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CHAPTER 1

GENERAL DESCRIPTION

1.1 INTRODUCTION

Figure 1-1 shows a typical INTERDATA
Computer System (the Model 3). INTER-
DATA computers are general purpose, low
cost systems, versatile enough to perform
a wide range of both industrial control and
scientific computation. These third genera-
tion computers use integrated circuits for
reliability, and feature a modular expansion
system which permits an economical ap-
proach to the specific requirements of each
installation. The Systems Interface pro-
vides several methods of communication
between the INTERDATA Processor and ex-
ternal devices or systems. The methods
vary in speed, sophistication, and the
amount of attention from the Processor re-
quired. Thus, the System Interface may be
tailored to communicate efficiently with the
types of peripheral devices presently used
with a particular system, and later may be
simply expanded in the field to meet chang-
ing I/0O requirements.

1.2 SCOPE OF MANUAL

There are two primary purposes for this
manual: to familiarize the reader with the
INTERDATA System Interface, and to pro-
vide the data required to effectively inter-
face external equipment to INTERDATA
computers. A functional description of each
I/0 sub-system is provided later in this
Chapter, followed by a physical description
of the layout and interconnection of a typical
system. Note that the I/0O features are de-
scribed more fully in separate maintenance
manuals, Chapter 2 describes the coding
and sequence of operation of all I/0 instruc-
tions. Chapter 3 describes the considera-
tions and specifications in designing device
controllers for INTERDATA equipment.
Chapter 4 describes a General Purpose
Interface Controller available from INTER-
DATA to facilitate custom interface design.

1.3 1/0 SYSTEM BLOCK DIAGRAM
ANALYSIS

Figure 1-2 is a block diagram of an INTER-
DATA computer emphasizing the Systems
Interface capability. Note that there are
three separate methods of communicating
with peripheral devices or systems:

1. The Multiplexor Channel
2. A Selector Channel

3. A Direct Memory Access Channel
(DMAC)

Each of the three methods communicates via
a bus with device controllers, The device
controllers provide data and control inter-
face to the individual devices. The Systems
Interface can communicate with up to 256
devices. The following paragraphs describe
each of the interface functions.

1.3.1  Multiplexor Channel

Figure 1-3 is a block diagram of the Multi-
plexor Channel. The Multiplexor Channel is
a byte oriented I/0 system which communi-
cates directly with up to 256 peripheral
devices. The Multiplexor Bus consists of 27
lines. The 8-bit Systems Data Register
(SDR) provides 16 of the lines - 8 inputs and
8 outputs., The 8-bit Systems Control Reg-
ister (SCR) provides 8 output lines, Two
test input lines from the device controllers
are provided: Synchronization (SYN) and At-
tention (ATN). The final line is System
Clear (SCLR) to all device controllers.

A typical sequence of operations over the
Multiplexor Channel is:

1. The Processor loads the SDR with
the 8-bit address of a device con-
troller., The address appears on
the bus to all device controllers.

1-1
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2. The Processor then loads a bit into
the SCR to specify to all device con-
trollers that the SDR now holds an
address (rather than data).

3. The device controllers use the SCR
bit to enable address decoders. Each
device controller decodes its own
address. Assuming that the SDR
holds the address of one of the de-
vice controllers tied to the Multi-
plexor Channel, the device controller
decodes its address and responds by
sending a SYN signal back to the
Multiplexor Channel.

4. The Processor may now change the
SDR and SCR. The device control-
ler remains addressed until another
device controller is addressed or
until a System Clear (SCLR) signal
is received.

5. The Processor next loads the SCR
with a bit which specifies whether
this is an input or output operation.

6. If this is an output operation, the
Processor loads the SDR with the
byte to be sent to the device. The
device controller responds with a
SYN signal when it has accepted the
byte.

7. If this is an input operation, the de-
vice controller sends the byte from
the device to the SDR. A SYN sig-
nal is sent to indicate that the data
is ready.

The sequence provided here is simplified.
The entire sequence for each type of instruc-
tion is listed in Chapter 2. The final line to
be introduced here is the Attention (ATN)
line. The Attention line provides a means of
interrupting the Processor. Each controller
normally has an interrupt Queue flip~fiop
which may be set by conditions within either
the device or the device controller. The
output from the Queue flip-flop is sent to the
Multiplexor Channel as ATN. Note that ATN
may be initiated by any device controller,



whether it is addressed or not. The Proces-
sor initiates a hardware scan cycle to de-
termine which device controller caused the
ATN signal. The interrupting device auto-
matically returns its device number to the
Processor. This interrupt feature is de-
scribed in detail in Section 3. 6.

Wiring information for the Multiplexor
Channel is provided in Appendix 1 of this
manual.

1.3.2 Selector Channel

The optional Selector Channel provides block
data transfer between 1 of up to 25 I/O de-
vices, and memory. Once initiated, the
transfer is independent from the Processor
The Processor specifies the device, the
type of operation (Read Block or Write
Block), the starting address in memory, and
the final address in memory. The Selector
Channel then completes the transfer without
further direction by the Processor. Upon
completion of the transfer, or termination
of the transfer due to a fault, the Processor
is notified via an interrupt.

Figure 1-4 is a block diagram of the Selec-
tor Channel. Address lines to, and data
lines to and from, the High Speed Memory
Bus are shown on the right side of Figure
1-4. The Memory Bus Control Logic (one
of several arbitrary functional groupings
used only for purposes of this block dia-
gram description) gates an address to the
Memory Bus, then gates data to or from the
bus depending upon the type of transfer.
The Selector Channel Data Register (DR)

stores the 16-bit data word to/from memory.

The transfer Control Logic gates the data
between the Selector Bus (shown on the bot-
tom of Figure 1-4) and the Data Register in
8-bit bytes, The address circuits are
shown in the upper right area of Figure 1-4,
The 16-bit Final Address Register (FR) is
loaded in two 8-bit bytes from the Multi-
plexor Bus. The Address Register (AR) is
loaded with the starting address in two 8-
bit bytes. After each byte of data is trans-
ferred, the AR is incremented and its

contents compared to the contents of FR, If
the two are equal, the Block Transfer is com-
plete, and a terminate signal is sent to the
Transfer Control Logic. If the two are not
equal, the next 16-bit transfer is initiated
to/from the next sequential memory address.
The Multiplexor Bus is shown on the left
side of Figure 1-4. Note that the 8-bit
Multiplexor Bus may be gated to any one of
six places. The gates are functionally rep-
resented by a six position rotary switch.
With the gating as shown by the switch posi-
tion, and assuming the Transfer Control
Logic is also as shown, the Multiplexor Bus
is gated directly to the Selector Bus. This
is the condition which exists when the Selec-
tor Channel has not been addressed. Thus,
all devices on the Selector Channel may be
used via the Multiplexor Channel if the Selec-
tor Channel is not in use. (Of course, the
device must be capable of operating within
the Multiplexor Channel timing constraints.)
Four of the remaining five points that the
Multiplexor Bus may be gated to, are the
Upper and Lower halfs of FR and AR. The
sixth point is designated Command and
Sense Logic on Figure 1-4, Commands
from the Processor are decoded in this
block to produce control signals to both the
Transfer Control Logic and the Multiplexor
Input Control Logic., Status Bytes from the
device are returned to the Processor via
this block during Sense Status instructions.

The following is a typical sequence of opera-
tion for a Selector Channel I/0 operation.
Figure 1-5 is a flow chart of Selector Chan-
nel operation. Circled numbers on Figure
1-5 refer to steps in the following sequence:

1. The device controller is addressed
and the appropriate command sent
to it (for example, Read Tape
Forward).

2, The Selector Channel AR and FR
are loaded via four byte trans-
fers from the Multiplexor Channel.

NOTE

Steps 1 and 2 may be reversed.

1-3
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A command which specifies wheth-
er this is an input or an output
operation is sent to the Selector
Channel from the Multiplexor
Channel,

A Go Command which starts the
transfer operation is sent from the

Multiplexor Channel to the Selector 10.

Channel.

NOTE

The Processor is now free to
continue its program while the
block I/0 transfer is per-
formed by the Selector Chan-
nel. While the transfer is in
progress, the Selector Chan-
nel ignores all Multiplexor
Bus signals except Address,
Status Request, and Stop.

Steps 5 thru 9 apply solely to read
operations (memory to device).
Steps 10 thru 14 apply to write
operations (device to memory).

If this is a read operation, the Se-
lector Channel requests the High
Speed Memory Bus. When the
Memory Bus responds, the Selec-
tor Channel initiates a memory
read cycle.

When the memory data becomes
available, it is gated to the DR.

12,

The AR is incremented. If there
is a Carry from the AR, the trans
fer is terminated.

The Status Byte is input from the
device. If the device is Busy, the
Selector Channel inputs the Status
Byte again. This is continued un-
til the Busy bit is low. If the Busy
bit is low, and any other Status
Byte bit is high, the transfer is
terminated.

A byte is transferred from the DR
to the device. If the AR and FR are
equal, the transfer is terminated.

11.

[
W

If the AR is odd, only one byte has
been transferred since the last
memory access, and the sequence is
repeated from Step 7. If the AR is
even, both bytes have been trans-
ferred, and the sequence is repeated
from Step 5.

If this is an input instruction, the
Status Byte is input from the device.
If the Busy bit is high, the Selector
Channel inputs the Status Byte again.
This process is repeated until the
Busy bit is low. The Selector Chan-
nel then checks the other three bits
is the Status Code. If any bit is
high, the transfer sequence is ter-
minated. If all bits are low, the
sequence continues.

A byte is transferred from the de-
vice to the DR, If the address in

AR is now odd, two bytes have been
input and the sequence continues
with Step 12. If the address is even,
the contents of AR are compared to
the contents of FR, If the addresses
are equal, the transfer is to ter-
minate on an even byte address. In
this case the sequence continues
with the memory write operation
listed in Step 12. If the addresses
are not equal, the sequence skips to
Step 14.

The Selector Channel requests the
High Speed Memory Bus. When the
Memory Bus responds, the Selector
Channel initiates a memory write
cycle.

The halfword in DR is written into
the addressed memory location,

NOTE

If this is the last transfer in an
instruction which ends with an
even byte address, the previous
contents of the second half of
DR are written into the right
half of the memory location,



14,

15.

16.

17.

The AR is incremented, If there is
a carry from AR, the transfer is
terminated. If there is no carry,
the sequence returns to Step 10.

Steps 15 thru 17 describe the ter-
mination sequence. The conditions
which terminate the instruction
are:

1. AR equals FR (transfer is
complete)

2. AR increments to 0 (carry out
of AR)

3. A Status failure from the de-
vice (EX, EOM, or DU - See
Section 2.4)

4. A Stop command from the
Processor.

Any one of the above conditions
causes the sequence to continue
with Step 15.

Reset the Selector Channel Busy
indication.

Set the Selector Channel Attention
flip-flop to generate an interrupt to
the Processor.

After the Processor acknowledges
the interrupt and addresses the
Selector Channel, it may send a
status request to the Selector Chan~
nel which will check the Status
Code of the device controller. Only
the Busy bit is generated by the
Selector Channel itself. Another
option which is normally used after
a termination other than the trans-
fer complete termination, is an
AR readout. Two Data Requests
may be sent to gate first the most
significant, then the least signifi-
cant byte of AR. The programmer
may therefore determine at what
address the sequence was ter-
minated.

Wiring of the Selector Channel is the same
as the Multiplexor Channel, and is described
in Appendix 1 of this manual.

1.3.3  Direct Memory Access Channel

The optional Direct Memory Access Channel
permits a 16-bit data transfer between
memory and an external device, without
transferring the data through the Processor.
The Processor simply enables the DMAC
device controller, The device specifies the
memory address involved in the transfer,
and the operation to be performed. The
DMAC completes the transfer without any
manipulation by the Processor. Operations
which may be performed via the DMAC are:
1-Read, 2-Write, 3-Read-Increment-Write,
and 4-Set AR14. The first two are simply
16-bit halfword I/O operations. The latter
two operations are related, and are used in
applications which require the counting of
external events or signals. Each time the
Read-Increment-Write command is received
by the DMAC, the data at the specified
memory address is accessed, incremented
by one, and returned to the same memory
location. Thus, that memory address may
be used to store the number of times an
external event occurs. The Set AR14 (Ad-
dress Register bit 14) command may be
used to increment the address to the next
sequential halfword to enable the core reg-
isters to count up to 232 events. This fea-
ture is used primarily in Pulse Height
Analysis applications.

Figure 1-6 is a block diagram of the DMAC.,
The interface to/from the High Speed
Memory Bus is shown on the right side of
Figure 1-6 and is simply the address to
memory, and the data to/from memory. The
device controller interface is shown on the
left side of Figure 1-6. Note the four com-
mand inputs to the DMAC: Read, Write,
Read-Increment-Write, and Set AR14. When
the DMAC receives a command, it replies
with the DMAC Busy indication. The 16-bit
C Bus provides the address and data interface

1-7
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between the device controller and the Ad-
dress or Data Register (AR or DR). Gating
to/from the C Bus is controlled by the four
load/unload and AR/DR select signals:

COAR (C Bus Output from AR), CIAR, CIDR,
and CODR. The Sync output from the DMAC
indicates that a load or unload operation is
in progress. The final output is a Carry sig-
nal which indicates that the DR is at its
maximum count.

The following sequence of operations is a
typical example of DMAC I/0 operations:

1. The Processor enables the DMAC
device controller via the Multi-
plexor Channel.

NOTE

The Processor is now free to
proceed with its program,
The I/0 operation is executed
by the device controller
through the DMAC.

2. When the device senses an event,
it provides an indication to the de-
vice controller,

3. The device controller decodes the
indication, sends the address to the
DMAC, and sends a command to the
DMAC indicating the operation to
be performed.

4, If an input operation, the device
controller fetches the data from the
device and sends it to the DMAC.
The DMAC then initiates a Write
cycle to store the data in memory.

5. If an output operation, the DMAC
initiates a Read cycle. When the
data from memory becomes avail-
able, the device controller gates
the data from the DR, through the
device controller, to the device.

NOTE

The DMAC always transfers
a 16-bit halfword.

6. If a Read-Increment-Write opera-
tion, the DMAC initiates the Read
cycle, When the data becomes
available, the DMAC accepts the
data in DR, increments it, and
initiates a Write cycle to write the
data +1 back into memory. If the
data is now all ones, a Carry signal
is generated to the device controller.
Typically, the device controller
generates a Set AR14 command when
Carry is received. The next higher
halfword address is then incremented
as the lower halfword goes to all zeros,
Thus, the registers count up to 232

Wiring information for the DMAC is provided
in Appendix 2 of this manual.

1.4 MECHANICAL LAYOUT AND WIRING

The INTERDATA Systems Interface employs a
unique mechanical layout and wiring configura-
tion which simplifies expansion of the system.
Expansion consists of simply plugging in ad-
ditional logic boards; no back plane wiring
additions are ever required. This section
describes the INTERDATA System layout in
general, and the Systems Interface layout

in detail.

1.4.1 Mechanical Layout

An INTERDATA System consists of a basic
card file which may be mounted in a stand-
ard 19" RETMA rack, and additional ex-
pansion card files as required. Both the
basic and expansion card files mount up to
25 9,5" x 10.5" circuit boards designated
mother-boards. Each mother-board, in
turn, mounts up to 40 smaller component
boards designated daughter-boards.
Daughter-boards plug into mother-boards
via a set of 16 pins. The mother-board is
divided into 40 fields as shown on Figure 1-7
to accommodate the daughter boards. Figure
1-8 illustrates a card file, mother-boards,
and daughter-boards. A series of daughter-
boards which provide a variety of standard
logic functions is available from INTER-
DATA. Mother-boards with provisions for

1-9
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mounting potentiometers, relays, indicator
lamps, capacitors, and resistors are also
available. These general purpose compo-
nents are described in the Logic Module
Handbook, INTERDATA Publication Number
29-005.

Note on Figure 1-8 that there are three
sizes of daughter-boards. Figure 1-9 illus-
trates the size and pin designations for
each of the three daughter-board sizes.

Each mother-board may have two 69-pin
connectors. The back panel of a card file
is shown on Figure 1-10. Note that the
connectors are numbered from left to right
on the wiring side. The lower row of con-
nectors is designated Field 0; the upper row
is designated Field 1. A strip power bus is

1-10

provided between the two fields. Figure
1-11 shows the pin numbering system. The
first digit of the pin number specifies the
column number, from 0 to 2. The second
two digits specify the row number, from 00
to 22. The dash number at the end specifies
the connector field.

1.4.2  Wiring

All card files are completely wire-wrapped
at the factory. The wiring is arranged so
that the Field 0 connectors on all System
Interface mother-boards are used solely for
connections to/from the Multiplexor Channel
Bus. The Field 1 connectors are used for
communication between boards. The Field 0
(lower) connectors are effectively jumpered
to each other to form the bus. The Field 1



_____

7

20000
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Figure 1-8. Typical INTERDATA Rack, Three-Quarter Front View
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Figure 1-10.

(upper) connectors are wired in a different
manner. Each pin is wired to the next
lower pin (in the same column) on the con-
nector to its right as viewed from the wiring
side., This "stitching" arrangement permits
locating I/O Boards in any adjacent positions
with no wiring changes. The only constraint
is that the boards must be placed correctly
relative to each other.

Typical INTERDATA Rack, Back Panel Layout

Wiring between card files is via plug in
cables which mate with the wiring side of
the mother-board connectors. Wiring be-
tween a card file and a device is via a plug
in cable which mates with one set of the
daughter-board connectors on a mother-
board. Figure 1-12 iilustrates the inter-
connections between card files and external
devices.
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Figure 1-12, Typical INTERDATA Rack, Interface Cable Layout
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CHAPTER 2

INPUT/OUTPUT INSTRUCTIONS

2,1 INTRODUCTION

This Chapter describes the INTERDATA
Input/Output (I/0) instructions. Each in-
struction is implemented by a sequence of
operations generated automatically by a
micro-coded program. This technique pro-
vides a powerful I/O instruction repertoire.
TFor example, a single instruction can trans-
fer a byte of data between any one of 65,536
memory addresses, and any one of 256 ex-
ternal devices. The same instruction can
also provide for an automatic indication to
the processor when the transfer is com-
pleted properly. Each instruction is de-
scribed separately in the following
paragraphs. For more information on
instructions, refer to the INTERDATA
Reference Manual, Publication Number
29-004.

2.2 READ DATA (RD) INSTRUCTION

Figure 2-1 illustrates the instruction format
for the RD instruction. Execution of the
RD instruction accesses an 8-bit byte of
data from the device specified by the con-
tents of General Register R1. The byte is
transferred to the memory byte address
specified by A, indexed by the contents of
General Register X2, If X2 equals zero,
the byte is transferred directly to the mem-
ory address specified by A. The transfer
takes place via the Multiplexor Channel.
Refer to Figures 2-2 and 2-3 during the
following description of the RD instruction
sequence of operation. The gate and flip-
flop designations listed in this Chapter
reference the Figures only. They have no
hardware significance.

1. The first thing the micro-program
does after decoding an RD instruc-
tion, is to place the contents of R1
(the device number) on the Data
Available Lines (DAL000 through
DATL070).

RD RS
0 718 lI2__19]i6 l:-3I]

DB (Note 1)] RI1 X2 A

Note 1: The operation codes in this figure and all
similar figures which follow in this chapter
are given in hexadecimal notation.

Figure 2-1. Read Data Instruction Format

DALOO-07 (PROCESSOR —=DEV) DEV ¥

ADRS —

SYN -—

DR e
DRLOO-07 -— DATA

Figure 2-2. Read Data Instruction Timing

ADRS

SYN

SR

DRLOO GIO | ©
’
DRLO! 7 Gl |
I I
| | : DATA
I | | IN
| | |
|
|
| 1
|
! |
DRLO7 GI7 7

MULTIPLEXOR DEVICE CONTROLLER

BUS

Figure 2-3. Device Controller Logic for
Read Data Instruction
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NOTE

A O or 1 is appended to INTER-
DATA signal designations to indi-
cate the active state of the signal.
Thus, the designation DAL000
through DALQ70 indicates that the
8 DAL lines (DALOO through
DALOQ7) are low when active; in
other words, this is false bus.

The Address (ADRS) control line
is raised.

The device controller which de-
codes its address via Gate G1
(arbitrary hexadecimal address

22 on Figure 2-3) sets the Address
flip-flop F1 through Gate G2.

The output from Gate G2, via OR
Gate G4, also raises the Synchron-
ization (SYN) response from the
device controller to the Processor,
The SYN signal at this time indi-
cates that the device controller
has decoded its address and has
received an ADRS command,

When the SYN signal is received,
the Processor removes the ADRS
command and the device number,
The device controller, in turn,
lowers the SYN signal.

The Processor next raises the
Data Request (DR) command. This
command is ANDed with the Ad-
dress Flip-flop (F1) in Gate G5.
The output from Gate 5 enables the
byte of data from the device to the

Processor (Gates G10 through G17).

Data to the Processor is sent on
the Data Request Lines (DRL000
through DRL070).

The output from Gate G5 also
raises the SYN line to the Proc-
essor to indicate that the data is
ready.

The Processor gates the data to the
designated byte address (location A
indexed by the contents of X2, if
specified).

9. When the byte has been stored, the
Processor lowers the DR command.
The device controller then lowers
SYN and removes the data from
DRLO0O00 through DRL0O700 the sequence
for one byte is now completed. The Ad-
dress flip-flop (F1) remains set until
another device is addressed, or until
a System Clear (SCLRO) signal is
generated. When another device
controller is addressed, F1 is reset
through Gate G3. Resetting F1 ef-
fectively disconnects the device
controller from the Multiplexor Bus.

A Time Out feature is provided in the Proc-
essor to prevent locking up the computer on a
malfunctioning device or a non-existent
device. The Time Out signal is generated if
the device controller fails to return the SYN
response within 50 to 100 microseconds of a
request. The Time Out feature also sets the
V Flag in the Program Status Word (PSW)
condition code. The programmer may there-
fore branch on the Time Out condition,
typically to an error message print-out
routine.

The Read Data to Register (RDR) instruction
is executed in exactly the same manner as the
RD instruction. The only difference is that
the data is stored in General Register R2 in-
stead of A, Figure 2-4 shows the format of
the RDR instruction.

RDR
0 7|8 215

9B R1 R2

[RF]

Figure 2-4. Read Data to Register
Instruction Format

2.3 WRITE DATA (WD) INSTRUCTION

The format of a WD instruction is shown in
Figure 2-5. Execution of the WD instruc-
tion transfers a byte from Memory Address
A indexed by the contents of General Register
X2, to the device number specified by the
contents of General Register R1. Refer to
Figures 2-6 and 2-7 during the following
sequence of operations.



(o) 7|18  Hji2 15[i6 31
DA R1 X2 A

Figure 2-5. Write Data Instruction

Format
DATA 4

DALOO-07 (PROCESSOR—e DEV) DEV #

ADRS —

SYN -—

DA —_—

Figure 2-6. Write Data Instruction
Timing

DATA
i

MULTIPLEXOR
BUS

DEVICE CONTROLLER

Figure 2-7. Device Controller Logic for
Write Data Instruction

1. The device controller is addressed
and connected exactly as described
in Steps 1 through 5 of the RD se-
quence (Section 2, 2),

2. The contents of the byte address
(A indexed by X2) are placed on the
Data Available Lines (DAL000
through DAL070).

3. The Data Available (DA) control line
is then raised.

4. The DA signal is ANDed with the
Address flip-flop by Gate G6. The
G6 output strobes the data into the
device controller register (F2
through F9).

5. The G6 output also generates a SYN
response to the Processor to indi-
cate that the data has been accepted.

6. When it receives the SYN signal, the
Processor lowers the DA line and
removes the data from the DAL000
through DALO070 lines.

7. The device controller then lowers
the SYN line.

As described in Section 2,2, the device con-
troller remains selected until another device
controller is selected or a System Clear is
generated. The Time Out feature is also
exactly as described in Section 2.2 for the
RD instruction.

Figure 2-8 shows the instruction format for
the Write Data from Register (WDR) instruc-
tion. The WDR instruction is similar to the
WR instruction, except that the byte which is
transferred originates in General Register
R2 rather than a memory address.

WDR [RR]
o 7|18 Wi2 15

9A R1 R2

Figure 2-8. Write Data from Register
Instruction Format

2.4, SENSE STATUS (SS) INSTRUCTION

Figure 2-9 illustrates the format of the

Sense Status (SS) Instruction. Execution of
the SS instruction transfers an 8-bit Status
Code from the device specified by General
Register R1 to memory location A, indexed by
the contents of General Register X2, In addi-
tion, the four least significant bits are placed
in the four bit condition code of the Program
Status Work (PSW).
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C = Device Busy - Indicates that the device
(BSY) is not ready to transfer
data.

V =Examine Status-Indicates that the device
(EX) has detected a condition
which is indicated by the
most significant four
bits of the Status Condi-
tion Code.

G = End of Medium-Indicates that the device
(EOM) has reached the end of
its data. For example,
the Card Reader has
reached the end of a
card.

L = Device Un- - Indicates that the device
available (DU) is either not connected
or not ready.

$s [rRx]
0 718 12 15|16 31
DD R1 | x2 A

Figure 2-9. Sense Status Instruction
Format

Thus the program, after executing an SS
instruction, may branch directly on any of
the above conditions. Normally if the V
Flag is set, the program examines the other
four bits of the Status Condition Code. The
four bits are stored at memory location A,
and may be assigned any significance which
is appropriate for the particular device.

Refer to Figures 2-10 and 2-11 during the
following sequence of operations for the SS
instruction,

DALOO-07 (PROCESSOR—+DEV) DEV®

ADRS —_—

SYN . __‘ﬂ

.= AL

DRLOO-07 -— STATUS
Figurec 2-10, Sense Status Instruction

Timing

2-4

PARED
G7
Fl
R 0
ADRS
SY G4
SR STATUS
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]
DRLOO GiB8 0
p
DRLO! 6I9 | e
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]
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MULTIPLEXOR DEVICE CONTROLLER

BUS

Figure 2-11. Device Controller Logic
for Sense Status Instruction

1. The device controller is addressed
and connected as described in Steps 1
through 5 of the RD sequence (Section
2.2).

2. The Processor next raises the Status
Request (SR) control line, causing a
high output from device controller
Gate GT7.

3. The output from Gate G7 enables the
Status Byte from the device to the
Processor via DRL000 through
DRL070, and sends a SYN response
to the Processor to indicate that the
data is on the bus.



4, When it receives the SYN signal,
the Processor transfers the Status
Byte Bits 0 through 7 to Address
A, and bits 4 through 7 only to the
Condition Code of the PSW,

5. The Processor then lowers SR,
which causes the device controller
to lower SYN and remove the Status
Byte from the bus.

The device controller Address flip-flop and
the Time Out feature are as described in
Section 2. 2 for the RD instruction. Figure
2-12 shows the format of the Sense Status to
Register (SSR) instruction. The SSR in-
struction is similar to the SS instruction
except that the Status Byte is stored in
General Register R2 instead of memory
address A.

SSR [RR]
0 718 mi2 15

9D R1 R2

Figure 2-12. Sense Status to Register
Instruction Format

2.5 OUTPUT COMMAND (OC) INSTRUCTION

Figure 2-13 illustrates the format of the OC
instruction. Execution of the OC instruction
transfers an 8-bit Output Command from
address A, indexed by the contents of Gen-
eral Register X2, to the device specified by
the contents of General Register R1. Com-
mand line coding is normally assigned to
either device control function or device
controller modes of operation. None of the
command bits are preassigned a specific
function. The OC instruction is therefore a
powerful instruction which may be tailored
to the specific requirements of a particular
system.,

Refer to Figures 2-14 and 2-15 during the
following sequence of operation description.

1. The device controller is addressed
and connected as described in Steps
1 through 5 of the RD sequence
(Section 2. 2),

o 718 _lijl2 15|16 3l

DE R1 X2 A

Figure 2-13. Output Command
Instruction Format

CMD

DALOO-07 (PROCESSOR— DEV) DEV * COMMAND
e
SYN -— /

-

Figure 2-14. Output Command
Instruction Timing

DALQO — 4
(o]}
02 —
03 ——
04

05 G2
06 r S ! 68
DALOT Fi

ADRS

CMD ——++—-

SYN { G4 ‘

’ S |
b 1FlO
R O
T Fil
R O COM-
MAND

rLINES
- S
T FI7
R 0 P

DEVICE CONTROLLER

MULTIPLEXOR
BUS

Figure 2-15. Device Controller Logic
for Output Command Instruction

2. The Processor next places the con-
tents of the byte address A (the
command word) on DALO0O through
DALO070),

3. The Processor then raises the Com-
mand (CMD) control line. The CMD
signal is ANDed with the Address
flip-flop by Gate G8.
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4, The output from G8 strobes the
Command word (on DAL000 through
DALO070) into the Command Control
Register in the device controller
(F10 through F17). The output
from G8 also sends a SYN response
to the Processor to indicate that
the device has stored the Command
word.

5. The Processor then lowers CMD
and removes the Command word
from DAL0O00 to DALO70.

6. Finally, the device controller
lowers its SYN line.

The device controller Address flip-flop and
the Time Out feature are as described for
the RD instruction in Section 2.2, Figure
2-16 shows the format of the Output Com-
mand from Register (OCR) instruction. The
OCR instruction is similar to the OC instruc-
tion except that the Command Byte is from
General Register R2 instead of Address A.
OCR [RR]
0 718 iiji2__15
9E R1 R2

Figure 2-16. Output Command
from Register Instruction Format

2.6 ACKNOWLEDGE INTERRUPT (Al)
INSTRUCTION

To understand the AI instruction, the reader
should have a working knowledge of the
INTERDATA Interrupt System. A brief
description of the Interrupt System is pro-
vided here; for more detail refer to the
Reference Manual (Publication Number 29-
004). Interrupts are provided to detect
events both within, and external to, the
computer. The occurrence of the interrupt
may cause the program to Branch from its
normal sequence to an interrupt subroutine
which performs some operation appropriate
to the interrupt. For example, an external
device may interrupt to indicate that it is
ready to iransfer another byte of data. The
interrupt subroutine would then initiate
another transfer. After the interrupt is
serviced (the interrupt subroutine is

2-6

completed), the main program is resumed
at the point at which it was interrupted.

Figure 2-17 shows the format of the Acknowl-
edge Interrupt (AD) instruction. The AI in-
struction is normally the first instruction in
the interrupt subroutine which services inter-
rupts from external devices. When executed,
the device number of the interrupting device
is placed in General Register R1, and the
Status Byte of the interrupting device is
placed in Address A, indexed by the contents
of General Register X2, The least significant
four bits of the Status Byte are placed in the
Condition code of the Program Status Word
(PSW) exactly as described in Section 2.4 for
the SS instruction. Thus, for example, with
a single AI instruction the paper tape reader
may be identified, and the fact that it has run
out of tape determined (via the V or Examine
Status Flag and appropriate coding in the most
significant bits of the Status Byte).
Al [Rx]
0 718 112 15]i6 3l
DF R1 X2 A

Figure 2-17. Acknowledge Interrupt
Instruction Format

Refer to Figures 2-18 and 2-19 during the
following sequence of operation;

1. The device interrupts and sets flip-
flop F18 in the device controller,
The output from F18 generates an
Attention (ATN) signal to the
Processor.

2. The Processor responds by raising
the Acknowledge (ACK) control line.

NOTE

The ACK line is received by the first
device controller in the line as Re-
ceive Acknowledge (RACK). See fig-
ure 2-19. If Fi8in the first controller
is not set, the RACK signal is gated
out of this controller as Transmit
Acknowledge (TACK). The next con-
troller receives it as RACK. Thus
the ACK signal "daisy chains' through
the device controllers until it finds



one with its Interrupt flip-flop (F18)
The output from F18 inhibits

set.

the propagation of TACK to the
next device controller.

RACK (PROCESSOR —» DEV)
DRLOO0-07 - oev STATUS
SYN - e I r‘_ 1
DALOO-07 - LDE"” oL
ADRS - qj
SR -

Figure 2-18. Acknowledge Interrupt

Instruction Timing
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Figure 2-19.

DEVICE CONTROLLER

Device Controller Logic

for Acknowledge Interrupt Instruction

3. The F18 output and RACK are
ANDed to enable the Device Number
from the device to the DRL000
through DRL070 lines, and to send
SYN to the Processor to indicate
that the device number is on the
lines,

4, The Processor gates the device
number into General Register R1.

5. The Processor then lowers the
ACK line which, in turn, causes
the device controller to lower the
SYN line.

6. The Processor then addresses the
same device and gates its Status
Byte to Address A and the condition
code of the PSW exactly as de-
scribed in Steps 1 through 5 of
Section 2, 4.

The device controller Address flip-flop and
the Time Out feature are as described
previously in Section 2.2 for the RD
instruction. Figure 2-20 shows the format of
the Acknowledge Interrupt to Register (AIR)
instruction. The AIR instruction transfers
the Status Byte to General Register R2, rather
than to memory location A, as in the AI in-
struction.,

AIR
0 718 ijli2 15

9F R1 R2

[RR]

Figure 2-20, Acknowledge Interrupt to
Register Instruction Format

2.1 READ BLOCK (RB) INSTRUCTION

Figure 2-21 shows the instruction format of
the Read Block (RB) instruction. General
Register R1 specifies the device number, the
indexed address A contains the starting
address for the block transfer. The next
sequential halfword contains the ending ad-
dress. When an RB instruction is executed,

a block of data is transferred from an external



device to sequential byte locations in mem-
ory. Between each byte transfer the device
status is checked. The four least significant
bits of the Status Byte are scanned. If the
BSY bit (C Flag) is set, the Processor as-
sumes that the transfer is still in progress.
The Processor initiates another Status Byte
input sequence each time the BSY bit is set.
When the BSY bit is low (indicating that the
byte transfer is complete), the Processor
scans the remaining three least significant
bits. If any of the bits are set, the transfer
sequence is terminated. If all bits are
reset, the next byte transfer is initiated.

At the end of the transfer sequence (when
the present address equals the ending ad-
dress), the Status Condition Code should
contain all zeros. The program may there-
fore branch conditionally on the Status Con-
dition Code following the RB (or RBR)
instruction. Condition Code assignments
are as described in Section 2.4. Refer to
Figures 2-22 and 2-23 during the following
sequence of operation description. The
sequence is essentially a combination of RD
and SS instructions. However, the device
is only addressed once, the DR and SR
control lines are then raised alternately
until the transfer is terminated.

-
PROCESSOR —_ DEVICE

DAL 000-070 —

[Rx]
30

7i8  Iii2 196

R1 X2 A

Figure 2-21,

Read Block Instruction
Format

The device controller is addressed
and connected as described in Steps
1 through 5 of the RD sequence
(Section 2. 2).

A byte is transferred from the device
to the Processor as described in
Steps 6 through 9 of the RD sequence
(Section 2. 2),

The Status Byte from the device is
then transferred to the Processor as
described in Steps 2 through 5 of the
SS instruction sequence (Section 2, 4),

If the address does not match the
final address, and the Condition Code
of the PSW is all zeros, the Proc-
essor increments the address and re-
peats Steps 2 through 4 of this
sequence.

—
ADRS — \‘J_——Iq Py
L9
SYN - __EPLQ‘[ N —7 Voa | J
A A o) A
By - \ L tE | W
SR —» 7 { ‘r
7 T )] T T
ORL 000-070 <= - STATUS DATA/ b STATUS . STATUS DATA|
o ) N J—
L Y
STATUS;DEQUEgTS ARF RFPFATED
UNTIL THE DEVICE BECOMES NOT
BUSY (DATA READY)
Figure 2-22, Read Block Instruction Timing
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Figure 2-23, Device Controller Logic
Read Block Instruction

5. The instruction terminates norm-
ally when the address equals the
final address. If bit 5, 6, or 7 of
the Condition Code in the PSW is
set after a transfer, the instruction
is terminated. As described pre-
viously, the program may then
branch Conditionally on the Condi-
tion Code., If bit 4 (BSY) is set,
Step 3 is repeated.

The device controller Address flip-flop and
the Time Out feature are as described pre-
viously in Section 2, 2 for the RD instruction,
Figure 2-24 shows the format for the Read
Block to Register (RBR) instruction. The
RBR instruction differs from the RB instruc-
tion only in that the starting address is
specified by the contents of General Regis-
ter R2,

RBR RR
0 718 HlI2 15 [ ]

97 R1 R2

Figure 2-24. Read Block to Register
Instruction Format

2.8 WRITE BLOCK (WB) INSTRUCTION

Figure 2-25 shows the instruction format of
the optional Write Block (WB) instruction.
The General Register specified by R1 contains
the device number. The indexed address con-
tains the starting address for the block trans-
fer. The next sequential halfword contains
the ending address. Execution of this instruc-
tion transfers bytes from sequential locations
in memory to the external device specified.
The Status Byte is checked between each byte
transfer. The four least significant bits of
the Status Byte are scanned. If the BSY bit
(C Flag) is set, the Processor assumes that
the transfer is still in progress. The Proc-
essor initiates another Status Byte input se-
quence each time the BSY bit is set. When
the BSY bit is low (indicating that the byte
transfer is complete), the Processor scans
the remaining three least significant bits,
If any of the bits are set, the transfer sequence
is terminated. If all bits are reset, the next
byte transfer is initiated. At the end of the
transfer sequence (when the present address
equals the ending address), the Status Condi-
tion Code should contain all zeros. The
program may therefore branch conditionally
on the Status Condition Code following the WB
(or WBR) instruction. Condition Code assign-
ments are as described for the Sense Status
instruction in Section 2.4. Refer to Figures
2-26 and 2-27 during the following sequence
of operation description,
wB [RX]
0 718 112 15[ie 3i
D6 R1 X2 A

Write Block Instruction
Format

Figure 2-25,

1. The device controller is addressed
and connected as described in Steps
1 through 5 of the RD sequence (Sec-
tion 2.2),
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DALOO—O?(PROCESSOR-’DW DATA J—-—DA_TA_]_
ADRS — -j\i_x IE !
- P AT M Nl
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Figure 2-26., Write Block Instruction

A byte is transferred from the
Processor to the device as de-
scribed in Steps 2 through 7 of the
WD sequence (Section 2. 3).

The Processor reads in the Status
Byte as described in Steps 2 through
5 of the SS sequence (Section 2.4).

SYN
|
D
! o
l 0
omLo0l— (I
| STATUS
I 4 [ DATA
[ ACCEPTED
| :
DRLO?l {
DA} N DATA
{47 AVAIL ABLE
0
* s 1 3
| :§?1 T
| R O DATA
l l t ouT
‘ | . = 7]
Y
l R O
|
|
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; ; s i
| R o
DALO7
]
ADRSLA———'AA——-—*A———J

MULTIPLEXOR
BUS

Figure 2-27,

2-10

Device Controller Logic
for Write Block Instruction

Timing

4. If the BSY indication is set, Step 3 is
repeated to input the Status Byte
again.

5. If the BSY indication is low, and any
of the three least significant bits are
set, the transfer is terminated.

6. If all four least significant Status
Byte bits are reset, the Processor
compares the memory address with
the ending address. If they are equal,
the transfer is terminated. If the
addresses are not equal, the address
is incremented and Steps 2 through 6
of this sequence are repeated.

Again, the device controller Address flip-flop
and the Time Out feature are as described
previously for the RD instruction (Section
2.2). Figure 2-28 shows the format of the
WBR instruction. The WBR instruction is the
same as the WB instruction except that the
starting address is specified by the contents
of General Register R2 rather than by the
effective address.

WBR [RR]
(0] 718 12 15
96 R1 R2

Figure 2-28, Write Block from
Register Instruction Format



CHAPTER 3

DEVICE CONTROLLER LOGIC DESIGN

3.1 INTRODUCTION

This Chapter describes the procedure to fol-
low in designing I/O device controllers.
While it would be impossible to describe all
possible controllers, this Chapter explains
representative circuits in enough detail to
permit design of most controllers, Note
that Chapter 4 describes a General Purpose
Interface Controller which simplifies device
controller design.

3.2 1/0 BUS SPECIFICATIONS

The I/O bus system (either Multiplexer or
Selector Channel Bus) consists of 27 shared,
unidirectional leads which may be divided in-
to four groups:

1. Data Available Lines (DALs) form
a group of eight lines from the Sys-
tem Data Register (SDR) and carry
address, command, or data bits
from the Processor to the Device
Controller circuits.

2. Data Request Lines (DRLs) form a
group of eight lines which carry
status, acknowledge address, or
data from the Device Controller
circuits to the Processor. In the
Processor the lines are gated into
the SDR.

3. Control Lines (CLs) form a group of
eight lines from the System Control
Register (SCR) in the Processor.
Control Lines are energized on a
one-out-of-eight basis, These lines
control the use and intent of the

DALs and DRLs. One of these lines,
CL050, carries the interrupt acknow-

ledge (ACK) signal and is not a
shared line, but breaks up into a
series of short lines to form the
daisey-chain priority system. The
Device Controller closest to the

Processor has the highest priority
since the ACK signal must pass
through it first.

4. System Synchronize (SYN), Inter-
rupt Attention (ATN) and System
Clear (SCLR) lines form the last
group. The SYN and ATN lines
carry signals to the Processor
where they are used in the timing
and control of the I/O bus system.
A SYN signal indicates that the
Device Controller circuit has re-
ceived a signal on one of the Con-
trol Lines. The ATN line is en-
ergized when any of the Device
Controller circuits cause an
interrupt. Access to the ATN line
is under control of an Enable (EBL)
flip-flop in each Device Controller.
The SCLRO line provides a relay
contact closure to ground which is
used to set up initial or preferred
states in each Device Controller.

All buses are of the false type, i.e. zero
active. The Device Controller circuits used
to communicate with the I/O bus system are
shown in Figure 3-1. In a typical case, the
DALS and Control Lines are buffered by
standard gates to drive the Address, Com-
mand, Control and ATN/ACK circuits. The
signals back to the SDR on the DRLs are
gated by power gates whose outputs are OR
tied within the Device Controller and on the
bus. The load resistors for the DRLs are
located in the Processor. The paragraphs
which follow list the conditions affecting bus
usage, and provide a set of design rules.
Standard circuits for ATN/ACK and address
decoding are also shown.

The Systems Interface uses Diode-
Transistor Logic (DTL) power gates for
bus drivers on the unbuffered I/O Bus Sys-
tem. On the DAL and Control Lines, the

3-1
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Figure 3-1, I/0 Bus Communication Circuits, Logic Diagram

line drivers located in the Processor are
capable of handling 25 DTL loads in addition
to a 1K pull-up resistor. The ATNO, SYNO
and DRL bus lines are driven by power gates
distributed throughout the device controller
boards.

On each line, the gate collectors are OR tied
and share a common load resistor (located
in the Processor) as shown on Tigure o-1,
The value of the load resistor, and the num-
ber of OR ties, is determined by the total
OTFT leakage current of the power gates,

3-2

considered with the maximum ON current
of a single gate whose saturation voltage
is still below the logical zero level.

Calculations for the bus load resistor (RL
on Figure 3-1) and for the allowable fan-in,
show that for worst case conditions and a
0. 7 volt noise margin, the fan-in is about
50 gates. The basic rules for device con-

~11 4 tha T/0) harana o
LLULLCLD DVLLIE b\J LIIC A/ "V NUOo v u;.\,

1. Only one DTL load should be
placed on each device controller
input line from an I/O bus (DAL
Control Lines, and SCLRO line),



2. Not more than two DTL power gates
should be OR to a device controller
output line to an I/0 bus (ATN, SYN,
and DRLs).

The previous two rules give the Processor a
basic I/0 drive capability of 25 device con-
trollers. Additional buffering of the bus,
within the Processor is provided by expan-
sions as shown on Figure 3-2.

3.3 DEVICE CONTROLLER ADDRESSING

Refer to Figure 3-3 during the following de-
scription. The dotted lines around the groups
of logic functions represent INTERDATA
standard logic packs (daughter boards).
Further details on the logic packs may be
found in the INTERDATA Logic Module Hand-
book, Publication Number 29-005. When a
device controller is addressed, the 8 bit
address code is placed on the Data Available
Lines (DALO0OO thru DALO070), The two
Model 35-040 packs buffer the lines and

+5V

provide the true and false DAL lines. The
Model 35-058 boards are wired with the
desired address code, and the 8 coded out-
puts are applied to an 8 input gate, Model
35-022, Thus, the Decoded Device output
(DD1) goes true. The address control
line, ADRSL1 then strobes the DD1 line into
the address Flip Flop (Model 35-001).

The Synchronize signal is returned to the
processor, during the presence of ADRS1,
via the address Sync line ADSYO, The
Model 35-022 gate is used here as an OR
gate for returning the other device com-
mand Sync lines. The set output of the
address flip-flop called Device Enable
(DENB1), is used to gate all other I/0 con-
trol lines to the device controller. When
another device is addressed, the decoded
device line, DD1, is low, causing the
ADRSI1 strobe line to reset the address flip-
flop, and disabling the controller. Capaci-
tor C1 on the SYNC return is used to
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I/0O Bus Loading, Logic Diagram
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generate a delay of approximately 200 nano-
seconds to allow gate conditions to settle
on the lines,

3.4 DATA AND STATUS INPUT

Figure 3-4 shows how a byte of data and
status may be read into the Processor,
When the device is addressed, DENBI1 is
high, enabling the Status Request (SR) or
Data Request (DR) control line. The SR or
DR in turn, enables the status or data bytes
onto the Data Request Lines (DRL000 through
DALO070). The Model 35-020 logic pack is
a convenient means of OR tying multiple
data sources onto the DRL lines, Each of
the control lines automatically generates a
return sync signal SRSYO or DRSYO. The
device controller logic should place a high
on BSY1 until the data is ready and settled
on the Data Request lines (DR010 through
DR070). The Processor may now be syn-
chronized to the device data rate by execut-
ing Sense Status instructions and branch
looping on Busy until the Busy bit is low.
Then, when the Busy bit is low, the pro-
gram may execute a Read Data instruction.
Device synchronization can also be achieved
by generating an interrupt when the data is
ready.

The End of Medium (EOM) bit is normally
placed high at the termination of the device
medium, such as End of Card. The Device
Unavailable (DU) bit typically signifies that
device power is not turned on,

The Examine Status (EX) bit is used to
signify other appropriate device conditions.
In this case the user assigns S01 through
S31 to appropriate conditions, such as Par-
ity Error, etc.

3.5 DATA AND COMMAND OUTPUT

Figure 3-5 shows how a byte of data and
command may be output from the Processor.
The buffered true and false Data Available
Lines DALO0O1 through DAL071 and DAL000
through DAL070 from Figure 3-3 feed to the
set and reset inputs of the Data Register.
When the device is addressed, DENBI is
high, enabling the control line DAG1 to

strobe the data condition into the J-K flip-
flop Data Register. The DASYO line also
returns the sync signal to the Processor.
Either Model 35-015 or 35-016 logic packs
may be used. The Model 35-015 contains
four J-K flip~flops and the Model 35-016
contains two J-K flip-flops.

The Command lines are shown on Figure
3-5 as being used in the toggle mode. For
example, a high on bit 0 (DAL001) sets a
control relay when CMG1 goes high. A
high on bit 1 (DALO011) resets the relay.
Bits 6 and 7 are shown operating an indica-
tor. Other pairs of bits may be used to
enable/disable interrupts, etc. The tog-
gle flip-flops may use the Model 35-001
pack which contains 4 2-input inverters.

3.6 INTERRUPT CONTROL

Figure 3-6 shows a complete general pur-
pose interrupt and interrupt acknowledge
logic system. When an interrupt is gen-
erated, the Queue flip-flop is DC set via
a differentiated negative going pulse. The
output from the Queue flip-flop generates
an Attention signal (ATNO) to the Proces-
sor. The Processor responds with an
Acknowledge control line which is received
by the controller as Receive acknowledge
(RACK). Since the Queue flop was set
prior to receiving the RACK, the Gate G1
output disables G9, holding the G9 output
high. The high output from G9 stops
TACKO from sending the acknowledge to
the next device, Thus RACK1 and the G2
output generate ATSYO via G3, ATSYO0
sends a SYNC back to the Processor, and
also forces all inputs (DAL00O through
DALO070) to zero. This causes the device
number wired in by the address strap
board to appear on the inputs of G10
through G17. Thus, the ATSY1 output
from G4 enables the device number onto
DRLO000 through DRL070.

Capacitor C2 removes a 30nS pulse which
appears if theQueue flop is set at the same
instant that RACKO is received in response
to another device interrupt. This pulse
might otherwise reset the Queue flip-flop
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before the interrupt is serviced. The out-
put from G4 also raises the acknowledge
signal to the device. On receiving the
SYNO, the Processor lowers RACK1, caus-
ing the output of G4 to drop. This, in turn,
causes the Queue flip-flop to reset.

NOTE

If the interrupt has not set the Queue
flip-flop, the RACK1 signal passes
through G2 to TACKO, and on to the
next device.

If RACK1 is high in response to an-
other device, the output of G2 is low,
thus disabling the interrupt from af-
fecting G1. However, the interrupt
remains in the Queue flip-flop, and
is serviced after completion of the
previous interrupt service,

The ENABLE and ARM lines are two use-
ful interrupt control devices which may be
set/reset via Command line flip-flops. The
Arm/Disarm flip-flop, if reset, disarms
the device such that it cannot interrupt the
computer. The ENABLE flip-flop, if re~
set, masks the interrupt from interrupting
the Processor. However, it does not stop
the Queue flip-flop from recording that an
interrupt has occurred. The ENABLE flip-
flop thus enables the priorities of interrupts
to be programmed. If these two controls
are not used, G5 and G6 can be eliminated.
The input to F1 is then taken from the true
side of the Queue flip-flop.
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CHAPTER 4
GENERAL PURPOSE INTERFACE CONTROLLER

4.1 INTRODUCTION

This Chapter describes a basic device con-
troller which is available from INTERDATA
to facilitate custom device controller design
by a customer. The General Purpose (GP)
Interface Controller is essentially a mother-
board which contains the circuits basic to
most device controllers, and which may be
easily expanded to provide the additional cir-
cuits required by a particular custom con-
troller. Note that the GP Interface Control-
ler is used only when a customer designs a
special purpose controller. Standard device
controllers, and special device controllers
provided by INTERDATA, are furnished as
complete units., The GP Interface controller
is first described in general; later in the
Chapter specific examples and recommended
circuits are provided.

4.2 GENERAL DESCRIPTION

The GP Interface Controller mother-board
has its logic mounted on daughter-boards
physically located near the connector end of
the mother-board. This positioning keeps
the signal paths to and from the bus as short
as possible. The remainder of the board

provides connectors for standard INTERDATA

daughter-boards which are described in the
Logic Module Handbook, Publication Number
29-005. The same GP Interface Controller
board may be used with either a Multiplexor
Bus or a Selector Channel Bus. Each GP
Interface Controller is assigned a device
number by the user. Up to 256 GP Interface
Controllers may added to a Processor. The
GP Interface Controller may be used with all
the basic input-output instructions, and with
the optional block transfer instructions. Data
may be input or output through this channel
either direct to memory, or to any of the 16
General Registers. The GP Interface Con-
troller also provides the means for inputting
an 8-bit status byte or outputting an 8-bit

command byte. A fully buffered priority
interrupt line is provided. Figures 4-1 and
4-2 show the overall channel configuration
and all the input and output lines with their
mnemonics.

MULTIPLEXOR
CHANNEL
INTERFACE
OR SELECTOR
CHANNEL
INTERFACE

TRUE AND FALSE
ISOLATED DATA
OUTPUT LINES

DALOOC
i

X L | aoRrs
I
DALO70

DECODER
LOGIC
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DRO
CMDO

CONTROL LINES FOR
t GATING IN AND OUT
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SYNO SYNC LOGIC
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STATUS, AND DEVICE #x
RETURN

gLEs

DRLO70

ATNO—<——— ATTENTION |— o« |NTERRUPT
RACKO LOGIC < ACKNOWLEDGE

TACKO — 41

Figure 4-1. General Purpose Interface
Simplified Logic Diagram

The General Purpose Interface provides all
the "hand shaking' logic described in Chapter
3, thus providing the systems designer with
a partially completed device controller.

4.3 INSTRUCTION IMPLEMENTATION

The following sections describe how each I/0O
instruction may be implemented using the
GP Interface Controller.

4~-1
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Signals and Mnemonics
4.3.1 Read Data

Execution of this instruction causes a byte of
data to be transferred from the device spec-
ified by the contents of general register R1
directly to the memory byte address spec-
ified by A, indexed by the contents of general
register X2, (X2 equals zero, implies no
indexing and the byte of data is transferred
directly to A.) To implement the transfer

of the data byte (See Figure 4-3) the device

simply places its output data lines on the
Data Request Lines (DR001 through DR070)
and raises the Read Data Ready (RDR) line,
The channel raises the Read Data Transfer
(RD'D) line during the actual time it is read-
ing the data, Time T1 may vary from a
minimum in the case where the RD instruc-

tion has been executed and is waiting for

4-2
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Figure 4-3. Read Data, Timing Diagram

RDR, up to infinity in the case where RDR
is high and is waiting for an RD instruction
to be executed. Time T2 is fixed. The
data lines should not be changed while RDT
is high, The falling edge of RDT may be
used by the device to step on to the next
byte.

4.3.2 Write Data

Execution of the WD instruction causes a
byte of data to be transferred directly from
byte address A indexed by X2, to the device
whose device number is specified by the
contents of R1. Refer to Figure 4-4 or
implementation of the WD instruction. For
convenience, the True and False outputs of
the Data Available lines DA00O1 through
DAO071 and DA0OO through DAQ70 are made
available at the interface, These lines may
be taken directly to the Set/Reset side of a
clocked register within the device. Time



R1 specify the device number. In addition

to storing the 8-bit status condition in A,

the least 4 significant bits are placed di-
e o rectly into the 4-bit Condition Code of the
0 PSW. These 4 bits are assigned specific

meanings as described in Section 2.4, Thus,

DAO|

D —H»

DAOO

GENERAL
PURPOSE
INTERFACE

DEXTI?: the program, after executing a SS instruc-

i

,:

| REGISTER tion, may branch directly on any of the

: above conditions, Normally, if the V flag

! is set, the program examines the other 4-

DATI | = bits of the status condition which are stored

paoz 7T 18177 in A, These 4 most significant bits of the
status byte are uncommitted, and may be
assigned any extended meaning which is

I—__—Acgéx\'ED gppropriate for the particular device. To

T input the 8-bit Status word of the device,

T the status lines are simply fed to SS01

through SS71. (See figure 4-2.)

. WDRI

__ WDAI

4.3.4 Ovtput Command

Execution of the OC instruction causes an
DAOI-7I DATA 8-bit Output Command byte, stored in ad-

dress A indexed by X2, to be output to the
device whose device number is stored in R1.

WDRI

device control functions or device control-
W ler modes of operation. None of the com-
mand bits are committed to any specific

r The command lines are normally used for
|
|

L/

WDAI

|
|
: meaning, Refer to Figure 4-5 for imple-
mentation of the OC instruction. The com-
Figure 4-4., Write Data, Timing and mand data is placed on the Data Available
Logic Diagram lines DA0O1 through DA071. Later, at
Time T1 the Output Command Ready (OCR1)
line is raised. When the device has ac-
cepted the command, the Output Command
Accepted (OCA1) line is returned to the
Processor., The OCA1 signal causes the
lowering of the command data and OCRI1.
Time T2 is governed by the time that the
command data must be available to control
the device, Time T2 should be kept to a
minimum since the Processor cannot exe-
cute the next instruction until it receives
OCAl., If OCALl is sent directly back, it
is strapped to OCR1, and the OCR1 strobe
is a minimum time. The True or the False
4.3.3 Sense Status Data Available lines may be gated by the
OCR1 strobe, Time T2 should in no case
be made longer than 30 microseconds., If
more than 30 microseconds are required,
the control commands should be used to
set flip-flops.

TI T2

T1 is the time the Data Available lines are
made available prior to the raising of Write
Data Ready (WDR) signal. The WDR signal
may be used to strobe the data to the device
register, If the device can accept the data
fast enough, the WDR line may be tied di-
rectly to the Write Data Accepted (WDA)
line. In this case, the T2 pulse width is
minimum. If the device requires more time,
the WDA must be intercepted by a gate (shown
in dotted lines on Figure 4-4) until the data
is accepted. In this case, T2 remains high
until the data accepted line is raised.

Execution of the SS instruction causes an 8-
bit status code from the device to be stored
in location A indexed by X2, The contents of
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4.3.5 Acknowledge Interrupt

The Acknowledge Interrupt (Al) instruction
is a very powerful instruction. When exe-
cuted, after receiving a computer interrupt,
the device number of the interrupting device
is automatically placed in R1, and the status
byte of the interrupting device is placed in A
indexed by X2, Also, the least 4 significant
bits of the status byte are placed in the con-
dition code of the PSW, (See Section 2. 6).
Thus, for example, with one instruction, a
paper tape reader may identify itself and
inform the processor that it has run out of
tape. An appropriate branch may then be
taken on that condition. Refer to Figure 4-6
for the Interrupt control sequence, With
the Interrupt Enable line (IENB1) raised, the
GP Interface Controller stores an interrupt
in a Queue flip-flop. The Interrupt line
(INT1) requires a positive going edge of 0.5
microseconds or less. The line must re-
main high for at least 0.5 microseconds.
When the computer accepts the interrupt,
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Figure 4~6, Interrupt Control, Timing and
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the GP Interface Controller generates a 1
microsecond (T2) Interrupt Acknowledge
(IACK1) pulse to the device., The time T1
required for interrupt service is variable,
depending on the current program, If the
program is in the WAIT state (wait bit in
PSW set) the interrupt is serviced in a
minimum of 40 microseconds,

If the program is not in the WAIT state, the
current instruction has to be executed be-
fore the interrupt is serviced. The pro-
gram may disarm external interrupts by
resetting the external interrupt enable bit
in the PSW,

The Interrupt Enable (IENB1) line is useful
hardware means for disabling external in-
terrupts, When IENBI is held low, INT1
signals can not enter the GP Interface Con-
troller Queue flip-flop. The IENB1 may be
controlled by an Output Command flip-flop.

In a Read Block (RB) instruction, R1 contains
the device number, and the indexed address
location contains the starting address for



the block transfer. The next sequential half-
word contains the ending address. The block
of data is transferred to sequential byte loca-
tions in memory., Between each byte transfer,
the device status is checked. If the busy bit
is set the status is repeatedly checked until
the device is not busy. The byte of data is
then transferred.

If any of three least significant bits of the
status byte are set during the transfer, the
transfer is terminated and the bits are placed
in the PSW Condition Code. If the transfer
is completed successfully, the condition code
contains all zeros., Thus, the program may
branch directly on the condition code follow-
ing an RB or RBR instruction. The condition
code assignments are as described in Section
2.4. Refer to Figure 4-7 for the logic se-
quence. The device places its status on
SS001 through SS071. When the 1st byte of
data is on DR001 through DR071, the Read
Data Ready (RDR1) line should be raised.
The computer transfers the data and raises
the Read Data Transfer (RDT), line. The
trailing edge of this line may be used to strobe
the next byte of data onto the Data Request
lines DR001 through DR071. Between each
byte transfer, the status byte is examined
for 1 microsecond., If the status bits SS041
through SS071 are all zeros, the next byte of
data is transferred.

4.3.7 Write Block

In the Write Block (WB) instruction, R1 con-
tains the device number, and the indexed
address location contains the starting address
for the block transfer. The next sequential
halfword contains the ending address. The
block of data is transferred from sequential
byte locations in memory. Between each
byte transfer, the device status is checked,
If the busy bit is set, the status is repeatedly
checked until the device is not busy. The
byte of data is then transferred. If any of the
least 3 significant bits of the status byte are
set during the transfer, the transfer is ter-
minated and the bits are placed in the PSW
Condition Code. If the transfer is completed
successfully, the condition code contains all
zeros., Thus, the program may branch
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Figure 4-7. Read Block, Timing and

Logic Diagram

directly on the condition code following a
WB or WBR instruction, Condition Code
assignments are described in Section 2. 4,
Refer to Figure 4-8 for the logic sequence.
The device places its status on SS001
through SS071. The GP Interface Control-
ler raises the 1st data byte and then the
Write Data Ready line WDR1. The device
register strobes in the data and returns
the Write Data Accepted line WDA1. The
Processor then tests the status byte, If
bits SS041 through SS071 contain all zeros,
the next byte of data is made available,
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APPENDIX 1
MULTIPLEXOR AND SELECTOR CHANNEL WIRING DATA

Wiring for the Multiplexor Channel and the controller. Signal designations are shown
Selector Channel is identical. The bus con- on the right side of Figure Al-1,
nections are via the bottom connector
(Field 0) and are shown on Figure Al-1.
Note that the top four rows of pins are
stitched for use in communicating between
mother-boards in the same device

The top connector (Field 1) is stitched as
shown on Figure Al1-2. The Field 1 connec-
tor is used solely for communication be-
tween mother-boards.

Al-1
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APPENDIX 2

DMAC WIRING DATA

BACK PANEL WIRING

Conn Pos
Moth. Bd.
Vert. Pos

Relative Position Must Be Maintained

DMACH
Horiz Pos

DMACL
Horiz Pos

0 1

1 2

22
21
20
19
18
17
16
15
14
13
12
11
10
09
08
07

Ot =

[

+5V
RDRAO

LCDRI1

UCDR1

UDRI1

STDTO

WT1

URS1

DAl

Go1

ARO71

+5 V

RARAO

LCAR1

UCAR1

UARL

LDR1

WTO

URSO

EAl

GO0

RIW1

RDRAO RARAO

LCDR1 LCAR1

UCDR1 UCAR1

UDR1 UAR1

STDTO LDR1

WT1 WTO

URS1 URSO

DAl EAlL

Go1 Goo

ARO071 RIW1

o Urm—Ho

NO CONNECTIONS
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CABLE INFORMATION

There is one cable from Field 40 of the
DMACH mother-board and Field 40 of the

DMACL mother-board to the memory bus.

DMACH BOARD

There are cables from Field 47 of each board
to the device controller (C Bus). The follow-
ing tables provide wiring information for
these cables.

DMACL BOARD

Field 47 Pin Field40
C Bus M Bus

GND 00 GND
C00 10 D00
Co1 20 D01
co02 30 D02
Co03 40 D03
co4 50 D04
C05 60 D05
Co06 70 D06
Co7 11 DO7
CBSY 21 RMA
CRD 31 TMA
CRIW 41 REQO
CwWT 51 EAO
CARY 61 DAO

71

81

Field 47 Pin Field 40
C bus M Bus

GND 00 GND
Cco08 10 D08
Cco09 20 D09
C10 30 D10
Cl1 40 D11
Cl2 50 D12
C13 60 D13
Cl4 70 D14
Cl5 11 D15
CSYN 21
CIDR 31
CIAR 41 DSYN
CODR 51
COAR 61 WTO0
CS14 71 STO

81

A2-2
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