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SECTION |
GENERAL INFORMATION

1-1 SCOPE

1-2  This instruction manual provides complete operating
and service instructions for the 69408 Multiprogrammer.
Accessory input/output cards and the 694 1B Multiprogram-
mer Extender, which are usually combined with the 62408

in a Multiprogrammer System, are covered in separate in-
struction manuals. Mowever, in order 1o present overall sys-
tem goncepts, this instruction manual also covers system in-

stallation and operating considerations as well as brief physi-

cal and functional descriptions of the 89418 and the acces-
sory input/output cards.

1-3 DESCRIPTION

1-4  The 6940B Multiprogrammer is the master control
unit for bidirectional (i, e, output data distribution/input
data multiplexing) Multiprogrammer Systems. The 69408
can be used in a single-unit system amploying from one to
fifteen plug-in input/output cards, or in a multi-unit system
consisting of one 6940B master unit and up to fifteen
650418 extender units. Each extender unit can aiso accomo-

date up to fifteen input/output cards, allowing a multipro-
grammer system to be modularly expanded up to a maxi-

mum of 240 input/output channels. Hence, the multipro-

grammer system can be used to convert a single computer

/0 channel into a total of 240 1/0 channels.

15 SYSTEM CONFIGURATION

1-6 A typical system configuration is shown pictorially in
Figure 1-1. The multiprogrammer system is controlled by a
digital computer which supplies 16-bit binary words to: {1)
control the mode of operation of the system {for instance,
to allow the multiprogrammer to time share input and out-
put functions; to establish timing synchronization between
the computer and /O devices through the multiprogrammer
etc.}; {2} address output cards and supply the output guan-
tity, in binary-encoded form, to be developed by the output
cards for application to the output device; and {3} address
input cards for the reception of binary-encoded input data.
Brief physical and functional descriptions of the three sys-
tem components (the 59408, input/output cards, and
6941B} are given in the following paragraphs. A detailed

11

functional description of the 6840B Multiprogrammer is
provided in Section 1V,

1-7  6940B Multiprogrammer

1-8  The 6%40B Multiprogrammer mainframe consists of a
hinged front controi panel, a 20 ;c)oskition card cage, a main
d¢ power supply, and a rear panel containing input and out-
put data and ac power connectors. Of the 20 card positions,
4 {stots 100, 200, 300, and 500} contain interfacing, data
processing, and control cards supplied with the mainframe,
and 156 {stots 400 through 414} house accessory input/out-
put cards. Slot 600 is reserved for a voltage regulator card
which is required for use with D/A voltage converter and
current controiler output cards. Unused input/output card
slots (400 series) or stot 600 can be left empty.

1-9  Data and control signals are exchanged between the
comptiter and muitiprogrammer through connector J1 on
the rear pane! of the 69408. Computsr inputs {16 data bit
lines and a control gate line) to the multiprogrammer are
routed through adapter card A7 to the back-plane wiring of
interconnect board AQ. Input card Al (slot 100) is the first
plug-in card to receive the inputs. A standard A1 input card
is supplied with all 6940B Multiprogrammers and provides
the proper termination for digital data sources employing
TTL or BDTL microcircuit fogic output drivers having ground-
true logic tevels {logical 1 = LO; logicat 0 = HY),

1-10 Muitiprogrammer outputs to the computer {16 data
lines and a control flag line) are also applied to connector J1
through adapter card A7, The outputs are applied to A7
from the back-piane wiring of interconnect board A8, The
data bit lines are driven by microcircuit cutput drivers foca-
ted on the A3 plug-in board (bits 0-11} and the A2 plugin
board (bit 15). The data bit drivers produce ground-true
logic levels compatibie with systems employing either TTL/
DTL logic eircuits or, at the option of the user, with systems
requiring higher logic level inputs, Note that the multipro-
grammer fiag output is produced by a microcircuit driver on
the A2 board but that it is terminated on the Al input
board and provides onty ground-true TTL/DTL compati-

bie jogic jevels. The optional Al input board must be used
for the flag output (as it is for the computer data and gate
inputs) if alternate logic levels are desired.
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]
69418 MULTIPROGRAMMER EXTENDER
Figure 1-1. System Configuration
1-11 After being properly interfaced, the computer inputs the multiprogrammer is placed. Bits 0-11 are also applied to
are applied to remote/local card A2, in slot 200 The remote/ the control panel for dispiay.
local card selects either the computer or the local control
panel as the programming source and distributes the data 1o 1-12 In addition to remote/local data selection and data dis-
the A3 ogic and timing card. In addition, the AZ board dis- tribution, the A2 card also processes data bit 15 in conjunc-
iributes bits 12-15 {which contain an address for all pro- tion with an input request identification controi signai which
grammed words received from the programming source} to is common to atl input cards. If the in put mode is selected,
the control panel for display. The A2 card aiso receives bits the request signal is combined with bit 15 such that the log-
0-17 from the A3 card. These bits are either the originatl pro- ic sense of bit 15 reflects the data readiness status of an in-
gramming source bits or are input bits from a multiprogram- put card. If the input mode is not selected, bit 15 reflects the
mer input card depending on the mode of cperation in which logic sense of bit 15 suppiied by the selected programming

1-2
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solrce, Notice that this processed bit 15 output fsnof the
same bit 15 output supplied to the A3 legic and timing card
{the A3 card receives the programming source bit 15} In-
stead, the processed bit 15 output of A2 is applied to the A9
card where it is jumpered for output to the computer via
connector J1 as previously described. Note that the multi-
programmer also sends data bits 0-11 1o the com puter. If
the input mode is not seiected, bits 0-11 represent bits 011
received from the computer. #f the input mode is selected,
bits 0-11 represent data from an input card.

1-13 The A3 togic and timing card has three main functions.
First, the A3 card provides buffer amplification for the re-
mote/local programmed address and data bits received from
the AZ card. After buffering, address bits 12-15 are distri-
buted without further processing to unit select card A5
where they are used in processing programmed control
words. The address bits are also distributed to all input/out-
put card slots in this unit and all extender units. The card
slots in each unit are program-selected by the address bits
which are encoded with a unigue combination associated
with each card siot,

1-14 The second function performed by the A3 card in-
volves the selection of programmed data bits versus input
data bits. The A3 card selects (after buffering) programmed
data bits 0-11 from the A2 card if the multiprogrammer is
Aot in the irput mode. Assuming the multiprogrammer has
not been placed in the input mode, the programmed data
bits are applied to,unit select card A5 where, if address bits
12-15 identify the programmed data as a control word, con-
trol mode and unit select data contained in the control word
data bits are stored and processed. The selected programemed
data bits are also applied to the multiprogrammer output
card slots where they are used if the associated address bits
contain the card slot address. Note that the programmed
data hits, like the address bits, are also distributed to all ex-

tender unit output card stots. If the multiprogrammer is in the

input mode, the A3 card selects input data bits 0-11 from an
addressed input card. The data bit outputs of all input cards
of every multiprogrammer unit in the system are combined
in a common data bus {which is, in fact, common to the out-
put card data bits) with only the addressed input card
supplying the input data to the A3 card selection circuits.
After selecting either programmed data or input data bits,
the selected data is also buffered on the A3 card from which
they are applied to the AS card where they are jumpered
and routed to the J1 connector for output to the computer
along with address bit 15, as previousty described.

1-15 The third function performed by the A3 card is the
generation of the muitiprogrammer flag signal for output to
the programming source. The flag notifies the programming

source whether the multiprogrammer system is busy proces-
sing the last programmed task or if it is ready for the next
one.

1-16 Unit select card AD examines specific bits of the pro-
grammed data to determine if the data represents a control
word or a data/address word. The definitions and functions
of control, data, and address words are covered in detail in
Sections H1 and IV, In general, a control word is issued 1o
select a unit in the system to receive data during output
modes or to transmit data back to the computer during ir-
put modes. The data word contains the address of 1 1o 15
possible output card slots in the selected unit and the data
1o be entered into the addressed output card. Similarly, the
address word contains the address of T of 15 possible input
card slots in the selected unit. The data is returned to the
computer from the addressed input card.

1-17 1f the unit select card determines that the programmed
word is & control word, it decodes and stores the unit selec-
ticn. The unit selection enabies the output cards of the se-
lected unit o receive address and data information contained
in the next proegrammed data word. Of course, the unit se-
lection also enables the input cards of the selected unit 1o
receive the address information contained in the next pro-
grammed address word thereby allowing the card to input its
data, The 69408 is assigned unit number §8 (UGA): extender
units are numbered U1 through U15, with UQ1 being the
first and U 15 the last in the chain. Note that addressing is
accomplished in two steps. The unit is first selected as part
of a controf word. Next, either the particular output card ad-
dress and associated data are issued together as a data word
or an input card address is issued in an address word, A unit
selection remains in effect until a new unit is setected by a
later control word. This permits all input/output cards of a
selected unit to be addressed without the need to repeat the
unit address.

1-18 The buffered data and address bits, 15 unit seiection
fines, and mode control and timing signals are conveyed to
output connector J2 by adapter card A8. A chaining cable
is ther connected from output connectar J2 of the 69408

to input connector J1 of the first 694 1B extender unit in the
system. In the other direction, the input data bits and
extender unit control signals are received at connector J2
from the first 624 1B extender unit in the system,

1-19 Input/Output Cards

1-20 The function of the output cards is to develop an out-
put quantity proportional to programmed data, and-to de-
liver this quantity to the user’s system. The output cards are
simitar to one another in that each contains address gate,
data storage, and output data conversion circuits. The nature
of the output conversion circuits determines the card type.
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1-21 Qutput cards are programmed using & 16-bit data word,
Twelve of the bits represent programmed data while the re-
matining four bits contain the output card slot address. The
12 bits are used in different ways on the various type output
cards to develop an output to the user's systems. For digital-
type output cards, the 12-gutput bits can be either logic
levels or contact closures. For analog-type output cards
{resistance, voltage, or current) the data bits are used to
control a /A converter. For resistance output cards, the
D/A converter is & binary-weighted precision resistance
network. The variable resistance output of these cards

can be used 1o program an external power supply or other
device that can be programmed by a variable resistance.

For voitage and current-type output cards, the D/A con-
verter is a DAC module which generates a bi-directional
binary-weighted output cusrent. Operational amplifiers

on the cards receive this current and convert it to a pro-
portional hi-directional voitage or higher magnitude bi-
directional current,

1-22 An output card programmed to a particular output
vatue will hold that value until it is readdressed and the pro-
grammed data s changed.

1-23 The function of the input cards is to receive data from
the user's systam and make it available 1o the computer. The
input cards each contain an address gate and input data inter-
face circuits, Further, input cards can be supplied with stor-
age capability so that the user’s system need supply input
data for a short period of time after which it is maintained in
the input card until accepted by the computer. The nature
of the user’s input; i.e,, digital input data versus relay con-
tact closure data, determines the card type,

124 Input cards are programmed using a 18-bit address
word. The same four hits used to specify an output card slot
address are also used to address an input card slot. The re-
maining 12 bits are not relevant to the input cards. An input
card’s 12 data bit outputs are transmitted to the computer
when an address word selects the associated input card slot
and the multipregrammer has been previously placed in the
input mode.

1-25 When an input/output card is plugged into a particular
slot of a particular unit, it assumes the address of that stot
and unit, and will either receive and store data (cutput cards)
of transmit data {input cards} only when that unit and slot
are addressed. Unit selection is accomplished by decoding
control words, as described previously, but slot address de-
coding is accomplished by directly wiring a unigue combina-
tion of four siot address bits to each of the 15 input/output
slots. If a card is moved to a new slot it assumes the address
of that siot.

1-26 When one or more D/A voltage converter, D/A current
converter, or voltage monitor cards are used in a 68408 {or
3 B041B), and AB voltage reguiator card must be installed in
stot 600 to supply operating power. This card contains four
isolated +15 and —15 volt regulated supplies. One of the
supplies has a 7B0mA capability while the remaining three
can each provide up to 150mA.

1-27 All input/output cards are fabricated on a 4%" x 117
printed circuit card. The inner end of the card contains a dual
24 pin {48 pin totat) printed circuit plug that can mate with
any connector in slot 400 through 414, For analeg-type out-
put cards, the output quantity is taken from a terminal block
located on the outer-end of the card; for digital-type input/
output cards, the input/output bits are received/taken from

a dual 15 pin printed circuit piug on the outer-end of the

card. All external device wiring is routed through a false-bot-
tom channel of the muitiprogrammer unit to the user’s system.

1-28 6941B Multiprogrammer Extender

1-29 Up to fifteen 69418 Muitiprogrammer Extenders
{UB1 through U15) can be operated with a 68408 Multipro-
grammer to extend the capacity of multiprogrammer sys-
tems to 240 input/output channels. The 69418 mainframe
is physically similar to the 6940B, but has no provisions for
local programming. The 69418 cantrol panel contains only
an ON/OFF power switch and associated indicator famp,

1-30 The card cage, main dc power supply, adapter cards,
and rear panel are the same for the 69418 as for the 69400,
However, the only mainframe plug-in cards required for op-
eration of the 69418 are an extendegr unit input card Al,

/G transfer card A2, and logic and timing card A2, Slot 500,
previously occupied by unit select card AB, is left blank.
Siots 400 through 414 are still assigned to A4 input/output
cards and slot 800 is reserved for a voltage regulator card.

1-31 The programmed data and address bits, 15 unit selec-
tion lines, and control and timing signals from the 62408
multiprogrammer are cabled to input jack J1 of the first 69418
extender unit in the system. Further, when the input mode

is selected, extender unit input data is placed on the pro-
grammed data lines and on to connector J1 for application,
along with control signals, to the 68408 Multiprogrammer.

1-32 When the input mode is not selected, the data and ad-
dress bits are routed through input adapter card A7 to input
card A1. After béing properly terminated by card A1, the
hits are selected and coupled through the A2 card in siot 200
to logic and timing card A3, When the input mode is select-
ed, input data bits 0-11 from the A3 card are buffered on
the A2 card and selected for output to the §940B. Since the
outputs of the A2 card seiection logic are connected to the
same lines as the output mode programmed data, the input
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data is routed to connector d1 in place of programmed data

for output to the 6840B.

1-33 The A3 logic and timing card in the 69418 extender
unit is identical to the A3 card in the 69408 muliiprogram-
mer. The A3 card selects either programmed data for appli-
cation to the extender unit output card slots or it selects in-
put card data for application to the A2 card and transmis-
sion back to the computer. The selection is based on the
input mode control signal supplied to the 69418 from the
6940B. Like the 69408 A3 card, in addition, the 69418
AJ card generates a flag signal which is returned to the
69408 through the J1 connector and chaining cable, to in-
dicate the busy-ready status of the 69418 extender unit 91,

1-34 The unit 81 select line of the 15 input unit select lines
is wired 1o all input/output card slots of unit @1, whife the
remaining 14 unit select iines are jumpered directly from in-
put jack J1 te output jack J2 after being buffered on the AB
ocutput adapter card and then through a chaining cable to

the next extender unit in the system. This process is repeated
until at the 16th extender unit all unit select lines have been
terminated at their associated unit.

1-35 When unit @1 is sefected, its 400 through 414 input/
cutput card slots are partially enabled. The next data or ad-
dress word will enable one input/output card of unit @1 to

receive programmed data {output) of transmit {input) data.
The input/output data, unit select, and control and timing

signals at output jack J2 are chain-cabled to input jack J1 of
the next 694 1B extender unit in the system,

1-36 ACCESSORIES

1-37 Tables 1-1 and 1-2, respectively, list the accessories
furnished with and availabie for use with the 8040B. The
descriptions of the available accessories in Table 1-2 are
general and in no way represent complete specifications.
Completa specifications are covered in the instruction man-
uals for each accessory.

Effective December 1, 1875, Rack Mounting Kit 5060-
8741 is not longer a furnished accessory but it is still
available as a standard option, The rack mounting kit
is obtained by specifying Cption 308 when ordering the
instrument.

1-38 SPECIFICATIONS

1-39 Specifications for the 69408 Multiprogrammer are

given in Table 1-3.

Table 1-1. Accessories Furnished

ACCESSORY

DESCRIPTION

Data input Plug P1, Part No. 08936-60009

Mates with data input connector on 69408 atlows user to fabricate
his own data input cable.

Rack Mounting Kit, Part No. 5060-8741

Allows 6340B to be rack mounted.

Plug-in Extender Card, Part No. b060-7901
shooting.

Extends plugin cards out of the multiprogrammer chassis for trouble-

Table 1-2. Accessories Available

ACCESSORY

DESCRIPTION

MULTIPROGRAMMER EXTENDER,
Model 68418

Used with 69408 to increase the capacity of multiprogrammer systems.
Each 59418 can accommodate up to 15 input/output cards. Up to0
fifteen 6841B's can he driven by one 69408,

PROGRAMMABLE QUTPUT CARDS:
Programmable Resistance Cards:

Model 69500A

A versatile programmabie output card that can be configured by the
user to provide one 12-bit or two 6-bit cutput channels, Qutput resistors
are not lpaded on this model. The choice of output component value is
teft to the user. '

1-5
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Table 1-2. Accessories Available {Continued)

ACCESSORY

DESCRIPTION

Modets 68501 A through 685606A

Models 89501A through 69513A

Bipolar Power Supply/Amplifier
Controt Cards, Modeis 69325A
through 69328A.

Relay Output Card, Model 69330A

Relay Output/Readback Card, Model
B69433A

D/A Voltage Converter Card, Model 693218

D/A Current Converter Carc_i, Modet 69370A

Voltage Regulator Card, Model 69351A

Digital Cutput Card, Model 69331A
Open Caliector Output Card,
Mode! 69332A

Stepping Motor Card, Mode! 69335A

Breadhboard Output Card, Model 69380A

"Provides a single 12-bit resistance programming channei; the program-

ming coefficients of these models are compatible with HP Programmable
Power Supplies.

Provides two 6-bit resistance programming channels; these models are
designed for programming the current limit of HP Programmabie Power

Supplies.

Provide resistance outputs to control the voltage programming (693264,
current limit programming {69326A or 63327A}, and gain programining
(89328A) of HP Bipolar Powsr Supply/Amplifiers.

Provides 12 separate form A {SPST, normaily open} mercury-wetted
contact outputs that reflect the status of 12 programmed data bits.
Includes gate/flag circuits for exchange of control signals with user’s de-
vice.

Provides same outputs as Model 69330A; also supplies'12 input data
tines that can be read by the computer and which indicate the relay

coil voltage status.

Provides programmable voltage output from +10V to -10V at pro-
gramming speeds of <50usec.

Provides programmable current output from 0 to 20mA at program-
ming speeds of <100usec.

Required for use with D/A Voltage Converter, B/A Current Converter,
and A/D Voltage Monitor cards, Installed in multiprogrammer slot 600
10 provide £15Vdc operating voltage for these cards.

Provides programmed microcircuit logic level outputs on 12 separate
output lines. Card includes gate/fiag circuits for exchange of control
signals with user's device,

Provides 12 solid state output switches to contrel famps and relay coils
using an external dc power source. Each output circuit is rated at up
to 30Vdc and 40mA.

Provides 1 to 2047 pulses from either of two output terminals on receipt
of one computer word. These pulses, when applied to the stepping motor
transiator, are converted to CW and CCW drive pulses for a stepping motor

Allows customer to design and build a custom analog or digital cutpiit
card. Card includes hasic address, storage, and control signal buffer
circuits.

PROGRAMMABLE INPUT CARDS:
Digital Input Card, Model 69431A

Accepts 12 bits of TTL, DTL, or contact closure data from user's device.
Card includes gate/flag circuits for exchange of control signals with
user’s device. Outputs to computer refiect the status of 12 input bits,

1-6
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Table 1.2. Accessories Available (Continued)

ACCESSORY

DESCRIPTION

Isolated Digital Input Card, Model 6343CA

Event Sense Card, Model 69434A

Voltage Monitor Card, Model 69421A

PROGRAMMABLE INPUT CARDS:
Pulse Counter Card, Model 68435A

Programmable Timer Card,
Model 69600A

Fraquency Reference Card,
Model 6960TA

Breadboard tnput Card,
Model GO4B0A
Process interrupt Card,

Model 68436 A

CHAINING CABLE ASSEMBLY,
Modet 14541A

Accepts 12-bits of input data from user’s devica. All input lines are iso-
lated from one another and from the multiprogrammer power supply.
Eight options of the card are available to accommodate either ground-
trie or positive-true logic sense inputs and a wide range of input levels.

Compares the magnitude of an external 12-bit input word with a stored
reference word and generates a computer interrupt for any of four con-
ditions, depending on the placement of a jumper on the card. The four
possible canditions are: In=Ref, In#Ref, In>Ref, In<CRef. The refer-
ence word is loaded from the computer. Both the input and reference
words can be read back 1o the computer.

Monitors do voltages in the range of +10.238V 10 —10.240V and returns
a 12-bit binary word to the computer that indicates the magnitude and
sign of the measured voitage. An optional version of the card has an
input voltage range of +10235V to —102.40V.

Counts pulses or contact closures, up or down, in the range of G to 4095,
It can be preset by the computer to any value in this range and can have
its contents read inte the computer. When used in conjunction with a
Programmable Timer Card or Frequency Reference Card, it can make
frequency or time interval measurements.

Generates a single crystal-controlied pulse each time it is commanded by
the program. The duration of the pulse can be programmed in the range
1 to 4085 times a jumper-selectable interval that can have any of six
decade values ranging from lusec to 0.1sec. When used to provide an
enable to a Pulse Counter Card for frequency measurements, the 686004
may be armed to request a computer interrupt for the Pulse Counter
Card at the end of the pregrammed time interval,

Provides crystal-controlled squarewave outputs at fixed frequencies from
1 Mz to 100 kHz. The 89601A may be used in conjunction with the
Puise Counter Card for time interval measurements,

Aliows customer to design and buiid a custom input card. Card includes
basic address and readback circuits,

Generates an interrupt whenever any one of 12 inputs changes state
(1100, 0to 1, or both). Bitls) that changed state are readback by the
controller.

Interconnects 63408 and 694 1B's in expanded Multiprogrammer
Systemns,

SERVICE AIDS:
Packet Programmer, Model 145338

Extender Cabie for Pocket Programmer,
Model 14534 A

Permits manual programming of ail input functions to the 6940B by
switch closures. Plugs directly into data input connector J1 of 69408B.

Affords additional convenience when using the Pocket Programmer by
extending it 3-feet from the data input connector of the 69408.

1-7
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Tabte 1-2. Accessories Available {Continued)

ACCESSQORY

DESCRIPTION

INTERFACING ACCESSQRIES:

HP Computer Interface Kit, Model
14550A Kit includes:
a. Driver Tapes and Software Manuais
b, Verification Kit, including 62431A
{opt. 085} Input Card, 69331A Output
Card, slot verification cable, and Diag-
nostic Tape.
¢. Microcircuit Interface 1/0 Card,
Model 125668 {modified)
d. Main Input Cable Assembly,
Model 14540A.

Main Input Cable Assembiy, Model 14540A

Contains necessary hardware and software to interface HP Computers
with 69408 Multiprogrammaer, and verify system operation.

Connecls microcircuits interface 1/Q card, Model 125668 to 6940B Mulii-
programmer {this cable is also part of interface Kit, Model 14550A].

Table 1-3. Specifications

INPUT POWER:

100Vac (+5%, —10%}, 48-440Hz, 4A
120Vac (+5%, —10%}, 48-440Hz, 4A
220Vac (+5%, —10%), 48-440Hz, 2A
240Vac {(+5%, —10%), 48-440Hz, 2A

Seleciable

DATA WORD TRANSFER RATE:

20K word/sec {maximum in handshake mode).
DATA RESOLUTION: 12 bits.

TEMPERATURE RANGE:

Operating: 09 to +65°C.
Storage: -40° to +759¢,

OPERATING POSITION:
30 degrees off horizontal {maximum]).

DIMENSIONS: See Figure 2-1.

COOLING: Natural convection.

1-8

1-40 COMPUTER INTERFACING

141 All 68408 Multiprogrammers are supplied with a
standard A1 input card. This card provides the proper termi-
nation for the driver circuits of digital programming sources
employing TTL or DTL microcircuit logic. The input data
must also have ground-true logic levels (logicat 1 = LO; log-
ical 0=HI). Voltage and current requirermnents for the digi-
tal source driver circuits are given in Section .

1-42 Return data bits 0-11 and 15 to the computer from
the multiprograsmnmer are produced by drivers which can
suppiy either TTL or DTL microcireuit logic levels or high-
er voltage logic levels at the option of the user. The re-
turned flag signal, however, is supplied only at the micro-
gircuit logic level. In addition, the output data and flag
have ground-true logic sense. Hf other logic sense or volt-
age levels are required, they must be interfaced at the user’s
programming device,
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1-43 As supplied from the factory, the 69408 is configured
for operation from & 120Vac (+5%, —10%}, 48-440Hz power
source. The 69408 can also be operated from a 100, 226, or
240Vac (+5%, —10%), 48-440Hz power source by changing
the position of the PC board (voltage selection board) with-
in tha ac power module on the rear panel. (See paragraph

2-23). Ensure that the proper line fuse {(F1} {4A for 100V/
120V or 2A for 220V/240V ) is installed. Also, ensure that

the proper fuse values for ¥2 (T0A} and F3 {.76A) are
installed. F2and F3 are located on the rear panel.

1-44 INSTRUMENT IDENTIFICATION

1-45 Hewlett-Packard instruments are identified by a three-
part serial number. The first part is the instrument model
number. The second part is the serial number prefix, consist-
ing of a number-letter combination denoting the date of a
significant design change. The first two digits indicate the
year (10 = 1970, 11 = 1971, etc.); the second two digits in-
dicate the week; and the letter ““A” designates the U.S.A. as
the country of manufacture. The third part is the instrument
serial number; a different 5-digit sequential number is assign-
ed to each instrument, starting with 00101,

148 If the serial number on your instrument does not agree

1-9

‘with those'on the title'page of this manual, Change Sheets
supplied with the manual define the differences between

your instrument and the instrument described by this manual,

1-47 OPTION 001

1-48 Option 001 modifies the 69408 and 69418 so that
they are compatible with 8940A/694 1 A multiprogrammer
systems and software. Since 68940A' and 684 1A's have
been discontinued, Option 001 must be specified by cus-
tomers ordering a replacement 68408 or additional
68418 for use in a 6940A/694 1A multiprogrammer
system. Appendix A in the rear of this manual describes
the 69408 Option 001 modifications, The 89418 Option
001 modifications are described in the 89418 instruction
manual.

1-49 ORDERING ADDITIONAL MANUALS

1-60 One manual is shipped with each instrument.
Additional manuals may be purchased from your local

Hewlett-Packard field office (see fist at rear of this manual
for addresses). Specify the model number, serial number
prefix, and HP Part number shown on the title page.

187 Effective December 1, 1875, extra manuals may be
obtained by specifying Option 810 when ordering your
instrument. The number of extra manuais depends upon
the number of Option 910's ordered.
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SECTION 1l
INSTALLATION

2-1 INITIAL INSPECTION

2-2  Before shipment, this instrument was inspacted and
tound to be free of mechanical and electrical defects. As
soon as the instrument is received, proceed as instructed in
the following paragraphs,

2.3 Mechanical Check

2.4 If external damage to the shipping carton Is evident,
ask the carrier’s agent to be present when the instrument is
unpacked. Check the instrument for external damage such
as broken controls or connectors, and dents or scratches on
the panel surfaces. If the instrument is damaged, file a ¢laim
with the carrier's agent and notify your local Hewlett-
Packard Saies and Service Office as soon as possible {see list
at rear of this manual for addresses).

2.5 Electrical Check

Z-8  Chegk the electrical performance of the instrument as
soon as possibie after receipt. Section V of this manual con-
tains checkout procedures which wilt verify instrument op-
eration. Refer to the inside front cover of the manual for
the Certification and Warranty statements,

2.7 REPACKAGING FOR SHIPMENT

2-8  To insure safe shipment of the Instrument, it is rec-
ommended that the package designed for the instrument be
used, The original packaging material is reusable, if it is not
avaitable, contact your local Hewlett-Packard field office to
obtain the materials. This office will also furnish the address
of the nearest service office to which the instrument can be
shipped. Be sure to attach a tag to the instrument specifying
the owner, model number, full serial number, and service
recuired, or a brief description of the trouble.

2.9 INSTALLATION DATA

2-10 The 68408 is shipped with ali standard main frame
cards (A1, A2, A3, and AB) installed. To prepare the 62408
for operation in a system, it is necessary to rack-mount it
and any 6941B's, install the required accessory (input and
output) cards, and connect signal and power cables,

21

CAUTION

Always turn off power to the multiprogrammér before
removing or installing printed circuit cards {standard
mainframe cards or accessory cards). If power is not
removed, it [s possible to cause damage by shorting
COMPaNents.

2-11 Location

2-12 The 68408 and 69418 are convection cooled. When
mounted in a rack, a minimum of 0.25 inch (and preferabty
1 inch) should be left between units so that a free flow of
cooling air can reach internal components. The units shouid
be installed in an area where the ambient temperaiure re-
mains between 09 and +550C,

2-13 Outline Diagram

2-14 Figure 2-1 illustrates the outline shape and dimensions
of the 69408.
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Figure 2-1. Qutline Diagram

2-15 Rack Mounting

216 An instruction card attached to the 69408 rack mount-
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ing kit {supplied with each unit) illustrates. and describés the '

procedure for preparing the 69408 for rack mounting.

2-17 Accessory Card Installation

2-18 Before instailing accessory cards, be sure to first per-
form the 63408 checkout procedure given i Section V of
this instruction manual, Accessory cards are instalied in slots
400 through 414, To install the cards, procead as follows:

a. Open the hinged front panel of the unit by furning
the recessed screw within the knurled handle counterclock-
wise,

b. With the accessory card components on the right,
slide the card into the desired slot (400 through 414}, Note
that ali accessory cards are slotted between pins 4 and 5 and
ali 400 series connectors on the main frame are keyed be-
tween the same points, This makes it virtually impossible 1o

piug an accessory card in upside down or into any other
than a 400 series siot,

c. Route all wiring from the accessory cards through
the false-bottom channel and out the back of the unit to
the external system. Special wiring considerations are cover-
ed in the instruction manuals for the individual accessory
cards,

d. As installation is completed for each accessory card,
carefuliy note and record the following types of information
on the installation record card located on the rear of the
hinged front panei.

{1} Accessory card type

(2) Apptication in external system

{3} Nature ‘of input or output signals

(4} Ranges, scaling factors, polarity, logic sense, etc.

2-19 System Cabling

HP COMPUTER

WP MGDEL 25660
MICROCIRGUIT
;%%i;";fﬁ MAIN INPUT CABLE
AR S L B ASSEMBLY 145404
| JuMPER i FOR INTERFACE OF
| CONNECTIONS E 69408 WiTH HP 125668
[ Wi-A MICROCIRCUIT
| W INTERFACE 1/0 CARD
i W3-a M 69408 {100 FEET MAX)
{ Wa-B | MUL TIPROGRAMMER
i ws-ws ouT |
P We-A ! O
b e e e "5 € unir P
2]
D et L
- St DATA INPUT
694iB J2 DATA CUTPUT
MULTIPROGRAMMER CHAINING CABLE
EXTENDER —— ASSEMBLY 145414
o l {100 FEET MAX.}
@ E; Pi
UNIT tH
&1 E
100V/120V/220W/ 240V i
48-240H: REY = L
JI DATA INPUT
65415 e~z DATA QUTRYT
MULTIPROGRAMMER CHAINING CABLE
EXTENDER | ~—= ASSEMBLY 145414
) (0D FEET MAX)
UNIT =13
o 72 e
THRY é §
H
i 1) UNIT 15
—~ :
: L. T
i

Jdi DATA INPUT
J2 DATA OUTPUT

/

Figure 2-2. Mualtiprogrammer System Cabling Diagram
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2.20 The 6940B/69418 Multiprogrammer System is designed
to operate with distances of up to 100 feet batween units.
Because of this design, programmed delays are required in

the B940B/6941B system software {see paragraph 3-133).
Thus, 6940B/6941B units are not compatible with the dis-
continued B940A/6041A units. Consequently, B units and

A units may not be mixed in a multiprogrammer system.
Option 001, however, is available {see paragraph 1-49) which
converts the BO40B/69418 units to operate in a 6940A/6941A
system. This opticn ailows a customer to purchase replace-
ment or additional uaits for an existing 6940A/6241A sys-
temn.

2.21 A system cabling diagram is given in Figure 2-2. This
diagram shows an HP computer using a type 125668 Micro-
circuit Interface 1/0 card as the programming source, and
cable assembly 14540A connecting the 1/0 card to the
5940B. The jumper connections shown on the Microcircuit
Interface card establish the proper computer gate-multipro-
grammer fiag logic sense relationships and allow the com-
puter to perform a monitor data check without the need for
the multiprogrammer system flag to return from the “busy”

to the ""ready’” state. (See the Instruction Manual for the

125668 Microcircuit Interface 1/0 Card for additional
detaiis). Cables of varicus lengths up to 100 feet maximum,
can he purchased from vour local Hewlett-Packard field
office (see list at rear of this manual for addresses). The
14540A Main Input Cable Assembly can be ordered speci-
fying any length from 12 feet to 100 feet maximum. Data
plug P1 is supplied with all 69408 to enable the user to
fabricate his own data input cable, as required.

2-22 Step-by-step cabling procedures are given as foliows:
a. Connrect data input ptug P1 to DATA INPUT
connector 41 on the rear of the 894CR.

NOTE

A jumper on data input plug PT {pin 18 to pin
18] completes the systerm enable circuit within
the 69408. Plug P1, thersfore, must be in place
before the multiprogrammer system can be
enabied.

FUSES

AC POWER VOLTAGE SELECT
MODULE F.C. BOARD

FUSE

J2
DATA  DATA
OUTPUT  INPUT

Figure 2-3. 6940B Multiprogrammer, Rear View

2-3
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b. Using chalning cable assembly 1454 1A, connect
DATA QUTPUT connector J2 on the 62408 (unit 8@} 1o
DATA INPUT connector J1 on the first 60418 extender
unit (unit #1} in the system. {1 ne extender units are usad,
DATA OUTPUT connector J2 on the 69408 is left open.)
c. Continue chain-cabling the J2 DATA QUTPUT
connector of each extender unit to the J1 DATA INPUT
connector of the next higher-numbered extender unit in
the system.
d. Before connecting power 1o the units, refer to the
following paragraph and Section i1,

2-23 INPUT POWER REQUIREMENTS

CAUTION

Failure to correctly match the Multiprogrammer’s
primary voltage setting to the available source may
result in damage to the instrument,

2-24 The 68408 and 63418 may be operated continuously
from a nominal 100V, 120V, 220V, or 240V (48-440Hz}
power source. A printed circuit board located within the
ac power module on the rear panel (Figure 2-3) selects the
power source. Voltage choices are available on both sides
of the PC board. Before connecting the instrument to the
pawer source, check that the PC board selection matches the
nominal line voltage of the source. The operating voltage is
shown in the window of the ac power module {Figurg 2-41,
If required, select the proper voitage as follows {refer 1o
Figure 2-4}: '

a. Remove power cable from instrument.

bh. Move plastic door on power module aside.

c. Rotate FUSE PULL to the left and remove line
fuse F1.

d. Remove PC board from slot. Select operating

- voltage by orienting PC board to position the desired voltage
on top-ieft side of PC board. Push board firmly into slot.

e. Rotate FUSE PULL back into normal position
and re-insert fuse F1 in holder using caution to select the
correct vaiue for F1 (4A for 100V or 120V and 2A for 220V
or 240V},

f. Close plastic door and connect power cable.

2-25 When the instrument leaves the factory, the proper
fuse is installed for 120V operation. An envelope containing
a fuse {2A) for 220V/240V operation is attached to the
instrument. Make sure that the correct-fuse value for F1 is

24

instailed if the position of the PC board is changed.

2-268 Also, before connecting the instrument to the power
source, ensure that the proper fuse value is instalted for

F2 (10A) and F3 {{75A). Fuses F2 and F3 are located on
the rear panel as shown in Figure 2-3, Fuse F2is in the
+BV {req)/+12V {unreq.) circuit and F3 is in the —12V {un-
reg.) circuit of the main power supply.

2-27 Power Cable

2-28 To protect operating personnel, the National Electri-
cal Manufacturer's Association {(NEMA) recommends that
the instrument panel and cabinet be grounded. This instru-
ment is equipped with a three conductor power cable. The
third conductor is the ground conductor and when the
cable is plugged into an appropriate receptacle, the instru-
ment is grounded. The offset pin on the power cable’s
three-prong connector is the ground connection.

2-29 To presgrve the protection feature when operating
the instrument from a two-contact outlet, use a three-prong
to two-prong adapier and connect the green tead on the
adapter to ground.

Al2 POWER MODULE

Operating voltaga it shown in module window, VGLTAGE SELECT

P.C. BOARD

Figure 2-4. Line Voltage Selection
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SECTION I
OPERATING INSTRUCTIONS

31 PRE-OPERATIONAL CONSIDERATIONS

WARNING

Turn off all external power supplies associated
with this unit before servicing it ar changing
any external connections. High volftages may
be present on printed circuit boards evert wher
ac power is removed from the unit.

CAUTION

Rermove ac power before iriserting or removing
170 cards.

3-2  Before applying power to the unit, ensure that the
proper operating voltage {100V, 126V, 220V, or 240V)
has been selected as described in paragraph 2-23. Al sys-
tem cable connections {Between the computer and the
89408 Multiprogrammer and between the 69408 and any
69418 Muttiprogrammer Extenders that may be employed!
should be made as outlined in Section |i of this manual.

3-3  Input/Output Cards. Input/Output cards should be
inserted into the desired slots (400 through 414} of the
69408 card cage. All input/output cards are marked as to
type on the card extractor handles. Notice that whenevar
a programmable input/output card is inserted into a stot
(400 through 414} it assumes the address of that particular
slot position. The method of addressing a particular card
siot is described later in this section, under Remote Pro-
gramming. Detailed information about gach input/output
card is contained in the instruction manual associated with
each card.

3-4 Pre-Operation Checkout. Before connecting system
loads to any of the input/output cards, perform the basic

checkout procedures given in Section V of this instruction
manual,

3.5 I the checkout procedure results are satisfactory, ex-
ternal device connections can be made to the cards {as de-
scribed in the card manuals} and the unit operated normal-

iy.

36 INTERFACING

3-7 All data and control information that is exchanged
between the 69408 and the tomputer {or other external
control source) passes through data input connector JJ1 on
the rear panel {see Figure 3-1). The 16 computer data bits
as well as the computer gate and multiprogrammer flag sig-
nais are all interfaced on mukliprogrammer input card Al
{located in slot 100). The 13 return data bits are sent from

3-1

the 69408 to the computer from either the BO40R A3 Log-
ic and Timing card (located in slot 300) or the 60408 A2
Remote/l.ocal card {located in slot 200}, The A3 card inter-
faces bits 0-11 while the A2 card interfaces bit 15. {(Bits 812,
B13, and B4 are not connected for return to the cemputer. )
The following paragraphs describe the input card and the
return data interface driver cirguits focated on the A3 and
AZ cards, These descriptions are followed by a brief
discussion of the data parameters associated with each of
the input/output fines listed on Figure 3-1.

3-8 Standard Input Card

3-9  The standard input card interfaces with binary pro-
gramming sources employing microcircuit logic of the TTL
or DTL family. 1t was designed specificaliy for use with a
Hewiett-Packard computer employing a 12566 Microcircuit

oI {s0 25 | NGT USED
nid | 49 24y .
b 15w
DIZ | 48 23 [ FOR
T TEST
Diz | 47 22| TME | ONLY
Dl | 46 2i | TEW |
0@ |45 20| NOT USED
. SYSTEM
689 | a4 19 e SYE | ENABLE
o i (JUMPERED
COMPUTER 0@s | 43 {8 F—SYE i TO OBTAM
BATA i o < OuUTPUT)
[BINARY ) b7 | az I7T{NC
‘‘‘‘‘‘ ey L
5Ee | 4 16| BRT
05 | 40 v5 | Bd6
0@a | 39 14 | B@E |
983 | 38 13| B8s
bez | 37 12 | B3
ooi | 28 It | Bg2
(LSB} D@ | 35 W0 LBB! | campuTee
) _ 7 - RETURS
N.Co| 34 9B moniTor/NeUT)
e N DATA BITS
gg,;w%v;fm FLAG (FLA) | 33 8| 506 .
MPUTER | - cats (678) | 32 7 | 588
N.C B 6| 81@
NG |30 518l
J 20 4
28 3
PNPUT DATA COMMONC/
P2y 2
| _
Ji
DATA INPUT

Figure 3-1. Data nput Connector
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interface tnput/Output card. One 12566 1/0Q card can ac-
commodate up 1o 16 multiprogrammer units; i.e., one com-
plete multiprogrammer system consisting of one 69408
and fifteen 89418 extender units.

3-10 Receiver Circuit. Figure 3-2 shows a typical receiver
circuit that is used for each of the 16 data bits and the gate
input. Also shown on the drawing are the basic specifications
of each receiver circuit, The maximum current that is sourc-
ed (delivered} by a receiver tircuit if the input terminals are
shorted is 19mA. The maximum current that can be sinked
{absorbed!} by a receiver circuit with a +5.5V input is 2.6mA.
EDC is the nominal voitage across the input terminals
when they are open circuited.

Al ENPEMJWTMCD AZ REM?IE/LOCAL ch.
+5v
|
Usaurce | %”m
R et

{ Jt——
E(EC T5iNK 7500 % ;

3

RECEIVER SPECIFICATIONS

LOGIC LEVELS: HIGH=+2V TO +5.5Y

LOW = QV TO +8.8Y
IgpurcE = 19mATMAX I WITH INPUT SHORTED
Igink= 2.6mA (MAX.) WITH +5.5V INPYT,
Eapen okt © F35VINOM I WITH INPUT OPEN.

Figure 3-2, Typical Receiver Circuit, Standard Input Card
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DORIVER SPECIFICATIONS

LOGIC LEVELS: HIGH= +2.4V TO +5V
LOW= OV TO 0.4V

Tequrce = 2.5mA AT + 2.4V
TSINK = 43 mA AT +04V

3-11 Flag Driver Circuit, Figure 3-3 shows the driver ¢ir-
cuit that is used for the multiprogrammer flag output line.
The circuit consists of a driver stage and diede clamp on
the AZ board and a 1k pullup resistor returned to +8VY
on the Al board.

3-12 Return Data Driver Circuit

3-13 Figure 3-4 shows the driver circuit that is used for the

13 return data bits. - The return data bits do not pass through
the Al input card. Bits 0-11 are sent from the A3 Logic and
Timing Board and bit 15 is sent from the A2 Remote/Local
Board. The output circuits for all return data drivers, however,
are identical and provide a 1k puilup resistor returned 1o

either +5V or +12V at the option of the user.
3-14 Computer Data Bits

3-15 The 76 paraliel computer data bits (DS through B15
must be received in binary form. The data bits can be
received in one of three word formats; control word,

address word, or data word, as will be explained under remote
programming later in this section.

3-16 Logic Coding. For interfacing with the standard input
card, the data must be received in negative-logic form

AL REMOTE / LOCAL OF
AZ LOGIC AND TIMING (SEENOTE )

+3V +i2y

$

!
I
TSINK |
5_»

+8Y

Eoe
-t

DRIVER

SPECIFICATIONS .

Egc (max) 5V 2y

oV TO 0.6y
oV TO 0.7V

HmA AT 0.4V | 3mA AT O 4V
35mA ATO.IVI2TMARTO.TY

Viow

LSINK

NOTE:
THE DRIVERS FOR BITS O-1{f ARE ON THE
A3 LOGIC AND TIMING CARD. THE DRIVER
FOR BIT 15 15 ON THE AZ REMOTE/LOCAL CARD.

Figure 3-3. Flag Driver Circuit, Standard Input Card
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{ground-true, positive-false). This means simply that a pro-
grammed binary 1= LO and a binary 0 = HI. Notice, how-
ever, that the internai logic circuits of the 69408 have been
designed within a framework of positive iogic (binary 1=
HI, binary 0 = L.O). Hence, the 68408 employs a positive-
logic system with complemented (negative true) inputs {see
Section 1V for a detailed definition).

3-17 Computer Gate Input

3-18 The computer gate {or encode) input is an action com-
mand that is sent to the internal timing circuits of the 69408
to initiate data storage and/or processing functions within
the 6940B at the discretion of the computer. To control the
mode of operation of the 6940R, for instance, the computer
must transmit a mode control word which is stored (and
subsequently processed} in the 69408 when it also receives
the computer gate. Similarly, in order to output data {write}
to a multiprogrammer outpui card, the computer must ac-
company the data word with the computer gate. When it
receives the computer gate, the multiprogrammer timing
circuits initiate Storage of the data in the addressed output
card, tnput data reception {read} by the computer from a
multiprogramimer input card, on the other hand, does not
require the computer gate. The computer need only address
an input card in the correct mode and the card data is trans-
ferred from the input card to the computer. However, the
computer must send the computer gate in order to activate
input cards. When activated, the input card’s gate-flag inter-
face with the externat device is initiated which uitimately
{when the device flag input to the input card goes ready] re-
sults in the storage of input data on the input card. In addi-
tion, when activated, the input card interrupt capability is
enabled which, f the associated mode of operation has been
estabiished, allows the input card to controi the multipro-
grammer’s flag line to the computer and, thus, provides a
means Tor the card to signal the computer that data is ready.
To activate an input card, the computer gate must be re-
ceived in the correct mode by the multiprogrammer timing
cireuits which initiate the activation of the addressed input
card, Upon activation, the input card, in turn, initiates a
data input cycle with its associated external device. Similar-
fy, an input card is de-activated {which means, essentially,
that its interrupt capability is turned off), when the card is
addressed in the correct mode and the computer gate s
received,

3-18 A Hlto LO transition of the computer gate initiates

the required action (see Figures 3-11 and 3-12). Further
information regarding the gate input and other timing func-
tions is provided in the discussions of the cutput and input
data modes of aperation provided in Paragraphs 3-62 and 3-74.

3-20 6940B Flag Cutput

3-21 The flag output of the 63408 is a response line to the

3-3

computer the meaning of which depends upon the mode of

operation established by the computer. The flag line is used
to indicate busy-ready status of the muitiprogrammer.

3-22 For data output modes of operation, when the 5940R
flag output is in the ready state, input data can be applied
to the muitiprogrammer. When the flag switches to the busy
state, computer data is being stored and proecessed in the
69408 and new data cannot be sent until the fiag line again
goes to the ready state. Two types of flags can be issued,
handshake and timing, as described in Paragraph 3-108.

3-23 For data input modes of operation, the flag line also
indicates that the mulftiprogrammer is ready with data for
the computer or that it is busy and waiting for data input
from an external device. Like output data transfers, two
types of flags are utilized (the handshake and timing) during
input modes but their usage depends on the type of input
data transfer desired. That is, the handshake and timing
flags have different meanings if data inputs involve one in-
put card or many input cards. Paragraph 3-114 describes
typical methods by which the computer uses the fiag to
interface with the 69408 input cards. For the standard
interface configuration, the flag is HI {(+2.4V to +5V} when
ready or LO {0V to +0.4V} when busy.

3.24 1SL, DTE, TME, IEN, and IRQ

3-25 iSi, DTE, TME, and 1EN are mode signals derived
from programmed control words. The mode control signals
are stored in the 69408 and distributed through data output
connector J2 1o all 69418's in the system. The DTE, TME,
and TEN signals are brought to data input connector J1 for
test purposes only. Simitarly, input card reguest identifica-
tion control signal IRQ {which is a common signal fine for all
input cards) is distributed to the 8941's through connector
J2. When the pocket programmer is used for testing, the sig-
nals can be monitored at appropriate test jacks.

3-26 System Enable Interlock Jumper

3-27 A connection is made between pins 18 and 19 of the
data input connector through the input plug. I this connec-
tion is removed, or if the input plug is removed, all output
cards in the multiprogrammer system are disabled. The siate
of the internal SYE line is determined by bit D@5 of an input
control word {refer to Paragraph 3-64}.

3-28 Return Data Bits

3-29 For output (write) modes of operation {ISL bit 7 = 03,
bits @th’mugh B11 and B15 are a reflection of the data
bits received from the computer and may be used by the
compiiter to moenitor the data it sent in order to verify inter-
face connections to the multipraogrammer. This procedure is
often referred to as "echo” checking,
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3-30 Forinput (read) modes of operation, when the input
select (ISL} mode has been programmed, bits 0-11 of the
raturn data lines carry the corresponding bits of the address-
ed input card. In addition, the multiprogrammer common
input card input request (I RQ} line is combined with bit 15
within the multiprogrammer and returned to the computer
on the return data bit 16 line. Bits 12, 13, and 14 are not
connected for return to the computer.

3-31 The return data bits (0-11 and 15} are also returned

to the computer during output mode (ISL off) local pro-
gramming and reflect the status of the bit switches on the
front panel. For input mode local programming {ISL on},
return data bits 0-11 stil! carry the input card data {these

hit switches are disabled} while bits 12-15 reflect the bit
switches on the front panel. The input request identification
tine, IRQ, is displayed with the RETURN DATA famp

{(see below).

3-32 Multiprogrammer—External Device Interfacing

3.33 The multiprogrammer input/output cards interface
user devices {one device/card) with the computer via the
multiprogrammer mainframe circuits. A wide variety of
multiprogrammer input/output cards are available to satisfy
many different user requirements. While the individuat in-
put/output card instruction manuals define the specific in-
terface requirements, the following paragraphs describe the
general interface capabifities provided by the input/cutput
cards.

3-34 Output Cards. Muitiprogrammer cutput cards process
computer data {up to 12 bits} for interface with the associ-
ated externat device. Qutput cards are available to: {1} inter-
face digital data (the 12-bit computer data is transferred to
the user’s device}; {2) convert the data to a specified analog
voltage; (3) convert the data to a resistive value for remote
programming of power supplies; (4) convert the data to a
specified current; or {B) convert the digital data to equiva-
lent relay contact closures. The output cards contain either
timing circuits that can be set to synchronize the data trans-
fers from the computer 1o the user's device {assuming the
timing mode is programmed; i.e., TME bit4 = 1} or timing
circuits that exchange control signals with the external de-
vice 1o synchronize data output operations.

3-35 Input Cards. Multiprogrammer input cards process 12-
bit user data for application to the computer. Input cards
are available to {1) input 12-bit digital data (with voltage
polarity and logic sense options provided}, or {2) convert 12-
bit relay contact closure date to digital data for input to the
computer. Depending on the model selected, the input cards
are also available with input card gate/user device flag tim-
ing circuits that allow the computer to be synchronized with

3-4

the user’s device through the input card. The requirements
for the gate/flag signals are flexible and aliow a variety of
voltage polarity and logic sense specifications to be inter-
faced. Generally, however, the Tollowing gate/flag specifica-
tions should be met by the user’s device when employing
input cards with gate/flag timing circuit capabilities.

a. Input Card Gate. The leading edge of the input
card gate indicates that the card can accept input data. The
gate can be reset when the device fiag goes busy or ready.

b. Device Flag. The device flag feading edge indicates
to the input card that the device is busy processing data. At
some time after the input card gate leading edge, the device
fiag should switch 1o the busy state. When the device has
data tor the computer, the device H#ag should be switched to
the ready state (trailing edge). The ready transition of the
device flag will cause the input card to notify the computer
that data is ready. The device data must be available at the
trailing edge of the flag and should be present for at least
10usec (some input cards require a longer time period).

336 Input cards of the type described sbove (i.e., the digi-
tal data input card) are aiso available without gate/flag tim-
ing circuits, Data reception from these cards is completely
controlled by the computer which must determine when
data is ready from the associated external device. On the
other hand, these cards provide for a maximum rate of data
exchange from a user’s device to the computer,

3-37 6940B — 69418 Interface

3-38 Unit select bits (U@1 through U15}, mode control
signals (DTE, TME, $YE, iSL, and [EN), and gate signai
GAT are transmitted to the first 6941B in the Multiprogram-
mer System through multiprogrammer data connector J2 on
the rear panei of the 68408 {see Figure 3-5}. The Flag over-
ride (FOR) and input reguest (IRQ} signals are returned to
the 69408 through J2, from the first 69418 in the system.
Further, input/output data bits {B11 through BB are ex-
changed between the 69408 and 6941B with the direction
of data flow depending on the mode of operation. For out-
put data transfers, all output data and address bits are trans-
mitted to the first 89418 through connector J2. For input
data transfers, bits 811 through BO@ are returned from the
69418 to the 69408 through connector J2 and address bits
B15 through B12, are transmitted to the 69418 by the
89408, The functions of the above signals are described

in the following paragraphs.

2-3¢ Unit Select Bits

3-40 Unit select bits UBT through U1b are transmitted to
the extender units in positive-logic form {e.g., logic 1 = HI;
logic 0 = LO). When the unit setect card in the 62408 de-
tects a control word, it decodes and stores the unit address
bits that are programmed as part of the control word. The
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unit select line associated with the selected unit will go Hi
and enable all input/output card slots of the seiected unit.
When a new unit is addressed, its associated U-—— line will
go Hl and the previous unit select line wiil go LO {only one
unit can be selected at & time). Subsequent data {cutput) or
address (input} words will address and select one input/out-
put card of the sefected unit to receive (output) or transmit
{linput) data.

3-41 Mode Selection Bits SYE, TME, DTE, ISL,
and {EN

3-42 These bits are derived from programmed control
words and transmitted to the extender units. The signals
serve various control functions with each mode described
in detail in Paragraph 3-58.

3-43 Gate Signal GAT

3-44 Gate signal GAT is transmitted to all extender units to
initiate actions on the input/output cards. For output cards,
GAT initiates (when the card is also addressed) the storage
of programmed data bits B11 through B@G. For input cards,
GAT initiates {when the card is addressed) the gate/flag cir-
cuits on the input card or initiates the resetting of control
circuits on the card depending upon the state of mode signal
ISL. A HI to LO transition of GAT initiates these actions.

Refer to Paragraphs 3-109 and 3-114 for additionai details.

345 Flag Override (FOR)

3-46 This signal is received by the 69408 from the first
69418 in the system and represents the busy-ready status of
the input/output cards in the down-stream extender units.
FOR controls the status of the FLA line returned to the
computer by the 69408,

3-47 Input/Output Data and Address Bits

3-48 Bits B15 through BO@ are exchanged between the
69408 and 69418 in ground-true form (e.q., logic T =B15,
LO: logic 0 = B15, H1). The four most significant bits
(MBWT"S—through Eﬁmf) represent input/output card slot address-
es and are always transmitted from the 69408 to the 69418B.
Bits B11 through B9, however, represent gither data word
output data (in which case they are transmitted from the
69408 to the 6941B) or input data from an addressed input
card {in which case they are received by the 6940B from the
B8941B). Notice that only output data words or input ad-
dress words are meaningful in the extender units. The con-
trol word code {siot address 1111} serves no function in this
case since extender units do not have a unit select card {and,
of course, there is no input/output card siot number 16).

34¢ REMOTE PROGRAMMING

3-5
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Figure 3-5. Data Output Connector

3-60  Rernote programming is automatically seiected when
the LINE switch is first turned on. (Subsequently, pro-
gramming can be switched between focal and remote by
pressing the front panel REMOTE/LOCAL switch), 1n
remote, the multiprogrammer can be computer-pro-

grammed either to output data to an external device

{threugh associated multiprogrammer output cards) or to
input data from an external device (again, through

associated input cards). Note that some multiprogrammer
cards have a bidirectional capability. The Relay Output/
Readback card, for instance, receives computer data {from
the multiprogrammer mainframe circuits) during output

data transfer modes while it returns the data (after processing)
to the computer during input data transfer modes, Most
multiprogrammer input/output cards, however, interface

the computer/multiprogrammer mainframe with an associated
external device in only one direction. Also, while the

output and input data transfer modes may use separate,
unrelated multiprogrammer cards, the modes are time-shared
in the multiorogrammer mainframe. In addition, because
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the multiprogrammer system is designed tc operate with
distance up to 100 feet between units, delays are required

in the program when transferring data between the computer
and the multiprogrammer system {See paragraph 3-133).

3-51 Multiprogrammer modes of operation are specified by
16-bit control words received {aiong with a computer gate
signai} from the computer. The control words are identified
by address bits 15-12 (see Figure 3-8) which when they are
alt ones, specify the word as a mode control word. Note that
when address bits 15-12 are any other configuration {0000~
1110), the computer word is either a data word {output
modes) or an address word {input modes).

1.57 In the output maodes (previously specified, of course,
by suitably-encoded control words), data words {and & gate
signat for each word} are received from the computer for
output to the addressed (bits 12-15 of the data word} cut-
put card. A programmed delay of Busec is required between
data output to the mulziprogrammer and setting the gate

{see paragraph 3-133}. Data words are transmitted to the
multiprogrammer in one of two timing modes: the handshake
mode or the timing (wait) mode. In the handshake mode,

a computer data word is gated to the muitiprogrammer which
automatically responds after approximately 50usec with adata
ready flag back 1o the computer. Thus, data is transmitted

by the computer without synchronization with the ouiput
card lor its external device). In the timing mode, on the
other hand, a computer data word is gated to the muitipro-
grammer which walts until the slowest output card {or, if

the card is similarly synchronized with its associated device,
for the slowest device) signals that it is ready for more data.
When the slowest output card fexternal device} has timed
out, the multiprogrammer responds with its data ready flag
to the computer. Thus, in the timing mode, data is transmit-
ted by the computer in synchronization with the ouiput
cards.

3-63 Animportant aspect of the interface between the
computer and multiprogrammer is the fact that the multi-
programmer returns 13 data lines {and, of course, the data
ready flag signat) back to the computer. For output modes
of operation, the return tines reflect the computer data orig-
inally transmitted to the multiprogrammer and, as a resuit,
provide an “echo” eheck capability for the computer. The
computer, thus, can verify the integrity of its data interface
paths with the multiprogrammer by comparing the data it
transmits with the return data. For input modes of operation,
however, return data bits 0-11 and 15 carry input data from
the addressed multiprogrammer input card {external device},
as described below, and cannot be used for “gcho’’ checking.

3-54 During input modes, the multiprogrammer receives
computer address words (with or without an accompanying
gate signal}. Note that a programmed delay is required

3-6

1/ 5L §INPUT DTE {DATA
. SELECTY | - TRANSFER
INPUT | ENABLE} QUTRPUT
MODES | MODES
[IEN (INTERRUPT | SYE LSYSTEM
ENABLE) ] i ENABLE} J
\ TME t?\mwe}mmr
MODE JOUTPUT
SLOT ADDRESS~ I
WHEN PROGRAMMED \ 1 ! ENABLE) ] MODES
TG 1:H{I5) : UNIT
IDENTIFIES THIS A5  NOT —ADDRESS
A CONTROL WORD  USED | | 1o-is)
— oy | . Je—
= A s 2 i 108 8 7 6 5 4 3 2 1 0

CONTROL WORD (INPUT 2 QUTPUT MODES]

SLOT ADDRESS

T o000 - 1110} DATA BeTS
N
EEENEEREEREREEE
I5\4L3EEEI:O§BT€:5432 (o]
DATA WORD (OUTFUT MODES/
5L.0T ADDRESS
NGT USED

(0Qo0 - 15107

EEEEERREREERNEEE

5 14 13 12 109 B T 6 5 43 2 10
ADDRESS WORD [ INPUT MODES]

INPUT {INTERRUPTY

REQUEST
L;J;)S'D IDENTIFICAT IONIRQ) DATA BITS
- : N
EEEREEEEENRNENERS
5 34 I3 12 H D 2 8 7T 8 5 4 3 2 1 0

RETURN DATA WORD (INFUT MODES - SEENOTE)

FOR OUTPUT MODES (181 OFF), TRE RETURN
BATA WORD |5 THE COMPUTER INPUT WORD
"ECHOED® BACK TO THE COMPUTER FROM
THE MULTIPROGRAMMER. [BITS {2,135 AND |4
ARE NOT CONNEGTED FOR RETURN TO THE
COMPUTER)
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Figure 3-6. Word Formats

hetween addressing an input card and reading its data with-
out an accompanying gate signal {see paragraph 3-133).

Bits 12-15 of the address words identify the input card that
is to transfer its data to the computer via bits G-11 of the
return data lines. Generally, twe typical input modes of
operation are available: one mode in which selected input
cards {all or any portion) are activated and generate data
ready fiag signals asynchronously. That is, the computer
“arms’” leither individuaily by addressing each ong with iSL
on and with a computer gate or simultaneously depending
upon whether a hardware jumper option is installed) the de-
sired input cards to signal when they have data and then
waits {with 1EN on) for a card to signal ready. The ready
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card signals the computer by enabiing the multiprogrammer

data ready flag to the computer. The computer responds to
the data ready flag by searching for the input card {out of all
that were armed) that signalled ready. The search consists of
first programming IEN off and then transmitting an address
word to all armed input cards in a pre-established (by soft-
ware) priority until the ready card is detected {by software
examination of the card’s input request signal, I1RQ, contain-
ed in return data bit 15).

3-55 As is discussed in more detai! tater in Section |11, pro-
gramming variations are available during the data input por-
tion of the searching procedure, For instance, since the corn-
puter address word {which transfers the input data) need not
be transmitted to the multiprogrammer with an accompany-
ing gate signal, the addressed input card need not be reacti-
vated for another data input cyele with its external device
{card activation requires that IS1. be on and the card address-
ed with a computer gate). Note, further, that the interrupt
{data ready} search input mode requires that a certain pro-
cedure be executed by the computer during which muitipro-
grammer control modes are enabled and subsequently
disabled. A typical search procedure is discussed in subse-
quent paragraphs in this section.

3-56 The other type of input mode of operation is the dedi-
cated input mode in which the computer enables only one
multiprogramimer input card to signal it is ready with dats,
That is, the computer maintains {in its input/output inter-
face card which connects the multiprogrammer to the com-
puter) the address of only one input card such that only that
card is allowed to signal (via the multiprogrammer data ready
flag) that is has data available for the computer. When the
card signals ready, the computer can utiize the addressed in-
put card data since it is contipually present on bits 0-11 of
the return daia lines, Since ordy one card is enabled, the
search process is not required, however, the Input ready
status of the card is returned on return data bit 15 anyway.

3-57 The dedicated input mode is, therefore, similar to the
ouiput mode of operation in that input data transfers can be
done in either the handshake or timing (wait) modes of op-
eration. As for the output data transfers, input data trans-
fers in the handshake mode are accomplished without direct
synchronization between the computer and input card (ex-
ternal device). In the timing mode, data input transfers are
synchronized, Note, further, that similar to the interrupt
search input mode, several variations are possible in the actu-
al data input operation, That is, as in the search mode, the
computer address word that reads in the input data to the
computer need not ba accompanied by a computer gate sig-
nal, Thus, the input card need not be reactivated for another
input cycle with its external device. In fact, the computer
may, at this point, address another input card and, thereby,
execuie the input mode with another input card (and, of

3-7

‘course, external device). The data transfer options are not
available during output modes of operation in that computer
data words addressed to a multiprogrammer output card
must always be accompanied by a computer gate signal
which notifies the multiprogrammer output card that it may
process the data word.

3-68 Control Word

3-59 A control word has two primary functions: to select a
unit of the multiprogrammer system (either the 69408 mas-

ter unit or one of the 62418 extender units) so that input/
output cards of that unit input or receive information as

specified in subsequent address or data words; and to select
one or more control modes (SYE, DTE, or TME for data
output transmission or ISL, IEN or TME for data input
reception), Whenever the coniro! word code is programmed
(slot address 1111), the states of bit positions 0, 1, 2, and 3
{unit address); bit 4 {TME}; bit 5 (SYE); bit 6 (DTE); bit 7
{!SL}; and bit 8 (1EN) are stored within the 69408.

3-80 Unit Addressing. The decimal equivatent of the 4-bit
unit address {with bit position 3 being the most significant)
corresponds directly to the assigned number ot the unit be-
ing selected. When 0000 is programmed, unit @@ is selected;
when 1111 is programmed unit 15 is selected. The 609408
master unit is assigned unit number B9, while the 69418 ex-
tender units are numbered consecutively from @1 up to 15.
A unit remains selected, and its input/output cards enabled,
until a new unit address is programmed.

3-61 it should be noted that a unit address is decoded and
stored by the 69408 each time a control word code is pro-
grammed. Therefore, when a control word is issued for the
purpose of selecting a control mode (SYE, TME, DTE, 151,
or IEN) the unit address shouid be reissued, if it is desired
to retain the same unit selection. If the unit address bits are
left in the O-state, unit 80 will be selected.

3-62 Output Mode Control

3-63 in the multiprogrammer, output modes utilize the
SYE, DTE, and TME mode contrel commands and are spec-
ified by the absence of the input select control command.
When a control word with bit 7 = 0 has been received and
stored in the muttiprogrammer, the muitiprogrammer return
dlata lines to the computer carry the computer “echo’’ check
data. In addition, the 12 data bits (0-11] of subsequent data
words are utilized in the addressed {bits 12-15) output card,

3-64 System Enable (see Figure 3-7). System enable (SYE)
is used primarily as part of an initial turn-on procedure.
When the multiprogrammer is first turned on {and before
SYE is programmed) the output circuits of all cutput cards
are disabled; resistance outputs are shorted, voltage outputs
are held at O volts, and digital outpuis are held in the open
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Figure 3-7. System Enabie Function

or zero state, This feature protects the external system from
potentially damaging outputs resulting from the storage
registers on the output cards assurming random states at 1urm
on.

3-65 While the output circuits are still disabled, sach output
card can be addressed and loaded with data representing a set
of initial conditions. SYE is then selected by programming bit
5 of a control word o the 1-state. This immediately activates
the previously addressed cards, ailowing them to develop an
sutput proportional Lo the data initiatly stored.

3-86 In the event of a power failure in a downstream unit,
an SYE Hip-flop on each output card in the affected unit
will be reset when power is restored. This wili inhibit the
card output leven though SYE from the 6940B is still on)
which could go to a random value (caused by the card’s
storage registers going random) at turn on. In order to
reinstate the card outputs, the cards must be individually re-
addressed and issued new data.

2-67 For additional protection of the external system, SYE
will be disabled under any of the following conditions:

a. Power failure of the 69408
b. Setting LINE switch to OFF,

¢. Removal of data input plug P1 {a jumper on P1
completas the SYE circuit internalty).

d. Programming bit5 = 0,

a. Bermoval of mainframe card A3 or AB (AD is appli-
cable to the 60408 only}.

§. Crowbar circuit activated.

3.68 Data Transfer Enable (see Figure 3-8). A data transfer
enable {DTE} line is connected to all output cards in the
system but is used oniy by output cards having dual-rank
storage and by the digital (TTL) data and relay output cards.
The primary function of DTE is to permit the simulitanecus
transfer of data from all output cards (using DTE) to the
external system. DTE is selected by programming bt &= 1.

38
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Figure 3-8, Data Transfer Enable Function

3-60 Output cards with dual-rank storage have two sets of
storage registers. The first set of registers store the program-
med data as it is entered. The second set of registers receive
the data from the first set of registers and appty the data to
the output conversion circuits onty when DTE is program-

med. For output cards with dual-rank storage, the DTE mode
is normally used in either of two ways:

{1) DTE is selected first. The output cards are then
addressed and programmed one at & time {in the normal
way). Since DTE is present, the programmed data is
transferred immediately from the first set of registers, to the
second set of registers, to the conversion circuits. Each card,
thus, produces an output proportional to the programmed
data as it receives the data.

(2) DTE is not initially sefected. The output cards are
addressed and store the programmed data in the first set of
registers, but do not transfer the data to the second set of
registers, since DTE has not yet been programmed. This
method permits the first registers of alt cards to be loaded
with data first; then by programming DTE the output of all
the cards is simuitaneously transferred to the external sys-
temn. The output cards will continue to hold the most recent-
ly programmed value after DTE is removed.

3-70 The digitat {TTL) and relay output cards have only a
single level of storage and the outputs respond to data as the
card is programmed. However, a gate line {or a contact ¢clo-
sure avaiiable on the relay output cards) is enabled only
when DTE is programmed. The gate line {(or contacts) ¢an be
used in the external system to initiate two operations:

{1) To simuitaneously strobe the outputs of all digitai
data and/or relay output cards into the external system.

{2} To start a timing flag circuit in the external system
that will hold the flag line returned to the multiprogrammer
in the busy state until the circuit times out. The delay pro-
vided by this circuit should coincide with the maximum time
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~required for the external system to process the digital data or

relay outputs.

3-71 Timing Mode, For cutput, the timing mode (TME}
specities whether or not the computer data output will wait
for the addressed output cards to signat ready for more data.
By selecting TME {programming bit 4 = 1), the busy status
of the flag control line returned to the computer is made a
function of the maximum time required for the individual
cutput cards to complete processing their last data input. Re-
sistance, D/A voltage converter, and certain other output
cards contain a monostable-type common timing flag (CTF)
circuft that can be preset to any period between 10usec and
Z0sec to indicate the maximum processing time for that card.

NOTE

The rasisiance output cards are normally sup-
pifed with a nominal 6msec CTF period to
cover the operating time of the output card
refays. Other CTF periods between 100usec
and 20sec can be selected by simply chang-
ing a capacitor value in the CTF circuit CTF
periods between 10usec and 100usec require
a modification of the CTF circuit.

3-72 For relay and TTL digital output cards, the period of
CTF is determined by the external system. (Details are pro-
vided in the instruction manual for the output cards.}

3-73 When an output card is addressed in the correct mode,
its CTF circuit is started. | TME has been previously selected,
the fiag line to the computer will be heid in the busy state
for the period of CTF. A busy flag signals the computer not
10 input new data. The CTF outputs of all the cards are log-
icalty ORed together and directly control the status of the
flag line in the TME mode. I TME is not programmed, the
CTF circuits wilt stilt produce a timing puise but it will not
affect the fiag line until TME is sefected. In the absence of

a TME selection, the handshake mode is automatically in
effect and allows data to be entered from the computer at
the maximum rate of 20k woerds/sec. In multiprogrammer
systems employing many output channefs, use of the timing
mode onfy can consume substantial amounts of programming
time. For example, 1o program a system containing 10 out-
put cards, with each card requiring 1sec o settle, would re-
quire approximately 10sec of program time. The better ap-
proach here would be to first ioad the 10 output cards in the
handshake mode (requiring approximately 500usec) and then
select the timing mode. Since the timing flag outputs of all
the cards are logically ORed together, they will time out si-
multaneously in approximately 1.0005 sec. [n cases where
the timing flag periods differ from card-to-card, the flag line
will be held busy untif the longest CTF has timed out.

3-8

3-74 input Mode Control

3-75 Input modes utilize the ISL, 1EN, and TME mode con-
trof commands and are specified by the presence of the ISL
command which must be programmed on {bit 7 = 1) at some
point in the procedure for establishing either of the two
basic input modes (the interrupt search or dedicated input
modes}. The programming of 1EN, on the other hand, speci-
fies which of the two input modes will be established. in ad-
dition, certain input cards are provided with a hardware op-
tion that allows the programming of 1EN to simultaneously
“arm” the cards for data input operation with their external
device. The timing mode, TME, is used in both basic input
modes. TME is required in the interrupt search mode but is
optional in the dedicated input mode. The following para-
graphs describe these functions, their interrelationships with
gach other, and their relationships to the output mode com-
mands previously discussed.

3-76 input Select. The input select {(ISL) command pro-
vides twe functions as follows. First, when programmed on,
ISL enables multiprogrammer computer return data lines
0-11 and 15 to carry subsequently addressed multiprogram-
mer tnput card data on bits 0-11 and, if applicable, card in-
put request identification {1RQ]J information on bit 16,
Second, for the input eards that interface {through the multi-
programmer mainframe circuits) data from an external device
to the computer, 1SL is used to individually activate a card
{when it is addressed) for data input operations with its ex-
ternal device.

3-77 Data input from an external device to an input card
requires that the input card’s gate/flag interface with the ex-
ternal device and the computer (via the multiprogrammer
mainframe) be activated. input card activation can be done
selectively by addressing the card in the 1SL mode with an
accompanying computer gate. The activation of several input
cards can aiso be accamplished simultaneousty when 1EN
mode is programmed by first installing a hardware option
jumper on the desired cards, Figure 3-9 illustrates the tim-
ing for input card activation in the 131 mode. Input card
activation with IEN is discussed in subsequent paragraphs.
Notice, further, that ISL input card activation requires that
the computer gate be supplied when the card is addressed
and that 1SL need remain on only during the actual address-
ing of the card.

3-78 With ISL on, input data from an addressed card thav-
ing input capability, of course) is avaitable on the multipro-
grammer’s return data fines for as long as the card’s address
is present from the computer input/output interface card.
Impartantly, the computer gate is not required {and, in fact,
for some cards, i.e. the retay output/readback, is not allow-
ed) to read the card data. If the computer gate is transmitted
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Figure 3-9. iSL input Card Activation and Data Input

during data input {or subsequently), as was described in the
above paragraph, an input card is activated and initiates a
data input transfer cycle with its external device by generat-
ing a gate to the device,

3-79 Input cards are deactivated {controt circuits on the
card are reset to inhibit the card from signalling data ready}
by first programming ISL off and addressing the card with a
computer gate. Thus, the card remains in the deactivated
state until the program reactivates the gate/flag circuits {and
the card’s control circuits} by addressing the card with a
computer gate in the ISL mode as described in the previous
paragraph.

3-80 Interrupt Enable. The interrupt enable mode (IEN] is
used primarily to establish the interrupt search input mode
of operation. In the interrupt search input mode, several (up
to 240 input cards having input interrupt capability, of
course, such as the digital input cards) can interface asyn-
chronously with the computer (via the computer's input/
output interface card which connects the multiprogrammer
to the computer). Note that, in this mode, IEN must be ac-
companied by the timing mode enable {TME}. The IEN com-
mand can also be used to activate a group of input cards if a
hardware option is installed-on the cards. This provision
eliminates the need for individually addressing input cards
in the ISL mode (see above} to activate them, Of course,
when the jumper is not instatled, input cards must be se-
lectively “armed” for interrupt,

3-81 When IEN is programmed on {bit 8 = 1} in conjunc-
tion with TME (bit 4 = 1} after input cards have been acti-
vated, the common timing flag circuits of all activated cards
are enabled {see Figure 3-10). Depending upon the external
devices in use, any time after 1EN is programmed, an input
card (in response to its external device's flag ready signal)
may enable its commaon timing fiag to signal the computer
{via the multiprogrammer flag to the computer interface
card} that data is ready. The computer, thus, is requested to
read {input} data from the multiprogrammar. The program

3-10
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Figurs 3-10, Interrupt Enable Mode Function

can respond to an input card interrupt request in several
ways as fotlows:

a. The program can search for the ready input card in
any pre-determined priority. The program should first re-
move |EN {thereby preventing any other input cards from
generating data ready flags shouid they subsequently time
out), turn on ISL and then sequentially address the input
cards in order to read in data. The program can determine
input card readiness {interrupt requested) from bit 15 {the
input request identification bit} which is also received when
an input card is addressed.

b. The program can also ignore interrupts from any in-
put card by merely not addressing the input card,

¢. Further, the program can utilize a software table to
determine when 10 accept/not accept input interrupts and,
also, to establish the input search priority as a function of
the system status.

3-82 If the input search is performed, the computer, after
determining that it has located and read in the ready input
data, can reactivate the interrupt mode (turn 1EN and TME
on} and wait for another input card to signal it is ready. This
process is repeated, then, until the program determines that
the search mode is no longer desired at which time IEN is
programmed off.

3-83 As previously mentioned, 1EN can also be used to acti-
vate all input cards on which a hardware jumper option 1o
altow this function has been provided and instalied. In this
situation, the cards respond to IEN by activating their gate/
flag interface with the associated externat device so that se-
lective input card activation in the ISL mode is not required.
However, since 1EN should be turned off, during the input
card search {read) period after a card signals ready and turn-
ed on again after the search is over, it Is possible to reactivate
{when 1EN is turned on again} a card that may not be expect-
ed to return data. Thus, the hardware option to activate in-
put cards by programmi{zg 1EN should be used with discre-
tion,

3-84 Timing Mode. The programming of TME controls the
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programmed in 2's complement form. Bit 11 is the sign
hit: bits 10 through 0 contro! the magnitude of the output
voltage.

3-93 Relay Qutput Cards. The 12 data bits control the
states of 12 relays on the output cards. Programming a logi-
cal 1 in a particular bit position energizes the corresponding
relay, which in turn provides an output contact closure,

The data transfer enable mode is also emplioyed on relay
output cards.

3-94 Digital Qutput Cards. The 12 data bits are converted
to optional logic sense and voitage polarity 12-bit outputs for
use by the external device. By selecting simple option jump-
ers {or providing custom circuits) the user can interface the
multiprogrammer with a wide variety of digital input devices.
The data transfer enable mede is also employed on the digi-
tal output card.

3-95 Relay Qutput/Readback Cards. The relay output/
readback cards are similar to the refay output cards in that
12.bit data from the computer controls the state of 12 re-
fays. The relay contact closures are then outputed to an ex-
ternal device. The relay output/readback cards in addition,
however, provide - 12-bit data back to the computer inn the
input direction. The status of the data storage circuits that
control the output relays on the card are transmitted back
10 the computer when the card is addressed in the 1SL mode.
Return data bits 0-11, then, reflect the last programmed
states of the relays. Note that the address word issued to
read back the data from the card must not be accompanied
by the computer gate. The absence of the gate ensures that
erroneous data will not be strobed into the storage circuits.

3-06 Stepping Motor Card. The stepping motor card pro-
duces a train of squarewave pulses in response to the 12
data bits. Eleven {bits 0 - 10) of the data bits control the
aumber {1 to 2047) of pulses in an output pulse train and
bit 11 determines which of two output terminals on the
card delivers the pulse train.

3-97 Ripolar Power Supply/Amplifier (BPS/A) Control
Cards. The BPS/A control cards provide resistance outpuis
to control the voltage output, current limit, and gain of
BPS/A’s. These cards are similar to the resistance output
cards described in paragraph 3-81. However, in addition to
providing resistance programming, the BPS/A current con-
trol card monitors the current Himit status of the reiated
BPS/A. When the current control card is addressed in the
1SL. mode, the current limit status is transmitted back to
the computer on return data bit line Q.

3-98 Input Address Word

3.99 An address word contains the siot address (bits 16

through 12} of an input card and can be programmed 't'o any
number from 0000 to 1110, Bits 0-11 of the address

word are not used in the multiprogrammer. When the ad-
dressed word contains the siot address of a card having input

capability (and the unit containing that slot has been pre-
viously selected in a control word and the ISE mode is on},
bits 0-11 of the input card are placed on bits 0~11 of the
multiprogrammer’s return data lines. In addition, bit 15 of
the multiprogrammer’s return data reflects the input ready/
busy status of the input card, if applicable.

3-100 The significance of the data and input request identi-
fication bits returned to the computer from an input card
varies with the type of card addressed, The exact meaning
and applications of the return data are covered in detail in
the instruction manuals for the individual cards. However,
the general applications of the data bits in the digital input,
event sense, voltage monitor, pulse counter, programmabie
timer, and process interrupt cards, are described in the
following paragraphs.

3-101  Digital Input Cards. The digital input cards inter-
face 12-bit TTL, DTL, or contact closure data from an exter-
nal device to the computer. The 12-bit data can be positive
or negative true logic sense at the option of the user and are
stored on the input card when the user’s flag goes ready
(trailing edge}. An optional jumper may be removed to dis-
able this data storage requirement in which case the data in-
puis appear at the outputs as received. The data can be sub-
sequently transferred to the computer when the card slot is
addressed in the 1SL mode, The digital input card contains
gate/flag circuits that exchange the necessary control signals
with the user’s device to implement the input functions pre-
viously described. The logic sense of the gate/fiag signals to/
from the user’s device can be positive or negative true logic
and are also independently selected by the user. The digital
input card also contains the hardware option {jumper W8}
previously described that allows the card to be activated
when [EN is programmed on.

3-102  Event Sense Cards. The event sense card compares
the magnitude of an external 12-bit input word with a stored
veference word and generates a computer interrupt for any of
four conditions, depending on the placement of a jumper on
the card. The four possible conditions are: En=Ref, In# Ref,
In>>Ref, In<Rei. The reference word is loaded from the
computer. Both the input and reference words can be read
back to the computer.

3-103  The reference word is sent to the event sense carg
in the Mandshake mode, using an output data word. Some
time later, the card is armed in the input mode {ISL on} by
issuing its address together with a computer gate. After
arming the desired cards, the interrupt enable (1EN} and
1iming modes (TME) are programmed on.

3-12
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multiprogrammer flag returned to the computer, With TME
on {bit 4 = 1}, the common timing flag {CTF) circuits of the
input cards are enabled and aliowed to control the multipro-
grammer flag line. With TME off, the multiprogrammer flag
line is conirolied by the muitiprogrammer’s handshake flag
generator which automatically generates @ multiprogrammer
data ready flag approximatety 40usec after the multipro-
grammer receives a computer-gate, The use of TME for input
data transfers varies with the basic mode of input transfer
desired: the dedicated input mode or the interrupt search
input mode.

3-85 Dedicated Input Mode. This mode is established when
the IEN command is off and the ISL. mode is on. Further,
the address of an input card is maintained by the computer
in its multiprogrammer /0 interface card therehy dedicat-
ing’" the 1/0 interface card to the one multiprogrammer in-
put card, 1f TME is also programmed, the addressed input
card CTF circuits control the multiprogrammer flag to the
computer such that when the associated externai device sig-
nals the input card that data is avaitable, the input card will
switch the multiprogrammer flag to the ready state. Thus,
the computer 1/0 interface card is notified that data is ready
at which time it can signal (via the computer interrupt
system for instance) the computer to accept the data. Data
is available, then, to the computer as long as the input card
address is enabled.

3-86 If TME is programmed off, the input card’s CTF cir-
cuit does not control the multiprogrammer’s flag to the com-
puter. Instead, the muitiprogrammer’s handshake flag is sub-
stituted in which case the multiprogrammer generates a data
ready flag to the computer 1/0 card approximately 40usec
after it receives a computer gate signal. Thus, the computer
can input data from the addressed input card without

regard to the gate/flag circuits of the input card or external
device. Notice that if an externai device flag is not supplied,
the input card storage circuits should he disabled by
removing a hardware fumper. With the jumper instailed, the
storage circuits require the trailing edge of the device flag in
order to accept new data. Another way of dealing with this
situation is to jumper the input card gate cutput to the flag

input in which case the device flag will be simulated and pro-

duced as a function of the input card gate. The handshake
input mode can be used as follows: The computer can pro-
gram the muitiprogrammer /0 card to ignore the handshake
flag and rely upon software to determine when the input
card has ready data {software can subsequently examine bit
15 to make this determination).

3-87 Interrupt Search Input Mode. |n the interrupt search
input mode, several multiprogrammer input cards are acti-
vated {refer to the 1SL and IEN made discussions for meth-
ods by which input cards are activated) and the IEN and
TME commands are subsequently programmed on. With

1EN and TME on, the CTF circuits of all activated input

cards are enabled and control {individually} the multipro-
grammer fiag line to the computer. The first activated input’
card 1o time out {receive g data ready flag from its external
device) toggles the CTF line and notifies, thereby, the multi-
programmer's 1/0 interface card in the computer that data is
ready. The [/O interface card notifies the computer, via the
computer’s interrupt system, that data is ready whersupon
the computer can search through all active cards {address
each in turn) to determine (by examining bit 15 of the return
data) which one was ready with data,

3-88 In the waiting period of the interrupt search mode,
therefore, TME must be programmed on along with IEN o
atlow the activated input cards to control the multiprogram-
mer's flag line to the computer. Because of this, then, the
interrupt search mode should not be programmed until ali
output cards have timed out, In addition, during the actual
search, as previousiy discussed, 1EN and TME should be
turned off to prevent additional computer interrupts from
being generated by the multiprogrammer fiag line.

3-88 Output Data Word

3-90 A data word contains two types of output information;
slot addresses (bits 15, 14, 13, and 12 programmed to any
number from 0000 and 1110} and data (hits 11 through @),
The decimal equivalent of the 4-bit slot address {with bit

15 being the most significant) corresponds to the slot num-
ber to be selected. When a slot is addressed (and the unit
containing that slot has been previously selected} the con-
tents of bit positions 11 through 0 are stored on the output
card in the addressed slot. The data bits are used in different
ways on the various Type output cards and their exact appli-
cations are covered in detail in the instruction manuais for
the individual output cards. Howaver, the general applica-
tions of the data bits in the resistance, D/A voltage converter,
relay output, digital output, stepping motor, and BPS/A
control cards are described in the following paragraphs.

3-21 Resistance Output Cards. Bit positions 11 through

0 control the configuration of & 12-element precision resist-
ance network. When a logical 1 is programmaed in a particu-
lar bit position, the resistor in the network corresponding to
that bit position is switched into the circuit, Programming

a 0 in the same bit position short circuits the resistor, Bit 11
normally conirols the state of the most significant resistance
value,

3-92 D/AVoltage Converter Cards. The programmed data
bits control a DAC moduie on the card which generates a
bi-directional binary-weighted current proportional to the
digital input. This current is applied to an operational
amplifier which produces a proportional output voltage in
the range of —10.240V to +10.235Y. Positive values are
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programmer input operation is complete, and the computer
immediately responds hy resetting the gate line, When the
gate line is reset, the muitipregrammer resets the flag to the
ready state. A circuit within the muitiprogrammer holds
the flag busy for 20usec. The computer may input new
data any time after the flag line goes to the ready state.

3-113  Timing Mode. The initial phases of the input opera-
sion {up to strobing the data into storage and resetting the
gate line) are essentially the same for both the handshake
mode and the timing mode. The key difference between the
swo modes is control of the flag line. In the handshake

mode the flag line is automatically reset to the ready state
when the gate Jine is reset, and in no way reflects the status
of the output cards. In contrast, the timing mode flag is held

314

busy (20usec minimum) until timing circuits on previously
addressed outpu. cards have all timed out, indicating the
readiness of the cutput cards to accept new data. The
timing mode is covered in detall in Paragraph 3-71,

NOTE

In either data output mode, the computer re-
quires an indication (via the ready-to-busy tran-
sition of the flag line] that the multiprogrammer
has complated storage of fts last data input.
Until it recefves this signal, the computer should
not reset the gate line or input new data. For
this reason, if a non-existent unit fs addressed
the computer will not receive a fiag transition
so that the multiprograrmmer system may, conse-
quently, lock-up (data ready flags may not get
through to the computer’s system software). A
similar situation exists if a unit s addressed and
it has not been turned on. In the latter case, the
problem is compounded further since any units
further down-stream from the deenergized unit
will also be disabled, and addressing any one of
these may also cause the multiprogrammer sys-
tem to lock-up. In addition, the deenergized
unit will return an erroneous flag indication to
the computer. It is important, therefore, to
make sure that all units are turned on before
starting-up the system and, in addition, to pro-
vide a system software loop to verify that the
multiprogrammer systemn has not locked up.

3-114 Data Input Modes

3-115  Typically, the computer inputs data from muitipro-
grammer input cards in either of two basic maodes of opera-
tion: The interrupt search input mode or the dedicated in-
put mode, The basic modes are defined by the computer’s
use of the multiprogrammer’s 1/0 interface card housed in
the computer. In the search mode, for instance, the computer
1/0 card is not associated with any individual multiprogram-
mer input card but, instead, asynchronously interfaces the
computer with previously-activated input cards as they be-
come ready for data transfers from their associated external
device. In the dedicated input mode, on the other hand, the
computer’s /O card is “connected’’ to one specific multi-
programmer input card in that the input card’s address must
continually be stored in the computer 1/Q card for input
data transfers from the input card to proceed.

3-116  Figure 3-12 is a timing diagram that illustrates the
relationships of signals exchanged between the computer
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3-104 I an interrupt occurs on an armed card, the card
signals the computer of this condition via a transistion of its
CTF line. The co mputer may now search for the interrupt-
ing card by polling (addressing} each input card individually.
{Polling is normally done without the use of a computer
gate). Aseach card is addressed, it places the 12 bits from
the associated external device on the multiprogrammer back-
plane for read-back to the computer. As each word is read
back, the computer examines the state of bit 15 of that
werd. Any card having an interrupt condition will cause

bit 15 (via the {RQ output of the card) to be a logical 1.

The computer should accept the 12 return data bits only
when bit 15 of the word is a logicat 1. The reference word
currently stored on the interrupting card can be read back
to the computer in the input mode by re-addressing the

card and issuing a computer gate. Detailed programming
instruction for the event sense cards are provided in the
69434 A instruction manual.

3-105  Voltage Monitor Card. The voitage monitor card
monitars dec voltages in the +10.235V to —10.240V range
and returns a 12-bit binary word to the computer to indicate
the magnitude and sign of the measured voltage. When the
card is addressed and a gate is received {with ISL mode off),
the de voltage is converted to an equivalent 12-bit word and
stored on the card. The 12-bit word is returned to the com-
puter when the card is addressed (without a gate} in the I1SL
mode.

3-106  Pulse Counter Card. The pulse counter card counts
{up or down) puises or contact closures in the § to 4005
range. An cutput data word (ISL off) addressed to the card
and accompanied by a gate loads an initial count into the
counter or sets it to zero. When the card is addressed with-
out a gate and ISL is on, the quantity {bits 0 - 11) in the
counter is refurned to the computer,

3-107  Programmable Timer Card. The programmable
timer card operates as an output card, however, it also has
interrupt enable capability. The programmable timer card
generates a single crystal controlled pulse each time it is
commanded by the program. The duration of the puise
(time interval} is the product of two factors: {1} the number
of programmed time increments {from 1 1o 4095}; and (2)
the selected period {jumper on card) of the increments in
any one of six decade values ranging from iusec to 0.1 sec.
Cutput data word bits 0 - 11 determine the number of time
increments. The programmable timer card can be armed to
provide a computer interrupt when the time interval termin-
ates. Operation in the interrupt mode is simitar to that
previcusly described for the event sense card. Detailed
programming instructions for the programmabie timer card
are provided in the B9600A [nstruction Manual.

3-108  Process Interrupt Card. The process interrupt card

3-13

monitors 12 external TTL or open collector logic circuits
and interrupts the computer when any one or more of the
circuits changes state. The interrupt can be generated by a
positive-going logic transition {low to high}, or a negative-
going fogic transition {high 1o low), or either, depending
upon the physical connections of the monitored signals to
the card. When a change of state is sensed, the card wiil
interrupt the computer immediately if the interrupt system
is turned on or the next time the interrupt system is turned
on. When polied, the interrupting card will send back I1RQ
along with a logic one corresponding to each bit change
that was sensed. Operations in the interrupt mode are
simifar to those previously described for the event sense
card. Detailed programming instructions for the process
interrupt card are provided in the 69436A Instruction
Manual.

3-109 Data Output Modes

3-110  Computer data is transmitted to the multiprogram-
mer in either the handshake mode or the timing mode. Un-
less the timing mode is specifically programmed by bit 4 =
1, the handshake mode is automatically in effect. In both
modes, the data output operation is coordinated by an input
gate fine from the computer and a fiag line from the multi-
programmer back to the computer. A timing diagram for
both modes is given in Figure 3-11. The timing schemes
shown match the standard interface configuration covered
in Section L. However, any timing scheme conforming to
the following rules will operate properly.

a. Data must be present on the interface lines when
the computer sets the gate ine. The program must delay
setting the computer gate until 8usec after the output data
bits are present on the interface lines (see paragraph 3-133).
This delay allows the lines to settle before the data bits are
strobed into the multiprogrammer.

b. Data must be held on the interface lines until after
the gate is reset {multiprogrammer data strobe is removed).

c. The gate' line must be reset while the flag is busy.
{This operation is done automatically in the standard inter-
face configuration by the computer t/0 card.)

d. The computer may input new data when the flag
is ready,

3-111  Handshake Mode. in the handshake mode, the
entire input operation is compieted within 50usec.

3-112  Eight microseconds after the computer has data
avaitable on the 16-input lines to the muitiprogrammer, it
sets the gate control signal. Upon receipt of this signal, the
muitiprogrammer waits approximately 2usec and then
strobes the data into storage. Approximately 10usec after
receipt of the gate signal, the multiprogrammer sets the
flag line back to the computer from the ready to the busy
state. This transition signals the computer that the mufti-
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and the multiprogrammer and between typical input cards
(the digital input card is used for the example} and their
associated external device, Note that the timing diagram
presents typical data transfer operations in order to depict
the exchange of signals between the computer, multipro-
grammer, and external device. No attempt has been made to
define all possible interface variations as they will depend on
the particular input cards and external devices empioyed.
The intent is to describe general requirements for interfac-
ing through the multiprogrammer while still depicting the
broad flexibility built into the multiprogrammer and its in-
put cards. Note that in the timing diagram negative true fog-
ic is assumed Tor the external device gate and flag signals.

3117
ation {Figure 3-12A}, the computer interfaces (through iis
multiprogrammer 1/Q interface card) with several {up to
240} multiprogrammer input cards. The computer interface
is "free-wheeling’ in that the computer activates input
cards, waits for them to signal the multiprogrammer /0O
card that they are ready with data, and {in response to an
interrupt request by the 10O card} then searches through all
activated eards to determine which of the input cards has
data ready.

3-118  The search mode is initiated when the program acti-

vates the desired group of input cards. Card activation can
be individually accomplished in the ISL mode (with IEN
and TEE off) by addressing each card with a computer gate.
Note that if the hardware option jumper previously de-
scribed is installed, the cards can be also activated in a group
when |EN is programmed on. Assuming the jumper is not
installed, {.B. of the timing diagram {Figure 3-12A) itlus-
trates the signals generated when an input card is activated.
When the card is addressed with the computer gate, the gate
is enabied and causes the multiprogrammer to generate its
data strobe {delayed 2usec from the computer gate). The
data strobe signal is used in the muitiprogrammer 1o switch
its Tlag signal to the computer into the busy state. Also, the
data strobe is further delayed on the input card and used to
initiate the input card’s gate signal to the external device.
Notice that since the card has been addressed and 150 is on,
the input card’s data is applied to the computer via the
multiprogrammer’s return data lines (the computer should
ignore the data, howaver, as discussed below).

3-119  The multiprogramimer’s daia strobe causes the Hag
signal 1o the computer 1/0 card to switch o the busy state,
The 1/O card thereupon resets the gate signal to the multi-
programmer which responds by resetting its data strobe {and
input card delayed data strobe) and, therefore, switching its
fiag line to ready. Note that TME must be off to allow the
multiprogrammer to generate its handshake flag in response
to the data strobe (which foliows the computer gate). Fur-
ther, the computer’s interrupt system should be programmed

3-16

Interrupt Search Input Mode. in this mode of oper-

to ignore the ready transition of the handshake flag and,
thereby, prevent the computer {by not generating an inter-
rupt} from accepting errceneous data.

3-120 At some time after the transition of the input card
gate to the external device, the device should switch its flag
input to the card into the busy state. Flag busy {leading
edge) can reset the gate line on the input card. Thus, with ali
external devices {iming cut {the activation process is repeat-
ed for all desired input cards), the computer can enter the
interrupt enable mode by turning 1EN and TME both on,
With these control modes on, the multiprogrammer flag to
the computer is controlled by the common timing flag (CTF)
output of each input card. The 1/O card will wait and re-
spond to the first input card that signals it has data ready
from the external device, Note that the point at which the
interrupt mode is enabled can occur at any time after the in-
put cards are activated. The interrupt mode need not wait for
the external devices 1o signal busy. In fact, the interrupt
mode can be enabled after an external device (or all devices)
has gone busy and back to ready again. The ready state of
the external device is stored on the input card,

3121 With IEN and TME on, the multiprogrammer flag to
the computer is controiled by the input card’s common tim-
ing flag {CTF) cutput. Notice, in addition, that the computer
gate {and, therefore, the multiprogrammer data strobe and
input card delayed date gtrobe} is contipually enabled on the
computer /O card.

NOTE

Since the CTF line is used to signal whert an in-
put card is ready for data transfer, alt multipro-
grammer output cards should be allowed to time
out before enabling the interrupt mode. This
will prevent an output card from unintentional-
ty generating a CTF interrupt during the input
mode.

3-122  When the first external device has data ready, it
switches the flag input to the input card to the ready state
{trailing edge). The device flag-ready transition causes the
input card to enable its CTF output which switches the mul-
tiprogrammer flag to the compuier to the busy state. The
multiprogrammer busy flag resets the computer gate on the
I/0 card which, in turn, resets the multiprogrammer data
strobe. The input card delayed strobe is also reset which
causes the input card to reset its CTF cutput and, as a result,
the muitiprogrammer flag to the compuier is switched to the
ready state.

3-123  The ready transition of the multiprogrammer flag is
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Figure 3-12. Data Input Modes, Timing Diagram
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100 feet of cabiing between each unit. A fully complemen-
ted sysiem la computer, one 69408, and fifteen 6941 B's),
with the maximum distance between each unit, utilizes

1800 feet of cabling. The programmed delays must be
sufficient to accommodate the worst case condition {1600
feet of cabling). A defay is required for all output data
transfers (computer 1o multiprogrammer system). Delays
are also required when data is readback to the computer
from the multiprogrammer system without an accompanying
gate signal.

3-135 Qutput Trans‘fer Delay. A delay of 8usec must be
programmed between data cutput to the muitiprogrammer
and setting the gate signal. The delay allows the ocutput

lings to settle befare the data is strobed inte the multipro-
grammer, The 8usec delay applies to ali data output transfers
{control, data, and address words) requiring a gate regardless
of the unit number of the muitiprogrammer receiving the
data.

3-136  Readback Delay {Without Gate}. A programmaed
delay must be incorporated between addreassing {address
word) an input card and reading its data without a gate. 1f
the addrsss word is part of an input card data search (see
paragraph 3-117}, the delay time depends on the multipro-
grammer unit number (0-15} of the addressed input card.

The delay {wait time) aliows the addressed input card time

to respond and also aliows the address lines time to stabilize
before the data is accepted. The following delays {wait times)
are used for multiprogrammer unit numbers 0-15.

Unit Number Delay (wait time) "
0,1 12usec
2,3 1busec
4.5 20usec
8,7 24usec
29 28usec
10, 11 32usec
12,13 36usec
14,15 40usec

* For maximum distance of 100 feet between units.

3-137 Sample Programs

3-138  The following paragraphs provide simple program-
ming examples written in HP Assembiy language for output-
ting data from the computer to the multiprogrammer and
for reading data from the multiprogrammer to the computer.
The sample programs are for iHustration purposes only and
do not reflect alt ways in which the multiprogrammer can be
programmed. For instance, the program continually tests if
the multiprogrammer is ready for another word by sensing
s computer /0 card Flag. The computer interrupt system
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can also be utilized for this function by allowing the multi-

programmer program to be called via the interrupt system
when the next word is ready for transfer.

3-139  Qutput Data to Multiprogrammer Qutput Card
{Unit 6@, Slot @@;

INSTRUCTION FUNCTION

LDA QUTCW Load A Reg. with 17816#; Control
word o set multiprogrammer to SYE
DTE, and TME modes, select unit @@

OTA MP Quiput control word to multipro-
grammer’s computer /O card.

NOP

NOP Wait 8usec for output lines to

NOP settle

NCP

STCMP'C Set Gate to multiprogrammer; reset
/0 card Flag

SES MP Check if muitiprogrammer ready for
next word {1/C card Flag set}

JMP F1 Muitiprogrammer not ready yet;
loop until ready

LDA QUTDW Multiprogrammer ready. Load A Reg
with @87777; set slot 80 to all ones

O7TA MP Qutput data word to multiprogram-
mer |/O card.

NOP

NOP Wait 8usec for output lines to

NOP settle

NOP

STCMP, C Set Gate to muitiprogrammer; reset
/U card Flag.

SFS MP Check if multiprogrammer ready
for next word

JMP -1 Multiprogrammer not ready vet;

toop until ready

3-140  The sample output program above illustrates severat
important considerations in programming output cards. One,
the multiprogrammer requires a computer Gate (8usec after
data is present on output lines} for each control and data
word it receives from the computer. Also, the multipro-
grammer must be set to the correct programmming mode

prior to transmitting the data to the desired output card.

The correct mode, of course, will depend on system
considerations. Howeaver, notice that before the data word
was sent to the output card, the multtiprogrammer was set to
the SYE, DTE, and TME modes. With SYE on, the data from
the card is available to the extarnal device. With BTE on, if
the card is & dual-rank storage card, it appears to have single-
level storage so that the output data appears immediately at
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programmed to respond to the ready flag) to generate an in-
terrupt request to the computer. When the computer honors
the request, the program must search for the input card (or
cards) that have input data ready. The input card data search
requires that ISL be programmed on and 1EN and TME off
(to prevent further interrupts from occurring). Each active
card is addressed in a software-determined prigrity in order
to read in the data {bits 0-11} and input card request identi-
fication {bit 19) on the muitiprogrammer return data lines.
The program examines bit 15 to determine if the card data
bits represent valid data. Upon identifying the input ready
card, the program can search for other ready cards or it can
reenable the interrupt mode and wait for the 1/O card to
generate an interrupt request again in response to an input
carg CTF ready flag.

3-124
reactivated {if more data is expected) or de-activated. The
card is reactivated again by addressing it in the ISL mode
with a computer gate. The input card can be de-activated
{prevented from generating further input interrupt reguests)
by addressing the card with a computer gate but with ISL
turned off. This will reset control circuits on the input card
needed to keep the card activated.

After a data ready card has been read, it should be

3-175  Notice that when the W8 1EN jumper is in use, a
ready input card is automatically reactivated when 1EN s
programmed on, Further, any input cards that were pur-
posely de-activated prior to enabling the interrupt mode,
will as a resuit be reactivated when FEN is programmed back
on, Input cards, however, that are in the busy state are not
affected when 1EN is programmed on.

3-126  Dedicated Input Mode. In this input mode {see Fig-
ure 3-128}, the computer interfaces {through its multipro-
grammer 1/0 card) with one multiprogrammer input card and
its external device. Input data transfers with an input card
continue as jong as the address of the card is placed in the
storage circuits of the computer O card. Input data trans-
fers, further, can be exgcuted in the timing mode or in the
handshake mode with trensfers in the timing mode providing
for close synchronization among the computer {and its /O
card), the multiprogrammer (and its input card), and the ex-
ternal device.

3-127  Timing Mode. In the timing mode {ISL on, IEN off,
and TME on}, the multiprogrammer flag to the computer is
controlled by the addressed input card’s CTF output. The
card is activated with a computer gate which initiates the
muitiprogrammer dats strobes and input card gate to the ex-
ternal device. Since the card address remains enabled (it is
stored in the computer 1/O card), the input card CTF output
also causes the multiprogrammer fiag to the computer to
switch to the busy state. This causes the computer gate to
reset thereby resetting the multiprogrammer data strobe.
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3-128  Sometime after the input card gate to the external
device was enabled, the device flag to the input card must
switch to the busy state. The leading edge (busy) of the de-
vice flag can reset the input card gate to the device and the
input cycle now waits for the external device to signal that
it has data ready. When ready, the external device switches
its flag to the ready state {trailing edge) which causes the
input card’s CTF output {assuming the card’s address is stil!
stored in the computer /0 card) to switch the multipro-
grammer fiag to the ready state,

3-129  If the computer interrupt system is utilized, the tran-
sition of the multiprogrammer flag to the ready state causes
the 1/0 card to generate an interrupt request to the comput-
er. The computer is thus notified that data is ready from the
input card. Since the input card’s data {including bit 15, the
input request identification bit} is continually sent to the
computer 1/0 card as ong as 1SL is on and the card is ad-
dressed, the computer has immediate access 1o the data. The
input card can be activated again with a computer gate or it
can be deactivated by resetting its controf circuits (address-
ing the dard with ISL off and with a computer gate} or by
removing its address from /O card storage.

3-130 Handshake Mode. In the handshake mode (ISL on,
IEN and TME off), the input data transfer cycles are not as
closely coordinated as in the timing mode in that the muiti-
programmer’s flag 1o the computer is not controtied by the
input card. With TME off, the input card CTF output is in-
hibited and the multiprogrammer’s handshake flag controls
the flag iine to the computer. An example of how the hand-
shake mode might be used for data input is discussed below.

3-131  The program can activate an input card by address-
ing the card with ISL on and with a computer gate. The
computer's 1/0 card, further, could be programmed to ig-
nore the handshake flag returned to the computer by the
muitiprogrammer during card activation.

3-132  After activation, the input card gate/flag interface
with the external device continues as previousty described.
The computer can subsequently address the card {without a

computer gate for example} and read in the card’s data in-
cluding bit 18, By examining bit 15, the computer can deter-
mine if the card’s external device has inputted ready data to
the card. If it had, the computer can reactivate the card as
above and repeat the cycie. Note that the time at which the
program "‘fooks’ {by addressing the card) at an input card

to determine if it has data ready is determined by software
as the card’s CTF line is inhibited and cannot generate a
multiprogrammer flag.

3-133  Software Delays

3-134  Software delays must be incorporated because the
Multiprogrammer System is designed to operate with up to
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the output of the card, For output cards that generate a
" Gate to the external ‘device, DTE enables the card’s Gate
circuit. Finally, TME sets the multiprogrammer to the
Timing Mode such that its Flag back to the computer /O
card is controlled by the output card’s Flag circuits. Note
that when output cards that produce Gate signals to their
associated devices are utilized, DTE should be programmed
on whenever TME is programmed on. This requirement is
based on the fact that when TME is on, the computer waits
for the multiprogrammer Flag to signal when it is ready for
another word. Thus, if DTE is off, the card’s Gate output is
disabled so that the external device's Flag input to the card
will not be received. As a resuit, the computer program will
be in a “hung up" state in which it continues to wait for the
multiprogrammer Flag to indicate it is ready. If this state
is inadvertently programmed, the multiprogrammer Gate
should be turned off {with a Clear Control, CLC, instruction}
before reprogramming the correct multiprogrammer controf
mode (i.e. before either turning DTE on or TME off).

3-141  Input Data from Multiprogrammer Input Card

{Unit 8@, Siot @1)

INSTRUCTION FUNCTION

LDA INCW Load A Reg. with 178264; control
word to set multiprogrammer to SYE,
TME, and ISL mode, select unit @4.

OTA MP Qutput controt word to multipro-
grammer's 1/0 computer card.

NOP

NOP Wait Busec for output lines to

NOP settle.

NOP

STC MP, C Set Gate to multiprogrammer; reset
1/0 card Flag,

SFS MP Check if muitiprogrammer ready for
next word {1/0 card Fiag set).

JMP * -1 Maultiprogrammer not ready yet;
loop uniil ready

LDA CGUT AW Multiprogrammer ready. Load A
Reg. with @1xxxx; address input
card stot @1 in unit-@@.

OTA MP Qutput address word to multipro-
grammer /O card.

NOP

NOP Wait Busec for output lines to

NOP settle.

NOP

STC MP, C Set Gate to multiprogrammer; reset
1/0O card Fiag. Activate input card.

SFS Mp Check i multipregrammer ready to
input next word.

JMP ¥ Multiprogrammer not ready vet;

loop until ready.

Li8 MP Muitiprogrammer ready. Load B
. ) Reg. with input card data.
STICMP,C Set Gate to multiprogrammer; reset
I/Q card Flag. Reactivate input card
(1/0 card still has card’s address word).
SFS MP Check if muitiprogrammer ready to

input next word,

3-142  The sample input program above /liustrates several
important aspects of programming multiprogrammer input
cards. First, notice that the multiprogrammer must be set to
the input mode {ISL on) before input card data can be read.
This control word, of course, requires the multiprogrammer
Gate. Next, notice that the input card is first activated by
addressing the card with a multiprogrammer Gate. When the
card is ready 10 input data, it causes the multiprogrammer
Flag to be generated and the program advances to the read-in
{LIB} section. After reading the input data, the multipro-
grammer Gate is again set and the input card reactivated.
When the card is next ready to send data, it wili again set
multiprogrammer Flag and the input cycle will be repeated.

it is important to note that after the input card has been
addressed, the set Gate and Sense Flag process could be de-
leted in that input cards can be read without setting the mul-
tiprogrammer Gate. Note, that a programmed delay is re-
quired between addressing an input card and reading its data
without a Gate {see paragraph 3-133). Gutput cards, however,
require the multiprogrammer Gate as a signal to start pro-
cessing a data word. Similarly, the multiprogrammer requires
the Gate to notify it that it can process multiprogrammer con-
trof words from the computer, One finai note, the input ex-
ampie shown depicts a simple "dedicated” input mode of
operation. The multiprogrammer can also be operated in the
input search mode in which many input cards are activated
simultaneously.

3-143 LOCAL PROGRAMMING

NOTE

When the 69408 is connected to a computer,
the computer must be turned on, even for focal
operation of the §9408. The 1/0 circuits of a
deenergized computer will load the multipro-
grammer’s 1/0 data lines and prevent normal
operation.

3-144  Local programming is selected by setting the LINE
switch to the ON position and then pressing the
REMOTE/LOCAL switch. The LED in the REMOTE/
LOCAL switch extinguishes to indicate that the multi-
programmer is in local.
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Figure 3-13. 6940B Multiprogrammer Control Panel

NOTE

When focal programming is sefected for the

first time after the power is turned on, all 16
of the LEDs in the bit programming switches
light to serve as a circuit test. The LEDs remain
on until cleared or until their bit states are
changed by pressing the associated switches.

When locat programming is selectad, control of the multi-
programmer is a function of the state of the input select
{ISL) mode (that is, multiprogrammer local control is
different for output and input modes},

3145 Output Mode Local Programming

3-146 With ISL off, control of the system is transferred to
the 16 bit-programming switches (0 through 15} and the thres
control function switches (CLEAR, LOAD QUTPUT, and
RETURN DATA) of the 68408 switch register. Note that
the signais that control the switch register 1.EDs are taken
from the output of the remote/local card so that when an
LED lights in response to its associated switch being pressed,
it not only indicates that a logical 1 has been programmed in
that bit position, but it also indicates that the switch register
and remote/iocal seiection logic associated with the bit are
functioning properly.

3.147 The 16 bit-programming switches are used to
deveiop control and data words for output mode program-
ming of the multiprogrammer system. The definitions and
functions described for control and data words used in re-
mote programming (Paragraphs 3-58 and 3-89) apply equally
1o local programming.

3-148  Once a control or data word has been developed

3-20

using the bit-programming switches, the operator may enter
the word inta the multiprogrammer system by pressing the
LOAD OUTPUT switch. An LED within the LOAD OUTPUT
switch lights while the switch is pressed to indicate that

the command has passed through the remote/local sefection
fogic. Before programming a new word, the bits not refated
to the new word must be cleared to the O-state {associated
LED cff}. This can be accomplished by pressing the ap-
olicable switches (the bits that are 0 in the new word) a
second time or by pressing the CLEAR push-button to reset
the entire 16 data bits. Next, the desired bit switches of

the new word are pressed to set them to the 1-state, Note
that the CLEAR switch LED is permanently connected
across 5 volts de and is always on.

3-148 The bit patterns set on the switch register are also
returned 1o the computer {/0 card via the return data lines.
As each switch is pressed, its new state appears at the 1/0
card. When the RETURN DATA switch is pressed, it gener-
ates a flag, which signals the computer that data is avail-
able on the return data lines. An LED within the RETURN
DATA switch lights while the switch is pressed o indicate
that the flag has passed through the remote/local selection
togic.

3-160 When REMOTE operation is again selected, the
hit-programming switch LEDs indicate the bit patterns of
the input computer words, and the LOAD OUTPUT and
RETURN DATA switch LEDs indicate the status of the

computer gate and multiprogrammer flag lines, respectively.

3-151 The switch register stores the last manuai data
entry so that when LOCAL operation is again selected, that
entry apoears on the bit-programming switch LEDs.
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3152 Input Mode Local Programming

3153 With ISL on, focal control of the system is timited
1o the address bits {12-15} of the switch register and the

CLEAR, LOAD OUTPUT, and RETURN DATA control
functions. These switches are used and operate in the same
manner as described above when ISL is off {note, further,
that RETURN DATA provides an additional function when
I1SL is on as described below}. Thus, address bit switches
12-15 are used to select an input card slot, the LOAD
QUTPUT switch is used to simulate the computer gate
input, and the RETURN DATA switch is used to simuiate
the multiprogrammer flag to the computer (as well as the
function described below). Similarly, the CLEAR switch

is used to reset all of the address bits at one time.

3-154  Uniike output mode tocal programming, however,
when ISL is on, switch register LEDs 0-11 are not control-
led by switch register bit switches 0-11. Instead, the bit
switches are disabied and the LEDs are controlled by the
data from the addressed {bits 12-15 of the switch register)
input card, Thus, the operator can read an input card by
programming & control word with I1SL on and then prograny
ming the address of the input card slot, whereupon the input
card data controls the bit 0-11 switch register LEDs. Anin-
put card data bit at logical T turns on the associated switch

register LED while a logical 0 turns the LED off.

3-155  With ISL on, in addition, the RETURN DATA LED
is controlled by either the RETURN DATA switch {in which
case, as in output mode local programming, the LED displays
the simuiated multiprogrammer flag generated when the
switch is pressed) or the input request signal {I1RQ) from the

~addressed input card. Thus, the operator can determine if an

activiated input card’s gate/timing circuits are responding by
programming ISL on, addressing the card, pressing LOAD
OUTPUT, and then observing the RETURN DATA LED.
When the input card assumes the data ready state (IRQ s
logical 1} the RETURN DATA LED is turned on. Conversely,
RETURN DATA is off when the card is the busy state (IRQ

is togical 0).

3-156  Typical Output Programming Sequence

3-157 A typical output programming sequence describing
the use of control and data words, the three applicable out-
put control modes (SYE, TME, and DTE] and-the two data
output modes {handshake and timing) is provided in Table
3-1. With the exception of the initialization procedure, the
programming sequence does not have to follow the order
given in Table 3-1.

Table 3-1. Typical Quiput Programming Sequence

PROGRAMMED WORD
;;ﬁi FUNCTION
1 14 13 12111 10 9 8 76 5 4 3 2 1 0
INITIALIZATION
DTE
Controt | 1 1 1 1 X X X X X ; 1 0 0 l 0 0 0 0| Selectunit @@ to begin initialization
Siot Addr. Mot Used Unit Addr. of output cards; all output cards dis-
abled by SYE = §; data entered in
handshake mode {TME =3). DTE =
1 initializes both registers of dual
rank storage.
Data ¢ 0 0 0 I 0 0 0 0 0 Q0 0 0 0 0O 0 O} tnitialize output of slot @9, unit 8Q.
Slot Addr, : Data (Initial value can be other than 0.)
Pata 0 0 0 1]0 0 0O 0 0 0 0 0O 0O G 0 O] Initalize output of stot @1, unit ¥9.
Data 1 1 1 0 { 0 0 0 9 0 ¢ 0 0 O 0 0 0] Initialize cutput of stot 14, unit 89,
Control ]| 1 1 1 1 ! X X x x x}|1 0 0|0 0 0 1] Selectunit®1 to begin initialization
of its output cards,

3-21
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Table 3.1, Typical Output Programming Sequence (Continued)}

PROGRAMMED WORD

;;;% FUNCTION
1 14 13- 12{11 1 9 8 7{6 5 4 3 2
Data 0 0 o 0 I 0 0O 0 09 0 0 0 0 0 0O Initialize output of slot 00, unit 91,
{Initiatize ail oatp:ut cards in system}
; SYE :
Control | 1 1 1 1 X x x x x{0 1 9|0 ¢ Select system enable by SYE = 1;
all output cards go to initial value.
PROGRAMMING
Data 0 0 0 G 0 g 1 1 ¢ 1 0 1 1 0 Data bits 11 through 0 addressed to
slot 00, unit 8@, {data shown is arbi-
trary value); data entered in hand-
shake mode.
Data 0 o 0 1 0 1t 1t 1. 1 0 0 1 1 Data bits addressed to slot @1, unit
2. .
Data 1 1 1 0!l 0 1 1 ‘ o 1t 1 0 1 1 0 Data bits addresse'd to slot 14, unit
0.
sSYE
Control | 1 1 1 1 X x x x x}0 1 010 0 Setect unit @1 for programming; re-
tain SYE=1 {o hold system enabled.
Data 0 0 O 0] 0 o 1t o 1 1t 1 0 1 i Data bits addressed to slot 8@, unit
@1.
{Continue programming output carcis)=
SYE TME 1
Controt | 1 1 1 1 X X X X X | g 1 1 I X X Select timing mode by TME=1; re-
tain SYE=1. Flag line to computer
heid in BUSY state until longest
timing circuit of previousty address-
ed card times out.
DATA TRANSFER {(DTE}
Data i 1 0 1 0 ¢ 1 1 0 0 1t 1 1 1 Data bits addressed to siot 85, unit
: 29 (slot @5 arbitrarily selected as
containing an gutput card with dual-
rank storage); data bits stored in
first level registers of output card;
output of card ren)ains unchanged.
Data 1 1 1 0 0 1001t 0t 1t 1 Q0 Data bits addressed to siot 14 {con-
taining dual-rank storage ouiput
card}; output remains unchanged.
DTE SYE
Controi | 1 1 1 1 X X X X x | 110 | 0 0 Output of cards in slots 98 through
14 of unit @@ simultaneousty go to
programmed values.
3-22
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3158 Typical Input Programming Sequences

3-18%  Typical input programming sequences describing the
use of contral and address words and the three appiicable
input controf modes (ISL, I1EN, and TME) are provided in
Tables 3-2 and 3-3. These programming sequences show
typicat examples and, as such, are not meant to be definitive
of all methods of input programming. As previously indi-
cated, many operational variations (such as, for instance,
using the handshake flag, TME = 0, when interfacing with a
single input card) are possible depending upon the user’s re-
quirements and specifications,

3160 | SAFETY FEATURES

3-161

3162

3-163

Several safety features are built into the 59408 to
protect the user’s system from outputs that may not truly
represent intentionally programmed data. Each feature is
described in the foltowing paragraphs,

SYE Override

As described previously, SYE has control over the
output circuits of all output cards in the multiprogrammer
system, SYE will be removed and the output cards disabled

Table 3-2, Typical interrupt Search Input Mode Programming Sequence

PROGRAMMED WORD
TYPE FUNCTION
WOR91514131211 16 9 8 7{6 5 4 3 2 1 0©
INITIALIZATION

Control | 1 1 1 1 0 G 0 0 O0]J]0 0 0|0 O 0 O Setectunit@® toinitialize system;
turn off ali funciiens {particularly
cutput functions}.

PROGRAMMING
1. Input card activation
1IEN ISL TME _ o

Contro! | 1 1 1 1 X x x 0 11x x @ l 0 0 0 0] Select unit @ to begin activating in-
put cards. Input card timing circuits
enabled by 1SL = 1, computer pro-
gram would ignore handshake flag
{TME = Q), which must be returned
when activating cards.

Address | 0 0 0 0| Not used Activate input card slot 80, unit 06,
Computer gate must be issued. Input
card starts to time out,

Address | 0 g0 0 1 | Not used Activate input card siot @1, unit @0.
Activate all desired input cards in
unit 9@,

IEN iSL TME -

Control 1 1 1 1 X x x 0 1 l x x 010 0 0 1] Selectunit @1 to activate its input
cards.

3-23

Download from Www.Somanuals.com. All Manuals Search And Download.




Table 3-2. Typical Interrupt Search Input Mode Programming Sequence {Continued)

TYPE PROGRAMMED WORD
WORD FUNCTION
i 4 13 12|11 0 9 88 76 5 4 3 2 1 ¢

Address | 0 0 0O O ] Not used Activate input card slot 80, unit @1.
Activate all desired input cards in
system.

2. Enzble Interrupt
IEN ISL TME
Control 1 1 1 1 X x x 1 x l 0 x 1] x x x x| Enableinterrupt mode by {EN =1
. and wait for first activated input
card to signal ready with the com-
mon flag line, TME = 1.
Assume an input card goes ready.
3. Turn off interrupt enable mode.

Controt | 1 1 1 1 X x x 0 ] x % 0 l 0 0 0 01} Select unit 8@ to begin searching for
ready input card. Turn interrupt
mode off by IEN=0: turn on input
mode by 1SL=1; turn off TME 10
generate handshake flag (TME=Q),

4. Begin input card search
Address | © o 0 0 Not used Search slot §8, unit 80 for ready
: data. Card data displayed in switch
register bits 0-11. RETURN DATA
lamp displays input request status
{IRQ).
Input card search can be in any order,

Address | 1 3 1 0 | Net used Search last stot, unit 9@ for ready
data.

Control 1 1 H 1 l X x x 0 1ix x 00 0 0 1] Selectunit 31 for input card ready
search.

Addressy 0 1 0 1 ] Net used Search all activated cards in any or-
der to determine ready card. Card
slot B arbitrarily assumed to be
ready, RETURN DATA lamp on.

Address] O 1 0 1 [ Not used Reactivate card slot 5, unit 81 for
next input data.

1EN 1SL T™E

Control 1 1 1 1 I X x x 1 0}l0o x 1 | x x x x| Turnon interrupt enable mode
again and wait for next input card to
1o signal ready.
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"TFable 3-3. Typical Dedicated input Programming Sequence

TYPE PROGRAMMED WORD

WORD

1% 14 13 121417 10 @ 8 7

§ 5 4 3 2 1 0

FUNCTION

Control 3 1 1

Address{ O 0 §] 0 [ Not used

register bits 0-11.

Address|{ 0 0 0 0 Not used

Assume card signals ready; card data dispiayed in switch

All data received; deactivate card.

110 0 O 0] Selectunit @8 for input mode.
Activate input card 08, unit 8@ with
computer gate, Wait for card to sig-
nal ready with timing flag.

Reactivate card with address word
and computer gate {1SL still on}.

Controi | 1 1 1 1l x x x 0 0 | o 0]0 0 © 0} Selectunit 8@ with ISL off.

Addressi 0 0 0 0| Not used Address card 94, unit §¢ with com-
puter gate.

for any of the foilowing conditions: NOTE

a. Power failure.

b. Setting LINE switch to OFF.

c. Removal of data input ptug P1.
d. Programming bit 5 = 0.

e. Removal of mainframe card A3.

f. Crowbar circuit activiated.

3-166  Power Supply Crowbar

3-165  The main +5 volt power supply has a built-in crow-
bar feature to protect the mainframe circuits and the ocutput
cards from damage due to excessively high power supply
voitages. The crowbar circuit monitors the +5 volt line and
energizes an SCR crowbar if the monitored voltage rises
above +6.2V volis. Once energized, the crowbar circuit
forces the +5 volt supply into current latch, reducing the
power supply voltage to approximately +0.7 voits. The in-
dicator on logic and timing card A3 wiil turn off if the
power supply crowbars. The crowbar circuit can be reset by
first eliminating the cause of the overvoltage condition and
then setting the LINE switch OFF and ON.

/f the cause of the overvoitage condition is a
short cireuit between the +12 volt line and the
+5 volt line, the crowbar circuit will also blow
fuse F2, which interrupts the +5V and +12V
power supply outputs. '

3-166 Current Latch

3-167  The current latch circuit moniters the main +5 volt
power supply current. -If the current exceeds 6.5 amperes,
the +5 volt power supply will go into the current-latch con-
gition. This reduces the +5 volt cutput to less than 1 volt.
The supply will remain in this state until the LINE switch

is switched OFF, the overload condition is removed, and 51

is switched ON. While in current iatch, all front-panel LEDs
remain off.

NOTE

When resetting latch circuit, wait at least 10
seconds before turning unit back on.
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SECTION IV
PRINCIPLES OF OPERATION

41 INTRODUCTION

4-2  This section contains principtes of operation for the
69408 Multiprogrammer. The section is divided into thres
main paragraphs: First, a basic block diagram discussion;
second, a detaifed block diagram discussion covering ail logic
circuit operations and finally, a detailed analysis of the elec.
tronic circuits not covered in the logic discussion.

4-3 BASIC BLOCK DIAGRAM DISCUSSION

44 Figure 4-1 is an overall block diagram of the 6940B
showing the four major circuits of the 63408 together with
the principal input and output signats of each circuit. Each

major circuit has an associated sheet number for correlation
of this diagram with the four schematic sheets at the rear of
the manual. 1t should be noted that the logic circuits and
signal designations shown in Figures 4-1 and 4-4 represent
simplified logical operations. The actual circuit implementa-
tion of these functions is covered in the detailed biock dia-
gram discussion.

45 The 69408 is the master contro! and data distribution
unit for bidirectional Multiprogrammer Systemns, Although
the 69408 operates bidirectionally, the first programuming
steps are always in the output direction to initialize the
Multiprogrammer System and to estabtish operating modes.
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Figure 4-1. Basic Block Diagram
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46 Computer data is received in the form of 16-bit paral-

lel words and applied to the interface card of the 6940B. The
interface card provides the proper termination for the com-
puter output circuits. The data-bit outputs of the interface
card, together with a set of manually selected data from the
tocal switch register are applied 1o the remote/local selection
logic circuits. When LOCAL operation is selected, a local
enabfe line {LCL} blocks the path for computer data and
gates through the manuaily programmed data. When RE-
MOTE operation is selected, the computer data is gated-
through and local data is blocked. The 16-bits selected by
the remote/locat circuits are divided into two groups; address
bits {bits 15, 14, 13, and 12} and data bits (bits 11 through
(). The four address bits are applied 1o a set of buffer am-
plifiers which produce the true and complemented forms
(B15/815 threugh B12/B12) of the address bits. Simul-
tangcusly, the 12-data bits are gated through 1/O selection
togic {since no modes have yet been programmed).

After an 8usec software delay which allows the input data
tines to settle, the computer issues a gate signal. The
computer gate signal is interfaced and selected as des-

cribed for the input data bits and applied to a data strobe
delay circuit. Prior to the gate being issued by the com-
puter, the multiprogrammer is in a "wait’’ condition; the
address and data bits are distributed to the 400 series
accessory card slots and 10 the control word decoding

and storage circuits, but do nothing while awaiting a data
strobe. When the computer gate appears, the data strobe
delay circuit waits Zusec and then generates a data strobe
signal. Assuming the computer input 1o be a control word
{as it must be for the first programming step) address bits 15,
14, 13, and 12 will all be binary 1°s, signifying stot address 15.
Slot address 15, combined with DST, strobes bits 0

through 3 into unit select storage registers and bits 4

through 8 into'mode storage registers. Bits 0, 1,2, and 3

are decoded by the unit select logic and energize one of

18 unit select lines {UBQ through U185} according to the
programmed address. The energized unit select line par-
tially enables alf 15 accessory card slots of the selected

unit. The unit selection is stored and will remain in effect
until & new unit is address by a later control word.

4-7  From this point in operation the 69408 will either
function as an output device, supplying programmed data to
selected output cards; or as an input device, reading digital
data from selected input cards and returning this data to the
computer. The output-input status depends on the program-
med state of the input select {15L) mode bit.

48  Qutput Modes

4-9  inthe absence of an input mode selection the 69408

4.2

mable modes, SYE and DTE, relate exclusively to cutput
functions; TME is used for both cutput and input modes.
Each of these three functions is covered briefly in the fol-
lowing paragraphs.

4-10 System Enable Mode. The system enable mode {SYE)
is selected when bit & of a control word is programmed to
the i-state. SYE is routed from the programmed mode stor- '
age circuits to all accessory card slots in the systém. Prior to
SYE being programmed, the output circuits of all output
cards are disabled; resistance outputs are short circuited,
voltage cutputs are held at O volts, current outputs are open-
ed, relay contact outputs are held open, and TTL outputs

are at togical @'s. When SYE is programmed, the output cards
are allowed to respond to programmed data. SYE is reset by
programming bit 5 = 0, by removing power, or by removing

card A3. As an added safety feature, a jumper on input data
plug P1 completes the SYE path io aif card slots, making it
necessary to have input computer data connected in order to
enabie the output cards in the system,

4-11 Timing Mode. The timing mode {(TME} is utilized for
both output and input operations, It is seiected by program-
ming bit 4 of a control word to the 1-state, For output func-
tions, TME causes the flag signal returned to the computer to
be held in the busy state until the programmed output cards
have completed processing their 1ast data input. The busy
state of the flag signals the computer not to input new data,
TME is distributed to all timing mode flag circuits of all units
in the system. The mode remains in effect until programmed
out of the mode by bit4=0.

4.12 Data Transfer Enable Mode. The data transfer enable
mode {DTE) is selected by programming bit 8= 1. DTE is
wired to all accessory card siots of the systern but is utilized
only by output cards having dual-rank storage, by relay out-
put cards and by TTL output cards. Qutput cards with dual-
rank storage have two sets of storage registers. The first set
of registers store the programmed data as 1t is strobed in by
DST. The second set of registers receive the data from the
first set of registers and apply it to the output conversion cir-
cuits oniy when DTE is programmed,

4-13 For output cards with dual-rank storage, the DTE
mode is normally used in either of two ways:

(1) DTE is sefected first and latched. The output cards
are then addressed and programmed one at a time. Since
DTE is present, the programmed data is transferred immedi-
ately from the first set of registers to the secand set of
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< registerssto-the-conversioncireuits: Eaeh. card thus produces

an output proportional to the programmed data, as it re-
ceives the data.

(2) DTE is not initially selected. The output cards are
addressed and store the programmed data in the first set of
registers, but do not transfer the data to the second set of
registers, since DTE has not been programmed. This method
permits the first registers of all cards of this type to be load-
ed with data first; then by programming DTE, the outputs
of all the cards are simuitaneously transferred to the user’s
system. The output cards will continue to hold the most re-
cently programmed value after DTE is removed.

4-14 The digital (TTL} and relay output cards have only a
single level of storage and the output relays respond to data
as the card is programmed. However, a gate line {or a con-
tact closure available on each relay output card) is enabied
onty when DTE is programmed. The gate line {or contacts)
can be used in the external system to initiate two operations:
(1} To simuitaneously strobe the outputs of all digi-

tal and/or relay output cards into the external system.
(2} To start a tirming flag circuit in the external system

that wiil hold the flag line returned to the mukltiprogrammer
irt the busy state until the circuit times out. The delay pro-
vided by this circuit should coincide with the maximum time
required for the user’s system to process the digital or data
refay outputs.

4-15 Computer Data Input. For output modes, the output
cards are programmed by 16-bit data words from the com-
puter. A data word contains two types of information; siot
address (bits 15, 14, 13, and 12 programmed to any num-
ber from 0000 to 1110) and data (bits 11 through 0). A
unigue combination of the four address bits is wired to each
of the 15 card slots. Slot 400 receives address 0000; slot 401
receives 0001; . .. siot 414 receives 1110.

4-16 The same slot address wiring is carried through in all
units 5o that when a given slot address is programmed, al
slots in the system having that address are partially enabled.
However, only one unit of the system can be selected at a
time, so only the slot of the unit selected by a previous con-
trol word s fully enabled to accept the data contained in
bits 11 through 0. {Input-type cards require 1SL in addition
to the appropriate slot and unit addresses to be enabled.)
The 69408 Muitiprogrammer is assigned unit number 0@
{UI@@), while the extender units are numbered consecutively
from UG up to U115,

4-17 Handshake Mode. Computer data is entered into the
multiprograrmmer in either of two modes; the handshake
mode or the timing mode. The return path to the computer
for the handshake flag is enabled when TME is programmed

4.3

off, and blocked when it is programmed on Ancalternate

path for the handshake flag is enabled when a control word
is programmed, provided 1EN (interrupt enabie} is not being
selected by that control word. For output modes, it can be
assumed that FEN will alwavs be off and the alternate path
will be enabled for all control words, even if TME is on. The
significance of the alternate path for control words will be
covered in detail in the description of input modes, Para-
graph 4-21,

DATA PRESENT
i

pata o 7

*
’T Bu SEC i}‘

#RESET
/SET : £SE

GATE
(GTE/GAT)

COMPUTER
FLAG

L

(FER

* SOFTWARE DELAY

*+ COMPUTER FLAG LINE !S HELD BUSY FOR 20pSEC BY THE
69408 FLAG STRETCHER CIRCUT

Figure 4-2. Handshake Mode, Timing Diagram

4-18 In the handshake mode, the multiprogrammer will ac-
cept data at rates up to 20k words/sec. A timing diagram
of the data, gate, flag and data strobe signals for the hand-
shake mode are given in Figure 4-2. The significant mukti-
programmer and computer operations at each time interval
are described as follows:

NOTE

Because the multiprogrammer system is designed
to operate with up to 100 feet of cabling between
each unit, in Susec software delay is required
between data oulput to the multiprogrammer
and setting the gate signal {see Section /1),

TG — Foliowing the Busec software delay, the gate signal
from computer goes LO indicating that a word is avaiiable
on the 16 data input lines. The gate signal is applied to a
data sirobe delay circuit in the 69408, and to identical cir-
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“cuits in all extender units in the system. |

T.I - Foltowing a 2usec delay, the data strobe delay circuit
switches DST to a Hi level. This fevel loads the programmed
data into the control word decoding logic (if & control word
code is present) or into an addressed output card.

T2 — After a delay of approximately Busec from the start
of the gate, the handshake flag generator sets the handshake
(H.S.} flag LO which is appiied to a flag stretcher cireuit in
the 69408 setting the flag line (FLA) back to the computer
LO (busy). This indicates to the computer that the data
input operation has been compieted., The computer must
reset the gate at this time. Data may be removed after the
gate is reset.

TB — The gate line is reset (goes H1) in preparation for the
next data output operation.

T4 — When the gate line is reset, the data strobe delay cir-
cuit resets DST and the handshake generator resets the H.S.
flag (FLG goes Hi) allowing the computer flag (FLA) to go
Hi. Note that the §3408B's flag stretcher circuit {see para-
graph 4-49} holds the EI.A signal 1.0 (busy) for 20usec.

Tg — The computer flag {FLA) goes HI {ready). The

computer may initiate a new data cutput cycle anytime
after T6‘

4-19 Timing Mode, Whenever an output card is addressed
and cata is strobed in, a CTF pulse is produced by a timing
circuit on the addressed card or a timing circuit on the de-
vice attached to the addressed card. This flag pulse (Figure
4-3) s initiated by DST but its duration depends on the tim-
ing circuit on the individual output cards or related external
device. The timing flag duration for a particular output card
is sefected on the basis of the maximum time reguired for
the card, or the external device connected to it, to complete
processing data before it can sccept new data. The timing
fiag ocutput of the individusl cards are ORed together to
become the common timing flag (CTF}. When the timing
mode is not programmed, CTF is still generated by the out-
put cards but has no effect on the flag line back to the com-
puter. When TME is programmed, the CTF pulse becomes
the flag to the computer. In the timing mode, the fiag is
held busy until the timing flag pulses from the individual
output cards have timed out. The flag stretcher circuit in

the 69408 holds the caomputer flag {FLA) line busy for a

minimum of 20usec,

4-20 Extender Unit Flags. Every extender unit in the sys-
tem has a flag circuit similar to the 69408 flag circuit.

Figure 4-4 is a block diagram showing the interconnection
between flag circuits., As can be seen from Figure 4-4, a hand-
shake or timing flag generated by an extender unit is ORed
through each unit in the system to the 69408 master unit.
The 69408 receives the flag {ine as FOR and returns it to the
computer {via the flag streteher circuit) as the system flag.
The operation of the extender unit flag circuits is identical to
the master unit flag circuit,

44
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“421 Input Modes

4-22 As described in Section 1, therg are two primary in-
put modes and & number of secondary variations of these
modes involving both hardware and software options. The
two primary modes are designated:

{1} The Dedicated input Mode

(2} The Interrupt Search Mode.

4.23 The basic theory of operation for input functions will
be described in terms of the two primary input modes as re-
lated to a typical digital input card.

4-24 Dedicated input Mode, in this mode, the computer
reads data from input cards on an individual card basis, Until
it completes its operation on the currently addressed card,
the computer shouid not go on to another input card. The
dedicated input mode is normally used in either of two ways;
ungated, or in the timing mode.

4-25 Ungated. This is the most basic method of reading
data from an input card. The procedure is accomplished in
two programming sieps: {1}, programming a controf word
with ISL = 1, 1EN = 0, and TME = 0; and {2Z), programming
the desired card address and not issuing a computer gate sig-
nial.

NOTE

Because the multiprogrammer system is designed
to operate with up to 100 feet of cabling between
each unit, a software delay must be incorporated
between addressing an input card and reading its
data without a gate. Refer to paragraph 3-133.

4-26 In Step {1}, 1SL. = 1 simply turns the 12-data bit lines
of the muitiprogrammer in the direction of the computer.
Although 151 is also applied to the input cards it has no ef-
fect on their operation in the ungated mode, '

4-27 In Step {2}, the 12-data bits currently stored on the
acidressed input card are placed on the return data lines and
will rermain there for as long as the card address is present.
Since a computer gate is not issued in this mode, the multi-
programmer daes not produce a data strobe {DST} and the
addressed card is not armed. {CTF and 1RQ are neither gen-
erated nor required in the ungated mode.)

4-28 Timing Mode. This mode is also programmed in two
steps: {1}, a control word is programmed with ISL=1, IEN=
0, and TME = 1; and {2}, the desired card address is issued
along with a computer gate signal.

4-29 Step {1} sets up three initial conditions for this mode:

45

“First, ISL reverses the direction.of the 12 data.bit lines; sec-

ond, ISL is applied to alt input cards as a condition necessary
to enable {arm} an input card when it is addressed and data
strobed; and third, TME enables the common timing flag
{CTF) return path from the input cards to the computer.

4-30 In Step {2), the address of the desired input card is
programmed along with a computer gate. Upon receipt of

its address bits, the selected input card will immediately
piace 12-bits of data on the return data bus 1o the computer.
However, the computer should not accept this data untii the
muitiprogrammer signals, via the trailing edge of CTF, that
the input data from the addressedt card has been updated
and is now ready to be read.

4-31 Within the selected input card, the combination of
ISL, DST, and the card address will send a gate signal to the
external device and simultaneously reset the flag flip-flop on
the input card, Resetting the flag causes the CTF line back
to the muitiprogrammer to switch to the busy state. When
the external device is ready with new data it will signal the
input card via the trailing edge of its device flag. This edge
will set the input card flag flip-flop which will return the
CTF line to the ready state. At the same time, new data
will be strobed into the storage registers on the input card,
The computer should interpret the trailing edge of CTF as
permission to read the return data,

4.32 Before going on to an interrupt-search mode, previous-
ly armed cards whose flag flip-flops have been set should
either be rearmed {by programming ADDR- DST-ISL} or
disarmed (by programming ADDR-DST - 1SL), with either
operation done in the handshake mode.

4.33 Interrupt-Search Mode. The interrupt-search mode of-
fers an efficient means of retrieving data from groups of in-
put cards. As covered in Section |t of this manual, there is
a hardware option available which adds versatility to this
mode by allowing all digital input cards with jumper W6 in
stalied to be armed as a group, However, in order to keep
this explanation simple, the multiprogrammer operation in
the interrupt-search mode wilt be described in terms of four
basic programming steps, with W8 not instalied. {Figure
3-12A is a timing diagram of the interrupt-search mode.}

Step 1. Establish initial mode conditions by program-
ming a control word with ISL =1, IEN = G, and TME = 0.

Step 2. Arm desired input cards by programming card
addresses, {A computer gate must accompany each address
as it is programmed.}

Step 3. Select the interrupt enable mode by program-
ming a control word with IEN = 1, TME =1, and ISL = X
{X = doesn’t care}.

Step 4. Wait for the multiprogrammer CTF flag to in-
dicate that one or rmore addressed input cards has valid data
ready. Then, pol the input cards {by issuing their addresses}
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“in a software determined order: Do not issue. a-cdr:'r":bu'téf o
gate while polling. A programmed delay (wait time} must be
incorporated between addressing each input card and reading
its data without a gate. The deiay time depends upen the -
multiprogrammer unit number (0-15) of the addressed card
{see paragraph 3-133), Examine bit 15 of each return data word
in the computer and accept the data only when bit 15 = 1,
{The state of bit 15 is determined by IRQ from the address-
ed input card; when the addressed input card has valid data
available, t{RQ makes bit 15 = 1.}

4-34 Step (1} estabtishes two initial conditions for this
muode: First, 1SL reverses the direction of the 12 data bit
lines; and second, ISL is applied to alt input cards as a con-

- dition necessary to enable {arm) an input card when it is ad-
dressed and data strobed. Since the timing mode has been
programmed off in this step, subsequent data transfers be-
tween the computer and the multiprogrammer will be done
in the handshake mode,

4-35 |n Step (2), the address of the desired input card is
programmed along with a computer gate. Upon receipt of

its address bits, the selected input card will momentarily
place 12-bits of data on the return data bus to the computer,
The computer should ignore this data.

4-36 As in the dedicated input timing mode, the combina-
tion of 1SL and DST and the card address arm the addressed
card; a gate is sent to the external device and the flag
flip-fiop on the card is reset. When the device is ready with
new data it wilt signal the input card via the trailing edge of
its device flag. This edge will set the flag flip-flop and strobe
new data into the storage registers on the input card, When
the interrupt mode is programmed in the next step, the "set”
flag flip-flop on this, or any other input card with new data
ready,; will generate an interrupt, Also, when the input cards
are polled in the search mode, any card whose fiag flip-flop
is set will cause 1RQ, and thus bit 15 returned to the compu-
ter, to be true.

4.37 Step {3) establishes conditions for enabling interrupts
from previously armed input cards which now have data
available. Along with the control word containing 1IEN = 1
and TME = 1, the computer must also issue a gate signal.
When the control word containing IEN = 1 is programmed,
‘a handshake flag is not generated, The computer should now
wait for a transition of the CTF line from an input card to
signal an interrupt. Within the input cards, lEN and DST
{derived from the computer gate} are logically ANDed with
the output of the flag flip-Hlop, which is true when the ex-
ternal device has data ready. When all three conditions are
true on any input card, the CTF line will be set to the busy
state. This transition of the CTF line 1o the busy state sig-
nats the computer to reset its gate, which in turn resets DST.
With DST reset, the CTF AND-gate within the input cards

4.6

‘i inhibited, calising CTF 1o retiikn to the ready state. The

computer interprets this transition as an interrupt request,

4-38 In Step (4), the address of each input card of the se-
lected group is programmed in a program assigned order,
without a computer gate. As each card is addressed, it places
its 12-data bits on the return data bus, The card address is
also ANDed with the output of the flag flip-flop on the in-
put card, and when both are true {signifying that the address-
ed input card has new data} the 1RQ signal is made true. IRQ
directly controls the state of bit 15 returned to the compu-
ter; when bit 15 is true, the computer should accept the
associated 12 data bits.

4-39 DETAILED BLOCK DiIAGRAM
DESCRIPTION

4-40 Figure 7-1 is a detailed block diagram of the 62408
Multiprogrammer showing al! ogic operations carried out by

the unit. Detailed electronic circuits are represented by func-
tion biocks on this diagram but are also described fully un-
der detailed circuit analysis using the schematic diagrams.

4-41 Logic Definitions

4-42 The internal logic circuits of the 69408 are designed
within and conform to the definition of positive logic. This
simply means that a logical 1 is represented by s voltage
level more positive than a logical 0 and that the basic logic
elements (AND gates, NAND gates, and flip-flops) are util-
ized within this framework. The actual logic levels utilized
within the multiprogrammer are:

LOGIC 1 =+2.4V to +5.5V {HI}

LOGIC 0= 0V 1o +0.4V (LO}

4-43 A systemn of mnemonics is also used to identify func-
tions implemented at specific points throughout the system,.
Mnemonics are three character abbreviations of the signal
function name. A signal function may be designated in
gither its true form {e.g., LCL) or its complemented form
{LCL}. When a particular function is set to its assertive state,
its true form = logical 1 {HI) and its complement = logical O
{1.0}. The opposite states exist when the function is not
asserted. A few examples will be given relative to this system
to expand on the previous definitions:

{13 When the DATA SOURCE switch on the switch
register is set to the LOCAL position, the LCL and LCL sig-
nal lines assume the following states:

LCL =1 {H) LCL = 0 {L.O}

{2) When a flag signal is generated by the togic and
timing card, the FLG line makes a transition from a logical 1
{Hi) to a logical 0 (1.0} and returns to a logicat 1 (H!) when
the. flag has been completed.

{3} When a specific bit is programmed to a logical 1 at
the computer, the corresponding D—— input line to the mul-
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tiprograrmmer goes to the logical G {1.0) state. Thus, the
D~— designations on the input lines specify negative-true
levels.

4-44 Input Card A1

4-45 The 16 data bits (D15 through D®0) and a gate signal
IGTE) from the computer are applied to identical termina-
tion networks on input card A1, The netwarks minimize
noise and ringing on the transmission lines by providing the
ideal iine termination impedance, The 1k{! puli-up resistor
in the FLA return circuit improves the 1-state driving capa-
bility of the cutput NAND gate {G35) on the remote/local
card,

446 Remote/Local Card A2

4-47 Data Selection. Data bits D15 through DB are applied
to input NAND gates G5 through GO and gate signal GTE
is applied to gate G32. The second input to each NAND gate
is LCL from the local switch register, If LOCAL operation

is not selected, LCL = 1 (H1) and the NAND gate outputs
are allowed to follow {but invert) the computer input data,
If LOCAL operation is selected, LCL = 0 (LO) and the
NAND gate outputs are held at a constant Hi level,

4-48 Qutput NAND gates G31 through G186 receive manual
data bits M15 through M@ from the switch register as one
input, and the output of gates G15 through GO as the other
input. In REMOTE operation, M15 through M@@ are all held
in the Hi-state allowing the ocutput NAND gates to pass the
computer data to the rest of the system. In LOCAL opera-
tion, the manual data bits assume the states selected by the
switch register programming switches, and since LCL
{through the input NAND gates) holds the second input to
G31 through G16 in the Hi-state, the manuat data bits are
passed 1o the system,

4-49 Computer gate signal GTE or switch register gate L.DO
is selected as the multiprogrammer gate (GAT) by gates G32
and G33. Either FLG from logic and timing card A3 or RDA
from the switch register is selected by gates G34 and G356
and returned to the computer as the system flag (FLAJ.
One-shot multivibrator £13 produces a 20usec positive out-
put pulse on receiving a positive-going transition at its input.
Transistors Q1 and Q2 act as an OR gate, combining Z13's
input and cutput signals to maintain a minimum duration of
20usec for the system fiag (?ﬁ) signal to the computer.

4-50 Selected data bits B15 through B0 are routed in vari-
ous combinations to logic and timing card A3; to switch
register A11; and to the return data bus off the back-plane
wiring, as described below:

{1}-Address bits BT5 through 812 are routed through
cable W1 to LED drivers in switch register A11 to provide a

4-7

visual indication of the programmed address.

{2) Data bits B11 through BO® are routed through
cable W2 to logic and timing card A3, if an input mode has
not been programmed, the computer generated data bits are
buffered on card A3 and looped-back through the back-
plane wiring to remote/local card AZ. If an input mode has
been programmed, B11 through B@® become the input data
bits from an addressed input card. In either case, B11
through BO® will be returned to the computer through the
return data bus and jumpered through card A2, into cable
W1, and then to the switch register. For cutput modes,
switch register LEDs 17 through @ will dispiay the status of
the programmed data bits; for input modes, the same LEDs
wiil display the status of data bits returned by an addressed
input card. N -

(3) Address bits B14, B13, and B12 are buffered and
coupled through the back-plane 1o logic and timing card A3.

4-51 1RQ Logic. The IRQ logic circuits control the state of
bit B15 returned to the computer as a functiof_l__{j the oper-
ating mode {output or input) and the state of IRQ.

4-52 For output modes, B15 from the computer is simply
passed through gates G37 and G38 (because of ISL being
off} and returned to the computer as B15 in the same logic
state as it was received,

4-53 For input modes, the state of B15 will reflect the
state of [RQ from the input cards, When TRQ is true {LO),
meaning that the data returned from the currently address-
ed input card is valid, B15 wil also be made true {LO} by
the 1RQ logic gates, When the computer examines the re-
turn data word and finds B15 true, it will accept the 12
data bits of that word; if it finds B15 false, it will reject the
12 data bits,

454 18Qis logically NANDed with tSL by gate G389, if
ISL has been programmed on, the output of G38 will fol-
low, but invert, whatever state IRQ happens to be. If IRQ
is LO, the HI output of G39 will be NANDed with the HI
output of G37. The resuiting LO output of G38 (the true
state of B16) is buffered by non-inverting amplifier Z12 be-
fore being returned to the computer.

4-55 Local FLAG Logic. The local FLAG logic effectively
“wire-ORs” FLA and TRQ. When an output mode is in ef-
fect, FLA is passed by gates G41 and G42 and routed
through cable W1 to the BETURN DATA LED driver on
switch register A11. For input modes, RQ s passed by G40
and replaces FLA. Thus, for output modes, the RETURN
DATA LED indicates the status of the flag return line to the
computer whiie for input modes it indicates the status of
1RQ.
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4-56 l.ogic and Timing Card A3

4-57 Logic and timing card A3 performs data and address
hit buffering, |/0 data bit selection, and data strobe and
fiag signal generation.

4-58 Address Bit Buffers. This circuit group consists of four
two-stage inverting amplifiers. An output is taken from both
the first and second inverter stages, thus producing the true
and complemented forms of the input address, This opera-
tion is necessary in order to develop 16 unigue combina-
tions of 4 stot address bits for distribution to each of the 15
card slots and to the control word gate in unit select card
Ab.

459 1/O Selection. Input data bits B11 through B@@ from
the remote/local card are amplified and inverted by Z2 and
Z1 and appiied to 1/0 selection gates G117 through G@@. If
the input select mode has not been programmed {I‘"‘S’”‘E, Hb,
the 1/Q seiection gates will pass the programmed data bits
to the 15 accessory card slots, if the input select mode has
been programmed {ISL, LO) gates G11 through G@@ will be
inhibited. Under these conditions, B11 through BOE wil
represent cdata returned from an addressed input card.

4-60 Data Strobe Generation. The data strobe signal is de-
rived from the computer GATE input, For output modes,
DST serves to strobe data into storage registers on addressed
output cards, For input modes, DST is involved in gate-flag
functions on the input cards {see Paragraph 4-98).
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Figure 4-5. Data Strobe and Handshake Mode,
Timing Diagram

4-61 A timing diagram showing the relationship between
the GATE input and DST is given in Figure 4-5. On program
command, the computer will set the GATE input ling, and
thus GAT to the LO state. The output of the 2usec delay
circuit s held in the LO state until the 2usec delay has ex-
pired, at which time it goes Hi. The signal is amplified by
the DST amplifier and then transferred to the rest of the
system, DST will remain HIl until GAT is reset. At that
time, both the output of the 2usec delay circuit and DST
are reset.

4-62 Handshake Flag Generation. The handshake flag is
generated and returned to the computer for either of two
sets of conditions:

{1) Whenever the computer issues a gate signal and the
timing mode is off (TME = 0). This is the standard hand-
shake mode and pertains to ali control, data, and address
word transfers.

{2) A handshake flag is generated when a control word
is being programmed with TME on (TME = 1}, interrupt
enabie mode off (1EN = 0}, and no output cards are currently
timing out (CTF is Hi}. i an output card is in the process
of timing out (CTF is LO) when this control word is being
programmed, the computer flag line will be held BUSY until
the card times cut.

4-63 When a control word is being programmed with 1EN
on {|EN = 1}, the handshake flag is inhibited. The hand-
shake fiag is inhibited because, with the interrupt enable
mode on, it is necessary that the input cards determine the
state of the flag returned to the computer. Paragraph 4-103
covers this function in detail,

4-64 As shown in Figure 4-5, the normai handshake flag,
like DST, is derived from the input GAT signal. It is started
10usec after the GAT line goes LO, and terminates shortly
after Wgoes Hi. The output of the 2usec delay circuit

is used to trigger an 8usec delay circuit. At 10usec after
GAT initially goes LO, the input to NAND gate G12 from
the Susec delay circuit goes HI. This HI level is NANDed
with UB@ (Hiif unit 0 has been selected) and the cutput

of gate G165 (HI if the timing mode is off, TME = 0). The
resulting LO output of gate G12 is propagated through

flag OR gates G13 and G14 to become FLG. The FLG
signal is applied 1o gates and the flag stretcher circuit

on board A2. These circuits produce a LO level (BUSY)
FLA signal when FLG is received. The transition of FLA
to the LO {BUSY) state indicates to the computer that the
multiprogrammer has completed storage of the programmed
data. Following a short delay, the computer sets the GAT
iine HI, The output of the 2usec and Busec delay circuits
follow the GAT signal, returning the FLG output to the HI
state. With FLG HI, the fiag signal {FLA} to the computer
is allowed to go ML The flag stretcher circuit on board AZ
holds the FLA signal LO (BUSY) for a minimum of 20usec
as shown on Figure 4-5,
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- 4-65:-The-alternate-handshake-flag-is generated:-in:a- manner
similar to that described above, The main difference is that
when a control word (with TME on and [EN off) is pro-
grammed, a circuit on the unit seiect card generates a CTF
signal which is time coincident with the cutput of the 8Busec
delay circuit on the logic-and timing card, and this signal
controis gate G15. CTF is inverted by G185, and together
with UG and the HIl cutput of the Susec delay aircuit

enables gate G12.

466 Timing Mode Flag Generation. Whenever the timing
mode is in effect (TME = 1) the flag signal returned to the
computer will be controlled by the CTF signal from the ac-
cessory cards. Gate G17 impiements the simple NAND func-
tion TME - CTF and passes the resulting timing mode flag
through flag OR gates G13, G14 and boards A2, Al to the
computer.

4-67 For output modes, CTF goes LO at the time data is
strobed into an addressed output card and stays LO (busy}
until a timing eircuit on the output card, or the external de-
vice associated with cutput card, times cut. The leading edge
of CTF indicates to the computer that the multiprogrammer
has stored the programmed data and that the computer can
reset the gate and remove the data. The trailing edge of
CTF tells the computer that the last set of programmed
output data has been processed and that pew data can be
sent o the ouiput cards.

4-68 For input modes, the leading edge of CTF notifies the
computer to reset the gate and remove its last input. When
IEN is programmed, the trailing edge of Wrepresents an
interrupt request to the computer.

4-68 Unit Select Card AL

4-70 Unit select card AD examines the states of address bits
B15, B14, B13, and B12, and if they are all HI's {indicating

the presence of a control word) it strobes the states of BOO

through B#8 into local storage registers,

471 Control Word Gate. Control word NAND gate G1 re-
ceives address bits B15, B14, B13, and B12, If slot address
15 is programmed {indicating a control word) the output of
G1 goes LG, is inverted, and applied to NAND gate G3 1o-
gether with DST. When DST appears, the resulting L0 out-
put of G3 is inverted by 02 and applied 1o the clock {CLK)
inputs of the control bit and unit select storage registers,

4-72 Control Bit Storage. The control bit sforage registers
are D-type positive-edge triggered flip-flops with direct pre-
set capability. The logical state at the D-input terminal is
transferred 1o the Q-ouiput terminal whenever the common
clock (CLK) input s strobed by a positive going pulse. {Q
always assumes the state opposite the Q-state.}

- 4-73.. When. power-is.first applied-to.the system,the turn-on.

49

preset circuit holds the PRESET inputs of the storage regis-
ters in the enabled {LO) state until 50msec after power is
applied and drives the QG output of each flip-flop to the Hi
state {the off-state of the five modes). To enable a particular
mode, the corresponding control bit must be programmed to
a iogical 1. When the TME mode is programmed on, control
bit B#4 =0 (LO). The positive-going strobe pulse from am-
plifier Q2 transfers the L.O ievel from the D-input to the Q-
output. Amplifier Q3 inverts the Q-output, making TME =1
{H1); the active state. TME is distributed to the timing mode
flag circuits on logic and timing card A3 of each unit in the
system,

4-74 The SYE mode is entered and stored in the same man-
ner described for TME. The SYE output is taken from the
Q-side of its associated flip-flop and is a jogical 1 (H1) when
the mode is programmed on. SYE is routed through an inter-
lock jumper on the input data plug to a two-stage amplifier
{03 and 217} on logic and timing card A3 and to the first
66418 unit in the system, The amplified SYE signal is
wired to all output cards of the 6940B.

4-75 DTE is taken from the Q-output of its associated flin-
flop and is a logical 1 (HE) when the mode s programmed
on. Ampiifier Q6 inverts the H1i level, making DTE =0 (LD},
DTE is wired to all accessory cards in the system but is uti-
lized only by relay output cards, by TTL output cards, and
by output cards having dual-rank storage.

4-78 1SL is taken from the Q-output of its associated fip-
flop and is a togical 1 {H1} when the mode is programmed
on. The Q-ocutput is NANDed with the cutput of control
word gate G1 and if a controf word is not currently being
programmed (ADDR = 1), the resulting LO output of gate
G4 is inverted by Q7 and is applied to ampiifier Q9.
Amplifier Q9 inverts its input making TSL =0 (Lo 150
is routed to the 1/O selection gates on logic and timing
card A3 and to all accessory card sicts in the system.
When applied to the 1/0 selection gates, 1SL inhibits the
input data bit path from the computer. Data bits from
addressed input cards can now be returned to the computer
on the return data bus.

4-77 Each time a control word address is issued, AND gate
G4 is inhibited by ADDR = 0, making ISL = 1. The 1/O se-
fection gates wili now pass the new programmed control
word data to the unit select card. When the control word ad-
dress is rermoved, the input data path from the computer will
again be blocked provided the input select mode remained
programmed,

4-78 1EN is taken from the Q-output of its associated flip-
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“flopand i dlagical 1 HI Wheh the mode hds beeh program:
med on, Amplifier Q10 inverts the Hi levei making IEN =0
(LO). TEN is distributed to all acecessory card slots in the sys-
tem but is used only by input-type cards as an interrupt en-
abie command. The Q-output of the IEN flip-fiop is appiied

to and controls the state of the CTF flip-flop.

4-79 CTF Generation. Whenever the 1EN mode is off, or is
being programmed off by the current control word, a CTF
flip-flop and associated delay circuit on the unit select card
will generate a CTF signat, Any control word containing bit
8 = 0 {IEN mode on} will prevent this circuit from generating
a CTF signal. A timing diagram showing how the unit select
card CTF signal is generated {and inhibited) is-given in Figure
4-6 and described in the following paragraphs.

4-80 If the IEN mode is off or is currently being program-
med off, the clock pulse produced by the combination of
DST and slot address 15 {control word tag) will strobe a Hi
tevel (BBS = 1) into the 1EN flip-flop. If the Q output of the
IEN flip-flop was already HI it will remain Hi, and if it was
1O {because |EN was previously on) it will switch Hl. The
clock signal is also applied to the CLR input of the CTF flip-
flop. As long as the CLR input is at a Hl level, the CTF flip-
flop is allowed to store the data currently at its D-input when
its clock terminal is strobed. (When the CLR inputis LO, the
Q output is forced to a LO). The Busec delay circuit receives
the clock output of gate G3. After an Busec delay from the
start of the clock signal, the CLK input to the CTF flip-flop
switches HI. This strobes in the H1 level at the D input of the
CTF flip-flop, setting the Q output HI. Amplifier Q8 inverts
this level making CTF LO. This fag signal is returned to

the computer through the handshake fiag circuit on the logic
and timing card, The leading edge of CTF causes the com-
puier to reset its gate input to the multiprogrammer. The
gate resets ST which in turn resets the CLK and CLR lines
in the unit select CTF circuit. The CLR line of the CTF
flip-flop going LO resets CTF to a Hi tevel.

4-81 When a control word containing an IEN mode selec-
tion is programmed, the output of the 1EN flip-flop switches
1O as soon as the clock pulse appears, The CLR line of the
CTF flip-flop goes HI while the clock is present, allowing
the CTF flip-flop to respond to the level at its D-input. Fol-
lowing an 8usec delay, the CTF flip-flop is clocked and trans-
fers the LO tevel at its D-input to the Q-output. The Q-out-
put originaily was LO {by the CL.R line being LO) and thus
there is no change in the output of the CTF flip-flop. The
CTF output of the unit select card remains HI, not gener-
ating a flag.

4-82 The computer now awaits a CTF signal from an input
card. All input cards received the interrupt enable command
(}EN) from the unit select card and the first input card to
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Figure 4-6, Unit Select Card CTF Generator,
Timing Diagram

have valid input data available will set its CTF tine LO. In
response to the lzading edge of CTF, the computer will reset
the gate input to the multiprogrammer, This resets DST,
which, on the input cards, resets CTF. With {EN on, the
trailing edge of CTF represents an interrupt request to the
compiuter.

4-83 Unit Address Logic. The unit address Jogic consists of
four D-type address storage flip-flops, a 1-0f-16 address de-
coder, and 16 identical driver-inverters, Bits B0®, B@1, B02,
B®3 of control words represent programmed unit addresses.
When a control word code is detected by gate G1, and &
strobe signal is generated, the programmed unit address is
stored in the four flip-flops of integrated circuit Z1. The
ftip-flop outputs are taken from the Q-side of the flip-flops,
thus generating the complement of the stored address bits.
The stored address bits are applied to 1-0f-16 address de-
coder £2 which energizes one of its 16 output fines (drives
it LO} according to the stored address. Driver-inverters A1
through A16 amplify and invert the unit-select output of
the 1-0f-16 decoder. The unit select lines are wired to the
output card slots of the units identified by the U—— mne-
monics.
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“4-84-+ Switch Register AT1-

4-85 Switch register A11 permits manual programming of
the multiprogrammer system. It consists of 20 lighted
pushbutton switches and associated programming logic,
Sixteen of the switches {Q through 15) are used to develop
data and control words, while the remaining four {LOAD
QUTPUT, RETURN DATA, REMOTE/L.CCAL, and CLEAR}
select control functions.

4-88  The switch register is selected as the programming
source when the REMOTE/LOCAL switch has been pressed
-to select the local mode {as indicated by the LED in its key
cap being extinguished). With the local mode selected,
the driver circuit sets LCL = 1 (H1) and LCL = O (LO).
LCL enables the local programming gates while LCLis
routed to remote/local selection card A2, where it inhibits
the computer input data lines and enables the local data
lines,

4-87 In address bit programming logic circuits M15
through M12, LCL is NCRed with the debounced switch
output, When hoth are in the LO-state, a positive-geing
puise is generated and appiiad to the clock input of a D-type
fiip-flep. The flip-flop is connected in a toggling con-
figuration (@ connected back to D} so that each time the
switch is pressed, the flip-flop is clocked and the G-cutput
reverses state. The Q-output of the flip-flop is NANDed with
LCL and appiied to remote local card A3 as M15 through
M12. Data bit programming circuits M11 through M0 @
operate ir the same manner as the M15 theough M?_g_
circuits with qne exception; LCL is NANDed with 1SL and
the resuiting logic signal is NORed with the debounced
switch outputs, This additional gualification insures that
the last set of manually selected data will be preserved

when an input mode (ISL} is programmed. When programming
output functions in the LOCAL mode, the address bit
outputs of the switch register  (M15, M14, M13, and M12)
are gated-through the remote/local card and returned to
LED drivers associated with bits 15, 14, 13, and 12 on the
switch register. The manually-selected data bits are setected
by the remote/local card, passed through 1/0 selection gates
on the logic and timing card and then looped back through
cables on the remote/fiocal card to LED drivers associated
with the data bits 0 through 12 on the switch register,

“4-89 WhHen REMOTE speration is.selected, LCL Qo)

driving M15 through MO0 to the Hi-state; and LCL = 1 {H1),
inhibiting the clear register circuit. The states of the toggled
flip-flops are not affected when the mode is switched. In this
way the last set of manually programmed data is stored and
available when the LOCAL mode is again selected. in RE~
MOTE cperation, for output modes, the switch register

LEDs indicate the input data from the computer; for input
modes, the LEDs indicate the selected input card address
and the data bits returned by the selected card.

4-90 Power-On Initialize Circuit. Wiien the power is
turned on, this circuit clears all of the data storage
flip-flops. This presets the data register and ensures

that the multiprogrammer is initialized to the remote
mode, Switching to the local mode causes an LED check
to be made. This ¢ircuit also ensures that if the line
voltage fluctuates, the multiprogrammer always resets
when the proper ling voltage is re-established.

4-91 Clear Register Circuit. When the CLEAR switch is
pressed, all manual bits are cleared to the O-state. The

clear register circuit combines the debounced autput of

the CLEAR switch and the LCL line, NANDing them

so that the CLEAR switch functions only in the local

mode. Pressing the CLEAR switch sets the Q outputs of the
bit flip-fiops to the Hi state, thus clearing all bits. The
indicator LED in the CLEAR switch is directly connected
across 5Vdc and is always on.

4-92 Load Qutput Circuit. When the LOAD OUTPUT
switch is pressed, an LDC pulse is generated which loads
the manuaily-programmed data into the multiprogrammer.
Pressing the LOAD OUTPUT switch produces a LO output
from the driver. The output is then NANDed with LCL.

1f the LOCAL mode has been selected, the NAND gate
output switches from the LO- to the Hi-state and this leve!
is coupied to remote/local card AZ as LDO. The remote/local
card inverts LDO to become gate pulse GAT. The GAT
pulse is returned to the LED driver associated with the
LOAD OUTPUT switch and turns on the LED for as long
as the switch is pressed.

4-88 For locally programmed input functions (where 1SL =
0}, the address bits are generated, selected, and displayed in
the same manner as for cutput functions, but the data bits

are handled entirely differently. First, the iocal data bit pro-

4-83 Return Data Circuit.  The return data circuit generates

a positive output pulse when the RETURN DATA switch is
pressed. In the LOCAL mode, this pulse {RDA) replaces

the flag normally generated by logic and timing card A3. The
RETURN DATA LED wili indicate the presence of either of
two signals. For output modes, the LED will indicate the
presence of a flag signal. For input modes, it will light when

an addressed input card returns an iRQ signal. Circuit operation
is identical to the LOAD QUTPUT circuit.

gramming logic circuits are disabled once 1SL has been pro-
grammed on. Pressing bit switches O through 12 will pro-
duce no changss. Alsc, ISL inhibits the 1/0 selection gates
on the logic and timing card and makes any addressed input
card the source of data to be displayed on the 12 data bit

switch register LEDs,

4-11
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494 Typical Output Card

4-95 A typical output card consists of a stot address gate
circuit, data storage registers, a data conversion circuit, and
a timing flag generator circuit. The typical output card
shown in Figure 7-2, Sheet 2, is located in slot 400. When
stot 400 is addressed, B15, B14, B13, and B12 are atl HI. If
unit B has been selected by a previous control word, UBQ is
also MI. When DST appears, a positive strobe pulse is gener-
ated and applied to data storage flip-flops and the timing
flag pulse generator circuit. The strobe puise enters data bits
BOQ through B11 inio local storage. The digital output of
the storage fiip-fiops is converted to an equivalent resistance,
voltage, or digital output and applied to the user’s system.

4-96 The timing flag pulse generator produces a CTF pulse
that starts at DST and lasts until a timing capacitor within
the generator times-out.

4-97 Typical Input Card

4-98 Adetailed biock diagram of a typical TTL input card is
shown in Figure 7-2, Sheet 2. The diagram does not show
the many jumper pptions available on the input card which
permit logic sense inversions of the data bit and flag inputs
from the external device and logic sense control of the gate
output 1o the external device. Other jumper options on the
card allow either the leading or the trailing edge of the ex-
ternal device flag to reset the gate flip-flop and set the flag
flip-flop. All these options are covered in detail in the
69431A Instruction Manual for the TTL input card. In this
discussion it wiil be assumed that the leading edge of the
device flag resets the gate flip-flop and the trailing edge of
the device flag sets the flag flip-flop.

4-39  The typical input card is comprised of two circuit
groups. One group buffers, stores, and gates-through 12-data
bits from the external device. The second circuit group im-
piements gate-flag transfers between the external device and
the muktiprogrammer. The circuit operation will be described
for the twe basic input modes; dedicated, and interrupt-
search.

4-100 Dedicated tnput Timing Mode, The dedicated input
mode is programmed in two steps: (1) programming a con-
trol word with iSL =1, IEN =0, and TME = 1, (2} program-
ming the desired card address and issuing a computer gate
signal.

4-101 The firststep does not immediateiy’ affect the input
cards. 1t simply turns the 12-data bit tines in the direction

of the computer, enabies the CTF return path to the compu-
ter, and makes the I—S_E%nput t0 the input cards true. In the
second step, the address of the desired input card is program-
med, along with a computer gate. When the address gate on

4-12

" the selected input card is enabled, it alfows the 12 input-data

NANED gates to pass the current contents of the 12 data stor-
age registers to return data lines BO® through 811, (The
computer should not immmediately accept this data.)

4-102 The input card arming logic examines the states of iSL,
ADDR, and DST, and when ali three are true (as they now
should be} it sets a gate flip-flop and a control flip-fiop on
the card. The Q-output of the gate flip-flop does two things:
(1) it sends a gate {GATE) signal to the external device and,
{2} it resets the flag flip-flop. The Q output of the flag flip-
flop is NANDed {by gate G1) with ADDR and since both are
true the NAND gate output goes LO, switching CTF to the
busy state. When the external device returns the leading

edge of its flag, the edge is detected and causes a negative
pulse (FLL) to be generated which resets the gate flip-flop.
The card remains in this state (CTF busy) until the external
device signals, via the trailing edge of its flag, that it has data
ready. The trailing edge is detected and negative pulse FLT
is generated. This pulse clocks the input data storage regis-
ters which accept and store the new data from the external
device, and it sets the flag flip-flop. The a-output of the fiag
flip-flop switches LO, inhibiting NAND gate G1. The CTF
line now returns to the ready state, signaling the computer
to accept the new data on the return data lines.

4-103 interrupt Search Mode (jumper W8 out). Four pro-
gramming steps are involved in the interrupt-search mode.

Step 1. Establish initial mode conditions by
programming a control word with ISL =1, 1EN =0, and
TME = 0. '

Step 2. Arm desired input cards by programming
card addresses. (A computer gate must accompany each ad-
dress as it is programmed.}

Step 3. Select the interrupt enable mode by program-
ming a control word with IEN =1, TME =1, and ISL = X
{X = doesn't care}.

Step 4. Wait for the muitipregrammer flag to indi-
cate that one or more addressed input cards has valid data
ready. Then, poil the input cards {by issuing their addresses}
in a software determined order, Do not issue a computer
gate while poiling. Examine bit 15 of each return data word
in the computer and accept the data only when bit 15 = 1.
{The state of bit 15 is determined by IRQ from the address-
ed input card; when the addressed input card has valid data
available, IRQ makes bit 15 = 1)

4-104 Step (1) reverses the data bit lines, turns off the tim-
ing mode, and sets up an arming condition (ISL = 0).

4-105 In Step (2}, the card is armed in the same manner
described for the dedicated input mode, but since the tim-
ing mode is off, CTF has no effect on the return flag to the
computer. When the device returns the trailing edge of its
flag to the input card {indicating data ready) it will set the
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“Hlag flip-flop dnd strobe mew data into thd card's input data
bit storage registers. The card will now wait, with its flag
flip-flop set and new data in its storage registers, for the in-
terrupt mode 1o be programmed.

4-106 In Step {3} IEN and TME are both programmaed on.
A computer gate must accompany the control word as it is
issiied, A handshake flag is normally generated by the unit
select card when a control word is programmed, but when
the control word contains an IEN mode selection, the flag
is inhibited, The computer must now wait, with its gate line
set, for a CTF flag from an input card. When the computer
receives this fiag it should start an interrupt request.

4-107 On ail input cards, NAND gate G2 implements the
function DSTAEN-.CONT-FLAG. This function determines
the state of the CTF line in the interrupt mode, DST-EN:
CONT will be true on all cards that have been armed. H the
filag fiip-flop on the card has been set (indicating data ready),
the FLAG function will also be true. Thus, when all four
functions are trug, the G1F line is set to the busy state,
When the computer notes this ready-to-busy transition of
the CTF line it resets its gate, which resets DST. With DST
off {LO} NAND gate G2 is inhibited, returning the CTF line
to the ready state, This latter transition of CTF represents
the actual interrupt request,

4-108 The computer should now poll the input cards and
pick up data from the cards which have their flag flip-flop set,

4-109 Polling is done is a predetermined arder by program-
ming the card address without a computer gate. Keeping the
computer gate false prevents the input cards from being re-
armed as they are addressed.

4-110 As each input card is addressed, it will pass its 12 data
bits onto the return data lines. At the same time, the tRG
output of the addressed card will be true (LO} if the card’s
flag flip-flop has been set. As previously stated, IRQ directly
controls B15 for input modes, and when 1RQ is true (L0} so
is B15 (LO}. The computer should accept the return data
word when B15 is true,

4-111 An input card should not be left with its control and
flag fiip-flop set after it has been serviced. It should either be
re-armed {30 that a new gate is sent to the external device)
or disarmed {control flip-flop reset) by programming 1SL off
and addressing the card, along with a computer gate.

4-112 interrupt-Search Mode {jumper W6 in). This mode is
similar to the interrupt search mode with W6 out, the main
difference being that card arming and interrupt enabie are

4-13

Trdene in Gnelstap] THE first Catd With hew. dEta avaiiable will

request the interrupt. There are two qualifications on gener-
ating a gate to the external device using [EN, as expressed in
the equation, 1EN-CONT-FLAG. This equation simply states
that 1EN is allowed to initiate & gate except when the controf
flip-flop is alveady set or when the flag fiip-flop is in the mid-
die of an operation,

4.113 DETAILED CIRCUIT ANALYSIS

4-114 This paragraph contains a detailed analysis of ail dis-
crete-component circuits of the 69408 Multiprogrammer on
a card-by-card basls, Those circuits whose aperation is ob-
vious (such as single-stage ampiifiers and termination net-
works} are not covered in detail, Detailed descriptions of the
69408 logic circuits are provided in the detailed block dia-
gram discission.

4-115 Input Card A1

4-116 Input card A1 contains 17 identical resistive termina-
tion netwarks and a pull-up resistor for the FLA return line
to the computer.

4.117 Remote/Local Card A2

4118 Remote/local card A2 performs data selection func-
tions as described in Paragraph 4-46. A jumper option on A2
selects either +5 or +12V. The jumper selected voltage is
also coupled through cable W2 to data-bit buffer amplifiers
on card A3, The flag stretcher circuit fellowing gate G34
maintains the minimum duration of the FLA ocutput at
20usec.

4-119 Logic and Timing Card A3

4-320 Logic and timing card A3 {Figure 7-2, Shest 1) con-

tains two circuits that require detailed cireuit analysis, They
are the data strobe generator and the handshake flag genera-
tor. A timing diagram for these circuitsis given in Figure 4-7,

4121  Data Strobe Generator. The data strobe generator
consisis of a 2usec delay circuit and related amplifiers.

4-122 The GAT input signal frem remote/local card A2 is
inverted twice, by Z3, and appears at the input to the 2usec
delay circuit in the same logic sense as the original GAT
puise. Before the computer sets GAT to the LO state, capaci-
tor C5 is charged to approximately +3.5 volts through diode
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CCRT Aokding Z28 LG This LO logic fevel is inverted twice,

by Z7 and 08, thus holding the DST line at O volts.

4-123  When the computer sets the GAT line LO, capacitor
C5 starts to discharge toward 0 volis through R22. After
approximately 2usec, C5 has discharged to less than 0.9
volts, the threshold voltage of Schmitt trigger input Z3-2.
The resuiting HI logic level at Z3-8 Is again inverted twice
setting the DST line Hl. When the computer resets GAT

o the H! state, capacitor G5 charges rapidly through CR1,
returning DST to the LO level.

4-124  Handshake Flag Generator. The handshake flag
generator consists of an Busec delay circuit and associated
NAND gate. This circuit adds an additional 8usec delay to
the 2usec deiay so that the handshake flag starts Busec from
the start of DST and 10usec from the start of GAT. Before
GAT is set LO by the computer, the voltage at £27-3 is HL
Capacitor €8 Is charged positively through CR2 making
Z3-2 1LO. This LO inhibits NAND gate G12.

4-125  Fotlowing a Zusec delay from the time GAT goes
L0, the voltage at Z7-3 also goes LO. Capacitor CB starts
discharging through R23 and after approximately 8usec, the
voltage across C6 is sufficiently LO to drive Schmitt trigger
output Z3-2 Hi. This HI is iogically NANDed with UGG

{HI if unit @ is selected) and the cutput of the tming

mode flag circuit (H1if TME is off), f all the conditions for
generating a handshake flag are present, the output of
NAND gate G12 will go LO causing the FLG fine to go LO.

When GAT is reset, the Busec delay circuit and FL.G are also
reset,

4-126 Unit Select Card Ab

4-127 In addition to the logic circuits, which were described
previously, unit select card AS (Figure 7-2, Sheet 1} contains
several single-stage driver-inverters and a turn-on preset cir
cuit. Only the turs-on preset circuit requires a detailed
description.

4-128 Turn-on Praset Circuit. This circuit holds the direct
preset input of the mode storage registers in the LO state for
50msec after power is first turned on, clearing them to the
inactive state {Q = HI}.

4-129 When power is turned on, +b volis is applied across
the R-C circuit consisting of resistors R17 and R18 and
capacitor C11, Since C11 cannot charge instantaneously, the
base of 05 remains below +5 voits, switching Qb on. As the
coliector voltage of 05 goes positive, Q4 is turned on, driv-
ing the. preset line of the storage register LO. When capaci-

4-14
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Figure 4-7. Logic and Timing Circuits, Timing Diagram

tor C11 has charged to +3.8 voiis {in approximately 50msec)
both 0B and Q4 are cut off, returning the direct preset line
to the HI state. Diode CR1 provides a rapid discharge path
for €11 when power is turned off.

4-13p0 Main Power Supply Board A10 (See Figure
7-2, Sheet 4)

4131 The main power supply board consists of a +5 volt
regulator, four separate 20 volt rectifier-filers, a +12 volt
rectifier-filter, and a —12 volt rectifier-filter. The selected
acinput power (100, 120, 220, or 240Vac} is applied to

the rectifier-fitters via power transformer T1 and the A12
power module (see Section 11}, The main power fuse F1 {(4A
for 100/120Vac or 2A for 220/240Vac) is located in A12.

A 10A fuse (F2) is in the +12 {unreg.)/+5V {reg.} rectifier-
tilter circuit and a 0.75A fuse (F3) is in the —12V (unreq.})
rectifier-filter circuit. Operation of the rectifier-filter
circuits is obvious from inspection of the schematic diagram.
The +5 voit reguiator is described in the feilowing paragraphs.

4-132 Regulator Circuit. The voltage reguiator portion of
the +5 volt supply consists of comparison ampiifier U1,
driver 05, and series regulaters Q1 and Q2. Comparisen
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amplitier Ut, {inverting input) senses the regulated +5V out-
pit via a remote sense wire connected to slot 300 {ASJ300,
pin Cl. The remoteiy sensed voitage is compared with a
reference voltage which is applied to the non-inverting input
of U1. The reference voltage is obtained from a reference
zaner diode {temperature compensated} inside the U1 pack-
age. The output of U1 controls the conduction of driver
Q5. The collector current of Q5 is then used to controf the
conduction of series regulators Q1 and Q2 which in turn con-
trol the level of the output voltage. I the voltage at
AZJ300-C attempts to increase from a preset level {nomi-
nally +5 volts) the conduction of 0% will decrease causing
both series regulators Q1 and Q2 1o decrease conduction.
The voitage drop across the series reguiators will thus in-
crease and return the output voltage at A9J300-C to +5
volts. A decrease in output voltage will cause Q1, Q2 and
Q5 to conduct more heavily and increase the output voliage
to +5 volts,

4-133  Capacitor C18 provides frequeney compensation:
capacitor C15 and resistor R20 provide loop stabilization.
Diodes CR23 and CR24 fimit the maximum input to the
amplifier protecting it against excessive voltage excursions.
Potentiometer R18 permits adjustment of the output voit-
age.

4-134 Current Latch Circuit, The current lateh circuit
is made up of overcurrent detector O3, current latch Q4,
and current latch amplifier Q8. The circuit monitors load
current by sensing the voltage drop across resistor R4, If
the load current increases to overipad proportions {nomi-
nally 6.5 amperes) the voltage drop across R4 increases 1o
1. 10 vols, which is sufficient to bias-on overcurrent detector
(3. Detector U3 and current latch Q4 are connected in a
regenerative feedback foop 50 that once Q3 is turned on it
is latched in that state by Q4. With Q3 saturated, the base
and emitter voltages of 04 become more positive. The
positive-going-emitter voltage switches on current latch
amplifier Q6, which effectively short circuits the base-
emitter junction of driver amplifier Q5. This switches off
Q1, (2, and 05, reducing the output voltage to less than
+1 volt. The regulator will remain in this state until LINE
switch 51 is switched OFF, the overfoad condition is re-
moved, and $1 is switched ON again.

NOTE

Wait at Jeast 10 seconds for the lateh circuits
to discharge befere resetting (turning ST back
onl the unit,

4-135 Qvervoltage Crowbar Circuit.. This circuit consists
of zener diode VR2, overcurrent detector G7, and SCR crow-
bar CR26. While the output voltage remains below +6.2V
nominal, overvoitage detector Q7 is biased off, as is CR26.

if the output voltage becomes greater than +8.2 volis, the
voltage drop across R24 rises above +0.7 volts. This causes
Q7 to conduet and fire the SCR. The short circuit produced
by the SCR forces the regulator into current lateh, reducing
the voltage output to less than +1 voit, Capacitor C18
reduces noise susceptability of the SCR triggering circuit.
The unit must be turned off and then on in order to reset
the overvoltage crowbar circuit.

4-136 Switch Register Board A1

4-137  Switch register board A11 (Figure 7-2, Sheet 3}
contains five different IC circuits. These are deseribed in
the foliowing paragraphs.

4138 Switch Contacts and Debounce Circuitry. When
the multiprogrammer is in the local mode, the pushbutton
switches on the front panel are used to program bit
patterns manually. To ensure stable 0 and 1 logic levels
when activating a pushbutten, each switch is buffered
from the logic circuitry by a contact bounce eliminator
circuit contained in {C Z16, 18, 19, or 24. These ICs biock
extraneous level changes that result when interfacing to
mechanical contacts. The 1Cs eliminate the effects of
contact bounce by delaying the digital cutput for four
clock periods after the switch contact has stabilized. An
external capacitor sets the operating frequency of the
internal R-C oscillator used to clock each |C package.

4-139 LED Drivers. The 20 LED drivers are non-inverting
buffers that sink the cathode of an LED whan the contral
line from the remote/local card goes to the O-state (LO}.

4-146  Remote/Local Flip-flop. The remote and local
modes are alternately selected by pressing the REMOTE/
LOCAL switch. A pulse from the REMOTE/LOCAL

switch toggles a J-K flip-flop. The f!ip-ﬂop’sa output

is inverted ance to provide the LCL contro! line and then
inverted again to provide the LCL signal transmitted to the
remote/local card. In the local mode, the LCL signal enables
the local select output gates, and the LCL signal disables

the data lines from the computer.

4-141  Local Data Storage Flip-flops. These flip-flops
temporarily store bit patterns manually entered through
the switch register, NOR gates at the flip-flop inputs and
NAND gates at their outputs disable all of them unless in
the local mode, Data bits 8 through 11 are aiso disabied
when in the input mode.

4-15
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4142 .-Each-NOR. gate output;i_s connected-to-a-flip-flop's oo

clock input, and the flip-flop's Q output is connected to its-
D input. This configuration causes the Q output to toggle
with each pulse received from the debounce circuit. Once
the LED indicators show the flin-flops contain the desired

data, an entry can be gated in by depressing the LOAD
OUTPUT swtich,

4-143 Power-Oninitialize Circuit. This circuit is a com-
bination undervoltage detector and delayed power-on reset
circuit. The undervoltage detector consists of a com-
parator, a resistive divider, and a voltage reference. The
delay is provided by an R-C network at the comparator
output and a switch debounce circuit. The switch debounce
circuit ensures a sharp transition for the TTL buffers that
initialize the local data storage flip-flops. The remote/local
flip-flop is initialized to the remote mode, and the 16 data
bit flip-flops are initialized to all ones, (AH 16 data bit LEDs
light on first switching to the local mode}.

4-144  As power is first applied to the circuit, the reference
input provided by the stabistor diode {a nominal 2V
reference) is higher in potential than the input from the
resistive divider, causing the comparator output to be LO.

4-16

rerc volts and holds the flip-flops in their initialized state.
As the 5V supply reaches approximataly 4 volts, the
conparater output switches HE, allowing C13 to charge
through the pull-up resistor in the debounce circuit. The
flip-flop's clear inputs are held LO until the voitage on C13
reachas the switching threshold of the debounce circuit.

4-145 11 the supply voltage should dip to about four volts
during the operation, the flip-flops will be initialized again,
asstiring that the multiprogrammer always powers up in
the remote mode.

4-146  Output Adapter Card A8

4.147 Output adapter card A8 (Figure 7-2, Shest 2}
routes the data bits, address bits, 15 unit selection lines,
and the mode and timing signals from the multiprogrammer
backplane (A9 interconnect board) to output connector J2.
The A8 card includes buffer amplifiers for the 15 unit
selection lines and the SYE and TME signal lines. The data
bits, address bits and the other signal lines are buffered on
59418 muitiprogrammer extender unit number 01,
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