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30051A PREFACE

This manual contains maintenance information for the HP 30051 A Universal Interface (Differential). The interface des-
cribed in this manual is used as an integrai part of the HP 3000 Computer System to provide I/O capability between the
system and parallel data transfer devices requiring differential-logic signals.

The contents of this manual are organized in four sections as follows:

a.  Section I contains general information relative to the interface physical features and specifications.

b.  Section II contains operating parameters for the interface including a description of control word and status word
formats. :

c.  Section III contains theory of operation for the interface.

d.  Section IV contains servicing instructions with preventive and corrective maintenance information.

This manual should be retained and used with related documentation for the HP 3000 Series II Computer System or the
pre-Series I1 HP 3000 Computer System. The related documentation for the HP 3000 Series II Computer System includes
the following:

a.  HP 3000 Series II Computer System Service Manual, part no. 30000-90018.

b.  HP 3000 Series II Computer System Signal and Power Distribution Manual, part no. 30000-90021.

c. HP 3000 Series IT Computer System Stand-Alone Universal Interface PCA, Card Reader/Punch PCA Diagnostic,
part no. 30050-90012.

d.  HP 3000 Computer Systems Support Log, part no. 03000-90117.
The related documentation for the pre-Series II HP 3000 Computer System includes the following:
a.  HP 30001 A CPU/IOP Maintenance Manual, part no. 30001-90003.
b.  HP 30005A/30006A Memory Maintenance Manual, part no. 30005-90001.
¢.  HP 3000 Computer System Manuals of Diagnostics (MOD).
d.  HP 3000 Computer System Detailed Diagrams Manual, part no. 03000-90023 (Diagram Set DD-501, part no. 30051-90004).
e.  HP 3000 Computer System Illustrated Parts Breakdown (IPB) Manual, part no. 03000-90021.
f.  HP 3000 Computer System PCA Cage Maintenance Manual, part no. 30002-90002.
g . HP 3000 Computer System Installation Manual, part no. 03000-90032.

h.  System Configuration Package.

Note: Do not use the equipment described in this manual to interface serial data transfer or parallel data transfer devices
requiring DTL/TTL compatible signals.

May 1976 v
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SECTION

GENERAL INFORMATION K

1-1. INTRODUCTION.

1-2. This section describes the physical features and
provides specifications and identification data for the HP
30051A Universal Interface (Differential) (figure 1-1). Re-
lated publications that may be required for operation of
this interface are listed in the preface to this manual.

1-3. GENERAL DESCRIPTION.

14. The HP 30051A Universal Interface (Differential)
provides interface capability between the HP 3000 Com-
puter System and an external I/O device that uses parallel
data transfer through differential logic circuits. Typical
devices used with the HP 3000 Computer System include
line printers, card punches, and paper tape readers and
punches. The HP 30051A Universal Interface (Differential)
consists of the following items:

a. Universal interface (differential) printed-circuit as-
sembly, part no. 30051-60001.

b. Maintenance Manual, part no. 30051-90001.

1-5. The universal interface (differential) printed-circuit
assembly (interface PCA) contains logic circuits for decod-
ing and executing programmed instructions from the com-
puter system. Executing programmed instructions includes
sending 16-bit data and status words from the device to the
computer system and 16-bit data and control words from
the computer system to the device. When transferring data
to the device, the interface PCA accepts up to 16 bits from
the computer system and transfers these bits to the device
in one word or in two bytes of up to 8 bits each. When
accepting data from the device, the interface PCA receives
either one word of up to 16 bits or two bytes of up to 8
bits each. These two bytes are then packed into one 16-bit
word before transfer to the computer system. Software
control of the interface PCA can be either direct (CPU-to-
interface PCA) mode or SIO (IOP-to-multiplexer channel-
to-interface PCA) mode. In both cases, the I/O operations
performed between the device and interface PCA are
identical.

1-6. Status information is transferred to the computer
system in either of two 16-bit word formats. In both
formats the high order eight bits (O through 7) indicate
status of the interface PCA logic circuits. The low order bits
(8 through 15) are programmed through the control word
format to indicate status of either the external device or the
interrupt request circuit. Eight different actions of the
device can be monitored through the device status byte.
The interrupt request circuit contains eight different
methods for the device and interface PCA to request an

HP 3000 COMPUTER
SYSTEM CONNECTORS
N\

/ P3 P2 P1 \
DU 1L LD PN LELELE LS 1111111111 111111111111 O

INTERFACE PCA
COMPONENT SIDE

2 o o e
T LTIV V11T TS TTTTTITITI =
\ J3 J2 41 /

Vv
EXTERNAL DEVICE CONNECTORS

2186-1

Figure 1-1. HP 30051A Universal Interface (Differential)

inferrupt for service from the computer and each interrupt
request provides a separate bit in the interrupt status byte.

1-17. The 16-bit control word contains 5 bits that are
transferrable directly to the device. The remaining bits are
used on the interface PCA to control data and status
transfers and intei rupt request logic.

18. SPECIFICATIONS.

1-9. Specifications for the interface PCA are listed in
table 1-1. Data transfer rates given in table 1-1 were meas-
ured between successive programmed strobes with the diag-
nostic hardware {self-test connector), part no. 30049-
60001, installed and a clock rate of 200 nanoseconds.
These rates are affected by interconnecting cable length and
I/O circuit capacitance so that cables longer than 30 feet
and/or increased capacitance will decrease the data transfer
rate.

1-10.  IDENTIFICATION.

1-11.  Printed-circuit assemblies (PCA’s) are identified by
a part number etched on the PCA. Revisions to the PCA are

11



General Information

identified by a letter, a series code, and a division code
(A-0000-00) marked beneath the part number on the PCA.
The letter identifies the version of the etched trace pattern
on the unloaded PCA. The four-digit series code pertains

Table 1-1. Interface PCA Specifications

30051A

to the electrical characteristics and the positions of the
components on the PCA. The two-digit division code iden-
tifies the division of Hewlett-Packard that manufactured
the PCA.

CURRENT REQUIRED FROM
COMPUTER POWER SUPPLIES:

+5-volt supply:

METHOD OF DATA
TRANSFER:

To and from Device:

To and from Computer:'

Logic 1 level (high):

Logic 0 level (low):

3.5 amperes

16-bit parallel, or two 8-bit
bytes using byte transfer,
through differential line
drivers and receivers

16-bit parallel
+2.5 Vdc minimum

+0.5 Vdc maximum

DATA TRANSFER RATE:

(Refer to paragraph 1-9.)
Read Order:

Packing Disabled
Packing Enabled
Write Order:
Unpacking Disabled
Unpacking Enabled

DIMENSIONS:
Depth:
Width:

Thickness
(with Components):

WEIGHT:

Net:

300k words per second
230k words per second

210k words per second

180k words per second

11-1/2 in. (292.1 mm)

13-11/16in. {3562.425 mm)

5/8 in. (15.8756 mm)

1 b, 4 0z (0.558 kg)

1-2
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SECTION

OPERATING PARAMETERS B!

2-1. INTRODUCTION.

2-2. This section contains information regarding
operation of the interface PCA in the HP 3000 Com-
puter System. Descriptions are included for I/O instruc-
tions, direct 1/O commands, and programmed I/O orders
used by the interface PCA. The control word and status
word formats are also described along with sample pro-
gramming information. All information in this section is
general in regard to programming data transfers with a
particular device. To determine specific parameters for a
particular device, refer to the applicable subsystem
manual.

2-3. GENERAL INFORMATION.

2-4. The interface PCA permits bidirectional data trans-
fer between an external device and the HP 3000 Computer
System. This interface PCA operates under direct I/O com-
mands from the CPU or under programmed I/O orders
initiated through an SIO routine. In either case, the inter-
face PCA performs the same functions and operation is
identical to the external device.

2-5. The interface PCA has two sets of jumper wires
that determine operating parameters. One set of jumper
wires is located on the interface PCA and is used to select
the device number, service request priority, group interrupt
mask, and DRT address parity (see figure 4-2). The other
set of jumper wires is located on the device cable connector
which connects to connector J2 on the interface PCA.
These jumpers select various operating features of the inter-
face PCA (refer to table 4-2).

2-6. All required control information, data, and status
is transferred between the HP 3000 Computer System and
the interface PCA by way of the IOP and MUX buses. A
block diagram showing the connections for these buses is
provided in figure 3-1.

2-1. SYSTEM PARAMETERS.

2-8. Operation of the interface PCA is controlled by
machine language I/O instructions. These instructions are
supplied by a user program or the operating system. From
either source, the response to any given instruction is the
same. 1/O instructions initiate either direct I/O operations
(operations under direct control of the CPU) or program-
med 1/O operations (operations under control of the multi-
plexer channel). The following paragraphs describe the I/O
instructions that affect the interface PCA and the resultant
direct and/or programmed I/O operation.

2-9. CIO INSTRUCTION. The CIO instruction causes a
16-bit control word to be sent from the top-of-stack (TOS)
register in the CPU/IOP module to the interface PCA. All
16 bits of the control word are sent with the CIO instruc-
tion, therefore, each command modifies all bits in the
interface PCA control word buffers. The control word
format is described in paragraph 2-28. If the CIO instruc-
tion is executed successfully, condition code CCE is set in
the computer system.

2-10. RIO INSTRUCTION. The RIO instruction strobes
a data word from the interface PCA data input buffers to
the computer system memory (refer to table 2-1). The RIO
instruction is preceded by a CIO instruction to transfer data

Table 2-1. Sample Program to Read Data

TOS<DEVICENUMBER;
TOS<%002004;

ASSEMBLE (CIO 1);
SELF: IF <> THEN GO SELF;
TRYAGAIN: ASSEMBLE (RIO 0);

HANGUP: IF <THEN GO HANGUP;
IF = THEN GO ONWARD;
ASSEMBLE (DEL);
GO TRY AGAIN;
ONWARD: DATA<TOS;

<<THIS ROUTINE READS TWO BYTES OF DATA FROM THE DEVICE>>

<<CONTINUE WITH MAIN PROGRAM>>

<<ENABLE DATA TRANSFER>>
<<ENABLE PACKING OPTION>>

<<TEST FOR CIO COMPLETED>>

<<DEVICE DOES NOT RESPOND>>

<<RI0 EXECUTED O.K., CONTINUE>>
<<DATA TRANSFER STILL IN PROGRESS>>
<< DELETE STATUS WORD & TRY AGAIN>>
<< 2BYTES IN PACKED FORMAT>>

21



Operating Parameters

(control word bit 5). The interface PCA accepts a 16-bit
word of data (or two 8-bit bytes if byte transfer is enabled)
from the device and stores the data in the input buffer. If
bit 1 of the status word is high, the RIO instruction reads
the buffer contents into the computer system memory.
When the RIO instruction is executed successfully, condi-
tion code CCE is set in the computer system.

2-11.  SIN INSTRUCTION. The SIN instruction sets the
I/O system interrupt (bit 13 of the interrupt status word)
and causes an interrupt request to be initiated. If control
word bit 14 is high and no other interrupts are active, the
interface PCA will request an interrupt.

2-12.  SIO INSTRUCTION. The SIO instruction initiates
a microprogram routine that switches control of the inter-
face PCA away from the CPU and allows the multiplexer
channel to control I/O operations. This frees the CPU to do
other word during routine I/O operations.

2-13. SMSK INSTRUCTION. The SMSK instruction
sends a 16-bit mask word from the top-of-stack (TOS)
register in the CPU/IOP module through the interface PCA
data out lines. The mask word sets up all interface PCA’s in
the mask group to allow interrupts. Interface PCA’s are
assigned to mask groups by a jumper wire (see figure 4-2).

2-14. TIO INSTRUCTION. The TIO instruction causes
the interface PCA to send a status word to the computer
system. If the TIO instruction is internally micropro-
grammed as part of an RIO, WIO, or SIO instruction, the
status word is sent to scratch pad 2 in the CPU. If the TIO
instruction is part of the program code, the status word is
sent to the TOS register in the CPU/IOP module. The status
word format is described starting in paragraph 2-40.

2-15.  WIO INSTRUCTION. The WIO instruction causes
a 16-bit data word (or two 8-bit bytes if byte transfer is
enabled) to be transferred from the computer system to the
external device (refer to table 2-2). Bit 1 of the status word
must be high before the WIO instruction is issued or the
instruction is rejected. If the WIO instruction is executed
successfully, condition code CCE is set in the computer
system.
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2-16.  DIRECT I/0.

2-17. Direct I/O operations are under control of the
CPU and result from decoding and executing machine lan-
guage instructions. These instructions each cause the CPU
to issue a 12-bit word over the IOP bus to all PCA’s. This
12-bit word consists of a 3-bit direct I/O command
(IOCMD), an 8-bit device number (DEVNQ), and a service
out (SO) bit. The IOCMD bits indicate which operation is
required by a PCA (refer to table 2-3), the DEVNO bits
indicate the PCA being addressed, and the SO bit indicates
that a direct I/O command is on the IOP bus. The addressed
PCA acknowledges receipt of the direct I/O command by
returning a service in (SI) signal over the IOP bus.

2-18.  PROGRAMMED I/O0.

2-19.  The I/O program is initiated as a result of a direct
SIO instruction and once initiated is controlled by the multi-
plexer channel through the IOP and IOP bus. The multi-
plexer channel accepts the programmed I/O command
orders one-at-a-time from the IOP, decodes the command
orders and sends control strobe signals to the interface
PCA. There are eight programmed I/O command orders
that affect operation of the interface PCA. The command
orders are CONTROL, END, INTERRUPT, JUMP, READ,
RETURN RESIDUE, SENSE, and WRITE. How these com-
mand orders affect operation of the interface PCA is
described in the following paragraphs.

2-20. CONTROL ORDER. This order causes a transfer
of a 16-bit control word in the IOAW field from memory to
the interface PCA. The control word format is identical to
the CIO instruction control word format and is described in
paragraph 2-28. To prevent loss of control word bits, all
bits must be restored with each control word.

2-21. END ORDER. This order indicates the termina-
tion of an I/O program and causes the interface PCA to
send a status word to the computer system memory
location specified by the IOAW. The status word format
is described in paragraph 2-40.

Table 2-2. Sample Program to Write Data

TOS<DEVICENUMBER;
TOS<%p00004;
ASSEMBLE (CIO 1);

SELF: IF <>THEN GO SELF;
TOS<DATA;
ASSEMBLE (WIO 1);
HANGUP: IF <>THEN GO HANGUP;

<<THIS ROUTINE WRITES TWO BYTES OF DATA TO THE DEVICE>>

<<CONTINUED WITH MAIN PROGRAM>>

<<ENABLE UNPACKING OPTION>>

<<TEST FOR CiO COMPLETED>>
<< 2BYTES IN PACKED FORMAT>>

<<TEST FOR WIO COMPLETED>>

2-2
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Table 2-3. Direct /O Command Codes
10CMD
COMMAND DESCRIPTION
00 | 01 | 02
ClO 1 1 0 | Control 1/0. Transfers a 16-bit con-

trol word from the computer sys-
tem to the interface PCA (see
figure 2-1).

RESETINT { O 1 1 | Reset Interrupt. Clears the inter-
face PCA interrupt active condition
but does not clear the conditional
logic that specifies the cause of an

interrupt request.

RIO O | 0| O | Read 1/O. Transfers a 16-bit data
word from the interface PCA to the

computer system.

Set Interrupt. Sets the I/O system
interrupt and causes an interrupt
request to be initiated.

SIN 1 1 1

SI0 1 0 1 | Start 1/0. Initiates a microprogram
routine that allows the multiplexer
channel to control operation of the

interface PCA.

SMSK 0| 0| 1 | Set Mask. Transfers a mask word
from top of stack (TOS) to all

interface PCA's.

TIO 0|1 0 | Test 1/O. Transfers a 16-bit status
word from the interface PCA to the
computer system (see figures 2-2,
2-3, and 2-4).

WIO 1 0 | O | Write 1/O. Transfers a 16-bit data

word from the computer system to
the interface PCA.

2-22. INTERRUPT ORDER. This order sets the I/O
system interrupt (bit 13 of the interrupt status word) and
causes an interrupt request to be initiated. Then, if control
word bit 14 is high and no other interrupts are active, the
interface PCA will request an interrupt. There is no effect
on the external device.

2-23. JUMP ORDER. This order causes the multiplexer
channel to jump unconditionally to the address given in the
IOAW for the next IOCW to be executed.

2-24. READ ORDER. This order causes the transfer of a
block of data from the device to the computer system
memory. The starting address in memory is specified by the
IOAW. This transfer terminates normally if the device sends
a Device End signal or the word count has gone to zero.

2-25. RETURN RESIDUE ORDER. This order has no
effect on the interface PCA. The order returns the re-
mainder of the word count to the IOAW. This information
is used to determine the number of words transferred if
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the device terminates a READ or WRITE order before
word count has gone to zero.

2-26. SENSE ORDER. This order causes a 16-bit
status word to be transferred from the interface PCA to
the computer by the IOAW. The status word format is
described in paragraph 2-40.

2-27. WRITE ORDER. This order causes the transfer
of a block of data from the computer system memory
to the external device. The starting address of the block
is specified by the IOAW. This transfer terminates nor-
mally if the device sends a Device End signal or the
word count has gone to zero.

2-28. CONTROL WORD FORMAT.

2-29. The control word is a 16-bit word that is sent
from the computer system to the interface PCA over the
IOP bus data out lines. This control word is sent to the
interface PCA after execution of a direct CIO instruction
or I/O program CONTROL order. To ensure against loss of
control bits, all of the control bits must be restored each
time a control word is sent to the interface PCA. Figure
2-1 shows the control word format and the separate bits
are explained in the following paragraphs.

2-30. MASTER CLEAR. When high (logic 1), this bit
initializes the interface PCA. Its action on the interface
PCA is similar to pushing the I/O reset switch on the
computer system console. Master clear should be used
only when the condition of the interface PCA is unknown
or when it is necessary to clear one of the interface status
bits.

2-31. CLEAR ALL INTERRUPTS. This bit, when
high, clears all processes on the interface PCA that could
initiate an interrupt request. Master clear has the same
effect on the interrupt processing logic. After this bit is
issued, the interrupt pending bit (bit 2 of the status
word) should be low indicating that all interrupt requests
were cleared.

2-32. SELECTIVE INTERRUPT CLEAR. These three
bits may be programmed to separately clear each of the
eight conditions that can cause an interrupt request. Table
2-4 lists the bits configurations required to clear each
interrupt request.

2-33. INITIATE DATA TRANSFER. This bit must be
set high with a CIO instruction before every RIO in-
struction to signal the interface PCA to fetch another
data word from the device. Set this bit high only when
bits 0 and 1 of the status word are both high to in-
dicate that an SIO is not in progress and data is not
being transferred.

2-34. DEVICE CONTROL. These five bits are made
available to the device through differential line drivers.
On the interface PCA, these bits are stored in a buffer
that is modified by every control word.

2-3
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Master Clear. A logic 1 initializes interface PCA.

Clear All Interrupts. A logic 1 clears all processes on
the interface PCA that could initiate an Interrupt Re-
quest signal.

Selective Interrupt Clear. These three bits are pro*
grammed in octal code to selectively clear each of the
eight processes that can initiate an Interrupt Request
signal (refer to table 2-4).

Initiate Data Transfer. This bit must be set to a logic 1
by a CIO instruction before every RIO instruction to
signal the interface PCA to accept another data word
from the device. Bits O and 1 of the status word must
also be set to a logic 1.

Device Control. These five control bits are availabie to
the external device through differential line drivers.

Data Transfer Interrupt. A logic 1 allows the interface
PCA to issue an Interrupt Request signal at the com-
pletion of each data transfer sequence.

Interrupt/Device Status. This bit selects the lower eight
bits {8 through 15) of the status word. A logic 1 selects
device status, and a logic O selects interrupt status.

Enable Byte Transfer. A logic 1 enables byte transfer
for packing during read and unpacking during write.

Enable Interrupt Request. A logic 1 enables the Inter-
rupt Request signal.

Enable Transfer Timer. A logic 1 enables the transfer
timer.

2186-4

Figure 2-1. Control Word Format

Table 2-4. Interrupt Request Selective Clear

CONTROL

WORD BITS INTERRUPT PROCESS CLEARED

2 3 4

0 0 0 Inactive state, no action

0 0 1 Transfer Timer and Transfer Error, inter-
rupt status bits 15 and 14

0 1 0 1/O System, interrupt status bit 13

0 1 1 Clear Interface, interrupt status bit 12

1 0 0 Data Transfer, interrupt status bit 11

1 0 1 Device Status bit 8, interrupt status bit 8

1 1 ¢} Device Status bit 9, interrupt status bit 9

1 1 1 Device Status bit 10, interrupt status
bit 10
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2-35. DATA TRANSFER INTERRUPT. This bit,
when high, causes the interface PCA to issue an inter-
rupt request at the completion of each data transfer
sequence. Its purpose is to allow programming of data
transfer instructions (WIO and RIO) to the device, con-
tinue with some other operation, and then return to
transfer more data when signaled by the interrupt.

2.36. INTERRUPT/DEVICE STATUS. When this bit
is low the interrupt status byte is enabled and when
this bit is high the device status byte is enabled. Table
2.5 provides a typical interrupt service routine with
changes in the stack shown for each step.

2-37. BYTE TRANSFER. When high, this bit allows
the interface PCA to accept two data bytes of up to 8
bits each from the device and to pack them into a
single word of up to 16 bits. This data word can then
be transferred to the computer system memory. Also,
the high byte transfer bit allows the interface PCA to
accept a single word of up to 16 bits from the com-
puter system memory and to transfer the word to the
device in two bytes of up to 8 bits each.

2-38. ENABLE INTERRUPT REQUEST. This bit,
when high, enables the interrupt request logic so that
the interface PCA may request an interrupt.

2-39. START TRANSFER TIMER. This bit, when
high, starts the data transfer timer. If the transfer timer
is not cleared by a control word (see table 2-4) within
5 seconds, an interrupt request is initiated.

240. STATUS WORD FORMATS.

2-41. The status word is a 16-bit word that is
fetched from the interface PCA after executing a TIO
instruction or a SENSE order in an I/O program. When
the TIO instruction is internally microprogrammed as
*part of an RIO, WIO, or SIO instruction, the status
word is sent to scratch pad 2 of the CPU. If the TIO
instruction is part of the program code, the status word
is sent to the TOS register in the CPU/IOP module. The
SENSE order is always the first part of an 1/O program
doubleword and results in the status word heing stored
in the second part of the same doubleword.

2-42. The 16-bit status word has two different for-
mats with the upper eight bits (bits O through 7) being
the same for either format. The lower eight bits (8
through 15) indicate either interrupt status or device
status depending on control word bit 12. With control
word bit 12 low, the status word contains the interrupt
status byte and with control word bit 12 high, the
status word contains the device status byte.
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Table 2-5. Interrupt Service Routine

* byte.
1 LOAD DEVNO
2 DUP
3 LOAD Cw
4 Cio K (K=1)
5 TIiO K (K=1)

* accordingly.

STEP 1 STEP 2
TOS (S) »| DEVNO DEVNO
S-K>| DEVNO

START: *** Typical interrupt service routine to retrieve
* a status word containing the device status

< Push device number onto stack >
< Duplicate device number in next location >
< Push control word onto stack >

< K = location of DEVNO relative to top of stack. In this case
DEVNQO is one location below TOS {S-1) so K=1>

* Status word is now on the TOS. Remainder of
* program can test status and respond

S-K~>

STEP 3 STEP 4 STEP 5

cw DEVNO STATUS
DEVNO S-K~>| DEVNO S-K>| DEVNO
DEVNO DEVNO

2-43. INTERFACE STATUS BYTE.

2-44. The interface status byte is contained in the
upper eight bits (0 through 7) of every status word.
These bits indicate the condition of several interface
PCA functions (see figure 2-2). Each bit is explained in
the following paragraphs.

2-45. SIO OK. When high, this status bit indicates
that it is permissable to execute an SIO command. A
low in this bit position indicates that an SIO routine is
in progress or that the multiplexer channel cannot ser-
vice the interface PCA.

2-46. RIO, WIO OK. This bit, when high, indicates
that it is permissable to execute an RIO or WIO instruc-
tion to transfer data between the device and computer
system. During data transfers this bit is held low to in-
dicate that a data transfer is in progress.

2-47. INTERRUPT PENDING. A high in this bit
position indicates that at least one of the eight possible
interface PCA functions is requesting an interrupt. When
this bit is low it indicates that there are no active inter-
rupt requests. Even when the interrupt pending bit is

high, the interrupt request may be inhibited if control
word bit 14 is low.

2-48. SEQUENCE COUNTER. These two bits indicate
the condition of the interface PCA data transfer
sequence counter. They are used primarily for trouble-
shooting the interface PCA during diagnostic routines.
The two bits are decoded as described in table 2-6.

2-49. DEVICE FLAG. This bit is supplied by the ex-
ternal device in response to a request for operation.
When high, it indicates that the I/O operation at the de-
vice is complete. Between I/O operations, this bit is
normally low.

2-50. INTERRUPT/DEVICE STATUS. This bit is con-
trolled by bit 12 of the control word and is used to indicate
the content of the lower eight status bits (7 through 15).
When this bit is high, the lower eight status bits are device
status and when this bit is low, the lower eight status bits
are interrupt status. Interrupt and device status bits are
explained in the following paragraphs.

2-51. PERMANENT ZERO. Status bit 7 is permanently
wired low.

2-5
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interface Status Byte These upper eight bits always
indicate the interface PCA status.

®

Interrupt/Device Status Byte. These lower eight bits
indicate interrupt status when bit 6 is a logic 0 and in-
dicate device status when bit 6 is a logic 1.

SI0O OK. A logic 1 indicates that it is permissable to
execute an S10 instruction,

RIO, WIO OK. A logic 1 indicates that it is permissabie
to execute an R1O or WIO instruction,

@ Interrupt Pending. A logic 1 indicates that at least one
of the eight possible interface PCA operations is re-
questing an interrupt.

® Sequence Counter. These two bits indicate the condi-
tion of the data transfer sequence counter.-

@ Device Flag. A logic 1 indicates |/O operation has be-
gun. Between 1/O operations this bit is normally at
logic 0.

@ Interrupt/Device Status. This bit indicates the contents
of the lower eight status bits. A logic 1 indicates device

status and a logic O indicates interrupt status.

@ Permanent Zero. Permanently wired to logic 0.

2186-5

Figure 2-2. Status Word Format

Table 2-6. Sequence Counter Status Bit Decoding

STATUS BIT
DESCRIPTION
3 4
0 0 Sequence counter at rest.
1 0 Request for operation to device,
1 1 Begin operation from device.
0 1 Request for operation to begin transfer
of second byte.
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interrupt (see figure 2-3). When one or more of these bits
are high, indicating an interrupt request, bit 2 of the status
word is also high to indicate that an interrupt request is
waiting for service. Also, each of the interrupt request
conditions and its associated status bit can be cleared indi-
vidually to ensure that no interrupt requests will be lost.
Selective clearing of the interrupt requests is described in
paragraph 2-32. The following paragraphs describe each of
the interrupt status bits.

2-54. DEVICE STATUS INTERRUPTS. The device
status interrupts are three independent bits in the interrupt
status word. These bits (8, 9, and 10) are enabled by the
same signals from the device that provide device status bits
8, 9, and 10. To activate the interrupt requests from the
device status lines, the appropriate jumper wire must be

2-52. INTERRUPT STATUS BYTE.

2-53.  The interrupt status byte is contained in bits 8
through 15 of the status word when bit 6 of the status
word is low. Each bit of the interrupt status byte indicates
a function on the interface PCA that can request an

2-6
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@ Interface Status Byte. These upper eight bits always
indicate the interface PCA status.

Interrupt Status Byte. These lower eight bits indicate
interrupt status when bit 6 is a logic 0.

Interrupt/Device Status. This bit indicates content of
the lower eight status bits and must be a logic O for
interrupt status.

@ Device Status Interrupts. Device status bits 8, 9, and
10 can be used to initiate interrupt requests. When
used to initiate an interrupt request, device status bits
8, 9, and 10 also initiate interrupt status bits 8, 9, and
10 respectively.

@ Data Transfer Interrupt. A logic 1 indicates that con-
trol word bit 11 is a logic 1 and that an interrupt re-
quest will occur after each data transfer,

Clear Interface Interrupt. A logic 1 indicates that an
1/O program was cancelled by the external device.

1/O System Interrupt. A logic 1 indicates that a direct
SIN command or 1/O program INTERRUPT code was
executed.

® Transfer Error Interrupt. A logic 1 indicates that an
error has occurred in the transfer of data between the
interface PCA and the computer system.

@ Transfer Timer Interrupt. A logic 1 indicates that the
transfer timer was enabled by control word bit 15 and
the time expired before the timer was cleared.

2186-6
Figure 2-3. Interface/Interrupt Status Word Format
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installed in the mating connector to connector J2. The
jumper wires designation are J2W4, J2W8, and J2W9 for
interrupt status bits 8, 9, and 10 respectively (refer to table
4-2). When the appropriate jumper wire is installed, inter-
rupt status bits 8 and 9 are enabled by the leading edge of
device status signals 8 and 9, and interrupt status bit 10 is
enabled by the traiiing edge of device status bit 10.

2-55. DATA TRANSFER INTERRUPT. The data trans-
fer interrupt is enabled by control word bit 11 and when
enabled causes an interrupt request after each data transfer.
Refer to paragraph 2-35.

2-56. CLEAR INTERFACE INTERRUPT. A clear inter-
face interrupt is valid only during an I/O program when the
multiplexer channel is controlling the interface PCA. The
external device can complietely abort the I/O program and
enable this interrupt by sending a Clear Interface signal to
the interface PCA.

2-57. 1/O SYSTEM INTERRUPT. This bit, when high,
indicates that a direct SIN instruction or an I/O program
INTERRUPT order was executed and an interrupt
requested.

2-58. TRANSFER ERROR INTERRUPT. This bit,
when high, indicates that an error has occurred in the
transfer of data between the inierface PCA and the com-
puter system. Once enabled, this bit must be cleared before
another data transfer can occur. The conditions that cause
this bit to go high are as follows:

a. Illegal address.
b. Memory parity error.

c. Parity error on data transfer to or from computer
system memory.

2-59. TIME OUT INTERRUPT. This bit goes high if the
transfer timer delay expires. The {ransfer timer is first

Operating Parameters

started by control word bit 15 and then expires 5 seconds
later if the timer is not cleared by a control word with bit 4
at a logic 1. If the timer is not cleared within the preset
time limit, an interrupt is requested.

2-60. DEVICE STATUS BYTE.

2-61. The device status byte is contained in bits 8
through 15 of the status word when bit 6 of the status
word is high. Each bit of the device status word indicates an
input signal from the external device (see figure 2-4). Three
of the bits (8, 9, and 10) are also connected to the interrupt
status lines to enable the device to request an interrupt
(refer to paragraph 2-54).

@ Interface Status Byte. These upper eight bits always
indicate the interface PCA status.

Device Status Byte. When connected to an external
device and bit 6 is a logic 1, these lower eight bits in-
dicate status of the device.

© Interrupt/Device Status. This bit indicates content of
the lower eight status bits and must be a logic 1 for
device status.

2186-7

Figure 2-4. Interface/Device Status Word Format
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SECTION

THEORY OF OPERATION It

31. INTRODUCTION.

3-2. This section contains system-level and functional-
level descriptions of operation for the HP 30051A Universal
Interface (Differential) PCA. The system-level description
briefly describes interface PCA operations in relation to the
HP 3000 Computer System. The functional-level descrip-
tion divides the interface PCA into functional circuit groups
and provides a description of operation for each group.

33. SYSTEM-LEVEL DESCRIPTION.

3-4. The interface PCA is combined with any com-
patible device such as a line printer to form a subsystem of
the HP 3000 Computer System (see figure 3-1). This sub-
system can be any one of sixteen subsystems connected to
each multiplexer channel in the overall system. Operation
of the subsystem requires the transfer of commands, data,
and status information between the interface card and the
following system components:

a. Memory Module

b. Central Processor Unit (CPU)
¢. Input/Output Processor (I0P)
d. Multiplexer Channel

3-5. The memory module contains the I/O drivers that
are executed by the CPU, I/O programs that are transferred
by the IOP to the multiplexer channel, and the device
reference tables (DRT). I/O drivers contain direct instruc-
tions such as Read I/O (RIO), Write I/O (WIO), and Start
I/O (SIO). As an I/O driver instruction is executed by the
CPU, the CPU issues direct commands through the IOP and
IOP bus directly to the addressed interface PCA. When the
interface PCA accepts a direct command, it returns an
acknowledge signal and performs the command. If the
direct instruction was an SIO, the multiplexer channel
assumes control of the interface PCA and the CPU is free to
perform other functions.

3-6. An SIO instruction calls a routine that permits the
IOP to transfer an I/O program, one instruction at a time,
from the memory module to the multiplexer channel. The
multiplexer channel then controls operation of the inter-
face PCA. Instructions contained in the I/O program are
similar to the instructions contained in the I/O driver and
they perform many of the same functions such as Read I/O
and Write I/O.

3-7. The multiplexer channel is a controller for up to
16 subsystems and contains a one-word storage location for
each subsystem. Program instructions from the IOP are
stored one at a time in the storage location for the

addressed subsystem. Each program word is then decoded
by the multiplexer channel and sent through the MUX
CHAN bus to the appropriate interface PCA. When the
interface PCA accepts the decoded program instruction, it
returns an acknowledge signal to the IOP and performs the
instruction. The interface PCA and multiplexer channel
exchange signals that monitor progress in performing
instructions.

3-8. Data are ftransferred to and from the device
through the interface PCA and IOP bus. This transfer oc-
curs in response to either direct or program I/O instruc-
tions. The device number (address) and interrupt priority
are determined by relocateable jumper wires on the inter-
face PCA. An interrupt to transfer data to or from the
device can be initiated by the operating program or by an
interrupt request from the device and interface PCA. Inter-
rupt requests are also initiated due to several different
status conditions.

3-9. Status conditions for the interface PCA and de-
vice, including the conditions that cause an automatic re-
quest for interrupt, are transferred from the interface PCA
through the IOP bus data lines. These status conditions are
transferred as either of two 16-bit status words. One status
word indicates the interface PCA status and the status of
eight interrupt conditions. The second status word indicates
the same interface PCA status as the first status word.
However, the eight interrupt status bits are replaced by
eight device status bits. Bit 12 of the control word deter-
mines which status word is transferred.

3-10.  The device control word is a 16-bit word that is
sent to the interface PCA through the IOP bus data lines.
Five bits of the control word are available at output pins to
control device operations. The remaining bits control func-
tions on the interface PCA such as selecting the interrupt
status or device status word. The interface card also has
three discrete signals available for the device. These three
discrete signals are Master Clear, Power Fail Warning, and
Power On.

3-11.  FUNCTIONAL-LEVEL DESCRIPTION.

3-12. The interface PCA performs three interrelated
functions. These functions are (1) command, (2) control,
and (3) data and status transfer (see figure 3-1). Each of
these functions is divided in circuit groups and operation of
the circuit groups is described in the following paragraphs.
Simplified and detailed diagrams for the interface PCA are
contained in the HP 3000 Computer System diagrams man-
uals. The simplified diagrams are set number SD-131 and
the detailed diagrams are set number DD-501. Functional
block diagrams, timing diagrams and partial schematics con-
tained in this manual are referred to by figure number.

3-1



Theory of Operation

30051A

CTL DATA BUS

TO OTHER MCU

CTL DATA BUS

MODULES
MEMORY MODULE cPU 10P
mMCU MCU
MODULE 110 MODULE
PROGRAM T
—— |
DRT e |
== | (7ot sesrrer
DEVICE 1 — — |
DRVER — - v ' 1 ] ] orsuUs
rCURRENT INSTR ] l L D IN/OUT REGISTER
1/0 - D
DEVICE 3 PROGRAM |
E— II CONTROL
= |
L = = i [so cowo aor|
= — — |
e —— H
1
1
MULTIPLEXER CHANNEL
16 STORAGE
LOCATIONS
__,\,_4—/
MUX BUS CONTROL y
' LOGIC
ANY COMPATIBLE 1/0 SUBSYSTEM
| UNIVERSAL INTERFACE |
A a N | COMMAND | 4 [ A
> T v FUNCTION 1 «»
| : |
DATA AND STATUS
CONTROL TRANSFER
FUNCTION FUNCTION
| ? |
| Y |
| ANY ‘
COMPATIBLE
I DEVICE l
MUX BUS 10P BUS
TO OTHER 1/0 L | TO OTHER 1/0
SUBSYSTEMS _———— - —_— Y — SUBSYSTEMS

2186-8

3-2

Figure 3-1. Overall System Block Diagram




30051A

3-13. COMMAND FUNCTION.

3-14. The interface PCA command function is per-
formed by the circuits that receive and process the direct
commands from the CPU and the decoded program com-
mands from the multiplexer channel. In addition, an inter-
rupt processing circuit and the I/O data gates are contained
with the command function circuits. Operation of these
circuits is described in the following paragraphs.

3-15. DIRECT COMMANDS. Direct commands are ex-
ecuted by the CPU and sent through the IOP and IOP bus
to the interface PCA. The interface PCA receives the direct
commands as three bits of the I/O command (IOCMD)
word. These three bits are decoded as shown in table 3-1.
To enable the command decoder and initiate the command
operation requires a series of interlocking operations. Since
decoding of each direct command is similar, only the de-
coding of the SIO command is described in the following
paragraphs.

3-16. When the CPU executes an SIO command, the
resulting CPU microcode assembles a device address word,
microcode test I/O, and service out. This combined 12-bit
word, is sent through the S-bus to the IOP control word
registers (see figure 3-1). The IOP, in turn, sends the 12-bit
word through the IOP bus to the interface PCA command
function circuits (see figure 3-2). These circuits receive the
12-bit word as DEVNO, 8 bits; IOCMD, 3 bits; and SO, 1
bit. (Refer to table 3-2 for a list of external signal names
and abbreviations.) The DEVNO bits are compared with the
device number relocateable jumper wire configuration.
Coincidence of the compared signals provides a True Com-
pare signal that is combined with the SO signal to enable
the command decoder.

3-17.  The command decoder then decodes the IOCMD
bits as a TIO which provides a D STATUS STB command
to the status transfer function on the interface PCA. This
command strobes a 16-bit status word onto the IOP bus. At
the same time, the status transfer function provides an
acknowledge signal (ACK 2) that results in sending an SI
signal to the IOP. The IOP then terminates the SO signal
that was enabling the command decoder and transfers the
16-bit status word to scratch pad 2 of the CPU.

3-18. In the CPU, the microcode checks bit 0 of the
status word to determine if the device and interface PCA
are ready to transfer data. If the status indicates that data
transfer can proceed, the microcode again assembles a
DEVNO, SO, and IOCMD command word that is sent
through the IOP and IOP bus to the interface PCA. The
interface PCA command decoder is again enabled. However,
the decoded command is now SIO.

3-19.  When a direct strobe command such as D WRITE
STB is decoded, the interface PCA performs the com-
manded function and returns an acknowledge signal to the
CPU. The acknowledge signal must be received before the
CPU can proceed to the next command. However, decoding
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a STO command starts a routine that allows the IOP to
control the interface PCA operations and frees the CPU to
perform other operations. Decoding the SIO command
direct sets the SIO OK, Service Request, Enable Service
Request, and Service Request Buffer flip-flops. Setting the
SI0 OK FF causes status bit 0 to go to logic 0. This
indicates, during any subsequent status checks, that an SIO
operation is in progress and prevents the CPU from sending
another SIO command until the first operation is complete.

3-20.  Setting the Service Request and Enable Service
Request FF’s causes an SR signal to be enabled. This SR
signal can be jumper wired to any one of 16 output pins.
The location of this jumper wire determines which device
will be serviced by the multiplexer channel. Each interface
PCA connected to the same multiplexer channel must have
the jumper wire connected to a different output pin. The
SR signal and a REQ signal are sent through to MUX bus to
the multiplexer channel. At the multiplexer channel, the
REQ signal causes an ST signal to be sent to the 10P. The
IOP then terminates the SO signal to the interface PCA.
Terminating the SO signal disables the interface PCA com-
mand decoder. Also, the REQ signal puts the multiplexer
channel in the DRT fetch mode. The SR signal from the
interface PCA causes the multiplexer channel to send a high
Service Request signal to the IOP. This high Service Re-
quest signal starts the multiplexer channel DRT fetch oper-
ation and causes the IOP to issue a DATAPOLL IN signal
on the IOP bus. The DATAPOLL IN signal propogates
through each multiplexer channel until the highest priority
multiplexer channel that is requesting service breaks the
priority chain.

3-21.  Once the multiplexer channel is being serviced by
the IOP, the multiplexer channel overrides the SR signal
from the interface PCA and at the same time sends a CHAN
SO signal through the MUX bus to the interface PCA. This
allows the set-side output from the Service Request Buffer
FF, set when the SIO command was decoded, to enable
eight of the MUX bus buffer gates on the interface PCA.
Enabling these MUX bus buffer gates allows the DEVNO
DB signal from the multiplexer channel to enable the DRT
address and data gates so that the DRT address is available
on the I/O data lines (I0D 00 thru IOD 15) to the IOP bus.
The DRT address is developed by sending device number
bits 00 through 07 (DEVNO 00 thru DEVNO 07) through
the DRT address gates to I/O data lines IOD 06 thru TOD
13. This shift in bit positions multiplies the device number
by four to provide the DRT address.

3-22.  The multiplexer channel then sends an SI signal
and a DRT fetch command to the IOP and the IOP accepts
the DRT address from the IOP bus. The content of this
address is a pointer to the first I/O program com-
mand. I/O program commands are then transferred
one-at-a-time to the multiplexer channel where they
are decoded and the decoded program commands are
sent on to the interface PCA. Operation of the 1/O
program commands is described in the following
paragraphs.

3-3
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Table 3-1. Direct I/O Commands Decoding Table
10CMD
BITS 1/0 DRIVER DECODED COMMAND
COMMAND
00 01 02 NAME ABBREVIATION
1 1 1 SIN “Not” Set Interrupt SET INT
0 1 1 RESET INT “Not”’ Reset Interrupt RESET INT
1 0 1 SI0 “Not" Start Input/Output SIO
0 0 1 SMSK “Not’* Set Mask SMSK
1 1 0 Cilo “Not” Direct Control Strobe D CONT STB
0 1 0 TIO “Not” Direct Status Strobe D STATUSSTB
1 0 0 wiOo “Not’’ Direct Write Strobe D WRITE STB
0 0 0 RIO “Not”’ Direct Read Strobe D READ STB
U158
DEVNO
FROM (0 THRUG7 DEVICE
0P —————" 1 NUMBER
BUS P3-8,9 11, 12, GATE
14,15,17,18
U148, DECODED
DIRECT
- 168 aue COMMANDS
. (T10, S10, ETC.)
N?fi)é'.?ﬁ . l\‘l)LEI\:IB(é% COMPARE s c BS
JUMPERS R COMPARATOR U146,
us? Ui74 B
U176 DSTATUSSTB  ACKZ [\ Si
U196 L/ P1-49
SO ENABLE S0
P1-53
ngOM COMMAND
BUS _ DECODER u127 §|TTA;US DATA AND
10CMD o sTATUS
*>— S10 OK
TRANSFER
P3-4, 5,6 FF FUNCTION
STATUS
9
147,
U187, BUS
U184 U186 U188 U197
* | DRT 10D 00
EDABLE SR BUFFER FF ADDRESS A
_— GATE . P:HZ% ,
o 21,23, 24,
Sl 1/0 DATA 0%
ut27 GATES P32
SERVICE ® 39 41,42
REQUEST FF .
8:;’3 ENABLE joD 15
U174, _ )
U195 __
SR REQ
CHAN SO /s Fe-22
P2-1 - JJ’ ;“LL SR TO
FROM * SR . P2-24THRU 29 gﬁ:,\,
P ugs o * JUMPER S 37THRU3S, | BUS
BUS . 37 THRU 41
ENABLE . .
DEVNODB MUX BUS o SR
P2-11 BUFFER /
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Figure 3-2. Direct Command Functional Logic Diagram
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Table 3-2. Command Function External Signal List
BUS
SIGNAL CONNECTOR
NO. ABBREVIATION
NAME MUX |OP AND PIN NO.
1 “Not” Acknowledge ACK SR X P2-7
Service Request
2 “Not’" Channel Service CHAN SO X P2-1
Out
3 “Not’ Device Number DEVNO 00 thru X P3-8,9,11,12,
00 thru 07 DEVNO 07 14,15,17,18
4 “Not" Device End DEV END X P2-5
5 “Not"” Device Number DEVNO DB X P2-11
Data Base
6 “Not’’ End of Transfer EOT X P2-13
7 “Not"” Input/Output 10CMD 00,01,02 X P3-456°
Command Bits
00,01,02
8 “Not” Input/Output 10D 00 thru IOD 15 X P3-20,21,23,
Data Bits 24,26,27,29,
00 thru 15 30,32,33,35,
36,38,39,41,
42
9 “Not’" Input/Output IODPRTY X P31
Data Parity
10 Input/Output Reset IORESET X P1-11
1 “Not” Interrupt INTACK X P3-50
Acknowledge
12 Interrupt Poll In INTPOLL IN X P1-48
13 Interrupt Poll Out INTPOLL OUT X P1-44
14 “Not’" Interrupt Request INTREQ X P3-44
15 “Not" Jump Met JMP MET X P2-14
16 “Not” Module Control MCUCLKS X P1-13
Unit Clocks
17 “Not" Channel Acknowledge CHAN ACK X P2-9
18 ““Not"” Program Command 1 PCMD 1 X P2-43
19 “Not" Program Control P CONT STB X P2-46
Strobe
20 “Not’’ Program Read P READ STB X P2-50

Strobe

35
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Table 3-2. Command Function External Signal List (Continued)
BUS
SIGNAL CONNECTOR
NO. NAME ABBREVIATION AND PIN NO.
MUX 10P
21 “Not" Program Status PSTATUS STB X P2-45
Strobe
22 “Not" Program Write PWRITE STB X P2-48
Strobe
23 “Not" Read Next Word RD NEXT WD X P2-47
24 ““Not” Request REQ X P2-22
25 “Not’" Service In SI X P1-49
26 “Not” Start Input/Output SI0O ENABLE X P2-12
Enable
27 “Not"’ Service Out SO X P1-53
28 Service Request SR X (1 of 16)
P2-24 thru 29,
31 thru 35,
37 thru 41
29 “Not”" Set Interrupt SET INT X P2-49
30 “Not” Set Jump SET JMP X P2-44
31 Toggle In Transfer TOGGLE INXFER X P2-16
32 Toggle Out Transfer TOGGLE OUTXFER X P2-18
33 Toggle Start TOGGLE SI0 OK X P2-19
Input/Output OK
34 “Not" Toggle Service TOGGLE SR X P2-17
Request
35 “Not" Transfer Error XFER ERROR X P2-21
36 RETURN RET X X P1-15, 16, 19, 20,
29, 30;P2-2,4,6,8,
10, 15, 20, 23, 30,
36,42;P3-3,7, 10,
13, 16, 19, 22, 25,
28, 31, 34, 37, 40,
43,46, 49
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3-23. PROGRAM COMMANDS. The program com-
mands are contained in the first part of the I/O pro-
gram doublewords. These commands are ({ransferred
through the IOP and the IOP bus to the multiplexer
channel. The multiplexer channel decodes the program
commands and sends decoded program strobe signals
through the MUX bus to the interface PCA command
function circuits. On the interface PCA, the program
strobe signals cause the same read, write, status, and
control operations as the equivalent direct strobe sig-
nals. However, program commands are only executed
during an SIO routine. The program strobe signals sent

to the interface PCA include P CONT STB, P READ

STB, P WRITE STB, P STATUS STB, and SET INT

Theory of Operation

(refer to table 3-2). Operations caused by these strobe
signals are described in the following paragraphs.

3-24.  Program Control Strobe Operation. The program
control strobe operation takes a 16-bit device control word
from the I/O program and loads the word into the interface
PCA control word logic circuits (see figure 3-3). This opera-
tion begins after the Service Request and Service Request
Buffer FF’s were set by the SIO command and the interface
PCA has sent the SR signal to the multiplexer channel. The
multiplexer channel and IOP then sends CHAN SO and SO
signals respectively to the interface PCA. These signals are
combined to enable the MUX CHAN bus program strobe
buffer (see figure 3-4).

— U127 U146,
(_TOGGLE SR UTCE u1s6 U8s, U148,
SERVIC o U175, U176,
P2-17 REQUEST FF Uiz
paiihmaa—
I U186 l_, U194
SERVICE
FROM
MUX REQUEST
BUS ! BUFFER FF
CHAN SO
P2-1
FROM 55
op 2
BUS P1-53
PART OF CONTROL f FUNCTION
uo7,
U148,
' U173 I U174 _ o
™\ ACK3 ™ si
U153, 10P
‘“385 U163, T L/ | L/ P1-49 BUS
PCMD 1 NABLE PCMD 1 Ute4
FROM | P2-43 MUX CHAN BUS 5 — U156,
MUX I PROGRAM U84, U144, U183 U174
BUS PCONTSTB STROBE P CONT 518 - SR
P2-46 BUFFER COMMAND SR o O ~
¢ SR o P2-24 THRU 29,
o JUMPER ¢ 31 THRU 35,
. , 37 THRU a1 TO
——n SR MUX
1K 8US
—————AAA—— 5V
193 I
FROM DEVICE END DEVICE 1 DEV END
DEVICE ~j2-49 1 END FF —IT P2-5
| — I U116, U126 A
;‘T&M ACK SR N I i DEVICE END _:D_‘
RUFFER FF
gus  P2-7 i | BUFFERFF |
U133, U134
U188
oD 00 DEVICE CONTROL WORD ENABLE | ENABLE
® P3-20, 21,23, DRT
FROM ® 24,26 27,29, I CONTROL A%&'?T%SS
op e 30, 32, 33, 35, WORD
BUS o 37,38, 39,41, 42 LOGIC
10D 15 l I
1
FROM CHAN ACK
MUX
BUS P29
2186-10

Figure 3-3. Program Control Strobe Command Functional Logic Diagram

3-7




Theory of Operation

|
o LI L I 1

CHAN SO

1
1

SR

SERVICE
REQUEST
BUFFER
FF

RiK

|

|

!

|

TOGGLE !
SR 1 |

!

|

|

i

SERVICE
REQUEST |
FF MUX CHAN BUS PROGRAM —=]
STROBE BUFFER ENABLED

218611

Figure 3-4. Program Strobe Timing

3-25. When the multiplexer channel subsequently de-
codes the first command (CIO) in the SIO routine, the first
signal received from the multiplexer channel is TOGGLE
SR. The TOGGLE SR signal causes the Service Request FF
to clear and the Service Request Buffer FF is then cleared
on the trailing edge of the CHAN SO or SO signal. The
Service Request FF then remains clear until the next SIO
initialization routine.

3-26. The MUX CHAN bus program strobe buffer re-
mains enabled until the trailing edge of the CHAN SO or
SO signal. While the buffer is enabled, the multiplexer
channel decodes a P CMD 1 signal and sends this signal
through the buffer on the interface PCA. This P CMD 1
signal is sent to the control function circuits where it
provides an acknowledge signal (ACK 3) and direct sets the
Command Service Request FF. The ACK 3 signal causes the
interface PCA to send an SI signal to the IOP to acknowl-
edge that the first part of the I/O program word was
received and decoded. When the Command Service Request
FF is set, an SR signal is sent to the multiplexer channel
and the Service Request Buffer FF is direct set in prepara-
tion for the next program strobe signal.

3-27.  On receipt of the SR signal, the multiplexer chan-
nel initiates a fetch for the second part of the I/O program
doubleword. Because the first part of the word was a CIO,
the second part of the word is the 16-bit device control
word. This device control word is sent to the IOP bus where
it waits to be strobed onto the interface PCA. The multi-
plexer channel then sends an ACK SR signal to the inter-
face PCA to direct clear the Command Service Request FF.
Clearing the Command Service Request FF prepares the
interface PCA for the next program command. The CHAN
SO and SO signals again enable the MUX bus program
strobe buffer and the multiplexer channel sends a P CONT
STB signal through the buffer.

3-28.  This P CONT STB signal is also sent to the control
function circuits where it provides an ACK 3 signal, direct
sets the Command Service Request FF, and enables the

3-8
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control word logic circuits. The ACK 3 signal results in
sending an ST signal to the IOP and setting the Command
Service Request FF sends an SR signal to the multiplexer
channel. These signals indicate to the IOP and multiplexer
channel that the P CONT STB signal was received. When
the control word logic circuits are enabled, the 16-bit
device control word is loaded from the IOP bus onto the
interface PCA. The multiplexer channel then proceeds with
a DRT fetch operation to fetch the first part of the next
I/O program word. Use of the device control word is
described with the control function.

3-29. Program Read Strobe Operation. The program
read strobe operation strobes data from the device onto the
IOP bus data lines. Data is received from the device in one
16-bit word or in two 8-bit bytes that are packed into one
16-bit word before transfer to the IOP bus. This operation
begins when the multiplexer channel fetches and starts
decoding a read command. The Service Request Buffer FF
was set during the DRT fetch operation by the previous SR
signal so that the SO and CHAN SO signals enable the MUX
CHAN bus program strobe buffer (see figure 3-5). While the
MUX CHAN bus program strobe buffer is enabled (see
figure 3-4) the multiplexer channel sends a TOGGLE
INXFER signal. The TOGGLE INXFER signal causes the
INXFER FF to set and the flip-flop output is sent to the
control function circuits to enable the Data Service Request
FF. However, this flip-flop remains inactive until data is
received from the device.

3-30.  Data transfer from the device to the interface PCA
is initiated if control word bit 5 is set during the previous
control strobe operation or if a RD NEXT WD signal is
decoded by the multiplexer channel and sent through the
MUX CHAN bus program strobe buffer. In either case, the
Read Transfer FF is direct set and the trailing edge of the
same signal enables the sequence counter. The sequence
counter steps the interface PCA through the data transfer
operation that begins by sending a Device Command signal
to the device. The device may have already received up to
five bits of conirol information during the control strobe
decoding operation. These control bits establish conditions
for data transfer to or from the device, but the data transfer
is initiated by the Device Command signal. Depending on
the interface PCA connections, the Device Command signal
can be sent until the device responds or for a preset pulse
length.

3-31.  When the device is ready to transfer data it re-
sponds to the Device Command signal by sending a
Device Flag signal to the interface PCA. The sequence
counter then enables the data input gates to receive
data from the device. If two 8-bit bytes are being
received, the sequence counter steps the circuits through
a second Device Command and Device Flag operation so
that the second byte is received. Finally, with the data
loaded onto the interface PCA, the sequence counter
returns to its starting point and an Operation Done
signal is sent to the Read Transfer FF and Data Service
Request FF. The Operation Done signal direct sets the
Read Data Transfer FF to disable the device command
logic until the sequence counter is again enabled. A
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Figure 3-5. Program Read Strobe Functional Logic Diagram
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combination of the Operation Done signal and the out-
put from the INXFER FF causes the Data Service
Request FF to set.

3-32.  Setting the Data Service Request FF sends an
SR signal to direct set the Service Request Buffer FF
and also through the MUX CHAN bus to the multi-
plexer channei. The SR signal indicates that data is
ready to transfer from the interface PCA to the IOP
bus so the multiplexer channel sends an ACK SR signal
that direct clears the Data Service Request FF. Data
transfer then continues as the multiplexer channel de-
codes a P READ STB signal and sends the signal
through the MUX CHAN bus program strobe buffer.
The P READ STB enables the I/O data gates to strobe
the 16-bit data word onto the IOP bus data lines and at
the same time provides an ACK 4 signal. This ACK 4
signal results in a SI signal being sent to the IOP to in-
dicate that data is on the IOP bus and the interface
PCA is ready for the next program strobe operation.
After a block of data is transferred and an END
order is programmed, the multiplexer channel sends a
EOT signal to the interface PCA. This EOT signal is
sent to the set-side input of the EOT SR FF and the
flip-flop is then clocked by the last P READ STB sig-
nal. Setting the EOT SR FF also sends an SR signal to
direct set the Data Service Request FF and through the
MUX CHAN bus to multiplexer channel. This SR signal
indicates that data transfer is complete and the multi-
plexer channel can fetch the next command.

3-33.  Program Write Strobe Operation. The program
write strobe operation transfers data from the IOP bus,
through the interface PCA data gates, and to the device.
Data is sent to the device in one 16-bit word or in two
8-bit bytes if unpacking (byte transfer) is enabled. This
operation begins when the multiplexer channel fetches
and starts decoding a write command. The Service Re-
quest Buffer FF was set during the DRT fetch opera-
tion by the previous SR signal so that the SO and
CHAN SO signals enable the MUX CHAN bus program
strobe buffer (see figure 3-6). While the MUX CHAN
bus program strobe buffer is enabled (see figure 3-4) the
multiplexer channel sends a TOGGLE OUTXFER signal
that sets the OUTXFER FF. Output from the
OUTXFER FF is sent to the control function circuits
to enable the OUTXFER Buffer FF and the XFER SR
FF. The OUTXFER Buffer FF keeps a signal on the in-
put to the Data Service Request FF in case the
OUTXFER FF is cleared before data transfer is com-
plete. Setting the XFER SR FF sends an-SR signal to
direct set the Service Request Buffer FF. The SR signal
is also sent to the multiplexer channel to indicate that
the interface PCA is ready to receive data from the IOP
bus.

3-34. The I/O data gates that receive the 16-bit data
word from the IOP bus are permanently enabled so that
the data is sent through the gates to the data output
gates in the data and status transfer function. This data
is strobed onto the interface PCA output lines whenever
a P WRITE STB is decoded by the multiplexer channel

3-10

30051A

and sent through the MUX CHAN bus program strobe
buffer. The same P WRITE STB signal provides an
ACK 1 signal, enables the sequence counter, and direct
sets the Write Transfer FF. An SI signal results from
the ACK 1 signal and is sent to the IOP to indicate that
data is being taken from the IOP bus. Enabling the se-
quence counter steps the interface PCA through a data
transfer operation that sends data to the device. This
operation begins by sending a Device Command signal
to the device. The device may have already received up
to five bits of control information during the control
strobe decoding operation. These control bits establish
conditions for data transfer to or from the device, but
the data transfer is initiated by the Device Command
signal. Depending on the interface PCA connections, the
Device Command signal can be sent until the device re-
sponds or for a preset pulse length.

3-35. When the device is ready to receive data it re-
sponds to the Device Command by sending a Device
Flag signal to the interface PCA. Data is already on the
interface PCA output lines and can be accepted by the
device as one 16-bit word or can be unpacked under
control of the sequence counter and made available to
the device as two 8-bit bytes. In eigher case the se-
quence counter returns to its starting point and an
Operation Done signal is sent to the Write Transfer FF
and the Data Service Request FF. The Write Transfer
FF is direct set to disable the device command logic
until the sequence counter is again enabled. A combina-
tion of the Operation Done signal and the output from
the OUTXFER Buffer FF causes the Data Service Re-
quest FF to set. Setting the Data Service Request FF
sends an SR signal to direct set the Service Request
Buffer FF and also go through the MUX CHAN bus to
the multiplexer channel. At the multiplexer channel the
SR signal indicates the interface PCA is ready for the
next program strobe operation.

3-36.  Direct/Program Status Strobe Operations. The
direct/program status strobe operation transfers a 16-bit
status word from the interface PCA to the IOP bus data
lines. This status word is divided into two 8-bit bytes
with bits 0 through 7 always indicating the interface
PCA status such as sequence counter count and condi-
tion of the Device Flag signal. Bits 8 through 15 indi-
cate either interrupt request status or device status
depending on the condition of the Interrupt/Device
Status FF (see figure 3-7). With the flip-flop cleared,
the interrupt status register is enabled by either a direct
status strobe or a program status strobe. These interrupt
status bits indicate eight possible conditions that can re-
quest an interrupt. To read device status the flip-flop is
set by control word bit 12 during the previous control
word strobe operation. The eight device bits are routed
directly from the external device to the interface PCA
device status driver.

3-37. The status strobe operation begins when the
interface PCA receives either a direct TIO command
that the command decoder converts to a D STATUS
STB signal or, during I/O program execution, the
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Figure 3-6. Program Write Strobe Functional Logic Diagram
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Figure 3-7. Direct/Program Status Strobe Functional Logic Diagram
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multiplexer channel sends a P STATUS STB signal. Fig-
ure 3-4 shows the signals that enable the MUX CHAN
bus program strobe buffer. On the interface PCA, the D
STATUS STB and P STATUS STB signals provide the
same operations. The active signal enables either the
interrupt or device status register, enables the interface
PCA status register and I/O data gates, and provides an
ACK 2 signal. This ACK 2 signal results in an SI signal
that indicates to the IOP that the 16-bit status word is
available on the IOP bus.

3-38. From the IOP bus data lines, the status word is
sent to one of three possible storage locations. The stor-
age location is determined by the instruction used to
fetch the status word from the interface PCA. A direct TIO
instruction pushes the status word to the top of the stack.
A microcode TIO instruction comes from assembling
direct instructions such as WIO and RIO and result in
sending the status word to scratch pad 2 in the CPU.
I/O program orders, such as SENSE and END, are
always the first part of an I/O program doubleword and
store the status word in the second part of the same
doubleword.

3-39. “Not” Set Interrupt. There are two “not” Set
Interrupt signals on the interface PCA. One of the
“not” Set Interrupt signals is provided when a direct
SIN instruction causes the CPU to issue a direct I/O
command to the interface PCA. This direct SIN com-
mand is decoded by the interface PCA command de-
coder as a “not” Set Interrupt signal (see figure 3-8).
The other “not” Set Interrupt signal is provided during
programmed I/O when the multiplexer channel receives
and begins decoding an END order or INTERRUPT
order. Decoding an END order results first in sending
a TOGGLE SIO OK signal through the MUX CHAN
bus to the interface PCA. This signal clears the SIO
OK FF and sets status bit 0 to logic 1. On subsequent
status checks, a logic 1 at status bit O indicates that
the interface PCA is not performing an SIO routine.
Bit 4 of the END order is then checked. If bit 4 is
a logic 1 or when the multiplexer channel is decoding
INTERRUPT order, it sends a SET INT signal to the
interface PCA. On the interface PCA, when the MUX
CHAN bus program strobe buffer is enabled, the SET
INT signal provides the other “not” Set Interrupt signal.
Whether the “not” Set Interrupt signal results from a
direct instruction or programmed order, the resultant
signal is sent to the control function interrupt logic
where it sets the Set Interrupt FF. The Set Inter-
rupt FF provides an output to bit 13 of the interrupt
status word and also sends an Interrupt Request signal
to the interrupt processing circuit of the command func-
tion. When the interrupt is subsequently processed,
status bit 13 indicates the cause for the interrupt re-
quest. The interrupt processing circuit is described
starting in the following paragraph.

3-40. INTERRUPT PROCESSING. The interrupt pro-
cessing circuits of the command function accept Inter-
rupt Request signals from the control function interrupt

Theory of Operation

logic circuits. When conditions are met for an interrupt,
the interrupt processing circuits store the Interrupt Re-
quest signal and enable the interface PCA to request ser-
vice from the CPU.

3-41. The interrupt processing circuit contains three
flip-flops and associated logic circuits. These flip-flops
are called Interrupt Mask, Interrupt Latch, and Interrupt
Active (see figure 3-8). Setting the Interrupt Mask FF
qualifies one condition for setting the Interrupt Latch
FF. If the Interrupt Mask FF is cleared, interrupts can-
not occur. The Interrupt Mask FF input is connected to
a jumper wire at the interface PCA side of the data out
(to device) gates. These gates are always enabled, but do
provide isolation between the interface PCA and IOP
bus data lines. Connections are provided to connect the
jumper wire from the Interrupt Mask FF input to any
of the 16 I/O data lines, to +5 Vdc, or to a signal re-
turn. A +5 Vdc connection or a connection to any I/O
data line that is high allows the Interrupt Mask FF to
set on the positive-going edge of a clock input signal.
The flip-flop is also set by an MR signal that occurs fol-
lowing an I/O Reset signal from the IOP or following a
direct or program control strobe with control word bit
0 at logic 1. Clearing the Interrupt Mask FF requires an
input connection to signal return or to any I/O data
line that is low when the clock input occurs. Con-
necting the Interrupt Mask FF to an I/O data line
allows the I/O driver set mask (SMSK) instruction to
control the state of the flip-flop. When the SMSK in-
struction is executed, the 16-bit word on top of the
stack is output over the IOP bus to the I/O data out
gates. The resulting SET MASK command is decoded
and combined with the SO signal to clock the Interrupt
Mask FF. This allows the Interrupt Mask FF to be set
and/or cleared by any selected bit of the 16-bit word on
the IOP bus.

3-42. The set-side output from the Interrupt Mask FF
is combined with the Interrupt Request signal and the
resulting signal is applied to the input of the Interrupt
Latch FF. Output from the Interrupt Latch FF follows
the input as long as the clock input remains high. When
the clock input goes low, the flip-flop is latched in the
state indicated by the last input signal level. A high
input signal, when the clock input goes low, latches the
flip-flop in the set state. The clock input to the Inter-
rupt Latch FF is provided by the INTPOLL IN signal
from the IOP bus. As long as the flip-flop input remains
low, the INTPOLL IN signal propogates through one
gate on the interface PCA and is returned to the IOP
bus as the INTPOLL OUT signal. If the Interrupt Latch
FF is latched in the set state, the clear-side output
inhibits the INTPOLL OUT signal. This prevents an
interrupt from any lower priority device until the Inter-
rupt Latch FF is cleared.

3-43. Output from the Interrupt Mask FF and the
Interrupt Request signal are also combined and inverted
and then sent to the IOP as the INTREQ signal. The
INTREQ signal can be sent by any interface PCA and
the IOP responds by sending the INTPOLL IN signal to
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all interface PCA’s. On the interface PCA that is re-
questing an interrupt, the INTPOLL IN signal latches
the Interrupt Latch FF and, after a short delay, enables
the device number gate. The device number gate output
is sent through IOP bus lines DEVNO 00 thru DEVNO
07 to the IOP. The delayed INTPOLL IN signal is also
inverted to direct set the Inferrupt Active FF. Setting
the Interrupt Active FF sends an INT ACK signal to
the IOP to indicate that the device requesting an inter-
rupt has its address available on the IOP bus lines.

3-44. The IOP drops the INTPOLL IN signal upon
receipt of the INT ACK signal and, the clear-side output
from the Interrupt Active FF is sent to the control
function to inhibit the Interrupt Request signal. The
Interrupt Latch FF is then unlatched; however, the
Interrupt Active FF remains set until the interrupt re-
quest is serviced and the IOP sends an IORESET signal to
the interface PCA.

3-45. 1/O DATA GATES. The 1/O data gate circuits
of the command logic provide input and output isola-
tion for the data, status, and control signals routed be-
tween the interface PCA and IOP. In addition, these
circuits contain the device number gates, device number
comparator, DRT address gate, device number relocate-
able jumpers, and parity jumper (see figure 3-9). The
data-in gates receive data or status bits from the inter-
face PCA data and status transfer function and, when
the gates are enabled, route the data or status bits to
IOP bus data lines IOD 00 thru IOD 15. These data-in
gates are enabled to route the data or status bits by a
D READ STB, D STATUS STB, P READ STB, or D
STATUS STB signal. The DRT address is also routed
through the data-in gates to the IOP bus and the gates
are then enabled by a DEVNO DB or DEV END signal.
Operation of the DRT address gate is described in the
following paragraphs.

3-46. The data-out gates receive data and control
word bits from IOP bus data lines IOD 00 thru IOD 15
and, since the gates are always enabled, route the data
and control word bits directly to the data and status
transfer or control function. During execution of a
direct SMSK instruction the data-out gates also receive a
16-bit word from the top of the stack. This word is
used to control the Interrupt Mask FF in the interrupt
processing circuits. When this feature is being used the
interrupt mask jumper wire is connected to one of the
input bit signal lines.

3-47. The device number gates and comparator, DRT
address gate, and device number jumpers all work to-
gether to provide addresses to the IOP. First, the device
number is determined by the connection of the eight re-
locateable device number jumper wires. This jumper wire
configuration provides an eight bit word to the device
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number gates and comparator and the DRT address
gate. When data or status is sent from the interface
PCA to the IOP bus, an interrupt must be requested to
enable the device number gates. Enabling the device
number gates sends the eight bit device number through
IOP bus device number lines DEVNO 00 thru DEVNO
07 to the IOP. Output from the same gate that enables
the device number gate is normally low when an inter-
rupt is not being requested. This low output enables the
device number comparator. If a direct command
(IOCMD) is sent to the interface PCA, it is accompanied
by a device number (DEVNO) and an SO signal. The
DEVNO is sent through IOP bus lines DEVNO 00 thru
DEVNO 07 and through the comparator gates to the
comparator circuits. This DEVNO is compared to the
device number jumper wire configuration and, if all
eight bits match, the comparator provides a True Com-
pare output signal. The True Compare signal is com-
bined with the SO signal to enable the command de-
coder and allow direct commands to control the inter-
face PCA.

3-48. The device reference table (DRT) address gate is
enabled while the multiplexer channel does a DRT fetch
operation. This occurs when an SIO instruction is decoded
and the multiplexer channel sends DEVNO DB signal to the
interface PCA. The multiplexer channel also does a DRT
fetch operation after receiving a DEV END signal from
the interface PCA. A DEV END signal terminates the
I/O program command that is in operation and the
multiplexer channel is advanced to fetch the next I/O
program instruction. The multiplexer channel then sends
a CHAN ACK signal to the interface PCA. This CHAN
ACK signal is combined with the DEV END signal to en-
able the DRT address gate. When the DRT address gate is
enabled, the device number jumper wire configuration is re-
flected through the gate to the data-in lines. Bits 00
through 07 of the device number are connected to bits 06
through 13 of the data-in lines. This connection provides a
shift that multiplies the device number by four to obtain
the DRT address. The same signal that enables the DRT
address gate also enables the data-in gates so the DRT ad-
dress is available to the IOP on IOP bus data lines IOD 06
thru IOD 13.

3-49. CONTROL FUNCTION.

3-50. The interface PCA control function contains cir-
cuits that perform the control operations for the interface
PCA and external device and provide requests for service
and interrupts to the HP 3000 Computer System. These cir-
cuits consist of the device control logic, device end logic,
device service request logic, and interrupt request logic.
Operation of these circuits is described in the following
paragraphs. Simplified and detailed diagrams for the inter-
face PCA are contained in the HP 3000 Computer System
diagrams manuals. The simplified diagrams are set number
SD-131 and the detailed diagrams are set number DD-501.
Functional block diagrams, timing diagrams, and partial
schematics contained in this manual are referenced by fig-
ure number.
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3-51. DEVICE CONTROL LOGIC. The device control
logic consists of the data transfer sequence counter, device
command logic, device flag edge detector, and the device
control word logic (see figure 3-10). These circuits transfer
commands for data transfer from the HP 3000 Computer
System to an external device and can also transfer up to
five discrete control bits to an external device. The transfer
of data to or from a device is controlled by two signals.
These two signals are the Device Command signal that is
sent to the device to request an I/O operation and the
Device Flag siganl that is received from the device to
acknowledge the start and/or finish of an I/O operation.
Two modes of operation are possible with these two signals.
The two modes are called response mode and pulse mode.
In the response mode the Device Flag signal responds
during the Device Command duty cycle and in the pulse
mode the Device Flag response is independent of the Device
Command duty cycle (see figure 3-11). These modes are
selectable by jumper wires in the mating connector cover of
connector J2.

3-52.  The data transfer sequence counter (counter) re-
ceives data transfer strobes from the command function
that initiate the start of data transfer. The counter then
advances through four counts depending on the necessary
qualifiers being present before each advancement. Output
from the counter initiates the Device Command at the
proper counts and also provides enabling signals to the data
gates in the data and status transfer function. Qualifiers
necessary to advance the counter are provided by the device
flag edge detector circuit. The counter advances on either
the leading or trailing edge of the Device Flag signal, de-
pending on the jumper wire configuration in the mating
connector cover of connector J2. Figure 3-13 shows the
sequence of operations for the counter and qualifiers neces-
sary to advance the count and transfer data.

3-563. Sequence Counter Qualifier Logic. The sequence
counter qualifier logic provides conditions which must be
satisfied before the sequence counter can advance to the
next count. This qualifier logic contains the following three
flip-flops with their associated gating circuits: Qualifier QO,
Read Transfer, and Write Transfer. Setting the Qualifier QO
FF starts the sequence counter. Since the flip-flop set side
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input is connected to a positive voltage, the flip-flop sets
whenever a positive-going signal is detected at the clock in-
put (see figure 3-12). The clock input goes positive, setting
the Qualifier QO FF, at the trailing edge of any of the fol-
lowing signals:

a. D WRITE STB.
b. P WRITE STB.
c. RD NEXT WD.
d. P CONT STB (with control word bit 5).
e. D CONT STB (with control word bit 5).

3-54. The Qualifier Q0 FF set-side output enables the
sequence counter to advance from count 0 to count 1. The
Count 0 signal then goes low and direct clears the Qualifier
QO FF. This flip-flop can also be cleared by the “not”
Master Reset (MR) signal that results from an HP 3000
Computer System reset.

3-55.  The device sends a Device Flag signal to indicate
the beginning of an I/O operation and terminates the signal
to indicate that the I/O operation is complete (see figure
3-11). Leading and trailing edges of this Device Flag signal
are used to enable Qualifiers Q1, Q2, and Q3 which, in-
turn, advance the sequence counter through counts 2, 3,
and return to O respectively. Qualifier Q1 indicates the
beginning of an I/O operation and occurs on the leading
edge of the Device Flag signal when jumper wire J2W2 is
removed from the mating connector of J2, or on the
trailing edge of the Device Flag signal when J2W2 is in-
stalled (see figure 3-14).

3-56.  Qualifier Q2 indicates the end of an I/O operation
and occurs on the leading edge of the Device Flag signal
when jumper wire J2W6 is installed on the mating con-
nector of J2, or on the trailing edge of the Device Flag
signal when J2W6 is removed (see figure 3-15). In some
applications it is desirable to have Qualifiers Q1 and Q2
occur on the same edge of the Device Flag signal. When
only the leading edge is used, jumper wire J2W6 is installed
and J2W2 is removed. For using the trailing edge only,
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Figure 3-10. Device Control Logic Block Diagram
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jumper wire J2W2 is installed and J2W6 is removed. In
either case, the output of gate US6A is always high; there-
fore, Qualifier Q2 is always high. Qualifier Q2 will also go
high if the device sends a Device End signal. This allows the
sequence counter to continue counting through to count 0
in the event of a device end.

3-57. Qualifier Q3 is used to advance the sequence
counter during a byte transfer. Byte transfer is enabled by
control word bit 13 when data is being transferred to or
from the device in two eight bit words. To transfer each
byte (eight bit word) the Device Command signal is sent to
the device and the device returns a Device Flag signal. The
second Device Flag signal indicates the beginning of the
operation to transfer the second byte and, depending on
whether jumper wire J2W2 is removed or installed in the
mating connector of J2, Qualifier Q3 occurs on leading or
trailing edge of the signal (see figure 3-14). When byte
transfer is not enabled, the low Byte Transfer signal keeps
Qualifier Q3 always high. Qualifier Q3 will also go high if
the device sends a Device End signal. This allows the
sequence counter to continue counting through to count 0
in the event of a device end.

3-58. When Qualifier Q3 enables the sequence counter
to return to count 0, the Count 0 signal is combined with
the Qualifier Q2 signal to provide an Operation Done signal
to the interface PCA logic (see figure 3-15). The Qualifier
Q2 signal is always high when gate U56A is enabled or
remains high until Device Flag 2 FF is cleared. During a
16-bit data transfer to or from a device, Device Flag 2 FF is
cleared by the Count 1 signal from the sequence counter.
This allows the flip-flop to be set by the Device Flag signal
and remain set until the start of the next counting
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Figure 3-12. Qualifier Q0 Simplified Diagram
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Figure 3-15. Qualifier Q2 Simplified Diagram
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signal is sent twice (once for each eight bit transfer), Device
Flag 2 FF is cleared by the Count 1 signal, set by the first
Device Flag signal, cleared by the Count 3 signal combined
with the Byte Transfer signal, and set again by the second
Device Flag signal. If the Device Flag 2 FF is being set by
the trailing edge of the Device Flag signal, the sequence
counter can return to zero before Qualifier Q2 goes high.
Qualifier Q2 then prevents the Operation Done signal from
going high until the second byte of data is transferred.

3-59.  The signals listed in paragraph 3-53, “a” and “b”
are also used to direct set the Write Transfer FF while the
signals in “c”, “d”, and “e” are also used to direct set the
Read Transfer FF. Output from these flip-flops is combined
with the output from the sequence counter to enable the
Device Command logic. Only one of the flip-flops is set,
depending on the read or write function, but either flip-flop
is cleared by the Operation Done signal or by a “not”
Master Reset (MR) signal. The appropriate flip-flop is set
for each I/O transfer operation and must be set again for
each repeat operation.

3-60. Sequence Counter. The sequence counter steps the
interface PCA and device through a data transfer operation.
This counter contains a four bit register and two flip-flops
with their associated gating circuits (see figure 3-16).
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Qualifier signals QO through Q3 control the sequence
counter and the counter is stepped by the CLK signal
received from the IOP bus MCU CLKS line. When the
proper qualifier signal is high, the counter advances on the
trailing edge of the next CLK signal. The counter has four
output signals called Count 0 through Count 3. Count 0 is
high and the other three output signals are low when the
counter is inactive between data transfers. The counter
advances making Count 1 high and the other three output
signals low when Qualifier QO signal goes high followed by
a CLK signal. Advancing continues as Qualifier signals Q1
through Q3 go high followed by a CLK signal. Qualifier Q3
returns the counter to its inactive state with the Count 0
signal high. The counter is also set to Count 0 when both
flip-flops are direct cleared by either a “not” Master Reset
(MR) signal that results from a HP 3000 Computer clear or
a Device End signal from the device end logic. These same
signals also clear the four bit register.

3-61.  Output signals from the sequence counter are used
to control the Device Command logic and to enable the
data transfer logic. To begin a data transfer operation the
Count 1 signal is combined with the output from the Read
Transfer FF or Write Transfer FF and the combined output
enables the Device Command signal that is sent to the
external device. During a byte transfer, the same transfer

® ©
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Figure 3-16. Sequence Counter Simplified Diagram
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flip-flop outputs are combined with the sequence counter
Count 3 signal to enable the Device Command signal and
initiate transfer of the second eight bit byte during the
same transfer operation. When a byte transfer is not en-
abled, the sequence counter steps through Count 3 and
returns to Count 0.

3-62. Device Command Logic. The device command
logic provides a Device Command signal that requests the
device to start an I/O data transfer. This logic is controlled
by the sequence counter and also receives the Read Trans-
fer, Write Transfer, and Byte Transfer signals. Read or Write
Transfer signals are provided by the qualifier logic, and the
Byte Transfer signai is provided by control word bit 13 (see
figure 3-17). The device command logic contains the read
and write data control logic, Write Delay OS (one-shot
multivibrator), Command Pulse OS, and associated logic
circuits. Signals received by the read and write data control
logic circuits determine whether data is to be transferred
from the device or to the device. These signals also deter-
mine whether data is to be transferred in one word of up to
16 bits or in two bytes of up to 8 bits each. When two
bytes are transferred in one data transfer operation, the
Device Command signal is enabled twice (once for each
eight bit byte). During a write transfer the Device Com-
mand signal is delayed for a minimum of 200 nanoseconds
to allow data to settle on the data out lines (see figure
3-11). This delay is controlled by the Write Delay OS. When
the Device Command iv being used in the pulse mode, the
Command Pulse OS cor.tzols the pulse width. The Device
Command signal is sent tu-the device through a gating
circuit that allows selection qf a positive-going or negative-
going piilse. The following paragraphs provide details of
operation of the device command logic.

a. The read and write data control logic circuits receive
the output signal from either the Read Transfer FF or
Write Transfer FF. These flip-flops are contained in the
qualifier logic circuit. One of these flip-flops is set by

Theory of Operation

the 1/O direct command or other signals that initiate a
data transfer. The resulting Read or Write Transfer
signal is combined with the Count 1 signal from the
sequence counter to initiate the Device Command signal
(see figure 3-19). For 16-bit data transfers, the Device
Command signal is initiated once for each data transfer
operation. To transfer two bytes of up to eight bits
each, the Device Command signal is initiated twice for
each data transfer operation. The second Device Com-
mand signal occurs if the Byte Transfer signal is enabled
by control word bit 13. This Byte Transfer signal is first
combined with the Read or Write Transfer signal and
then with the Count 3 signal from the sequence
counter. This initiates the second Device Command
signal. For read transfers, Device Command signals are
sent directly to the response or pulse mode selection
logic circuit. For write data transfers, Device Command
signals are sent to the Write Delay OS.

b. The Write Delay OS provides an adjustable time delay
from 200 nanoseconds. This time delay allows data to
settle on the data lines defore the Device Command
signal is sent to the device. The circuit contains the
Write Delay OS which has external time delay compo-
nents and also contains inverter U27A with associated
components and gate U46B (see figure 3-19). The one-
shot time delay can be adjusted by the addition of a
capacitor between pins 5 (+) and 6 (-) in the mating
connector to J1. Inverter U27A with its associated
components prevents the output of gate U46B from
going low before the Write Delay OS is set. The output
from gate U46B is sent to the response or pulse mode
logic circuit.

¢. The response or pulse mode logic provides the selection
of either response mode or pulse mode operation and
also provides a pulse for pulse mode operation (see
figure 3-11). This logic circuit contains a gating circuit
with jumper wire J2W3 and the Command Pulse OS
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Figure 3-17. Device Command Logic Block Diagram
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(see figure 3-19). Connection pins for jumper wire
J2W3 are contained in the mating connector for J2.
With the jumper removed, the Device Command signal
is sent directly through gate U67F to the output in-
verter logic. If jumper wire J2W3 is installed, gate U67F
is disabled and gate U67A is enabled by the output
pulse from the Command Pulse OS. The Command
Pulse OS has external time delay components. These
components are seiected to provide an 8 microsecond
Device Command pulse. This pulse is then sent to the
output inverter circuit.

d. The Device Command signal inverter logic provides an
inverted or not inverted signal to the output circuit.
This inverter logic circuit contains an “exclusive or”
gate and jumper wire J2W10 (see figure 3-19). By
definition, the “exclusive or” gate output is high only
when one input is high and the output is low when both
inputs are high or low at the same time. With jumper
wire J2W10 removed, the gate output remains low until
a Device Command signal is received. This is the not
inverted signal. If jumper wire J2W10 is installed, the
output signal is inverted. The output is sent through a
differential line driver to the device.
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3-63. Device Flag Edge Detector. The device flag edge
detector circuit receives the Device Flag signal from the
external device and, after detecting the preselected edges,
provides qualifying conditions for the qualifier logic circuit.
This device flag edge detector contains three “exclusive or”
gates, Device Flag 1 FF, Device Flag 2 FF, and associated
logic circuits (see figure 3-18). The three “exclusive or”
gates are controlled by the Device Flag signal from the
device and by jumper wires J2W2 and J2W6. Connection
pins for these jumpers are located in the mating connector
for J2. By definition, the output from an “exclusive or”
gate is high when either input is high and the output is low
when both inputs are high or low. This arrangement of
jumper wires and gates allows the jumper wire configura-
tion to determine the conditions that set the Device Flag 1
and 2 FF’s. For example, when jumper wires J2W2 and
J2W6 are both removed, Device Flag 1 FF sets on the
leading edge of the Device Flag signal and Device Flag 2 FF
sets on the trailing edge of the Device Flag signal.

3-64. Both device flag flip-flops are direct cleared by the
Count 1 signal from the sequencé counter. Device Flag 2
FF is cleared when the counter advances from Count 0 to
Count 1 and Device Flag 1 FF is cleared when the counter

PART OF QUALIFIER LOGIC

FROM DEVICE —_—— e —
END LOGIC |
COUNT 0
u12 (FROM
L " ml UssB i SEQUENCE —of )2 OFERATION |
DEVICE 3 >—|————J + N US6C ALl e vy COUNTER]
FLAG 10 8 1 2FF l |
(FROM 9 c u4sC
DEVICE) 4>—‘—“‘ ) w 8 . ¢ QUALIFIER
+5V 1K - 0] \s Q2 l
15V~ AAN——O T13 | 11 J
K __
| EXTERNAL DEVICE END ‘
>21 12 (FROM DEVICE END
R LOGIC) SEQUENCE I
J2we ! 5V QL U55A | QUALIFIER (" COUNTER
—-Dw D DEVICE FLAG o
| 1K Lk | 4 QUALIFIER
! < 6 , 5 6 03
1
__> 0 ' s l M I
]
J2wW21 ! ]
—->10 768 I ——
3N
TOSTATUS COUNT 1
LOGIC
COUNT 1
FROM
SEQUENCE
COUNTER
COUNT 3
CONTROL  _BYTE TRANSFER

WORD BIT 13

2186-26

Figure 3-18.
3-26

Device Flag Edge Detector



[
-

Theory of Operation

BUFFER DEVICE COMMAND

/
<8
10K !
+5V ! WRITE DELAY
1
F
4Z|p I| / 5
n \
u77 WRITE DELAY R
[ e B |
3| D | I vz 1] 2 I
FROM WRITE TRANSFER 2 U57A 2 >
QUALIFIER 3 | 2 B l I 2
LOGIC 1| ) { .
CONTROL
WORD BYTE TRANSFER { | J I |
BIT 13 F—_——— ——
L2 D 3 S
uer|
4 U578 I .
FROM READ TRANSFER 5] P 2 |
QUALIFIER >
LOGIC [ D
6
| [ac |
] 5]
FROM COUNT 1 I_... — —— c— J +5V
SEQUENCE
COUNTER COUNT 3 1K
<
W2
—=>30>+—4
(FXR)OII\WIIAND MR 92%7¢ J2w10 1 > 1 F
M 1\ 8 -
FUNCTION _10LJ )‘%
EROM EXTERNAL
DEVICE DEVICE END | 3
END LOGIC u67
237K
13U57D ey +5Y —AAA— —_
11 g F
12
COMMAND
PULSE
1K
11
12
2186-25

+{ DEVICE
COMMAND
(TO DEVICE)

Figure 3-19. Device Command Logic

3-27/3-28



30051A

advances from Count 1 to Count 2. When the Byte Transfer
signal is enabled by control word bit 13, a second Device
Flag signal is received that sets both flip-flops a second time
during the same data transfer operation. To direct clear the
flip-flops a second time, the Count 3 signal from the se-
quence counter is combined with the Byte Transfer signal.
The Device Flag 2 FF is then cleared when the counter
advances from Count 2 to Count 3 and the Device Flag 1
FF is cleared when the counter returns from Count 3 to
Count 0.

3-65. Device Control Word Logic. The device control
word logic contains the logic circuits that receive the 16-bit

Theory of Operation

control word from the IOP bus. Five of the control bits are
made available to the external device and the remaining bits
control operation of the interface PCA (see figure 3-20).

3-66. In addition to the control word bits, the interface
PCA provides three discrete signals to the device and power
for the self-test hood (see figure 3-21). The power for the
self-test hood is sent through jumper wire W1. This prevents
power from being available at the output pin unless W1 is
installed. Power is also available at connector pin J1-35.
This power is used by the self-test hood to determine the
interface PCA logic configuration.
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Figure 3-21. Discrete Device Control Signals

3-67. DEVICE END LOGIC. The device end logic re-
ceives a Device End signal from the external device and,
during an I/O program data transfer, causes the instruction
being performed to be terminated. The system then pro-
ceeds to perform the next command in the I/O program.
Direct data transfer commands (RIO and WIO) are not
affected by the Device End signal. The Device End signal is
sent to the interface PCA only during an I/O data transfer
and in response to a Device Command signal from the
interface PCA. When this occurs following the first byte of
a two-byte data transfer, the second byte is transferred to
memory in bits 0 through 7 of the data word and the data
transfer is then terminated. If the Device End signal is
received during data-chaining of an I/O program data trans-
fer, all data-chained requests are terminated until the next
I/O program word. The device end logic contains the Ex-
ternal Device End, Device End On 1, and Device End FF’s
with their associated logic circuits (see figure 3-22).
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3-68. Device End During a One-Word Data Transfer.
During a one-word (up to 16 bits) data transfer, the Device
End signal is received from the device during sequence
counter Count 1 and in response to a Device Command
signal being sent to the device. The Device End signal
inhibits the Device Command line and sends a DEV END
signal through the MUX CHAN bus to the multiplexer
channel. An ACK SR signal is returned from the multi-
plexer channel to acknowledge the DEV END signal (see
figure 3-23).

3-69. Device End During a Two-Byte Data Transfer.
During a two-byte (up to eight bits per byte) data transfers
the first byte transfers in the same manner as a one-word
transfer (refer to paragraph 3-68). However, the first Device
Command signal causes a valid data transfer that loads the
first byte into both the upper and lower byte positions (bits
0 through 7 and 8 through 15 respectively) of the data-in
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Figure 3-22. Device End Logic
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Figure 3-23. Device End Signal Timing Diagrams

registers. When the sequence counter reaches count 3, the
Device Command signal again goes high and then the device
returns a Device End signal that causes the lower half of the
data-in register to be loaded with zeros. The Device Com-
mand signal is then inhibited by the Device End signal and a
“not” Device Service Request signal is sent to the multi-
plexer channel to allow the last byte of data to be sent to
memory. If this was the last byte of data to be transferred,
the interface PCA sends a “not” Device Service Request
signal through the MUX CHAN bus to the multiplexer
channel and the ‘“‘not” Device End signal is inhibited.
If there is more data to be transferred the interface PCA
sends the “not” Device End signal to the multiplexer
channel.
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3-70. DEVICE SERVICE REQUEST LOGIC. The device
service request logic is used only when data transfers are
controlled by the multiplexer channel (I/O program). This
logic provides a “not” Device Service Request (DEV SR)
signal to the multiplexer channel for each of the following
conditions (see figure 3-24):

a. The last programmed command sent by either a P CMD
1 or P CONT STB has been executed.

b. The interface PCA has data ready to transfer to
memory.

c. The interface PCA is ready to receive data from
memory.

d. When the in transfer or out transfer operation is
finished and the device is ready for the next command.

3-71. The DEV SR signal is sent through the command
logic circuits to the multiplexer channel when any one of
the following four flip-flops is set: Command SR, Transfer
SR, Data SR, and EOT SR. These flip-flops are direct
cleared when the DEV SR signal is acknowledged by the
multiplexer channel and an ACK SR signal is returned.
Jumper wire J2W1 can be installed to allow the Command
SR FF to be set by the Device Status Bit 11 signal. This
feature is used when an external device requires a long
response time. Otherwise, jumper wire J2W1 is not
connected.

3-72. INTERRUPT REQUEST LOGIC. The interrupt
request logic provides the Interrupt Request signal to the
interrupt processing circuits of the command function. This
Interrupt Request signal is stored by the interrupt pro-
cessing circuits and, when conditions are met for an inter-
rupt to occur, the Interrupt Request signal enables the
interface PCA to request service from the CPU. An Inter-
rupt Request signal can be initiated by eight different
conditions on the interface PCA and the same conditions
also provide status information for the interrupt status
word. The eight conditions that initiate the Interrupt Re-
quest signal and provide status information are as follows:

a. Time Out. The data transfer timer times out before data
transfer is complete.

b. Transfer Error. The multiplexer channel sends an XFER
ERROR signal because of an error in data transfer
between the interface PCA and IOP.

c. I/O System Interrupt. A SET INT signal is initiated by
the command function because of a programmed inter-
rupt request.

d. Clear Interface. The device sends a Clear Interface signal
to the interface PCA to indicate an I/O program was
cancelled by the device.
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Figure 3-24. Device Service Request Logic
e. Data Transfer. Data transfer interrupts are enabled 3-73.  Each of the eight conditions that initiate an Inter-

by setting control word bit 11 to logic 1. An inter-
rupt request is then initiated after each data transfer
when the sequence counter goes from count 3 to
count 0.

Device Interrupts. Three interrupt circuits are avail-
able to the device. These circuits can be connected
through the device status lines to any signal from
the device. The signals would then set device status
bits 8, 9, and/or 10, and would also provide Interrupt
Request signals and interrupt status bits.

rupt Request signal is processed by a separate circuit that
contains at least one flip-flop. After initiating an interrupt,
it is usually desirable to clear only the circuit that enabled
the last interrupt request. The circuits are selectively
cleared through the clear interrupt decoder circuit and
control word bits DO1 through DO4. The circuits that
enable the interrupt requests and the clear interrupt de-
coder are described in the following paragraphs.

3-74. Data Transfer Timer. The data transfer timer
enables an interrupt request to be initiated if the external
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device fails to respond within a predetermined time. To
start the timer, control word bit DO15 is sent as a logic
1. Once started, the timer will time out and enable an
interrupt request unless the timer is cleared within five
seconds. The timer is cleared by sending a second control
word with bit DO15 at a logic 0 and selective clear
number 6 enabled (control word bits DO2, DO3, and
DO4 in bit pattern 001). Clearing the timer can also be
accomplished by sending control word bit DO1 as a logic
1 (clear all interrupts) or control word bit DOO as a logic
1 (master reset).

3-75. The data transfer timer interrupt logic contains a
Start Timer FF, Transfer Timer OS (one-shot multi-
vibrator), and Time Ouf Interrupt FF with associated
logic circuits (see figure 3-25). To initiate the timer cir-
cuit, control word bit DO15 is sent as a logic 1. This
causes the Start Timer FF to set and its set-side output is
then used to start the Transfer Timer OS. The Start
Timer FF remains set until control word bit DO15 is sent
as a logic O or until a master clear (control word bit DOO
at logic 1) is sent to direct clear the FF. To restart the
Transfer Timer OS, the Start Timer FF must be cleared
and then set again by control word bit DO15 at a logic 1.
If the Transfer Timer OS times out (after five seconds),
its output sets the Time Out FF. Setting the Time Out
FF sets bit 15 of the interrupt status word to a logic 1
and enables the interrupt pending bit (bit 2) of the inter-
face status word.
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3-76.  Device Interrupt Request Logic. The device inter-
rupt request logic provides three ways for the external
device to request an interrupt. Signals from the device
suitable for initiating an interrupt, such as a signal indicat-
ing data is available or a request for service, are connected
to the device status input lines for Device Status Bits 8, 9,
and 10. These lines are also connected to the device inter-
rupt request logic. The device interrupt request logic con-
tains three flip-flops and connections for jumper wires
J2W4, J2W8, and J2W9 (see figure 3-26). When the jumper
wires are not connected, the flip-flops remain in the set
state and interrupts are not requested. If a jumper wire is
installed, its respective flip-flop is cleared when the device
status signal occurs at the clock input. Device Status signals
for bits 8 and 9 cause their flip-flops to clear on the signals
leading edge. The signal for bit 10 causes its flip-flop to
clear on the signals trailing edge. Clearing any of the three
flip-flops causes the set-side output to go low and initiate
an interrupt request while the clear-side output goes high to
provide an interrupt status bit. To clear the interrupt re-
quest, the cleared flip-flop is direct set by a Selective Clear
signal.

3-77.  1JO System and Interface Interrupt Request Logic.
The I/O system and interface interrupt request logic pro-
vides four conditions for initiating the Interrupt Request
signal. Each condition is provided through a flip-flop (see
figure 3-27). When a flip-flop is set, its clear-side output
provides a signal to initiate the Interrupt Request signal and
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Figure 3-25. Data Transfer Timer Interrupt Request Logic
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Figure 3-26. Device Interrupt Request Logic

its set-side output provides a separate bit in the interrupt
status word. After being set, these flip-flops are cleared by
separate Selective Clear signals. Setting any of the flip-flops
enables gate U44 and provides the Interrupt Pending signal
that sets interface status bit 2. The HP 3000 Computer can
detect if an interrupt request is pending by scanning this
interface status bit. With the Interrupi Pending signai high,
an interrupt request can be enabled by control word bit
DO14. Sending control word bit DO14 as a logic 1 sets the
Interrupt Request FF and the flip-flop set-side output en-
ables gate U54B. The Interrupt Request FF remains set until
control word bit DO14 is sent as a logic 0 or until it is
direct cleared by a “not” Master Reset (MR) signal or a
“not” Set Interrupt Active (SET INT ACT) signal. A MR
signal results from sending control word bit DOO as a logic
1. A SET INT ACT signal occurs upon receipt of an inter-
rupt poll in response to an interrupt request by this PCA.
When gate U54B is enabled by the Interrupt Request FF
set-side output and the Interrupt Pending signal, an Inter-

rupt Request signal is enabled. This Interrupt Request sig-
nal is sent through gate U54C where the signal can be inhib-
ited by a “not’ Interrupt Active signal if a previous inter-
rupt request is still being processed. From gate U54C, the
Interrupt Request signal is sent to the interrupt processing-
circuits of the command function. Two flip-flop outputs,
“not” Transfer Error Interrupt and “not” Clear Interface
Interrupt, will also initiate a CLR IL signal that is used by
the command function to clear the interface logic and
inhibit service requests.

3-78.  Clear Interrupt Decoder Logic. The clear inter-
rupt decoder logic provides selective clearing of the
eight circuits that can initiate an Interrupt Request

Changed 14 Mar 1975 3-35




Theory of Operation 30051A
SET 3
TRANS D2
ERR FF XFER UT16F
13 12 1K
5RR°R S—AAA— +5V
2-21 INTERRUPT
CLK Hibe TO STATUS
a
XFER u34c 2f " TRANSFER BT LOGIC AND
ERROR 5 4 | 3 ERROR FF CONTROL
2 ¢ Vaan s LRANSFER
FROM Y33 ERROR UB4A —_—
COMMAND l INTERRUPT 1 CLRIL
LOGIC 1 —1 (TO
1K SELECTIVE CLEAR NO. 6 ___L/ COMMAND
+6V ——AAA————8—— FROM CLEAR INTERRUPT 1K LOGIC)
DECODER (FIGURE 3-28) 15V ‘_J‘N"_—lvo
1/Q SYSTEM FF CONTROL DO 14 12 9
— WORD BIT 14 771 INT REQFF
SET INT INTERRUPT FROM | 12] 8
STATUS U193
— | s 13 TO STATUS DEVICE  Eom® AnD l -—
>t LOGIC AND SERVICE 13
I CONTROL REQUEST MR
' LOGIC
FROM SET INT A
| COMMAND NTACT
+5V ' FUNCTION INT REQ ENABLE
— | Uaa
1K | 1/0 SYSTEM UsaB
FROMCLEAR SELECTIVE | INTERRUPT 12 4 gUS4D  INTERRUPT
INTERRUPT _CLEARNO.§ | 2 8 8 g  REQUEST
DECODER 2 10 (TO
(FIGURE 3-28) _' 35 COMMAND
2 LOGIC)
6,11
—
1218 INTERRUPT
10 STATUS _—
BIT 12 TO STATUS INTERRUPT
CLEAR JrA LI +2[0° CLEAR i LOGIC AND ACTIVE
INTERFACE ' 8 | 11]  INTERFACE FF CONTROL (FROM COMMAND
genvcigs) N 71¢ g CLEAR LOGIC)
Ty N s U338 INTERFACE
s / | INTERRUPT
13
1K SELECTIVE CLEAR NO. 4
+5V ~——AAA———8—— FROM CLEAR INTERRUPT
DECODER (FIGURE 3-28) L S
{ A INTERRUPT
DATA TRANSFER VWA—— +5V PENDING
INTERRUPT (INTERFACE
CONTROL INTERRUPT
WORD BIT 11 10 STATUS 10 STATUS STATUS BIT 2)
12 9  BIT1
FROM P ON DONE 71 ° TR DAgéAR FF conTROL.
ERAT! 11 AN —e
QUALIFIER -2 c S DATA TRANSFER CONTROL
LOGIC 12 Us38 8 INTERRUPT
1K SELECTIVE CLEAR NO. 3 TIME OUT AND DEVICE STATUS
+5V ——AAA————8—— FROM CLEAR INTERRUPT BITS &, 8, AND 10
DECODER (FIGURE 3-28) (FIGURES 3-25 AND 3-26})
2186-34A
Figure 3-27. 1/O System and Interface Interrupt Request Logic
signal. This logic contains a binary-to-octal decoder 3-79.  Control word bits DO2 through DO4 provide the

circuit and associated logic gates (see figure 3-28). The
decoder circuit is enabled by a Load Command signal
that results from a D CONT STB or P CONT STB
signal from the command function. While the decoder
is enabled, control word bits DO1 through DO4 are
sent as inputs to the decoder. If control word bit
DO1 is high, it is combined with the Load Command
signal to inhibit the other decoder inputs and then to
invert the decoder output. This sends decoder outputs
0 through 6 all low, which clears all of the interrupt
request circuits and sets bits 8 through 15 of the
interrupt status word to logic 0. The Interrupt Pending
signal is also low which sets status word bit 2 to
logic 0 to indicate all interrupt requests are cleared.
These same operations occur following a system master
reset (MR).
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binary inputs to the decoder when control word bit DO1 is
low (refer to the table in figure 3-28). These bits are used to
selectively clear the interrupt request circuits. This allows
each circuit to be cleared individually so that an interrupt
will not be lost when multiple interrupts are being re-
quested. For example, to clear the transfer timer and trans-
fer error interrupt request, the control word is sent with
bits DO1 through DO3 low and bit DO4 high. Decoder
output number 6 would then be pulled low while all of the
other outputs remained high. Other interrupt request cir-
cuits are cleared by changing the binary input to the de-
coder. To determine if an interrupt request may require
clearing, status bit 2 (interrupt pending) is checked,
and to determine which interrupt request circuit to
clear, the interrupt status word (bits 8 through 15) is
checked.
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Figure 3-28. Clear Interrupt Decoder Logic
3-80. DATA AND STATUS TRANSFER FUNCTION. 3-82. STATUS LOGIC AND CONTROL. The status

3-81. The data and status transfer function contains
circuits that transfer data and status through the interface
PCA to and from the external device and HP 3000 Com-
puter System. These circuits consist of the status logic and
control, data in logic, and data out logic. Operation of these
circuits is described in following paragraphs. Simplified and
detailed diagrams for the interface PCA are contained in the
HP 3000 Computer System diagrams manuals. The
simplified diagrams are set number SD-131 and the detailed
diagrams are set number DD-501. Functional block dia-
grams, timing diagrams and partial schematics contained in
this manual are referenced by figure number.

logic and control consists of three eight bit drivers and a
status control circuit containing the Interrupt/Device Status
FF (see figure 3-29). These circuits provide a choice of two
16-bit status words that may be fetched from the interface
PCA by either direct or program commands. Both 16-bit
status words contain the same data in bits O through 7 and
these bits are called the interface status byte. Status bits 8
through 15 can be either the interrupt status byte or device
status byte depending on control word bit DO12. When
control word bit DO12 is high (logic 1) the status word
contains the interface status byte and the device status
byte. With control word bit DO12 low (logic 0) the status
word contains the interface status byte and interrupt status
byte.
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3-83.  Interface Status Byte. The interface status byte is
made up from signals developed on the interface PCA that
indicate the operating condition of the PCA. These signals
are inverted by the interface status driver so that when the
driver is enabled, a high input signal provides a logic 0
output status bit. The status bit lines are connected to the
data-in lines in the command function which are, in turn,
connected to the IOP bus. Brief descriptions of the inter-
face status bits are provided in the following paragraphs.

3-84.  Status bit 0 is provided by the SIO OK signal from
the command function. This signal is normally high and

30051A

3-86.  Status bit 2 is provided by the Interrupt Pending
signal from interrupt request logic. This signal goes low
causing the bit 2 output to be a logic 1 when any interrupt
request is waiting for service. The signal will remain low
until all interrupt requests are cleared.

3-87.  Status bits 3 and 4 are provided by the set-side
output from the two sequence counter flip-flops. These bits
are used mainly for troubleshooting when the interface
PCA fails to complete a data transfer. The two bits can be
decoded as follows:

therefore bit O is normally a logic 1 when it is all right to BIT3 BIT4 DESCRIPTION
proceed with a start I/O (SIO) operation. If bit 0 is a logic
0, an SIO operation is in progress or the multiplexer chan- 0 0 Sequence counter inactive, no
nel is not connected to the interface PCA. data transfer in progress.
3-85.  Status bit 1 is provided by the RIO, WIO OK FF. 1 0 Request for operation sent to
This flip-flop is set by the Operation Done signal when the device.
previous data transfer is complete. As long as the flip-fiop
remains set, bit 1 is a logic 1 indicating that it is all right to 1 1 Device responds to begin /O
proceed with a read or write command. The flip-flop is operation.
cleared by the Count 1 signal from the sequence counter.
When the flip-flop is cleared, bit 1 goes to logic 0 indicating 0 1 Request for operation to begin
that a read or write command is being executed. byte transfer of second byte.
Us84D
(FROM COMMAND _SIO OK 9N\ 8
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Figure 3-29. Status Logic and Control (Sheet 2 of 2)
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3-88.  Status bit 5 is provided by the Device Flag signal
from the device flag edge detector circuit. This bit is also
used for troubleshooting to determine if the external device
is responding to a request for I/O operation. During the I/O
operation portion of the data transfer this bit is normally a
logic 1.

3-89.  Status bit 6 is provided by the Interrupt/Device
status FF and indicates whether the lower half of the status
word (bits 8 through 15) contains interrupt status or device
status. If bit 6 is a logic 1 the status word contains the
device status byte and if bit 6 is a logic 0 the status word
contains the interrupt status byte.

3-90.  Status bit 7 is connected to signal return and is
permanently a logic 0.

3-91.  Device Status Byte. The device status byte con-
tains status signals developed by the external device to
indicate the operating condition of the device. Up to eight
different signals can be connected to the interface PCA
through the differential line receivers. These signals are
inverted by the device status driver when the driver is
enabled by a Load Command signal with control word bit
12 (DO12) at logic 1. Four of the signals from the device
may also be connected to other interface PCA circuits. The
differential receiver output lines for bits 8, 9, 10 are con-
nected to flip-flops in the interrupt request logic so that
these signals can be used to develop Interrupt Request
signals. Output from the differential receiver for bit 11 is
connected to a flip-flop in the device service request logic
so that this signal can be used to develop a Service Request
signal.

3-92.  Interrupt Status Byte. The interrupt status byte
contains the signals from eight different flip-flops in the
interrupt request logic. These signals indicate which circuits
are requesting an interrupt. The signals are inverted by the
interrupt status driver when the driver is enabled by a Load
Command signal with control word bit 12 (DO12) at logic
0. The interrupt status driver is also enabled by a “not”
Reset Interrupt or “not” Master Reset signal from the
command function. For a description of the interrupt
status bits, refer to paragraph 3-72.

3-93. DATA-IN LOGIC. The data-in logic consists of the
circuits used to transfer data from the external device
through the interface PCA to the command function data-
in lines. These circuits consist of input signal differential
receivers, multiplexers, registers, drivers, and control logic
(see figure 3-30). This logic allows the interface PCA to
accept data from the device in the form of one word of up
to 16 bits or in the form of two bytes of up to eight bits
each. When the byte transfer is used, the two 8-bit bytes are
packed into one 16-bit word before being transferred to the
command function data-in lines. The data-in transfer,
whether one word or two bytes, occurs as a sequence of
operations. First, data is transferred to the four-bit registers
and then the data is strobed onto the data-in lines by a D
READ STB or P READ STB signal. During byte transfers,
an operation is added to do a doubie transfer of data into
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the four-bit registers. The following paragraphs describe one
word and byte transfer operations.

3-94.  One-Word Data Transfer. For one-word data trans-
fer, the Byte Transfer signal (control word bit 13) is low.
This enables the multiplexers to pass the upper data byte
(bits O through 7) from the differential receivers to the four-
bit registers. The four-bit registers can be permanently
enabled to accept data by installing jumper wire J2W5 or
they can be enabled by the Count 1 signal from the se-
quence counter. When the Count 1 signal is used (J2W4 is
not installed), the sequence counter controls the data
transfer sequence and each output word is locked into the
buffer when the sequence counter advances from count 1
to count 2.

3-95.  Byte Transfer. For byte transfer where two eight-
bit bytes are packed for transfer to the data-in lines, the
Byte Transfer signal (control word bit 13) must be high.
This enables the multiplexers to pass the first data byte
(bits 8 through 15) from the differential receivers to the
four-bit registers. The four-bit registers are then enabled by
the Count 1 signal. Jumper wire J2W5 cannot be used
during.byte transfers. At this time, four-bit registers U101
and U102 contain the same eight data bits as four-bit
registers U81 and U82. The second eight-bit byte is then
received over the same input lines (bits 8 through 15).
However, only four-bit registers U81 and U82 are enabled
by the Count 3 signal from the sequence counter and the
Byte Transfer signal. After both pairs of registers are
loaded, a P READ STB or D READ STB signal transfers the
full 16 bits to the data-in lines.

3-96. DATA OUT LOGIC. The data out logic consists of
circuits used to transfer data from the command function
data-out lines through the interface PCA and to the ex-
ternal device. These circuits consist of registers, multi-
plexers, differential line drivers, and control logic (see fig-
ure 3-31). This logic allows to interface PCA to transfer
data to the external device in the form of one word of up
to 16 bits or in the form of two bytes of up to 8 bits each.
When byte transfer is used, the interface PCA unpacks one
word of up to 16 bits and transfers the word to the device
in two bytes of up to 8 bits each. The data-out transfer,
whether one word or two bytes, occurs as a sequence of
operations. First, the registers are enabled by a D WRITE

STB or P WRITE STB signal from the command function
and any data on the 16 data-out lines is stored in the
registers. Outputs from the registers are connected to the
multiplexer circuits and outputs from registers U114 and
U124 are also connected directly to differential line drivers.
The multiplexer circuit select input is normally low so that
when byte transfer is not used (control word bit 13 is logic
0), data bits 8 through 15 are transferred through the
multiplexer circuit to the differential line drivers. Since
data bits O through 7 are connected directly to differential
line drivers, the full 16-bit word is transferred. When byte
transfer is enabled (control word bit 13 is a logic 1), the
interface PCA data-out logic can operate in two different
modes; normal write and test write. The following para-
graphs describe operations in the two write modes.
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3-97.  Normal Write. For normal write operation, jumper
wire J2W7 is not installed in the mating connector of J2.
This allows the Write Transfer FF output and Byte Transfer
signal to partially enable the Byte Write Select FF. The
Write Transfer FF is direct set by either the D WRITE STB
or P WRITE STB signal from the command function. This
same signal initializes the qualifier logic so that the se-
quence counter advances from count 0 to count 1 (refer to
figure 3-13). When the sequence counter returns to count 0,
the Write Transfer FF is cleared by the Operation Done
signal. The Byte Transfer signal goes high when control
word bit 13 is a logic 1 and remains high until the control
word is modified by a new control word. With the Byte
Transfer signal high, the input to Byte Write Select FF,
U66C-10, is high during sequence counter counts 1, 2, and
3. The other signal required to enable the Byte Write Select
FF is provided by counts 0 and 1 of the sequence counter.
This allows the Byte Write Select FF to provide, through
inverter U116C, a high select signal to the multiplexer

Theory of Operation

circuits during sequence counter counts 0 and 1 and a low
select signal during counts 2 and 3. The high select signal
causes bits 0 through 7 to be transferred to the device and
the low select signal causes bits 8 through 15 to be sent to
the device.

3-98.  Test Write. Test write is enabled when jumper wire
J2W7 is installed in the mating connector of J2. This allows
the Byte Transfer signal and sequence counter counts 2 and
3 to enable the Byte Write Select FF without having the
Write Transfer FF enabled. Therefore, the Byte Write Select
FF is enabled during counts 2 and 3 of every byte transfer
whether the byte transfer is for a read or write operation.
Whatever data is on the multiplexer input lines is trans-
ferred to the device as if a normal write operation was
performed. This feature is used during diagnostic testing to
loop the output data back to the input and thereby check
the packing and unpacking operations.
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4-1. INTRODUCTION.

4-2. This section contains general servicing informa-
tion, preventive maintenance instructions, troubleshooting
information, and corrective maintenance procedures appli-
cable to the interface PCA. A logic diagram for the PCA
is provided in the System Diagrams Set. Parts information
for servicing and replacement is contained in the HP 3000
Computer System Illustrated Parts Breakdown Manual.

43. GENERAL SERVICING INFORMATION.

4-4, Paragraph 4-5 through 4-22 contain servicing infor-
mation that may be commonly referred to from other areas
of this manual.

4-5. SAFETY PRECAUTIONS.

4-6. When the interface PCA is being installed, re-
moved, or placed on an extender PCA to perform mainte-
nance and troubleshooting procedures, the computer sys-
tem DC POWER switch must be set to STANDBY to
remove power from the PCA connectors.

4-1. When the interface PCA is being connected to an
external device, make sure there is no power at the inter-
face PCA connectors and that the device power is off.

4-8. Failure to observe these precautions may result in
damage to the interface PCA or the computer system
connectors.

4-9. WIRING INFORMATION.

4-10. The interface PCA wiring information consists of
the data necessary to connect the PCA in the HP 3000
computer system and to an interconnecting cable assembly.
Figure 4-1 shows the numbering scheme for the interface
PCA and interconnecting cable connector and table 4-1
provides a cross reference list of mating connector and
interface PCA pin numbers. Table 4-2 lists functions for the
jumper wires contained in the mating connector to con-
nector J2. For details of interconnecting cable fabrication,
refer to the HP 3000 Computer System Installation Manual.

SECTION

MAINTENANCE I\

4-11. JUMPER WIRE CONFIGURATION.

4-12.  The interface PCA contains locations for installa-
tion of 12 jumper wires. These jumper wires are used to
select various operating conditions and are located on the
component side of the interface PCA as shown in figure
4-2. The following paragraphs describe the use of each
jumper wire that can be installed on the interface PCA.

4-13. SERVICE REQUEST PRIORITY (W5). Jumper
wire W5 selects one of 16 service request (SR) lines to the
HP 30035A Multiplexer Channel. Each interface PCA ser-
viced by the same multiplexer channel must be connected
through a different service request line.

4-14. SELF-TEST POWER (W1). Jumper wire W1 is
installed to provide power to the Diagnostic Hardware, part
number 30049-60001. The diagnostic hardware is used for
testing the interface PCA. When testing is complete, jumper
wire W1 is removed.

4-15.  GROUP INTERRUPT MASK (W4). Jumper wire
W4 selects the group interrupt mask. It can be connected to
any of 16 data-out lines, to a permanent enable connection,
or a permanent disable connection.

4-16. DRT ADDRESS PARITY (W2). Jumper wire W2
selects the DRT address parity depending on the configura-
tion of jumper wires W6 through W13. For odd parity, this
jumper wire is removed or installed, as required, so that the
total number of positions where jumper wires (W2 and W6
through W13) are not installed is odd.

4-17. DEVICE NUMBER (W6 THROUGH W13). The
configuration of these eight jumper wires determines the
device number (address) and DRT address.

4-18. REQUIRED SERVICING EQUIPMENT.

4-19. A special test hood is required for diagnostic test-
ing of the universal interface PCA when the PCA is not
connected to an external I/O device. The special test hood
is the HP 30049B Diagnostic Hardware for the Universal
Interface. Descriptive information regarding the diagnostic
hardware (test hood) is contained in a separate manual, part
number 30049-90001. Diagnostic procedures using the test
hood are contained in the HP 3000 Computer System
Manual of Diagnostics. When diagnostic testing is per-
formed with the interface card connected to a device, the
test hood is not required and a different diagnostic test
procedure is required to test the card and device together.
The correct procedure is referenced from the applicable
subsystem manual. The only other servicing equipment
required is supplied with the HP 3000 Computer System.
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Figure 4-1. Interface PCA and Interconnecting Cable Connector
Pin Numbering Scheme
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Table 4-1. Interface PCA to Interconnecting Cable Connector Pin Cross Reference and Function Index
MATING INTERFACE CARD CONNECTORS
CONNECTOR
PIN NO. PIN NO. J1 FUNCTION J2 FUNCTION J3 FUNCTION
A1,B1 1,2 Device Status Bit 8 Power Fail Data Out Bit 2
A2 B2 34 Device Flag Power On (PON), Ret Data Out Bit 4
A3,B3 5,6 Write Delay Master Clear Delay, Ret Control Word Bit 6
A4.B4 7.8 Set Trans Err FF, Ret Jumper Wire J2W1, Ret Control Word Bit 8
Ab,B5 9,10 Device Status Bit 10 Jumper Wire J2W2, Ret Control Word Bit 7
A6,B6 11,12 Device Status Bit 9 Jumper Wire J2W3, Ret Self-Test +56V, Ret
A7,B7 13,14 Data OQut Bit 13 Jumper Wire J2W4, Ret Self-Test +5V, Ret
A8,B8 15,16 Data Out Bit 12 Jumper Wire J2W5, Ret Data Out Bit 1
A9,B9 17,18 Data In Bit 8 NC Data Qut Bit 3
A10,B10 19,20 Data In Bit 14 NC Data Out Bit 7
A11,B11 21,22 Data In Bit 15 Jumper Wire J2WG6, Ret Data Out Bit b
A12B12 23,24 Data In Bit 12 NC Data Out Bit 6
A13,B13 25,26 Data in Bit 13 Jumper Wire J2W7, Ret Data Out Bit 0
A14,B14 27,28 Data In Bit 10 NC Device Status Bit 12
A15B15 29,30 Data In Bit 11 NC Data In Bit 7
A16,B16 31,32 Data In Bit 9 NC Data In Bit 6
A17,817 33,34 Data Out Bit 8 NC Data In Bit 4
A18B18 35,36 Self-Test Logic, NC Jumper Wire J2W8, Ret Data In Bit 5
A19,B19 37,38 Control Word Bit 10 Jumper Wire J2W9, Ret Device Status Bit 14
A20,820 39,40 Device Command Jumper Wire J2W10, Ret Data In Bit 1
A21,B21 41,42 Data Out Bit 15 Control Word Bit 9 Data In Bit O
A22,B22 43,44 Data Out Bit 14 Master Clear Device Status Bit 15
A23,823 45,46 Data Out Bit9 Device Status Bit 11 Data In Bit 3
A24,B24 47,48 Data Out Bit 10 Clear Interface Data In Bit 2
A25,B25 49,50 Data Out Bit 11 Device End Device Status Bit 13
NOTES:
1. All connections to and from a device are made through differential line drivers and receivers. In the pin no.

following the comma.

line.

3. Abbreviation NC indicates no connection.

columns, positive (+) connections are listed first with the negative (-) connection for the same signal listed

2. When used, jumper wires are connected in the mating connector hood between the two pins listed on the same

4-20. PRINCIPAL SERVICING POINTS.

4-21.  Principal servicing points for the interface PCA are
the interconnecting cable connectors J1, J2, and J3. These
connectors carry all of the signals transferred between the
interface PCA and external device. A list of signal names
and connector pin numbers is provided in table 4-1.

4-22. The interface PCA does not contain fuses or ad-
justable controls.

4-23. PREVENTIVE MAINTENANCE.

4-24. Preventive maintenance for ithe interface PCA

should be performed when the preventive maintenance
routines for the HP 3000 Computer System are per-
formed. Preventive maintenance consists of inspecting the
interface PCA and the interconnecting cable assembly
for burned or broken components, loose connections, and
deteriorated insulating materials.

4-3



Maintenance 30051A
Table 4-2. Connector J2 Jumper Wire Functions
PIN NO. WITH JUMPER WIR
DESIGNATION EMO\‘; n ER WIRE WITH JUMPER WIRE
FROM TO R ED (NORMAL) INSTALLED

J2wi1 7 8 1/O program continues normally after 1/0 program halts after a program

program control strobe. control stobe and waits for Device
Status Bit 11 to continue operation.

J2w?2 9 10 Leading edge of Device Flag signal Trailing edge of Device Flag signal
advances sequence counter from advances sequence counter from
Count 1 to Count 2. Count 1 to Count 2.

J2w3 11 12 Device Command signal operates in Device Command signal operates in
response mode. pulse mode.

J2W4 13 14 Inhibits Device Status Bit 8 from caus- Permits interrupt request at trailing
ing an interrupt request. edge of Device Status Bit 8.

J2W5 15 16 Data input registers enabled by Data input registers permanently
sequence counter counts 1 and 3. enabled.

J2W6 21 22 Trailing edge of Device Flag signal Leading edge of Device Flag signal
advances sequence counter from advances sequence counter from
Count 2 to Count 3. Count 2 to Count 3.

J2wW7 25 26 Normal write transfer operation. Test write transfer operation.

J2ws 35 36 Inhibits Device Status Bit 9 from caus- Permits interrupt request at trailing
ing an interrupt request. edge of Device Status Bit 9.

J2w9 37 38 Inhibits Device Status Bit 10 from Permits interrupt request at leading
causing an interrupt request. edge of Device Status Bit 10.

J2w10 39 40 Device Command sginal not inverted. Device Command signal logic inverted

with respect to Data Out lines.

4-25. TROUBLESHOOTING.

4-26.  The interface PCA may be checked using the Diag-
nostic Program Procedures contained in the Manual of
Diagnostics. This diagnostic checks the interface PCA func-
tions through the HP 30049B Diagnostic Hardware for the
Universal Interface PCA (self-test hood). If the interface
PCA is connected in a subsystem, the applicable subsystem
diagnostic program procedures should be performed.

4-27.  Troubleshooting for the interface PCA is accom-
plished by performing the tests in the diagnostic program
and analyzing any error haits that occur as the test is being
run. Continuity checks of the interconnecting cable are
performed using table 4-1. To further isolate a trouble,
refer to the logic diagram for the PCA.

4-4 Changed 14 Mar 1975

For parts location and replacement information refer to the
HP 3000 Computer System Illustrated Parts Breakdown
Manual, part number 03000-90021.

428. CORRECTIVE MAINTENANCE.

4-29.  Corrective maintenance, as applicable to the inter-
face PCA, is performed in the same manner as corrective
maintenance for other printed-circuit assemblies in the HP
3000 computer system. No special procedures are required
for the interface PCA.
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Figure 4-2. Interface PCA Jumper Wire Locations
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