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l. GENERAL /0O SYSTEM DESCRIPTION

INTRODUCTION

MODCOMP computer systems are designed to be very flexible in input/output and
peripheral device configurations. The basic computer enclosure contains the register
I/0 subsystem and I/O cable driver/receiver module capable of driving up to 100 feet
of I/0 cable in the MODCOMP II and III, and up to 50 feet in the MODCOMP I. The I/O
cable may be connected to up to eight other cable driver/receiver loads. The Direct
Memory Processor (DMP), and the controllers for the console TTY and high-speed paper
tape reader are also contained in the basic computer enclosure when those options are
included in the system.

Input/Output options not contained within the computer enclosure and representative
peripheral devices and controllers are shown in Figure 1-1, the Peripheral Device
Configurator. As can be seen by the configurator, several I/O schemes are possible
using the Modular approach. A brief description follows:

TTY & CHALCO

The console teletypewriter and high-speed paper tape reader share a controller
located and directly connected within the computer enclosure. This optional control-
ler is in addition to the eight driver/receiver loads mentioned above.

AlS

The Modular Analog Input Subsystems are specifically designed for use in computer
based measurement and control applications. They provide the capability for highly
flexible analog input signal multiplexing when used with the MODCOMP computer family.
The four basic subsystems are High-Level, High-Level Differential and two Wide-Range

versions. ' Each ‘AIS requires a half plane, or one controller position in the PCI.

DIRECT MEMORY PROCESSOR

The DMP option is mounted on Plane 4 of the computer when it is included in the sys-
tem. Peripheral device controllers which have high transfer rates may be connected
to the optional DMP to reduce the amount of program involvement in I/0 transfers. A
DMP interface is included in the controllers for discs, magnetic tape units, solid-
state analog input subsystems, and many communication and custom interface units.

No special placement or cabling is required for controllers connected to the DMP.
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PERIPHERAL CONTROLLER INTERFACE

The optional Peripheral Controller Interface (PCI) is a separate enclosure which pro-
vides a convenient means to interface the single I/O bus cable from the CPU with up
to eight additional device controllers through a Driver/Receiver module (s).

Peripherals, except for the directly connected console TTY and high-speed paper tape
reader are connected to the computer by means of individual controllers packaged in
the PCI enclosure. The PCI contains I/O bus and DMP interfaces plus the power sup-
plies required by the controllers. Multiple PCI enclosures may be connected to one
computer, enabling many combinations of peripherals to be used in a system. The con-
trollers which may be housed in the PCI enclosure are:

Card Reader

Paper Tape Punch

Line Printer

Fixed Head Disc

Moving Head Disc

General Purpose Controller
Magnetic Tape

Analog Input Subsystem(s)

PERIPHERAL DEVICE CABLES

Most of the peripheral devices are directly connected to individual controllers
located in the Peripheral Controller Interface enclosure by peripheral device cables.
Some of the peripherals, however, share a device controller. Others contain their
own device controller and connect directly to the I/0 cable.

Magnetic Tape Units, up to a total of four, are "daisy-chained" to a magnetic tape
controller.

The standard maximum length of each peripheral device cable is shown in the configu-
rator, Figure 1-1.

SUMMARY

An overview of possible I/O configuration has been given. The remainder of this
manual deals with the Peripheral Controller Interface and associated controllers
discussed earlier, with the exception of the Analog Input Subsystems which are des-
cribed in separate manuals.






Il. PERIPHERAL CONTROLLER INTERFACE UNIT

PHYSICAL DESCRIPTION

The Peripheral Controller Interface (PCI)

is a rack mountable enclosure with the

same physical dimensions as the MODCOMP III
computer enclosure. Depending on the

system configuration, it may be mounted in
the same rack with the computer enclosure

or in a separate standard 19 inch cabinet
(MCS Model No. 0001). Four hinged planes
may be mounted within the enclosure. Each
controller is mounted on one-half of one of
the planes, except for the magnetic tape and
the disc controllers, which require a full
plane each. A driver/receiver module cap-
able of connecting four controllers to the
I/0 cable occupies one-half of plane 1 in
the Model 4901 PCI. A second driver/receiver
module occupies the other half of plane 1

in the Model 4902 PCI.

A separate enclosure with space for up to
three power supplies is also provided with
the PCI enclosure. One logic supply (5V)
is included as standard.

Figure 2-1 is a front view of a Peripheral
Controller Interface (Model 4902) enclo-
sure with all four planes tilted out.

FIGURE 2-7

The Peripheral Controller Interface enclosure is shown here mounted in a cabinet below
the standard power supply enclosure (covered by air filter) provided with the PCI.
At the top of the cabinet is the highspeed paper tape punch mechanism. All planes in
the PCI are hinged to provide convenient access to logic components and I/0 cable con-
nectors. The disc write lockout switches, a terminal block and cooling fan can be

seen within the PCI enclosure.



The PCI has the capability to interface the CPU with the following controllers:

General Purpose Controller 1/2 Plane
Paper Tape Punch Controller 1/2 Plane
Card Reader Controller 1/2 Plane
Line Printer Controller 1/2 Plane
Fixed Head Disc Controller Full Plane
Moving Head Disc Controller Full Plane
Magnetic Tape Controller : Full Plane

High Level Analog Input System Controller 1/2 Plane
Wide Range Analog Input System Controller 1/2 Plane

A functional block diagram of the interface between the CPU and PCI is illustrated
in Figure 2-2.

CPU p.C.I. — 5 DPHYSICAL
1/2 PLANE
| N I | > CONTROLLER
| 1/0 % 100' MAX. ~ POSITIONS
1
1 —>
:DRIVER/ RECEIV’ERI Y39 TWISTED, | 4 DR/RCV SETS 4 DR/RCV SETS
/' \ |
! MODULE  /\ PAIRS || (4901) N
(] |
p—————— ~++4 »OPTIONAL | == -
i
' omp N7 I o P
| vl N : 4 DR/RCV SETS | 6 1/2 PLANE
e e 4 g CONTROLLER
| Loy (4902) ! POSITIONS
y TTY & CHALCO | I 8 DR/RCV SETS
| CONTROLLER | | —_
e e e e —— A J J

FIGURE 2-2 PCI/CPU INTERFACE
FUNCTIONAL BLOCK DIAGRAM



Standard plane numkering and coordinates, including the 26 pin 3M I/O connector
locations are illustrated in Figure 2-3.

PCI ENCLOSURE

/ /

— 4

ANY COMBINATION OF
CONTROLLERS UP TO 4 /

PER D/R MODULE /
/ CONTROLLERS

PLANE 4 § - L
CONTROLLERS
PLANE 3 €
BLANE 2 pd CONTROLLERS
DR/RCV DR/RCV
PLANE | é—MODULE—L—MODULE
9901’ Pc1 /S
.
4902 PcI
X X
A A
r B ¢ Al
z Y
X u
w v
w v 26 PIN 1/0
/ CONNECTORS
X U RV -lé's
z —— =%
— —= ]
— ] o— —0) |
D C B A D (o] B A XYIA
COMPONENT SIDE PIN SIDE

FIGURE 2-3 PLANE NUMBERING AND COORDINATES
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It should be noted that half plane controllers use "U", V" and "Y" signal designations
‘even though the controller could be on either half of the plane. This was done for
uniformity of logical signal designations. Full plane controllers (discs, mag tape)
use U, V, Y and X, W, Z designations.

It should also be noted that an 'X' prefix to signals is used which is not to be
confused with sector 'X' of the full plane. For example:

XYy1la
'h—' COLUMN
ROW
QUADRANT

Normally, the plane number (1-4) would be here, but

since the controller may be located in any plane (1-4) .
the 'X' represents the plane number. Refer to Figure 2-3
for an example.

Although the Driver/Receiver module(s) always occupy Plane 1, the above signal
designations apply.

The following figure illustrates all possible combinations of half and full plane
controllers for both the 4901 and 4902 Peripheral Controller Interface units.

HALF PLANE ONLY FULL, PLANE ONLY . MIXED FULL & HALF PLANE
CONFIGURATION CONFIGURATION
O — :
Il o= du] [DR/RCY o] 2L -] | 3] BLANK ] | - |
| ' ] | L_BLANK | [DR/RCV _ a=| 2[ - = |
2 | -] | - o] :
| [ BLANK ] [DR/RCV__ =]
[ BLANK | |DR/RCV  aw] 3f - |
AN [ ]
2L e 31 -] | - |
2 [cCp - =] [cr - -] N\
| [ BLANK ] [DR/RCV _ <=] 21 - |
| [PTP  ew a=] [DR/RCVem am] N\
4| oo | | [ BLANK ] [DR/RCV _ a=]
3L =] | -] | 3] | [ |
AN AN N\ 41 -] | - |
2 | el - =] 2L | N\
3 [ BLANK ] | - S |
| [ BLANK | [DR/RCV o=} | [ BLANK ] [DR/RCV &} - ;
4901 490l 1 21 <>
2 FULL PLANES WITH
4902 VARIETY OF HALF pLANEs | | [_BLaNk ] [oRZRev =]
4 [BiANK 1 [ -~ == 4 [ BLANK ] [ -~ =] 4901
. \ AN 4902
3 [C - o] | - =] 3( - ]
. 41 e |
2 [ e I | - | 2L e | AN
N 3] ~=—] | e
| {DR/RCV_ =] [DR/RCV  aw=] 1 BLANK. | [DR/RCV  a=] N\
' ] 21 ~==] | e |
4 | 1 I | e | 4| - | - o | | IDR RCV :l IDR/RCV :l
N N AN r T
3 L e | | 3| HRS'I
2 C X1 | -g:hl 2 [ |
| [bRZRCY =] [DR7RCY =] (N BLANK ] [DR/RCV :l

FIGURE 2-4 PERIPHERAL CONTROLLER CONFIGURATOR
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I/O CABLE CONNECTIONS

The following illustrations describe the I/O Connector Panel layout and a functional

diagram of the I/O bus interconnection from the CPU to the PCI.

CPU

D/R MODULE

F

i\

Vi

FIGURE 2-5

106 PIN AMP CONNECTOR

1/0
{

: \h———————-FLAT BRAID CABLE
26 PIN CONNECTOR )

CABLE

PCI

D/R MODULE

]
L

26 PIN CONNECTOR

I/0 BUS INTERCONNECTION DIAGRAM

PERIPHERAL CONTROLLER

/ INTERFACE 1/0 CONNECTOR PANEL

Jil
+5v A [T 8 +5V RET
+6v ¢ FIj0Y) D +5VRET
-5v E A F -5VRET

000! &
000
J

000|

\—IOG PIN AMP

CONNECTOR (TYP.)

FIGURE 2-6

PCI I/O CONNECTOR PANEL



POWER SUPPLY

The standard +5 volt power supply provided with the PCI is described below.

The +5 and -5 volt regulators are located on schematic and wiring drawings 526-100000
and 525-100000, respectively. Transformer Tl supplies the high current a.c. for
the +5 volt and -5 volt regulators. Its center-tapped secondary is full wave recti-
fied both positively and negatively, and both rectifiers are capacitively filtered.

Refer to Figure 2-7,

+5 Volt Regulator - The +5 volt regulator consists of parallel NPN series pass tran-
sistors, Q3-0Q9, an emitter follower driver, Q2, and a monolithic voltage regulator,
IC2. +Vcc for IC2 is generated by a voltage doubler consisting of diodes, CR4-CR7,
and capacitors, C4-C6. The +5 volt output is sensed at pin 4, the inverting input

of the error amplifier,and compared with a reference voltage established at pin 5, the
non-inverting input. The error amplifier output is amplified by Q2 to provide suf-
ficient current to drive the pass transistors. The current foldback knee is adjustable
with R19, which is nominally set for a maximum of 35 amperes at 5 volts. Folded back
short-circuit current is approximately 23 amperes. Over-voltage protection is pro-
vided by a "crowbar" circuit consisting of Q3, CR8, and CR3. CR8 establishes a re-
ference voltage of 5.6 volts on the base of Q3. Should the output voltage ever

exceed 6 volts, Q3 will turn on CR3, instantaneously dropping the output to zero and

opening fuse, Fl.

-5 Volt Regulator - The =5 volt regulator consists of a PNP series pass transistor, an

emitter follower driver and monolithic voltage regulator, ICl. =5 volt sensing is
accomplished by means of a balanced bridge which quiescently maintains a zero volt
differential between pins 5 and 4, the inverting and non-inverting inputs, respec-
tively, of the error amplifier. Any change in the -5 volt output unbalances the bridge,
producing an error output signal at pin 10. This error signal is amplified by an
emitter follower to provide sufficient current to drive the pass transistor. An over-
current condition is sensed between the emitter and base of Q2, causing the current to
fold back to approximately 3.7 amperes when the output is directly shorted.

Voltage Adjustments

+5 Volts - This voltage should be set to +5.0 volts +.05 volts by means of trimpot
R13 in the power supply.

=5 Volts - This voltage should be set to -5.0+.05 volts by means of trimpot R9 in
the power supply.
CAUTION
1. +5 volt supply - if uncabled from system, external sensing pins must be jumpered
to maintain regulation. Refer to drawings 525-100000 and 550-100000.
Jumpers are: J1l-=7 to J3-1 (-5 Volts)
J1-9 to J3-3 (+5 Volts)
2. All input fuses are high;speed fuses. SLO-BLOW fuses will cause damage to the
power supply or PCI logic in the event of crowbar shutdown.
3. Use a 1% meter for adjusting voltages.
4. Over-current adjustments are factory set and should not be tampered with.
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DRIVER/RECEIVER MODULE

The driver/receiver module occupies one half of plane one in the Model 4901 PCI and
a second driver/receiver module occupies the other half of plane one in the Model
4902 PCI. Figure 2-8 is an illustration of the standard half plane driver/receiver
module. Refer to Logic Drawings 516-100018 and 515-100018(1-3) for details of ‘the
DR/RCV module.
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FIGURE 2-8 DRIVER/RECEIVER MODULE |
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CABLE DRIVER

General

The cable drivers, -001 and -002, are intended to drive twisted pair cables which are
terminated at both extremities in their characteristic impedance. In addition to
driving the line differentially, the driver may be paralleled or "OR'ED" at any loca-
tion on the cable. In this configuration, common mode noise between these distributed
locations of up to +3 volts peak will not interfere with signal transmission on the
cable.

Functional Description

Speed: 5 MHz, Max.

Function Input Requirements:

Amplitude: Logic "1": 0.4V, Max.
Logic "0": 3.0V, Min.

Input Load Current: Ein = 0.4V; Iin(l) = 18 Ma.

Ein 3.0V; Iln(o) = 7.5 Ma.
Ein = 5.0V; Iin(o) = +0.8 Ma.
Input Rise and Fall Times: Tr = Tf = 5 ns for output specifications stated

Output Specifications (Terminated Per Figure 2-6)

Amplitude Ein = 0.4V; Output = +12 + 2 Ma.
Output = 12 + 2 Ma.
Ein = 3.0V; Output = +10 ua, Max.

Output = 10 ua, Max.

Risetime: 7 ns, Min., 20 ns, Max.

Falltime (Either Output): 7 ns, Min., 25 ns, Max.

Propagation Delay (Either Output): Logic "1": 5 ns, Min., 10 ns, Max.
Logic "0": 5 ns, Min., 10 ns, Max.

Voltage Compliance: -001: +3.75 VDC or Peak AC, Max.

(Either Output To GND) -002: +3.0 VDC or Peak AC, Max.

Environmental Conditions:

Operating Temperature Range: 0°C to 70°C

Power Requirements: +5V +5%, 28 Ma, Max.

-5V +5%, 26 Ma, Max.



Theory of Operation

In operation, signals applied to the line are received by MCS Part Number 640-100020
differential line receivers. Thresholds for this receiver are +25 MV and -25 MV for
logic 1 and logic 0 outputs respectively. To provide bias in excess of threshold
when the drivers are in "0" state (zero output current) the line termination network
shown below is employed (See Next section, Receivers).

—CQ CDVR 120 a

CTERM

Refer to Figure 2-10 The impedance seen by the line at the driven end is R2 + R3 in
parallel with Rl + Ry which is equal to RO' R0 is equal to ZO’ the characteristic
impedance of the cable. The current through the total network (with zero driver
current) is normally 6 ma., providing a balanced (with respect to driver signal common)
bias across the line. A logic "1" input to the driver causes the outputs to deliver

a nominal 12 ma. current opposing the bias. This results in a reversal of the volt-
age across the line equal in magnitude to the original bias and balanced with respect

to driver signal common.

When the driver input is positive, transistor Q2 emitter voltage is slightly below
+Vce in level. The resulting voltages across R2 and R4 are insufficient in magni-
tude to overcome the base-emitter voltage thresholds of Q and Q3 respectively. Ql
and Q, are therefore in cutoff and no collector currents flow. When the input
voltage goes negative (0 to +0.4V), Q2 emitter is pulled down to a level near zero
volts with respect  to signal common. The resulting voltage across R2 exceeds Ql
base-emitter threshold, and the remainder across R5 generates an emitter current of
12 ma., nominally. Since the common base current gain (hFB) of Q2 is nearly unity,
the collector current of Q2(hFB)is nearly unity, Ql collector current is very nearly
equal to its emitter current. The resulting voltage levels across R4 and Rg respec-
tively are nearly equal to those across R, and R5 respectively. hFB of Q3 is nearly
unity so that approximately  -12 ma of collector current will flow, regardless of
collector voltage (within limits specified).

The 002 version of the circuit includes a pair of diodes (CR3, CR4) connected in
series with the outputs. This circuit is used when several drivers are connected to
the same cable. The diodes decouple the driver from the cable when its power is re-

moved.
SYMBOL: '
CDVR — CDVR
—0 60001 —_— 60002
XXXX P XXXX e
-001 -002

FIGURE 2-9 CDVR SYMBOLS
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DESIGNATION
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FIGURE 2-10 CABLE DRIVER SCHEMATIC

DESCRIPTION

Transistor, PNP

Transistor, NPN

Module, Resistor

Diode, Switching

MCS PART NUMBER

. 653-100001-001

653-100000-001
650-600000-001
653-100005-001
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CABLE RECEIVERS

General

The cable termination modules, -001 and -002 are used in conjunction with cable
drivers 60001 and 60002 (MCS Circuit Registration - 600000) and MCS Part Number
640-100020 line receivers in twisted pair transmission line applications. They
are used to terminate lines in their characteristic impedance while providing a
differential bias voltage.

Functional Description:

Impedance: Either Teminal to Signal Common:
(Small Signal) _441, 002 60 Ohms +3%

-003 6800 Ohms +5%

Terminal To Terminal:
-001, -002 120 Ohms +3%

-003 960 Ohms +5%
Output Level: -001, -002; Terminals Shunted by 120 Ohms
+5%; -003 Open Circuit
Positive Terminal: 0.18V +10%
Negative Terminal: -0.18V +10%
Environmental Conditions:
Operating Temperature Range: 0°C To 70°C
Power Requirements: =001, +5V. +5%, 7 Ma, Max.
-002 -5V. +5%, 7 Ma, Max.
-003, +5vV. +5%, 0.21 Ma, Max.

-5v. +5% 0.21 Ma, Max.

Theory of Operation

The -001 module is employed at lines where only one driver at a time is operating.
Refer to Figure 2-12.

The -002 module is used where several drivers may be operating simultaneously. Diode
CR1 limits the differential voltage to about .65 volts when two or more drivers are
applying current to the line.

When a single driver is working into several receivers distributed down a line, the
state of the line becomes indeterminate when power to the driver is removed. When
this situation is intolerable, the driver termination is omitted, and the -003
termination circuit is employed at each receiver.
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Up to 8 =003 circuits may be cascaded onto a single driver. The circuit must be
used with a 60002 driver, and must be limited to level type signals, since the line

will be improperly terminated, and signal edges will result in line reflections re-

quiring considerable settling time.

+Vee \ +Vee +Vee
RI 7 | RS
| |
R2 -
Acrl Sre
) R3
2 2
R4 R7
-Vce -Vcce -Vce
-00I -002 -003
FIGURE 2-12 CABLE RECEIVER SCHEMATIC
DESIGNATION DESCRIPTION MCS PART NUMBER
Ry _ Ry Module Resistor 650-600001~-001
R5 - R7 ’ Resistor, 13K + 5%, 1l/4W 650-100000~-100
R6 Resistor, 1K +5%, 1/4W 650-100000-073
CRy Diode Switching 653-100005-001



SIGNAL
NAME

I0D00
IODOON
I0D01
IODO1N
I0D02
IOD02N
I0D03
IODO3N
I0D04
IODO04N
IODO05
IODOSN
I0D06
IODO6N
I10D07
IODO7N
IODO08
IODOS8N
I0D09
IODO9N
I0D10
IOD1ON
I0D11
IOD11N
I0D12
IOD12N

IODAS
IODASN
I0DA4
IODA4N
IODA3
IODA3N
IODA2
IODA2N
IODAL
IODAILN
IODAO
IODAON
IODMU
IODMUN

=5

D i

DRIVER/RECEIVER MODULE TO I/0 PANEL CABLING

3M CONNECTOR

XY1lcC

14
2
15
3
l6
4
17
5
18
. 6
19
7
20
8
21
9
22
10
23
11
24
12
25
13
26
Xyac

14

15

16

17

18

19

20

TABLE 2-1

2-15

AMP
BLOCK

13a
14
13B
14B
11A
12A
11B
12B
11cC
l2¢
9A
10A
9B
10B
9C
1o0C
TA
8A
7B
8B
7C
8C
5A
6A
5B
6B

13H
l4u
137
143
11G
12G
11H
12H
11J
127
9G

106G
9H

10H

WIRE
COLOR

Brown
White
Red
White
Orange
White
Yellow
White
Green
White
Blue
White
Biolet
White
Gray
White
Black
White
Brown
Gray
Red
Gray
Orange
Gray
Yellow
Gray

Green
Gray
Blue
Gray
Violet
Gray
Brown
Black
Red
Black
Orange
Black
Yellow
Black



TABLE 2-1

DRIVER/RECEIVER MODULE TO I/0 PANEL CABLING (CONT'D)

SIGNAL : AMP WIRE
NAME ‘ 3M CONNECTOR BLOCK COLOR
‘ XY2C
IODSIU uDSYIgn 8 9J Green
IODSIUN 21 ' 103 Black
IODIU  uniof 9 7G Blue
IODIUN 22 8G Black
IOCDF DALSN 10 7H Brown
IOCDFN 23 8H Violet
IOCLK  feltN 11 73 - Red
IOCLKN 24 8J violet
I0I0S L 12 SH Orange
IOIOSN 25 6H Violet
IOIOF  pATUN 13 5J Yellow
IOIOFN 26 6J Violet
XY3C

I0IDO STPON 1 17D Green
IOIDON 14 18D Violet
I0ID1 2 17E Blue
IOIDIN 15 18E Violet
I01ID2 3 17F Brown
IOID2N 16 18F Yellow
I0ID3 4 15D Red
IOID3N 17 16D Yellow
IOID4 ) 5 ) 15E Green
IOID4N . 18 16E. Yellow
I0ID5 6 15F Blue
IOID5N - 19 16F Yellow
IODIR DILE 7 13C Brown
IODIRN 20 1l4C Orange
IOSIR = %Y 8 : 13D Red
IOSIRN 21 14D Orange
IODMR il 9 13E Green
IODMRN 22 14E Orange
[0ICB  LUFIH 10 , 13F* Blue
IOICBN 23 14F* Orange
I0D13 11 13G Brown
IOD13N 24 14G Green
I0D14 12 11D Red
I0D14N 25 12D . Green
I0D15 13 11F Blue
IOD15N 26 12F ' Green
Shield 12E

*No terminating resistors.



I/0 BUS TERMINATOR
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FIGURE 2-13 I/0 TERMINATOR

I/0 TERMINATOR LIST OF MATERIALS

ITEM MCS NUMBER DESCRIPTION QUANTITY
1 667-200000-001 Recpt. 1
2 667-200000-201 Pins 78
3 667-200000-601 Shield Assy. 1
4 650-100000-051 120Q 1/4w 5% 39

The I/0 Terminator illustrated in Figure 2-13, is used at the last point in the

in

chain in the last PCI in the system. Each controller has bus and bus "out"

connectors (26 pin 3M) which are internally jumpered within each controller, and
cabled from each controller's bus "out" to the next controller's bus "in". The
last controller in the system has a bus "out" which would be floating, causing
improper balance and line reflection on the I/O bus. To avoid this, the last con-
troller position bus "out" is cabled to the PCI I/O connector panel where the Ter-

minator is then plugged in.






ll. INPUT/OUTPUT OPERATION

INTRODUCTION

The Register I/O and the Direct Memory Processor use the party line I/0 bus for data
transfers. Data that is transferred over the I/O cable is transmitted by differential
drivers and received by differential receivers. This reduces common mode noise induced
by capacitive coupling between twisted pairs and also permits the electronic cabinets
to be at different ground potentials. All signals on the I/O cable can be transmitted

a maximum of 100 feet.

The I/O cable contains three separate busses (Figure 3-1). The first bus is a 16 bit,
bi-directional data bus used for transferring data to and from the computer. During
update periods, the data bus is also used to establish priority for the data interrupts,
service interrupts and the direct memory processor operations. The second bus is an

8 bit device address bus containing a 6 bit field that can select 1 of 64 controllers
and a 2 bit field used to determine the direction and type of I/O transfer. The third
bus is the source ID bus used normally to identify the communicating controller; or,

as in the case of the DMP, it is used to encode ROM entry addresses. In addition to
the 3 major busses, the I/O cable also carries several control signals such as master
clear (ICB), clock (5MHZ), 3 request lines from the controllers, 3 update lines that
are used to establish priority and a sync line used to control the timing of transfers.

’,/ \ DEVICE ADDRESS— 8 ;
T i > o
% | i DATA —16 N
—t | :> R
cPy ! | SOURCE ID—6 0
= :
< ! H CONTROL > 3
\ /) S
N~

FIGURE 3-1 I/0 CABLE

Device Addressing And I/0 Instruction Decoding

Refer to Figure 3-2.. The device address is used to select a controller on the I/O

cable during register I/O operations. The 6 device address signals (DAO-DA5) are
transmitted from the instruction register during each I/O instruction or from an 8

bit function register during DMP operations. Each controller has been Jjumpered to
decode a unique device address. The controller that is selected will respond with an
internal signal called This Unit Is Selected (TUISEL) which will. enable the I/O instruc-
tion Logic to decode the two remaining device command signals (IOF, CDF). The I/0
instruction decoder will develop one of four unique signals labeled command, input
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status, input data or output data. A sync pulse (IOS) is transmitted to the I/0 Instr
tion decoder during a timing window in which the device address and IOF, CDF signals
are guaranteed valid. The outputs of the I/O instruction decoder will correspond to
the width of the sync pulse. The width of the sync pulse will vary with the I/O mode
of operation. For DMP operations, an Enable Zero F/F (ENZERO) will allow the controlle
transferring data to respond to a device address of zero. (This permits the 6 device
address bits within the I/0 function register to be used for custom I/O macros).

INSTRUCTION DMP
REGISTER FUNCTION REG
9 [
- D&
R . I . . COMPUTER
VALY,
DECODE ADD= DEVICE
ZERO DECODE
[72]
l l l l THIS ¥ UNIT ¥ 2
28 8¢
< a g g 2
Skco @
Py @
8L 22 8
SEE g
a 2~
z © w
= o
>
w
[a]
- __ CONTROLLER*|
VAR,
DECODE ADD= DEVICE
ZERO DECODE
‘ i l l THIS y UNIT Y
fa) < <
z3845 5
skeco
=+ k= [
o wn 2 fn)
© gz
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z
- L __ _ CONTROLLER¥2
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FIGURE 3-2 DEVICE ADDRESS AND INSTRUCTION DECODE



Output Data

Data from the computer's I/O register is transferred to the controller's data register
with an output data command. The DMP I/0 macro programs will generate this command
for DMP output transfers. The data is guaranteed to be valid during the output data
pulse (OUDCM) decoded in the I/O instruction decoder. Either edge of this pulse may
also be used to strobe the data. Figure 3-3 is a functional block diagram of output
data.

I/0 REGISTER

k
o
SYNC
CDF
IOF

!

:_:':JSTDRE «— THIS UNIT
DECO IS SELECTED
REC
<
-
g
BUFFER g
-
o
a
'—
)
/ o
]
iy
QUSSR V J—— ——-]
DATA REG le= — — — — |

FIGURE 3-3 OUTPUT DATA

Input Data

When an input data command is executed, the input data signal (ENID) will open the
input data transfer gates and place the data word onto the I/0 data bus. The dura-
tion of the data pulses are controlled by the gating signal which is in turn controlled
by the width of the sync pulse. The sync pulse will have a minimum width of 1 us to
guarantee valid data in the I/O input buffer for 100 feet of I/O cable. See Figure
3-4,
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FIGURE 3-4 INPUT DATA

Input Status

Input status commands cause the input status pulse (ENIS) to open the status transfer
gates and place a status word on the I/O data bus. Reference Figure 3-5. The dura-
tion of the data pulses are controlled by the gating pulse which in turn is controlled
by the width of the sync pulse. The sync pulse will have a minimum width of 1 us to
guarantee valid data into the I/0 input buffer register for 100 feet of I/O cable.

Bit 0 of the data Will be equal to a one for any error condition. Errors are indicated
by status bits 1-6. Bits 1-6 are'OR'ed'to form bit 0. Bit 1 is used for synchronous
devices to indicate a data word 1ost“éohdition. An overflow is a word lost on an input
transfer. An underflow is a word lost on an output transfer. Bit 2 is used to indicate
a device parity error or checksum condition. Bit 3 is used to indicate an inoperable
condition in the device such as off line or power removed. Bit 4 is used by the DMP

when a memory parity error occurs on a data transfer.

The DMP will issue a terminate command with bit 7 = 1 if it detects a memory parity
error on a data transfer. Bits 7-15 is the event field of which bit 7 indicates device
busy, bit 8 indicates data ready and bits 9-15 contain optional event information.
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FIGURE 3-5 INPUT STATUS

Outputs to Command Registers

The output command can be used to load one of three command registers; enable and dis-
able the interrupts within the controller; force either a data or service interrupt;
select either the register or DMP I/O mode and start or stop a device. When the out-
put command is issued, bits 0 and 1 of the data will be used to select one of the

three basic type of commands.



See Figure 3-6. The first command, the select command, is developed by having both
bits 0 and 1 equal to zero. This command causes select command register to be loaded
with bits 2-15 of the data word. The controller will not accept a select command if
it is busy. This command is normally used for device selection before a transfer
initiate command is issued. However, it can be used as an extension of the control

command field which is discussed next.

The second command is the control.command. The control command will load the control
command register with bits %—15 of the data word if the device is not busy. The contrc
command is selected by having bits 0, 4 and 5 equal to zero and bits 1 and 6 equal to

one.
I/0 REG
CcD
COMPUTER
L o e H - -
CONTROLLER
TERM
2 J\E 15 -
SELECT / I SELECT
7 @ 5
CONTROL { CONTROL
5 i} 15
/ BIT O
XFER FUNCTION \ +— LOAD COMMAND
v
CLEAR STATUS
LDCMR =(CONTROL V BIT 6) A COMMAND A BUSY--
——A(BIT4ABITS5 V CONTROL)

FIGURE 3-6 OUTPUT TO COMMAND REGISTER



The third command, transfer initiate command, is used to start a device and will cause
the load command pulse to load the transfer initiate command register with data bits
5-15. The controller must not be busy to accept this command. It should be noted that
a clear status pulse (CLSTA) will be generated anytime the load command pulse is devel-
oped and will be used to reset any resettable status.

Output Command

In addition to loading command register, output command can be used for standard con-
trol functions. If bits 4, 5 and 6 of a control command are equal to zero the command
becomes a no-op command. The no-op command will not load the control command register.
The no-op command is used for two basic functions. It allows bits 2 and 3 to enable and
disable the interrupts at any time and it can be used to generate a clear status signal
(CLSTA) if the controller is not busy. The clear status pulse is used to reset any re-
settable status. If bit 4 of the control command is equal to a one, then an end of
block (EOB) pulse will cause a data interrupt request. This feature is used by the

DMP to force a data interrupt request at the end of each block of chained data. If

bit 5 of the control command is equal to one, a terminate command is issued to stop a
device or force a service interrupt request if the controller is not busy. If the con-
troller is busy the service interrupt request will occur when the busy signal is turned
off by the device. If bits 4 and 5 are both equal to one, then both of the above func-
tions will occur with the data interrupt request being serviced first because of its
higher priority in the computer. Any transfer initiate command in addition to loading
a transfer initiate command register will turn on the busy signal and start a device.
Bit 1 of this command is used to select the I/0 mode. Bit 2 and 3 of the initiate
command are used to enable and disable the data and service interrupts (Bit 03 = SI if
"1"; Bit 02 = DI if "1"). Bit 4 is stored in the input/output F/F so that the con-
troller will be able to properly steer the data ready F/F and be able to modify the
source ID bits for DMP data transfers.

Busy
The busy signal is used to indicate to the computer that the controller is either per-
forming a device dependent function or a data transfer function. When the busy signal
goes true, it will inhibit the load command pulse and therefore prevent changes within
the three command registers and status indicators. The busy signal is generated at two
basic times. It is always turned on with any transfer initiate command and will remain
on until an error condition occurs, a terminate command is received and a data transfer
function is complete, or it will be reset immediately by an abort terminate command.
The busy signal is also turned on for device dependent control command and will be re-
set automatically when the function is completed. A service interrupt request will be
generated when the busy signal is turned off, if the interrupt is connected. For DMP
register file operations a terminate sequence is started when the busy signal is turned
off.



Data Ready

The data ready signal is used to indicate that a data word is ready for transfer.

In the input mode, it is turned on when the input buffer is filled by the device

and is turned off when an input data transfer instruction or a terminate command

is executed. In the output data mode the data ready signal is turned on with the
transfer initiate command or when the output buffer is emptied by the device and is
turned off when the cutput data instruction is executed. The data ready signal is
used to generate the data interrupt request for register I/O operations or it is used

to generate the DMP data transfer request for DMP operations.

Interrupt System

The data interrupt, service interrupt and DMP sections of the controller all use a
similar technique for communicating to the computer. Each section operates inde-
pendently of the others, except for their data busy priority system. However, similar
sections in other controllers will share the same resources within the computer. All
operations are initiated within the controllers. Each section within the controller
has a request line to the computer. When one of the request lines to the computer

is turned on, the computer will respond with an update pulse to the requesting sections
and to all similar sections within the other controllers. Because several controllers
could be requesting at the same time, the update pulse is used to open a timing window
in which the controllers use the data bus to establish priority. Each controller on
the I/O cable is assigned a unique bit on the I/O data bus. All requesting controllers
will turn on their bit when the update pulse is true. Connected to the I/O bus within
each controller is a jumpered priority detector. It consists of a large OR gate to
which the data bits for all higher level controllers are connected. When the update
pulse is received, each requesting controller will place a source ID word onto the
source ID bus. If the priority detector within the controller detects a higher pri-
ority, then that controller will remove its source ID. Within a very short time only
one source ID will remain on the source ID bus. The correct source ID is guaranteed

to be valid at the computer at the end of the update pulse. At this point, the com-
puter will sample the source ID word and place that word into the source ID register.
For interrupts, the source ID is the same as the device address code for the controller.
For DMP request, the source ID selects the DMP channel and the functions to be per-
formed. The computer does not need to know which controller is requestiné a DMP opera-
tion since the controller which is transferring data will respond to a device address
of zero. Two bits of the source ID from the DMP section are used to select custom

I/0 macros; the remaining four bits of the source ID will become the 4 most signifi-
cant bits in a 7 bit address field used for custom I/O macro ROM entries. Figure 3-7
illustrates the Interrupt System. o
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Data Interrupt

The data interrupt must be enabled within the controller by an output command before
any interrupt request can be transmitted to the computer. Refer to Figure 3-8. An
interrupt strobe pulse (INTSTB), which loads data bit 2 into the enable F/F, is gener-
ated for each transfer initiate or functional control command if the controller is

not busy or for any no-op command. For the register I/O mode the data ready signal
going on will set the data interrupt set request F/F., For DMP operations the set re-
quest F/F can be set with an EOB command from the computer. Provided the interrupt

is enabled and interrupt system is not being updated, then the set request F/F will
cause the data interrupt request F/F to set. At this time the requést line to the
computer is turned on and the interrupt sequence is started. On the next clock pulse
after the request F/F is set, a reset F/F is set and a reset sequenée is started which
will first reset the set request F/F. For the controller which has the highest pri-
ority the request F/F will go reset on the trailing edge of the update pulse. For

the other controllers requesting, their request F/F's will stay set for the next
interrupt sequence. The request F/F in any controller can also be turned off by re-
seting the enable F/F with a no-op or an initiate command or directly turned off by

a terminate command without the EOB bit set.

ICB ———»
UPDATE Q ——»
CLOCK ————» — PRIORITY BIT
REG I/O MODE —
DATA READY —»
EOB ——————p
RSDRQ ————p
INT STROBE — —» REQ
BIT2 ——»
PRIORITY ————»

DATA
INTERRUPT
INTERFACE

FIGURE 3-8 DATA INTERRUPT

Service Interrupt

The service interrupt is very similar to that of the data interrupt. The enable F/F
is loaded by the interrupt strobe pulse which is now using bit 3 as the select bit.
The set SI request signal (STSIRQ) will set the request F/F provided the interrupt is
enabled and thevinterrupt system is not being updated. The set SI request signal is
turned on when the busy signal is turned off or when a terminate command is executed
if the controller is not busy. Once the request F/F is set, the interrupt request
signal is sent to the computer and the interrupt sequence is started. At the same
time a reset pulse (SIRST) is generated which is used to reset the set SI fequest
signal. 1If the controller has highest priority, the request F/F will go reset on the



trailing edge of the update pulse. The request F/F can also be reset when the enable

F/F is turned off with a command.

DMP Interface

The DMP interface logic is used to perform four basic functions: Initialize, transfer
data, terminate and is used for starting custom I/0 macros. The initialize and terminate
functions are used only for DMP register file operations. The initialize function is
used to transfer the contents of dedicated memory locations into the DMP register file.
The terminate function is used to transfer the contents of the transfer address regis-
ter into the appropriate dedicated memory location. The DMP source ID bits are jumpered

to unique configurations as follows:

DMP SOURCE ID FUNCTIONS

BITS FUNCTION
0({1|2]3}4]|°5
0 | 0| channel Memory File In
0] 1| Select Memory File Out
110fj0f(0O S Register File In
1|]0j0]1 i i Register File Out
1j0|]1(0 g g Register File Initialize
1011 ! Register File Terminate
1| 1| ROM Entry Custom I/0 Macro's

The initialize sequence is started with a transfer initiate command with data bit 1
equal to a one. This causes a set initialize request F/F to be set. The request

F/F will set once the initialize request signal is on and the request in progress
signal and the update signals are off. The request F/F turns on the DMP request

line (DRDMRN) to the computer and enables the priority bit (DMPRQN) to be placed on-

to the data bus when the update signal is true. The request F/F also starts a trans-
fer sequence that will transfer the contents of the set initialize F/F into a holding
F/F used for source ID generation. The source ID bits (0-5) will be encoded with a
code of 1010XX where the least significant two bits are jumpered to select one of the
four register files. The three DMP functions: initialize, transfer data and terminate
all operate in a similar manner with the initialize functibn having the highest priority
followed by the terminate function, with the data transfer function being the lowest.
There are two additional operations performed during data transfer. The input/output
signal is encoded into the source ID and the device address;zero decoder is enabled

so that the controller will be able to respond to any command with a device address

of zero if it had highest priority at the trailing edge of the DMP update signal.






IV. INPUT/OUTPUT INSTRUCTIONS

Two input instructions are provided to enable a data or status word to be transferred
from any peripheral device to any general register. Two output instructions are pro-
vided to enable a data or command word to be transferred from any general register to
any peripheral device.

Up to 64 peripheral devices, consisting of four groups of 16 each, are addressable by
each instruction. The group address is obtained from the two least significant bits
of the operation code field. Therefore four operation codes and mnemonics are assigned

to each instruction.

I/0 GROUP A Consists of Device Addresses 00-0F
I/0 GROUP B Consists of Device Addresses 10-1F
I/0 GROUP C Consists of Device Addresses 20-2F
I/0 GROUP D Consists of Device Addresses 30-3F

All instructions are executed in the fixed length of time contained in each instruc-
tion description.

OUTPUT COMMAND

OCA OCA (40) Output Command To I/O Group A
OCB OCB (41) Output Command To I/O Group B
OCC ocC  (42) Output Command To I/O Group C
()(:[) OCD (43) Output Command To I/O Group D
1.07 us
. > o 8 78 11 12 13 G, D >~ I/0 Address Lines
4 00 |' G Ra D (Ra) + I/0 Data Lines

The group (G) and device (D) numbers contained in the instruction word are placed on
the I/0 bus address lines.

The 16 bit output command stored in register Ra is then transferred to the I/O
register and placed on the I/O bus data lines.
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OUTPUT DATA

ODA ODA (44) Output Data To I/O Group A
ODB ODB (45) Output Data To I/O Group B
OoDC OoDC (46) Output Data To I/O Group C
()[)[) ODD (47) Output Data To I/O Group D
1.07 us

0 3 4 5 6 7 8 11 12 15

G, D > I/0 Address Lines

4 01 G Ra D

(Ra) -+ I/0 Data Lines

The group (G) and device (D) numbers contained in the instruction word are placed on

the I/0 bus address lines.

The 16 bit data word stored in register Ra is then transferred to the I/0 register
and placed on the I/O bus data lines.

INPUT STATUS

ISA ISA (48) 1Input Status From I/O Group A
|SB . ISB (49) Input Status From I/O Group B
|E;(: ISC (4A) 1Input Status From I/O Group C
ISD ISD (4B) Input Status From I/O Group D
1.6 us
0 3 4 5 6 7 8 11 12 15

G, D » I/0 Address Lines

Device Status - Ra
The group (G) and device (D) numbers contained in the instruction word are placed on
the I/0 bus address lines.

NOTE: I/O interrupt processing routines use a unique ISA or IDA

instruction format:

ISA,R,0 which is an ISA instruction with a device address of 0 causes the routine

to interrogate the Service Interrupt sub-levels.



IDA,R,0 which is an IDA instruction with a device address of 0 causes the routine

to interrogate the Data Interrupt sub-levels.

Up to 16 bits of status are then transferred from the addressed device over the I/O
bus to replace the contents of register Ra.
Affected: Ra

INPUT DATA
IDA IDA (4C) Input Data From I/O Group A
IDB IDB (4D) Input Data From I/O Group B
IDC IDC (4E) Input Data From I/O Group C
IDD IDD (4F) Input Data From I/O Group D
1.6 us
0 3 4 5 6 7 8 11 12 15
G, D > I/0 Address Lines
4 11 G Ra D Device Data + Ra

The group (G) and device (D) numbers contained in the instruction word are placed on
the I/0 bus address lines.

Up to 16 bits of data are then transferred from the addressed device over the I/O
bus to replace the contents of register Ra.
Affected: Ra






V. GENERAL PURPOSE CONTROLLER

INTRODUCTION

The general purpose controller provides all the interfacing logic, including data
buffer amplifiers, required to connect an I/O device to the I/O cable. The general
purpose controller also contains a work area where data buffer registers, setup
registers, input status logic and special control logic can be implemented. The
logic for two I/O interrupts and the DMP channel interface are also included. The
general purpose controller will generate the timing pulses for transferring data,
commands and status into and out of the work area.

Internal jumpers must be connected to satisfy variable I/O functions, such as device
address and device priority. If the DMP interface is used, some jumpers must be
connected to select the type of DMP (Memory or register file), and channel. If custom
I/0 macros are used, the ROM entry address of the firm-wired program must be jumpered

to the source I/D lines.

Data transfers are controlled by two signals from the general purpose controller.
One signal, output data command} is a strobe pulse used to output a data word to a
buffer register in the work area. A second signal, input data command, is a gating
pulse used to gate data in from a buffer register in the work area. These are the
only two signals required for data transfers.

For inputting a status word a gating signal (enable input status) is provided. This
signal is used just like the input data command signal.

An additional feature of the general purpose controller is that it contains inter-
locking logic for device dependent functions. A busy signal from the work area is
required to enable and disable the interlocking function. The interlocking function
is used to prevent a device from receiving a motion command, caused by a program error,

during a period in which the device is performing a previous motion command.

For setup operations, the command instruction will cause a gating signal, load command
register, to be generated only if the busy signal is false. This pulse (LDCMR) is
used to strobe data into a command register in the work area. For more complex setup
operations, several sub-functions of the commands are available.

The interrupt logic and its enabling and disabling logic is contained in the general
purpose controller. There are two I/O interrupts available in the controller. These
interrupts can be used for any function, but the DI is normally used for data transfers
and the SI is normally used to indicate that a controller is not busy. The two inter-
rupts are requested by signals from the work area. The set service interrupt request
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signal is normally reset when the interrupt has been accepted by a reset service
interrupt request pulse from the controller. The data interrupt is normally reset
by an output data command, input data command or a terminate command.

The interfacing logic required by the DMP is contained in the general purpose con-
troller. The data request signal must be connected from the work area. Each time
the data request signal is true, a transfer sequence will be started.

A 5 MHz square wave and a master clear pulse are also available to the wqu area
from the general purpose controller.

GENERAL DESCRIPTION

The general-purpose controller provides the means for custom installation of a stan-

dard interface between the cable driver/receiver set and special device controllers.

Logic diagrams and physical layout drawings are provided in Volume II as a guide to
implementing all of the logic functions common to most bi-directional devices. 54
integrated circuit connectors with wire-wrap pins are provided for the implementa-
tion of this logic together with the integrated circuits required. In addition, a
total of 89 unassigned dual=-in-line integrated circuit connectors are provided on the
same printed circuit card. These may be used for the custom logic required for each

controller, in addition to that portion of the general purpose logic implemented.

The general-purpose controller is packaged on a 7" x 14-1/2" printed circuit card.

It contains dual-in-line integrated circuit connectors for all logic circuits. Power
and ground are distributed by printed wiring. The number of connectors available for
custom wiring is described in Table 5-1.

.

PINS CONNECTORS POWER AND GROUND CONNECTED
14 64 Yes
16 25 No
24 4 ’ No
26 18 No

TABLE 5-1 CUSTOM WIRING CONNECTIONS

The power connections are +5V (pin 14) and GROUND (pin 7). The 26-pin connectors are
at the front edge of the card and are available for connecting twisted pair cables
between the controller and eight 106-pin I/0 cable connectors mounted in the back of
the enclosure. These eight connectors and standard I/0 cable are used for connecting
peripheral devices to the controller. The 16 pin connectofs without power connections
are used for cable terminating resistors.

The 7" x 14-1/2" printed circuit card is mountable in one-half of a Peripheral Controlle

Interface enclosure plane. It is cabled directly to a cable driver/receiver set in

the enclosure, which can be connected to a total of four controllers.
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LOGIC SIGNALS

The following logic signals are provided at the interface of the general purpose
controller logic and the custom logic. The general purpose controller logic is wired
as indicated by the logic drawings in Volume II. However, not all of these signals
will be required by every device. The unused signals and inputs should be examined
for termination requirements.

Device Address From Buffers (DAFBX) 520-100106 SHT. 1

Six device address lines with inverted outputs can be provided. They are defined

as:

High True
DAFB0O - DAFB5 (LSB)

Low True
(DAFBON - DAFB5N (LSB)

It is generally not necessary to interrogate these signals since gating is provided

for unit selection.

This Unit Is Selected Line (TUISEL) (106-1)

The desired combination of device address lines are wired into specified gates, thus
generating this unit is selected line. TUISEL is high true when the unit is selected
either by programmed I/O or DMP mode. This signal is generally not necessary for

custom interfaces.

This Unit Has Highest Priority (TUHPRI) (106-1)

All higher priority data bits (DFBOON - DFBXXN) are wired into specified gates, thus
generating the TUHPRI line. TUHPRI is high true when the selected unit has the highest

I/0 priority. This signal is generally not necessary for a custom interface.

Interrupt Level

The interrupt (low true) is custom wired from the output of a generating gate to the
desired input data bit (DTDXXN). This signal is generally not necessary for custom

interfaces.



Output Data Command (OUDCMN) (106-3)

The OUDCMN signal is a gated pulse which is active (low true) for the duration of the
1/0 sync (approximately 200 ns). OUDCMN is gated with TUISEL. OUDCMN is not gated

with controller busy.

Input data Command (INDCMN) (106-3) .

The INDCMN signal is a gated pulse which is active (low true) for the duration of the
I/0 sync (approximately 1.1 us). INDCMN is gated with TUISEL. INDCMN is not gated
with controller busy.

Enable Input Data (ENIDOl1 - ENIDO02) (106-3)

ENIDOl1l and ENIDO02 are provided as the inversion of INDCMN.

Enable Input Status (ENIS0l - ENIS02) (106-3)

The ENISOX signals are gated pulses which are active (high true) for the duration of
the I/0 sync (approximately 1.1 us). ENISOX is gated with TUISEL. ENISOX is not
gated with controller busy.

Clock From Buffer (CLKFB)

CLKFB is provided as the I/0 clock to the device. The same phase relationship is

maintained as is present on the differential I/O bus.

Terminate Command (TERMN) (106-3)

TERMN is a gated pulse which is active (low true) for the duration of I/0O sync and
this unit selected. TERMN is not gated with busy. TERMN should reset all data
requests in the custom interface. TERM is provided as the inversion of TERMN. TERMN

occurs when the I/O terminate command is performed.

Control Command (CTLCMD) (106-3)

CTLCMD is a high true pulse for the duration of the I/O sync. It is generated when

the I/0 control command is programmed.

Select Command (SELCTN) (106-3)

Select Command is provided as a low true signal for the duration of valid data bits
on the I/0 bus. If it is necessary for the custom logic to use this signal, then it

must be gated with the I/O sync pulse.



End of Block Command (EOBLKN) (106-3)

EOBLKN maintains the same characteristics as TERMN except that it occurs when the
I/0 end of block is performed. This signal is generally not necessary for custom

interfaces.

Load Command Register (LDCMRN) (106-3)

LDCMRN is a gated pulse occurring during an I/O output command for the duration of
the I/0 sync (low true). LDCMRN is inhibited by controller busy no operation, TERMN
and EOBLKN. LDCMRN should be used to load the command register of the custom inter-

face.

Clear Status Register (CLSTAN) (106-3)

CLSTAN is generated by the same conditions as LDCMRN. However, it is not inhibited
by the no operation command. CLSTAN is low true when active and should be used to

reset status bits as required in the custom interface.

Set Service Interrupt Request (STSIRQ) (106-1)

STSIRQ must be supplied by the custom logic as a high true signal. It must remain
high until the service interrupt reset pulse (SIRSTN) is generated. If STSIRQ is not

reset by SIRSTN, unwanted interrupts may occur.

Reset Service Interrupt Line (SIRSTN) (106-1)

SIRSTN is provided as low and high true. It becomes active approximately 100 ns after
the trailing edge of service interrupt signal if the SI is connected and STSIRQ is
active. SIRSTN remains active until the selected unit is the highest priority plus
approximately 100 ns after the SI queue trailing edge. SIRSTN must be used to reset
the custom logic STSIRQ signal.

Data Request (DATARS) (106-2)
DATARS must be supplied by the custom logic as high true. It is used to set either

the data interrupt or the DMP data request. It must be reset by OUDCMN, INDCMN and

Terminate in the custom logic.

Initial Condition Bus (ICBFB) 520-100106 - SHT. 1

ICBFB is provided to the custom logic as both high and low true. It is generated by

computer console master clear or power turn-on.



Source ID (DRIDON - DRIDRN) (106-2)
The desired source ID lines are wired from the outputs of supplied gates to pre-set

pins on the I/0 connector. Only those bits which are "ONES" are wired in. This

wiring may also include DMP source ID.

Output Data From Buffer (DFB00 - DFB1l5) (106-4)

The 16 DFBXX lines provide high true data signals for the duration of the active
"ONE" on the I/O bus. DFBXXN are provided as the 16 inverted lines of DFBXX. All
the above lines are free of gating.

Data To Logic Module (DTLM00 - DTLM15) (106-5)

DTLMXX are 16 logic signals which are supplied by the custom logic as high signals.
Only those data bits which are desired to be sent to the computer need be connected.
These lines must be stable during an input data command for the duration of the I/O

sync pulse.

Status To Logic Module (ISLMOO - ISLM15) (106-5)

ISLMXX are 16 custom logic supplied signals which are high true. Only those status
bits which are desired to be sent to the computer need be connected. These lines must
be stable during an input status command for the duration of the I/O sync pulse.

Receiver Data Module to Driver (DTDOON - DTD15N) (106-5)

These 16 lines which are the low true outputs of the respective DTLMXX and ISLMXX
supplied gates must be custom wired to pre-set pins on the I/O connector. Only those

bits which are used should be wired in.

DMP Store SID Request Strobe (DMPSRS) (106-7)

DMPSRS is a custom supplied high true pulse which is used to generate the store DMP
source identification code. Generally the STSIRQ may be used as the DMPSRS signal.
DMPSRS may be reset by the LDCMRN signal or SIRSTN. All the DMP source ID generation
is contained in the general purpose controller DMP logic.



DETAILED THEORY

The general purpose controller is a standard front end common to all controllers.
The logic description which follows explains how this common front end functions as
a separate unit, but being common to all controllers, the logic description applies

to them as well.

NOTE: The prefix DR before a mnemonic indicates that the signal comes from or goes
to the driver/receiver module before going to or coming from the CPU. The driver/
receiver module is a level converter from the differential bus to the high (+5V) and
low (ground) logic levels used by the controllers. The controller portion of the
interface generates some signals and will be termed the user in this description.
Circuit and gate designations in this description are referenced by the output pin
of that circuit or gate. Table 5-2, at the end of this section, contains a signal
mnemonic list with definitions.

Priority decode, service interrupt control and device address decode are located on
logic drawing 520-100106, sheet one.

Priority Decode 520-100106-1

The I/0 priority is decoded by gates XV5D08 and XV5C08. These two gates look at the
data bits from the bus (DFBXX) from sheet four. The data bits that must be connected
are only those which have a higher I/O priority than this controller. I/0 priorities
are described in Appendix A, Peripheral Device Assignments. Figure 5-1 illustrates

the logic for priority decode. One line from each higher priority device is connected
to the 'OR' gates. Unused inputs are tied to +5V to disable them. Figure 5-1 assumes,
for the purpose of illustration, that this device is a card reader, (rather than the
general purpose controller) with I/O priority eight (8) from Appendix A. The output
of XU2F0l1 will be high if this controller is the highest priority, and the signal
TUHPRI will be generated.

5VP

(DISC) DFB@IN
5VP

5VP

(MAG TAPE) DFB@4N
5VP

5VP

(MAG TAPE) DFB@7N

JKFF
XV6G6

0
|

2
3
4
5
6
7

- IF GATE IS NOT USED,
= CLAMP OUTPUT TO GND.

TUHPRI

FIGURE 5-1 PRIORITY DECODE
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Service Interrupt 520-100106-1

The SI connect F/F XUlF05 will be set or reset by the pulse INTSTB (interrupt strobe).
The state of DFB03 will determine the state of SI connect F/F XUlF05.

SI request F/F XV6Gl5 will be set by gate XUlE1l2 going low if the SI has been connected,
there is no update queue (DRSIUN) on the line, and the signal STSRIQ (set SI request)

is detected from the user. The output of XV6Gl5 is inverted by XV4E(02 and sent to the
CPU via the driver/receiver module as signal DRSIRN. The CPU will respond to thé SI
request by sending the signal DRSIUN (SI update queue) back to the controller when the
SI request can be serviced. The SI request F/F will be reset on the trailing edge of
update queue if this unit is the highest priority requestor. The priority of this

unit is put on the data bus during the update queue. This is accomplished from the
output of XU1lCO03 which is one of three 'OR' conditions on gate XUlE06. The output of
XULE06 is inverted by XV4E04 and put on the data bus as this units priority. To connect
the priority level to the bus, the signal DTDXXN goes to sheet five where it is'wire-
ored' directly to the corresponding bit on the output bus. The priority level is
'turned around' at the driver/receiver module, coming in at sheet four and back to

the priority decode logic on sheet one. The priority level is then connected to all
controllers having lower priority than this one.

The priority level is also put on the bus if there is a DIREQN (data interrupt request)
or DMPRON (DMP request) satisfying one of the other two 'OR' conditions on gate XUlEQ06.

Pin five of XULlEO5 is tied to 5VPD if the DMP option is not included in the system.

The first clock after SI request F/F goes set will cause the F/F XUlF08 (in reset
state) to go set, generating SIRSTN (service interrupt reset).

SIRSTN is used to reset the source that provided the initial STSIRQ.

Device Address 520-100106-1

The device address is determined by the output of the six inverters XV2A and the six
inverters XV5B. The device address for each peripheral can be found in Appendix A,
Peripheral Device Assignments. The correct address for this device is wired into
gates XU1D06 and XUlD12 as shown in Figure 5-2. The outputs of the two gates are
AND'ed by gate XU1C06 which is one of two OR conditions on gate XU1lC08. The resulting
signal is TUISEL (this unit is selected).

The signal ADDZEN (address zero) is connected to XUlCl0 if the controller has the
DMP option. If no DMP, XUIC1l0 is connected to 5VPD.
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FIGURE 5-2 DEVICE ADDRESS

Data interrupt control and source ID control are located on 520-100106 sheet two.

Data Interrupt Control 520-100106-2

The DI connect F/F XU2EQ05 is set or reset by the pulse, INTSTB. The state of DFB02
will determine the state of XU2EO0S5.

DI set request F/F XUIB can be set in one of the following two ways. Either the
signal EOBLKN (end of block) is detected or the pulse DATARS (data request) from the
user is detected. The inhibit signal RGIOMD (XU1lB02) is present if the controller
has DMP and the DMP mode is selected. If there is no DMP, XU1lB02 is connected to
5VPD. The DI request F/F XV6Gll is set by AND gate XULlEO08 being satisfied as a
result of: DI connect F/F XU2E(Q5 set, DRDIUN (data interrupt update queue) not pre-
sent and DI set request F/F XU1lB set. The output of XV6Gll is inverted by XV4EO06
and sent to the CPU via driver/receiver module as signal DRDIRN (DI request). The
CPU will respond by sending DRDIUN (data interrupt update queue) to the controller
when DRDIRN is detected and can be serviced. When DRDIUN is received at the con-
troller, it will be AND'ed with DI request F/F on gate XUlCll. The signal generated
(DIREQN) goes back to sheet one providing one of the 'OR' conditions on XUlE04 to
put the priority level on the data bus.

The first clock, after DI request F/F is set, causes the DI reset F/F (XUlB08) to go
set, which in turn allows the DI set request F/F to go reset. The next clock resets
the DI reset F/F XUI1B.

The DI request F/F will be reset on the trailing edge of the update queue if this device
is highest priority. 1In the case of both DI and SI request, if the device is not the



highest priority requestor, the request F/F's are inhibited from resetting by keeping
the K input at ground. This results in leaving the request on line (pending) until

the device becomes the highest priority requestor.

If a terminate is detected, the signal RSDRQN (reset data request) is generated on
sheet three and is received on gate XV6C (sheet two), resetting any outstanding DI

request on the line.

Source ID

When a DI or SI update pulse is received, each controller puts its unique source ID
on the source ID bus through inverters XV4D. Only the inverters needed for the ID
code are connected. The source ID code is the same as the device address code for

the controller.
The signals SIREQN and DIREQN are OR'ed by gate XU2D03 to prime AND gate XUID.

The second input to XU1D is TUHPRI. If the priority detector within the controller
detects a higher priority, TUHPRI goes false, disabling gate XUlD which removes the
source ID of each lower priority controller. The source ID of the highest priority
requestor is valid at the CPU by the end of the update pulse.

Gate XU2F04 is used to reset status gates in the controller. The output, RSTSTN

(reset status) is an OR condition of ICB and MDESEL (mode select) which is a result

of a command issued and detected on sheet three.

Command Decode

The I/O command decode logic is found on sheet three. Four types of commands are

decoded. They are:

Output Command - (oca)
Input data command (IDA)
Output data command (ODA)
Input status (IsA)

These command codes are decoded by gates on the right hand side of the page.
Three other signals are also necessary to enable the command decode. They are:
DRIOFN - input/output function

DRCDFN - command/data function
DRIOSN - I/O sync



Data flow is determined by DRIOFN. If the signal DRIOFN is true (low), data is input
to the CPU. IF DRIOFN is false (high), data is output from the CPU to the controller.

DRCDFN determines whether the instruction is a command or data. If DRCDFN is true
(low), the instruction is data. If DRCDFN is false (high), the instruction is a

command .

These lines are interrogated at I/O sync time, DRIOSN.

DRCDFN DRCDFN
DRIOFN INPUT DATA INPUT STATUS

- IDA- — ISA -
DRIOFN OUTPUT DATA OUTPUT COMMAND

- ODA- - OCA -

Output data command (OUDCMN) - gate XV6E06 will be made by ANDing TUISEL, DRIOSN,
DRCDFN and DRIOFN.

Input data command (INDCMN) - gate XV6F06 will be made by ANDing TUISEL, DRIOSN,
DRCDFN and DRIOFN. The input data signal is inverted by two individual inverters

which provide enable signals for the data gates on sheet five. The signals are
ENIDOl1 and ENIDO2 (enable input data one and two). The data is interrogated by the
CPU on the trailing edge of INDCMN.

Input status command - gate XV6E08 is made by AND'ing TUISEL, DRIOSN, DRCDFN and
DRIOFN. The output is inverted by two individual inverters which provide enables for

the status gates on sheet five. The output of the inverters are ENISOl and ENIS02

(enable input status one and two).

Output command - gate XUlA06 will be made by AND'ing TUISEL, DRIOSN, DRCDFN and DRIOFN.

There are three types of output commands:

Select
Control
Transfer Initiate

Select instruction - gate XV6D03 will be satisfied if data bits DFBOON and DFBOL1N are

false, producing SELCTN.

Transfer initiate - gate XU2Cl2 will be made if DFBOIN is false, DFB0O is true and
MDESEL is true, producing RIOTIS (register I/O transfer initiate command).

Control instruction - gate XV6C03 is made by DFBOON false and DFBOl true.




Control command ~ gate XV6C06 is made by XUlA06 true (command) and CONT true.

End-of-block - gate XV6D08 is made if DFB04 is true and CTLCMD is true.

Terminate command - TERMN is generated from gate XV6Dll if DFB05 and CTLCMD are both

true.

Reset data request - RSDRQN is generated from gate XU2A06 if DFBO5 (terminate bit)
is true, CTLCMD is true and DFBO04N (EOB bit) is false.

Set service interrupt - SETSIN is generated by gate XU2Al2 if DFBO5 is true, CTLCMD
is true and BUSY F/F XU2EO08 is reset. ‘

Interrupt strobe - INTSTB is generated from gate XULA08 if SELCTN is false, XUlA06
(command) is true, XU2B06 is false (no EOB or terminate bit set,ka result of OR gate
XU2B03) and XU2D08 true. XU2D08 is true if device not busy or XV6D06 is true, which
indicates a CTLCMD was issued and DFB06N was false. (Gate XV6D06 true and XV2B06 false

indicates a NO-OP command was issued).

Mode select - MDESEL is generated by gate XU2C06 if XUlA06 is true (command), BUSY
F/F XU2EO08 is reset, and XU2B06 is false (no EOB or terminate bit set).

Clear status registers - CLSTAN is a result of inverting MDESEL through XU3D10.

Load command register - LDCMRN is generated by gate XU2D1ll if XU2C06 is true-and gate
XV6D06 is false.

" Busy - if the controller goes busy (the signal ISIMO07 being provided by the user) and
I/0 sync is not present, BUSY F/F XU2E will be set by gate XU2D06. If the controller
goes busy during I/O sync time, the BUSY F/F will be set on the trailing edge of
command (XUlA(06). This F/F inhibits any commands getting through while the controller

is busy.

Output data buffers - Sheet four contains the output data buffers. The input to the

inverters are from the driver/receiver module and are signals DFDOON through DFD15N.
The output of these inverters are DFB00 through DFBlSy(data‘from buffer). The signals
are inverted one time, producing signals DFBOON through DFB15N. This allows the user
to wire in the correct polarity for custom I/O interfaces.

Input data buffers - Sheet five contains the input data buffers. This produces a wire

OR'ed bus for data or status. The correct gates are enabled by signals ENIS01l and
ENIS02 for input status and ENIDOl and ENIDO2 for input data.

Twisted pair connections - Sheet six contains the. twisted pair connections for the I/0

interface from the controller to the 3M connectors to be interfaced to the driver/
\

receiver module.

5-12



DIRECT MEMORY PROCESSOR

Logic for the DMP option is contained on sheet seven. There are two modes of DMP;

Register file and Memory file.

A DMP command is detected by gate XU5A12., If DFB00, DFB0l and MDESEL are true, XU5Al2
will go high, setting mode latch XUSE. The output of XU5E04 being low (RGIOMD), in-
hibits DI request from being generated by DATARS on Sheet 2. This allows the signal
DATARS to generate a DMP request. If the Register I/O mode is selected, the mode
latch is reset by signal RIOTIS. This insures that there will be no DMP request made
and the signal RGIOMD will enable DI request to be generated on Sheet 2.

There are three ways to generate a DMP request (DRDMRN) in the Register file mode.
The first request is generated when gate XU5A12 goes high (this is the same gate that
sets the mode latch). The output of XU5Al2 sets F/F XU5C05 through pin 3. In the
register file mode, pin 2 of XU5C and pin 2 of XU4D are connected to 5VPK. If the
memory file mode is used, these two pins are tied to GND, and these two methods of
generating DMP request are inhibited. The output of XU5C06 goes to F/F XU4C09 and
insures this F/F is reset at the initialization of DMP;y The output also goes to one
of the three OR conditions on gate XU2A08. The output goes to gate XU2C08, and if
F/F XU4AO5 is not set (indicates no DMP request in process), then gate XU2C08 is en-
abled. The output of XU2C08 goes to one input of NAND gate XUS5F06 and if there is no
DMP update queue present, gate XU5F06 will set DMP request F/F XU4Gl5. The output of
DMP request F/F is used several places as an enable. Gate XV4CO03 is enabled and the
signal DRDMRN (DMP Request) is sent to the CPU via driver/receiver module. When the
request can be serviced, the signal DRDMUN (DMP update queue) is sent to the controller.
During this signal, gate XU4B03 will be enabled and signal DMPRQON (DMP Request) goes
to sheet 1 to enable this controller's priority to be put on the bus. If this unit
is highest priority, gate XU5B06 will be enabled, allowing the source ID to be put on
the ID bus. The source ID tells the CPU what type of request is being made. Bits 0
and 1 indicate whether the DMP is Register file or Memory file. This is determined
by the type of controller and whether the inputs to these two gates (XU4C06 and XV4C08)
are tied to GND or 5VPG. Bits 2 and 3 are used to indicate one of four modes if you
are in the Register file mode: 1 Input 2 Output 3 Initialize 4 Store transfer
address. Also in this mode, bits 4 and 5 indicate which set of registers to be used
from 20-27. In the memory file mode, bits 2-5 are used to generate 1 of 16 dedicated

address. Pairs for transfer address and count.

When DMP request F/F is set, the output goes to the D input of F/F XU4A05. The first
clock after Request is set, F/F XU4A05 will be set. The output of XU4A05 goes to the
A/C trigger of three F/F's. This will transfer the information from the first F/F
into the second rank. Since F/F XU5C05 was set by the DMP initialize, XU5C09 will be
set by the pulse from XU4A05. The Q output goes to gate XUS5E13. Since F/F XU4A05
was set, these two signals are AND'ed together and the output of XUS5E13 resets F/F
XU5C05 through OR gate XU5E10. Q output of F/F XU5C08 also goes to OR gate XU4Bll

to provide the correct ID for initialize. If this unit is highest priority, DMP
Request F/F is reset on the trailing edge of Update Queue. If this unit does become
highest priority after Request F/F is reset, the first clock will reset F/F XU4A05.



F/F XU5C09 will stay set until the next DMP Request is made and F/F XU5CO05 is not set.

The éecond way a DMP Request is generated is by signal DATARS (Data Request). This
signal sets F/F XU4C05. Output of XU4C06 goes to one of the three inputs on OR gate
XU2A08. If F/F XU4A06 is not set and there is presently not a DMP Update Queue on the
line, DMP Request F/F XU4Gl5 will be set. DMP Request is sent to the CPU, and F/F
XU4A05 will be set on the first clock following the set of the request F/F. This trans-
fers the data request into F/F XU4C09 and resets F/F XU4CO05 through AND gate XU5F11
and OR gate XU5B12. When the Update Queue is received, signal DMPRQN is sent to sheet
1 to put the priority bit on the bus. If this unit is highest priority, the Source

ID bus is enabled. The direction of data flow, whether input or output, is determined
by gate XU4B06. Pin 5 of XU4B is tied to a signal that indicates output. If XU4B06
is low, this will put Source ID on bus for oﬁtput. If XU4B06 is high, this will put
the Source ID on the bus for input. '

If this unit is highest priority, and data request F/F XU4C06 is set, the D input of
F/F- XU4A09 will be enabled so that on the trailing edge of Update Queue F/F XU4A09
will be set providing the signal ENZERO which goes to gate XU4E08 as an enable. Also,
on the trailing edge of Update Queue if this unit is highest priority, DMP Request
F/F will be reset. If this unit is not highest priority, DMP Request will remain set
until this unit is highest priority. F/F XU4C09 will remain set until there is a re-
quest and a Data Request is not made or an initialize DMP occurs. F/F XU4A09 will
remain set until a DMP Request occurs without a data request. A terminate will occur
automatically when the word count reaches zero. A terminate will be generated with
an address of zero. This allows any Data Request or DMP Request in progress to be
reset. This is accomplished through gate XU4E08, which is address zero, and ENZERO
F/F is set. This produces signal ADDZEN (Address Zero) which goes to sheet 1, (OR
gate XU1C08) to produce signal TUISEL. Output XU4E08 is inverted‘by XU4F04 which godes
to gate XU5F03 to be AND'ed with signal TERM. The output of XUS5F03 goes to OR gate
XU5A08. The output of XU5A08 goes to F/F XU4C05 as a reset and also goes to DMP
Request F/F XU4615 as a reset.

The third way to generate a DMP Request is by signal DMPSRS which occurs at the same
time as the SI request. This request is used to store transfer address. F/F XU4DO05
is set by DMPSRS, and output XU4D06 goes to OR gate XU2A08. If there is no DMP in
progress (output of XU4A05) and there is presently not a DMP Update Queue on line,
then DMP Request F/F XU4Gl5 is set. The first clock after request F/F is set causes
F/F XU4A05 to be set. The output of XU4A05 transfers the store transfer address to
F/F XU4D09, and also, thropgh gate XUS5F08 and OR gate XU5A06 F/F, causes XU4DO05 to
be reset.

When Update Queue is reéeiVed, signal DMPRQN is generated and sent to sheet 1 to
allow the priority bit to be put on the bus. If this unit is highest priority, the
Source ID is enabled to be put on the bus by gate XU5B06. The correct ID is provided
by output of F/F XU4D08. The output goes to two OR gates, XU4B08 and XU4Bll. On the
trailing edge of Update Queue and this unit is highest priority, DMP Request F/F will
be reset. If this unit is not highest priority, DMP Request will stay set until this



unit becomes highest priority. The first clock after DMP Request is reset caduses
F/F XU4A05 to be reset. F/F XU4D09 (Store transfer address) will be reset when the
next request is made and F/F XU4D05 is not set.

Memory parity error F/F is also contained on sheet 7. If a parity error is detected
during a DMP data transfer, bit 7 (DFB07) is included in the terminate command. F/F
XU4G1ll is set by the leading edge of terminate command. The output (XU4Gll) goes to
the status gates on sheet 5 (ISLM04). The Q output goes to logic in the controller
as signal MPEN and is used as an indicator that there was an error causing status
bit 00 to become a zero.



TABLE 5-2

MNEMONIC LIST FOR STANDARD I/O
(GENERAL PURPOSE CONTROLLER)

MNEMONIC ‘ DESCRIPTION LOGIC DRAWING: 520-100106 Sheet#
CLKFB . MASTER CLOCK FROM BUFFER . 3
CLKFBN MASTER CLOCK FROM BUFFER (LOW TRUE) 3
CLSTAN CLEAR STATUS REGISTERS 3
CTLCMD CONTROL COMMAND 3
CONT CONTROL INSTRUCTION DECODED 3
DAFBON TO DAFB5N DEVICE ADDRESS FROM BUFFER 1
DFB0O0 TO DFB15 OUTPUT DATA FROM BUFFER 4
DFBOON TO DFB15N OUTPUT DATA FROM BUFFER (LOW TRUE 4
DFDOON TO DFD15N OUTPUT DATA FROM DRIVER RECEIVER MODULE 4
DIREQN DATA INTERRUPT REQUEST 2
DISET DATA INTERRUPT SET 2
DISETN DATA INTERRUPT SET (LOW TRUE) 2
DRCDFN COMMAND/DATA FUNCTION FROM DRIVER RECEIVER MODULE 3
DRCLKN MASTER CLOCK FROM DRIVER RECEIVER MODULE 3
DRDAON TO DRDAS5SN DEVICE ADDRESS FROM DRIVER RECEIVER MODULE 1
DRDIRN DATA INTERRUPT REQUEST TO DRIVER RECEIVER MODULE 2
DRDIUN DATA INTERRUPT UPDATE QUEUE FROM DRIVER RECEIVER MODULE 2
DRICBN INITIAL CONDITION BUS FROM DRIVER RECEIVER MODULE 2
DRIDON TO DRID5N SOURCE ID TO DRIVER RECEIVER MODULE 2
DRIOFN INPUT/OUTPUT FUNCTION FROM DRIVER RECEIVER MODULE 3
DRIOSN I/0 SYNC FROM DRIVER RECEIVER MODULE 3
DRSIRN SERVICE INTERRUPT REQUEST TO DRIVER RECEIVER MODULE 1
DRSIUN SERVICE UPDATE QUEUE FROM DRIVER RECEIVER MODULE 1
DTDOON TO DTD15N INPUT DATA TO DRIVER RECEIVER MODULE 5
ENIDO1 & ENIDO2 ENABLE DATA TO DRIVER RECEIVER MODULE 3
ENISOl & ENISO02 ENABLE STATUS GATES TO DRIVER RECEIVER MODULE 3
IOBFB INITIAL CONDITION BUS FROM BUFFER 2
IOBFBN INITIAL CONDITION BUS FROM BUFFER (LOW TRUE) 2
INDCMN INPUT DATA COMMAND 3
INTSTB INTERRUPT STROBE 3
LDCMRN LOAD COMMAND REGISTERS 3
MDESEL MODE SELECT 3
OUDCMN OUTPUT DATA COMMAND 3
RIOTIS REGISTER I/0O TRANSFER INITIATE COMMAND 3
RSDRQN RESET DATA REQUEST 3
RSTSTN ICB OR INSTRUCTION RESET (LOW TRUE) 2
SELCTN SELECT INSTRUCTION DECODED (LOW TRUE) 3
SETSIN TERMINATE COMMAND AND NOT BUSY SET SI 3
SISICNT SERVICE INTERRUPT CONNECTED 1
SICNTN SERVICE INTERRUPT CONNECTED (LOW TRUE) 1
SIRON SERVICE INTERRUPT REQUEST 1



TABLE 5-2 (CONT'D)

MNEMONIC LIST FOR STANDARD I/O
(GENERAL PURPOSE CONTROLLER)

MNEMONIC DESCRIPTION LOGIC DRAWING: 520-100106 Sheet#
SIRQST SERVICE INTERRUPT REQUEST SET 1
SIRSTN SERVICE INTERRUPT RESET 1
TERM TERMINATE COMMAND 3
TERMN TERMINATE COMMAND (LOW TRUE) 3
TUHPRI THIS UNIT HAS PRIORITY 1
TUISEL THIS UNIT IS SELECTED 1
5VPA TO 5VPG PULL UP VOLTAGE 1

MNEMONIC LIST FOR DMP

ADDZEN DEVICE ADDRESS EQUALS ZERO 7
DMPRQN DMP REQUEST (LOW TRUE) 7
DRDMRN DMP REQUEST TO DRIVER RECEIVER MODULE 7
DRDMUN DMP UPDATE QUEUE FROM DRIVER RECEIVER MODULE 7
ISIMO4 STATUS BIT 04 (MEMORY PARITY ERROR) 7
MPEN MEMORY PARITY ERROR (LOW TRUE) 7
RGIOMD REGISTER I/O MODE 7

7

5VPH TO 5VPP PULL UP VOLTAGE






VI. CARD READER CONTROLLER

INTRODUCTION
The card reader controller, which occupies a half plane in the Peripheral Controller
Interface unit, is compatible with either the medium speed or the high speed card

reader.

Medium Speed Card Reader

The Model 4411 Card Reader is a compact unit which reads standard 80 column punched
cards photo-electrically at speeds of up to 300 cards per minute. It employs a vacuum
picker mechanism to help reduce card wear and to facilitate the picking of worn cards.
The Model 4411 provides a convenient means for rapidly loading programs and input data
for batch processing and real-time system applications.

The card reader incorporates extensive self check and error check features for de-
pendable operation over a wide range of environmental conditions. The reader may be

operated up to fifteen feet away from the controller which is located in the PCI.

High Speed Card Reader

The Model 4412 is a heavy duty card reader which contains all of the features of the
Model 4411 described previously, but reads cards at speeds up to 1000 cards per minute.

Specifications - Model 4411 Card Reader

Reading Rate - 300 cards per minute
Card Type - 80 column cards (EIA Standard RS-292, January 1964)
Coding - 12 bit or 8 bit transitional code upon command
Hopper Capacity - 600 cards
' Stacker Capacity - 600 cards
Card Feeding Mechanism - Vacuum picker
Cable Length - 15 feet
Reader Dimensions - 11 inches high, 19-1/4 inches wide, 14 inches deep
Weight - 68 pounds
Environmental Conditions
Operating Temperature - 32° to 125°F
Relative Humidity - 30% to 90%
Power Requirements - 115 VAC(+10VAC), 60 Hz +3 Hz Single Phase
Starting Current - 9.5 amps
Run Current - 4.0 amps



Specifications - Model 4412 Card Reader

Reading Rate - 1000 cards per minute
card Type - 80 column cards (EIA Standard RS-292, January 1964)
Coding - 12 bit or 8 bit transitional code upon command
Hopper Capacity - 1000 cards
Stacker Capacity - 1000 cards
Card Feeding Mechanism - Vacuum picker
Cable Length - 15 feet
Reader Dimensions - 13 1/2 inches high, 23 inches wide, 18 inches deep
Weight - 86 pounds
Environmental Conditions
Operating Temperature - 32° to 125°F
Relative Humidity - 30% to 90%
Power Requirements - 115 VAC(+10 VAC), 60 Hz +3 Hz Single Phase
Starting Current - 10 amps
Run Current - 4.5 amps

FUNCTIONAL DESCRIPTION

General

The card reader controller functions in the register I/0 mode. In the register I/O
mode, the data is transferred to the register by program control. The normal process
of transferring data is by the use of data interrupts at the rate of one per column.
If interrupts are not used, Data Ready can be monitored by testing bit eight of the
status word.

If connected, there will be a service interrupt generated by end of card or a mal-

function in the device.

The data is transferred to the CPU in two modes. One mode is the binary mode. In
this mode the data is an exact image of data on the card. The second mode is the

translate mode, where data is converted from a twelve bit code to a modified eight
bit code. .

The following information describes the instructions that are used with this controller.

Also provided in this description is a section on programming sequence, standard assign-

ments and physical characteristics.

INSTRUCTIONS

Output Command

OP - CODE (OCA)
Bit 012345678910 11 12 13 14 15 Bit 6 & 7-Group No.

01000 o0lcc Rs U U U U Bit 12-15-Unit No.

k= i
- ——T Device Address




The following are contents of Rs as specified by the output command.

Read A Card

Bit 2

Bit 3

Bit 5

Bit

(Transfer Initiate Format)

H o H o K

012345678910 11 12 13 14 15

1 0 D S 1| X|<4—IGNORED >

Disconnect data interrupt and reset any stored
request.

Connect data interrupt to I/0 interrupt level.
Disconnect service- interrupt to I/0 interrupt level.
Connedt service interrupt to I/O interrupt level.
Data will be transferred in the translate mode.

Data will be transferred in the binary mode.

This command initiates card motion and conditions the controller for input of data

in the mode specified by bit 5. If connected, a data interrupt will be generated

for each of the 80 data columns. If connected, a service interrupt will be generated
at end of card or as a result of an abnormal condition in the card reader.

Terminate And End Of Block

Bit 4

Bit 5

Bit

Bit

0123456789 1011 12 13 14 15

0 1|IGN.[ E T| 4«——IGNORED———p—

No effect.

Can be used with terminate command. If connected, a
data interrupt will be generated by the EOB command.

For maintenance purposes only.

No effect.

Specifies terminate command. This command will stop the

transfer of data and reset any outstanding data request.

0123456789 10 11 12 13 14 15

01DS 00 0f¢<——IGNORED — >

This command is used to reset all status bits in the controller.

Bit 2

Bit 3

Disconnect data interrupt and reset any stored request.
Connect data interrupt to I/O interrupt level.
Disconnect service interrupt and reset any stored
request.

Connect service interrupt to I/O interrupt level.



Data In

OP CODE (IDA)

Bit o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Bit 6 & 7-Group No.
6 1 00l1 106 Rs U U U U Bit 12-15-Unit No.
* x X % *=Device Address

This command conditions the controller to enable data to be transferred to the
register specified by Rs. The format for data is shown below:

This represents the contents of Rs in the binary mode.
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

0 0 0 O 12 DATA BITS

Corresponding
column of card data

12 11 0o 1 2 34567 8 9

This represents the contents of Rs in the translate mode.

01 2 3 4 5 6 7 8 9 1011 12 13 14 15

Column Data

12 11 0 1 2 3 45 6 7 8 9

*These seven bits are binary decode into the
three bit positions of 11, 12 and 13.

Input Status

OP CODE (ISA)

Bit 01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Bit 6 & 7-Group No.
Bit 12-15-Unit No.
*=pDevice Address

0 1 o O0Of1 0O G G Rs U U U U
* * *  *  x %

This command enables the controller to transfer its status to the register specified

by Rs.



The status indicators are listed below:

This indicates one of the following error bits

is set - Bit 1,2,3.

- No errors

- No effect

- Overflow

No effect

- light/dark check or card motion error

- No effect

- Inoperable Which is a result of one or all

[l
o
1

Bit O

)
1]

H O H O H O H
I

of the following conditions:

a) Power Off

b) Pickfail

c) Hopper empty/stacker full

d) Light current or dark current

or card motion error

Bit 4,5,6 - Not Used
7 = 0 - No effect
= 1 - Controller busy-indicates the controller/device are busy
performing a read a card command. ‘
8 = 0 - Data Ready-indicates data is available in the input
buffer.
= 1 - No effect
9 = 0 - No effect
= 1 - Hopper empty/stacker full
10,11 - Not Used
12 = 0 - No effect
Hold Condition © This is a condition of card

[
[
1

reader operable and the stop

button being depressed. If a
command is issued it will be

stored and acted on when the

reset button is depressed.

13 = 0 - No effect
= 1 - Pickfail
14 = 15- Not Used

Interrupts

There are two standard interrupts provided - data and service interrupt. If connected,
a data inte<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>