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SECTION 1
GENERAL DESCRIPTION

This manual contains the specifications, installation infor-
mation, mnemonics lists, maintenance data, and theory of
operation for the option board. Depending on the system
configuration, the option board contains some or all of the
following features:

« Common logic
+ 1/0 Control logic
Teletype controller (TC)
+  Keyboard/display terminal controller
.+ Power failure/restart (PF/R)
- Real-time clock (RTC)
+ Memory protection (MP)
Memory parity logic
« Priority memory access (PMA) (see note)

Note: PMA cannot be added in the field.

1.1 FUNCTIONAL DESCRIPTION

The V70 Series option board contains mainframe features
for the SPERRY UNIVAC V70 Series Computer Systems.
Table 1-1 lists the nine available option board configura-
tions together with current requirements for each +5V dc¢
operating voltage. The current requirements for the -12V
dc and +24V dc operating voltages are listed in table 1-2
and are the same for all configurations.

Figure 1-1 is a block diagram of the option board and its
interfaces. Communication between the option board and
the processor board is through the common logic. Buffer
repowering in the common logic reduces the load on the
processor |/O bus and also reduces the numbers of
integrated circuits (IC) required for the options. The
processor 1/0 control section, which is located on the
option board, is discussed in the V70 Series Processor
Manual.

1.1.1 Teletype Controller

The Teletype controller (TC) is a control and interface
device for data transfers between the processor board and
a Model 33 or 35 Teletype. Data is transferred between
the processor board and the TC in 8-bit bytes over the
170 bus under either interrupt or sense control. Data is
transferred between the TC and the Teletype over a serial,
asynchronous, full duplex interface.

Note: The keyboard/display terminal (CRT) uses the same
controller (with minor modification) as the Teletype.
Throughout this manual, all references to Teletype
(TTY) also pertain to CRT.

Table 1-1. Option Board Configurations

Configurations Current
1 170 control logic 2.5 amps
2 Common logic, 1/0 control logic, Memory 3.3 amps
parity logic*
3 Common logic, 1/0 control logic, RTC, 5.5 amps

TC/CRT, PF/R

4  Common logic, 170 control logic, Memory 5.9 amps
parity logic*, RTC, TC/CRT, PF/R

5 Common logic, 170 control logic, Memory 7.9 amps
parity logic*, RTC, TC/CRT, PF/R, MP

6 Common logic, 170 control logic, Memory 7.9 amps
parity logic*, RTC, CRT (only), PF/R, MP

7 Common logic, /0 control logic, Memory 10.0 amps
parity logic*, RTC, TC/CRT, PF/R, PMA

8 Common logic, 1/0 control logic, Memory 12.0 amps
parity logic*, RTC, TC/CRT, PF/R, MP, PMA

9 Common logic, 170 control fogic, Memory 12.0 amps

parity logic*, RTC, CRT (only), PF/R,
MP, PMA

*The memory parity logic is functional only when the
entire system memory is comprised of optional parity
core and/or parity semiconductor memory modules (18
bit).

1.1.2 Power Failure/Restart

The power failure/restart (PF/R) protects, during loss or
reduction of ac prime power, the program in progress and
the contents of computer memory and registers. Upon
restoration of power, the PF/R automatically restarts the
computer and causes it to reenter the interrupted program
at the point of interruption.

Power reduction, failure, or turn-off initiates a power-down
cycle during which the PF/R completes execution of the
current instruction and then interrupts the processor,
directing it to the address of the SAVE subroutine. This
service subroutine loads the contents of the volatile regis-
ters (A, B, X, P, and overflow) into preselected addresses
in memory. After the execution of SAVE, the PF/R disables
the processor and memory until power is restored.

When power is restored so that all power-up conditions are
satisfied, the PF/R enables the processor and memory,
initiates the system-start signal, and directs the processor
to the address of the RESTORE subroutine. This service
subroutine reloads the registers with the saved data, and
contains a jump instruction that directs the processor to
reenter the_program at the point of interruption and
continue execution.

1-1



GENERAL DESCRIPTION

1.1.3 Real-Time Clock
The real-time clock (RTC) provides the foliowing real-time
functions:

+ Variable-interval interrupt

«  Memory-overflow interrupt

« Readable free-running counter

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

software-selectable interval can be anywhere in the range
one to 4,095.

The memory-overflow interrupt, which operates in conjunc-
tion with the Variable-Interval Interrupt (VHl), is imple-
mented by loading an increment-memory-and-replace
instruction into the Vil address. This is monitored by the
overflow-detection logic, which triggers the memory-overfiow
interrupt when the contents of the variable-interval-
interrupt are incremented to 040001.

The 16-bit readable free-running counter is continually
updated and read under program control. Counter timing
is based on the 10kHz-clock, the variable-interval interrupt
rate, the line frequency, or a user-supplied external source.

—— —

COMMON LOGIC
< /0 BUS l> AND 1/O CONTROL
C ! TELETYPE
ABLE CONTROLLER

POWER FAILURE/
RESTART

ZO—~=790

‘713_|r. REAL-TIME CLOCK

VTII-15604

1.2

MEMORY
PROTECTION

MEMORY
PARITY

FRIORITY
MEMORY ACCESS

(B T |

7

PMA BUS

>

]

Figure 1-1. Option Board Block Diagram



1.1.4 Memory Protection

Memory protection (MP) prevents unauthorized or unin-
tentional program access to, or modification of, protected
areas of memory.

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

The MP monitors the address of the instruction being
processed, the address specified by the next instruction in
sequence, and the address specified by the effective
address. Using this information and the status of the
stored segment, the MP determines and operates on
errors.

When a program is executed in unprotected memory, any
of the following operations constitutes an error:

* Overflowing into a protected segment
+  Writing into a protected segment
¢ Jumpinginto a protected segment

« Executing an 1/0 instruction in an unprotected
segment

« Executing a halt instruction in an unprotected segment

When the MP detects an error, execution of the current
instruction is completed. However, if the instruction
specifies writing or 170 operations, the contents of the A, B,
and X registers and memory are not modified. Processor
program processing is then interrupted and directed to one
of five preassigned memory addresses. From this address,
the program is directed to a user-written service subroutine
for error analysis and correction.

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

When the memory map option is installed, memory
protection is disabled.

1.1.5 Memory Parity Logic

The memory parity logic generates and checks parity for
all memory access. The parity check/generator generates
parity on memory writing operations, and checks it on
reading operations. The parity control generates an inter-
rupt request when a parity error is detected. The parity
logic is functional only when the entire system memory is
comprised of optional parity core memory and/or parity
semiconductor memory modules (18 bit).

GENERAL DESCRIPTION

1.1.6 Priority Memory Access

The priority memory access (PMA) is the interface (figure
1-2) between memory and the four data-transfer channels.
The channels have hardware-fixed priorities. All signals
transmitted on these channels are controlled by an
interlock scheme that makes the interface independent of
circuit and cable speed. This permits processing of data
using a wide variety of transfer rates and circuit speeds.

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

« PMA
« Direct memory access (DMA)
* 620 compatible direct memory access

*  Processor

In dual port systems in which the processor is configured
on port A, requests to separate memory modules will cause
both requests to be serviced at the same time (figure 1-3).

After receiving an acknowledgment, the PMA controiler
clears the request uniess consecutive memory cycles are
required, in which case the line remains set. The controller
then enables the 20-bit address bus, gates the data onto
the 16/18-bit bidirectional bus, and, if a reading operation
was requested, enables the read line. When the buses are
stable, the data transfer begins. When the PMA detects
the memory-data-ready signal from memory, it gates the
data to the PMA bus and clears the acknowledgment. For
reading operations, the controller uses the trailing edge
of the acknowledgment signal to clock the data.

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

The memory access logic scans the PMA and DMA request
lines at the main system clock rate. If the lines are not
enabled, the processor controls all memory cycles. If the
PMA, DMA, or 620 compatible DMA request lines are en-
abled, the processor is locked out of memory after a request
is recognized, and no other unit has access to memory
as long as a PMA request is enabled. PMA requests thus
take priority over those from the DMA. PMA requests are,
however, ignored in case of power failure.

1.2 SPECIFICATIONS

Tables 1-2 through 1-8 contain the physical, electrical, and
operational specifications for the option board and each of
the options.
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Figure 1-3. Memory Access

Table 1-2. Option Board Specifications

Parameter

Organization

Logic Levels

Interconnection

Power requirements

Operational Environment

Description

Contains circuits for the common logic,
1/0 control logic, TC, PF/R, RTC, MP,
memory parity logic, and PMA on a
15.6-by-19-inch (39.6-by-48.3-cm)
circuit board

High: +2.4 to +5.5V dc
- lLow: 0.0 to +0.5V dc

Plugs into the backplane of the
computer mainframe, interface signals
are routed via card-edge connectors,
PMA bus and TC signals pass through
separate connectors at the rear of

the board

=12V dc at 10 milliamperes
24V ac at 10 milliamperes
+5V dc at 12 amperes (maximum)

0 to 50 degrees C; O to 90 percent
relative humidity without condensation

- 1.5
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1-6

Table 1-3. TC Specifications

Parameter

Organization

Peripheral Device

Transmission Speed

Modes of Operation

Device Address
Memory Access

Interrupts

Description

Contains input and output registers, timing
control circuitry for simultaneous two-way
transmission, and processor/TTY interface
logic

Sperry Univac modified Model 33 ASR 35
ASR, or 35 KSR Teletype unit

Controlled by TTY: ten characters per sec-
ond (100 milliseconds per character) at either

random or sustained rate

Input: from TTY keyboard or paper-tape
reader

Output: to TTY printer or paper-tape punch
001
Controlled by the processor

Write ready and read ready available to PIM

Table 1-4. PF/R Specifications

Parameter

Organization

Priority Assignment

Interrupt Addresses

Service Subroutines

Description

Contains sequencer logic, power-up/power-
down logic, start-processor logic, and
interrupt logic

Second only to MP on 1/0 bus

Power-down SAVE subroutine at 040 and 041;
power-up RESTORE subroutine at 042 and 043

When power fails, SAVE stores volatile register
contents, then halts the processor

When power is restored, RESTORE reloads
volatile registers, then enables program
resumption
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Table 1-5. RTC Specifications

Parameter

Modes of Operation

FRC Capability

170 Capabitity

Timing Sources

Interrupt Priority

Description

Variable-interval interrupt, memory overflow
interrupt, interval accumulation, time-of-day
accumulation, and event accumulation

Counts up to 0177777 with three
hardware-selectable timing sources

Seven external control and two data transfer
instructions

10 kHz 1 percent, squarewave; variable-
interval interrupt range: 100 microseconds
to 409.5 milliseconds (in 100-microsecond
increments)

Line frequency, derived from 24V rms
sinewave; variable-interval interrupt
range (nominal): 16.7 milliseconds to
68.3 seconds (in 16.7-millisecond
increments) at 60 Hz, and 20.0 milli-
seconds to 81.9 seconds (in 20.0-
millisecond increments) at 50 Hz

External timing (user-supplied): minimum

positive duration, 5.0 microseconds; min-
imum negative duration, 5.0 microseconds

Determined by position on the priority chain

Table 1-6. MP Specifications

Parameter
Protection capacity

Modes of Operation

Interrupt Priority

170 Capability

Description
Up to 64 segments (512-word) of memory

Detects halt, overflow, 170, writing, and
jump errors

Highest on the |/0 bus priority chain

Six external-control and eight data-transfer

Table 1-7. PARITY Specifications

Parameter

Mode of Operation

Interrupt Priority
170

Bus

Description

Interrupt logic issues interrupt
request upon detection of a parity
error

Follows PF/R and MP on the 1/0 bus
170 interface via the interval 1/0 bus logic

Generates and checks parity on either

the A or B bus, but not both. The hard- -
ware-selectable bus is the same as that
used by the processor.

1.7
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Table 1-8. PMA Specifications

Parameter Description
Number of Channels Four, with hardware-assigned priority
Maximum Number of Eight, variously distributed among the four
Controllers per PMA channels (only one active controller per

channel at a given time)

Maximum Cable Length © 20 feet (6 meters)
Latency (Typical for 530 nanoseconds (min)
10-foot cable assuming 1190 nanoseconds {max)

60 nanosecond user
controller delay)

Maximum transfer rate Semiconductor memory
(Typical for 10-foot 1.10 MHz (write)
cable assuming 60 nano- 1.01 MHz (read)
second user-controller Core memory

delay) 1.01 MHz (write)

0.93 MHz (read)

Control Signals Interlocked responses to all signals al-
low true asynchronous operation

Priority Second only to PF/R

1.3 RELATED DOCUMENTATION

Documents such as logic diagrams, schematics and parts
lists are supplied in a system documentation package.
This manual is assembied when the equipment is shipped,
and reflects the configuration of a specific system.

The following list contains the part numbers of other
manuals pertinent to-the V70 series computers (the x at the
end of each document number is the revision number and
can be any digit 0 through 9):

Title Manual Number
V70 Architecture Reference Manual 98A 9906 00x
V70 Processor Manual 98A 9906 02x
V70 Semiconductor Memory Manual 98A 9906 04x
V76 System Reference Manual 98A 9906 23x
V77-600 System Reference Manual 98A 9906 40x
MAINTAIN Il Manual 98A 9952 07x

1-8



SECTION 2
INSTALLATION

This section describes the steps to be taken during the
unpacking and installation of the option board, gives a
physical description "of the board, and lists the pin
assignments.

2.1 INSPECTION

The option board has been inspected and packed to ensure
its arrival in good working order. To prevent damaging the
board, take reasonable care during unpacking and han-
dling. Check the shipping list to ensure that all equipment
has been received. Immediately after unpacking, inspect
the equipment for shipping damage. If any is found:

« Notify the transportation company
« Notify Sperry Univac

- Save all packing material

2.2 PHYSICAL DESCRIPTION

The option board is a 15.6-by-19-inch (39.6-by-48.3-cm)
printed circuit (PC) board that mounts in any mainframe
chassis slot (figure 2-1).

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

2.3 INTERCONNECTION

The option board interfaces with other system components
through card-edge connectors plus connectors mounted
at the rear of the board. These connectors carry all signals
indicated by the block diagram (figure 1-1) as interfacing
with the rest of the system. TC and PMA-bus signals pass
through the connectors at the rear of the board to special
cables leading to the Teletype and PMA controller (respec-
tively). The memory bus provides the interface between
memory and the option board (MP, PARITY, and PMA).
Except for the PMA, which does not use the 170 bus, all
170 signals between the CPU and the option board are
repowered in the option board common logic and distrib-
uted via the option bus within the board.

Option-board pin assignments are listed as part of the
logic diagram (91B0401) in the system documentation
package. The signal mnemonics are defined in section 6.

MAINFRAME - FRONT VIEW

WRITABLE
CONTROL
STORE
CONNECTORS
DUAL —— e
CONTROLLER
ADAPTER

PROCESSOR/OPTION

I, O BUS (TO CONSOLE)

7 PROCESSOR
1| 6 OPTION .
5 SEMICONDUCTOR MEM 1

4
3
2
1 CORE MEMORY

|

J1

AUX 170 UNIVERSAL 1/O
CONNECTOR
RTC TTY
9 U8 178 PMA g

CONSOLE
MEMORY BUS

T iy

T e [ eeme— e———

POWER

POWER CONTROL

«— AC FAN POWER

11

MAINFRAME - REAR VIEW

VTII-20834

Figure 2-1. Typical Option Board Installation

2-1



SECTION 3
OPERATION

The option board has no operating controls or indicators.
Computer operations that affect the option board are
explained in the V70 Series Processor Manual.
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SECTION 4
THEORY OF OPERATION

Option-board logic (logic diagram 91B0401) 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 by the option bus. This bus is the interface between
the individual sections and the option board common logic.
The common logic in turn is the interface between the
option board and the bidirectional 1/0 bus which carries
data and control signals to and from the rest of the system.

The PMA has its own PMA bus. The three options that deal
directly with memory (MP, PARITY, and PMA) are also
connected to the memory bus.

The common logic circuits consist of buffered system
control lines (IUJX-=1 to OIUJX+, DRYX-I| to ODRYX +,
FRYX-1 to OFRYX+, SYRT-I| to OSYRT+, IUAX-I to
OIUAX +, IUCX-I to OIUCX +, and OIURX- via OIURX +
to IURX-1) and a set of mutually exclusive drivers and
gates that either transfer data from the option bus (OB0O-
through OB15-) to the bidirectional 1/0 bus (EBOO-I|
through EB15-1) or vice versa. Thus, for a data-transfer-in
(timing figure 4-1), receivers are disabled by OBOUTA-
and OBOUTB~ while the drivers are enabled by OBOUT +
and OBOUTB +. On data-transfer-out, the reverse is true.
LK82 + creates the 12.1212 MHz internal option-board
clock.

4.1 TELETYPE CONTROLLER

The Teletype controller (TC) (figure 4-2) consists of the
following functional blocks: instruction decoding and con-
trol logic, MOS transmitter/receiver, TC clock, data-
transfer-out buffer register, and the TTY interface logic.

The instruction decoding and control logic responds to
processor data-transmission requests and supplies interrupt
signals for priority interrupt module (PIM) control. The TC

decodes the device address (01) from the low-order six
bits of the option bus (OB00— through OB05—) producing
TDA + after ANDing with not interrupt acknowledge
(OIAUX—). If an address is on the option bus, itis recognized
when OIUAX + is false. The I/0O-TC interface provides for
TCinitialization and storage for processor-TC data transfers
in a two-word format. The control logic generates signals
to control other TC logic blocks, including the MOS trans-
mitter-receiver. It also provides logic for external control
instructions and initialization.

The MOS transmitter/receiver is a single 40-pin chip. it
monitors all data transfers between the TC and the TTY,
including parallel-to-serial data conversion and transmis-
sion to the TTY, serial-to-paraliel data conversion for
transfer from the TTY to the processor, and data flags to
the instruction decoding and control logic.

The TC clock supplies timing signals to the MOS transmit-
ter/receiver and the control logic by counting-down a
24.2424 MHz signal from the processor internal crystal-
controlled oscillator. The counter can be programmed using
jumpers to vary the transfer rate (figure 4-3).

The data-transfer-out buffer register provides the necessary
buffering for data transmission.

The TTY interface logic provides a three-line interface from
the TC to the TTY. The interface lines are isolated from the
TC by optical couplers to control possible high voltages in
the TTY interface (up to 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 required; however, the
TC can interface with a PIM to provide character-ready
interrupts.

DEVICE
FRYX-I ADDRESS
DRYX-I \
OBOUT+ DATA
VTII-1563

Figure 4-1. Common-Logic Timing for Data-Transfer-In
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THEORY OF OPERATION
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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 via the option
board TTY connector. The TTYs are modified at the factory
prior to delivery to the customer. To modify the 33 ASR
TTY:

a. Set the TTY for 20 mA operation. This includes the
addition of a wire that enables the TTY to supply
“battery” for the send and receive data loops to the

clock card (the TTY is the current source for the TC

optical couplers).
b. Setthe TTY for full-duplex operation.
c. Disable the WRU contacts.
d. Disable parity on the keyboard.
e. Modify the answer-back drum.
f. Install the 180801 function lever.

The model 35 is similarly modified. Model 33 and 35 TTYs
are electrically interfaced and cabled to the TC in almost
the same manner, even though they are physically quite
different in appearance and in their internal operation.

The cable used for the TC/TTY interface for the 33 ASR
runs from S connector plug P2 in the TTY to option board
TC connector J8 at the rear of the CPU. The S connector is
located at the right rear, top row second connector from
the right. The TTY cable is normally 20 feet long with nine
leads, three of which are used with standard Teletypes.

The TTY end of the cable (P2) includes two other wires.
Pins 7, 4, and 5 are interconnected. These connections
tie together internal TTY leads brought into the S connector
plug as part of the wiring. Note that both ends of the cable
are keyed to ensure proper mating.

NOTE

The TTY cable is normally installed atthe TTY
by Sperry Univac before customer delivery.
The model 33 TTY requires about 3 amperes of
ac power, and the model 35 TTY about 6
amperes.

TTY DESIGN: The 33 ASR is primarily designed for light to
medium use. Normally, it is the basic computer input/
output device and is the most widely used unit. Its full-
duplex operating mode allows simultaneous input and
output.

The 35 ASR performs the same function as the 33 ASR, but
it is designed for heavy sustained use.

The 35 KSR is used for keyboard send/receive only and
lacks the paper tape punch (PTP) and paper tape reader
(PTR) capability of the ASR models. The operating
characteristics are simitar 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 cps.
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TTY OUTPUT METHODS: TTY output is either printed
(typed) or punched on paper tape. For the printer or the
PTP, the TC sends control codes or data at a random rate
or at the maximum output rate of 10 cps. Data are printed,
or control functions, such as line feed or carriage return,
are performed on the printer. Similarly, control codes
regulate the operation of the PTP, and data are punched
into eight-level paper tape.

TTY SWITCHES: The ON/OFF switch controls 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 switches control the tape and are not on the
35 KSR. The START/STOP/FREE switch on the PTR causes
the tape to move in START, to stop in STOP, and to be
released from the sprocket drive wheel in FREE. Pressing
BSP on the PTP backspaces the tape one character.
Pressing REL removes pressure from the tape. Pressing
LOCK ON locks the punch on (prevents change of punch
status). Pressing UNLOCK unlocks the punch and enables
punch status change by the TC or from the keyboard.

The 35 ASR mode switch mechanism enables the following
operating modes.

Position Keyboard Reader Printer Punch

K On line Disabled  On line Off Line
KT On line On line On line On line
T Off line On line On line Off line
TTS Off line On line Disabled Off line
TTR Off line Disabled Disabled On line

TTY FUNCTION CODES: The TTY receives the following
control codes from the TC that cause it to perform specific
functions. An enabling code must follow a disabling code.
(Codes R, T, Q, and S are not applicable to the 35 KSR.)

Code Bit Format Function

Control A 10000001 Enable printer
Control D 10000011 Disable printer
Control R 10010010 Enable punch
Control T 10010100 Disable punch
Control Q 10010001 Enable reader
Control S 10010011 Disable reader

OPTICAL COUPLER ISOLATION: Optical couplers (figure
4-4) in the TC comprise the actual interface between the TC
and the TTY. The couplers physically and electrically isolate

4.4

the two units. The receiving coupler, is driven by the TTY.
The sending coupler, is driven by the TC. The couplers
switch approximately 20 milliamperes of current on or off
the line. This method of interfacing is called ""make/
break''. Each coupler can be said to drive or be driven by a
current loop. When there is current flowing through a
coupler, the current loop is closed. The line is then in the
make condition (also referred to as the mark condition).
When no current is flowing through the coupler, the current
loop is open. The line is then in the break condition (also
referred to as the space condition). The steady state of the
loops is the mark condition when both the computer and
TTY power supplies are on, and both couplers are active.
When computer power is off the current loop is maintained
on the transmitter via the coupler and is kept in the mark
condition. When the TTY power is off, the steady state of
the current loop is in the break condition, and neither is
active.

Except for the difference in switching control location, the
input and output loops have identical functions.” The
factory-modified system is full-duplex to provide simulta-
neous transmission of data in both directions.

The current source for the two loops originates in the TTY
and is sometimes referred to as ‘‘battery.” The TC uses
no loop source current, since it is isolated by the optical
couplers. Typical current in a factory-modified TTY inter-
face loop is 20 mA.

The coupler-controlled current-loop interface method en-
ables the processor-TC and the TTY to be placed far apart
without noise interference, ground loops, etc., affecting the
system. Normally, the TTY cable is 20 feet long.

When either the TTY or the TC sends data, the optical
couplers operate (make or break) to conform to the
character pattern being sent. Characters are sent or
received serially by the current loop.

TTY CHARACTER BIT FORMAT: Each Teletype character
or command is serial and is divided into 11 periods or bits
consisting of one start bit, eight data bits, and two stop
bits (see figure 4-5).

The bit pattern for the character shown in figure 4.5 is
10101011. The bit length is 9.1 milliseconds and the bit
rate is 110 bits per second (bps). The character length is
100 milliseconds, and the character rate is 10 cps. The
start bit is always a space = zero bit = no current in loop
= loop open. Data bits are either mark or space. A mark
= onhe bit = current in loop = loop closed.

The eighth data bit is always mark. It can be used by the
TTY as an even parity bit (optional). The stop bits in the
character bracket the data bits. This simplifies the design
and operation of the TC input circuitry.
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Figure 4-4. Optical Coupler isolation for TC/TTY Interface
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Figure 4-5. Typical TTY Character
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NOTE

The expression, the TTY is running open, means
the send loop to the TTY lacks current = steady
spacing condition. This occurs if coupler K2
remains open, if the loop current source fails, or
if the send loop opens at any point.

TTY INPUT CHARACTER: The receiving circuitry synchro-
nizes at start-bit time. The bit pattern is sampled and
shifted in the center of the start bit and continues at the
center of each data bit through to the eighth data bit
(figure 4.6). When the last data bit has been sampled and
shifted, the character is ready for transfer to permanent
storage (e.g., the computer). The TC enables transfer to the
CPU at the end of the first stop bit. The stop bit period is
used for the transfer of the character to the processor;
therefore, these bits are not sampled.

INPUT

1 0 1 0 1 0 1

START BIT
/T 2 3 4 5 & 7 8
T
i
.
:

FIRST STOP BIT
LAST STOP BIT

B O O I B

|

VTiI-0559

Figure 4-6. Input Character Sampling

To keep the receiving unit synchronized with the sending
TTY, the receiving oscillator or equivalent timing circuit
must be allowed to stop and restart when the start bit for
the next character occurs. If the sending device outputs a
new start bit before the receiving oscillator has time to stop
and recover, the two units are out of synchronization and
erroneous data result. The next new character start bit may
occur immediately after the stop bit or may not occur for
an indefinite time interval. This is typical of asynchronous
transmission. The receiving unit must be able to receive
and synchronize to new data at any time.

TTY OUTPUT CHARACTER: The TTY is assumed ready to
receive data at any time. The TC output sequence begins
when a character is loaded in the MOS transmitter. A
continuously running oscillator circuit is synchronized when
ready to send a start bit. All bit times (start and data) are
equal, and each bit takes 16 oscillator periods.

When the last data bit is sent, the TC obtains a new
character from the CPU in preparation for the next
character transmission. The oscillator in the TC continues
to run during the stop bit. Typically, the TC obtains a new
character during the last stop bit. If there are no more
output characters, the TC oscillator continues running and
places a steady one-bit level on the output line. The TTY
can then await a new start bit which occurs on the next
output character.

4-6

ASYNCHRONOUS TRANSMISSION: The previous para-
graphs detailed basic TTY input and output. Several points
should be stressed:

a. The sending unit transmits at a fult or random rate at
any time,

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

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

d. The length of the output character must be carefully
maintained. The receiving circuit can normally tolerate
some distortion (less than 1/2 bit per total charac-
ter). The waveforms of figure 4-7 illustrate an example
of proper output character length but maladjusted

input timing.
INPUT
T T T T
sT{1 |o ] 0 | 1 0 1 | 1 [STOPSTOP,
. i h i
SAMPLE
1
1
)
VTII-0558

Figure 4-7. Maladjusted Input Clock

4.1.1.2 PIM Interface

The TC provides two interrupt line outputs; one (IUBB—1)
indicates that the input buffer is ready, a second (IUAA—I)
indicates that the transmitter is ready for another byte of
data. These lines must be wired to PiM interrupt line inputs
when it is desired to operate the TTY under interrupt control
rather than sense control. The computer system must, of
course, contain a PIM to operate under interrupt control.

4.1.2 Circuit Description

The TC operating theory described herein is a sequential
series of functional operations that exercise the TC
circuits. To better understand the functional operation of
the circuits themselves, refer to logic diagram 91B0401
(system documentation package), timing diagrams (fig-
ures 4.8 through 4-12), mnemonics (section 6), and
interface data (section 4.1.1).

4.1.2.1 Initial Condition

When computer power is first turned on, the TC and the
processor circuitry are in an undefined state. Pressing the
RESET switch on the control panel initializes the TC (and
the processor) to properly perform various functions under
program control. This enables the TC to monitor the TTY
for input characters and to accept output characters from
the processor to the TTY. When initialized, the TC also
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Figure 4-8. TC Control Timing

transmits a steady mark to the TTY by keeping the
transmitting optical coupler active. The TC can also be
initialized under program control but the instruction
cannot be issued while the TC is in communication with the
TTY. Figure 4-8 shows the software initialization timing.

NOTE
An initialization 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 instruction is issued, the following device sequence
occurs: TDA+ is high if the proper address (01) is put

on the option bus and OIUAX + is low (no interrupt or DMA).
TDA + high enables the instruction-generation gates.

The functions of the option bus signals are: OBO0- through
OBO5- enable the device address signal TDA +. OB0O6—
enables the output-ready sense response TTS+. OBO7-
enables the input-ready sense response TRS +. In addition,
the bidirectional signals OB0OO- through OB07- enable the
data-transfer-out buffer register. OB11- enables the
software reset one-shot, OB12- enables sense response
SERX- 1, OB13~ enables the input sequence, and OB14-
enables the output sequence.

OIUAX + inhibits TC selection when the processor has an
interrupt or direct memory access (DMA) in process. The
processor can issue any of several instructions. All of the
following instructions issue a device address and OFRYX +
(FRYX—I) and several issue ODRYX + (DRYX—I).
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a. Sense output ready (OB0O6~): OFRYX + only
b. Senseinput ready (OB0O7-): OFRYX + only
c. Execute (initialize) (OB11-): OFRYX + only

d. Output (load transmit buffer register) (OB14—):
OFRYX + and ODRYX +

e. Input (read input buffer register) (OB13—): OFRYX +
and ODRYX +

Figures 4-8, 4-9, and 4-12 contain the timing diagrams
for these instructions.

If a sense condition is met, SERX—I goes low. Under sense
controi a sense instruction is normally issued before input
or output. SERX—I low is enabled by either TTBREA + or
TRS +, the latter being the AND of TOE— and TDRA +.

T0

TTBREA + and TRS + signify respectively that the TC has
an input character or is ready to accept an output character.

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

When the processor issues an output instruction, an
OFRYX + /ODRYX + sequence sets and resets flip-flop
TDTO +. When the processor issues an input instruction,
an OFRYX + /ODRYX + sequence sets and resets flip-flop
TOTI +.

4.1.2.3 TC Output (Write)

During a TC output operation, portions of the TC/com-
mon-logic interface, output timing control, the MOS trans-
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Figure 4-10. TC Data-Transfer-Out Timing

mitter/receiver, and portions of the TC/TTY interface are
used. Circuit elements are control flip-flops, a group of gates
enabled by the option-bus signhals, a programmable free-
running clock that is synchronized with the processor, the
transmitting half of the MOS transmitter/receiver, and an
output coupler to the TTY with associated drivers. The data
and control output waveforms illustrate the loading of the
output from the processor to the TC and thence to the
device (figures 4-9 and 4-10). For these waveforms, as-

sume that the TC has been initialized, the transfer rate is
110 bps, the data is in 11-bit format, the processor has
sensed write ready and has issued an output instruction,
and the output character is 10101010 binary. Data are
output from the processor in a two-word format: the first
contains the device address (01) and tee function, and the
second is character data. The device address is sampled
on the trailing edge of FRYX—I, and data are sampled on
the trailing edge of DRYX—L.

4.9
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4.1.2.4 Loading the Output Buffer and MOS
Transmitter

Loading of the output buffer register occurs from the
leading to the trailing edge of DRYX~ |. The data present on
the buffer register inputs at the trailing edge of DRYX-|
are latched into the buffer and presented to the MOS
transmitter via TTDBO+ through TTDB7 +. The trailing
edge of DRYX~| also enables the TBRL- loading signal to
the MOS transmitter. The character to be transmitted is
loaded into the MOS transmitter on the trailing edge of
TBRL-.

4.1.2.5 Output to the TTY

When the character to be transmitted has been loaded into
the MOS transmitter buffer register, automatic data-

transmission begins. The MOS device generates the start-
bit, eight data bits, and two stop-bits without the
intervention or supervision by the TC. The MOS transmitter
serial-output signal TTRO+ goes low to signal, via the
optical coupler, the beginning of transmission.

4.1.2.6 TC Input (Read)

During a TC input operation, portions of the TC/TTY or
TC/Infoton interface, input timing control, the MOS trans-
mitter/receiver, and portions of the TC/common-logic in-
terface are used. Circuit elements are control flip-flops, a
group of gates to enable the option bus, and an input optical
coupler from the TTY. The data and control waveforms
illustrate the loading of the input from the device to the
TC and thence to the processor (figures 4-11 and 4-12).
For these waveforms, assume that the TC has been ini-

TR[-_ISTART[ 1 l OJ 1 l 0 l 1 I 0 J 1 | 0 ISTOP] STOP2|START|

J Data Available

TDR+
(Note 1)
NOTE 1: At a continuous fransfer rate, the processor has approximately one "character time"
to respond and read the character out of the MOS receiver, If an input instruction
is not issued during this period, data are lost.
VIIi-1572
Figure 4-11. Input Timing TTY to TC
T(-555) TJO T500 T1000 T1300
[PREVIOUS INSTRUCTION|[  DATA-TRANSFERIN INSTRUCTION || NEXT INSTRUCTION
| |
ore | | DATA AVAILABLE |
500! 500
]
W 2K V2
85  ppyice  923/589 }
EBXK-] ADDRESS !
181/238 431/489 J'
I
FRYX-I ! L_l |
l 11000/1155
TDTI+ ul [
DR l | 1 MICROSECOND [
| 676/723  1008/1062
DRYX-1 |
l
| | |
OBOUT- 1
VTII-1573

Figure 4-12. TC Data-Transfer-In Timing



tialized, the device has just begun to transmit a character,
and the input optical coupler is deactivated. Character
reading is initiated by the negative transition of TRI-
signaling the start-bit. From this transition to the positive
transition of the data-ready signal TDR+ all operations are
under control of the MOS transmitter. The positive
transition 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 TRROO + through TRR0O7 +. The processor has
approximately one “character time” to execute a data-
transister-in instruction before data are lost. During the
execution of this instruction, the common-logic drivers are
enabled by OBOUT- low. TDRR- clears the TDR flip-flop
within the MOS device, and prepares the next character.
Data are transferred to the processor on the trailing edge
of DRYX-I.

4.1.3 Programming

The TC can be programmed directly under processor con-
trol (with or without interrupts).

The TC can supply interrupts (input ready and output
ready) to the PIM when this option is included in the
computer system, thus saving computing time and simplify-
ing software since programmed delay and sense loops can
be avoided. With this feature, the program running in the
processor is interrupted at the proper time.

The software initializes the TC (as does pressing the RESET
switch on the control panel). The TC is then ready to accept
output from the processor and is also capable of accepting
an input character from the TTY. The software normally
issues a sense instruction and, if a sense-ready condition
exists, follows it with a reading (input) or loading (output)
instruction 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,
within the following general timing restrictions.

Output: Maximum data transfer rate is 10
characters per second. There is no minimum
rate. The processor can output a single charac-
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 is 10 charac-
ters per second (100 milliseconds per charac-
ter). The processor must read the input charac-
ter transferred from the TTY by the TC during
the last (second) 9.1-millisecond stop-bit period.
If the processor fails to read the character input
during this time and before the TTY inputs
again, the character is lost.

The TC and the TTY respond to the instructions listed in
table 4-1 and the standard TTY codes in table 4-2. The
initializing instruction performs the same function as the
RESET switch on the computer console. The TC is prepared
to accept processor output and to monitor TTY input. This
instruction can not be issued while the TC is communicat-
ing with the device.

The sensing instructions are the sense ready-to-read and
the sense ready-to-write instructions, which enable the
processor to determine TC status. If the sense condition is
met, a data transfer can proceed. If the sense condition is
not met, the processor must wait to perform data transfer.
A sense instruction can be issued at any time and normally
precedes any data transfer instruction.

The data transfer instructions are, the read (input) and
load (output) instructions, which transfer data between the
processor and the TC through the read and write registers.
Issuing a reading or loading instruction at the wrong time
results in incorrect data transfer.

Table 4-1. TC and TTY Instructions

Mnemonic Octal Code
External Control
EXC 0401 100401
Transfer
OAR 01 103101
OBR 01 103201
OME 01 103001

Functional Description

Initialize

Transfer the A register to the
transmit buffer register

Transfer the B register to the
transmit buffer register

Transfer the memory address to the
transmit buffer register

(continued)
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4-12

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

Mnemonic

INA 01

INB 01

IME 01

CIA 01

CiB 01

SEN 0101

SEN 0201

Function

Print Enable
Print Suppress
Reader On
Punch On
Reader Off

Punch Off

TOTVOZICrXC~"IOTMOOT>E

Octal Code

102101

102201

102001

102501

102601

Sense

101101

101201

TTY Instruction Codes

Symbol
SOM
EOT
XON
TAPE
XOFF

TAPE OFF

Code

201

204

221

222

223

224

Functional Description

Transfer the input buffer register
to the A register

Transfer the input buffer register
to the B register

Transfer the input buffer register
to the memory register

Transfer the input buffer register
to the cleared A register

Transfer the input buffer register
to the cleared B register

Transmit buffer register ready

Input buffer register ready

Typed As

Control and A
Cont;ol and D
Control and Q
Control and R
Control and S

Control and T

Table 4-2. ASCII TTY Codes

300
301
302
303
304
305
306
307
310
311
312
313
314
315
316
317
320
321
322

@t -——N<x

2":,\’99# -

= N~

330
331
332
333
334
335
336
337
ank 240
241
242
243
244
245
246
247
250
251
252

(continued)
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Table 4-2. ASCIl TTY Codes (continued)

Teletype Symbol ASCIl Code
S 323
T 324
U 325
\ 326
W 327

4.2 POWER FAILURE/RESTART

The operation of the power failure/restart (PF/R) (figure
4-13) includes:

+ PF/R - power supply interaction

» PF/R-processor interaction

» PF/Rinternal functions
NOTE: The PF/R is operative only when the computer is
in RUN mode. If the computer is in STEP mode when power

is lost, the PF/R interrupt is not acknowledged and the
contents of the volatile registers are lost.

MEMORY
PROTECTION _ BINT- OINT- | o crssOR
POWER PE/R

VTII-1574

Figure 4-13. PF/R Functional Block Diagram

In the PF/R-power supply interaction, the computer power
supply generates a low power-failure signal at the start of a
power-up sequence. When all dc voltages are within their
operating ranges and the line voltage is 105V ac or higher,
the power-failure signal goes high. This positive transition
triggers the PF/R power-up sequence.

When power is lost or below minimum requirements for
computer operation, the power failure signal goes low. The
PF/R then generates an interrupt request, causing the
processor to execute the SAVE subroutine if the computer is
in run mode. In halt mode, the processor does not
acknowledge the request. In this case, the memory and
processor are immediately disabled, and the contents of
the volatile registers are lost.

During a power loss, the PF/R interrupt request is not
acknowledged until the instruction in process completes
execution. |f the instruction requires multilevel addressing,
this acknowledgment can be delayed up to five memory
cycles, depending on the number of addressing levels (one
machine cycle per level). DMA memory activity can also
delay the interrupt processing up to one DMA cycle.

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

Teletype Symbol ASCIt Code
+ 253
' 254
- 255
. 256
/ 257

- The power supply causes the system-reset signal to remain

low from turn-on to 100 microseconds before the positive
transition of the power-failure signal, thus disabling the
processor. When the power-failure signal goes high, system
reset is removed and the interrupt clock is enabled.
Approximately 900 nanoseconds later, the PF/R simulta-
neously places the processor in run mode and requests an
interrupt. The processor acknowledges the request by
jumping to address 042 as specified by the PF/R. The
processor then executes the PF/R RESTORE subroutine,
during which all other interrupts are disabled. At the
completion of RESTORE, the processor jumps back (under
program control) to the program being executed when
power was lost and reenables all other interrupts.

During a power-down sequence, the power-failure signal
remains low as long as power failure conditions exist.
Following the negative transition of the power-failure signal,
the PF/R interrupt request logic is enabled. The processor
then, after executing the current instruction, acknowledges
the request by jumping to interrupt address 040 and
executing the PF/R SAVE subroutine, during which all other
interrupts except memory protection are disabled.

Approximately one millisecond after SPFA- goés low, the
power supply generates SRST-, which disables the proces-
sor and memory.

The usual SAVE and RESTORE subroutines use a halt/run
flag to indicate whether a power failure occurred while the
processor was in HALT mode. If so, the flag is unchanged,
since SAVE was not executed. Upon restoration of power,
RESTORE examines the flag to determine whether the
previous data can be restored in the volatile registers or a
HALT is required.

The PF/R internal logic consists of three functional biocks:
sequencer, system start, and interrupt request.

The sequencer logic sends control signals to the other PF/R
logic sections to generate the required output signals.

The system start logic produces a short pulse for starting
the system when state 01 is true.

The interrupt request logic generates signals 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 is executing a power-up RESTORE
subroutine or a power-down SAVE subroutine.
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4.2.1 Timing

Figures 4-14 and 4-15 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 sequence of events
in the PF/R control logic.

The significance of the timing considerations in the
operation of the PF/R is discussed in the descriptions of
the circuits (section 4.2.2).

[~ POWER TURN-ON

4.2.2 Circuit Description

To better understand the functional operation of the PF/R
circuits in this section, refer to logic diagram 9180401
(system documentation package), timing diagrams (sec-
tion 4.2.1), and mnemonics (section 6).

A power-up condition exists when the power-supply dc
voltages are all within their operating ranges and the line

ALL DC VOLTAGES /"

SPFA-

SRST-

—_— —f

RESTORE
SUBROUTINE |

500+£100

>200 MILLISECONDS

100 MICRO-___ ]
SECONDS

NANOSECONDS :

VTII-1575

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

SPFA- |

FINTE- L

SRST- [

IUCX- 7 I I l

IURX - e I
—_
TUAX- e l

oestR- L7 | [

POWER
TURN-ON

VTIl-1576

Figure 4-15. Power-Up Timing at the PF/R-Processor Interface
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—~—— POWER FAILURE

ALL DC
VOLTAGES

SPFA-
SRST- SAVE
SUBROU-
TINE

<100 MICROSECONDS—=| |-=

<300 MICROSECONDS -——
—— 21 MILLISECOND —

VTII-1577
Figure 4-16. Power-Down Timing at the Power Supply-PF/R Interface

POWER
FAILURE
SPFA- ——I
IUCX- o l_J l [—LJ—] I—-I
IURX- o I J
IUAX- I
PRNX- ] |
SRST- —l_

V111579
Figure 4-17. Power-Down Timing at the PF/R-Processor Interface
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v

. ENTER SAVE ROUTINE
. RESET POWER-DOWN INTERRUPT

. CPU EXECUTES HALT AT END OF SAVE

. WAIT FOR SYSTEM RESET AND

POWER DOWN

REQUEST
ROUTINE

SUBSEQUENT POWER LOSS 00

.
>

b4

POWER
FAILURE

SET POWER-UP INTERRUPT REQUEST ¢

A4

PF/R
INTERRUPT

NO ACKNOWLEDGED

N —

w

. ENTER RESTORE ROUTINE
. RESET POWER-UP INTERRUPT

. START RESTORE-COMPLETE ONE

POWER-UP

REQUEST

SHOT (400 TO 600 MICROSECONDS) n

|
»

POWER
FAILURE
AND RESTORE
COMPLETE

SET POWER-DOWN INTERRUPT REQUEST

PF/R
INTERRUPT

NO
ACKNOWLEDGED,

VTI1-1580

4-16

>

\

HARDWARE POWER-UP INTERRUPT

HARDWARE POWER-DOWN INTERRUPT

Figure 4-18. Control Logic Sequence



voltage is 105V ac or greater. A power-down condition
exists when one or more of the power-up requirements is
not fulfilled.

Prior to the beginning of a power-up sequence, SPFA- and
SRST- are low. The sequence begins when 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
logic going to state 0l. This sets the one-shot and
generates system-start pulses OPSTRT- and OINT-. Thus,
the positive transition of SPFA- causes the PF/R to 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 is generated when the control flip-flop is reset
(FC1X- high) and control state 01 signal FCS1- goes low,
enabling, when BINT- is high, OIURX- low.

After a request, the CPU activates the interrupt-acknowl-
edgment signal OIUAX+ high, and this is gated with
BINTE- and FCS12 +. If either control state 01 or 10 is
active (FCS12 + high) and the memory-protection interrupt
is disabled (BINT- high), the interrupt-address flip-flop set
output 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 (OB05- and
0OBO1-) and output it to the 170 bus with 1/0-transfer
control signal OBOUT-.

When an interrupt address is accepted (FIOD + high) in
control state 01 (FCS1+ high), the control flip-flop set
output FC1X + goes high. The flip-flop clears when FRSTA-
goes low.

RESTORE reloads the volatile CPU registers with the same
data as they held before power loss, and a jump instruction
at the end of RESTORE reenters the interrupted program.

All lower priority options including all interrupts except
memory protect are disabled during this time by a low
PF/R-active signal FINTE—, generated by either the ini-
tialization or control flip-flop. The initialization flip-flop is
cleared by a low system-reset signal FRSTA—. Upon com-
pletion of restore, FINTE— returns to the high state, allowing
the 170 priority chain to become active again.

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

Upon power failure, the power-down sequence begins with
SPFA- going low, where it remains as long as there is a
power-down condition. The negative transition enables the
PF/R interrupt-request signals IUCX- and IURX-. When
SPFA- goes low and the oneé-shot expires, the initializing
fiip-flop output FCX1- goes high on the next negative

THEORY OF OPERATION

transition of clock OIUCX + with the control logic going to
state 10. The control flip-flop set output FC1X + is high,
and is reset when FCS2+ goes high. If the memory-
protection interrupt is disabled (BINT- high), OIURX-
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 enabled, will be acknowl-
edged first. Acknowledgment of the interrupt after the proc-
essor completes the instruction in progress is analogous
to the acknowledgment during power-up, except that the
control logic enters state 00 on power-down.

The request generates the interrupt address 040 specified
by the PF/R, and executes the SAVE subroutine. During
this sequence of events, all other interrupts and options
except memory protection are disabled.

NOTE: |f the processor is in a multiprocessor system and
does not have the highest-priority memory port, it may not
get port access in time to process the SAVE subroutine
after power loss. PMA requests are ignored when the PF/R
is active.

4.2.3 Programming

Although the standard Sperry Univac programs do not
contain PF/R service routines for saving and restoring
contents of the volatile registers and sense switches, the
PF/R circuitry provides capability for handling such
routines. To utilize this capability, the user can write a
SAVE and RESTORE service routine like the one shown in
figure 4-19.

During a power-down condition, interrupt addresses 040
and 041 must contain a jump-and-mark to the SAVE
routine; during a power-up condition, interrupt addresses
042 and 043 must contain a jump to the RESTORE routine.

If the computer is in the halt mode during a power loss, the
PF/R interrupt request is not acknowledged, the memory
and CPU are immediately disabled, and the contents of the
volatile registers and sense switches are lost.

If a multilevel addressing instruction is in process when
power is lost, the CPU acknowledgment 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 acknowledgment up to one DMA
cycle.

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

The service routine should contain a halt/run flag. This
indicates whether a power failure 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
microseconds, and the SAVE routine, 300 microseconds.
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Label Mnemonic  Operand
PWRN ENU L
LDA HLTF
JAZ HILTF
TZA
STA HLTF
LDA SAVS
Fxe 077
AR 077
LODA SAVD
JAY2 RSRG
SOF
RSRG I DA {AVA
LDR SAVE
LDY SAVY
JMR 0
PUWON EQU L
STA SAVA
8T8 SAVR
LTY SAVYX
7ERD 07
ANFA
STA SAVO
LDRI 2
X814 SEYB
LRLB 1
X82 SETHB
L.RLB ‘
¥83 SETH
ATX 3AVS
TNR HLTF
HLTF DATA 0
SAVa RSS 1
SAVH RSS 1
SAVY BSS '
SAVO BSS 1
SAVS RSs 1
SETY MERG 084
END

POWE
GEY
JUMp

RESE
GEY

RESE
GET
Jump

RESE
RESE
RESE
RESE
RETU

POWE
SAVE
SAVE
SAVE
2ERD
ADD

SAVE

SAVE

SAVE

SAVE

SAVE

SETY
HALT

SAVE

SAVE
SAVE
SAVE
SAVE
MERG

Comment

R UP ENTRY
HALY IN RUN FLAG
IF POMER FAIL NOT IN PUN

T HALT IM RUN FLAG
SENSE SWITCH FLAGS

T SENSE SWITCHES
OVERFLOW FLAG
1F FLAG NOT SET

Y OVERFLOw

T A REGISTER

T 8 REGISTER

T ¥ REGISTER

RN TO INTERRIPYED LOCATION

R DOWN ENTRY

A REGISTER

B REGISYER

¥ REGISTER

A,B,X REGISTERS
OVERFLOW TO A REGISTER
OVERFLOW

881 FLAG

§82 FLAG

$83 FLAG

SENSE SWITCH FLAGS
HALT IN RUN FPLAG

IN PUN FLAG

A REG BUFFER

B REG BUFFER

X REG BUFFER

QVERFLOW BUFFER

SENSE SWITCHES RUFFER
B & X AND SAVE IN X

Figure 4-19. Typicalv PF/R Service Routine

4.3 REAL-TIME CLOCK

The real-time clock (RTC) option comprises seven func-
tional blocks: clock-control logic, timing source input
logic, free-running counter, variable-interval logic, overflow
detection logic, interrupt control logic, and in