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t3 VOLT, AILBURNE, 1INPUT/OUTI’UT INTEKFACE

10;°  SCOPE

10.1 This specification covers the interface characteristics of the
Miniaturized, Airborne, Input/Uutput system used with the UNIVAC 1830
Computer for communication with peripheral equipments or other UNIVAC
1830 Computers,

0. APPLICALLE DOCUMENTS

<U,1 The following government documents form a part of this specification
to the extent indicated herein,

Specificatinns

M1L=-C-0026482 Connectors, Electric, Circular,
Miniature, yuick Disconnect

MIL-1-0101 Interference Limits, Tests and besign
liequirements, Aircraft Electrical and
Llectronic Equipments,

A=NEW-T70011 alrborne Cable, 36 Twisted Pair,
specification For

~.c The following non-government documents form a part of this specifica-
tien to the extent indicated herein,

UNIVAC bSpecifications

LS 1740 UNIVAC 1830 Computer,
General Specification for,
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30. REQUIREMENTS

30.1 Functional -~ The interface shall provide for up to 16 cbmputer
input channels and 16 computer output channels, Each channel shall
consist of 30 data lines and 4 control lines, All lines are twisted

pairs.
Control Signal Sending Equipment
Input channel 1. Interrupt Request Computer
Control lines 2, Interrupt Peripheral
3. Input Data Request Peripheral
4. Input Acknowledge Computer
Cutput channel l. External Function Rsquest Peripheral
Control lines 2, ZZxternal Function Computer
3. Output Data Request Peripheral
4, Output Acknowledge Computer

All data and gontrol lines associated with an individual input or output
channel shall be contained within one transmission cable,

The sixteen input and output channels are separated into four groups
of four input and four output channels each, Each group of I/0
channels operate independently of the other groups,

30.1.1 Gomputer Inputs from Peripheral Equipments, ~ Inputs to the
computer can be made by either of two methods—- Interrupt or Data,

30.,1.1.2 Interrupt Inputs, - A peripheral equipment shall be able to
input one 30 bit word to the computer by following the control line
sequences below, '

a) Computer ssts the Interrupt Request line when it 1s ready
to accept an External Interrupt,

b) The peripheral equipment detects the Interrupt Request,

¢) The peripheral equipment places the Interrupt word on the data
line.

d) The peripheral equipmsrt sets the Interrupt line to indicate that
the Interrupt word is on ths data lines,

e) Computer detects the Interrupt signal and at its convenience,
accepts the Interrupt word,

f) Computer drops the Interrupt Request,

g) The peripheral equipment detscts the drop of the Interrupt Request
and clears the Interrupt line and the data lines.
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The Input Acknowledge to an interrupt shall be initiated at the same

time that the Interrupt Request is cleared, Ths simultaneous occurrance

of these conditions should be used by peripheral equipmers to differentiate
between an Interrupt Acknowledge and Data Acknowledge,

3,1,1.3 _Data. Inputs - A peripheral equipment shall be able to input
one 30 bit word to the computer by following the control line sequence
below,

a) Computer initiates input buffer for given channel,
b) The peripheral equipment places a data word on 30 data lines,

¢) The peripheral equipment sets the Input Data Request line to
indicate that it has data ready for transmission,

d) Computer detects the Input Data Request,
e) Computer samples the 30 data lines at its convenience,

£) Computer sets the Input Acknowledge line, indicating that it has
sampled the data,

g) The peripheral equipment senses the Input Acknowledge line,

h) The peripheral equipment drops the data lines and the Input, Data
Request line,

Steps b) through h) of the sequence are repeated for every data word
until the number of words specified in the input buffer has been transferred,

$,1.2 Computer Qutputs to Peripheral Equipments, - Outputs from the computer
can be made by either of two methods - Data, or External Funection,

3Q1.2,1 _Data. Qutputs, - The computer shall be sble to output one
30 bit word by following the control lins sequence below;

a) Computer initiates output buffer for given channel,

b) The peripheral equipment sets the Output Data Request line
indicating that it is in a condition to accept data,

¢} Computer detects Output Data Request.

d) Computer, at its convenience, places information on the 30 data
lines,

e) Computer sets the Output Acknowledge line indicating that the
data is ready for sampling,

f) The peripheral equipment dstects the Output Acknowledge,
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g) The peripheral equipment may drop the Output Data Request any
time after detectins the Output Acknowledge.

h) The peripheral equipment samples the 30 data lines.
1) Computer drops the Output Acknowledge and Data lines.

Steps b) through i) of this sequence are repeated for every data word intil
the number of words specified in the output buffer have been transferred.,

30.1.2.2 External Functions - The computer shall be able to output one
30 bit Fxternal Function Code by following the control line sequence below,

a) The peripheral equipment sete the Fxternal Function Request line
when it is ready to accept the Fxternal Function code.

b) Computer detects External Function Requeast.

e) Computer places the External Function code on the data lines
(if its Fxternal Function buffer is active.)

d) Computer sets the External Function Jine to indicate that the
External Function code is ready for samoling.

e) The External Function clears the Fxternal Function Request at
the external equipment.

f) The peripheral equipment samples the External Function code.

g) The computer drops the Fxternal Function line and the External
Function code,

This sequence can bte repeated when the peripheral equipment is ready to
accept another External Function ecde.

If an Fxternal Function with force is to be sent, then steps e)vals
f) and g) would form the sequence as shown in paragraph 3.2.4.

30.1.3 Inter—computer Communications. - Any or all of the 16 computer

I/0 channels shall be capable of being used for inter-computer communication.
This ability shall be accomplished by a procedure that is no more complicated
than the exchanging of plug-in circuitry.

The control signal lines for inter-computer communication are as follows:

Interrupt Request

Interrupt

Input Data Request
Input Acknowledge

Input Channel

P~ ng =
T M S
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Output Channel 1) External Function Request
2) External Function
3) Ready
4) Resume

30.1.3.1 Inter-Computer Command Word, - A commend word can be
transferred from Computer A to Computer B by following the control
line seguence below,

a)

b)

£)

30.1.3,2

Computer B sets the Interrupt Request when it is ready
to accept a command word from Computer A,

Computer A recognizes the Interrupt Request as an Extsernal
Functien Request and places the External Function Word on the
30 data lines,

Computer A sets the External Function to indicate that the
External Function Word is on the data lines,

Computer B recognizes the External Function as an Interrupt
and accepts the command word.

Computer B eclears the Interrupt Request lire and sets the
Input Acknowledge line,

Computer A recognizes the Input Acknowledge as a Resume and
clears the External Function line,

Inter-computer Data Transfers - - A data word ean be transferred

from Computer A to Computer B by following the control line sequence below

Computer B initiates an input buffer and Computer A initiates
an output buffer for the required channel,.

Computer A places deta on the data lines,

Computer A sets the Rgady line to indiecate that the data is on
the line,

Computer B recognizes the Ready signal as an Input Data Request
signal and at its convenience, accepts the data word,

Computer B sets the Input Acknowledge line,

Computer A recognizes the Input Acknowledge as a Resume signal and
clears the Ready and Data lines,

This sequence b) through f£), is repeated for each word to be transferred,
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30.1.4 1/0 Priority - The channel priority shall be such that the higher

the numerical value of the channel, the greater its priority. Therefore,

in order of descending priority, the channels are (15, 14, 13, 12) (11, 10,
9, 8) (7, 6, 5, 4) (3, 2, 1 and 0). Parentheses indicate the channel groups.
Each group interfaces with a separate 1/0 Unit. Normally, if a channel in
the highest priority group is already active when a request occurs on another
Channel in the same group, this requesting channel will be sarviced next
(reference Figure 1). However, if the already active channel” is operating

in the intercomputer output mode of data transfer and no "Resume” has been
received, when a request occurs on another channel in the same gromp, this
requesting channel will not be serviced next if a channel in the lower gr oup
requests contrel at the same time (reference Figure 2). This priority
method provides maximum I/0 transfer rates. The computer requires at least
two microseconds to service a single request from an I1/0 Unit, but the 1/0
Unit requires some additional time to complete the data transfer. Therefore,
rather than waiting for the intercomputer channel to complete the transfer in
the example of Figure 2, and taking the next highest priority cheannel request
in a group, the computer will service lower priority channels as shown.

The pyramid of functional I/0 priority is constructed of the following levels:

a. I/0 Unit Priority (1/0 Unit 3 - Highest, 1/0 Unit 0 - Lowest).

b, 1/0 Unit Mode Priority (External Interrupt - Highest, External Function -
2nd, Input Data ~ 3rd, Output Data - 4th, Service External Interrupt -
Sth, External Function Monitor Interrupt = 6th, Qutput Monitor Interrupt -
Tth, Input Monitor Imterrupt - Bth, Time Out Interrupt - 9th).

€. 1/0 Unit Channel Priority (Channel 15 - Highest (Channel 3, Unit 3) des-
cending to Channel O - Lowest (Chamnel 0, Unit 0).

1/0 Unit Priority is established by the Central Processor, Unit Mode Priority
is established within each I/0 Unit and Channel Priority is established within
each mode to complete the pyramid,
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D

J0.2  Input-OQutput Timing. The following diagrams depict the timing
sequence for the control lines for Input and Output Uperations,

JO0.2.1 Computer Data Inputs from Perpheral Equipments,
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30.2.5 Timine Comments

30.2.5.1 Date Computer Inputs from Peripheral Equipment - The Input Data
Request signal indicates to the computer that data has been placed on the
30 data lines. The Input Data Request must be maintained on the lines
until an Input Ackrowledre is received, As shown in 30.2.1, there is a

2.0 microsecond minimum delay between the setting of the Input Data Request
and its answering Input Acknowledge. There 18 no maximum limit on the
duration of the Input Data Request since its value fbr any particuler cycle
is determined by the interaction with the computer pr{jgram and the other
input/output channels. The data lines must remain stable as long as the
Input Data Request is set.

The Input Acknowledge indicates to the peripheral equipment that its 30

deta lines have been sampled. The Input Acknowledge signal is set for a
fixed time interval. The peripheral equipment must be capable of detecting
zs an Input Acknowledge, a signal which may exist in the stable Yone" state
for as 1ittle as 1.0 micro s8conds. Upon sensing the Input Acknowledge, the
Input Data Request may be dronped to the "zerc®" state anytime, but it must
be dropped at least 1.8 microseconds before another Input Data Request can
be initlated. It should be noted that the time relationships are such that
the peripheral equipment desiring to send data at a maximum rate could legit-
imately reset the Input Data Request before the previous Input Acknowledge
has been dropped to the "zero" state; however, the Input Acknowledge will
always be returned to the "zero" state before being reset to the "one" gtate.
This will not effect operation of the cycle since a 9.8 microsecond minimum
delay will oceur betwren each input acknowledge.

30.2.5.2 Interrupt Inouts to the Computer - The Interrupt Request line
from the computer indicates to the peripheral equipment that the computer
is now ready to accept an external interrupt.

The Interrupt line indicates to the computer that the peripheral equipment

has placed data on the 30 data lines. The computer then accepts the Interrupt
word at its convenience. The computer then simultaneously drops the Interrupt
Request and sets the Input Acknowledge. The peripheral equipment can now
drop the Interrupt signal and the Interrupt word. The data lines must remain
stable as long as the Interrupt line is in the set condition.

30.2.5.3 Normal Outputs and Fxternal Functions from the Computer - The
peripheral equipment must set the Cutout Request line or External Function
Request line indicating that it is in a conditlon to accept a data or
Fxternal Function word from the computer. There is a 2.0 microsecond
minimum delay between the setting of the Output Data Request or External
Function Request and the placing of the data on the line. Data lines will
rot necessarily be cleared to the "zero" state before being reset to the
"one® state.

The Output Acknowledge or External Function signal indicates o the peripheral

equipment that its requested word is now present on the data lines which
ghould now be sampled. The Output Acknowledpe or External Functlon will
be sent a minimum of 1.0 microsecond after the data has been placed on
the lines. The peripheral equipment must be capable of recognizing, as
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an Output Acknowledge or an External Function, o signal which may exist

in the stable "one"” state for ns short a time as 2.1 microseconds. The
OQutput or External Function Request may be dropped to the "zero" state
anytime after detecting the Qutput Acknowledge or the External Function.
The output or External Function Request cannot be reset immediately to
indicate readiness of the peripheral equipment to accept a second word
because the computer will not recognize the second Output or External
Function request unless a minimum time delay of 1.8 microseconds is allowed
between the start of the dropping of the first Output or EF Request and the
start of the setting of the second Output or EF Request. Paragraph 30,2.3
shows that the timing would allow peripheral equipment, which wishes to
receive data from the computer at a maximum rate, to legitimately set the
Output or External Function Request to the "one" state for the second time
before the first Output Acknowledge or External Functiou has dropped to

the "zero" state. However, this will not affect operation of thegfiyjele
since a 8.0 microsecond minimum delay will again exist betiween the setting
of the second Output or External Function Request and the availgbility

of the second word on the data lines.

30.2.5.4 External Functiong with Force - External Functions with Force are
unique in thet no request is sent by the peripheral equipment. The computer
places the External Function Code on the 30 output data lines, and a

minimum of 1.0 microsecond later energizes the External Function Line,

The External Function signal indicates to the periphéral equipment that

an External Function word is present on the data lines, which should now

be sampled. The External Function Line will remain in the stable "one"
state for an interval which may be as short as 2.1 microseconds. The
External Function word will remain on the data lines for a minimum of

1,0 microseconds afier the External Function signal begins to drop.

The peripheral equipment has no control over the rate at which External
Functions with force are sent. The External Function Line will drop to the
“"zero" state for an interval which may be as short as 8.0 microseconds.

1f the periphoral equipments cannot accept External Functions at this rate,
restrictions must be made in the programming of External Function instructions
to the equipment. It should be noted that, if the peripheral equipments

have no provisions for sending an External Function Request signal, all
External Functions to existing poripheral equipment must be sent as Extermal
Function with Ferce.

30.3 Data Word Transfer Raies. The computer shall be capable of transferring
to peripheral equipment, or receiving from peripherals equipment, 30 bit

data words at the maximum rates shown in Table 1. An I1/0 channel includes

one input channel and one output channel,

Data Transfer Hates

Ne. of Channels

. Transfers Only i
| : —
i
i

One Channel j 62 KC Not Applicable
1 1/0 Unit (4 1/0 Channels) . 125k 125 KC
'4 1/0 Units (16 1/0 Channels) | 125 KC 1L 1125 'KC
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Ju.4 Interface Signal Characteristics

JO.4,1 Interface iLLoyic Level befinition

d0.d. 1.2 "Une" Interfoce Logic Level - A logical "one" shall be represented
by a potential difference across the output circuit terminals of 0.0 + 0.5
volts, yier

"

JU.d, 1.4 "Zero” lnterface logic ievel - A logical "zero" shall be represented
by a potential difference across the output circuit terminals of +3.0 +1.0, -0.5
volts.

J0.4.1.4 Interface Threshold Level - The threshold level distinguishing the
“one" state from the "zero" state is +1.5 * 0.7 volts at the input amplifier
terminal,

JU.4.2 lnterface Logic Level Transition Times. - The time required for either
the control line or data line driver circuit to switch loyic levels, as
measured from the 10 per cent to 90 per cent of full amplitude points at

the putput terminals of the driver, shall not be greater than 1.1} micro-

b

second when lpaded as described in paragraph 30.4.2.1,

S0.4.2,1 Lriver Loading - The control line driver output loading will
consist of one input amplifier driven through a cable hsving a maximum
total capacitance of 2000 picofarads. The data line driver output loading
will consist of up to 4 input amplifiers, each driven through a cable
having a maximum total capacitance of 2000 piconfarads.

S0.5 Conngctors - A separate connector shall be provided fer each input
cahle and for each output cable. The connectors shall be capable of
meeting the environmental requirements of MIL-C-0026402,

Connectors shall provide capability for the grounding of cable shields,
either by connector pins ur connector shell methods,

o0.6 Cables - Each input and cutput cable shall carry all wires,
data and coantrol, pertaining te a channel, Maximum lenoth of any ceahle
shall be such thot; &) the maximum capscitive load, representced by the

cable, on any driver circuit does not exceed that specified by naragraph
Ju.d.2.1 and b) the effects of b. C. resistance and electromagnetic
propagotinn time through the line do not prevent proper inter-equipment
data trensfer as described herein

Cables shall be in accordance with A-NEW T0OU11,
CU.7 1nterference - The design of the Input-Uutput interface shall be in

accordance with the interference and susceplibility requirements of
sMlL-1-6101,
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