grocass
completes. Howsver, in the case of 3 jump-and-mark
instryction, the writing cycle 1s changed to a reading cycle

to prevent madification of memory. The contants of
registers A, B, and X remain unaifected. The processor is
interrupted to 026. Upan campietion af the instruction.

Table 4.5. MP Error Canditions Possibie During Single Word Instructions in Unprotected Area

Error Canditions Possible 1f:

Instruction s in

last address of un.
protected ar»» Next
segment s Critacted,

Ilnstruction 18 1n unprotected
ares but nat in last unpro.
tected acidress.

Single-Ward Always Under cortin Always Under cortain
Ingtruction possible conditian possible conditions
alt (HLT) o] - 2] .
1 Q | - 1.Q
Cther Non-ad- - - Q
Qaressing
' Addressing (Read) . . o
Addrassing (Write - W o w
ar INR) '

H = Halt error
Q = Overflow error
W = Writing error
| = i.Q error

= None

Table 4-6. MP Error Canditians Possibie Quring Double Word Instructions in Unprotected Area
Error Canditions Possidle It

Soth words are n
unprotected area
Dut neither 13 1n
the last address.

First word s 1n
the tast address
of an unprotected
area and the next

Second word
181N the last
address ot an
unprotected irea

area 13 protected and the next
area s ynpro.
tected.
Qouble-Ward Always Under Always Under Always Under
Instruction possible cartain possibie certamn possible cartain
condi- candi- condi-
 tiong tions tions
1 Q [ 1.9 1Q
Estended (Reaq) Q Q
Sxtended (Write w Q N Q W

ar INRE)

fcantinyed)
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Table 4.6. MP Error Conditions Possidle During Double Word Instructions in Unprotected Area (continuec)

Double-Word Alwsys Under

Always Under Alwavs Under
Instruetion pasiible certain possidie certain possibie eertan
conds. J cond:- cond.
tiens tions tians
immediate (Read) B - l¢] o]
immediate (Write - - o.w o]
or INRI)
%
Execution (con- o LK 0 - - W oor
dition met) (not Q.
simul-
tane:
ously)
Execution (con- Q - o]
gition mot met)
Jump. Jump-and- - J (] 4 4
Mark. Indesed
Jump. Jump-and.
Set Return, or
Bit Test (con-
dition met)
Jump. Jump-and. - o 0 - Q
Mark, or Bit Test
(conditian not ‘
met)
Skip on Registers . 4 4.0 o 4
Equal (condition
met)
Skip on Registers o] s Q

Equal (condition
not maet)

H = Halt error
O = Qverflow error
| = (/0 error
W = Wrnting error

4.4.2 Circuit Description

To betier understand the function of the MP circuits
described n this section, refer 0 the errdr sequences
(section 4.4 1), programming considerations (sechon
4 4 1), mnemomics (section 6). and logic diagram 9180401
(system gocumentation package).

The mask register flip-flops store the protected/unpro-
tected status of each 512-word segment of memory It a
-thp-flop 18 set, the corresponding memory segment 1S

protected. A memory segment s unprotected when the
corresponding mask-register fhip-flop s reset (figures 4.26
and 4-27),

There are four 16-bit mask registers. An external control
wnstruction selects the register 1o be loaded. A data.
transfer-out 1nstruction then transfers 16 bits of data to
the selected register via the option bus (OBOO through
OB15). NOTE: The mask register cannot be read back to
the processor
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The segment-address status lagic decodes memory ad-
Qress bus bits 9 through 12 (MYAQ9X = through MYA12X—),
and then ANOs the resuit with the mask-register outputs
(EMRQQ + through BMRA 1S + ) seiected in the mask register
by the nhighest-arder ihree Ddits (MYA13X~— through
MYA18X<) of the addrass. The ANDing resuitsin 8SPRO =,
which, it true, 1ndicates that the selected memory segment
i$ protected. 8SPRQ = goes to the address sequencs’.

The instruction-address register stores the memory-
address bDus its (MYAQQ + through MYA(S+) on the
negative transition of the address-nat-protected signal
(BXIAR=) and outputs the resuit (BI1AQQ0 + through
E1A15 =) to the ! Q bus drivers.

4.4.3 Programming

T Jse af the MP presumes the axistence of 3 protected-dres
@xacutive 3ragram ta control the asnignment of mernary
areas, The interrugt adcresses and error subroutines aise
reside n protecred areay. . Thus, the first segment of the
main memery 1000 through 777) is normally protected,
$NCE 1L SQNeaNg the address specified Dy the interrupts.

All .~tarrypt. CMA. and PMA operations are independent
Gt 'me zragram Tharstare. none of these operations Mave
ar:gindted Qirectly frarm a protected ar an unprotected
memcry irea Mowever. all | () agerations are iminiated Dy
the exesylive program. which resides 10 3 protected area.
For tms reason. interrypt. OMA., and PMA ogerations
aqrginate from 3 pgrotectad area and are not restricted By
1=e 1P The a:eculive program ensures that the memary
1cz 288 from these three sOurces 1 to the proper address.

Zatecvan of 3 jump error 1§ inbited during an interrupt
scaraton This aligws 3 jump ta a subroutine i a pratected

1723 arr2n 3N nterrugt oCsurs while execuling a program in
AN L -Jretecteg area.

INTERRUPT INMIBITION: THe standard computer mthout
19 zzas ~at cecogniZe (nterrupts follawing the execution of
gy

a =it
3 Shittinstruction

© A eestruction

o

4 Qouble-ward nstryction

“Auitighcatian instruction
t 2, sian .astructian

g ‘rstruction executed:n STEP mode

With MP, interrupts are recagnized immaediately following
all instructions except:

a. Halt (MLT)
b. Any external contral (EXC) I/ Q instruction

¢. Any execution instruction (i.e. interrupts will not be
recogrized between an execution nstruction and the
nstruction executed by that instruction if the condi-
tion 1§ met, nor betwesn the execute instruction and
the instruction follawing 18 sequencs 1t the condition
1S not met).

d. Anyinstruction executed in STEP mode.

NQTE: Error interrupts fram the MP are not inhibited by
any of the abave.

STEP MGDE: The MP can detect any error congition
wiiie the pragram s Being stepped through by the sgerator
fram the contral panel. !f an error interrupt occurs dunng
¢ne manual step the resulting interrupt subrauline wiil De
entered during the fallowing manual step.

MEMORY WRAP.ARQUNO: The computer has a wrap-
around capability to address zera when the memory size s
oK, 8K, 16K or 32X. (For ather memary sizes. the CPY
attempts 19 read fram nan existent memary when the
rmemaory size i$ excesded). The MP does nat nave thes wrap
around capabiiity. Howaever, it 1 not narmaily 2esiranie to
attampt t¢ jump ta or write 1nto lccations \n non existent
memaory. Therafare, ail memory segments »nose addresses
axceed the existing memory size should de designated as
protected. In this way. any jump. averfiaw, aor store from
ungrotected area to nNon-existent memary 18 Jetecied as an
arror. 1t 15 assumed that programs n protected area are
totally debugged. and thus that no attempt ta enter ar
write Nt Aon-existent memaory wil 3e made from a
protected area.

PRIQRITY: The MP nas the mighest priarity gosition in the
2xternal device priarity chain of the system. Thus, when the
MP s gresent, the power failuresrastart (PF R) (it aiso
present) nas second pr:anty. This covers the case where
MP arrgr nterrupt request and a PF R request occur
simuitaneausly. With the MP having highast priority, the
processor s nterrupted first to the MP errgr subroutine
only to be immediately nterrupted out to the gower dawn
subroutine. No further testing of sulroulines can occur
since the PF/R retaing priarity thraughaut the gower-down
subroutine. When gower s restored, tne processor returns
to the MF error subroutine after execution of he power-up
subrouting. Had the priorities of the two optians Deen
reversed. the MP arror subroyling would not nave Deen
entered, and the CPU would nave no vaiid lacatian to which
ta return sincs during power-up the error interrupt wouid
De lost and the program being execyted contains an
" arror”

ERROR INTERRUPT AQORESSES: The intarrupt ad.
dresses assigned ta MP errar interrugts are Listed in table
4.7



Tabile 4-7. Interrupt Addresses for MP Errors

Error Interrupt Address
HRALT 020
QVERFLOW 030
(e] 022
WRITING 024
JUMP .026

OPERATION IN PROTECTED AREA: When leaving a
protectec area to enter an unprotected area the next-to-
last location (1 ¢ the one preceding the jump type instruc:
tign)ot the exit subroutine must be an enabie-MP instruc:
fron It the unprotecied area 1s antered by " overflowing”
frem the protected area. the last iastruction n the
pratected area must be an enabie-MP instruction

10 INSTRUCTIONS: The | O instructions for program-
med commurnication beiween the MP and the CPU are
tisted 10 table 4 8

110 PUNCTIONS: To load one of the four 16-bit mask
regraters, first salect the register using the proger select-mesk-
register exiernal-control 'astryction. Any one of the three
svarlable gata-transfer-out IRSTIUCTiONs cBN RN DE 1sued 10
load the mask register. NOTE: The MP nesd nat be enabled
10 l08d 3 Mask register,

MP error detection 1 enabled by the ensbie-MP external.
eontrol instruction. Detection 13 disabled by the disable-MP
ingtruction, by CPU acknowiedgment of an MP error
nterrupt, oF & true system-reset signal from the control
pansei oF power supply.

The enabled status of the MP 13 lost when power fails
When power 1s restored the MP 15 automatically disabled
by sysiem reset from the power supply The contents of the
mask registers are reinstated prior to reenabhing the MP

The address (pius 1) of the instruction during which the
error was detecied can be fransferred (0 the processor

THEORY OF OPERATION

using any one of the five data ‘ramser insirust 3ns Tm e
capabiiity 1s proviged for use during thie errcr LT 7. mks

One means of returning tc the erecyutive program = d
protected area upon complet:on of the prcgram berg
executed in an ynprotectad area s 10 Progrant 3 ,u™L 10 2
previousiy assigned address n the protectey arez Ths
creates an MP.error condition The jump error suorzutié
ther ailows the jump to occur upon recsgnic= ot tme
special jump address

4.5 MEMORY PARITY

- The three mamn blocks of the memory par.t, cz'sn

(PARITY) are the parity gemerator checker c¢cmtro! ICg <
and aterrupt logic (figure 4-28) Inputs te PAR TY =i 0e
the mermory data bus. memory writing.csortire' lines
rRemory-completed ine. and | C bus sigrais

4.5.1 Circuit Description

To better undersiang tne Memory parity CIrCuis Jessrides
in (Mg section. refer to the DIOCK diagram . ¢ Jure 4-28
logic gragram 9180401 (system cocumentat:on Salnage
ang the Mnemonics st (sechion &)

The parity generator/checker checks odd parity n an
output (read) sequance and generaies odc parity n an
nput (write) sequence. During input. MWRY = and
MWLY « are migh The minth bits. (EINR« EINL = into
the parity generator.checkers are high and if all of the
memory bus data bits (MYDQO- through MYDIS=) are
thgh, there are Migh outpuis EWRPR < ang EWLPR =
These high outputls generate panty for right ang left Bytes
te memory on hnes MYD16~ (low) angd MYC17= (low)
respectively During output. MWRY « and MWiLY « are
low. Either EINR =~ or EINL+ can be high or low
depending upon the previous states of MYYDI6~ anc
MYD17= . I1f MYD16= produces an even number of lows on
the parity generator/checker input. then EWRPR + s high
and there i3 no output parity error on the right byte

Tabie 4-8. MP 10 Instructions

instruction Type

External Controi 100045
100145
100245
100345

100648
100748

Data Transfer 102545
102645

102145
102245
102045
103145
103245
103045

Sense

Octal Code

Function

Seiect mask register 0
Select mask register |
Select mask regisier 2
Select mask register 3

Enable memory protection
Disable memory protection

Clear and input to A From
register Instruction

Clear and input i6 B Address
register Register

Input to A regisier
Input to B register
Input to memory

Qutput from A register To
Output from B register Mask
Qutput from memory Regisier
None
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Figure 4-28. Panty Cption

Analogous arguments apply to a parity chack of the left
Byte. in either case, f there is an odd number of laws on
the parity generator/checker input, EWRPR + and/or
EWLPR + goes low, depending on the byte, to produce an
autput parity errar.

The contral lagie containg the parity-enabling flig-flag and
caontrols error detection. |f there 13 3 parity error on either
the right byte (EWRPR + law) or left byte (EWLPR + low),
the parity-errar flip-flop set input goes Mmgh. The high-ta-low
transition of the delayed clock pulse (EKROC=) sets the
panty errar flig-flop signal ERER + high to flag the panty
errar. There 13 a delay hine between EXRO= and EKROD-
to perrmit panty npple through the panty tree. The clock-
enaghng puise '3 generated when there is no PMA
operation (MAKQ= high). A check aon the left and rignt
bytes 18 activated (ERQR+ and ERDL+ mgh). and
memary acknowiedgment (YONME +) is migh. Then, when
the memary pulse YONME + goes law, EXRO~ zoes low to
clack the parity-errar fhp-flop. A direct reset of the ganty.
errar thp-flog 15 activated by ERERR= gaing low.

The interrupt lagic cantrois the interrupt cycle and actl-
vates (ne devica and interrupt address iogic. When a panty
arror 18 generated (ERER + mgn), the panty-interrypt thp-
Hop set output signal EINT + goes Mmgn on the nign-io-
low transition of the nterrugt ¢lack (QIUCX + ). If both the
nigher-grionty intarruots (PF R and memary protection) are
inactive (FINTE= ang BINTE-= mgn), a panty-intarrupt
request (QIURAX- iow) 1S gated antg the aption Bus. Whan
the processor returns the interrupt acxnowledgment signal
QIUAX = Mign. the party-nterrupt address (EACQ3—
through EADQ7 =) 18 gated out through the cction Bus and
than onto the | Q bus to the porocessor (the particular
interryupt address is predatermiriad Dy jumpers. At this samae
ume, set-+nput signal EIODS + goes mgh ta enabte the 1ast
2art of the nterrugt Cycte on the positive edge of inter-
rupt-address clock signai OFAYX « When ctocked. raset
output EIQD— goes low to reset the panty-error thp-hop
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(ERERAR-= low) and turn oft the panty-interrugt reguast
(QIURX = high). Set output EIQD +~ resets tne parity-intere
rupt fig-flop. With the return of the high-ta-low transiticn
of interrupt clock QIUCX + . EINT + goes law to OC resat
the EIQO thp-Hap. The memory-panty priarity s estadlisned
500 microseconds atter the power-up sequence 1s Com-
plated (FQS— high). pravided EINB + 18 nign (no PF. R or
mamary protection active), the parity intarrupt Hip-tep 1s
nect set (EINT= mgn). This makes PANE = law, which sig-
Ngis prigrity 10 the procassor via e | Q dus. PANE— can
B jumpered to any one of the prignity lines PR 1 X =i thraugh
PA9X~I. The memory-panty device adcress 's d@coded
from 8FAQ +, 0808~ QB811= and Q807- to produce
panty-enabling interrupt clock EKENB + Wnen Q06— 18
mgh. the poditive edge of EXENS + clacks the resal output
(EENB + ) of the decoding Nip-Hap low, and this resets tne
panty-error Hig-lop. PARITY can be hardware-disanied dy
tying €39 to E40 with a solcered wire jumper tar easy
maintenance.

NQTE: Parity is generated and checked anly an he Bus
cannected O the Processor. |t s NOt possibie ta gerfarm this
functian on both buses.

4.,5.2 Programming

The device address for PARITY s 245 There are !wo
external cantrol nstructions that enapdle (C349) and
disable (05495) panty. Party 1s generated ang checked, Dut
an interrupt 1S Not generated it PARITY 1s disadied.

The interrupt address s patch selectable over the rangs
CQ0QQ thraugh 00370. moduio 010Q.

4.6 PRICRITY MEMQORY ACCESS

The PMA 4 divided nta functianal circurts: contral. grnacnity,
ctata transfer, Gata cdrivers, (nput data receivers, and address
recmvers. |t operates in a3 520-comgauble mode.



The ccntrdl logic cetermines priof:ty for the fouf NPyt
channels provices anaphing signais (o the other funchional
DIocks full-int@riock CoNtrol Of tne four 1NEpUt channels. ang
controi signal interface with the mernory access 10gic

Tre zricnty 10g:1C 3s$igns Driority 10 the four PMA channels
Gr a nargware basis and controls the cnannel-acknowiedg:
~ent hires Channel one has the highest priority and
char-ei four the lowest The priarty .logic constantly
maniers the four Cnannels When 3 request 18 received.
prienity 1$ estabhisneg ang the proper acknowieagrment line
15 eratied The prerity logie checks pricrity when
ACKREN = 15 recewved from the data transter logic. This
3.10ws 3 higher priority channel request between each PMA
memcry cycle ever ¢ 3 icwer prionity channel 1S requesting
cemseiutive memor, cycles |t a3 higher priority channel
leaves 13 request enabteg 2ll lower prionty channels are
lcekad out

The data tramster log:c controls the flow ¢f data through
the P°14

The egnteen data drivers and eghteen nput data
rece.sers Sreade the gating and intertace between the data
butec (CBxx; and tme PMA 16 bit bidireciional data bus

(FCas =)

The eghteen address buttess (ABzx) prowide gating and
niectace Detween the memory address bus (MYAxx) and
the PRA address bus (Phss; The mest significant and
least signiticant Mits of the PMA data and address buses
ccrresdend 10 the most sigmificant ang feast sigmificant its
of the mermory data and adaress buses respectively

4.6.1 PMA Option/Controlier Interface

The four PMA option channeis share the 20-bit address
bus 18-bit rdirecnoral data bus and tne READ, SYRT=P
PMRS ang GO tnes Each channei has '3 own request
(RECx=) and acrnowieggment (ACK x~) ines

The PMA contretier provides nterfacing synchranization
between the | Q dewice and the PMA The controter
grovides buttering te prevent memcry rate reduction |f
prograrm Aitiated bDlock data transfers are desired the
PNA controller can aiso interface with the external | O bus.
In this nstance the PMA controller s sent an mitial
address and Dlock length wia the | O bus The controtlier
interrupts the program when the Dbiock transter s
completed

Figure 429 snows typical control-hine out circustry. 4.30
bidirectional bus circuitry. and 4 31 address or control-ine-
n circuitry

No more than eight controllers can he onto the PMA
option They can be distributed among the four channeis in
any manner

Maximum cable length is 20 feet (6 meters). The cabie
tvhically s a pawr of 40-conductor fist ribbon cables.
Termination resistors are mounted on the PMA option board.
On the Iast controller there is a termination shoe at the end
ot the cabie.
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4.6.2 Timing

The tirming for PMA output (reacing, anc \Aput {writing) 18
explarned 1n this section.

PMA ocuiput (Reading): in a reading operation (igure 4=-32).
when a request (REQx=) from a controiler s received.
prionty 1s first estatlisned. The PMA can operate with ine
exclusive use Of 3 memory port. In whicn case memory
priority 18 absoiute and immeciate This mode :$ hardwired
i Dy & jumper from £89 to £90 that grounas ACKJ= The
PMA can aiso share a memory port in which case PMA
sends ORQM « 1o the processor request:ng memory ac-
cess When the acknowiedgment (MAKQ « ) 18 received
the port will be free for the PMA on the foilowing cycle

The PMA ihen sets the proper PMA acknowleggment
(ACKx==) and sends a PMA memory-request (ORQM=) The
PMA controlier gates the memory address (PAxx =) onto
the PMA adoress bus. anc makes READ= true and enables
GO= The PMA wans for GO= ang the memory access
iogic 1o respond with the memary acknowledgment signal
Then the reaq fhip-flop (AREAD). memory-address buiter
(MYABxx = ), and memaory-port reques: (MRQY=) are put
On the memory bus t0 awast the memory-compiete
(YONM=). YONM= resets ACKx= removes the PMA ag-
uress from the menory bus. and resets the PMA memory-
request if there are RO other requests Then YONM— gates
the Mermory output data 10 the PMA buiter (DBxx) ang senas
ihe data n the data buffer to the PMA data bus (PDxx =)
The traing edge of ACKxz= tells the PMA controlier trat
the data on the PMA bidirectional bus (PDxx = ) are stadle
for at l@ast 75 nanoseconds Except wnen using tne con-
finvous-request: (HOG) hne, the controler removes all
ignais from the PMA option intertace (ingtuding GQ=)
when ACKx— goes (3ise

PMA Input (Writing): A PMA writing operation (figure 4.33)
15 similar to reading. However, the PMA option output data
15 Aot gated to the PMA pus (PDxx) and READ~- remains
faise Input data to memory are gated onto the PMA
brdirectional bus (PDxx=) when the address is gated onto
the PMA address bus (MYABxx =) The PMA in turn gates
the data into the data butter (DBxx) when the memc-.
address 1s gated into the address butfer (ABxx) The return
of YONM + from memory completes the operation.

PMA Continuous-Request (HOG) Line: When a PMA con-
troilar is regquesting consecutive memory cycles, its request
line (REQx=) remains true The basic sequencs remains
unchanged, (nciuding the determination of prionty preced-
ing each cycle. After the previous acknowlieagment has
cilaared, the PMA responds in 165 nanoseconds with ane
other ACKxz= If the request line remains true and nc nigher
prionty device 18 active. By delaying GO-— atter ACKx—
is received, the memory cychng 1s synchromized to cone
trolier demand. Normaily, dunng the deiay Detween ACKx=
and GO-. the determination of PMA channei priofity re-
quests 13 suspended. The controiler can force memory 10
appear busy on port A by activating the continuous-request
line (HOG=). Priority now stays with port B even if 1t 18
die. This reduces PMA [atency himes.
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4.6.3 Circuit Description

Th.s section describes the circuits ingicated in the PMA
piock diagram (figure 4-34) anc logic diagram 9180401
(system documentation package).

REQUEST AND ACKNOWLEDGMENT: The request anc
acknowiedgment (ogic consists of four channeis that have
hardware-assigned priornties In the sequence channel 1
through cnannet 4.

Channel priarity 18 determined by gating the autput of the
four channel thp-fiops ARQL through ARQ4 These are set
by the requast signals REQl= through REQ4~, respectively,
on the 82-nanosecond clock AKS82-. If more than one
request signal 1§ true the parity gating determines which
one of these signals 1s {0 be next copied onte one of the
acknowiedgment flip-flops ACK1 through ACK4. thus
producing one of the acknowledgment signals ACKl-
through ACK4~- inverted from the flip-flop set outputs
ACK] + througn ACKéS = .

CONTROL AND CLOCK LOGIC: The control and ciock logre
has four Aon-inverting receivers that accept control signals
HOG=, PMRS=, GO=. and READ~.

HOG~ true gates the memory-port override signal MHGY=
or MHMY= from PMA to memory if there 13 No power
failure (FINTE= high)

A controller resets the PMA by enabhng PMRS= which
gates reset signal ARST= low 1o reset the request. memory.
and data sequencer flip-flops.

The PMA option receives the controlier acknowiedgrnent
(GO~ ). activating the request and memory sequencer logic

The PMA bus control signal READ- gates READA~ and
sets the memory access mode (read.write) for a given
transter

The three free running common logrc clocks MOCLK= .
LK82 =. and MFCO « produce clock signals AK4] +.
AK822 . and AK165 =« respectively The numbers in the
clock signai mnemonics indicate noanoseconds. AK165 +
derived from the processor clock. s constantly being
phased by processor memory control and 1S synchronous
with all processor operations. AK4]l + and AK82 + have no
phase refation 1o AK165 - .

REQUEST SEQUENCER: The three-stage request se-
quencer 1s composed of flip-flops that are triggered on the
migh-to-low transiion of the free-running 82-nanosecond
clock (AK82 » ),

The request-sequencer set output (ARF1 +) goes high
when: (1) a request 1s present (ARQ + high), (2) there 13 no
power fadure (FINTE= Mmgnh). (3) the request-sequencer
decnder 1s «dle (ARDC! + high), and (4) a3 PMA controller
acknowiedgment i1s not active (AGO~ high).

ARF2 + goes high when memory-sequencer signal AM1S +
1S hugn

THEORY OF OPERATION

The request-sequencer set output (ARF3~) goes low at the
same time as flip-flop 2. It 1S used only In the write mode.
in read mode the set is blocked by READA+ high The
request sequencer flip-flops are reset by ARIR + being high
whien a clock pulse AK82 + s present.

The memory priority request delay flip-flop set output
(ARQQ «+ ) i1s enabled when AR1S « goes high. It is clocked
by AK82 +. ARQQ~ low (or AR1S~ low) then makes the
165-nancosecond request flip-flop set cutput (ORQM = ) high
on the high-to-low transition of clock AK163 . ORQM= low
is the memory-priority request.

All request-sequencer fhip-flops are cleared by ARST= (reset
PRAA).

MEMORY SEQUENGER: The thres stage {lip.flop memory
sequencer s clocked on the freerunming 4].nancsecong
clock (AK4L «). This Johnson counter progresses through
3ix $t3tes during each memory sequence

The memory-port request (MRQY= ) 1s output when the first
mamory-sequencer flip-fiop set output (AMF1 <) 1§ made
high by AM1S . AM1S+ goes high when (1) the PMA has
memory-port prionity (AACKA + high). (2) the PMA GO
signai (AGQ « ) is migh. and (3) memory-sequencer fip-flops
2 and 3 are oft (AMF2= ang AMF3= hugh) The first thp-fiop
is reset by AMDC? « when ail three flip-flops are set
(AMF1 +, AMF2 «, and AMF3 « hign) and AKE2 « 1§ high

The memory-sequencer Mip-figp 2 set output (AMF2 - ) goes
hegh when flip-fiop 1 18 set (AMF1 « mign} ang fiip-tiops 2
and 3 are both off (AMF2= and AMF3= high) At the same
time. the memory-sequencer signal AMDCl= 1s activated.
Flip-flop 2 reseis at the next ciock pulse atter thp-flop 1 s
reses.

The thp-flap 3 set output (AMF3 « ) goes Righ when the first
two thp-flops are set (AMF] « ang AMF2 = high), AMF3=
1s high, and the memory-sequence compiete signal
(ADON + ) 1s fgh 1t 1S reset on the next ciock pulse after
fip-tiop 2 18 reset.

The memory-sequencer-idie and PMA address and data-
buffer clock signais are activated when the memory
sequencer goes off (AMFl=, AMF2-, and AMF3= high)

The enable PMA memory-port signai (AACKA +) 1s active
when ihe memory prionty request flip-flops (AROQ + and
ORQM + ), and the memory-priarity-acknowiedgment signal
(MAKQ +) are ail mign. ACKJ= (jumpered to grouna)
enabies AACKA + if no other user 1s one the memory pert.

The low PMA bus ocutputi-received signal (READ=) s
clocked by the low-to-figh transition of AMF2 + to produce
set output (AREAD=) low. infibiting AMDEN «. The high
reset output (AREAD +) enables the memory bus signals
for input when AACKA + 1s lgh. These signais are low for
output (read) operations.

The PMA controtier acknowiedgment.received signal GOA +
15 detayed 30-nancseconds (GOAD + ) to set the PMA GO
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fhp-flop set output puise AGO «+ high. The flip-flop 18
clocked on the high to low transition of AK4] «. When

AMF] + is migh, AGOL + goes high io reset the AGO + fhip--

flop The AGOL + flip-flop 1s reset when ihere 18 no PMA
controlier acknowledgment received (GOA= high) and the
first memory sequencer flip-flop is reset (AMF1= Pigh). This
dual thp-flop latching circuitry ensures that only one GO
s1gnal occurs for every PMA request.

DATA SEQUENCER: The three-stage data sequencer flip
flops are clocked by the fres-running 41-nanosecond clock
(AK412 ) and the 82-nanosecond ciock (AK82 + ). The data
sequencer starts when the memary-sequancer signal
AMDC7 + 13 high and AREAD + is received. This produces
data-sequenicer signal AD1S =+ high. which sets flip-flop
ADF1. At the same time. reset output ADF]- low gates PMA
data-bus enabling signal APDEN « .

The second flip-flop set output signal ADF2 « goes high
wher: ADFl « and ADON= (memory sequence ncompiete)
are rugh This resets the first flip-fiop and sets the therd
fhp-tiop (ADF3I= low). ADF3~ low enabies the PMA data
bus. The second® fiip-flop 18 reset Dy AD2S+ low and
AKd4l- going high The first two thp-flops can aiso be
cleared by the low reset PMA signal (ARST=).

The mermory data buffer clock (AKMD « ) 15 active when 3
memory sequence s ncomplete (ADDN+ migh) and
ADF1 « 13 migh. The mermory-sequence complete signai 1s
YONM=

ADDRESS BUFFER: The inputs {0 the address buffer consist
of the PMA adgress-dus signais (PAQQ + through PA1S «)
trom the selected controiler These 20 signals go ihrougn
separate non-invering recevers to three six-oit latches
when the PMA address clock (AMDCl=) goes low. the
latches are set Dy the incoming signals.

THEORY OF QPERATION

The memory-address signals (MYABOO =  through
MYABO8 =, MYPMOS+ through MYPMIS« and
MYKI6+ through MYKi9+) are then gated out tc the
memory bus when the PMA has memory-port priority
(AACKA « Migh).

DATA BUFFER: The data buffer has 18 data drivers and 18
data receivers that provide an interface Detween the
maemory bus and the 18-bit bidirectional data bus.

During writing. data signais PDOC « througn POL17 = enter
the data bufter from the active controiler Each of the 18
SIgnails goes through a separate, non-inverting receiver 10
set one of the 18 flip-flops on the low-ta-lugh transition of
AMDCle.

Data signais MYDBOO- through MYCBi7= are then gatec
out to the mermory bus when the memory data bus enable
(AMDEN + ) goes high

During reading. data signals MYDBOO- through MYDB17-
enter the data buffer from the memary bus These 18 gata
signais set the three six-Dit latchies when the memory gata

buffer clock (AKMD «) goes low The inveried signals
ADOOL = through ADI7L « are reinverted and then gated
onto the bidirectional data bus when the PMA enable data
bus signal (APDEN « ) goes high

4.6.4 Programming

Program controi of devices that ytiize PMA memory cycles
OGEuUrs exclusively hetween (he proce@ssor angthe AGivicual
device controilers attacheg 0 the PMA channets Tnis
controf 1s through the | O bus
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SECTION S
MAINTENANCE

The option board common-iogic 1s exercised by testing the
ndividual options and has no maintenance procedures of
1Hs own '

5.1 TELETYPE CONTROLLER

TC maintanance consists of running test programs
troublesnooting ang making repairs it required The tast
executive program and TTY test program described in the
MAINTAIN 11l manual. 1/ conjunction with the V70 Seres
processor maintenance manyal. help isclate an error
conaitton Troubleshooting 1§ facilitated by familianzation
witfi the operanon of tne TC ang use of tne logic diagram
This.section provides troubleshooting data. program tesis
ang 3 hst of reference documents to be used as
maintenance aids

5.1.1 Equipment

The tollowing is 3 list of recommended test equipment for
maintaining the TC

3 Osciloscope. Tektromx type 347

B Muitimeter. Triplett type 630

5.1.2 Test Programs

The condition of the TTY umit shouid be periodically
checneg using program tests These tests for TC and TTY
are provided as part ot the regular troubleshooting
pachkage

NOTE

One section of the TTY test program for ASR
modeis ncludes a print suppression test. The 33
ASR does not perform this function, so this test
program shouid be bypassed when testing the
33 ASR (refer t0 the MAINTAIN il manual).

The TTY test program is a good diagnostic aid because the
data being sent are printed out and can be analyzed. Also.
known Nput patterns can be generated (viz keyboard or
paper iape) and data can be anaiyzed 1n the computer or
returned to the TTY for printed analysis. !f for some
reason, such as PTR faiure, the lest program tapes cannot
be read. a simpie input/output program for venfication and
troubleshooting of the TTY.TC operation can be entered

through the computer control panel This program (figure
$ 1) tests keybcard input angd printer output

3 Enter the program through the control panel

b Turn the TTY to ON-LINE.

¢. Program starts at address 00C00C.

d Anycharacter input from the TTY 1§ tramsterrec Sacw °2
the TTY as ar output from the processor TC aimazst

immediately. Varicus character patterns arg fur:
tions of the TTY can be checked by this eche mer=sd

Location Commang Description

00000 101201 Sense read reacy
00001 000004 It yes. jumg to 003G2
00002 00100C Jump Back to 00053
00003 000000

00004 102501 Ciesr ang mput TTY cnaracier

16 A register

00005 101101 Sense wriie ready

00006 00001} It yes, ump to 05811
00007 001000

00010 000005 . .
[os[e} B 103101 Qutput A register (o 7C;
00012 00100C Jump back to QCCCC

00013 0000C0

Figure S-1. Basic input‘Qutput Test Program

5.1.3 TC/TTY Troubleshooting

The TTY units are mormally trouble ‘free and requ.re htte
attentic  however f operation 1§ fauity the tailcwi~g
troubles™ Loting procedures are suggested Visuaily inspest
for broken betis. loose cams or components. l00se or pagrly
seated conneciors. blown fuses or burned.out components

NOTE

The TTY casework 15 cast and. therefore.
somewhat fragile Exercise care when removing
and remnstailing it

GARBLING: The following are possibie sources of intermit.
terit characier change (printing of sending wrong
characters).

TTY Incorrect power supply output

TTY Incorrect motor speed

TTY Incorrect range adjustment

TC Incorrect TC frequency

TTY TC Incorrect loop current (too low oF too high)
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MAINTENANCE

MOTOR SPEED CHECK: The TTY character output rate
must be 100 miliseconds per character. The mator speed.
which i1s not adjustable, can be checked as lollows.

a. Check TRRA + with an oscilloscope. Set osciiloscope
SYNC to gositive internal and set scope time to 10 or 20
msec’cm.

b. Hold down the RUBOUT anc REPEAT kays on the TTY
keyboard. Adjust oscillascopie to abserve the TTRA +
wavetorm. TTRA + should sat on every stop bit 1 and
remain set until 3 data-transfer-in is completed. The
time ‘rom set to set should be 100 nuiliseconds.
Switc~ !he ascilloscope o observe that 10 characters
occur each second. |f single character time s off Dy
more than 2 rmilhsecands. the TTY mator may require
change. overhaul, readjustment, or other
maintenanca.

TROUBLESHOOTING CHECX LIST: it the TC and TTY are
~ct zperating

v Cleck valtages.

b Zreck cableconnections and board seating.

2 C-ack 'mat the TC clock (TCLK+) has a 370
meir3secsng parod.

1 Check that both aptical couplers are active in narmal
static monacerating conditicn 1t not, the source of the
oroglem may De the TTY, the coupler toop sugply. or
‘re 2ntical coupler.

t:=2 TC 3ng TTY nave interrmttent problams:
-1 Chrack soitages.
o Creckcapleconnections ard hoard seating.

c Ramove 3and inspect the aoptian hoard for loose
carmpanents. paar salder cannectians. and arang-value
csmpanaents.

1 Checx clack hrming,

e Crack sigrals across the apltical cauciers.

5.2 POWER FAILURE/RESTART

PF R maintenance consists of runmng the PF/R test
pragram. troubleshooting, and making repairs. if required.
The PF R ‘sst program, described n the MAINTAIN 11l
manual (98 A 3952 07x), 1n comunction with the Varan 70
SJeries mamntenance manual, heips 1solate an errar conds.
non Troublesnaating 1s faciitated Qy famihanzation with
the aperation ot the PF/R and use of the logic diagram.

5.2.1 Equipment

The followsng 18 3 hist of recommended test equipment for
mamntaiming the PF/R.

a. Oscilloscope, Tektronix type 547
b. Multimater, Tripiett type 630
¢. Squarewave generator

d. Autotransiormer, Vanac or equivaient

5.2.2 Test Program

The PF R - st grogram s an integral gart ot the MAINTAIN
1l test program system. It s gravided as part of the regular
trcubleshooting package.

PF R operation should be periodically checked using the
PF R test pragram. under the cantrol af the tast executive
program (32A0107 QQ1). This test verifies that clatie
registers and memary are not maditied Dy a 'oss of Jower.
Maltunctiong are reparted 0 the form ot arrar muessages
ang or codes.

The PF R test pregram 3 descriBad A cetai in the 620
test programs manual.

5.2.3 Troubleshooting

Traublesnooting the PF R comparises .erficaten af nput
power signal and pertarmance test darameters and
marginal ac power.

INPUT POQWER: Verity =3V dc &3 percent and camman
(groundad).

SIGNAL TEST: Load the PF R test srogram ‘Sigwing the
Qirsctions given 0 the 520 test grograms manuai The
grcgram responds (0 power down ang cower g s2quences
inifiated Dy the test ogeratar

PERFORMANCE TEST: Verttying ine sertar—ince cf the
PF R in the computer System requires Jusa of tne PF R test
program The 620 test prcgrams manual 2escrides !eading
ang aperating procedures, expected resuils. ang error
canditions, n this test. power-dQwn pawer up sequences
arg muated By turming power offt and on ftrom tre
csmputer

MARGINAL ac POWER TEST: To venfy that the PF R
preperly initiates 3 power down Sequencs when ac Jower '§
w2low threshold. plug the ac power line into a neavy duly
autotranstormer. ang run the performance test. leaving the
cantrol panal pawer switcn ON. Agjust the autotransformer
for 11OV ac ang slowly change the saitage to (24V ac A
Power down sequence should be nitiated ~nen ngut gces
Beiow thresingid.



5.3 REAL-TIME CLOCK

RTC mainienance consists of runming the RTC test
program troubiesnooting. and making repairs f requireq
The RTC test program described in ihe MAINTAIN {Ii
manuail (document numper 98A 9952 07x} in conjunction
with the V70 Series processor maintenance manual. helps
1s0late an error concition Troubleshooting is facilitated
by tarmihanization with the aperauon of ine RTC anduse of
the iogic diagram

5.3.1 Equipment

The foilcwing s 3 List of recommenaed test aguipment for
mantainng the RTC :

a Oscriloscope Tektronix type 547

b Muitirneter Triplett type 630

5.3.2 Test Program

The RTC test program s an iniegral part of the MAINTAIN
i lest program gystern 1118 provided as part of ihe regular
troubleshocting package

RTC coeration should be periodically checked with the RTC
test program. under (he comtrol of the fest executive
prograrm (part numper 92A0107-001) The varabie intervai
angd memoary overflow interrupis and ihe freerumrming
counier are software-imed and tested Maifunctions are
reporred 0 tRe form of error messages and. or codes

The RTC test program 15 described in detail in the
MAINTAIN 1l manual (document number 98 A 9952 07x).
-

5.3.3 Troubleshooting

Troubteshooting the RTC comprises verification of ¢ritical
1NDut power aNd tiMing parameters

INPUT POWER: Verify +5V dc £ 5 percent and common
(ground)

SCHMITT-TRIGGER CIRCUIT: Verily 24V rms, 50. or 60-Hz
¢ 5 percent sinewave input at PO1-AQS and 50 or 60-Hz £ 5
percent squarewave output at £3. Check that the output
signal follows the input signal

EXTERNAL TIMING SOURCE: If a user supplied external
timing source (TP1) 15 jumpered to either pin E18 (free.
running counter) or pin £14 (variable interval counter)

a. Apoly + 95205V dcto TPl Measure +5 2 0.5V de¢ at
E1S.

b Apply 0.0 £ 05V dc to TP1. Measure 0.0 ¢ 0.5V dc at
ElS.

MAINTENANCE

5.4 MEMORY PROTECTION

MP maintenance consists of runming the MP test program.
troublesnooting. and mawing reparrs. f required The MP
test program, described in the MAINTAIN Il manual. in
comjunction. with the V70 Series processor manual. heips
is0late an error condition Troubleshooting 18 faciitated
by familiarization with tne operation of tne MP ang use of
the 10giC Giagram

5.4.1 Equipment

The following s ihe recommended test equipment for
maintaiming the MP

a Oscilloscope. Tektron:x type 347

b Multimeter. Tripiett type 630

5.4.2 Test Program

The MP test program s an integrai part of the MAINTAIN
11 test program system [t is provided as part of the reguiar
troubleshooting package

MP gperation should be checkhed with the MP test program
(92A0105 0C2). under the control of the test executive
program (92A0107.001) MP maifunctions are reported in
the form of error messages and or codes

The MP .““ program. 1S described in detad in the
MAINTAIN LIl manual (98 A 99582 07x)

§.4.3 Troubleshooting

Turn the computer off open the front panel on 1ts hinges
connact the option board n the tap siot. turn the computer
on ang make the following checks

INPUT POWER: Verify <5V gc 55 percent and common
(ground)

MANUAL TESTS: Pertorming the following manual tests. in
conjunction with the MP test program ensures a thorough
test of ihe operation of the MP Before executing the test
subroutines described below. press RESET and set run
mode.

MASK REGISTER ADDRESSING Select a mask register and
verily that its contents are not aitered Dy data-transfer-out
operations.

Address instruction Mnemonic Decription
000100 100045 EXC
000101 010113 LDA
000102 10314% QAR
000103 010114 LDA

Seiect mask register 0

Load mask register

(continued)
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Address Instruction Mnemonic

0c0104 10310% OAR
000108 10316% QAR
000106 103155 OAR
Q00107 103141 QAR
Qootte 103147 QAR
000111 103144 0AR
co0112 000077 HLT
200113 0%2%28 DATA
200114 125292 QATA

Description
Addressing test 1
Addressing test 2
Addressing test 3
Addressing test 4
Addressing test S
Addressing test 8

Begin at address 000100. After execution of the LT
instructian, venty that the cantents ot mashk register O are
052928.

I O INTERRUPT CONTROL: Using the sample subroutine
Jescribed Deiow venty that:

3 *MP narmai pertormance of the i/Q sequence.

5 Acknowleggment of an MP interrupt request disables

P untit reenabled Dy an |/ Q instructien.

< No nterrupts accur when the MP s disabled. even
~hen Srograms contaimng kNown errors are exaculed:
.M s case. change the cantents of address 000124
1c 20SGCA (NQP) far ttns siep aniy.

1 BINTE= 13 neid faise to lack out Iower priority external
22ice cantraliers during an MP-generated interrugt.
Address Instryction Mnemenic

0922 Qologo iMP 1/Q arror interrupt ag-
dress

Qescription

111233 ac012a

TIT129 12cca £XC Select mask register O
Pl O3} 3C6C10 LRAI Set ug mask
tlli2 coceat
e ok | 103 CAR
Iilas 1C2843 EXC
Tz [l Talels} iMP

-2lidd ¢allda

Load mask register
Enable MP

ol SIvD ] folg- Dtals ] NOP
Lol 122C49 EXC I Q nstructian unpro
tected

331132 CCgoo7 T
INTEIRAT CONTROL: Verity that the CPU can be

.mrareygtad feom 3 program oflerating 1 an ungrotected

3r21 tQ 3 sulroubine n 3 pratected area Dy a nan-MP.
gerurated nterrupt request. Venty that nao errors are
detacted and that the MP does not zenerate an error
intarr.ot request.

Address Instruction Mnemonic Descriptun
leiviate; catizia SMP Cantrol panel interrupt
Sl Qacata address

ST.o10 cQso0Q NCP
MR 0Cec?7 LT Hajt atter successtul test

llat2 biel Belefe] NP Return to unprotected
Area

Address Instruction Mnemonic
000013 Q01140

Oescription

000026 0C0l000  IMP
000027 QCQ040Q

000040 C00777 HLT Hait on test failure

000150 100048 EXC  Select mask register 0
000151 €06020 LDBI  Set up mask

000152 dooool -

000153 10324% QB8R Load mask register
000184 100645 £xC Enable MP

000158 (01000 JMP  Jump to unprotected area
000156 001140

001140 0Q010Q0 IMP Loop i unprotected area
Qoilal  QoOllisdo

Start aexecution of the subroutine at address (/Q01S1.
Ouring the unprotected-area iaop. i1Ssue a cantral panal
interrypt By pressing INT. The arcgram should hait weth
0C0077 in the | register. Ta reanter the loog n the
unprotected area. press START.

UNINTERRUPTABLE INSTRUCTIONS: Yenty that non.-MP.
generated nterrupt requests are not recognized Dy the
CPU immaediately following the execulion at maminterrupt-
able instructions.

Address Instruction Mnemanic Qescription

000000 0Q1000 imP Cantral panel interrupt
000001 000182 address

000160 <ce0lo LOAl  Load A register gositive
000161  QQQQ77

CGcolé2 100048 EXC External control instruc

tion

Q00163 Q03coa XAN Execute, condition nat
met

Gcolea Q0cQe77 Loop

Cccles  Qoicoo iMP
0Q0le6  Qoals2

Start execution of the subroutine at acdress CO0160.
Graung IURX= on the aption beard and. in run mads,
vartty with an oscilloscope that QiNT= s inmibited during
HLTD and the execution of the EXC and XEC instrustions.

STEP MQOE OQPERATION: Vertfy that non MP zunerated
interrupt requests are nat recognized Dy the CPU immead:.
ately following the execution ot a nan-HLT. non-EXC. and
non XEC instruction 10 step mode.

Address [nstruction Mnemonic Qescription

000000 [o[e]Yalo]s) IMP Interrupt addresy
ccooat 000002

20C0C2 Q00007 HLT

00168 aa1000 IMP Logp at 000166
C00167 Q00166

Cround 1URX= on the option board and step througn the
100p at COC LE6. Verity that no nterrugts accur.



5.5 PARITY

PARITY maintenance consists of troubleshooting and
making repairs as required. Troubieshooting with the
oscilioscope and multimeter 1s facilitated by famihiarization
with the operation of the PARITY and use of the logic
diagram.

Test PARITY as follows:
a. Usea functioning V70 series computer system.
b. Enabie PARITY interrupts.

€. Qutput the bit patterns in table S=1 from processor
to memory in consacutive locations. Check that the
panty bits are in the correct logical states at the ime
that YODNM= samples the memory bus. that memaory
bus timing requirernents are met and that no interrupts
ocour.

d. Input the table from memory and check that no
interrupts occur.

¢ Remave jumper chip from bits 16 and 17 of the memory

word on the option board so that on read-from-memory

- operations the parity bits to the parity circusts will be
2ero at all times.

f. Input the table agan as in (d) and ehack that 2 parity
interrupt occurs for each ward input except 8 and 6.
With an oscilioscope check that both EWRPR + and
EWLPR + are low at the hign-to.low transiton of
EXRDO=

g Repeat the above tests with interrupts disabled by
grounding ENTR1= and check that no interrupts occur

MAINTENANCE

h. Repeat the above tests (¢) through (f) with interrupts
disabled by grounding ENTRI= and check that no
nterrupts occur

+ Repeat the above tests (¢) through (1) with interrupts
. disabled by the system reset on the tront panel and
check that no interrupts occur.

). Repeat the above tests (¢) through () and individually
force FINTE= ang BINTE= low and check that
PRNE= 1§ high

k. With computer in step. perform system reset and check
that PRNE= 1s hugh when FO% 1 low and that PRNE=
goes low when FOS~ goes high

It any of the above tests fail. repair the cause of the failure
by tracing backwords through the logic. finding the cause.
and replacing the defective component

5.6 PRIORITY MEMORY ACCESS

PhiA maintenance consists of running test programs.
troubleshooting. and malking reparrs. f reguired Trou
bleshooting 18 facilitated Dy famihiarization with the
vperation of the PMA and controilers, and with ther
respective logic diagrams.

The PMA test and associated hardware tests are not part
of this manual as they are designed for 1n-house testing
only This section of the manual 15 intended for fieid-service
troubleshooting.

Table 5-1. Parity Check Fastern

Byte Left Byte Right

Memory Bits 18 14 13 12 11 10 9 8 7 7 6 58 4 3 2 1 0 16
1 1 1 6 0 0 00 01 0 0 000 00 0 !
2 0 1 1 0 0 0001 M 1

Waord No. 3 0o o0 I 1 0 0 0 O 1 i 1
4 0 0 0 1 1 0001 I 1
s 0 0 0 O 1 1001 | 1
6 0 0 60 0 0 11 01 - re .
7 0 0 0 0 0 01 11 00 000O0CO0COC 1
8 0 0 0 0 0 020 00 1 60 00000O0 O
9 O 0 0 0 0 00 0,1 11 000000
10 M 1 01100000
11 1 00611 000G0 1
12 ! I 00011000 I
13 i 1 00001100 1
14 ! 1 00000711 0 1
1s 0 0o 0 0o o0 o0 0 01 000000 1 ) 1
6 1 0 0 0 0 00 00 0 00 00O0O0T1 O

5%



MAINTENANCE

5.6.1 Equipment

The following 18 a list of recommended test equipment for
maintaining the PMA,

a. Oscilloscope. Tektronin 347 (ar equivaient)

8. Muitimeter. Triplett type 630 (or equivaient)

5.6.2 Troubleshooting

It an error condition exists, maka the fallgwing checks on
the PMA and controiler boards bafore attempting dynamic
tests.

a. Check voltage levels tg ansure that the 5.0V dc power
supply 18 correctly adjusted.

b Check cableconnections and board seating.

c. Jemove the 0ards and inspect for lcase components,
0qQar soider ccnnections. ncarrect IC facations, and
incerrect companent values.

d Creck jumpars for correct connections for the mode
uncaer test.

Crce tnese checks nave Deen compieted 3nd the boards
are regiaced. perform the laliowwng dynamic checks.

a Alter loading the test program and w~hile the PMA s
cantinyally accessing memary at lecatian 0777777,
verity that memary address lines MYAQQ + through
MYAL7 + are stable 40 nanosecands after AACKA
ices true. and remain stable untit AACKA goes faise
(make measurements at the 1.5V level). The PMA
inould send read transfers continuously from the
above location (it the PAix » lines are ieft agen)
~hen ne following |urmpers are cannected:

READ~ ta ground
REQl~ to ground
ACK1- to GO=

b. Verify that the PMA can address ail 32K of memory. Use
the test setup in step 3 and ground each PAxx + line to
ensure that the respective MYDxx + lines go faise.

c. Venty that the PMA logic is initialized and the PMA
systemn reset signai SYRT P gaes true when the reset
switch on the console is pressed. SYRT.P remains law
during the ime the resat swilch s pressed.

d. Vanfy that the PMA logic s alsa imtiahized by PMA reset
signal PMRS=. To do so. ground PMRS~ and check
that ARST= goes low (true).

I an srrar condition still exists after these checks, raplace
the PMA ang send the malfunctioning one bdack to the
Sperry Univac test lanaratory. The PMA laboratary testar,
1N CONUNGLION with the computer and PMA tast pragram,
wiil make the following dynamic tests:

a. The Ingut Block Test checks the abiity of the PMA
option to transter accurately a 256 ward block of data
intg memoary through each of the four PMA channels.

. The Qutput Block Test checks the ability of the PMA to
transter accurately 3 256-word block of data from
memory through each of the four PMA channeis.

¢ The Read Ward/ Write Ward Test checks the ability of
the PMA to transter accurately a bicck of data from
memory and to repiace it in memary at the maximum
data transfer rate. All four channels are tested
sequentially.

d. The Priority Test verifias the tallawing:

1. Thae PMA griarity (ogic carrectly assigms priority to
requests for daca transfer,

2. The PMA control lagic functions corractly.

3. The memaory cycle rate 13 successfully synchromzed
t0 3 rate less than the maximum Ry reserving a
memary cycie and detaying the memary start
signal,



SECTION 6
MNEMONICS

This section contains hists of option-board signal mnemon.
1cs immediately below are the mnemonics for the common
logic. followed In the subseguent subsections by lists for

the iIndividual options.

Mnremonic

DRYX|
EBOC
EBS1
EBC2 ¢
EBC3 !
EBOat
EB08
EBO6 !
EBC71
EBO8 !
EBQ9
EB101I
EBIL
EBi2
EBI3 I
EBla
EB151
FRYX.\
TWAXA
yex |
1UJX
IURX |
LK82 +
LK82=
MFC-
MFCO »
MFHCO +
MC=
MeCO +
MOCLKs
MTRC-

0BOUTA=

0BOUTS +
0BOUTE~

OBOUT +
0BOUT-

0B0O~
Q801
08022
0803:
0B04s:
0BO52
0BO6:
0807¢
QB08s
0809

Description

us it 00
us it 01
us it 02
us bt 03

us it 08

us it 09

us it 10

us it 11

us bit 12

us it 13

s bit 14

us bt 15

us function ready

/Q bus interrupt acknowiedgrment
1/Q bus interrupt clock

1,Q bus interrupt jump

1/Q bus interrupt request neg
Free-running 82-nanasecond clock
Free-runming 82 nanosecond clock neg
165.nanoseconds full clock
Memory frewrunning clock

165-nanoseconds haif clock

Option board commaon logic clock

Option board common logic clock

nput for RTC and TTY

QOption board comman logic receiver
disabler A

Qotion board common logic driver enabler B
Option board common logic recever
disabier B .

Qotion bosrd commaon logic driver enabler A
Option board common logic output driver
enabler

Option board common logic it 00
Qption board common logic tit 01
Option board common logic it 02
Option board common logic tit 03
Option board comman logic it 04
Qgption board common logic it 08
Qption board common logic bt 06
Option board commaon logic it 07
Option board common logic it 08
Option board common logic it 09

Mremonic

[«]-%3
Q811s
0B12s
0813:
OBlas
0Bl5e
CODRYX +
OFRYX +
QIUAX +
QIYCX +
QUIX +
QIURXe

QOSYRT +
SYRT
TR82 +

Description

Qotion board common logic bit |}
Option board common logic bit |
Option board common logic bit |
Option board common logic bit 13
Option board common logc bit 14
Option boarg common logic bit 15
Option board comman logic data ready
Option bosrd common logic funcnion ready
Option bosrd cormmon (0gic-interruot ack.
Optian bosrg common iagic-interryet clock
Optlon board comman logic-interrupt jump
Optior board common logic nterrupt
request

Qption boeard common 10gic system reset
1/Q bus system reset

82.5-nancsecond clock 16 RTC and TTY

6.1 TELETYPE CONTROLLER

Mnemonic

IUAA-
Ues |
0BOUT-

QBOO-
0801~
0B02-
[o]= sk
OBO&~-
080
QB06~
QBO7-
oBli-
oBl12-
cBl13
OBl4-
ODRYX +
OFRYX +
OIUAX +
QSYRT +
SERX-I
FAQD +
TBQD +
TBREA +
TBRL=
TBOO- .
1805

TCCLK +
TCLK +

TCLK=

TCQ8 +
TCQC +
TCQD +

Description

Output (write) interrupt hine to Pifd
Input (read) interrupt ine to PIM
Option board common | O logic outgut
driver enabie R.

Option boara common | O legic bit 00
QOption board comrmon | Q logic bit 01
Qotion beard common 1.0 logie bit 02
Option board common 1.0 logic bit 03
Option board common 1.0 togic bit 0&
Option boarg comemon 1/Q logic bit 08
Option board comman 1.0Q logic bit 06
Option boarg common | O logic bit 07
Option board common | Q logic brt 11

Option board commen | O logc bt 12
Qption boargd common i/Q logic Bit 13
Option board common 1.0 logic bit 14
Qption board common 1/0 logic data ready
Qption board common (/0 logic function ready
Option board common 1/Q logic-interrupt ack .
*Qption bosrd commaon |/0O togic sysiem reset
Sense response

Qutout of first 4-bit counter

Qutput of second 4-pit counter

TC input characisr ready

MQS transrmitter load butter

Internal 17O bus it 00

Internal 1/0 bus it 05

Internsl 82-nanosecond clock

MQOS trsnsmitter/receiver ¢lock pos.

MQOS transmutter/receiver clock neg
QB output of third 4-bit counter
QC output of third 4-bet counter
QD output of third 4-bit counter
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Mnemonic

TOA +
TDAL +
TORA +
TORIQ +
TORR=
TOR +
TOTIO +
TOTI +
TOTi=
TOTO +
TOTO=-
TOTWR +
TEXC-
TFROA +»
TFROA=
TINZA +
T'NZA=
TINZ »
T:NZ-

TUH A=
TIOTI +»
TJOTQ +
TKIQ *+
TLOBF »
TICRR-
TQOE +
T3E-
TOl-

TRROQ +

TRAQT +»
TRRQZ »
TARQI +
TRRAQ4Y +»
TARQS »
TRRQE »
TRRAQ7 »
TARS «
TR8Z »
TSYST-
TTEBRE »

TT3REA «

TTOBQ »
TTO8! +
TTOB82 +
TTO83 +
TTO84 »
TTD8aS »
TTO8G +
TTO87 +»
TTRQA +
TTRQ +
TTRO=-
TTR «
TTS +
TTWR +
TTYR =
TTVR-
TTYT »
TTyT-

frCLR-

52

Description

Owvice address 01 detected

Lower five bits of device address 01

MOS recaiver data ready flag repowered
AND of QORYX v, TOTIQ +

Resat data ready fag

MOS receiver data ready flag
Data-transtae flip-flop (in or Qut) set
Data-transfer-in Hip-flop pos.
Data-transter-in flio-Hoo nex.
Dara-transter-out flig-flop gos.
Data-transter-out flig-flop neg.

AND of TCQ8 », TCQC +, TCQOD +
Internal reset enabler

AND of TOA +, QOFRYX +

Inversion of TFRDA

tnternal 1mitializer 0Os. repowered
intermal «ihianzer neg. repowered
tntermal initializer DOS.

internal (mitiahzer neg.

intermnal nrerrupt ine

Janput ta data-transter-in flio-flop
Jonout ta data-transfer-out flip-flop
Clock tQ data transter in ana out flig-Hops
Data-transfer-out l0ad Buffer

Nag output af Jata-ready raset aneshat
MQS recaiver overrun error flag Dos.
MOS recerver overrun error Hag neg.
'MOS recaver nput

MQS recaiver data it 00

MQS recever data bic Q1

MQOS receiver data bie 02

MQS reciver data bit 03

MQOS receiver data bit 04

MOS recsiver gata bie 08

MQS receiver data bit 08

MQS recmver data it 07

TC recsiver ready

82.5-nanosecond clock from comman logic
Internal system reset tram frant pane
MQS transemicter Butfer reqister empcy flag
QS transmmitter buffer register empty flag repwe
Data-transfer-out buffer registar Dit Q
Daca-transfer-out tiuffer register tie 1
Qata-transter-out bulter register Dit 2
Qara-transter-aut tiutfer register Bic 3
Qara-transtar-out biutfer regittar bit 4
Data-transfer-out buffer register tic §
Data-transter-out tiutfer register bit 6
Data-transter-out tiuifer register it 7
MQOS transrmitrer JutOut 0OS. reCOwered
MQOS transmictar sarisl qutput pos.

MQS transmitter qutput neg.
Transmictar or reciriver ready senss line
Qutout ready sensa respanse

2XMQS trarsmittar/recaiver clack
Tetetvoe intertace in pos.

Teretype intertace 1 neg.

Teletype interface gut pos.

Taletyoe nterface out neg.

Taletype intertace current loop return

6.2 POWER FAILURE/RESTART

Mnemonic

BCS12 +
BCS1 +»
BCS2 +
FCXIA +
BCX1 +
BCIXR +
FC1XS +
FCIX +
FINTE=
FIQAK +
FI0D +
FQS=
FRST-
Q80UT-
Q80l-
C80%
iINT=
QIURX=
QPSTRT=
SPFA=

Description

Sequenca state 01 or 10 decoded
Sequencs state 01 decoded
Sequencs stats 10 decoded

Reset FCX1 +

Lesstsignificant sequencer flio-flog
Reset FCI1X +

Set FCIX +

Maost.significant sequencer flip-flog
interrupt prionty output

PE/R interrugt priority

Interrupt resconse flag

PF:R one-shot

Raset PF R sequencer

Common logic sutput

E bus it | for interrupt address
€ bus Wit 5 for interrupt address
Internal interrupt cutput
interrupt request

Start

PF. R alarm from power supply

6.3 REAL-TIME CLOCK

fMnemanic
AK16S »

cCs30 »
ETR »
ETR=-
LPAEC +
LFREC~

MILL2A=

CB8QuT-
¢800=-
801-
0802~
803~
804~
(080%=
Q806=
807~
0808~
0B80%=
Q8lo~
cgll-
cale-
Q813
08la~
0815
QDRAYX +
QFRYX +
QIUAX +
Qrucx »
QtUIX +»
DIURX=

Description

165-nanosecond clack fram the memary-
pratection logic

Increment-and-reglacs (nstruction from proe, oos.
External timing source

Extarnal timing sourca return

24V ac cutput from the camouter sower susply
24V ac¢ rsturn from the comauter Sawer
supply

Maemary input latch bit-14 from processor
neg.

Enable |1/ Q comman-logic autput

Option Board comman 1. Q fogic oit 90

Qgtion board commean | Q logic Bt Q1
Qotion board comman | Q legic it 02
Cptign Board cammon | Q logic at 2

Qptign board camman | O lagic it 4
Optian board cammon | Q logig Bit IS
Qptian Hoard common | O logic bit O

Opt:on board commen | Q logic :it 37
Optian board camman | Q logic it 23
Qption board common | O logic it 23
Qptien hoard comman |- Q logic Mt |

Qption board cammon 1. Q logie bt 11
Qption board commoan 1/ Q logic it 12
Qption Board common 1. Q logic it 13

Option board camman |- QO logic it 14
Option Board common 1. Q logic bt 13
Qotion Board camman 1/Q Iogic data ready
QOotion board comman |/Q lagic function ready
Qation board common 1/Q 1agic interruat ack.
Qpntion board comman i/Q lagic interruct ctack
Qotion board comman 1/Q lagie interruat jumg
Common iogic interrupt request neg.



Mnemonmic

QSYRT ¢
PERTCI=

PRRTCO=
RESZI3
RBBO4-
RBTI4 +
ABOT +
ABO2 +
AB808 »
RCA «
TRE2 +
RCB +
RCC+
RCLK «
RCO8 +
RCi28 +
RDA4T +
RCAL7=
RODTI +
RO=T
RCRY=
ROTIA »
ROTI »
ROTi=
ROTQ +
ROTO=
REDS~

REMT »
RETR +
RETR=
REXCE=-
REXQ0~
REXQl=
REXQ2-
REXQ3~
REX04-
REXQ5=
REXJ6~
RFEIP »
RFMN=
RFRCK +
RFRCK +

RFRCK=-

AFREN +
RFRY +
RFRY=
REROG +
RERQT «
RFRQO1=
REROZ +
RFRQ2-
RFRO3 +
REROG +
RFROS +
RFROS=
RERO6G +
RFRO7 +

Description

Qption bosrd common 1/Q 1ogic system reset
Priorityn input from @ higher-priority
ceontroller

Priority-out 10 3 lower-priority controlier
Inveried source of O8O3~

Inveried source of QBO4~

Interval memory input-isteh bit 14 pos.

Interrupt address or fres-running counter bit 1 pos.
Interrupt address or free-running counter bit 2 pos.
interrupt address of fresrunning counter bit 5 pos.
Qutput ot first stage of the veriableinterval counter
82.8.ngnosecond slock from common logic

Qutout of second stage of the varisbieinterval counter

Qutput of thirg stage of the variabie-intervai counter
internal 12 MH2 clock

Qutout of first-programmed counter

Quiput of second programmed counter

Device acidress 047 decoded pos.

Device address 047 decoded neg

Date-transter-in flip-fiop input

ROTI thp-tiop preset

Inversion of ODRYX

Dats-transier-in flip-flop pos. repowersd
Data-transter-in flip-flop pos.

Data.transier.n fhp-tiop neg

Data-transfer-out flip-fiop pos.

Data-transter-out fhp-flop neg.

Prese: memory overfiow test enabier

fip flop neg

Mermory overfiow test flip-flop ensbler pos.
Internat/external timing source pos.
Internal/external tirming source neg

Enable EXC instructhion decoder

EXC instruction decoder -
EXC instructhon decoder -
EXC instruction decoder -
EXC instruction decoder
EXC instruction decoder -
EXC instruction decoder -
EXC instruction decoder -
Clock RMEL flip-flop
Execute memory-overflow interruot neg
Free-runming counter clock

Input 10 free-running counter from frequency
seiection circuit

Input to free-runming counter from
frequency seiection circuit neg

Preset term t0 RKFCL flip-flop

Internal ATC function-resdy pos.

Internai RTC function.ready neg.
Free-running counter output bit 00 pos.
Free-runming countar dutput bit 01 pos.
free.running counter output bit 01 neg.
Free-running counter output bit 02 pos.
free-running counter output bit 02 neg.
Free-running counter output bit 03 pos.
Free-funning counter output bit 04 pos.
Free-running counter output bit 05 pos.
Free.running counter output bit 05 neg.
Free-running counter output bit 06 pos.
Free-runming counter output bit 07 pos.

AW b WwN—~DO

Mremonic

REROB +
RERAQY +
RERI0 +
ABRTY +
ARRI2+
REAI3 +
RER14 +
ARRIE +

RICCL=

RINT=

RIROO-
RIROL=
RiIRQ2=
RIRO3-
RIRQ4~
RIRQ5~
RIROE~
RIRQ7=
RIRO8~
RIRQS-
RIR10=
RISTB-

RIUA +
RiIUA=
RRIYC +
RiUd ¢
RJIM »
RJM=
RKFECL +
RKFRY=
RRME] +
RKVIC ¢
REVIE ¢
RKIOK +
RKB60 +
RKEE60=
RLE ¢
RLF=
RLVIC~

RMFI +
RMFi=
RMFL +
RMFL-
AMOE +
RMTFF +
ROUT +
RPOTO-
RPRM +
RPVIE=
RRME=
RRRMT=
RAST +
RRST=
RRVIE~
RSYRT=
RTC-
RTINT +
RTINT=-

MNEMONICS

Description

Bros-running councer output bit 08 pos.
Eree-running counter output bit 09 pos.
Free-running countsr output bit 10 pos.
Free-running counter output bit 11 pos.
Fres-running counter output bit 12 pos.
Free-running counter outout bit 13 pos.
Free-running counter output bit 14 pos.
Free-running counter outdut bit 15 pos.
Qutput flip-flop following variable ciock
saurce neg.

RTC executing interrupt neg.
Interval-selection register output bit 00 neg
Interval-selection register output bit 01 neg
Interval-selection register output bit 02 neg
Interval-selection register output bit 03 neg
Interval-selection register output bit 04 neg
Interval-selection regisier output Bit 05 neg.
interval-selection register output bit 06 neg.
Intarval-selection register ouiput bit 07 neg
Intgrval-selection register output bit 08 neg.
Interval-selection register output bit 09 neg
Interval-selection regisier output it 10 neg
Vanable interval interrupt to interrupt:
generation logic

internal RTC interrupt acknowledgment pos.

- Internal RTC interrupt acknowiedgment neg

Internel RTC interrupt clock

ingernal RTC irterrupt jume

Enabie internal RTC interrupt jumg
internal RTC interrupt jump jumper
Free-running counter clock

Clock data-transter ip-flops

K-input 10 memory overfiow interrupt flip-floo
Veriable-interval-counter clock
Veriabie-intarval-interrupt fip-flop clock
Clock 10 KMz flip-flog

650-nanosecond freerunmng clock pos.
660-nanasecond free.running clock neg
internal ling frequency source pos.
Internal hine frequency source neg
Load vanabie.interval counter neg true to
leag

Memory-overtlow-interrupt flip-floo e,
Memory-overflow-interrupt fhp-flop reg
Memory overfiow iatch flip-flop pos.
Mermory overflow latch thp-flop pos.
Memary overtiow enabiing flio-flop
Memory overflow test flip-flop pos.
Output cata to 1/0 common logic pes.
Preset data-transfer-out fhp-fiop
Internsi RTC priority-in line

Preset varible-interval-interrupt flip-flop
Reset memory-overflow-enabier fhip-flop
RMTFF flip-flop reset

Reset RTC pos.

Reset RTC neg.

Reset varible-interval.interrupt fhip-flop
Inversion of QSYRT

REMT and RMTFF flip-flops clock
Enabie interrupt request pos.

Enable interrupt request neg

6-3



MNEMONICS

Mnermonic

RTRST-
RTRSTE=
RVCOQ +
RVCOO-

AVCOT »
AVCO2 +
RVCOJ +
AVCO4 +
RAVCOS »
AVCO6 +
RVCR7 +
AvVCO8 «
AVCQ9 »
AVCI0 «
AVCIT »
AVICK «
AVICK *+
AVICLE »
FIICLE=-
AVICT =
. RVIE »
D, il

RVIL +
il
AV »

RIGK - =
R DA -~
R2OKH »

ZIA K

Description

Reset clock-control logie

Reset control logic neg.

Qutput of variablesintarvsl counter bit 00 pos,
Qutput of varablentervai counter bit 00
neg.

Qutput of variable-intarval counter bit 01 pos.
Qutput of variadisinterval counter bit 02 pos.
Output of variadieintsrval counter bit 03 pos.
Qutput of vanadis-interval counter bit 04 pos.
Qutout of variadieinterval counter bit 05 oas.
Qutput of variabie-intarval counter Bit 08 pos.
Qutout of variableintervel counter Rit 07 pos.
Qutput of varianie-interval counter bit 03 pos.
Qutout of variapienterval counter bit 09 pos.
Qutzut of variapiesnterval counter dit 10 pos.
Qutaut of variablenterval counter Sit 11 pos.
Variablie-ntervai-counter ¢lock
Variabieinterval-clock squrcs

€nadle variadie-nterval 10ad flip-flop pos.
Enabte varable nterval load thp Hop neg.
ANQ of RCA + RC8 » RCC +

Enable vanadieinterval-interruat flip-flog
Varapie ntervai-interrupt fip-flop interrupt
request neg.

Variaolesnterval-interrugt laten flip-flop oos.
Varable:ntervalinterrypt lateh thg Hap neg.
Varapiesnterval-interrugt flig-flap interruge
request pos. :

10 KKz flig-flog pos.

10 XKz thp-tiap neg.

20 KMz fip-flop pos.

20 KRz fhip-tlgp neg.

6.4 MEMORY PROTECTION

Mnemome

3Adi-
3A00F +
3ACNT-
34cR-
FAFST «
8AFTT »
3AMPT
34897~
301EN »
S01ENA »
IENWP «
3FAQ »
BIANN =
BIERS »
3IER +
SINIO=
BINPT
SINRS »
BINTA =

SINTE-
810s -
BIWENS »
3' -"":‘45‘
31 EN-
IKTIE =

Oescrigtion

Jump error flag

Querflow errar Hlag

‘Nrnite arror flag

Jumg. write. or cvertlow arror

Processar mermary reguest Hlio-Flap

First clack oeriad of oracesser memory cycle
Address errar flag

Mermary grotection -esat

Enacle memary protection onta E.-bus
Repowerea BOIEN »

Address arror fag

Memary gratectian 1/Q address decoder
Memaory grateztion memary address regiscer
Set term for B1ER

H/Q or hait instruction error flag

I-Q instruction errar Nag

Delayed addressing error flag

Interrunt resoonse Hag

Enanle comman 10gic E-Dus interruct respanse
outgut

Memaory grotect interrypt priarity cutput
Sat term far BINIO-

Jump-ang-mark flag et

Jump and mark Nag reset

Jump-and mark ftag

BMWEN *~ claak

Mnemaomic

HKIAR=
BKIA=
BKIER=
BKISA=
8Kisg +
BKLOL *
BKMWA +
BKMWE +
BMPEN +
BMANN +
BMRQY~
BMWAA=
HMWAS-
BMWEL-

BMWEN +
BMWEU=-

BMWL +
BNPTR=
BPMA
3R5T=
ASPRQ +
CAQIOE +
CIOMLT +
cCi1oHQ »
CIQIMK +
CINMPC-
QIuMP +
IJAX +
MCR8 »
MECO »
MIMCT »
*IRSIA=
MTM1I »
MWLY +
MYANN +
CANN-
280yT-
QiNT=
QIYRX=
WWRY +

Description

Instruction address register clock
BANPT .
Addressing-error flag clock

3IER

Memory-protection ¢lock

BPMA + clock

BMWA 8- and BMWA A- clock

BOItEN + clock

Memary protection enabied flip-flap
Memory mask register

Memory request

Masghk register write address bDit A

Mask register write address it 8

Enable mask register lower 3ddresses for
wnting

Enabie 1/Q for writing

Enable mask register upper adcressas for
writing

Select lower mask register addresses for weiting
Agdress-error flag resat

Memary transter to instruction register 1 flag
Reset memory pratection

Memary segment protectsd

£Enabie instruction decoder

Jecods halt instruction

Decode 1/Q instryction

Qecade jump and mark instruction

Execution nstruction fag

Processor jumo instruction execution
Interrugt acknowiedgment

Processor memary request

Memary fres-runming clock

Processor writeinta-memary status flag
Memary strote comciete

Enable memary transfer 10 instruction register 1
‘Write into memaory !eft Dyte

Mernory address bus

Camman logic E bus

Enabie cammon logic £ bus output
Memary gratection nternal nterrupt
Memary protection nterrypt requast
Write 1ntQ memary right byte

6.5 MEMCORY PARITY

Mnemanmec

3FAD +
B8INTE »
8RST-
EAQDxa=
EENG »
EiINL +

EINR »

EiNTR=
EINT «
EING +
EiQ0S +
EiQO »

Oescription

Oevice address decodar

Mamory gratection intarrupt active
Systern resat repowered
Panty.interrupt address drivers
E€nanie parity-interryupt Hig-flop

Ninth Dit into parity checker/generator
{1eft Dyte)

Ninth bit into parity checker/generator
(rgnt byced

Enable party.nterrupt sequencer
Parity-interryot flio-flog

Enapie canty-grianty out

Parity interrupt cycle

Parity-errare interrupt fhip-Hap



.

Mnemonic Description

EIUX] & Enable parity interrupt

EKENS Enable parity interrupt flip-flop clock
EKRDO= Delayed parity-error fhip-flop clock
EXKRD=- Parity-error flip-flop clock

ENTR]= Parity option disabled by jumper
ERDL + Parity check (left byte)

ERDR + Parity check (right byte)
EREAD +  Enable parity-error fhp-fiep clock
ERERR- Panty-error flip-flop direct resot
ERER Parity-error thip-fiop

ERERS = Parity-error flip-flop set

EWLPR +  Parity error left byte

EWRPR «  Parity error right byte

EWTL + Input parity left byte
EWTR + Input parity night byte
FINTE= Power failure active

FO% Power-faiure one-shot

MAKQ = Memaory cycle for PMA

MWLY + Memory left byte input

MWRY Memory nght byte input

MY Dxx Memory data-bus bits

OBOQUT- Option board common 1/0 logic output
driver enabler

OBxx= 1/Q Bus bit

OFRYX + Interrupt address clock

" QIUJAX + *  interrupt cycle

OIJCX - Interrupt clock

QIJRX= Parity interrupt request

PRNE~- Parity prionty out

YONM + Memory acknowledgment

6.6 PRIORITY MEMORY ACCESS

Mremonic Deseription
AAxx= PMA address-buffer it xx
ABxxS + PMA address-buffer bit xx (receiver output)
ACK PMA QR gate
ACKEN Acknowiedgment clock enabled
ACKJ PMA jumper
ACKx Channe! x acknowiedgment
ACKaS Channet x acknowiedgment set
ACOMP Compatible mode selected
ADON Memory cycle completed repowered
ADFx Data-sequencer bit x
ADxS Data sequencer bit x set
ADxx PMA data.buffer bit xx
ADxxL + PMA data-butfer bit xx
ADxxi= PMA data.buffer it xx repowered
ADxxS Memory data-butfer bit xx (recever output)
AGO PMA.bus GO delayed and converted
AGOL GO-tateh flip-flop
AGQOLS GO-latch flip-tiop set
AGOS GO puise sat
AMHSM Not used
AKEN Acknowledgment enabied
AKENR Acknowledgment enabled resst
AKMD Memory data-butfer clock

© AK165 Free-runming 165-nanosecond clock
AK41 Free-running 41-nanosecond clock
AK82 Free-running 82-nanosecond clock

Mnemonic

AMDC!
AMDCx
AMDEN
AMFx
AM1A]
AM1A2
AMIE]
AM1IE2
AM1S
APDEN
APRIx
ARDC!
AREAD
ARFx
AROQ
ARQQS
ARQ
ARQA
ARQR
ARQx
ARQxS
ARST
ARSTA
ARTIS
ARTx
AR123R=
ARxR
ARxS
ASTRT « -
ATGO
CPMAST

. DBxx

FINTE
GO
GoAa

GOAD
HOG
HOGA +
HOGA-
LK82 +
MAKQ
MFCO-
MHGY
MOCLK=-
MRQY
MwLY
MWRY
MYABxx
MYDBxx
NHCO +
ORQM
PAxx
POxx
PMRS
READ
READA
REQx
START
SYRT-P
YONM

MNEMONICS

Description

Memory-sequencer idle
Memory-seguencer state x

Memory data-bus enabied
Memory-sequencer bit-x th-flop
Memory-sequencer bit 1 OR set
Memory-sequencer bit 1 OR set
Memory-sequencer tit 1 ANC set
Memory-sequencer bit 1 AND set
Mermory-sequencer bit | set

PMA dgata-bus enabied

Bit-x priority gate
Request-sequencer decoder idle
Memory-sequencer output flip-ficp
Request-sequencer Dif x
82-nanosecond request flipflop
82.nanosecond request fup ficp set
Regues: present

Regquest fhip-flop AND reset
82.-nanosecond request fhip-flop reset
Reguest it-x flip-flop

Request bit-x (recewver outpu!)

PMA reset

PMA reset (receiver output)
Countdown-counter bit 1 set
Countgown-counter bit x ,
Reguest-sequencer biis 1. 2. and 3 OR reset
Reguest-seguencer bit-x fhp-fiop reset
Request-seguencer bit-x fhip.flcp set
Start fhp-flop (ROt used)
Countdown completea

Start PMA controliers (not used)
Data-butfer bit xx

Power-failure restart active

PMA controller achnowiedgment
PMA controiler acknowiedgment (receiver
output)

GOA + delayed 30 nanoseconds
PMA continuous-request 10 memary
PMA continucus-request inverted
PMA continuous-request (rece'ver output)
Cormmmon.iogic 82 nanosecond ciock
Memory-priority acknowledgment
Memory free-running clock

PMA to HOG memory f PF/R nactive
Common-logic free.runmng clock
Memory-port priority request
Memory-bus read/wnite left byte
Memory-bus read/write right byte
Memory-address bit xx

Memory data-bus bit xx
Common-logic 165.-nanosecond clock
165-nanosecond request flip-flop
PMA.bus address bit xx

PMA-bus data bit xx
PMA-controlier to reset PMA
PMA.bus output

PMA.bus output (receiver output)
PMA request x

PMA-bus start (not used)

PMA.bus reset (controlier cleared)
Memory cycie compieted ’
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