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36032B PREFACE

This manual provides maintenance information for the HP 30032B Asynchronous Terminal Controller and options. This
manual consists of four sections as follows:

a.  Section I, General Information. This section provides a general description of the asynchronous terminal controller and
options, including an equipment description, specifications, and PCA identification information.

b.  Section II, Operating Parameters. This section describes the I/O instructions and commands that affect the asynchronous
terminal controller and the related data, control, status, and parameter words. Signal lines between the asynchronous ter-

minal controller and the terminals or data sets are also described in this section.

c.  Section III, Theory of Operation. This section contains the general and detailed theory of operation of the asynchronous
terminal controller, supported by overall block diagrams and simplified logic diagrams.

d.  Section IV, Maintenance. This section provides maintenance data including safety precautions, preventive maintenance
information, wiring diagram, and signal indexes. Timing diagrams and flowcharts in this section illustrates the operation
of the asynchronous terminal controller at the functional level.

This manual is intended for use along with the operation and maintenance documentation for the terminals and/or data sets

controlled by the asynchronous terminal controller. Additional information on the HP 30032B Asynchronous Terminal Con-

troller is also available in the related documentation for the HP 3000 Series II/III Computer System or the pre-series II

HP 3000 Computer System. The related documentation for the HP 3000 Series II/III Computer System includes the following:

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

b.  HP 3000 Computer Systems Support Log, part no. 03000-90117;

c. HF 3000 Series II Computer System Installation Manual, part no. 30000-90019.

d.  HP 3000 Series III Computer System Installation Manual, part no. 30000-90147.

Related documentation for the pre-Series II HP 3000 Computer System includes the following:

a. HP 3000 Detailed Diagrams Manual, part no. 03000-90023, set numbers 507 and 509.

b.  HP 3000 Illustrated Parts Breakdown (IPB) Manual, part no. 03000-90021.
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SECTION

GENERAL INFORMATION !

11.  INTRODUCTION.

1-2, This section contains the general description, option
data, equipment description, cabling information, specifi-
cations, and means of identification for the HP 30032B
Asynchronous Terminal Controller (figure 1-1). Included in
this section are descriptions of the major components of
the controller and permissible hardware configurations.

1-3. GENERAL DESCRIPTION.

1-4. The HP 30032B Asynchronous Terminal Con-
troller for the HP 3000 Computer System is a control inter-
face for low-speed bit-serial devices. The HP 30032B can
control data transfers over a total of 37 channels, 16 send,
16 receive, and 5 special-purpose receive-only. The 16 send
and 16 receive channels are separately programmable as to
baud rate and character size to accommodate full-duplex
and split-speed devices. The 5 receive-only channels are also
fully programmable but are available for internal diagnostic
purposes only and have no external interface capability. All
operations are under direct I/O control of the CPU/IOP.

1-5. The 16 send channels have data transfer rates
programmable from 75 to 2400 bits per second. Send
channel character sizes are programmable from 5 to 12 bits
per character including start, stop, and data bits.

1-8. The 16 receive channels are similarly program-
mable to data transfer rates from 75 to 2400 bits per
second. However, the programmable character size range is
from 5 to 11 bits per character including start, stop, and
data bits. Only in special applications that do not require
break-condition detection can a 12-bit character be
received. The stop bit will not be detected and a break
condition cannot be verified.

1-7. The basic configuration of the HP 30032B Asyn-

chronous Terminal Controller provides full-duplex I/O
transfers for up to 16 hardwired bit-serial terminals such as
teletypes, card readers, visual display terminals, or similar
devices; or any combination of the above totalling 16
devices. The HP 30032B-001 option extends subsystem
capability to data handling and transfers for up to 16 type
103 data sets and hardwired devices. The HP 30032B-002
option provides data control and handling for up to 16 type
202 data sets or eight type 801 automatic dialing units or
hardwired devices.

1-8. EQUIPMENT DESCRIPTION.

1-9. The HP 30032B Asynchronous Terminal Con-
troller has three primary components: the terminal data
interface PCA, the terminal control interface PCA, and the
connector panel.

1-10. TERMINAL DATA INTERFACE PCA.

1-11. The terminal data interface (TDI) accepts and
stores parameters such as baud rate, character size, parity,
ete, for each of the 37 channels. The terminal data interface
also maintains and controls the 16 data-out lines to the
devices, the 16 data-in lines from the devices to the CPU/
IOP, and the inputs to the five diagnostic channels. For a
send channel, the TDI accepts direct I/O commands, stores
the parameters specified for that channel, accepts and
temporarily stores parallel data to be output to that chan-
nel, puts this data on-line to the device on that channel at
the required rate, and generates an interrupt at the com-
pletion of character transmission. For a receive channel, the
TDI accumulates bit-serial data received from a device into
characters and generates an interrupt when a complete
character is ready for transfer. The TDI also maintains
status for all channels available on demand by the CPU. The
start bit (space) of each character and the stop bit(s) (mark)
are the sole means recognized by the TDI to control charac-
ter transfers. The TDI can service 16 hardwired devices if
those devices require no control lines other than the data-in
and data-out lines.

1-12. TERMINAL CONTROL INTERFACE PCA.

1-13. The terminal control interface (TCI) PCA is
required for all data set applications to provide and monitor
the necessary control and status signals to operate up to 16
type 108 data sets. (Two terminal control interface PCA’s
are required to operate up to 16 type 202 data sets or up to
eight type 801 automatie dialing units.) The TCI accepts
direct I/O control words from the CPU/IOP that contain
internal furlction commands and device status and control
signals. The TCI stores the current status of device control
signals, sequentially scans the status and control lines of
each channel, compares the values with those stored, and
generates an interrupt to the CPU/IOP when a change is
detected.

1-14. CONNECTOR PANEL.

1-15.  The connector panel is a PCA mounted at the rear
of the equipment rack. This connector panel is the termi-
nation point of five 50-pin cables from the computer and
sixteen 25-pin connectors from the data sets or hardwired
devices. In all cases except type 801 automatic dialing
units, up to 16 cables are connected directly from the
connector panel to the associated devices. The connector
panel jacks are designated JO through J15 to correspond to
device I/O channel numbers 0 through 15.

1-16. For type 801 automatic dialing units, the cables
for up to eight data sets are connected directly to the
connector panel using the even-numbered connectors. All

11
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even-numbered connectors carry the data, control, and
status lines for the assigned channel as well as several
control and status lines for the subsequent odd-numbered
channel. For instance, connector JO carries all the signals
required for channel 0 plus several lines for channel 1.
Connector J1 carries signals for channel 1 only. Connector
J2 carries signals for channels 2 and 3, while connector J3
carries signals for channel 3 only, and so on. Since type 801
automatic dialing units require more control lines than one
channel provides, each unit utilizes an even-numbered chan-
nel plus the next odd-numbered channel. Any mix of
devices can be achieved keeping this in mind.

1-17. EQUIPMENT SUPPLIED.

1-18.  Table 1-1 shows the major components supplied
with the HP Asynchronous Terminal Controller (ATC)
and its option -001 and -002. The -003 option of the table
furnishes the components listed if option -152 of the HP
30409A Upgrade Kit is specified. The Upgrade Kit con-
verts an existing pre-Series II system to a modified Model
9 version of the Series IT Systems. Option -152 is specified
where it is necessary to replace a 30060-60001 Terminal
Data Interface of an HP 30032A Asynchronous Terminal
Controller with a 30032-60001 Terminal Data Interface of
the Series II HP 30032B. (The 30032-60001 Terminal
Data Interface is a component of option -152 and not of
option -003 in table 1-1.) Table 1-2 lists the manuals fur-
nished for both pre-Series IT and Series II.

1-19. EXTENDER AND DATA SET CABLES.

1-20.  The cables required to interconnect data sets or
terminals to the controller connector panel depend en-
tirely upon the number and type of terminais or data sets.
The extender and data set cables available and recom-
mended for use with the asynchronous terminal controller
are as follows:

a. Type 103 and 202 Data Set cables

The 30062B Modem Cable consists of 25-foot cable
part No. 30062-60004.

The 30062B-001 Modem Cable consists of 50-foot
cable part No. 30062-60007.
b. Device extender cables

The 30062C Extender Cable consists of 25-foot cable
part No. 30062-60006.

The 30062C-001 Extender Cable consists of 50-foot
cable part No. 30062-60009.

The 30062C-002 Extender Cable consists of 100-foot
cable part No. 30062-60012.

1-2
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System console hardwired cable

The 30062D Hardwired Terminal Cable which con-
sists of 25-foot cable part No. 30062-60018 is fur-
nished to hardwire the system console to JO of the HP
30062A Connector Panel. If there are more than one
connector panel, it connects to JO of the one with the
lowest I/O system device number.

Table 1-1. Equipment Supplied

PART

DESCRIPTION NUMBER HP 30032B -001 -002 -003

Terminal Data 30032-60001 1 1 1 —
Interface PCA

Terminal Controt 30061-60001 — 1 2 —
Interface PCA

Terminal Connector 30062-60017 1 1 1 1
Panel (new
hinged version)

or

Terminal Connector 30062-60002 1 1 1 -
Panel (original)

TD! PCA Connector 30060-60003 1 1 1 1
Cable

TCI PCA Connector 30061-60003 — 1 2 —
Cable

Test Cable 30062-60002 1 1 1 1

“30062-80002 is no ionger availabie.

Table 1-2. Manuals Supplied

PART
DESCRIPTION NUMBER HP 30032B -001 -002
PRE-SERIES Il
Maintenance Manual 30032-90004 1 1 1
Detailed Diagrams 30032-90002 1 1 1
Manual DD-507
Detailed Diagrams 30061-80002 — 1 1
Manual DD-509
On-Line Terminal Data Inter- 30060-90003 1 1 1
face Test
On-Line Terminal Control Inter- 30061-90002 — 1 1
face Test
SERIES 1l
Maintenance Manual 30032-90004 1 1 1
Stand-Alone Terminal Data 30032-90011 1 1 1
Interface Test
Stand-Alone Terminal Control 30061-80003 - 1 1
Interface Test
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1-21.  For certain device/cable configurations, noise
pickup on status lines must be taken into account. In such
cases, unused lines must not be permitted to float and
must be either driven, tied high, or tied low. (See tables
4-1 through 4-4A for PCA and cable signal indexes.)

1-22.  SPECIFICATIONS.

1-23.  Specifications and characteristics of the HP
30032B Asynchronous Terminal Controller are presented
in table 1-3.

General Information

1-24. IDENTIFICATION.

1-25.  Printed-circuit assemblies (PCA’s) are identified by
a part number etched on the PCA. Revisions to the PCA are
identified by a letter, a four-digit series code, and a two-
digit division code marked beneath the part number on the
PCA. The letter identifies the revision of the etched trace
pattern on the unloaded PCA. The four-digit series code
pertains to the electrical characteristics and positions of
components on the PCA. The two-digit division code identi-
fies the division of Hewlett-Packard that manufactured the
PCA.



General Information

Table 1-3. Asynchronous Terminal Controller Subsystem Specifications

30032B

INTERFACE PRINTED-CIRCUIT ASSEMBLIES

Power Requirements:

30032-60001

30061-60001

Logic Levels:

To and from CPU/IOP :

1" State
0" State
To Data Set :
Control Lines Data Lines
‘1"’ State “Q" State
0" State 1" State

From Data Set :

Status Lines Data Lines
‘1" State Q" State
Q" State 1" State

Signal Interfacing from IOP Bus and Interface Cable:

+5V 3.25A
-5V 100 mA
+16V 70 mA
-15V 105 mA
+5V 1.5A
-5V 0
+15V 85 mA

-15V 210 mA

+0.4V (maximum)
+3.0V {minimum)

+7Vi3VE@2mA
-7Vi3V@2mA

+ 3V @ 1 mA (minimum)
+15V @ 5 mA (maximum)

- 3V @1 mA (minimum)
-15V @ 5 mA {maximum)

TTL output drivers and receivers

INTERFACE CABLES

30060-60003 Cable:
Type of connectors:

Interface PCA
Connector Panel

Number of conductors:

30061-60003 Cable:

Type of connectors:

Interface PCA
Connector Panel

Number of conductors:

50-pin female
50-pin male

36

100-pin female
Two 50-pin male connectors

72




30032B

SECTION

OPERATING PARAMETERSBA!

2-1. INTRODUCTION.

2-2. This section contains information regarding the
HP 30032B Asynchronous Terminal Controller as a
control interface and means of bidirectional data trans-
fer between the HP 3000 Computer System and periph-
eral devices. This information includes a description of
system parameters; a description of the direct I/O in-
structions as they pertain to subsystem functions; descrip-
tions of the control, status, parameter, and data word
formats exchanged between the asynchronous terminal
controller and the computer system; descriptions of the
control signals between the asynchronous terminal con-
troller and peripheral devices; and descriptions of the
means and types of interrupts generated by the
subsystem.

2-3. GENERAL INFORMATION.

2-4, There are two functional components of the asyn-
chronous terminal controller that are physically and func-
tionally independent: the terminal data interface (TDI) and
the terminal eontrol interface (TCI). (See figure 2-1.) These
components interface with the HP 3000 Computer System
under direct I/O control via parallel transfers on the IOP bus.
These components also generate and monitor control signals
for up to 16 bit-serial peripheral devices (T'CI PCA) and pro-
vide asynchronous, simultaneous, bidirectional, bit-serial data
transfers for these peripherals which may have varying bit
rates and character lengths (TDI PCA). Each PCA contains
unique interrupt logic and accepts unique word formats.
Each PCA also contains a group interrupt mask jumper and
device address number assignment jumpers.

ASYNCHRONOUS
. TERMINAL CONTROLLER BIT SERIAL DEVICES
N\
SECONDARY SEND DATA (SA) |
| TERMINAL
CHANNEL STATUS INFO FREQUENCY SELECT (CH)
— CONTROL »
INTERRUPT REQUEST Il;gERNFéACZE SECONDARY RECEIVED DATA(SB)
c INTERRUPT POLL ) —P» (OPTIONAL) CLEAR TO SEND (CB)
Y
% CONTROL WORDS J
/ DIRECT 1/0 COMMANDS )
0 CHANNEL PARAMETERS
P SEND DATA )
RECEIVE DATA )
) ~ DATA TERMINAL READY (CD) ,|
| o
P| TERMINAL REQUEST TO SEND (CA)
pi CONTROL DATA SET READY (CC) DATASETS
NI (e S,
PCA NO.1 CARRIER DETECT (CF) AUTOMATIC
(OPTIONAL) ¥ DIALING UNITS
16 TYPE
40307 OR
TYPE 103
DATA
SETS
I' SEND DATA (BA) ol
| TeRMINAL HARD.
N
RECEIVE DATA (BB) DEVICES
. il
\
Ll
-
2249-9

Figure 2-1. Asynchronous Terminal Controller Subsystem Block Diagram
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2-5, SYSTEM PARAMETERS.

2-6. The asynchronous terminal controller PCA’s are
controlled by direct I/O instructions. These instructions are
executed after a sequence of events from the user program
through the operating system to the I/O driver. The user
initially makes a file request to the file system which
ascertains that the file is associated with a terminal. The file
system passes the request to the terminal processor. This
system intrinsic contains direct I/O instructions which
initialize the asynchronous terminal controller PCA’s with
the correct parameters for the type of device connected to
the controller. Status conditions are checked on the TCI to
make sure that the data sets are in the correct mode. Then
the user program advances to the wait function.

2-7. Initialized to send or receive, the TDI interrupts
and the CPU hardware automatically vectors execution to
the Interrupt routine. This routine contains additional
direct I/O instructions which send or receive characters.
After each interrupt, the interrupt routine exits back to the
Dispatcher. If the transfer is not complete, the Dispatcher
returns control to the interrupted process. When the inter-
rupt routine decides that the transfer is complete, it exits
through the Dispatcher back to the terminal processor. This
either starts a new transfer or exits back to the file system.
NOTE
The DEVAD mnemonics of this manual
are the same signals as the DEVNO

mnemonics used in most other
documentation.
2-8. The wait function halts user program execution.

The user program advances to this function when a transfer
of characters is initiated. User program execution remains
at the wait function until transfer of characters is complete
or some channel status changed.

2-9. Each direct I/O instruction causes a three-bit I/O
command (IOCMD), a seven-bit device address (DEVAD),
and a Service Out (SO) signal to be placed on the IOP bus.
The IOCMD specifies the operation to be performed. The
DEVAD alerts the appropriate subsystem (in this case one
of the two asynchronous terminal controller PCA’s). The
SO indicates to the addressed PCA that a valid command
requiring attention is on the IOP bus. Receipt of this
command is acknowledged by the addressed PCA by
returning a Service In (SI) signal to the CPU/IOP via the IOP
bus. Table 2-1 provides a summary of the direct commands
used by the asynchronous terminal controller. Most of
these commands require that a 16-bit word be transferred
between the CPU and the subsystem. Table 2-1 states this
requirement as applicable and provides a reference to a
figure showing the content and format of the applicable
word.

2-10.  CIO INSTRUCTION.

2-11.  The CIO instruction is recognized by both the TDI
and TCI PCA’s. The CIO instruction causes three CIO
command bits, the eight-bit DEVAD, and SO to be placed
on the IOP bus and a 16-bit control word to be sent from
the top-of-stack (TOS) register in the CPU to the IOP bus.
When either the TDI or TCI decodes the IOCMD and
accepts the control word, an SI is returned to the CPU/IOP
to acknowledge the instruction.

2-2
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Table 2-1. Direct Command Bit Configuration/Summary

10CMD
oj11]2

COMMAND DESCRIPTION

TIO 0] 1] O Test 1/O, Transfers 16-bit status word
from subsystem to the CPU (figures 2-3
and 2-8).

cio 1] 1] 0| Control 1/O. Transfers 16-bit control
word (TDI and (TCI) from the CPU to
the subsystem (figures 2-2 and 2-7).

RIO 0] O] O0]|Read 1/0. Transfers 16-bit data word
(TD1) or status word (TCl) from the
subsystem to the CPU (figures 2-5
and 2-8).

WIO 1] 0| O | Write 1/0, Transfers 16-bit parameter or
data word from the CPU to the
subsystem (TDI only, figures24
and 2-6).

SMSK 0| 0] 1 |Set Mask. Transfers 16-bit mask word to
all 1/O subsystems,

SIN 11 1] 1]Set Interrupt. Sets the subsystem
interrupt logic and status word interrupt
bit {TDI and TCH).

RESETINT] O] 1] 1 |Reset Interrupt. Clears the subsystem
interrupt logic and. status word interrupt
bit (TDI and TCI).

2-12. RIO INSTRUCTION.

2-13.  For the TDI, an RIO instruction causes first a TIO
command, DEVAD, and SO to be placed on the IOP bus to
see if the TDI is available for a read operation. If the status
word indicates that the TDI is available, the CPU/IOP then
places an RIO command, DEVAD, and SO on the IOP bus.
This command strobes a data word and channel address
from the:TDI up-address and data-in buffers to the com-
puter system memory. For the TCI, an RIO command on the
IOP bus performs the same function as a TIO command -
strobes a status word onto the IOP bus from the TCI to the
CPU/IOP.

2-14. TIO INSTRUCTION.

2-15.  The TIO instruction causes a TIO command that is
recognized by both PCA’s. The command causes a 16-bit
status word to be strobed from the PCA onto the IOP bus
and sent to the TOS register in the CPU/IOP.

2-16.  WIO INSTRUCTION.

2-17. The WIO instruction causes a WIO command that
is recognized only by the TDI. During WIO instruction
execution, a TIO command, DEVAD, and SO are placed on
the IOP bus to determine if the TDI is available for a write
operation. If the status returned indicates that such is the
case, a WIO command, DEVAD, and SO, and a 16-bit
parameter or data word from CPU/IOP TOS are put on the
I0P bus for the TDI.
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2-18.  SIN INSTRUCTION.

2-19.  This instruction is recognized by both the TDI and
TCI and causes the addressed PCA to request an interrupt.

2-20.  SMSK INSTRUCTION.

2-21. The SMSK instruction is recognized by both the
TDI and TCI. This instruction sends a 16-bit mask word
from the TOS register in the CPU/IOP to all PCA’s of a
mask group to enable interrupts. The mask group for the
TCI and TDI is determined by the location of the group
interrupt mask jumper on each PCA.

2-22.  EXIT INSTRUCTION.

2-23.  This instruction is the last instruction of the TDI
and TCI interrupt routines. During execution of EXIT, the
CPU/IOP generates an RST INT command that clears inter-
rupt logic on the applicable PCA.

2-24. TDI1/0 INSTRUCTIONS.

2-25.  The controller TDI accepts control, parameter,
and output data words from the CPU/IOP under CIO and
WIO instructions and returns status and input data words
under TIO and RIO instructions. The following paragraphs
present the word formats and word bit definitions for the
exchanges between the CPU/IOP and the TDI.

2-26. CONTROL WORD FORMAT.

2-27.  The control word is a 16-bit word sent from the
CPU to the TDI during execution of direct command CIO.
A control word must follow every WIO instruction and is
also used to initialize TDI logic. Figure 2-2 shows the TDI
control word format.

-

2-28. CONTROL WORD FIELD DEFINITIONS.

2-29.  There are five control word fields that are used to
perform specific functions. These are I/O Reset (bit 0),
Reset Interrupt (bit 1), Channel Number (bits 2 through 6),
Output Information (bit 14), and Acknowledge Interrupt
(bit 15).

2-30.  I/O RESET. A control word with this bit set (logic
1) initializes all logie, including the recirculating memory,
on the TDI PCA.

2-31. RESET INTERRUPT. A control word with this
bit set (logic 1) causes direct clearing of the Interrupt
Request FF. The TDI status word bit 2 should be low
following this input.

2-32. CHANNEL NUMBER. There are 21 programmable
channels of the TDI. Channels 0 through 15 are full-duplex
channels that can be connected to external devices or data
sets via the connector panel. Channels 16 through 20, called
auxiliary or diagnose channels, are receive-only channels

Operating Parameters

MSB LSB
0|1|/2/3/4/5]/6]7!8|9/10/11/12/13[14{15

®® © ® ®®

@ 1/0 RESET. Logic 1 causes direct setting of the Inter-
rupt Mask FF, clearing of pending interrupts, initiali-
zation of all logic, and clearing of all channels of the
recirculating memory.

RESET INTERRUPT. Logic 1 causes interrupt Re-
quest FF to direct clear.

(©) CHANNEL NUMBER. Used for transfers down to
specify recirculating memory location for send or re-
ceive channel parameters and to specify recirculating
memory location for send data. Note that memory
location addresses and send, receive, and auxiliary
channel numbers correspond. Bit 2 is a logic 1 to
specify an auxiliary channel address and logic O
otherwise.

Not used.

@ @

OUTPUT INFORMATION. Logic 1 causes send data
to be loaded into the recirculating memory location
for the specified channel number. Logic 1 is also used
to load send or receive channel parameters into a
specified memory location.

@ ACKNOWLEDGE INTERRUPT. Logic 1 clears Trans-
fer Acknowledge and Transfer Up Flag FF's to ready
the TDI logic to handle the next interrupt on either a
send or receive channel.

2249-19
Figure 2-2. TDI Control Word Format

that cannot be connected to external devices. Bits 2
through 6 address these channels. To specifically address
one of the five receive-only channels, bit 2 must be set
(logic 1). To address a send or receive channel, bit 2 must
be clear (logic 0). Data over send or receive channels can
also be routed to all the receive-only channels without
specifically addressing the channels; however, this data is
intelligible only to the receive-only channel that is con-
fizured with the same parameters as the send or receive
path. This is further described in paragraph 2-54. Note that
bits 3 through 6 specify only a given channel number and
do not specify send or receive path. Bit 1 of the parameter
and output data worgs is used for this. Refer to the appli-
cable paragraphs for details.

2-33. OUTPUT INFORMATION. This bit, when set
(logic 1), enables TDI logic to load parameters into either a
send or receive channel memory location. This bit also
enables send data to be loaded into the recirculating
memory and subsequently to be put on-line to the receiving
peripheral.

2-3
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2-34. ACKNOWLEDGE INTERRUPT. A control word
with this bit set (logic 1) must follow every device service
program. This bit is used to clear and re-enable the TDI
functions that generate interrupts to the CPU/IOP upon
completion of a character transmission or reception. This
releases the CPU while the TDI controls data I/O. For
example, on a send channel the CPU can issue a WIO
command and a 16-bit output data word, a CIO command
and a control word with bit 14 set (paragraph 2-33), and
then ignore this channel until the TDI generates an inter-
rupt to flag transmission complete. A control word with
this bit set (ACK INT) must now be sent to the TDI to
clear this interrupt so the next send or receive channel
requiring service can interrupt.

2-35. STATUS WORD FORMAT.

2-36.  The status word is a 16-bit word fetched from the
TDI during the execution of either a microprogrammed
(part of an RIO or WIO) or program code TIO instruction.
Figure 2-3 shows the TDI status word format.

MS8 LSB
0(1|2{3|4|5[6|7|8|9|10[11/12|13[14{15

®EO®OEG @

@ SI0 OK. Always logic 0 to indicate that SIO oper-
ations are not valid for TDI PCA.

READ/WRITE OK. Becomes logic 0 for a maximum
of 69.4 microseconds following TDI receipt of a CIO
with bit 14 set to indicate to CPU that TDI! is not
available for read or write operations.

(©) INTERRUPT REQUEST. Logic 1 indicates that an
interrupt is pending.

@ FLAG BIT. Becomes logic 1 upon completion of a
character send or receive operation. Must be cleared to
logic 0 by a CIO command with bit 15 (ACK INT) set.

@ R/S BIT. Logic 0 indicates that interrupt is from a
receive channel upon corﬁpletion of a character
reception. Logic 1 indicates that interrupt is from a
send channel upon completion of character trans-
mission.

@ CHARACTER LOST. Logic 1 indicates that the TDI
received two characters on a receive channel without
the computer responding to the interrupt generated
upon receipt of the first character, which is now lost.

@ BREAK. Logic 1 when a break character (all spaces)
has been sent or received by the TDI.

2249-20
TDI Status Word Format
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2-37.  STATUS WORD FIELD DEFINITIONS.

2-38. There are six status word fields that inform the
CPU/IOP of various TDI conditions. These are Read/Write
OK (bit 1), Interrupt Request (bit 2), Flag (bit 4), S/R (bit
5), Character Lost (bit 6), and Break (bit 7).

2-39. READ/WRITE OK. This bit informs the CPU/IOP
whether or not the TDI is available for read or write
operations. The R/W OK bit is low for a maximum of 69.4
microseconds following TDI receipt of an output data word
to indicate to the CPU/IOP that the TDI is still seeking the
addressed memory location (send channel number) of the
last word received. If a non-existent channel number was
sent to the TDI, the logic will continue indefinitely to seek
a memory location in which to load the output data word.

2.40. INTERRUPT REQUEST. This bit is high to indi-
cate that the Interrupt Request FF is set and an interrupt is
pending.

2-41. FLAG. This bit goes low to indicate the com-
pletion of a character transmission or reception on a
particular channel. The Flag must be cleared following CPU
servicing of the interrupting channel by a CIO control word
with bit 15 (ACK INT) set. If this bit is not cleared, other
TDI channels cannot interrupt.

2-42. R/S. This bit indicates whether it is the send or
receive path of a given channel causing an interrupt. A low
bit indicates that the interrupt is from a receive channel, a
high bit indicates a send channel.

2-43. CHARACTER LOST. This status bit goes low to
indicate that the TDI has received two or more characters
on a receive channel without generating an interrupt. Each
channel has a one-character buffer that allows the CPU/IQOP
at least one complete character time for interrupt process-
ing and acknowledging the TDI interrupt (control word bit
15). When two characters are received without being
s’érviced, the first character is lost and the Character Lost
bit is set.

2-44. BREAK. This bit goes high when a break character
(all spaces) is transmitted or received. A continuous spacing
input is accepted and handled by the TDI as a character but
the break flag is set if no marking bit appears in the entire
character. Note that this is an unbuffered status bit. At high
character rates (see table 1-1), this bit should be verified
since the start of the next character being received may be
causing invalid break status for the character previously
received.

2-45. PARAMETER WORD FORMAT.

2-46.  The parameter word is a 16-bit word sent to the
TDI during execution of a WIO instruction. A CIO and a
control word must then specify the send or receive channel
memory location into which the parameter word is to be
loaded. This parameter word is used by the TDI to establish
the bit rate and character length of the specified channel.
The TDI cannot send or receive data on a channel that is
not configured with parameters. Note also that the channel
parameter configuration must comply with the speed and
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size requirements of the peripheral device or data set on
that channel. Figure 2-4 shows the TDI parameter word
format.

MSB LSB
0|1(/2]3|4/5/6|78]|9|10(11(12{13/14)15

H/__/\
@GO ®

@ DATA/PARAMETER. This bit must be logic 1 to
indicate that this word contains parameters; logic 0
indicates data.

R/S BIT. Logic 1 specifies that the word contains
information for a send channel, and logic O specifies
receive channel. When configuring an auxiliary chan-
nel, this bit should be a logic 0, and a ClO must be
received with bit 2 set to indicate that the channel
number specified in the control word is one of
auxiliary channels O through 4.

© ENABLE INTERRUPT. This bit must be logic 1 to
enable the TDI mini-interrupt system, which allows a
given channel to generate an interrupt upon comple-
tion of character transmission or reception. If this bit
is logic O for a given channel, the interrupts for that
channel are masked.

@ PARITY. On a send channel, logic 1 causes even parity
to be generated, and logic O does not. This parity is
even parity computed on bits 8 thru 15 of each send
character, and replaces bit 8 of each send character.
Either odd or even parity can be generated for bits 9
thru 15.

ECHO. On a receive channel, if this bit is a logic 1,
each bit received by the TDI from a device is echoed
back to that device. This is useful for such devices as
teletypes and visual display terminals. However, when
the CPU/IOP is transmitting to such a device over a send
channel, the echo bit on the corresponding receive chan-
nel must be turned off to avoid interference between
data echoed and characters transmitted.

@ DIAGNOSE. Logic 1 causes data sent or received over
a given channel to be routed to the five auxiliary
channels. If all five auxiliary channels are configured
to the same parameters as the given channel, all will
receive intelligible data, If only one auxiliary channel
is so configured, only that channel will receive intelli-
gible data, on the'others the data will be garbled.

(F) CHARACTER SIZE. These three bits specify the bits
per character for a given channel. Refer to para-
graph 2-55 for details.

(G) BAUD RATE. These eight bits specify, in octal, the
serial bit stream bit rate for a given channel. Bit rate is
programmable from 75 to 2400 bps. Refer to para-
graph 2-56 for details.

2249-21
Figure 2-4. TDI Parameter Word Format
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2-47. PARAMETER WORD FIELD DEFINITIONS.

2-48.  The parameter word has eight fields that are used
to perform specific functions. These are Parameter/Data
(bit 0), S/R (Bit 1), Enable Interrupt (bit 2), Parity/Echo
(bit 3), Diagnose (bit 4), Character Size (bits 5 through 7),
and Baud Rate (bits 8 through 15). Table 2-3 lists some
typical parameter words.

2-49. DATA/PARAMETER., This bit must be a logic 1
to inform the TDI logic that the word is a parameter word;
otherwise it will be interpreted as an output data word.

2-50. R/S. This bit is a logic 1 to indicate that the
parameters are for a send channel and a logic O for a receive
channel. This bit qualifies the channel number specified in
the CIO control word which states a channel number with-
out indicating whether the channel is a send or receive path.
(The send and receive paths of the same channel have
different TDI memory locations.)

2-51. ENABLE INTERRUPT. This bit is the controlling
input for the TDI mini-interrupt system. Just as the CPU
can set subsystem group interrupt masks, so it can also
individually enable or mask off each of the 16 send and 16
receive TDI channels by using this bit. A logic 1 input
enables a given channel to interrupt on completion of a
character transmission or reception. A logic 0 disables the
interrupt function of that channel.

2-52. PARITY/ECHO. This bit specifies parity for a
send channel and enables or disables echo for a receive
channel. On a send channel, if the parity bit is set (logic 1),
then the eighth data bit transmitted will be the exclusive-or
of the bits 8-15 output from the computer. This represents
even parity for a 7-bit ASCII character, or if bit 8 of the
output data is a 1, the parity sense is inverted and is odd
parity for an ASCII character. On a receive channel, this bit
controls the hardware echo of characters back to the
terminal.

2-53. On a receive channel, each bit shifted into the
interface is echoed back to the device if the echo bit is set.
Some devices, such as the teletype, have an independent
keyboard and printer. The printer operates upon data from
the computer only. In order to print a typed character, the
computer must echo back the character. The computer
program could echo back each character after it was re-
ceived, but this would introduce a one character delay
between typing of the character and printing on the tele-
type. Using bit-by-bit echo, this delay is eliminated. When
the computer is transmitting characters, the echo bit on the
corresponding receive channel must be turned off to avoid
interference between the data echoed and characters
transmitted.

2-54. DIAGNOSE. When this bit is set (logic 1) for a
given channel, data transfers over that channel are routed
both to their ultimate destination and to each of the five
auxiliary channels. For this data to be intelligible, however,
one or all (as desired) of the auxiliary channels must be
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configured with parameters identical to those of the chan-
nel having the diagnose parameter set. Most of the TDI
logic can be checked by setting the diagnose bit of a send
channel, wrapping the send data around, and comparing the
data received on the auxiliary channel(s) with that sent.

2-55. CHARACTER SIZE. Bits 5 through 7 specify the
character size. These three bits are the least significant bits
of the number of data bits and stop bits, in a character. For
instance, a teletype transmits a start bit, 7 data bits, a
parity bit, and two stop bits so that the character size is
1010(,. The character size parameter is the three least
significant bits or 010(,,. Table 2-2 lists some typical
character lengths and corresponding character size
parameters.

2.56. BAUD RATE. Bits 8 through 15 contain the bits
used to determine the bit rate of the serial bit stream. The
baud rate parameter is in octal and is one less than the
number which divides 14,400 to give the bit rate of the
device. The equation to compute the baud rate is as
follows:

14,400,
Baud Rate _

Parameter Device Bit Rate
For baud rates that do not divide evenly, pick the divisor
most nearly correct.

2-57. INPUT DATA WORD FORMAT.

2-58.  The input data word is a 16-bit word fetched from
the TDI following execution of an RIO direct instruction.
The TDI accumulated this 16-bit word, bit by bit, from a
peripheral device or data set and generated an interrupt
when the complete character was assembled and ready to
be read into the computer. Figure 2-5 shows the input data
word format.
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(® CHANNEL NUMBER. Specifies the receive channel
number.

PARITY CHECK. Indicates computed parity of bits 8
through 15. Logic 1 designates odd parity and logic 0
designates even parity.

@ RECEIVE DATA. Data, accumulated by TDI one bit
at a time until a character is assembled, is then right
justified. Bits to the left of the character are 1's unless
a Break is received in which case they are 0's.

224922
Figure 2-5. TDI Input Data Word Format

2-59. INPUT DATA WORD FIELD DEFINITIONS.

2-60.  There are three fields to the input data word:
Channel Number (bits O through 4), Parity Check (bit 5),
and Receive Data (bits 6 through 15).

2-61. CHANNEL NUMBER. This field specifies the
number of the receive channel. Bit 0, when high, indicates
that channel number 0 through 4 specified in the remaining
bits is that of an auxiliary channel rather than one of
receive channels 0 through 4.

2.62. PARITY CHECK. Bit 5 is the computer parity of
bits 8 through 15. The parity check bit is low for odd
parity and high for even. A low for even parity or a high for
odd parity is a transmission error.

Table 2-2. Typical Character Lengths and Parameters

DEVICE

CHARACTER LENGTH

CHARACTER SIZE
PARAMETER (BINARY)

HP 2749B Teleprinter 11 bits

IBM 2741 SDI 11 9 bits =
HP 276 1A Automatic Optical Mark 10 bits =
Reader

Baudot Code Devices 7-1/2 bits =

1 start, 7 data, 010

1 parity, 2 stops.

1 start, 6 data, 000

1 parity, 1 stop.

1 start, 7 data, 001

1 parity, 1 stop.

1 start, 5 data, 111 send
1-1/2 stop (send 2; receive 1). 110 receive

2-6
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Table 2-3. Typical Parameter Words

DEVICE PARAMETER WORD*
OUTPUT
TTY ASR 33 (11 bit format, ASCIil} (110 baud). 161202
IBM 2741 Selectric (9 bit format, PTTC/BCD) {134.5 baud). 160157
30 cps terminal (10 bit format). 160457
60 cps terminal. 160427
120 cps terminal. 160413
240 cps terminal. 160405
150 baud Baudot code terminal. 163537
TTY with parity {110 baud). 171202
TTY with diagnose (data is routed to auxiliary channels). 165202
INPUT
TTY ASR 33 {(with echo} (110 baud). 131202
IBM 2741 Selectric (134.5 baud). 120157
30 cps terminal {with echo). 130457
60 cps terminal (without echo). 120427
120 cps terminal. 120413
240 cps terminal. 120405
TTY with diagnose (input data routed to auxiliary channels) {110 baud). 135202
150 baud terminal (Baudot code). 133537
STOP BIT FORMATS (to be “or’" gated with the character before output)
TTY (ASCII) (without parity or with odd parity. 43600
TTY with even parity. 43400
Selectric. 43600
Baudot code. 43740
Time delay character on channel configured without parity. 47777
Time delay character on channel configured with parity. 47577
*Note that baud rate parameter is in octal.
2-63. RECEIVE DATA. Bits 6 through 15 contain one 2-66. OUTPUT DATA WORD FIELD DEFINITIONS.

character received from an external device or data set. The
character bits are right justified.

2-64. OUTPUT DATA WORD FORMAT.

2-65. The output data word is a 16-bit word sent to the
TDI during the execution of a WIO direct instruction. The
TDI then requires a subsequent CIO instruction to load the
word into TDI memory for transmission to a device. Figure
2-6 shows the output data word format.

July 1976

2-67. The output data word has four fields: Parameter/
Data (bit 0), S/R (bit 1), Sync (bit 4), and Send Data (bits
5 through 15).

2-68. DATA/PARAMETER. This bit must be a logic 0
to indicate a data word; otherwise, the TDI will interpret
the word as a parameter word.

2-69. R/S. This bit must be logic 1 to specify that the
channel number in the subsequent CIO control word desig-
nates the send path of that channel. A logic 0 is illegal and

2-7
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@ DATA/PARAMETER. This bit must be a logic 0 to
indicate that word contains data, a logic 1 indicates
that the word contains parameters.

R/S BIT. This bit must be logic 1 to specify output to
a send channel, logic O is illegal in an output data
word.

© Not used.

@ SYNC BIT. This bit is usually alogic O character start
bit, but can be a logic 1 to allow transmission of an
all-mark character.

@ SEND DATA. One character, right justified, packed
with trailing ""1's"".

2249-23
Figure 2-6. TDI Output Data Word Format

may cause destruction or modification of data on the
receive path of the designated channel.

2-70. SYNC. This bit is usually the start bit of the
character contained in bits 5 through 15, and is used to
synchronize transmissions. The Sync bit can also be a logic
1 to allow transmission of an all-mark character period.

2-71. SEND DATA. Bits 5 through 15 contain one char-
acter, right justified, and packed with trailing “1’s.” Bit 15
is the data LSB. This data is loaded in parallel into a given
TDI memory location and put on line to the device on that
channel one bit at a time.

2-72.  TCI1/0 INSTRUCTIONS.

2-73.  The controller TCI accepts control words from the
CPU/IOP under CIO instructions, generates and monitors
control signals to peripheral devices or data sets, and
returns status words to the CPU/IOP under TIO instruction.
The following paragraphs present the control and status
word formats and word bit definitions.

2-74. CONTROL WORD FORMAT.

2-75.  The TCI control word is a 16-bit word sent from
the CPU/IOP to the TCI during the execution of direct
command CIO. The format of the control word is
illustrated in figure 2.7,

2-8
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2-76. CONTROL WORD FIELD DEFINITIONS.

2-77.  The 13 fields of the control word each perform a
specific function. These are Clear (bit 0), Reset Request
(bit 1), Scan (bit 2), Update (bit 3), Channel Number (bits
4 through 7), Control Line 2 Enable EC2 (bit 8), Control
Line 1 Enable EC1 (bit 9), Control Line 2 C2 (bit 10),
Control Line 1 C1 (bit 11), Status 2 Enable ES2 (bit 12),
Status 1 Enable ES1 (bit 13), Status Line 2 S2 (bit 14), and
Status Line 1 S1 (bit 15).

2-78. CLEAR. A CIO command and control word with
bit 0 set (logic 1) initializes all TCI logic.

2-79. RESET REQUEST. A CIO command and control
word with this bit at logic 1 provides direct clearing of the
Interrupt Request FF.

2-80. SCAN. When Scan bit 2 is a logic 1, the TCI
channel counter scan operation is activated. During scan,
the S1 and S2 status lines from the peripheral devices or
data sets are sequentially selected and compared with the
S1 and S2 status values of each channel stored in the RAM.
If the S1 and S2 status lines are enabled to interrupt (ES1
and/or ES2 at logic 1), a difference in the stored and actual
status line values cause scan operation to halt and an
interrupt to be sent to the CPU/IOP. Scan bit 2 and Update
bit 3 must be set in the control word used to resume
scanning following an interrupt.

2-81. UPDATE. A control word with this bit set (logic
1) enables the write function of the TCI 64-bit RAM.
During a write function, the stored status values S1 and S2
and the interrupt enable inputs for S1 and S2 for a desig-
nated channel can be loaded or changed in RAM.

2-82. CHANNEL NUMBER. Bits 4 through 7 are used
to address a control word to a specific channel 0 through
15. For updating channel status data, these bits specify a
RAM location. For generating or changing control line
outputs to a device or data set, the bits specify the channel
output lines to be affected.

2-83. CONTROL LINE 2 ENABLE, EC2. Bit 8 must be
a logic 1 to enable control line C2 output to a specified
channel.

2-84. CONTROL LINE 1 ENABLE, EC1. Bit 9 must be
a logic 1 to enable control line C1 output to a specified
channel.

2-85. CONTROL LINE 2, C2. The value of C2 (bit 10)
determines the state of the Request-to-Send EIA interface
signal (CA) on TCI no. 1 and Frequency Select (CH) on
TCI no. 2. A logic 1 C2 input produces a high (ON) output
on the addressed EIA interface line to the external device
providing EC2 is also a logic 1. A logic 0 C2 input produces
a low (OFF) output providing EC2 is a logic 1. The C2
output can be enabled, disabled, or changed without
affecting the RAM stored status values for a given channel
and without affecting scan operation.
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@ MASTER CLEAR. Logic 1 causes TCI logic to be
initialized.

RESET INTERRUPT. Logic 1 clears Interrupt Request
FF.

®
©

SCAN. Logic 1 enables TCI logic to sequentially scan
the S1 and S2 status lines from data sets and compare
stored status values with actual status values. When the
stored and actual status values for a particular channel
do not compare, and the status lines for that channel
are enabled to interrupt upon change in status values,
an interrupt is generated and scan is disabled. Scan
must be reactivated via a control word to the TCI
following an interrupt.

UPDATE. Logic 1 enables the updating of stored
status (S1 and $2) and stored status interrupt enable
(ES1 and ES2) bits contained in the TCl 64-bit RAM
for any given channel.

CHANNEL NUMBER. Specifies number of the chan-
nel to be affected by the contents of the particular
control word.

EC2. This bit is the output enable for control line C2.
When EC2 is a logic 1, C2 is output to the TCI on the
specified channel.

EC1. This bit is the output enable for control line C1.
When EC1 is a logic 1, C1 is output to the TCl on the
specified channel.

C2. This signal controls EIA interface signai Request
to Send, CA, on TCI no. 1 and Frequency Select, CH,
on TCI no. 2, the logic 1 and logic O states of C2 are
used to select one of two ranges of data signalling
rates. C2 output must be enabled by EC2.

@GO

EEHOO®L®

@ C1. This signal controls EIA interface signal Data
Terminal Ready, CD, on TC1 no. 1 and Secondary
Send Data, SA, on TCl no. 2. On TCI no. 1, alogic 1
C1 input produces an EIlA bus positive (ON) output.
On both TCI nos. 1 and 2, C1 output must be enabled
by EC1.

ES2. This bit is the interrupt enable bit for status line
S2, and is stored in the TCIl 64-bit RAM under channel
number specified. When ES2 is a logic 1, a difference
between stored status S2 and actual status S2 from the
data set can generate an interrupt.

ES1. This bit is the interrupt enable bit for status line
S1, and is stored in the TCI 64-bit RAM under channel
number specified. When ES1 is a logic 1, a difference
between stored status S1 and actual status S1 from the
data set can generate an interrupt.

S2. This bit is the status bit to be stored in the TCI
64-bit RAM for the S2 interface line for a given
channel. When the ES2 bit is logic 1, the value of this
S2 status bit and the value of the actual S2 status line
from the data set are compared and an interrupt is
generated if the stored and actual S2 values differ.
This S2 bit is the stored status bit for EIA interface
signal Carrier Detect, CF, on TCIl no. 1 and for Clear
to Send, CB, on TCi no. 2.

S1. This bit is the status bit to be stored in the TCl
64-bit RAM for the S1 interface line for a given
channel. When the ES1 bit is a logic 1, the value of
this S1 status bit and the value of the actual S1 status
line from the data set are compared and an interrupt is
generated if the stored and actual S1 values differ.
This S1 bit is the stored status bit for EIA interface
signal Data Set Ready, CC, on TCI no. 1 and Secon-
dary Received Data, SB, on TCl no. 2.

2249-17

2-86. CONTROL LINE 1, C1. The value of C1, bit 11,
determines the state of the Data Terminal Ready (CD) EIA
interface signal on TCI no.1 and Secondary Send Data
(SA) on TCI no. 2. A logic 1 C1 input produces a high (ON)
output on the addressed EIA interface line to the external
device providing EC1 is also logic 1. A logic 0 C1 input
produces a low (OFF) output providing EC1 is a logic 1.
The C1 output can be enabled, disabled, or changed with-
out affecting either scan operation or the RAM stored
status values for a given channel.
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2-87. ENABLE STATUS LINE 2, ES2. This bit (bit 12)
is the stored interrupt enable for status line S2 that is
stored in RAM for each channel. When bit 12 is a logic 1, a
difference in value between the actual S2 input from a
particular channel and the stored value of status S2 for that
channel generates an interrupt. When bit 12 is a logic 0, a
change in status values cannot create an interrupt.

2-88. ENABLE STATUS LINE 1, ES1. This bit (bit 13)
is the stored interrupt enable for status line S1 that is

29
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stored in RAM for each channel, When bit 13 is alogic 1, a
difference in value between the actual S1 input from a
particular channel and the stored value of status S1 for that
channel generates an interrupt. When bit 13 is a logic 0, a
change in status values cannot create an interrupt.

2-89. STATUS LINE 2, S2. Bit 14 is the value stored in
RAM for status line S2. During scan operation, providing
ES2 (bit 12) is a logic 1, the stored status S2 and the actual
S2 device input of each channel are sequentially compared
and an interrupt generated when a difference is detected.
On TCI no. 1, S2 is the stored status of EIA interface signal
Carrier Detect (CF); on TCI no. 2, Clear to Send (CB). A
logic 1 S2 is input from CPU/IOP when it is desired that an
interrupt be generated when the actual S2 input from the
device goes low (EIA OFF condition), and conversely.

2-90. STATUS LINE 1, S1. Bit 15 is the value stored in
RAM for status line S1. During scan operation, providing
ES1 (bit 13) is alogic 1, the stored status S1 and the actual
status S1 device input of each channel are compared
sequentially and an interrupt generated when a difference is
detected. On TCI no. 1, S1 is the stored status of EIA
interface signal Data Set Ready (CC); on TCI no. 2, Second-
ary Received Data (SB). A logic 1 S1 is input from CPU/
IOP and stored when it is desired that an interrupt be
generated when the actual S1 input from the device goes
low (EIA OFF condition), and conversely.

2-91. STATUS WORD FORMAT.

2-92. The TCI status word is a 16-bit word fetched from
the TCI following the execution of direct command TIO or
RIO. The format of this status word is illustrated in
figure 2-8.

2-93. STATUS WORD FIELD DEFINITIONS.

2-94. The status word has eight fields, each of which
specify unique status information. These fields are Inter-
rupt Request (bit 2), Channel Number (bits 4 through 7),
status line 2 interrupt 12 (bit 10), status line 1 interrupt
(bit 11), status line 2 stored interrupt enable ES2 (bit 12),
status line 1 stored interrupt enable ES1 (bit 13), actual
status S2 (bit 14), and actual status S1 (bit 15).

2-95. INTERRUPT REQUEST. This bit indicates
whether or not an interrupt is pending. A logic 1 indicates
that the Interrupt Request FF is set and an interrupt is
pending.

2-96. CHANNEL NUMBER. Bits 4 through 7 of a status
word designate either the number of the interrupting chan-
nel 0 through 15 or the number of the channel from which
status is being fetched.

2-97. 12. Bit 10 indicates the interrupt status of status
line S2. If a change between the stored and actual S2 values
is detected this bit is a logic 1.

2-10
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@ Not used. Always a logic 0.

Not used, Always a logic 1.

© INTERRUPT REQUEST. Indicates state of Interrupt
Request FF. Logic 1 indicates FF set.

@ CHANNEL NUMBER. For a status check, indicates
number of channel from which status is being input.
For an interrupt, indicates number of interrupting
channel.

12. A logic 1 indicates an interrupt from status iine S2.
On TCl no. 1, S2 is EIA interface signal Carrier De-
tect, CF; on TCI no. 2, Clear to Send, CB.

@

® 11. Alogic 1 indicates an interrupt from status line S1.
On TCI no. 1, St is EIA interface signal Data Set
Ready, CC; on TCl no. 2, Secondary Received Data,
SB.

@ ES2. This bit is the stored interrupt enable for status
line S2. When ES2 is logic 1, status line S2 is enabled
to create an interrupt upon a change in value between
the stored S2 and the actual S2 from the data set.

@ ES1. This bit is the stored interrupt enable for status
line $1. When ES1 is a logic 1, status line St is enabled
to create an interrupt upon a change in value between
the stored S1 and the actual S1 from the data set.

@ S2. This status line is EIA interface signal Carrier
Detect, CF, on TCl no. 1, and Clear to Send, CB, on
TCl no. 2, a logic 1, EIA bus positive, is the active
level of S2.

@ S1. This status line is EIA interface signal Data Set
Ready, CC, on TCl no. 1, and Secondary Received
Data, SB, on TCIl no. 2, a logic 1, EiA bus positive, is
active level of TCI no. 1 status line S1.

2249-18

Figure 2-8. TCI Status Word Format

2-98. I1. Bit 11 indicates the interrupt status of status
line S1. If a change between the stored and actual S1 values
is detected this bit is a ldgic 1.

2-99. ES2. Bit 12 of the status word reflects the state of
the stored interrupt enable bit for status line S2. Alogic 1
indicates that status line S2 is enabled to interrupt upon a
detected change between the stored and actual values.



30032B

2-100. ES1. Bit 13 of the status word reflects the state
of the stored interrupt enable bit for status line S1. A logic
1 indicates that status line S1 is enabled to interrupt upon a
detected change between the stored and actual values.

2-101. S2. Bit 14 of the status word is the actual S2
status being received from a device on a given channel. A
logic 0 in this bit position indicates Carrier Detect OFF on
TCI no. 1 and Clear to Send OFF on TCI no. 2.

2-102. S1. Bit 15 of the status word is the actual S1
stattis being received from a device on a given channel. A
logic 0 in this bit position indicates Data Set Ready OFF on
TCI no. 1, and a mark (low) condition for Secondary
Receive Data on TCI no. 2.

2-103. DEVICE PARAMETERS.

2-104. Both PCA’s of the HP 30032B Asynchronous Ter-
minal Controller have PCA-to-external device signal lines
that comply with EIA specification RS-232C for serial
device communications. Such standardization allows a wide
range of devices to be operated either hardwired or through
data sets.

2-105. DATA INTERFACE SIGNALS.

2-106. The TDI handles all data interface between
external devices and the CPU/IOP. The two (EIA) data lines
between the TDI and the external devices bear EIA desig-
nations BA and BB.

2-107. BA is the serial data line to the device or data set.
This line represents a logic 1 when at a low level (negative)
and a logic O when high (positive). When used with a data
set, a logic 1 causes the data set to generate a mark
frequency and a logic 0 causes the data set to generate a
space frequency. When used with an active data set, it will
carry either the delayed (echoed) BB line intelligence or the
transmitted data from the device.

2-108. BB is the serial data line from the device or data
set. It provides serial data transmitted by the device using
the same logic levels as the BA line. If the data set is
inactive, the BB line is a logic 1.

2-109. CONTROL INTERFACE SIGNALS,

2-110. The TCl handles the control signais for the
peripheral devices or data sets. Either one or two PCA’s
may be used. Note however that whether one or two PCA’s
are used, the only difference is in signal names and
functions: the TCI logic functions the same, regardless, to
monitor two lines (S1 and S2) and provide outputs on two
lines (C1 and C2) under CPU/IOP control. On TCI no. 1 the
two monitored lines are Data Set Ready (S1) and Carrier
Detect (S2) bearing EIA designations CC and CF, respec-
tively. On TCI no. 1 the control lines are Data Terminal
Ready (C1) and Request-to-Send (C2) bearing EIA designa-
tions CD and CA, respectively. On TCI no. 2 the two
monitored lines are Secondary Receive Data (S1) and Clear-
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to-Send (S2) bearing EIA designations SB and CB, respec-
tively. On TCI no. 2 the two control lines are Secondary
Send Data (Cl) and Frequency Select (C2) bearing EIA
designations SA and CH, respectively.

2-111. CC. On TCI no. 1, status line S1 is CC, Data Set
Ready or Data Terminal Ready. When this line is ON
(positive), the data set is in the data mode. When the data
set is out of the data mode either because the data set
automatically disconnects or the call is terminated, the CC
line goes OFF (negative).

2-112. CF. On TCI no. 1, status line S2 is CF, Carrier
Detect. From a hardwired terminal this is Request-to-Send.
This is a status line from the data set that indicates, when
ON (positive), that a carrier signal from another data set is
being received. On the model 103 data set it should remain
on for the duration of the call. On a model 202 data set, in
the receive mode, CF indicates the presence of the other
data set carrier but in the send mode it indicates the
presence of its own carrier. During line turn around CF goes
off then on again. A loss of CF during a reception indicates
a line fault.

2-113. CD. On TCI no. 1, control line C1 is CD, Data
Terminal Ready and appears as Data Set Ready to a termi-
nal. This is a control line to the data set. When ON (posi-
tive), the data set will answer a call, send data, and receive
data. When it is dropped to OFF (negative), the data set
disconnects and will not answer a call.

2-114. CA. On TCI no. 1, control line C2 is CA, Request-
to-Send. This control line appears as Carrier Detect to a
terminal. When used with a type 202 data set, ON (positive)
on this line puts the data set in the send mode and OFF
(negative) puts the data set in the receive mode. This line
must be toggled when a line turnaround is desired. On some
type 103 data sets, this line is used to turn the transmitter
on and off.

2-115. CB. On TCI no. 2, status line S2 is CB, Clear-to-
Send. This is actually the request to send (CA) signal
brought back through a delay circuit. The delay is of
sufficient length to allow for line turnaround time.

2-116. CH. On TCI no. 2, control line C2 is CH, Fre-
quency Select. This line can be used to select between two
data signalling rate ranges. Although this line is not gener-
ally used in the United States, it is used in some European
installations.

2-117. SA. On TCI no. 2, control line C1 is SA, Second-
ary Send Data. This line provides a reverse channel low
speed line to transmit information opposite the direction of
the data path. On a type 202 data set, it uses off-on keying
of a 387 hertz tone to provide a maximum 5 baud transfer
rate.

2-118. SB. On TCI no. 2, status line S2 is SB, Secondary
Receive Data. This is the reverse channel low speed receive
line for information transmitted on the distant data set SA
line.

2-11
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2-119. For additional information on the use of these
lines, refer to the documentation supplied with the data set
or terminal being used and to EIA standard RS-232-C.

2-120. INTERRUPTS.

2-121. Both asynchronous terminal controller PCA’s have
main and mini-interrupt capabilities. The main interrupt
logic is fairly standard, having the usual set, reset, and
group mask features. The TDI, however, provides for CPU
interrupt for each channel upon completion of character
transmission or reception. This includes a provision to mask
off any one or all of the channels. There is no interrupt
priority structure for these channels, however. If all chan-
nels were enabled to interrupt and all were to become ready
to interrupt at the same time (which cannot happen), each
channel would be serviced in random sequence. While the
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CPU is recognizing and acknowledging the interrupt of one
channel the other channels simply await their turn. All
other channels hold their mini-interrupt flags raised until
they each gain access to the main interrupt logic. Note that
the CPU must acknowledge each device interrupt within
one character time or no other channel can interrupt and
characters may be lost.

2-122.  The mini-interrupt logic of the TCI is similar. The
TCI monitors two status lines from each of 16 channels.
Each status line of each channel has a corresponding inter-
rupt enable bit. If either or both of these interrupt enable
bits are set for a given channel, a change in the cor-
responding status line can cause an interrupt. Note that the
TCI channels interrupt in channel number sequence. Note
also that if an interrupt enable bit for a status line is not
set, value changes on that line are ignored.
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31. INTRODUCTION.

3-2. Information presented in this section includes a
description of the HP 30032B Asynchronous Terminal
Controller within the HP 3000 Computer System, a general
description of the subsystem components, and a functional
description of subsystem components in terms of oper-
ational sequences. The general description is supported by
overall and detailed block diagrams in this section. The
more detailed functional description is supported by simpli-
fied logic diagrams. Applicable detailed logic diagrams are
sets 507 and 509 in the Detfailed Logic Diagrams Manual for
the HP 3000 Computer System. Also refer, as necessary, to
the timing diagrams and flowcharts in section IV.

33. SYSTEMINTERFACE.

34, The HP 30032B Asynchronous Terminal Con-
troller provides the command, control, and data interface
between the computer system and up to 16 bit-serial,
low-speed terminals such as hardwired visual displays,
printers, card readers, ete., or type 103 or 202 data sets.
The asynchronous terminal controller and any permissible
mix of peripheral devices comprise a subsystem of the HP
3000 Computer System. This subsystem functions under
direct I/O control of the CPU/IOP to transfer information
to or from the top of stack in the CPU via the IOP bus and
processor. This information can be device status, control
signals, or data. The description of the direct command,
device address, and service out signals and the 16-bit con-
trol, parameter, status, and data words are detailed in
section II of this manual. Of prime importance here are the
means provided by the asynchronous terminal controller to
recognize, process, and acknowledge these transfers. The
functional components that are responsible for these oper-
ations are the physically and functionally independent
terminal data interface (TDI) printed-circuit assembly
(PCA) and the terminal control interface (TCI) PCA.

3-5.  TDIPCA BLOCK-LEVEL DESCRIPTION.

3-6. The TDI, as its name implies, provides all asyn-
chronous, bidirectional data transfer functions between the
CPU and up to 16 peripheral devices. The TDI accepts
control, parameter, and output data words from the
CPU/IOP under CIO and WIO direct commands and returns
status and input data words fetched by TIO and RIO direct
commands.

3-1. There are a total of 37 TDI channels: 16 full-
duplex device I/O channels and 5 receive-only channels
called auxiliary or diagnose channels. The five auxiliary
channels do not have access to external interfaces. Each
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half (send or receive) of each of the 16 full-duplex chan-
nels and each of the five auxiliary channels must be con-
figured by the CPU/IOP with parameters. These parameters
are the baud rate and character length required by the
particular device on that path. Note that the send and
receive paths of the same channel need not be configured
with identical parameters although they may be if required.

3-8. When the CPU/IOP sends an output data word for
a particular channel to the TDI, that word is accepted and
placed in a storage location assigned to the send path of
that channel, Note that this storage location must also
contain previously assigned baud rate and character length
parameters for this send channel., The TDI then puts the
word on line to the device one bit at a time until the entire
character is sent. Then the TDI generates an interrupt to
inform the CPU/IOP that transmission of the word for that
channel is complete,

39, The process of receiving data from a device
destined for the CPU is very nearly the reverse of the send
operation just described. The TDI accumulates one bit at a
time on a particular channel, temporarily stores these bits
as they are received in a storage location assigned to the
receive path of that channel, and generates an interrupt to
the CPU when a complete character is assembled and ready
for transfer to memory. As for the send channel, the receive
channel storage location must contain the bit rate and
character size parameters for the device on that path. These
parameters are received from the CPU/IOP by means of a
WIO direct command and a 16-bit parameter word followed
by a CIO direct command and a 16-bit control word. The
TDI cannot process send or receive data unless the various
storage locations are pre-configured with the required
parameter information.

3-10.  An important aspect of TDI operation is the fact
that it contains one storage location for each of the 16 send
paths or half-duplex channels, 16 receive paths or half-
duplex channels, and five auxiliary channels for a total of
37 memory locations. Figure 3-1 is a pictorial representa-
tion of this memory showing the memory iocations and the
sequence in which they are ordered. Note that 36 locations
are MOS integrated circuits that cannot be accessed by any
of the other logic on the TDI. Note also that one location
consists of TTL integrated circuits that can be accessed by
the other TDI logic. This location is called the window.
Each memory location has a seven-bit by eight-bit capacity.
A clock is applied to this memory so that all bits parallel-
shift for seven clock times, wait for one, parallel-shift seven
clock times, wait for one, and so on. For this reason the
memory is termed recirculating. A given channel storage
location is shifted into the TTL logic window during the
seven clocks, held there for one clock period, and then
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shifted out by the next seven clocks while the next sequen-
tial location is shifted in by those same clocks. It is during
the time that a location is held in the TTL logic register
window that that location can be loaded or unloaded or
some function be performed by the TTL logic on the
contents of that location. Note that the upper and lower
control buffers, the rate counter, and the character size
control buffer are the fields of the location that must
contain parameters. Data transfers are made directly to and
from the data accumulator/buffers.

3-11. As can now be seen, the TDI is capable of a
parallel load, parallel unload, serial bit send, or serial bit
receive for each of the 37 channels once per memory
revolution. However, because of the tremendous disparity
in rate between the 4.32-MHz memory clock and the 75-to-
2400 bits per second rate range of the external devices, the
duration of one bit sent or received is equal in time to six
or more memory revolutions. For the TDI to send or
receive one serial bit at the highest available device speed,
2400 bits per second, requires six memory revolutions. One
bit is either received for six revolutions or one bit is taken
from storage, placed in latches, and sent to the device for
six revolutions. Note that the TDI is doing something on
each of however many channels are active (data I/O in
process) once per revolution.

3-12. DESCRIPTION OF COMPONENTS.

3-13. Figure 3-2 is a functional block diagram that
shows each group of logic and its signal interface with other
groups. Some blocks shown are self-explanatory and not
detailed in the following paragraphs. Note that a barred
signal (XYZ) indicates that the low level of that signal is its
true state.

3-14. LINE RECEIVERS AND DRIVERS. All TDI
inputs and outputs are routed through either line receivers
or line drivers to condition the signals and, except for the
data in line drivers, convert the I/O bus logic levels to those
used on the interface. A low input to the inverting line
receivers, I/O bus logic 1, is inverted and adjusted so that it
is a high internal logic 1 of approximately 5 volts. Con-
versely a high input, I/O bus logic 0, becomes a low internal
logic 0 of approximately O volts. A similar level change and
inversion process is performed by the inverting line drivers.
The non-inverting line drivers that pass bits from the status,
address, and data-in buffers accept a low internal logic 0
from the respective gating and load this ievel onto the I/O
bus as a low I/O bus logic 1.

3-15. ADDRESS GENERATOR AND COMPARATOR.
The address generator consists of seven jumper positions,
the loading of which determines the device address and
interrupt priority of the TDI, These seven jumpered levels
provide one set of inputs to the address comparator. The
second set of inputs is the Device Address (DEVAD 1:7)
signals from the IOP bus. When the two sets compare and
the Service Out (SO) signal indicates that a valid direct
command on the bus requires attention, the command
decoder is enabled.
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3-16. COMMAND DECODER AND DECODER
ENABLE GATING. The Service Out signal and the output
of the address comparator are “anded” to provide an
Enable (ENABLE) signal to the command decoder. The
command decoder then provides one of six possible outputs
depending on the coded I/O Command (IOCMD 0:2)
inputs. Note that IO commands SIO and SMSK are not
decoded by the command decoder,

3-17.  SERVICE-IN GENERATOR. The service-in gener-
ator provides a Service In (SI) signal upon receipt of an
Enable signal from the decoder enable circuits and one of
the following signals: I/O Command 2 (IOCMD2), Direct
Control Strobe (D CONT STRB), Direct Write Sirobe
(D WRITE STRB), Direct Status Strobe (D STAT STRB),
or Direct Read Strobe (D READ STRB). Note that the
Service In signal is returned to the IOP bus for any of the
direct commands addressed to the TDI except SMSK,

3-18. INTERRUPT LOGIC AND SET MASK FF COM-
MAND GATE. The Service Out signal and a Set Mask
(SMSK) I/O command are “anded” at the set mask flip-flop
command gate. The output of this gate disables the inter-
rupt logic for two input conditions. One disable condition
is satisfied when the Service Out signal, the Set Mask
command, and the TDI group interrupt mask word are on
the IOP bus. The second disable condition is satisfied when
the TDI group interrupt mask jumpers are loaded to
respond to all Set Mask commands., When enabled, the
interrupt logic provides three outputs to the CPU/IOP:
Interrupt Request (INT REQ), Interrupt Acknowledge
(INT ACK), and the address of the interrupting device
(DEVINTAD). Interrupt Request is generated by the Flag
input from the up/down transfer control logic or by direct
1/0 command Set Interrupt (SET INT). Interrupt Request
is_cleared by direct /O command Reset Interrupt (RST
INT), the Reset input from the reset logic, or upon receipt
of a CIO direct command and a control word with bit 1
(DO1) set. Interrupt Acknowledge and the Device Interrupt
Address occur as a result of TDI response to the Interrupt
Poll (IPOLL).

3-19. When any one of the TDI send or receive channels
completes transmission or reception of a character, the Flag
input from the up/down transfer control logic causes an
Interrupt Request to be sent to the CPU[/IOP. The CPU/IOP
responds by sending Interrupt Poll In (IPOLL IN) to the
first controller or interface in the interrupt chain. (Any
interface not requesting service accepis Interrupi Poli In
and loops this signal out to the next interface address as
Interrupt Poll Out (IPOLL OUT). The next interface
accepts this signal as Interrupt Poll In and, if not requesting
service, propagates Interrupt Poll Out. This propagation
continues until the interrupting device responds to Inter-
rupt Poll In by gating its Device Interrupt Address onto the
IOP bus.) When the TDI receives Interrupt Poll In, the
interrupt logic generates three signals: Enable, Interrupt
Acknowledge, and Interrupt Active (INT ACT). The Enable
strobe gates the Device Interrupt Address onto the IOP bus,
The Interrupt Acknowledge output indicates subsystem
response to the interrupt poll. The Interrupt Active output
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is sent to the reset logic where it generates the Reset signal.
This signal is looped back to the interrupt logic to clear
Interrupt Request at the time of Interrupt Acknowledge.

3-20. RESET LOGIC. This logic provides all the clear
and reset signals used by the TDI. An I/O Reset (IORST)
command or a CIO direct command and a control word
with bit 0 (DOO) set causes the reset logic to clear the TDI
interrupt logic as well as generate the Master Reset (TVIT{.)
and Initialize signals that clear the remaining TDI logic. The
receipt and decoding of direct command Reset Interrupt
(RST INT) provides direct clearing of the interrupt logic
Interrupt Active FF (refer to paragraph 3-84). The Inter-
rupt Active input to the reset logic at the time of Interrupt
Acknowledge clears Interrupt Request.

3-21. UP/DOWN TRANSFER CONTROL LOGIC. The
up/down transfer control logic generates the signals
required to control transfers between the CPU/IOP and the
TDI for both send and receive channels. This logic also
generates the Flag and Read/Write OK signals. Flag, routed
to the interrupt logic upon completion of transmission or
reception of one character, generates Interrupt Request.
Read/Write OK is a status signal used to tell the CPU/IOP
whether or not the TDI is available for data transfers,

3-22.  On a send channel, a CIO command and a control
word with bit 14 set causes the up/down transfer control
logic to generate Down Address Buffer Load (DN ADR
BUFFER LOAD). This signal strobes the channel number
contained in the control word into the down address buffer
and causes Read/Write OK to inform the CPU/IOP via
subsequent status checks that the TDI is busy. The Match
signal input from the channel number compare logic occurs
within the next 69.4 microseconds if the control word
channel address is valid. The input of the Match signal
generates the Transfer Down (XFR DN) pulse. This pulse
strobes the CPU output word into the recirculating memory
location assigned to the addressed send channel, After the
Transfer Down puise, the Read/Write OK status bit informs
the CPU that the TDI is no longer busy. When all bits of the
output word have been put on-line to the external device,
the Buffer Flag input from the upper control buffer causes
the Flag signal to be generated, causing a subsequent CPU/
IOP interrupt. A CIO command and a control word with bit
15 set is required to clear the Flag signal.

3-23.  On a receive channel, the Buffer Flag signal is
routed to the up/down transfer control logic when a com-
plete character has been received and is ready to be sent to
memory. In this case, Buffer Flag causes the generation of
Transfer Up (XFR UP), Up Latch Load, and Flag signals.
The Up Latch Load pulse strobes the word from memory
into the data-in buffer, loads the receive channel number
into the up address buffer, and loads the status bits of that
channel into the status-in buffer, Subsequent RIO and TIO
direct commands to the TDI are decoded and used to fetch
the input data and status words. As for a send channel, a
CIO command and a control word with bit 15 set must be
received to clear the Flag signal.

3-4

30032B

3-24, CLOCK AND TIMING GENERATOR. The clock
and timing generator provides two slightly asymmetrical
4.32-MHz clocks, 180 degrees out of phase, a Decision
Pulse strobe (DP,DP) which occurs every eighth clock
period for the duration of that period (230 ns), and Trans-
fer Clock. Part of this logic functions in conjunction with
the channel number compare logic to provide two least
significant bits of the channel number and Carry, discussed
in paragraph 3-25. (Figure 4-8 shows the clocks, strobes,
and various control signal relationships.)

3-25. CHANNEL NUMBER COMPARE LOGIC. The
channel number compare logic continuously steps through
receive channel numbers 0 through 15, send channel
numbers 0 through 15, and auxiliary channels 0 through 4.
Whenever this logic is on a given count or channel number,
the memory location assigned to that channel is in the
recirculating memory TTL logic register window.
(Figure 4-9 shows the count sequence and address gener-
ation of this logic.)

3-26. On a transfer down, this logic generates a Match
signal when the storage location of an addressed channel is
in the window of the recirculating memory. The desired
storage location is addressed by the control word channel
number held in the down address buffer. The bit 1 position
(DO1) of the data out holding register indicates whether
the channel number is that of a send or a receive channel.
(Only parameters can be sent to a receive channel.) On a
receive channel transfer up, the channel number bits from
this logic and from the clock and timing generator are
loaded into the up address buffer by an Up Latch Load
signal. The Send/Receive bit is also sent to the status-in
buffer. There it becomes the status word bit that informs
the CPU/IOP whether the channel number in the up address
buffer is that of a send or receive channel.

3-27. The Carry input to the channel number compare
logic is used to enable this logic to step to the next channel
address after every eighth clock period. This allows for the
parallel shifting of the seven fields of the memory location
into the register window anid the holding of that location in
the window for one period (refer to paragraph 3-10). The
Last Channel Detect output of this compare logic is used as
a channel number count preset-to-1 after the thirty-seventh
address (the end of each memory revolution) is stepped
through. The Last Channel Detect signal is also used as a
strobe by the main/diagnose channel select logic (refer to
paragraph 3-28) and the output registers and buffers (refer
to paragraph 3-29). The Main Channel strobe disables the
input multiplexer while the auxiliary channels are passing
through the memory window (addresses 33 through 37). At
the same time, this signal is also sent to the main/diagnose
channel select logic where it is used to disable the clock to
the output registers and buffers while the diagnose channels
are passing through the memory window.

3-28. MAIN/DIAGNOSE CHANNEL SELECT LOGIC.
The main/diagnose channel select logic has several
functions. For receive channel addresses 0 through 15, this
logic routes Device Data from the input multiplexer and
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makes it available as the serial Line input. A second
function is to disable the clock to the output registers and
buffers during auxiliary channel addresses 32 through 36. A
third funection is performed when data transferred over a
send or receive channel is also to be routed to the auxiliary
channels. This third function is enabled when the Diagnose
bit in the parameter word for a channel is set. (Refer to
paragraphs 2-54 and 342.) Under these circumstances, each
bit sent (New Bit) or received (Device Data) is sampled and
temporarily stored until the auxiliary channels pass through
the memory window. At such time, this logic sends the
sampled bit as the serial Line input to the data accumu-
lator/buffers of all fice auxiliary channels. Whether or not
this data is intelligible depends upon whether or not one or
all auxiliary channels were configured with parameters that
correspond to the data being sampled. The Last Channel
Detect input clears the main/diagnose channel select logic
at the end of each memory revolution.

3-29. OLD/NEW BIT SELECT LOGIC AND OUTPUT
REGISTERS. The old/new bit select logic can best be
understood if it is considered as part of a closed loop
between the serial input and serial output of the output
registers. The contents of this loop are circulated by a clock
that occurs during the Decision Pulse (DP) which occurs
once per channel number for a total of 37 times per
memory revolution. Now, the main/diagnose channel select
logic, as stated in the previous paragraph, disables this clock
during the five auxiliary channel numbers., So there are only
32 output register clocks per memory revolution. This
means that the register contents are looped twice per revo-
lution synchronously with each channel storage location
that passes through the memory window. On the send
channels, a new bit from a given memory location can
replace an old bit already in the output register if the
required output bit time for the old bit has elapsed, as
indicated by the occurrence of a Shift pulse. Shift allows
the new bit to replace the old bit. At the end of each
memory revolution, Last Channel Detect strobes the output
register contents into the output buffers. If the old bit of a
given channel has not been replaced, there is no change in
the line output to the device on that channel. If there wasa
replacement, the new bit is put on line.

3-30. On a receive channel configured for echo such as
for teletype, the bit received from the device is looped,
loaded in the output register, and returned to the device.
Note that the bit received is both clocked in and looped
back to the device simultaneously.

3-31. RECIRCULATING MEMORY., Compare the
pictorial illustration of this memory in figure 3-1 with the
layout and signal flow shown in figure 3-2. The lower
control buffer, the rate counter, and the character size
buffer/control are the storage locations that the CPU/IOP
must load (configure) with device parameters, Parameter
loading is performed by the issuance of a WIO direct
command and a 16-bit parameter word, and then a CIO
direct command and a control word with bit 14 set. (A TIO
command precedes the WIO to check the status of Read/
Write OK.) Details of these parameters and the word for-
mats employed are covered in section II of this manual.
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3-32.  Upper Control Buffer and Flag Control Logic. The
contents of the upper control buffer are governed by the
flag control logic, This flag control logic monitors the
transfers and functions performed by the TTL register
window logic each time a channel storage location is in the
window during a Decision Pulse. Only one event can occur
at framing and Decision Pulse time because only one clock,
either serial or parallel, is applied to the TTL window logic.
This means that one character is loaded or unloaded in
parallel, one flag bit is raised or lowered, or counters are
stepped once. (The contents of each memory location are
in some pattern when they are shifted into the window.
There, one operation is performed and a changed pattern is
shifted out and circulated through the MOS logic.) There
are four flag signals having specific functions: Buffer Flag,
Start Bit Flag, Character Lost Flag, and Break Flag,

3-33. The Buffer Flag is set on either a send or receive
channel when a complete character has either been sent or
received, providing that the mini-interrupt logic for that
channel is enabled to interrupt. The mini-interrupt is
enabled when the Enable parameter bit in the lower control
buffer is set, as it should be for any active channel, Buffer
Flag is routed to the up/down transfer control logic where
it ultimately generates the Flag signal that initiates Inter-
rupt Request.

3-34. The Start Bit Flag is used by the TDI logic to
verify receipt of a valid start bit on a receive channel. This
flag is set at the beginning of a seeming start bit on a receive
channel by Receive Start. If Receive Start does not remain
true for one-half bit duration the Start Bit Flag clears the
character size buffer/control and then is cleared itself.

3-35.  The Character Lost Flag is set to indicate that the
Buffer Flag was raised to generate an inferrupt to the
CPU/IOP but was not acknowledged and thereby cleared.
Therefore the first character that should have been fetched
by the CPU/IOP is lost.

3-36. The Break Flag is set at the time of start-of-
character and remains set until a marking bit occurs in the
character being transferred, indicating that the character is
not a Break character. Since this flag is set at the start of a
character, at high character rates, an invalid break status bit
may be generated for the previously received character and
should be verified.

3-37. Rate Counter and Character Size Buffer/Control.
The rate counter determines the bit interval of data being
transferred. This is accomplished by preseiting the rate
counter, at the beginning of a character start bit to a count
based upon the baud rate parameter received from the
CPU/IOP. The time then required for the rate counter to
reach its maximum count is the duration of one bit at the
specified baud rate. Each time the rate counter reaches its
maximum count, a Shift pulse is sent to the character size
buffer/control logic, shift control logic, flag control logic,
and old/new bit select logic. The Shift pulse is also looped
back to the rate counter to cause the rate counter to be
re-preset at the end of each bit interval. On a send channel,
the Shift pulse occurs on the lagging edge of the send bit.
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On a receive channel, the bit interval count is offset during
reception of the character start bit so that thereafter, for
each bit, the Shift pulse occurs mid-bit rather than on the
lagging edge. This ensures serial loading of a valid bit by
avoiding edge transients.

3-38. At the shift control logic, the Shift pulse is used to
disable the Parallel Clock input to the data accumu-
lator/buffers. When this occurs the serial Logic Clock causes
serial shifting of a bit into (receive) or out of (send) the
data accumulator/buffers.

3-39. At the flag control logic, the only time the Shift
pulse input is used is to clear the Start Bit Flag after
receiving a character start bit of the proper duration (refer
to paragraph 3-34),

3-40. At the old/new bit select logic, the Shift pulse is
used on a send channel to replace an old bit with a new bit
from the data accumulator/buffers. The Shift pulse is also
used on a receive channel using echo to loop the received
Line input back to the device via the output registers and
buffers.

3-41.  Operation of the character size buffer/control is
similar to that of the rate counter. The character size buffer
bit counter is preset at the beginning of a character start bit
to the complement of the character size parameter received
from the CPU/IOP. The bit counter steps once for each
Shift pulse from the rate counter. The number of Shift
pulses required for the bit counter to reach its maximum
count is the number of bits per character programmed for
transfer over that channel. Note that the Bit Count >0
output to the rate counter enables the rate counter when
the bit counter is preset or at a count greater than 0. The
sample counter is disabled when the bit count is equal to
zero.

342, Lower Control Buffer. The lower control buffer is
used to store the Echo, Parity, Enable, and Diagnose
parameters. Echo, used for receive channels only, causes
received data to be returned to the sending device bit by bit
as received. Parity enables the generation of parity on a
send channel only. Enable, the mini-interrupt enable bit, is
used to enable generation of Buffer Flag. Diagnose causes
data being transferred to also be routed to and stored in the
memory locations for the auxiliary channels,

343. Data Accumulator/Buffers. The data accumulator/
buffers are used for data accumulation and temporary
storage. For a send channel, a right-justified character is
loaded in parallel and then serially shifted out, bit by bit.
For a receive channel, data is serially accumulated, held,
and then shifted in parallel into the data-in buffer where it
is available for transfer to the CPU/IOP. Parallel and serial
clocks to this logic are enabled or disabled during Decision
Pulse by the shift control logic.

344, The Transfer Down input to the shift control logic
enables the Parallel Clock to the data accumulator/buffers
during Decision Pulse. This causes the contents of the data
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out holding register to be loaded in parallel into the data
accumulator/buffers. Once loaded, only the serial Logic
Clock is enabled during Decision Pulse, and only when a
Shift pulse occurs, until all bits of the character loaded are
put on-ine to the external device.

345. For transfer up operation, the serial Logic Clock
loads the accumulators. Then the contents of the accumu-
lators are strobed into the data-in buffer during Decision
Pulse by the Up Latch Load signal.

3-46. CHANNEL CONFIGURATION.

347. As already stated, the recirculating memory loca-
tion for every active channel must be configured with the
parameters required on that channel. A channel is con-
figured by a transfer down operation. Figure 4-10 shows
the timing for this operation and figure 3-3 the simplified
signal flow. A WIO command, decoded as Direct Write
Strobe, loads a 16-bit parameter word into the data-out
holding register. Then a CIO command and a control word
with bit 14 set causes a Transfer Down signal to be gener-
ated when the addressed memory location is in the memory
window (at Match time). The Transfer Down signal, in turn,
causes the complement of the data-out holding register
contents to be selected at the time of Transfer Clock by the
Parameter Mux Load signal and transferred into the baud-
rate and character-size latches. These parameters are held in
the latches and used for all transfers over that channel.

3-48. SEND OPERATION.

3-49.  Figure 3-3 shows the data flow over a send chan-
nel, Figure 4-14 provides detailed timing for the trans-
mission of one character, and figure 4-15 provides a flow-
chart of send events, The timing shown is typical, and the
highest baud rate (2400 bits per second) is used. Signals
shown can be located on figure 3-2 as well as on the
simplified and detailed logic diagrams.

3-50. The baud rate multiplexer and latch and the
sample counter are the components of the rate counter
previously discussed. The character size multiplexer and
latch and the bit counter are the components of the char-
acter size buffer/control, also previously discussed. Data is
strobed into the data-out holding register via the decoding
of the WIO command. A subsequent CIO command and
control word with bit 14 (and usually bit 15) set generates
Transfer Down. This signal causes parallel data transfer into
the data accumulator/buffers. Transfer Down also causes
presetting of the sample and bit counters to the contents of
their respective latches. The sample counter then proceeds
to count up, once per memory revolution, until its maxi-
mum count is reached. At that time, the Shift pulse steps
the bit counter once, causes the first bit (New Bit) of the
character in the accumulator to replace the Old Bit that was
in the output register, and re-presets the sample counter.
This New Bit now in the output register is loaded into the
output latches at the end of that particular memory revo-
lution. This serial shifting and data output continues until
the bit counter reaches its maximum count. When the bit
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Figure 3-3. TDI Send Channel Simplified Signal Flow

counter reaches its maximum count, Stop is generated to
indicate end-of-character, On the following revolution, the
Stop signal causes the flag control logic to generate Buffer
Flag to indicate that transfer is complete. Providing the
interrupt logic is in its initial state, meaning that no other
channel is currently either requesting interrupt or being
serviced, this channel generates an Interrupt Request.

351. RECEIVE OPERATION.

3-52. Figure 3-4 shows the data flow over a receive
channel. Figure 4.-16 provides detailed timing for the
reception of one character with echo at 2400 bits per
second, and figure 4-17 is a receive events flowchart. Signals
shown can be located on figure 3-2 as well as on the
simplified and detailed logic diagrams.

3-53.  As previously noted, the baud-rate and character-
size latches contain the assigned channel parameters. When
a character start bit is detected, the bit counter is preset to
the count held in the character-size latch. The sample
counter is also preset at this time, but is preset to a count
derived from the contents of the baud-rate latches. For all
bits after the start bit, the sample counter is preset to the
count in the baud-rate latches. No count derivation is

performed. In send operation, the Shift pulse occurred to
serially shift the accumulator contents at the end of a bit.
Now in receive, by off-setting the sample count by one-half
of a bit time at the start of a character, the Shift pulse
occurs and allows serial shifting of data into the accumu-
lator in what is approximately the middle of a received bit.

3-54. When the sample counter reaches its maximum
count, the Shift pulse is generated to serially load the start
bit received into the accumulator, step the bit counter
once, and re-preset the sample and bit counters to the
baud-rate and character-size latch contents. Each received
bit is sampled and loaded and the entire character right-
justified until the start bit is detected in the most signifi-
cant accumulator position. Note that the bit counter must
reach its maximum count before right-justification occurs.
The right-justify operation requires that the maximum bit
count disable the sample counter. This permits the Shift
pulse to enable the serial Logic Clock to the accumulators.
The Logic Clock to the accumulators is held enabled for
every memory revolution thereafter until the character
received is right-justified. This is indicated by the start bit
being detected in its accumulator bit position. Then this
Stop output to the flag control logic sets Buffer Flag.
Buffer Flag, in turn, is routed to the up/down transfer
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Figure 3-4, TDI Receive Channel Simplified Signal Flow

control logic to generate an interrupt if no other channel is
currently requesting interrupt or being serviced. The Stop
signal also causes the character in the accumulator to be
loaded in parallel into the data buffer. If the Buffer Flag for
this channel can initiate Interrupt Request generation at
this time, an Up Latch Load signal is generated to strobe
the buffer contents into the data-in latches. When the
CPU/IOP acknowledges the interrupt, an RIO command is
issued to fetch the character in the latches via the output
gates. Note that if the Buffer Flag is not able to initiate an
Interrupt Request, it waits for the next revolution to try
again.

3-65. TCIPCA BLOCK-LEVEL DESCRIPTION.

3-56. The TCI functions under direct control of the
CPU/IOP to generate and monitor control signals required
to operate peripheral devices or datasets. The TCI accepts
control words from the CPU/IOP containing internal
function commands and peripheral or data set status and
control signals and generates and monitors these status and
control signals. The TCI also maintains control line status
for each of the 16 channels available for transfer to the

% CPU/IOP on request,

3-67. The TCI has two modes of operation: scan and
update, During scan operation, the TCI, in sequence by

3-10

channel number, selects and samples the two status lines for
each channel that it monitors. The current values of these
status lines are compared with status values for these lines
stored by channel number in the TCI 64-bit random access
memory (RAM). This 64-bit RAM is in read mode during
scan operation. If either or both lines change status, the
stored and current status line values do not compare. If the
status interrupt enable bits also stored in RAM are set to
allow change-in-status interrupts on the channel, the TCI
proceeds to generate an interrupt. Note that these interrupt
enable bits should be set for each active channel to permit
interrupt. If they are not set a change in status goes
undetected. When an interrupt is generated, however, the
CPU/IOP fetches the status word with either an RIO or TIO
command.

3-58.  During update operation, the 64-bit RAM is in
write mode, In this mode, the two stored status line values
and the interrupt enable bit for each for a particular chan-
nel can be changed. This is done by CPU/IOP issuance of a
control word containing the channel number that requires
updating along with the new status and enable bits to be
stored.

3-569. In addition to the status storage and monitoring
functions, the TCI is responsible for the output of two
control signals for each of 18 channels, Each of the control
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signals have enable bits. The control line(s) for any channel
can be enabled, disabled, or changed without affecting TCI
scan or update operations.

3-60. DESCRIPTION OF COMPONENTS.

3-61. Each of the logic groups of the TCI, their
functions, and their functions as they affect other groups
must be considered. Figure 3-5 is a detailed functional
block diagram that shows each group of logic and its signal
interface with other groups. Note that a barred signal
(XYZ) indicates that the low level of that signal is its true
state. Note also that certain blocks are self-explanatory or
are covered sufficiently under the discussion of interfacing
logic groups and are not detailed separately.

3-62. LINE RECEIVERS AND DRIVERS. All TCI
inputs and outputs are routed through either line receivers
or line drivers to condition the signals and, except for the
data-in line drivers, convert the I/O bus logic levels to those
used on the PCA., A low input to the inverting line
receivers, I/O bus logic 1, is inverted and adjusted so that it
is a high internal logic1 of approximately 5 volts. Con-
versely a high input, I/O bus logic 0, becomes a low internal
logic 0 of approximately O volts. A similar level change and
inversion process is performed by the inverting line drivers.

3-63. ADDRESS GENERATOR AND COMPARATOR.
The address generator consists of seven jumper positions,
the loading of which determines the device address and
interrupt priority of the TCI. These seven jumpered levels
provide one set of inputs to the address comparator. The
second set of inputs is the Device Address (DEVAD 1:7)
signals from the IOP bus. When the two sets compare and
the Service Out (SO) signal indicates that a valid direct
command on the bus requires attention, the command
decoder is enabled.

364. COMMAND DECODER AND DECODER
ENABLE GATING. The Service Out signal and the output
of the address comparator are “anded” to provide an
Enable (ENABLE) signal to the command decoder. The
command decoder then provides one of six possible outputs
depending on the coded I/O Command (IOCMD 0:2)
inputs.

365. SERVICE-IN GENERATOR, The service-in gener-
ator provides a Service In (SI) signal upon receipt of an
Enable signal from the decoder enable circuits and one of
the following signals: 1/O Command 2 (I0CMD2), Direct
Control Strobe (D CONT STRB), Direct Write Strobe

(D WRITE STRB), Direct Status Strobe (D STAT STRB),

or Direct Read Strobe (D READ STRB).

3-66. INTERRUPT LOGIC AND SET MASK FF COM-
MAND GATE. The Service Out signal and a Set Mask
(SMSK) I/O command are “anded” at the set mask flip-flop
command gate. The output of this gate disables the inter-
rupt logic for two input conditions. One disable condition
is satisfied when the Service Out signal, the Set Mask
command, and the TCI group interrupt mask word are on
the IOP bus. The second disable condition is satisfied when
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the TCI group interrupt mask jumpers are loaded to
respond to all Set Mask commands. When enabled, the
interrupt logic provides three outputs to the CPU/IOP:
Interrupt Request (INT REQ), Interrupt Acknowledge
(INT ACK), and the address of the interrupting device
(DEVINTAD). Interrupt Request is generated by the
A Status input from the status decode logic or by direct 1/O
command Set Interrupt (SET INT). Interrupt Request is
cleared by direct I/O command Reset Interrupt (RST INT),
the Reset input from the reset logie, or upon receipt of a
CIO direct' command and a control word with Interrupt
Request Reset bit 1 (DO1) set. Interrupt Acknowledge and
the Device Interrupt Address occur as a result of TCI
response to the Interrupt Poll (IPOLL).

3-67. When a change in one or both status lines of a
TCI-monitored channel is detected, the A Status input from
the status decode logic causes an Interrupt Request to be
sent to the CPU/IOP. The Stop Counter signal is also
generated and sent to the control logic to disable the
channel counter clock. This stops the channel counter at
the address of the channel causing the interrupt because of
a status line change. The CPU/IOP responds by sending
Interrupt Poll In (IPOLL IN) to the first controller or
interface in the interrupt chain. (Any interface not re-
questing service accepts Interrupt Poll In and loops this
signal out to the next interface address as Interrupt Poll
Out (IPOLL OUT). The next interface accepts this signal as
Interrupt Poll In and, if not requesting service, propagates
Interrupt Poll Out. This propagation continues until the
interrupting device responds to Interrupt Poll In by gating

‘its Device Interrupt Address onto the IOP bus.) When the

TCI receives Interrupt Poll In, the interrupt logic generates
two signals: Enable, and Interrupt Acknowledge. The
Enable strobe gates the Device Interrupt Address onto the
IOP bus. The Interrupt Acknowledge output indicates sub-
system response to the interrupt poll. The CPU/IOP subse-
quently performs a status fetch, updates the stored status
bits of the interrupting channel, and clears the Interrupt
Request. Then channel counter scan operation resumes.

3-68. RESET LOGIC. This logic provides all the
required clear and reset signals. An I/O Reset (IORST)
command or a CIO direct command and a control word
with bit 0 (DO0) set causes the reset logic to clear the
interrupt logic and generate Master Reset (MR) to clear the
remaining TCI logic. The receipt and decoding of direct
command Reset Interrupt (RST INT) provides a direct clear
input to the inferrupt logic that disables TCI ability to
respond to an interrupt poll, The Interrupt Active input to
the reset logic causes Reset to be looped back to the
interrupt logic to clear Interrupt Request at the time of
Interrupt Acknowledge.

3-69. STATUS DECODE LOGIC. The status decode
logic is used during scan operation to compare the moni-
tored (actual) S1 and S2 status line values with the S1 and
S2 values stored in RAM. The actual S1 and S2 inputs are
status signals received from each device on each channel by
the device control input scan logic. As the channels are
sequentially scanned, each pair of status inputs are selected
and routed to the status deecode logic for status-change
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comparisons. Whether or not a difference between the
stored and actual values can be detected and used to initiate
an interrupt depends upon the stored interrupt enable bit
inputs to this logic. If interrupt enable bits ES1 and ES2
enable status comparison and decoding, a detected differ-
ence between the stored and actual values causes a A Status
signal to be routed to the interrupt logic. (The A Status
output is disabled during update operation.) Note that the
A Status signal also causes the channel scan to stop at the
address of the channkl causing the interrupt. Two other
outputs of the status decode logic are the I1 and I2 bits.
These signals are used to indicate the status line(s) that
changed. When the CPU/IOP fetches a status word after an
interrupt, the channel number, I1 and 12 bits, and actual S1
and S2 values are part of that word.

3-70. CHANNEL COUNTER. The channel counter oper-
ates at approximately 1.25 MHz and provides the sequential
channel address scanning. The Clock/4 input is derived from
the 5-MHz system clock and has a duration of approxi-
mately 400 ns. During scan operation, the channel counter
steps sequentially through channel addresses O through 15
and provides these channel select outputs to the RAM,
device control output latches, device control input scan
logic, and the data-in line drivers. During update operation,
the Direct Control Strobe enables the counter load input,
presetting the counter to the channel address contained in
the control word to select the RAM address for that chan-
nel, Note that if the control word specifies update and
resume scan rather than update only, the Clock/4 signal is
re-enabled by the control logic following the updating of
the RAM storage location.

3-71. CONTROL LOGIC. The control logic performs
gating and delay functions fo ensure proper sequence of
events following receipt of a CIO command and control
word. The control logic is also responsible for disabling the
channel counter clock at the time of A Status from the
status decode logic via the Stop Counter input from the
interrupt logic.

3-72.  During scan operation, the Read output to the
RAM maintains read mode, During update operation, the
control logic asserts the Write (WRITE) signal to permit
RAM-content updating. The control logic Scan output
enables the scan decode logic A Status output to the inter-
rupt logic during scan operation, and disables it during
update operation.

3-73. SCAN, CONTROL SIGNAL OUTPUT, AND
STATUS INPUT.

3-74.  The TCI performs scanning, control signal output,
and status maintenance functions. Figure 3-6A shows the
signal flow for these operations. Refer to Section II for the
EIA interface signal designations for C1, C2, S1, and S2
since they differ between TCI No. 1 and No. 2.

3-75. The decoding of the CIO command strobes the
control word into the control data holding register. (See
figure 3-6A.) At the same time, the channel counter is
preset to the count of the channel address specified in the
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control word. Control signals C1 and C2, if enabled by
control enable signals EC1 and EC2, are loaded into the
device control output latch selected by the channel counter
outputs. Aside from presetting the channel counter and
stopping scan momentarily, scan operation remains in
effect and the RAM status storage register remains in read
mode. The channel counter resumes counting after the
output latches are loaded.

3-76.  During scan operation, the actual S1 and S2 device
status inputs and the RAM-stored S1 and S2 values for each
channel are compared. When the stored and actual values
do not compare a change-in-status signal, A Status, is sent
to the interrupt logic. Note that the status interrupt enable
bit also in RAM for each stored status value for each
channel must be set to enable interrupt. Otherwise, the
status decode logic cannot compare the status values and
any status change goes undetected. However, when a
change in status is detected, an Interrupt Request is gener-
ated and the channel counter is stopped at the interrupting
channel address. The CPU/IOP then gates the line drivers
via an RIO or TIO command to fetch the status word.
Subsequent CPU/IOP commands to the TCI update the
channel status values in RAM and clear the Interrupt
Request

3-77.  UPDATING.

3-78.  During update operation, the decoding of the CIO
command strobes the control word into the control data
holding register (figure 3-6B). At the same time the channel
counter is preset to the count of the channel address
specified in the control word. The control word Update bit
causes the RAM status storage register to be placed in write
mode. The control word S1 and S2 values and the corre-
sponding status interrupt enable bits ES1 and ES2 are
loaded into the RAM address selected by the channel
counter outputs. Since updating usually follows a status-
change interrupt, the Write signal also clears the interrupt
logic. If the control word Scan bit is set, scan operation
resumes after updating the RAM. Otherwise, another CIO
command and control word must be sent to the TCI to
resume scan operation,

379. TDI PCA FUNCTIONAL-LEVEL DESCRIP-
TION.

3-80. The TDI logic performs twelve functions. Each of
these are discussed in the following paragraphs and are
supported by simplified logic diagrams. Note that the logic
shown on the simplified diagrams is keyed by set and grid
reference numbers to a location on detailed logic diagram
set 507. For example, 507C7 translates as set number 507,
and represents logic found in grid coordinate C7.

3-81. COMMAND DECODING FUNCTIONS.

3-82. The command decoding function is performed by
six units. These are the address generator, address compara-
tor, decoder enable gating, service-in generator, command
decoder, and set mask command decoder, These six units
are shown in simpiified form in figure 3-7.
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Figure 3-6. TCI Simplified Signal Flow
3-83.  The three direct I/O command bits (IOCMD 0:2) 3-84. INTERRUPT GENERATION AND PROCES-
are routed to the BCD-to-decimal command decoder via SING.
inverting line receivers. When the eight bits of the device
address on the IOP bus correspond to the eight address bits 3-85.  The TDI interrupt processing logic consists of four

from the address generator, the address comparator gener-
ates a true compare (A=B) signal. This signal and the
Service Out signal are “anded” to provide an Enable signal
to the command decoder. The decimal equivalents of the
BCD inputs are shown beside each of the six possible
decoder outputs. Four of the decoder outputs and I/O
Command bit 2 are ““or-ed” to provide the Service In
acknowledgment signal required by the CPU/IOP. Note that
RIO and TIO direct commands, decoded as Direct Read
and Direct Status Strobes, are also “or-ed” to derive the
Data In Driver Enable signal. For a read or a status-fetch
operation, this signal gates data and/or status signals onto
the IOP bus for transfer to the CPU/IOP.
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fiip-fiops and associated gates. As shown in simpiified iogic
diagram figure 3-8, these flip-flops are called Interrupt
Mask, Interrupt Request, Interrupt Latch, and Interrupt
Active. Setting the Interrupt Mask FF qualifies one condi-
tion for setting the Interrupt Latch FF. If the Interrupt
Mask FF is cleared, interrupts cannot occur. The Interrupt
Mask FF input is connected to a jumper wire at the inter-
face PCA side of the data out (from CPU) line receivers,
These line receivers 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 ground. A +5 Vde connection
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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 the
Set Mask FF signal (clock input) from the command
decoding logic. The flip-flop can be preset by a Master
Reset signal that occurs following an I/O Reset signal from
the IOP or following a Direct Control Strobe with control
word bit O set. Clearing the Interrupt Mask FF requires an
input connection to signal ground or to any I/O data line
that is low when the clock input occurs. Connecting 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 Set Mask instruction is executed, the
16-bit word on top of the stack is output over the IOP bus
to the I/O data out line receivers. The resulting Set Mask
command is decoded and combined with the Service Qut
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 I0P bus.

3-86.  The set-side output from the Interrupt Mask FF is
combined with the output of the Interrupt Request FF and
the resulting signal is applied to the input of the Interrupt
Latch FF. (Note that the state of the Interrupt Request FF
is determined by set or reset direct commands, or by the
Flag input from the up/down transfer control logic.) Out-
put 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 Interrupt Latch FF is provided by the Inter-
rupt Poll In signal from the IOP bus. As long as the flip-flop
input remains low, the Interrupt Poll In signal propagates
through one gate on the interface PCA and is returned to
the IOP bus as the Interrupt Poll Out signal. If the Interrupt
Latch FF is latched in the set state, the clear-side output
inhibits the Interrupt Poll Out signal. This prevenis an
interrupt from any lower priority device until the Interrupt
Latch FF is cleared.

3-87. The outputs from the Interrupt Mask and Inter-
rupt Request FFs are also combined and inverted and then
sent to the IOP as the Intexrupt Request signal. This signal,
when generated, is responded to by the IOP sending the
Interrupt Poll to all interface PCA’s. On the interface PCA
that is requesting an interrupt, the signal latches the Inter-
rupt Latch FF and, after a short delay, enables the device
address enable gate, The device interrupt address output is
sent through IOP bus lines to the IOP. The delayed Inter-
rupt Poll In signal is also inverted to direct set the Interrupt
Active FF. Setting the Interrupt Active FF sends an Inter-
rupt Acknowledge signal to the IOP to indicate that the
device requesting an interrupt has its address available on
- the IOP bus lines.

3-88. The IOP drops the Interrupt Poll signal upon
receipt of the Interrupt Acknowledge signal. The clearside
output from the Interrupt Active FF is sent to the Inter-
rupt Latch FF fo clear it, and generate a reset signal to the
Interrupt Request FF. However, the Interrupt Active FF
remains set until the interrupt request is serviced and the
IOP sends an I/O Reset signal or a Reset Interrupt direct
command,
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3-89.  The Flag input from the up/down transfer control
logic that serves to clock the Interrupt Request FF must be
clteared before any other channel can generate an Interrupt
Request. The Flag signal is cleared upon receipt of a CIO
direct command with bit 15 of the control word set. Refer
to paragraph 3-90 for additional details.

3-90. UP/DOWN TRANSFER CONTROLS.

3-91. The up/down transfer control logic is shared by all
TDI channels and generates the control signals for all word
transfers. This logic, as shown on simplified logic diagram
figure 3-9, consists of four flip-flops and associated gating.
Note that the Initialize FF (part of the reset logic group of
figure 3-2) is included in figure 3-9 for clarity.

3-92. The Initialize FF is set on receipt of a CIO com-
mand (decoded as Direct Control Strobe) and a control
word with I/O Reset bit O set. The Initialize signal thus
generated clears the up/down transfer control logic and is
routed as a clear signal to other logic groups.

393. For transfer down operations, the Direct Control
Strobe and control word bit 14 set start transfer control
functions. Down Address Buffer Load results from the
“anding” of these two signals and serves to strobe the
control word channel address into the down address buffer
shown in figure 3-16. The trailing edge of Down Address
Buffer Load sets the Request Down Transfer FF. This
causes Read/Write OK to inform the CPU/IOP that the TDI
is busy. When Transfer Clock occurs the Transfer Down
Flag FF is set, maintaining the Read/Write OK disable and
clearing the Request Down Transfer FF. The logic remains
in this state until Match occurs, Match is the true compare
between the control word channel number in the down
address buffer and the TDI address counter outputs. Match
occurs within 69.4 microseconds for valid channel numbers
and is “anded” with the set-side output of the Transfer
Down Flag FF to generate Transfer Down. When the next
Transfer Clock occurs, the Transfer Down Flag FF is
cleared. Now Read/Write OK informs the CPU/IOP that the
TDI is available for data transfers.

394, The Buffer Flag input to the Transfer Up Flag FF
occurs at the end of either character transmission or
reception. When Buffer Flag, Decision Pulse, and Logic
Clock occur, the Transfer Up and Up Latch Load pulses are
generated. Then Transfer Clock sets the Transfer Up Flag
FF, generating the Flag signal. The Transfer Up pulse is
looped to the flag control logic to clear Buffer Flag, The Up
Latch Load pulse strobes the current (interrupting) channel
number into the up address buffer and strobes the status
input buffer and data input buffer, The leading edge of the
Flag signal is routed to the interrupt logic to set the
Interrupt Request FF,

395. The Transfer Up Flag FF remains set until the
interrupt is acknowledged by a CIO command and a control
word with bit 15 set. When this occurs, the Transfer
Acknowledge FF is cleared. The next Transfer Clock clears
the Transfer Up Flag FF which loops back to preset the
Transfer Acknowledge FF.
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396. MAIN/DIAGNOSE CHANNEL LOAD CON-
TROLS.

397. Receive channel and auxiliary channel loading is
handled by an input multiplexer and the main/diagnose
channel select logic shown on simplified logic diagram
figure 3-10, The Auxiliary Channel input from the timing
and address control logic enables the input multiplexer and
disables the Auxiliary Channel Memory FF output during
main channel window times. Simultaneously, the Main
Channel input enables the output of the Input Buffer FF.
Thus, for auxiliary channel window times, the Line signal is
the bit contained in the Auxiliary Channel Memory FF. For
the main receive channel window times, the Line signal is
the bit received via the input multiplexer and Input Buffer
FF on the leading edge of Decision Puise.

3-98. Assume that a receive channel has its Diagnose
parameter bit set. One output of the Input Buffer FF is
“anded” with the Receive, Diagnose, and Decision Pulses
and loaded into the Auxiliary Channel Memory FF by
Logic Clock. When the diagnose channels start to pass
through the memory window, Auxiliary Channel allows the
received bit stored in the Auxiliary Channel Memory FF to
be routed as the serial Line input and loaded into each
auxiliary memory location. Last Channel Detect occurs at
the end of each memory revolution. At this time, it pro-
vides a clearing input to the Auxiliary Channel Memory FF.

3-99.  Assume now that a send channel has its diagnose
parameter bit set. The New Bit (least significant bit in the
memory location), Send, Decision Pulse, and Diagnose
signals are “anded” and loaded into the Auxiliary Channel
Memory FF by Logic Clock. When Auxiliary Channel
occurs the stored bit is passed as the Line input to each
auxiliary channel memory location. Again, Last Channel
Detect clears the Auxiliary Channel Memory FF at the end
of the memory revolution,

3-100. FLAG CONTROLS.

3-101. The flag control logic performs the flag control
functions. The logic consists of gating networks that
function as shown in simplified logic diagram figure 3-11.

3-102. On a receive channel, Stop is generated when the
bit counter has reached its maximum count and the start
bit of the character received is located in the least signifi-
cant bit position in the accumulator (character is right-
justified). On a send channe! Stop is generated when the
bit counter reaches its maximum count. Stop, therefore,
can be interpreted as end-of-character sent or received. Stop
is “anded” with Enable (individual channel interrupt enable
parameter bit) to generate Set Buffer Flag providing that
Buffer Flag is not already set. If Buffer Flag is already set,
the Character Lost Fiag is set. When Transfer Up occurs,
both of these flags are cleared.

3-103. The Break Flag is set upon receipt of a start bit
(Start) on a received channel, The Break Flag remains set
until the Line input indicates a marking bit in the received
character, at which time the Break Flag is cleared. At high
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character rates this flag may cause invalid break status to be
generated for the previous character.

3-104. The Start Bit Flag is set by Receive Start and held
set until the Shift pulse occurs one-half bit-time after the
beginning of the start bit. This logic is used to ensure
receipt of a valid start bit.

3-105. SHIFT CONTROLS,

3-106, The shift control logic consists of a series of gating
networks used to generate loading and serial or parallel shift
control signals to the memory window logic for both send
and receive channels. Figure 3-12 is a simplified logic dia-
gram of this function.

3-107. For transfer down operations, bit 0 of the word
strobed into the data-out holding register defines whether
the word contains parameters or data. When Transfer Down
is generated (by a CIO command and control word with bit
14 set) and bit 0 in the holding register specifies data, Data
Transfer is generated. When Decision Pulse occurs: (1) Data
Mux Enable enables the data multiplexers; (2) Data Mux
Load selects the outputs of the holding register for input to
the accumulators; and (3) Parallel Clock strobes the multi-
plexer selections into the accumulators. During ensuing
bit-by-bit transmission of the word-just loaded, the Parallel
Clock is disabled during each Decision Pulse to hold the
window contents static for the duration of the Decision
Pulse. Each time both Shift pulse and Decision Pulse occur,
however, Parallel Enable is disabled. At the memory
window logic, this disables the Parallel Clock and enables
the Serial Clock, causing a serial shift of one bit position in
the accumulators,

3-108. For transfer down operations where bit O specifies
a parameter word is in the holding register, Parameter
Transfer is generated at the time Transfer Down is gener-
ated. Parameter Transfer and Decision Pulse generate
Parameter Mux Load, enabling the parameter multiplexers
in the memory window to select the holding register con-
tents, Parameter Transfer holds Parameter Latch Clock
enabled during Decision Pulse to strobe the holding register
contents into the parameter latches, At subsequent
Decision Pulse times, Parameter Latch Clock is disabled to
prevent the parameter latch contents from parallel-shifting.

3-109. Buffer Clock is disabled during every Decision
Pulse period except when Stop is generated at end-of-
character times. When Buffer Clock occurs, the outputs of
the accumulators are strcbed, in parallel, into the buffers.

3-110. On receive channels, when Receive Start is gener-
ated, the data multiplexers are disabled (via disabling Data
Mux Load) and Parallel Clock is enabled. The purpose of
this is to clear the accumulators preparatory to loading bit
serial data from a device,

3-111. START, STOP, COUNT, AND RIGHT-JUSTIFY
CONTROL FUNCTIONS.

3-112, The start, stop, count, and right-justify control
signal generation is performed by the logic shown in simpli-
fied logic diagram figure 3-13.
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3-113. Consider first the signals generated on a receive
channel. In sequence they are Receive and Line which
generate Start Condition; Start Condition and Active to
generate Start; Start, Decision Pulse, and Receive to gener-
ate Receive Start; Transfer Clock, Start Bit Flag, and Line
to generate Noise Reset (bit counter clear) if the seeming
start bit received is not of at least one-half bit-time
duration; Bit Counter and Sample Counter Preset Enables;
Shift pulse; and Start Bit Detect and Bit Counter Carry that
generate either Right justify and then Stop or only Stop.

3-114. The Receive signal is present when the address
counter is stepping through the 16 receive channel
addresses, A start-bit-level Line input during Receive gener-
ates Start Condition. If the bit counter count is at zero, the
Active and Start Condition signals generate Start. This Start
signal performs three functions: (1) “anded” with Receive
and Decision Pulse generates Receive Start; (2) generates
Bit Counter and Sample Counter Preset Enables; and, (3) at
the flag control logic causes Start Bit Flag to be generated
and looped back to this logic to generate Noise Reset if
necessary.

3-115. When Receive Start is generated, one of its
functions is to enable multiplexers in the memory window
to derive a sample counter preset count based upon the
contents of the baud-rate latches. (Normally, these multi-
plexers simply form a path between the baud-rate latches
and the sample counters.) Then when Sample Counter
Preset Enable occurs, the counters are preset to the derived
count rather than the stored parameter. Thus, the Shift
pulse (sample counter cariy output) occurs approximately
one-half bit-time after the beginning of a start bit.
Following the start bit, since Receive Start is no longer
present, the sample counter is preset to the stored count
and full one-bit intervals are counted out thereafter. Note
that the Shift pulse generates Sample Counter Preset Enable
for all but the start bit.

3-116. The Bit Counter Carry Out signal occurs during
the presence of the Shift pulse. If the start bit of the
received character is detected (accumulator LSB+1
position), and if Receive is present, the Start Bit Detect
signal is generated. This signal and the Bit Counter Carry
Out input generate the Stop output to the shift control
logic. If the Bit Counter Carry Out input occurs and Start
Bit Detect does not, Right Justify is generated. The Right
Justify signal prevents the Shift signal from presetting the
sample counter. So Shift remains present and Bit Counter
Carry Out remains present until Start Bit Detect occurs.
The Right Justify signal, routed to the shift control logic,
causes serial-shifting of the accumulator contents every
revolution until Start Bit Detect can be generated.

3-117.  The functions of this logic for a send channel are
quite similar. The Data Transfer input (Transfer Down and
holding register bit 0) and Send (address counter output)
generate Start Condition. The Receive Start, Noise Reset,
and Right Justify signals are not generated for a send
channel. Only the Bit Counter Carry Out is used to generate
Stop. All other functions are the same,
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3-118. ECHO AND SEND DATA OUTPUT CON-

TROLS.

3-119. The echo and send data output functions are
performed by the logic shown in simplified logic diagram
figure 3-14. The logic consists of the gating networks of the
old/new bit select logic and the output shift registers and
output latches.,

3-120. On a receive channel configured for echo (Echo
parameter bit in memory set), a bit received from a device
is buffered at the Input Buffer FF, routed to this logic,
loaded into the output registers, and sent back to the device
after approximately a one-half bit-time delay. The Line
input from the Input Buffer is “anded” with the Echo,
Shift, and Receive signals and loaded (New Bit) serially into
the output register by the Output Register Clock. Note that
if the Echo bit is not set, when the Shift pulse occurs, the
Old Bit which is the output register serial output is looped
back and reloaded into the output register.

3-121.  On a send channel when a Shift pulse occurs, the
bit occupying the LSB accumulator position (Send Bit) is
“anded” with the Shift and Send signals. This New Bit is
loaded serially into the output register and replaces the Old
Bit. When the Shift pulse is not present, the Old Bit loops
from the output register serial output and is reloaded into
the serial input.

3-122.  Note that the Output Register Clock results from
the “anding” of Decision Pulse, Main Channel, and Logic
Clock signals. When the address counter is stepping through
the addresses of the auxiliary channels the Output Register
Clock is disabled by the absence of the Main Channel signal.
Thus, each of the bits are situated in their respective output
register locations for each channel at the time of the Last
Channel Detect strobe, This strobe occurs at the end of
each memory revolution to load the output latches for each
channel with the contents of the output registers.

3-123. LOGIC TIMING AND ADDRESS CONTROLS.
3-124., The logic timing and address control signals are
generated by the logic shown in simplified logic diagram
figure 3-15. This logic consists of a 4.32 MHz crystal
oscillator, a one-shot multivibrator; two four-bit binary
counters; a comparator; a flip-flop; and associated gates.
(Refer to figures 4-8 and 4-9 for clock relationships and
address generation timing.)

3-125,  The field counter outputs are used to derive the
Decision Pulse every count of seven for the duration of one
clock period (230 nanoseconds). One field counter output
(23) and three address counter outputs (2°:22) are used as
the Address Select signals. The state of the address counter
23 output specifies whether the address is that of a send or
a receive channel. The count sequence is receive channels 0
through 15, (memory addresses 0 through 15), send chan-
nels 0 through 15 (memory addresses 16 through 31), and
auxiliary channels 0 through 4 (memory addresses 32
through 36). The carry (Cy) outputs of the field and
address counters are “anded” to set the Auxiliary/Main FF
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during addresses 32 through 36. This enables the Auxiliary
Channel strobe and disables the Main Channel strobe. The
Last Channel Detect strobe is count 37 decoded. It is used
to preset the field and address counters to count 1 and clear
the Auxiliary/Main FF,

3-126. The address comparator Match output is gener-
ated when the A- and B-sets of inputs compare. The B-set
of inputs consist of Send/Receive from data out holding
register word bit 1, and control word bits 2 through 6 from
the down address buffer. When Match occurs, the memory
location of the comparing addresses is situated in the
register window and available for loading or unloading.
3-127. DOWN BUFFER CONTROLS.

3-128. The two down buffers are the down address
buffer and the data out holding register shown in
figure 3-16, The down address buffer is controlled by the
Down Address Buffer Load strobe derived from a decoded
CIO command and a control word with bit 14 set. The
down address buffer is used to hold the channel address of
the control word. The outputs of this buffer are one set of
inputs to the address comparator,

3-129, The data out holding register is used to hold
parameter and data words transferred to the TDI from the
CPU/IOP. The decoded WIO command provides the loading
strobe. The bit 0 position (DOO) in this register specifies
whether the register contains parameters or data. The bit 1
(DO1) position in this register specifies send channel or
receive channel, and is used in conjunction with the channel
number in the control word to address a channel. Bits 2
through 15 (D0O2:D015) contain parameters or data. If the
parity parameter bit is set, the parity checker/generator
computes the modulo 2 sum of bits 9 through 15 and
replaces bit 8 with the result of this computation. If the
parity bit is not set, bit 8 contains the parity for the word
as received from the CPU/IOP,

3-130. UPBUFFER CONTROLS.

3-131. The up buffers are the up-address, data-in, and
status input buffers shown in figure 3-17. The up-address
and data-in buffers are loaded by the Up Latch Load strobe
from the up/down transfer control logic. The output gates
of these buffers require Direct Read Strobe (decoded RIO
command) for output. The decoded RIO command also
provides the Data In Driver Enable signal that enables
information to be placed on the I0P bus,

3-132. A decoded TIO generates the Direct Status
Strobe and the Data In Driver Enable to place status infor-
mation on the IOP bus for transfer to the CPU/IOP.

3-133. RECIRCULATING MEMORY FUNCTIONS.
3-134.  The recirculating memory is part MOS logic and
part TTL logic as shown in figure 3-18, The clock for the
MOS logic differs from that used for the TTL window
logic: Transfer Clock 2 is used to derive the two-phase
clock needed for the MOS logic.
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3-135.  The contents of the entire memory shift in paral-
lel for seven clocks, remains static for one clock period
(Decision Pulse time, 230 nanoseconds), and commences
parallelshift for another seven clocks. Transfers up or down
on the IOP bus are in parallel. Transfers to or from a device
are bit serial. The entire memory window is controlled by
the shift control, flag control, and start-stop-count-right
justify logic previously discussed.

3-136. TDI PCA DETAILED SEQUENCE OF OPER-
ATION.
3-137. The following paragraphs contain the detailed

operating sequences for parameter loading, character trans-
mission. and character reception.

3-138. PARAMETER LOADING.

3-139.  The CPU/IOP unloads a WIO command, DEVAD,
SO, and parameter word onto the IOP bus after fetching a
status word with a TIO command to see if the TDI is
available for a write operation. Read/Write OK status word
bit defines TDI status at the CPU/IOP. The TDI decodes
WIO and returns Service In (SI). The WIO decoding gener-
ates Direct Write Strobe. The leading edge of Direct Write
Strobe loads the parameter word into the data out holding
register, The CPU/IOP then issues a CIO command, Device
Address, Service Out, and a control word with bit 14 set.
The TDI decodes the CIO command, returns Service In, and
generates a Direct Control Strobe, This strobe and bit 14
generate the Down Address Buffer Load signal to load the
control word channel address into the down address buffer.
This signal is also routed to the up/down transfer control
logic where it sets the Request Down Transfer FF. This
causes Read/Write OK to inform the CPU/IOP upon any
subsequent TIO, that the TDI is seeking the addressed
channel memory location and has not as yet loaded the
parameter word just received. (An improper channel
address is indicated if Read/Write OK remains for more
than 69.4 microseconds.) The next Transfer Clock occur-
ring after Down Address Buffer Load sets the Transfer
Down Flag FF, maintaining Read/Write OK, and clearing
the Request Down Transfer FF,

3-140. Bit 1 (logic.1 for a receive channel, logic 0 for a
send channel) in the data-out holding register and the
contents of the down address buffer are the A-set of inputs
to the address comparator. The field and address counter
outputs are the B-set. When these compare, a Match signal
is routed to the up/down transfer control logic where it and
the set-side output of the Transfer Down Flag FF generate
a Transfer Down signal until the next Transfer Clock.

3-141,  Transfer Down is routed to the shift control logic
where it and the data holding register bit 0 output are
“anded” with Decision Pulse (DP) to generate Parameter
Mux Load and then the Parameter Latch Clock signals. At
the same time, the Data Mux Load and Parallel Clock
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signals at the data accumulator/buffers are disabled since a
parameter word, not data, is being loaded. At the time of
Parameter Mux Load the parameter word being retained in
the data out holding register is selected by the parameter,
baud-rate, and character-size multiplexers. When Parameter
Latch Clock occurs, the parameter word selected by the
parameter multiplexers is strobed into the lower control
buffer, rate counter, and character size buffer/control
latches. Note that the preset enable inputs of the counters
are disabled so the counters cannot be preset at this time.

3-142, The window time allotted to each address is
approximately 230 ns, the pulsewidth of one Decision
Pulse. The foredescribed functions were performed during
the Decision Pulse that occurred while the Match signal was
asserted. Now the parallel clock is re-enabled and the first
field of the next address is being clocked in parallel into the
window and the first field of the address just loaded with
the parameter word is moving into the MOS logic.

3-143. Note that the CPU can configure any of the 16
send, 16 receive, or 5 auxiliary channels with specific
parameters. This is done by issuing a logic 1 parameter
word bit 1 to select a send channel or a logic 0 bit 1 to
select a receive channel, To send parameters to an auxiliary
receive-only channel, a logic- O parameter word bit 1 must
be issued along with a logic 1 bit 2 of the control word.

3-144, CHARACTER TRANSMISSION.

3-145.  Assume now that the CPU wishes to send a word
to a crt terminal. Assume also that the channel configured
in the foregoing paragraphs was configured with the
2400-Hz baud rate and character size required by this
terminal. The complement of the parameters in the data
out holding register were loaded into the parameter latches,
and are to be used to preset the sample and bit counters.
The sample counters are to be set so that they must count
up six times before a carry (Shift pulse) can be generated.
The bit counter must count up once per sample counter
carry for a total of 10 bits before the bit counter carry can
occur. Thus, the sample counters are preset to 0055 and the
bit counter is preset to 001,.

3-146.  The CPU issues a WIO command and a data word
and then a CIO command and a control word to the TDI.
The WIO command generates a Direct Write Strobe to load
the data word into the data out holding register. The CIO
command is decoded as a Direct Control Strobe which,
along with bit 14 of the control word, generates the Down
Address Buffer Load signal. This signal strobes the channel
address into the down address buffer and sets the Req Dn
Xfr FF. (Transfer Down, Read/Write OK, and Match signals
are generated per previous paragraphs.)

3-147. When the Transfer Down signal is generated and
routed to the shift control logic, it is “anded” with data
holding register bit 0 output and Decision Pulse to generate
Data Mux Load at U131-3. Note that the data multiplexers
are enabled by Data Mux Select at U101-1 when Data Mux
Load is generated, Data Mux Select selects the contents of
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the data out holding register for input to the data accumu-
lator/buffer. Data Mux Load strobes the contents into the
latches. Transfer Down occurring for a data word on a send
channel and the fact that the bit counter count is at zero
generates Start (U103-1). Start and Decision Pulse preset
the sample and bit counters to the counts in their respective
latches.

3-148.  Upon the absence of Decision Pulse, the Parallel
Clock signal is re-enabled and the first field of the next
address is clocked in parallel into the window while the first
field of the address just loaded with data is clocked into the
MOS logic. The data loaded into the crt terminal address is
not put on line to the terminal for one bit time, During this
bit time a stop bit belonging to the word previously trans-
mitted to the terminal is maintained on-line to the terminal.

3-149.  After the bit time, the sample counter carry
output, Shift pulse is generated. At U82-6 the Shift inputs
inhibit the Old Bit input and enable the Send Bit from the
accumulator/buffers. The Send Bit then becomes the New
Bit at U82-12, The first bit of the data word (New Bit) is
loaded into the output register position for the crt terminal,
replacing the stop bit (Old Bit) that was there. This bit, the
sync or start bit, is loaded into the output latches and put
on line to the crt terminal when the Last Channel Detect
signal occurs at the end of that particular memory revo-
lution. The Shift pulse also steps the bit counter once,
enables one Serial Clock pulse to shift the accumulators at
U131-6, and then presets the sample counters thereby
clearing itself. Again, the sample counters proceed to count
up once per revolution for the duration of another bit, six
revolutions. Again, Shift pulse occurs to step the bit
counter, replace the Old Bit with the Send Bit, allow
serial-shifting in the accumulators one bit position, and
re-preset the sample counters. Now the second bit of the
data word received from the CPU is the New Bit and is
loaded into the output latches and put on line to the crt
terminal at the time of the next Last Channel Detect signal.
The sample counters again proceed to count up for the
second bit, once per revolution for the next six revolutions.
This bit by bit transmission continues until the bit counter
has been stepped ten times and the bit counter Carry Out
output to U81-8 causes Stop to be generated.

3-150.  Stop is routed to the flag control logic, gated
with Buffer Flag (which should be clear), Transfer Up and
Enable to generate Set Buffer Flag. (Note that if Ruffer
Flag was already set for this channel, the Character Lost
Flag will be set.) The Buffer Flag signal is routed to the
up/down transfer control logic where it is used to set the
Transfer Up Flag FF and generate the Transfer Up and Up
Latch Load signals. Transfer Up is routed to the flag con-
trol logic and used to clear Buffer Flag. (Transfer Up and
Up Latch Load cannot be generated and Buffer Flag cannot
be cleared if the Transfer Up Flag FF is already set. This
situation could occur when some previous channel has
generated an interrupt that has not been acknowledged.
Acknowledgment entails CPU/IOP issuance of a CIO con-
trol word with bit 15 set to clear the Transfer Acknowledge
and the Transfer Up Flag FFs, The Buffer Flag for this
channel is held in memory and attempts to interrupt each
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revolution until successful.) When the Up Latch Load signal
is generated, the status bits and channel address are strobed
into the status-in buffer. When the Transfer Up Flag FF is
set, Flag sets the Interrupt Request FF. This interrupt sets
up the chain of events described in paragraph 3-84.

3-151. CHARACTER RECEPTION,

3-152.  Assume now that a receive channel is configured
with the baud rate and character size parameters for the
reception of one character with echo at 2400 bits per
second. The complement of the specified parameters are
stored in the parameter laiches for the channel: 0054 is
stored in the baud rate latches and 001, is stored in the
character-size latch.

3-153. A start bit input from the device on this channel
is loaded into the Input Buffer FF by the Decision Pulse
that occurs at the end of its address select period. The start
bit is routed as the Line input to the flag control logic,
old/new bit select logic, and data accumulator/buffer serial
input. This Line input produces a Start Condition at U82-9,
Start Condition and Active signals are “anded” to produce
Start. This signal is then “anded” with Decision Pulse and
Receive at U121-8 to generate Receive Start. The output of
U1034 provides the preset enable to the sample and bit
counters. At the flag control logic, Start, Line and the
absence of Break Flag cause Set Break Flag.

3-154.  The Receive Start signal to multiplexers U84 and
U124 alters. the input to these devices. Instead of making
the contents of the baud rate latches directly available as
the preset inputs to the sample counters, the output of the
latches is used to derive a count equal, approximately, to
one-half bit-time. This occurs only for a received start bit.
At the shift control logic, Receive Start and Decision Pulse
are “anded” at U101-1 to disable the data multiplexers,
while the absence of Transfer Down at U121-12 enables
Parallel Clock. This results in clearing the accumulators by
loading them with all zeros. At the flag control logic,
Receive Start, the absence of Start Bit Flag, and Shift pulse
are “anded” to generate a Set Start Bit Flag signal.

3-155.  After three revolutions the sample counters reach
maximum count and the Shift pulse occurs. At this time
the bit counter is stepped once and the start bit Line input,
gated at U71-8 and U72-8 with Shift pulse and Echo, is
looped to the output registers as the New Bit. The Shift
pulse also enables one Data Serial Clock pulse to the
accumulators to load the serial Line input (start bit), and
causes sample counter preset to the contents of the baud
rate latches. At the flag control logic, the Shift pulse clears
the Start Bit Flag.

3-156.  Now, one bit, received from the device, is serially
loaded into the accumulators and echoed back to the device
every six revolutions until all ten bits are received. When
Shift occurs for the tenth bit, the bit counter Carry Out is
present at U81-10 and U81-5. At U81-8, Carry Out and
Start Bit Detect are “anded” to produce Stop when the
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start bit occupies the next to last bit position in the
accumulator. At U81-6, Carry Out and Start Bit Detect are
“anded” to produce Right Justify when the start bit does
not occupy the next to the last bit position in the accumu-
lator. In the channel being described here, another serial
clock is required to shift the character into the right
justified position in the accumulator. Hence, Right Justify
is generated to disable the bit and sample counters and
maintain the carry outputs of each. The Shift output
enables the Data Serial Clock on the next memory revo-
lution. At this time, Start Bit Detect occurs to disable Right
Justify and generate Stop.

3-157.  The Stop signal enables Buffer Clock at U141-8
which loads the buffers with the contents of the accumu-
lators. The Stop signal is also routed to the flag control
logic and “anded” with Enable to generate Set Buffer Flag,
(Note that if Buffer Flag is already set for this channel the
Character Lost Flag will be set at this time,)

3-158.  Buffer Flag is routed to the up/down transfer
control logic. On the following revolution, provided that
the Transfer Up Flag FF is not already set, the Buffer Fiag
signal causes the Up Latch Load, Transfer Up, and Flag
signals to be generated. The Up Latch Load strobes the
channel address and the data buffer contents into the
up-address and data-in buffers respectively. The Transfer
Up to the flag control logic clears Buffer Flag. And Flag
sets the Interrupt Request FF.

3159. TCI PCA FUNCTIONAL-LEVEL DESCRIP-
TION,
3-160.  The TCI logic performs five functions: command

decoding; interrupt generation and processing; status
decoding, scanning, and updating; control signal generation;
and device control signal generation. Each of these are
discussed in the following paragraphs and are supported by
simplified logic diagrams. Note that the logic shown on the
simplified logic diagrams is keyed by set and grid reference
numbers to a location on detailed logic diagram set 509.
For example, 509CT7 translates as diagram set 509, and
represents logic found at grid coordinate C7.

3-161., COMMAND DECODING.

3-162. The command decoding function is performed by
six units. These are the address comparator, address genera-
tor, decoder enable gating, service-in generator, command
decoder, and set mask command decoder. These are shown
in simplified logic diagram figure 3-19.

3-163.  The three direct I/O command bits (IOCMD 0:2)
are routed to the BCD-to-decimal command decoder via
inverting line receivers, When the eight bits of the device
address on the IOP bus correspond to the eight address bits
jumpered in the address generator, the address comparator
generates a true compare (A=B) signal. This signal and the
Service Out signal are “anded” to provide an Enable signal
to the command decoder. The decimal equivalents of the
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BCD inputs are shown beside each of the six possible
decoder outputs. The four decoder strobe outputs are
“or-ed” to provide the required Service-In acknowledgment
signal. Note that the Direct Control Strobe (decoded CIO)
is the only strobe output to the remaining TCI logic. The
Direct Read and Status Strobes are “or-ed” to generate
Data In Driver Enable. This signal is used for status fetch
operations to gate the status word onto the IOP bus for
transfer to the CPU/IOP.

3-164. INTERRUPT GENERATION AND PROCES-
SING.
3-165.  The TCI interrupt generation and processing logic

consists of five flip-flops and associated gates. As shown in
figure 3-20, the flip-flops are called Interrupt Mask, Inter-
rupt Latch, Interrupt Active, Status Change, and Interrupt
Request.

3-166. The Interrupt Mask FF must be set in order to
allow setting of the Interrupt Latch FF and generating of
Interrupt Requests. The Interrupt Mask FF set-input is
connected to a jumper wire at the interface PCA side of the
data out (from CPU/IOP) line receivers. These line receivers
are always enabled but do provide isolation between the
TCI and the IOP bus data lines. Connections are provided
to connect the jumper wire from the Interrupt Mask FF set
input to any of the 16 I/O data lines, to 5 Vdc, or to signal
ground. A 5 Vdc connection, or connection to any I/O data
line that is high, allows the Interrupt Mask FF to be set on
the positive-going edge of the Set Mask FF signal (clock
input) from the command decoding logic. The flip-flop can
be preset by the Master Reset signal. This signal occurs
following an I/O Reset command from the CPU/IOP or
following a Direct Control Strobe (decoded CIO command)
with control word bit O set. The Interrupt Mask FF is
cleared at the time of the clock input by connecting its
set-input jumper wire to signal ground or to one of the 16
I/O data lines that is low at that time. Connected to one of
the data lines, the state of that data line and the I/O driver
Set Mask instruction can control the state of the Interrupt
Mask FF. When the Set Mask instruction is executed, the
16-bit word on the top of the stack is sent via the IOP bus
to the data out line receivers. The resulting Set Mask
command is decoded and combined with the Service Out
command to generate the Set Mask FF clock input. Hence,
the Interrupt Mask FF can be set or cleared according to
which bit of the 16-bit word its set-input is connected.

3-167.  The set-side output of the Interrupt Mask FF is
“anded” with the clear-side output of. the Interrupt
Request FF. The resulting signal is “anded” with the clear-
side output of the Interrupt Active FF and the resulting
signal is the input to the Interrupt Latch FF. The output of
the Interrupt Latch FF follows this input as long as the
clock input (Interrupt Poll In) is high. When the clock input
goes low as a result of some device generating on Interrupt
Request, one of two possible events occur. These events
depend upon whether or not the Interrupt Latch FF is set
or clear at the time of the clock. If the Interrupt Latch FF
is set when the clock input (Interrupt Poll) occurs: {1) the
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TCI is requesting interrupt, (2) Interrupt Poll propagation
stops, (3) the Interrupt Active FF is set, (4) the device
interrupt address line drivers are enabled to place the device
address on the IOP bus, (5) Interrupt Acknowledge is gener-
ated, and (6) the Interrupt Latch and Interrupt Request
FFs are cleared. Once the Interrupt Active FF is set, it
remains set until cleared by an I/O Reset command from
the CPU/IOP, a Reset Interrupt command from the CPU/
IOP, or a CIO command with control word bit O set.
However, if the Interrupt Latch FF was clear at the time of
the clock input, Interrupt Poll In and the clearside outputs
of the Interrupt Latch and Interrupt Active FFs propagate
the poll and generate Interrupt Poll Qut.

3-168. The TCI Interrupt Request FF is set by the
clear-side output of the Status Change FF. This flip-flop, in
turn, is set by the A Status input from the status decode
logic. The A Status input occurs when one of the device
status lines monitored by the TCI changes state, When a
change-in-status interrupt occurs, the Status Change FF
remains set until the status for the chahnel is updated. Note
that the Stop Counter output stops the channel counter at
the interrupting channel number until the Status Change
FF is cleared. When a control word having the update bit
set is received by the TCI, a Write signal is generated that
clears the Status Change FF as well as performs updating
functions for the status decode logic.

3-169. STATUS DECODE, SCAN, AND UPDATE
OPERATIONS.
3-170. The status decoding, scanning, and updating is

performed by the logic shown in simplified logic diagram
figure 3-21, The major components of this logic are the
control data holding register, the 64-bit status storage
RAM, the status decode gating network, and two multi-
plexers. The purpose of this logic is to store four bits (two
status bits and two status interrupt enable bits) for each of
16 channels, monitor the state of two status lines for each
channel, and generate an interrupt (if enabled to do so)
when a difference in state between the stored and actual
status values is detected.

3-171. When a CIO command is decoded the control
word is loaded into the control data holding register. If
update bit 3 is set the Write signal is generated and control
word bits 12 through 15 (S1, S2, ES1, ES2) are loaded into
RAM in the location specified by the Channel Select inputs.
(Note that control word bits 4 through 7 determine the
channel selected for updating.) The complement of the four
bits loaded are the RAM sense outputs to the status decode
logic.

3-172. The RAM status storage register has two modes
of operation, read and write, The write or update mode was
just described. The read mode is the scan mode. During
scan operation, the Channel Select inputs from the channel
counter continuously sequence through the 16 channel
addresses. During each address time the complement of the
S1 and S2 status bits stored in RAM and the S1 and S2
inputs for that channel from the multiplexers are routed to
the status decode logic. Here they are “exclusive-or-ed” to
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verify that both S1 values compare and both S2 values
compare, If, for instance, the S1 values are not comparable,
and if the status interrupt enable bit (ES1) in RAM for S1
is set to enable an interrupt in the event of a change in
status, the signal I1 is generated. (If the status interrupt
enable bit for S1 is not set, no interrupt can be generated.)
The A Status output to the interrupt logic is also generated
because the Scan signal is present. The stored status for that
channel must now be updated and scan resumed.

3-173. CONTROL FUNCTIONS.

3-174.  The control logic shown in simplified logic dia-
gram figure 3-22 is responsible for generating the control
signals used by the TCI. The logic consists of the control
data holding register, channel counter, Status Clear FF,
Sync 1 and Sync 2 FF’s, and the clock divider (+4) con-
sisting of two J-K flip-flops.

3-175. When Direct Control Strobe occurs (CIO com-
mand decoded), the control data holding register is loaded,
the channel counter is preset to the channel number in the
control word (DO4:7), and the Sync 1 FF is preset to
disable the counter clock input. If control word Update
bit 3 (DO3) is set, the Write signal is output to the 64-bit
RAM status storage register when the Sync 2 FF is set. The
set-side output of the Sync 2 FF enables the Write, EC1
and EC2 signals for one Clock/4 period. The clear-side
output of the flip-flop clears the Sync 1 FF and maintains
the counter clock disable. The next Clock/4 signal clears
the Sync 2 FF. If the control word Scan bit 2 (DO2) is set,
the holding register Scan output and the clear-side outputs
of the Sync 1 and Sync 2 FF’s are “anded” to enable the
counter clock and scan operation resumes. If the Scan bit is
not set the logic waits for another control word.

3-176.  When the Master Reset is generated, the holding
register and the channel counter are cleared and the Status
Clear FF is preset. The clearside output of the Status
Change FF enables the counter clock for a complete count
sequence, generates the Write signal to the RAM, and gener-
ates the EC1 and EC2 control signals to the device control
signal output latches, This sequence causes the clearing of
all RAM locations and all output latches.

3-177. DEVICE CONTROL FUNCTIONS.

3-178. The logic shown on simplified logic diagram
figure 3-23 is responsible for the storage and output of the
two control signals sent to each of 16 channels. The logic
consists of part of the control data holding register used to
temporarily store control word bits 10 and 11 (C1 and C2),
four addressable output latches, and load enable gating. The
Channel Select inputs address the output latch of a specifie
channel, EC1 and/or EC2 provide the load enable for that
channel, and C1 and/or C2 are loaded into the addressed
and load-enabled latch. Note that for the first eight
addresses the counter MSB output enables one set of
latches, and the other set of latches for the second eight
addresses.
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3-179. TCI PCA DETAILED SEQUENCE OF OPER-
ATION.
3-180. The following paragraphs contain the detailed

operating sequences for interface clearing and update and
resume scan operation. Refer to detailed logic diagram set
509 and the flowchart (figure 4-15) in Section IV,

3-181.

3-182. A CIO direct command, Device Address, Service
Out, and a control word with bit 0 set placed on the IOP
bus for the TCI is acknowledged by Service In when the
CIO command is decoded. Data-out bit 0 and the Direct
Control Strobe are routed to the reset logic to generate
Master Reset. Master Reset presets Status Clear FF
U48-8 and clears the control data holding register, chan-
nel counter, and control logic system clock divider. See
Figure 3-32.

INTERFACE CLEARING,

3-183.  The clear-side output of the Status Clear FF is
routed to the control logic where it enables the channel
counter clock for a count output of 0 to 15, generates Write
signal to clear RAM, and generates EC1 and EC2 signals
to enable clearing of the addressable output latches. The
Status Clear FF is cleared on the trailing edge of the last
channel address.

3-184, UPDATE AND RESUME SCAN.

3-185. A CIO command, Device Address, Service Out,
and a control word with scan and update bits set placed on
the IOP bus for the TCI is acknowledged by Service In
when CIO is decoded. The Direct Control Strobe is used to
load the control word into the control data holding register
and to preset control logic Sync 1 FF. The clear-side output
of the Sync 1 FF is used to temporarily disable the channel
counter clock so that the address select outputs remain
configured for the channel number specified in the control
word. The next Clock/4 signal sets the Sync 2 FF. The
Sync 2 FF setside output along with the Update signal
generates a Write signal to the RAM, The EC1 and EC2
input enables are also routed to the addressable output
latches for one clock period, approximately 800 nano-
seconds.

3-186. The Write signal causes the outputs of U135 to
be stored in the Ram location specified by the outputs of
the channel counter. The EC1 and EC2 signals enable the
loading of the C1 and C2 outputs of U75 into the channel-
counter-addressed output latch location. Meanwhile, the
Sync 2 FF clear-side output continues the channel counter
clock disable and has cleared the Sync 1 FF, When the Sync
2 FF is cleared by the next clock pulse, the Update and
EC1 and EC2 outputs of U65 are disabled and the Scan
outputs assume control, The channel counter commences
counting and the status decode logic output to the A Status
FF is enabled.
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Figure 3-7. Terminal Data Interface Command Decoding
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Figure 3-8. Terminal Data Interface Interrupt Polling,

Processing, and Acknowledge
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Figure 3-9. Terminal Data Interface Up/Down Transfer
Control Signal Generation
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Figure 3-10. Terminal Data Interface Receive Buffer and
Diagnose Channel Load Control
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Figure 3-11. Terminal Data Interface Flag Control
Signal Generation
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Figure 3-12. Terminal Data Interface Shift Control
Signal Generation
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Figure 3-13. Terminal Data Interface Start, Stop, Count and
Right-Justify Control Signal Generation

3-37/3-38



Theory of Operation

2831
FROM TIMING AND ADDRESS R v
CONTROL LOGIC ECEIVE
FROM MAIN / DIAGNOSE CHANNEL 507639
LOAD CONTROL LOGIC ; ; :'E }_50’“"35 so7Has | 207636
FROM START, STOP, COUNT, ——————Q D—-‘ D—
RIGHT JUSTIFY CONTROL LOGIC
ECHO 507H35 FROM UP / DOWN INITIALIZE
- SHIFT SO7H35 TRANSFER CONTROL LOGIC L
NEw BIT TO MAIN / DIAGNOSE
CHANNEL LOAD .
| OLD BIT CONTROL LOGIC CLEAR CLEAR
-
—
| OUTPUT OUTPUT
FROM MEMORY B SHIFT REGISTER SHIFT REGISTER
CLOCK 507GI8 CLOCK 507DI6
o) o)
507635 507636 7 T 9 ? 7 |
SEND BIT D—- ¢
iy —0
OUTPUT OUTPUT
507635 LATCHES LATCHES
e LOAD SO7EI9 LOAD O 507EI9
. SEND 0 0O O 0O O 0O 0 O
LAST CHANNEL DETECT T T T T T T T T
FROM TIMING AND_ P 507E36 — —
ADDRESS CONTROL LOGIC TSR 507El7ou79ur REGISTER CLOCK
} LINE DRIVERS LINE DRIVERS
LOGIC CLOCK [—1—’ 507E20 507E20
CHNL NO O | 2 3 4 5 & 7 8 9 10 1 12 13 14 15,
1
TO DEVICES

7063-8

Figure 3-14. Terminal Data Interface Echo and Send
Data Output
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(3) SHIFT CONTROL LOGIC; (4) ECHO AND SEND
DATA CONTROL LOGIC; (5) MEMORY

TO (1) MAIN/DIAGNOSE CHANNEL LOAD CONTROL
LOGIC; (2) START, STOP, COUNT, RIGHT JUSTIFY
CONTROL LOGIC,; (3) ECHO AND SEND DATA
CONTROL LOGIC; (4) UP BUFFERS

TO (1) MAIN / DIAGNOSE CHANNEL LOAD CONTROL
LOGIC; (2) UP BUFFERS

TO (1) MAIN / DIAGNOSE CHANNEL LOAD CONTROL
LOGIC; (2) ECHO AND SEND DATA CONTROL LOGIC

TO (1) MAIN / DIAGNOSE CHANNEL LOAD CONTROL
LOGIC ; (2) DOWN BUFFERS; (3) UP BUFFERS

Figure 3-15. Terminal Data Interface Logic Timing and

Address Control Signal Generation

3-41/3-42




Theory of Operation

2833
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BUS | | DOS ADDRESS BIT 2! CHECKER/GENERA-
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2249-53

Figure 3-16. Terminal Data Interface Down Buffer Controls
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"

FROM COMMAND DEGODE Logic 2!RECT READ STROBE

FROM TIMING AND ADDRESS CONTROL LOGIC

:

FROM UP/DOWN TRANSFER CONTROL LOGIC

FROM TIMING AND ADDRESS CONTROL LOGIC —

FROM MEMORY DATA BUFFERS —

- — \ DI 3
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DATA-IN DRIVER ENABLE

L

m Z w O Z = 4 aM<C Z Z O Z

A M< — 300

— IOP BUS(P3)

FROM INTERRUPT LOGIC

!
INTERRUPT REQUEST

FROM UP / DOWN
TRANSFER CONTROL LOGIC

FROM TIMING AND
ADDRESS CONTROL LOGIC

FROM MEMORY

FROM UP /DowNUP LATCH LOAD

TRANSFER CONTROL LOGIC

READ WRITE OK _
FLAG i
—
SEND / RECEIVE ‘
CHAR LOST LAT
BREAK
-

DIRECT STATUS STROBE

FROM COMMAND DECODE LOGIC
|
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DATA-IN DRIVER ENABLE
ECODE LoG|c DIRECT READ STROBE - *
ADR BIT 2' - D bl 3 N ] i H -
20L LOGIC{ ADR BIT 2° LATCH — o4 0 FROM INTERRUPT LOGIC :::—:TADRT:J;:ER;?UEST D012 i
NTROL LOGIC UP LATCH LOAD ] :_/ N TRANSFERFgngggL/ Egé‘g'[FLAG ’__/ DI 4 INVERTING
[ ADR BIT 22 [ )}DPLz2 1 +— LINE B ,
__/ N FROM TIMING AND_SEND / RECEIVE . 15| PRIVERS — I0P BUS
. ¢\ DI | ADDRESS CONTROL LOGIC | (P3)
ADR BIT 2 v | —
"ROL LOGIC — LATCH - e CHAR LOST LATCH , 016
AUX CHNL _\r D1 0 R I FROM MEMORY BREAK *— B
- 6 T D17 |
— 19 3 DI 1+ FROM UP 7 DowNUP LATCH LOAD L— —
, N TRANSFER CONTROL LOGIC _
18 r— —1 )Lblr ¢ |- FROM COMMAND DECODE LOGIC 2RECT STATUS STROBE
— _/ | STATUS INPUT |
LATCH = L BUFFER
I — IOP BUS (P3)
] DI 8| N
DATA LSB R P
‘ - DI S |
LATCH * D
¢+ DI I0 | R
ATA BUFFERS - . ) 1 [
- DI Il |V
? D—— e
— R
T‘DDI_'Z S L
-
L DI I3 B
LATCH D—
¢ DI 14
TG et
Y ¢+ DI 15
DATA MSB :}— -
- | L1 I -— DI 5 n
UP ADDRESS AND iR A = 00D
DATAI:N BUFFERS GENERATOR |

Figure 3-17. Terminal Data Interface Up Buffer Controls
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FROM DATA OUT
HOLDING REGISTER
BITS 12:15

F_-l_—l

FROM START, STOP, COUNT,
RIGHT JUSTIFY CONTROL LOGIC

u
[~ UPPER CONTROL BUFFER ——
§— BREAK —
— - |
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MEMORY ®) l i |
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I - i
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LOGIC | SET BUFFER FLAG I\
T RECE|
rrROM UP / DOWN INITIALIZE FROM DATA OUT TO DATA OUT - STA
LOGI&, DECISION PULSE HOLDING REGISTER HOLDING REGISTER PRES|
( LOGIC CLOCK BITS 2:4 y ENAB
—r LOWER CONTROL —
W
| AR f BUFFER
FROM SHIFT S'_— 0 ETER & ECHO
CONTROL LOGIC L= L MUX
w P/o o PARITY |
cLoCcK &1 ARA=-
FROM TIMING LOWER |
J E METER
o A0 ADoRese - = cLock o2 0 M e EN
I MEMORY |
507633 507028 ?507823 b1aGNOSE | 507824 ?
Y D!
507F33 FROM | "D
TRANSFER oS CLOCK conter - TP
| cLOCK I LOGIC | ~ P2
TOGGLE —
SE

FROM SHIFT_BL
CONTROL LOGIC
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FROM DATA OUT FROM DATA o
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2OL * FROM DATA OUT TO DATA OUT >R ug?.gm%“;éc?ggm RIGHT HOLDING REGISTER
I, DECISION PULSE HOLDINgl $§%|_s“rea HOLDIN(‘; REGISTER ©{E§§%EJE OLoINg ® JUSTIFY | BITS 9:12
LOGIC CLOCK - ——r ©-OWER coNTROL — T L — DATA ACCUMULATOR/ BUF
I PARAM- f BUFFER ' O } SERIALIN 'y SERIALIN
FROM SHIFT ban 0 ETER J ECHO 0 ] » 0 | —
CONTROL LOGIC l___ P MUX !__ | )
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FROM DATA OUT
STER +V HOLOINS RECISTER SHIFT . ® CARRY _ TQ START, STOP, COUNT,
1 BITS S:7 " RIGHT JUSTIFY CONTROL
- —— LoGIC
] RATE COUNTER CARRY ! — CHAR SIZE CONTROL BUFFER )
CARRY 1IN CARRY
] OUT[ 1IN CARRY
ouT —
+ — > 0 0
L. |SAMPLE Ll |
COUNTER P/0
™ Bauw BAUD > O START © cHar CHAR BIT
— T— SAMPLE i UPPER
RATE RATE l PRESET S12€ SIZE CNTR
—> SELEC- CNTR 0 MOS
MUX LATCH MUX LATCH
— » I TOR ] MEMORY
—» SO7A3S 507A36 I—- 0507A37 SO7A38 0507A39 507C3I 507C32 507C34
— > | ( __(‘
‘. 9 13 ¢ SELECT 99 Y SELECT 3 NOISE RESET Y9
—3 = J ©) { PRESET ENABLE L
- — Liaren cou
- . H
— ru % | CONTROL LOGIC
T FROM DATA OUT —
RIGHT SZEE.RéT‘RSE.sTER HOLDING REGISTER
® JUSTIFY 8ITS 9:12 BITS 4,5:15
-_— r_.l_‘
- DATA ACCUMULATOR/ BUFFER LOGIC , LsB
3 - -1
§ SERIALIN ¥ SERIALIN SERIALIN 5
. 0 —— (o]
L |
. 19 0 > 0 P/O
ACCUMU BUFFER | | DATA ACCUMU BUFFER | DATA ACCUMU BUFFER LOWER
{1 LATOR 0 MUX |—{ LATOR 0 MUX LATOR MOS
I I MEMORY
507826 507827 0507828 507829 507D24 0507025 507026 507027 507028
" | |
U O 0 T 9 —5
s SEND BIT
"wey ' Tvevy ey
BITS 6:9 BITS 10:13 BITS 14:15

DATA IN BUFFER

TO DATA IN BUFFER

TO DATA IN BUFFER

OO0 © 00 00 ® ®

TO (1) UP/DOWN TRANSFER CONTROL LOGIC; (2) FLAG
CONTROL LOGIC

TO(1) FLAG CONTROL LOGIC; (2)START, STOP, COUNT,
RIGHT JUSTIFY CONTROL LOGIC

TO(!) FLAG CONTROL LOGIC;(2)UP BUFFER CONTROL LOGIC

TO(1) FLAG CONTROL LOGIC ; (2) START, STOR COUNT,

RIGHT JUSTIFY CONTROL LOGIC; (3)UP BUFFER CONTROL
LOGIC

TO FLAG CONTROL LOGIC
TO MAIN/DIAGNOSE CHANNEL LOAD CONTROL LOGIC

FROM START, STOR COUNT, RIGHT JUSTIFY CONTROL
LOGIC

TO(1) FLAG CONTROL LOGIC; (2) SHIFT CONTROL LOGIC;
(3) START, STOR COUNT, RIGHT JUSTIFY CONTROL LOGIC;
(4) ECHO AND SEND DATA CONTROL LOGIC

TO ECHO AND SEND DATA CONTROL LOGIC
FROM MAIN /DIAGNOSE CHANNEL CONTROL LOGIC

TGO START, STOF, COUNT,
RIGHT JUSTIFY CONTROL LOGIC

TO ECHO AND SEND
DATA CONTROL LOGIC

Figure 3-18. Recirculating Memory
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ADDRESS 8, DEVICE | T_ADDRES
GENERATOR |« D=VCE INTERRUPT ADDRESS 14 \nteRrUPT LOGIC
509F 6 }/
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DEVICE ADDRESS ADDRESS 50985
BITS 0:7 8 A=B 50986
I0P BUS ~£{ COMPARATOR ~ =
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SET MASK COMMAND DECODE
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N SET MASK FF
j _
0

2249-56

Figure 3-19. Terminal Control Interface Command
Decoding
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-DATA-IN DRIVER ENABLE

FROM COMMAND_ STOP COUNTER 10 CONTROL LOGIC
DECODE LOGIC | SET INTERRUPT CHANNEL COUNTER INTERRUPT REQUEST (STATUS
FROM SATUS A STATUS QO PRESET DEVICE
DECODE LOGIC JSTATUS CHANGE J INT REQ FF Q P/O DATA IN O—— INTERRUPT | DEVINT
_ CLOCK/4 FF Q ADDRESS ,
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K_509E27  Q K 50928 Qpy | 50963 ALDRESS 8 (
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RECR'S A
5 1 —>s0sco
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| 00 15— —0 |
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POWER BUS (P1) L PRESET pe é
K .
RESET _INTERRUPT D INT MASK FFq
FROM COMMAND DECODE LOGIC _ _
{SET MASK FF ¢ 50885 5 |
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DATA-IN DRIVER ENABLE

FROM COMMAND

STOP COUNTER 10 CONTROL LOGIC

CHANNEL COUNTER

DECODE LOG'C{SET INTERRUPT

INTERRUPT REQUEST (STATUS BIT) DI 2
O PRESET DEVICE
DEVICE
DECoaN SATUS ?ngggs JSTATUS CHANGE J INT REQ FF Q—p/0 paTA IN O——  INTERRUBT | DEVINTAD g, NTADDRESS LOP BUS (P3)
Jc 4 }——-OC —  |LINE DRIVERS ADBRM 74— LINE DRIVERS (-~ )
M CONTROL LOGIC K__509E27 Q _§|7"K 509E28 QI 509G3 GENERATOR 50908
CLEAR ¢ CLEAR ENABLE
READ/WRITE
RESET INT REQ P/0 509¢24 509C28 50983
bo | O N 509C7
DATA OUT - .
I0P BUS (P3) L INE |
CLEAR o RECR's 1
DO & 509E3 ] | 509B22
FROM COMMAND DIRECT CONTROL STROBE LOD—
DECODE LOGIC
A
P/O 22909 50988 50983
1/0 RESET LINE B IPOLL OUT
I0P BUS(P3) A reer's B e e e N s B POWER BUS (PI)
509C3 & SET
+5V ENABLE 1POLL IN c 50983 Q INT ACTIVE Q|—
FF
(D0 ¢ — —<g ? GROUP INTERRUPT _
DATA MASK JUMPERS 509C7 509c8  Q
ouT ] QO CLEAR
I0P BUS (P3)— LINE —
RECR'S 1 s09co
v 509D3/E3 | O
| DO 15— —o ) |_|509C9  INTERRUPT
[ ™\ ACKNOWLEDGE
DISABLE |/
{50986 I0P BUS (P3)
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_ D INT MASK FFq
RESET _INTERRUPT
FROM COMMAND DECODE LOGIC _
‘[SET MASK FF C  s0985 _Q MASTER RESET TO(1) STATUS DECODE LOGIC

(2) CONTROL LOGIC

Figure 3-20. Terminal Control Interface Interrupt Polling,
Processing, and Acknowledge
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2249-58

Figure 3-21. Terminal Control Interface Status Decoding,

Scanning, and Updating
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2249-59

Figure 3-22. Terminal Control Interface Control
Signal Generation
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Figure 3-23. Terminal Control Interface Device Control
Signal Generation
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41. INTRODUCTION.

4-2. This section contains general servicing information
for the HP 30032B Asynchronous Terminal Controller
including signal index information. Detailed logic diagrams
and parts location diagrams for the terminal data interface
PCA and terminal control interface PCA are provided in set
numbers 507 and 509 respectively of the HP 3000 Com-
puter System Detailed Diagrams Manual. The diagrams
manual also provides integrated circuit pack diagrams and
descriptions for all integrated circuits used with the asyn-
chronous terminal controller. A list of all component part
numbers and component ordering information is provided
in the HP 3000 Computer System Illustrated Parts Break-
down Manual.

43. GENERAL SERVICING INFORMATION.

44, General servicing information consists of infor-
mation that is commonly referenced in this section or
useful during servicing of the subsystem.

4-5. SAFETY PRECAUTIONS.

4-6. Dangerous voltages are present in the computer
system cabinet. Observe all WABRNING labels while
servicing the equipment: failure to do so could result in
injury or death.

CAUTION

Failure to observe the safety precautions
can result in damage to components on
the asynchronous terminal controller
PCAs or to other components in the com-
puter system.

4-1. When printed circuit assemblies are being removed,
replaced, placed on PCA extenders, or connected to or
disconnected from the connector panel, the computer
system DC POWER switch must be placed in the STAND-
BY position to remove power from the PCA connectors.

4-8. REQUIRED SERVICING EQUIPMENT.

4-9. Equipment (PCA extenders, cables, etc.) required
for servicing the asynchronous terminal controller sub-
system is provided with the HP 30001A CPU/IOP Module,
or is referenced in the manuals for the applicable peripheral
devices or datasets.

SECTION

MAINTENANCE XA

4-10. MAINTENANCE DATA.

4-11. Maintenance data provided in this section consists
of the following:

a. Macro-Level Send and Receive Operations, figure 4-1.
b. Intermediate-Level Receive Operation, figure 4-2.
c. Intermediate-Level Send Operation, figure 4-3.

d. Asynchronous Terminal Controller Interconnection
Diagram, figure 4-4.

e. PCA-to-Connector Panel Interconnection Diagram,
figure 4-5.

f. Terminal Control Interface PCA Connector Diagram,
figure 4-6.

g. Terminal Data Interface PCA Connector Diagram,
figure 4-7.

h. Terminal Control Interface PCA Signal Index, table 4-1.
i. Terminal Data Interface PCA Signal Index, table 4-2.

j. Extender Cable Signal Index, table 4-3.

k. Data Set Cable Signal Index, table 4-4,

1. Baud Rate/Bit Duration Reference, table 4-5.

m. TDI Major Clock and Control Signal Timing Relation-
ships, figure 4-8.

n, TDI Clock, Decision Pulse, and Address Generation
Timing Diagram, figure 4-9,

o, TDI  Channel
figure 4-10.

Configuration Timing Diagram,

p. TDI Parameter Loading Events Flowchart, figure 4-11.

q. TDI Read and Status Fetch Events Flowchart,
figure 4-12,

t. TDI CIO Command Events Flowchart, figure 4-13,

s. TDI Typical Send Operation Timing Diagram,
figure 4-14.

t. TDI Send Events Flowchart, figure 4-15.

u, TDI Typical Receive Operation Timing Diagram,
figure 4-16.

41
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v. TDI Receive Events Flowchart, figure 4-17.
w. TCI Operational Flowchart, figure 4-18.

x. TDI and TCI Jumper Locations, figure 4-19.

412, PREVENTIVE MAINTENANCE.

4.13. Normal preventive maintenance for the asyn-
chronous terminal controller subsystem consists of periodi-
cally inspecting the subsystem components for damaged
(burned or broken) components and insulation. This should
be incorporated with the scheduled preventive maintenance
for the computer system.

4-14. Performing the applicable diagnostic operating
procedures will verify proper operation of the functions of
the asynchronous terminal controller subsystem. Also refer
to preventive maintenance data in applicable peripheral
device or dataset equipment manuals.

415. TROUBLESHOOTING.

4-16. Troubleshooting the asynchronous terminal con-
troller subsystem is accomplished by performing the diag-
nostic program procedures applicable to the subsystem and
analyzing the error halts as they occur. Use the mainte-
nance data contained in this section and the detailed logic
diagrams to isolate the malfunction to a replaceable
component,

4-17. Also note figure 4-1 that presents parameter
loading and send and receive operations on a macro-level at
the computer. Figures 4-2 and 4-3 present intermediate-
level operations. Note that the computer macro-level is
shown in time sequence to TDI functions. Figures 4-8
through 4-18 present detailed operational flow and timing.

30032B
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\ 4

Write 1/O Data
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y A 4
Control 1/0 Unit Interrupt
Y \ 4
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Control 1/0 Acknowledge

A 4

Interrupt

h 4

Control 1/0 Acknowledge

END

Figure 4-1.
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Macro-Level Send and Receive Operations
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COMPUTER START ( starT ) DI
FUNCTIONS FUNCTIONS
@ _______ @ ______ ¢
A4 b4
. Device Address,
Write /O Parameters. and Service Out
?
d—
Service In N Generate Service In;
and Read/Write o strobe status word
OK onto |0OP bus.
?
Yes
|
v
Device Address,
and Service Out
?
-
Generate Service In;
No strobe parameter
word into holding
register.
Yes
Control 1/O Unit Device Address,
Number. and Service Out
A
2A
2249-61

Figure 4-2, Intermediate-Level Receive Operation (Sheet 1 of 5)

4-3



Maintenance

COMPUTER
FUNCTIONS

Service In
?

TDI
FUNCTIONS

Generate Service In.

Control
Word bit 14
set

Control word address
————— and address in mem-
ory window compare.

Load parameter word
into memory window.

A

Valid
start-bit
received

2249-62

44

Figure 4-2, Intermediate-Level Receive Operation (Sheet 2 of 5)




30032B

Maintenance

2B

FUNCTIONS

Read I/0 Data

Service In and
Read/Write OK
?

TDI
FUNCTIONS

Load character bits
as follows:

Each time Shift oc-
curs clock 1 bit into
data accumulators;
when bit count
reaches maximum
ensure that character
is right justified.

count max

?
Right justified
?

Yes

Generate interrupt;
load received char-
acter into data-in
buffer.

Device Address
and Service Out

Generate Service In;
strobe status word
onto IOP bus.

2249-63

Figure 4-2. Intermediate-Level Receive Operation (Sheet 3 of 5)

4-5



Maintenance

30032B

COMPUTER 3C
FUNCTIONS

!

Control 1/0
Acknowledge.

Service in

TDI
FUNCTIONS

Device Address,
and Service Out
?

Strobe received
character onto
1OP bus.

Device Address,
and Service Out,
?

Generate Service In.

Control
Word bit 15
set

2249-64

Figure 4-2, Intermediate-Leve! Receive Operation (Sheet 4 of 5}



30032B

Maintenance

I 4D I 4DD

Clear interrupt.

________________ _@

2249-65

Figure4-2, Intermediate-Level Receive Operation (Sheet 5 of 5)



Maintenance

30032B

COMPUTER
FUNCTIONS

START

Write 1/O parameters.

Service

In and Read/

Write OK
?

Control /O unit
number,

‘ START ’ TDI
: FUNCTIONS

Device Address,
and Service Out,
?

Generate Service In;
strobe status word
onto 10P bus.

Device Address,
and Service Out
?

Generate Service In;
strobe parameter
word into holding
register.

Device Address,
and Service Out,
?

2249-67

4-8

Figure 4-3. Intermediate-Level Send Operation (Sheet 1 of 5




30032B Maintenance
COMPUTER u @ TDI
FUNCTIONS FUNCTIONS
Service In Generate Service In.
Yes
Control
word bit 14
set
?
Control word
_____ address and address

in memory window
compare.

Load parameter

word into memory

window.

y
. Device Address,
Write 1/0 data. and Service Out
?
22495-68

Figure 4-3. Intermediate-Level Send Operation (Sheet 2 of 5)

49




Maintenance

30032B

COMPUTER
FUNCTIONS

Service

In and Read/

Write OK
?

Yes

Control 1/O unit
number.

Yes

288] TpI

FUNCTIONS

Generate Service In;
strobe status word
onto |OP bus.

Device Address,
and Service Ou
?

Generate Service In;
strobe data word
into holding register.

Generate Service In.

4cC

2249-69

Figure 4-3. Intermediate-Level Send Operation (Sheet 3 of 5)

4-10




30032B

Maintenance

COMPUTER
FUNCTIONS

Send character.

TDI
FUNCTIONS

Control
Word bit 14 set
?

No

Load data into mem-
ory window and put
on-line as follows:

Every time Shift oc-
curs, flagging end of
1 bit duration, step
bit counter, load bit
into output register,
and load into out-
put latches at end
of memory cycle.

Is
bit count
maximum
?

2249-70

Figure 4-3. Intermediate-Level Send Operation (Sheet 4 of 5)

4-11



Maintenance

30032B

COMPUTER u
FUNCTIONS

&)
FUNCTIONS

Generate interrupt.

No
Yes
Control 1/0
acknowledge.
vu
Service In No
?
Yes

Device Address,
and Service Out,
?

Generate Service In.

Control
Word bit 15
set

Clear interrupt.

END

2249-71

Figure 4-3, Intermediate-Level Send Operation (Sheet 5 of 5)

412




30032B Maintenance
30062-60002 TERMINAL
— —_ CONNECTOR PANEL
—————— 4
|NOTE1 p2] 16 -i
| | P1 TERMINAL CONTRO! f [ |
30061-60001 j T L STATUSAND |
| | TERMINAL CONTROL CABLE ASSEMBLY ) CONTROL LINES NOTE 2 DEc\)/lIaCE
INTERFACE PCA __) pslio  “ForTyPE-103 | DATA SET
| NUMBER 1 DATA SETS 0
| .
| 1 J L ;
— — — — —— — — — — — ——— — — e — ——— —— — L
l_NOTE 1 | *
| P2 417 | . .
N
| 1 3 I THRU .
l 2006160001 TERMINAL CONTROL ADDITIONAL e SEVICE
| | TERMINAL CONTROL CABLE ASSEMBLY COTATUS AND I NOTE 2 X
INTERFACE PCA P31J19  “FoR TYPE-202 DA e
| NUMBER 2 DATA SETS I
. Ll
| | l M D
L_____________l___________,_____l 'l .
3 I .
| ; *
P1 3006060003 p2] 118 415
INAL DATA
| 3003260001 CABLE ASSEMBLY ( NOTE 2 DEyRCE
TERMINAL DATA o
INTERFACE PCA L ATASET

3.

NOTES:
1. ONE TERMINAL CONTROL INTERFACE PCA ADDED BY

30032B-001 AND TWO PROVIDED BY 300328-002.

IN PARAGRAPH 1-20.

. RECOMMENDED DATA SET CABLES ARE DESCRIBED

THE ASYNCHRONOQUS TERMINAL CONTROLLER TEST

CABLE, PART NO. 30062-60003 1S CONNECTED BETWEEN
ANY TWO DEVICE CONNECTQORS JO THRU J15 TO PROVIDE
A LOOP WHEN RUNNING DIAGNOSTICS.

7063-11

Figure 4-4. Asynchronous Terminal Controller Interconnection Diagram

4-13/4-14



30032B

TERMINAL CONT.
INTERFACE
| {30061-60001

l l COMMAND 1

CHANNEL NO. 0 { COMMAND 2
STATUS 1

STATUS 2
CHANNEL NO. 1 st

CHANNEL NO. 2

CHANNEL NO. 3 st

CHANNEL NO. 4

CHANNEL NO.5

CHANNEL NO. 6

CHANNEL NO.7

CHANNEL NO. 8

CHANNELNO.9 | €2

CHANNEL NO. 10

CHANNEL NO. 1t

CHANNEL NO. 12

CHANNEL NO. 13

CHANNEL NO. 14

CHANNEL NO. 15 $1

+15V gy

-1V oyt
COMMON RETURN

J1-12
J1-13
41-33
J145
J1-10
J1-18
J1-31
3144
J16
J18
J1-29
J1-40
18
317
3-27
J1-46
J1-14
115
Nn-23
3149
J14
J15
3-25
J1-50
J1-16
17
321
J147
Jan
313
J1-19
J148
J2-44
J243
4231
J2-10
J246
24
J2:29
J29
J2-42
J2-34
J2-25
J2-2
J2-40
J2:37
32:27
J2-1
J248
J2-45
J2-23
J2-12
J2-38
J2-35
J2-21
4213
J2-.39
J247
J2-19
423
J2-36
J2-33
3217
J24

-2
J2-50

411
J249

—

A7
A17

>\ P248

A24

A10
-B24
822
A22
Al6

B23
A1
A5

B21
B17
A13

Bt

A19
Al
At

PiB

A23
A12

P29

P23

P25

P2:2

P2:28
P2:27
P2-26
P2-29
P348
P349
P347
P3.50
P3-24
P323
P35
P3-22
P320
P31

P321
P31°
P316
P315
P317
P3-14

B19
A8
A1l

327
P3.28
P32
P329
P2.35
P335
P2:37
P337

P3-39

I TERMINAL CONT.

7063-12

CONNECTOR PANEL PART NO. 30062-60001

INTERFACE R —
] 30061-60001 {516 NOTEN
| 3\ 64,965
commano 1 |s142] - 86 1 3-=2 |
COMMAND 2 [J4113 366 !
CHANNEL NO. 0 4
STATUS 1 9133 | 5 [ 9620 1 1
STATUS 2 45 o [ 135455
c1 |310 7 415558
c2 |8 56
CHANNEL NO. 11 <1 |s131 : 34-14,55:20
s2 | 4144 10 [ 4245
c1| 516 1[4
c2|ne J4-6
12
CHANNEL NO. 2 ‘ s1 |i120 2 5%
s2 |+140 18 | 213 BABE
c1| s 15 | 215,88
CHANN c2 | nr 16 | 336
HANNEL NO. 3 { O |} 17 |92:14.870
s2 |J146 18 J2-4,J2-5
c1 {114 < B 19 J;z
c2 |31-15|a A8 20 p2 luis
ANNEL NO. 4 - X
CHANNEL NO. { o |0z PIA-ATS 211 220 P1816 N33
I s2 | 4149 | PIAB22 22 [ 13314915 rraze 2
| c1 |4 23 J; : | P1LA1Z g 23"/
c2 |15 Y P1- J12-
CHANNEL NO. § .25 —— ] , | 24— ( P1.A22 p T
b TERMINAL DATA PIAATD b Y P1.A15 M EER
s2 |50 £ CARD : 268144720 Y P1-AZ3 (1124
INTERFAC 36-15,77-8 6
c1 |16 30032-60001 7= Y P1.815 J103__A
c2 |a7 % Y F1.823 5102
CHANNEL NO. 6 1 | 36-13,J74,J7-5 rrrrm 8
S P1 2 76 THAU J20 PIN ST F1814 of 23 4
s2 | 9147 : P1-B21 82
an 35| JOTHRUJIS PING [ 10
a 316 THRU J20, PIN 35 P1LAN4 o I
c2 | ns 10 THRU J15, PIN 1 " P1-A21 | 382
CHANNEL NO. 7 37 4 P1-A21 A
- s1 |19 DATA s J16 THRU 420, PIN 39  P1-A10 253
s2 | 1148 Le2dl CHANNEL NO. 0 { mlrr J1-1o 29| O THRUJIS PINT oraz] |4
c1 |J24a| B2 ou:" n= pt -'::0 ¥ P1810 :2 %2
c2 |J243 1‘ ; a8 ;1820 %3 __A
CHANNEL NO. 8 s1 [I231 IN| J1-38 .© J0-8 " F1.89 | 17 g3
J2-10 2 | OUT[J1-16 304,05 Ll =
s2 n| 138 50 o P1-B13 19| 52 A
3246 ¥ -
c2 [s24r 3| Ot iaw] |2
CHANNEL NO. 9 IN] 3131 - 2]
s1 [J229 ouT | 5117 27 P1-A8 333
s2 | 429 s} P1A-A24 N 622 mae] |2t
IN| J1-37 2 i 23
| C1 {J242 I out | 5118 I PIAA9 3p2B 1 [[mBs | o 1423
| CHANNEL NO. 10 | O3 |23 | 5' IN| J1-26 t P12 = | P1.A18 P
- S1 [J2-28 6| OUT{J20 P1A-A11 5|81 Y P1-822 6| 01424
S2 | J2-2 { Nl P1A-B25 J4-18,05-22 Y p1-B18 J14-3
140 P1ABS 6 27]
c1 |J240 7‘ out |19 P1A-A3 , 52 Y P1.824 28| 9152 4
cranneL wo. 13 ] €2 12% IN|J1-23 P1A 82 g 416,512 Y P1817 2019153
CHANNEL WO. 11 ¢q lJ227 - s l ouT | 127 P1A-A13 ° i;; F;}.S: J16.35
s2 {d21 |z IN[ 141 P1A-A25 10 | o 35 A
c1 [J248 ° ‘ ouT | J1-28 P1A-A8 1 43 :]':gg 416-37
3245 IN| 142 P1A-B7 3412
CHANNEL NO. 12 | &2 13 12 55y Y P1AZS Sl e
s1 |J223 1o| ouT | 41-30 PIA-AI2 ] |, P1-825 A
s2 |J212 IN| J146 P1A-B23 1 | 2B Z TAT 39 o
c1 |J238 " | out | J1-29 P1A-Ad 15 |22 1Es L
¢2 11238 IN|J1as P1A-B4 bod AL AT 1513 a8
CHANNEL NO. 13 | ¢ |u221 12 ‘ out | J133 PIA-ATA Jod T - 4o 2
s2 |9213 in| 143 P1A-B20 ez P1-A? %y N3
c1 |J239 13l ouT | J1:32 PIAAS bl 5
c2 |J247 IN| J147 P1A-B3 2 J2-12
CHANNEL NO. 14 s1 |J219 18 ouT | J1-36 P1A-A15 2 2-11
| s2 | 923 I IN| 5144 I PIAB22 o [ o2 I |
c1 |J236 15 | OUT | 9134 P1A-B9 pod IS X
| c2 |4233 | N[ 148 | P1ABS b AN !
CHANNEL NO. 15 | 51 | 4217 "5Vour | | 41 F1A-Al6 poy UG
s2 {424 | -8 -2 P1A-A10 2 |71
B [V { n3 P1A-A2 27 | -8
*18Voyr | 312 | J?:s P1A-AG 26 | ¥E16,97-12
H )
18Vyr | 4250 common peTuan | 1 T :::I ; %
19 |P1A TEST OSCILLATOR | J1.5 = —1 |3
COMMON RETURN | | jo 49 [P1B INPUT PIAB1 pod
P1A-A1 4
—_— —_— PIA-A17 ot
P1A-B6 ped
P1A-A7 pos
PIA-AZ3 5
TERMINAL DATA CABLE ASSEMBLY 3006060003/ | e
] TERMINAL CONTROL CABLE ASSEMBLY 3006160003 (NOTE 1)
TERMINAL CONTROL CABLE ASSEMBLY 30061 60003 )




oo 7 -
. 30062-60001 - _;_4_]
CONNECTOR PANEL PART NO ° \ 21821 [ chuanned s
—— - (BB)) J18-20 CHANNEL |
—— F_ -—— 11847 ANNEL NO. 0 DATA IN 3
TE 1) piea2 BV a2 11848 : g:ANNELNOAODATAOUT (BA I NJ810] 1 Channel
—_— 1116 WO F15-Ad T hazs NJ1650 | .| cHANNEL NO.OSTATUS2  (CF) | N80 ] | CLANNEL |
- ——— —— \_164,065 3z NO.OSTATUS2  (CF) J1612 | ol cHANNEL |
2 1 1 P1B-A20 4 NJ1650 | 5| cHanNEL (D) T
— ITERMINALCONT. 3 :: | | | PIB-A10 . J“‘:; 1322 Ji64s | o cumuemo.ocommnm(“, :m:“ 7 con:NMNZELTI
INTERFACE A7 J12-18,J13- 71639 M RET 8| CH
| 30061-60001 p248 s [Je20 A e | S NI 5| CHANNEL NO. 0 COMMAND 2(CAl 6B | ol v
COMMAND 1 [11.12 | - B8 7249 ™ ¢ [#13:54.55 T 72631312 \CHW 5l S A733] 1 cHANNEL |
1z| — Be)P248 | COMMAND2 [J113[| A7 P247 ™ 7 [415.558 FEATT 8—man NIT727 | 11 | CHANNEL NO.OSTATUS1* (SB) 1712 | .51 CHANNEL |
113|[ a7 Pg:: CHANNELNO.0 ) status 1 |33 | a17 7250 ) g |58 =% P1B-86 ol 222 N31748 | 35 | cHANNEL No.ocommmm':g:’ 5i6s 14 CHANNEL |
) P. A23 3414 41223 NO. 1STATUS 2 ——=2_1 14| CHANN
133] [ a17 STATUS 2 4145 [ r22¢ 9 P1B-A23 NJ1622 | 13| CHANNEL NO. "
P2.50 J10{| Bs P2.23 ) 344,45 N hza2 25 L NO.1STATUS 1 (CC)| 67 1 15| cHANNEL |
145 | A3 c1 -~ 1053 P1BB24) |4 Nrea] 14 | cHanNEL NO. D2(CA n7e HANNEL |
‘ €2 (4118]) B9 P2:25 1 BA1Z Jz11 11623 CHANNEL NO. 1 COMMAND 2 16} ©
el| solP22 CHANNEL NO. 11 o [41.31] | ate P2.22 3 12| 46 FieAl Bl nosinze tm 28] 1o | CHanner wo. 1 coumano s 31637 | 5] Sev
118 Ate| P25 s2 |1144l| B2 $2.20 ) 13 [420 FieAs] |4 hies Sear |18 Py 3126 1 45| cHANNEL |
13 P22 ci1|ns|| e3 P2.19 A 14 | 2138455 e I b e R ﬁ 17 CHANNEL NO. 1 STATUS2* {ca] 31613 50| cHaNNEL |
e || sz €2 | 19 || A5 P2-21 J 15 [ J215.538 meala] | im W s CHANNEL NO. 0 STATUS 1 {CC) 171015, | cHANNEL |
ne |l aclPzs CHANNEL NO. 2 | 0 | 1 og]| avs P2-18 16 | 336 e ez 51750 g CHANNEL NO. 0 STATUS 2  (CB) N7 | 23] canmeL
p2:21 s2 |J140] | B20 2:16 3 J2:14.13-20 517 11023 20 NEL NO. 0 COMMAND 2*(CHY
129 | AIS s potl g | Rt o 1; 124,25 P1B-B : 19— NS 23| CHAN
140 | B20[55-0 A-—__'__? ¥l s F16-B2 20 —
B4 c2 | n7 o P217 19 18 P1B-A13 J10-11 5
o || aafr2is CHANNEL NO. 3 + &1 o127 | Ara P214 3 20 (28 prate [T 123 y GECE N Y WTSTYCY T " R 121 cuanner
127 | Ara}R2Z s2 |J4146| | B23 P2:12 J 2 [ 22 N w, P1B-A21 2398 41849 ™37 cHANNEL NO.1DATAIN  (8B) i 3] CHANNEL |
15| | s2a| 214 c1 {11414 B7 P211 3 A e | /"'—:f;‘ iz i 188231 |24 |—2816.812 wiraR CHANNEL NO. 1 DATA OUT (BA) J166 1 41 CHANNEL!
H: < B7[F212 €2 [1115|% A8 P2.13 3 23| 1508 ::-Azz sz 1B-A1S] o |31 ne22 3 CHANNEL NO. 1STATUS 2 (CF) 3166 | 5| CHANNEL |
ad B P21 . 4 - A2 A 416 | T 4 E 3 N5n NSe oo TATUS2 (CF) J168 ANNEL |
2 as CHANNEL NO. s1 |9123 P210 24 PIATS 113 P1B-A9 26 31622 | o] CHANNELNO.1S 6] cH
:;; A1z P213 s2 |4149(| A28 P2.8 : 26 | 0:14.01:20 v 52 T 27| 9141641512 J1624 | 6| CHANNEL NO. 1 COMMAND 1(cD) J1639 1 51 comm RET
§ 210 J14 2 P2.7 J6-14,J7-20 . S 03 A PIB.A17] J15-23 N (AB) 3167 | g]| cHANNEL
149|| AZ5 | a - _ fod ICET ' P1815 B e snss 31639 | 5| comm ReT
P28 Nns || A3 Y 3 s 6 02 B-B2 4141815 0. 1 COMMAND 2 (CA 16351 o1 qev
| 2y Lwo. s 4 o | s 228 N [rermacoara 21s [rea) | gpez rees| |2 hos (e 3| CHawNeLN 078 17| cuanne
15 || A3 CHANNE g s1 nsol | 828 P24 ~N m'rEnFACECA 29| 13074075 P1814 ey P1ABT 35037 w 9 NEL NO. 1 STATUS 1* (SB) 378 | o] cuanne |
28| A3ps 52 88 N [3seee 916 THRU 320, PIN 37 [(Psat] |1 02 37 % NJ1Z25 | 4 | cHANNEL NO. MAND 1(6R) nesr] 12| oA
150 || B2S T24 c1 |96 bod P23 30 THRU J15, PIN 9 V P1.A14 " _J&__j P1A-A1 39 1 31724 | 12| CHANNEL NO. 1 COMI .16-‘ 17 CHANNEL |
a7|| A9 P25 ) 3 J20, PIN 35 J82 1B-A16 2 . R = 20
117|| Aol £z cuanner No. 6 { 2 10N | Ay P22 N X THRU VI8P 17 A - e Pl X e v CHANNEL NO. 1 STATUS 1 (ol 7176 | 59| GHanEL
v2v|| ana P25 s2 | 47| Aze P28\ 777316 THRU 120, PN 55 riaz] | *CE PIBAZZ| | o[ 823 \eiiz7m ] o il 177 53| channeL
147 || A2 22 c1 fan :g——"ﬁj DATA 33 ﬁ;;mu.n. Y P1.810 :: ”‘g J PIB-B5 5022 N217:23 | 73| CHANNEL NO. 1 COMMAND 24CH - ]
X } - %
H1 | ABs c2 | 913 o P2:26 ouT | 41-10 a7 ” P1.820 e SET
13 [ A2 ;::22: CHANNEL NO. 7 | o1 | 1110 :2: P229 J CHANNEL No‘“[ IN|41-25 43 ﬁ o | | i: A P3 (420 (NOTE 1) s1s16 12 EL
- 3148 | FBAUA—0 4\ N3 1813 ] P3| 2| cHann
'l LarelP220 o |i2aa | o2 P349 \ Rt e pod XX [ B3 P1B-A2 [ | ) s 828 ELNO.2DATAIN  (BB) ne7] 2| e
;:: ~B22 P348 c2 |J243 || A22 P347 1 2‘ ouT | J1-16 J Y P1-A19 :‘: a2 A (P_"B;A:‘ 3 .I‘I‘:6 11824 : g::::EL NO:2DATA OUT (BA) ' J186-2 4] CHANNEL |
248 | A2 i 0 P 1 CTT— 7| s s ol |z | | [oeal | o (e7i] ¢ | cranneL No. 2smatusz  cr | Riieie] 8| cramme
16 J2- P3-24 ouT | N- -A16 5 X 4,J135 18 .2 STATUS 2 6| cHANI
|| of A e — — | ol \ ST PP o pmmd \Ber] 1| fER | RIem] | qumeno zsmanes o 5] o o
J241|| A21 P325 OUT | J117f A9 P2:21 P1A.A9 ‘ < J2:2 P1B-A 7 - 71639 ’ (AB) J16- 8| CHANNEL!
2ol| ez HANNEL NO. 9 1 52 f00 | At P3.22 ) ‘{ IN| J137] A19 28 | PIABS s[e (e Zrwr | [P18-A19 8|3 ! 7| Comm RET OMMAND 2 (CA) NedB | o1 ey
320 || As[ P22 € 2 |29 || as #2320 | out [J118| B9 XTI B 4 [Cem [ia] |2Fas Foan| | & izieiam NITET9 | o | CHANNEL NO.2¢C 375 CHANNEL
- | P3 y 320 . - X > -
2o || as| P22 o1 [z | 2 F319 J o| "Wl nas 4 P216 FASZS o [EEZ iee] |2 s [FIBBE | |qo| J1244125 Jirar] o | 1V NEL NO.25TATUS 1+ (s8] 230 MY Bty
242 || 821 P220 | c2 luz3a|l B17 P321 N | 6| OUT|a20) B P2-17 P1A-A3 ;B2 51817 Bhes VYPIB-AZ3 12 5 M CHN':NEL NO. 2 COMMAND 1°(SA J820] o | ANNEL
P318 26 || A13 3 N|s140| B20 P214 ) 46,0512 » PiB-B24 12 | CHA : CcF 31626
10 25 P3-18 J16-35 12 TUS2 EL
234 (| BI7 o0 ] CHANNEL NO. s1 |42 A 31'_—_3——? OUT | J1-19| A0 P2-15 ) P1A-B2 8= 4 :}-g} w FEATs] 3 220 1614 |13 [ cHANNEL NO. 3 STA ST o el ™ cmwna
. A13 s2 | J2- P3-16 7{ X 35 ~ 1 13J114,9115 31617 EL NO. 3 STATU! 15| CHANN
Al | c1 [s240 | 820 P315 J ) A e 1 AAZS Y P1A2 e A TT5T5 | 12 | CHANNEL No. 3 COMMAND 2 on N7281 16| channeL
240 | 820} 7213 c2 |9237 || 419 P17 N o Mnlndt| A P P1AAS " ] | e neml |15Hnte \-"7"7_.5 16 | CHANNEL NO. 3 COMMAND 1- (s4) 17| v
. i4 X < - - - L
237 | | Ar9E2 CHANNEL NO. 111 gy [u227 | P314 T} o.28 B‘-4+rz.1oq A-B7 125 P1.B25 39— PiBaia] |8 Tioiag1i20 37 119 | sy 165 ] 18| CHANNE
227 |} AT s2 | J21 |z A1 P3-12 J 9{ o 42| B21 P27 A A-A12 13 P1-A13 [ 02 AL LUy P 1104,4165 NELLALE CHANNEL NO. 3STATUS 2*  (CB)| 65 10| cranneL
@ P3-14 B24 N IN J218,J3-22 47 Y'P18-B1 18 N1 18 s1  (cc) "2 NEL
21 |2 A c1 |J248 P31 -~ out}J130| 815 P28 A P1AB23 | |, 57 P1.B5 | 03 515817 J10-8 31621 | o5 | CHANNEL NO. 2 STATU 73] 22| cHan
248 | B24 :::11 €2 |J245]| AZ3 F313 ™ 10{ INfJ146) B23 P25 J F18-04 bod REAINEA) P1-819 pod EEI f;:‘aﬁ 2o [0 31718 | 52 | CHANNEL NO. 2 STATUS 2¢ (g:’ N2 23] cHANNEL
245 | | A3 CHANNEL NO. 12 o |53 A:: P3-10 ~ out| J1-29| A15 P26  \ P1A-B4 16 e P1AT g n3 ) 1B ATS 20 — 1020 N17:19 1 o3 | CHANNEL NO. 2 COMMAND 241
223 | A1Zo= s s2 |4212]| B6 P38 N\ "l IN|3145| A23 P23 j\ P1A-AT4 17523 L~ PIBAS ™ i813,04.05 Rl .
19 P3- =]
212 || B6ro.g Pl riged | 9 P3G 12{ o j}j’g :;; ::: ™ ::::0 Rz P1B-A21 §§ 151599 1 I A21815 [57 canner
4 2:: 3L CHANNEL NO. 13 } o [)2.21 o P3¢ ? m:'r n32| s P22 PIA-B3 ;3 jg:f q,%z% 2 ﬁjus-zo N21823 57 cLANNEL NO. 3 DATA IN ::i’ ! ‘"z;; 3 cum::::
- 13 3 | x - - 1 o2 out N 4| chan
221|| AN|ESS s2 |J2 A2 P34 L N 147) A2e—— P1A-A15 2 T | | 1 FTE-AD 25 ™ 1214.01520 NJ1822 | 5| CyANNEL NO. 3 DATA CF) 1625 NEL
213|| A7 C1 |J239 P33 out | J136| B18 P2.26 P1A-B22 2 ' [ (] %[—5e N6 | | CHANNEL NO 3STATUS2 ] 5| cHan
239 || azol P24 c2 |J247 || A28 P35 N 4 ] v1as] B22 P229 | po IR 5] - i ;"_&ﬂ;. 27 a5 58 N618 | 5 | cHANNEL NO.3STATUS2  (CF) 1828 | ol cHannEL
247 || aze P23 CHANNEL NO. 14 ) o | 1219 ] at0 P32 Y | out| nasl B17 Po.28 N ) T1ABE 94 | 201641 P1B-A1 2811213154 0155 NJI616 ) & | clANNEL NO. 3 COMMAND 1 (CD) 639 | 5| comm RET
219 || At0[-£35 s2 | 423 || A2 P3.27 J '5l n|1148]| B24 P235 PIAAIE 25 |1 [[P16-82 235 THRU 415, PIN © NIE39 | 5 | commReT (AB) 1827 1 8| CHANNEL
A2j-P32 | c1 |4236] | 818 P3.28 J | i A FIARTO 711 . f 316 THRU J20, PIN 35 1S HANNEL NO. 3 COMMAND 2 (CA) ness | o Lo
23 a8 2327 c2 | 92331 | a1z P326 ) +15Vou1| N2l i FIAAZ LT P18-B25 ) ey 315, PN 17 k;-—“s_s 8|c v 1726 140 1 canned
oo | Arr[ 228 l CHARNEL 018 ) s1 luzan| | aop—— it N3 Az P237 ) o [ T6TT2 m 36 THRL 120, Pin 57 AIIZT7 | 17 | chNeL NO. 3STATUS 1+ (s8) 728 ] 45| CraNNEL
o Ag| P326 S2 | J24 | - B2 P135 “Vour l 4| B2 P2:39 J PIAB2A 518,972 - 3 =0 THRU 315, PIN 7 51716 ] | ANNEL NO. 3 COMMAND 1%(SA) 41637 | 45| 15v
lz;ﬂ | g P22 P1A P2:35 | |9149]| azs 52.30 N\ ! : =% P1A-A1 39 |16 THRU J20, PIN 39 m 1: c;;v 20| cHannEL
NEAEE Mour) 2l @ ) O e |10 &2 ) 3 13 (Pie-Als| | NII617 | 50 | CHANNEL NO. 3STATUS 1 (CC) 129 12 | cuannEL
n-2| 81 ; 4 ey A TEST OSCILLATOR | J1.5 He-38 Y P1B-B22 N718 ANNEL NO. 3STATUS 2* (CB) 317-27 { 3] cHANNEL
P2.37 -18Vgyr | J250 P2-39 INPUT 9 5T — |as NI718 127 | en 2%CH
el P37 T P1A,, P339 ) J/ 5 PIB-A22 | o \1715 | >3 | CHANNEL NO. 3 COMMAND 2% :
2-50 X P1B ™ - P1B-BS - - .-
-1 "“;mq ';§.§3 COMMON RETURN || 1549 As ) - :ﬁ:t; :: 5 (’ 50 S
P1 =
249 P2 - J PIA-AZS s0 |02 -
—] - -_— | e
— — Y TERMINAL DATA CABLE ASSEMBLY 3006 : J(NOTE 0 Y,
Y
—_—— / __ TERMINAL CONTROL CABLE ASSEMBLY 30061-60003 )
\_ 4
TERMINAL CONTROL CABLE ASSEMBLY 30061 60003




'PANEL PART NO. 30062-60001
4 Y "4 Y ™\
— = — - - - - —
J0 J4 N J8 2
piBA2 (oM 142 | 1847 o) 3821 31812 \ saee [
3 : 2| CHANNELNO.ODATAIN (B8] Neso 2| CHANNELNO.4DATAIN  (8B) (N2 2| CHANNEL NO.8DATAIN  (88) Nt 2
" | X FIBAZE IS % 3| CHANNEL NO.0DATAOUT (BAN oo 3| CHANNELNO.4DATAOUT  (BA) NO31L 3| cHANNEL NO.8DATA OUT  (BA) e 3
I I I P1B-A20 py IEILLAT k::sso 4| CHANNEL NO.OSTATUS2  (CF) Sie10] 4| CHANNELNO.4STATUS2  (CF) w 4 | CHANNEL NO.8STATUS2  (CF) 1 Noowod ¢
F1B-A10 5 |41 Nieeg—| 5| CHANNELNO.0STATUSZ (CF) 16151 5| CHANNELNO.4STATUS2  (CF) W 5 | CHANNEL NO.8 STATUS2  (CF) 1 Uhoiz] s
P1B-A7 o | 21801322 NJ1648 | &1 CHANNEL NO.0 COMMAND 1(CD) 639 ©| CHANNEL NO.4 COMMAND 1 (cD) N635| © | CHANNEL NO. 8 COMMAND 1 (€O} N o5 ©
B-A18 by 5] NJ1€39 | 7| commmeT (AB) e 7| commrer (AB) W 7| comm et {AB) %&T 7
P1B-819 g |-31216.41312 41649 | g| CHANNEL NO.0COMMAND 2(CA) 8| CHANNEL NO.4 COMMAND 2 (cA) \ﬁ 8 | CHANNEL NO. 8 COMMAND 2 (CA) N2 1] g
P1B-A1 o| 1311 31635 | o| 4sv ;‘::‘-:'g o| +15v w 9| +15v %33_13:_. 9
1886 o2z NI1747 | 41| CHANNEL NO.0STATUS 1+ (SB) ] 11| CHANNELNO. 4STATUS 1+ (sB) Nirs<a| 11 | CHANNEL NO.8STATUS 1+ (58) N
FiB-A23 | 1 1223 N21748 1 45 | CHANNEL NO. 0 COMMAND 1*(SA 166 ] 12| CHANNEL NO.4 COMMAND 1° (sa) No22 ] 12 | CHANNEL NO. 8 COMMAND 1+52) o222 1qp
P1B-824 12 |41212 31622 | 13| CHANNEL NO.1STATUS2  (CF) 165 13| CHANNEL NO.5STATUS2  (cF) m— 13 | CHANNEL NO.9 STATUS 2 (CF) ¥J2‘7—-"2°9° 12
1B-Ad2] || N2 31625 | 14 | CHANNELNO.1STATUS 1 {CC) 65— 14| CHANNEL NO.5STATUS 1 (cC) \W 14 [ CHANNEL NO.9 STATUS 1 (CC) \m—7 i1
P1B-A1 18 101841122 N31623 1 45| CHANNEL NO. 1 COMMAND 2 (CA) 15| CHANNEL NO.5 COMMAND 2 (Ca) NI2023 | 45 | CHANNEL NO. 9 COMMAND 2 (CA) N3207 ]
PIB-AIS] | | Jn23 1724 | 16| CHANNEL NO. 1 COMMAND 1 (SA 72— 16| CHANNEL NO. 5 COMMAND 1* NSIS22 | 16 | CHANNEL NO. 9 COMMAND 1°(54) N 16
PIBB2| | 1 01601112 NA1637 | 101 1sv ' o 17| 18V s 17| 15V ﬁ_ 17
PIB-AN4] || 1111 N722 | 15| CHANNEL NO.1STATUS2* (CB) 4126 ] 18] CHANNEL NO.5STATUS2*  (CB) %2—“-7— 18 | CHANNEL NO. 9 STATUS 2 (CB) \Jz"ﬁ‘ 18
P1B-B 16 |1022 31647 | 50| CHANNEL NO.OSTATUS1  (CC) 31613 ] 29| CHANNEL NO.4STATUS1  (CC) \F&'ﬁ" 20 | CHANNEL NO. 8 COMMAND 2 (CC) \Tmo_ 20
P8 B17] | 1 1023 3750 | 5, | CHANNEL NO. 0STATUS 2*  (CB) 7101 25| CHANNEL NO.4 STATUS2*  (CB) \ﬁm_ 22 | CHANNEL NO. 8 STATUS 2*  (CB) N B
P2 Jois : ::_‘A"I; 20 ::3:? N41749 | 23| CHANNEL NO. 0 COMMAND 2(CH 711 | 23| CHANNEL NO. 4 COMMAND 2* (CH) 31949 ] 53 | cCHANNEL NO. 8 COMMAND 2%CH AL P
P1.816 N33 7 — Bl
1 P1B-A5 $8.18,99.22
p
P1-A24 J132 4 22
| VoA ; 23 A | ":::‘;g 2 gf: T 5 % ) n3
| [ raz W22 | e I \J1849 7] CHANNEL NO.1DATAIN  (8B) 31819 (5] CHANNELNO.SDATAIN  (88) 21810 ™51 cANNEL NO.9DATAIN  (88) I Nysz 7
riais] | 4fns ) oo |espaL NITBS0 | 3| CHANNEL NO.1DATAOUT (BA) 3| CHANNELNO.SDATAOUT  (BA) 2189 ] 3| CHANNEL NO.9 DATAOUT  (8A) NEBL
Y PrAZ Sz e B B R T e 4| cHanneLNo.1sTATUSZ (CF) 4166 | o1 CHANNEL NO.SSTATUS2  (CF) 202 | 4 | cHANNEL NO.9STATUS 2 (CF) %— "
Y P1.815 S[s03 4 e |7 e §| CHANNELNO.1sTATUS2 (CF) ”:: 5| CHANNELNO.5STATUS2  (CF) W 5 | CHANNEL NO. 9 STATUS 2  (CF) NJ20E_| o
" P1823 024 682 P NJ16-24 | 6| CHANNEL NO. 1 COMMAND 1(CD) L 6| CHANNEL NO.5 COMMAND 1 (CD) 32024 | g | cHANNEL NO.9 COMMAND 1 (CD) T
" P1814 : B3 fees] |2 j;:;:,ns-zz 'J'::g 7| commRer (AB) J1638 | ;1 comm RET (AB) \ﬁ%%; 7 | comm RET (AB % 7
P1.821 B2 35 NJ1623 | 5| CHANNEL NO. 1 COMMAND 2(CA) 167 | g| CHANNEL NO.5COMMAND 2 (CA) NJ2023 | g | CHANNEL NO. 9 COMMAND 2 (CA] 207 | o
 P1AR Vg3 4 ::':: 37 ﬁ:; NJ1635 | g| 415v 1638 & o1 isv 32035 | o | 415v NJ2035 |
(Prazi| |12 seael 12 en N31725 | 4 [ CHANNEL NO.1STATUS 1+ (SB) 78 11| CHANNEL NO.SSTATUS 1* (sB) a3 11| CHANNEL NO.9STATUS 1+ (58) (Fes "
P1.A10 73__A 47 N317:24 | 15| CHANNEL NO. 1 COMMAND1(SA) 2_112| CHANNEL NO.S COMMAND 1* (sa) NJ1824 | 55 | CHANNEL NO. 9 COMMAND 14SA) \J188 1 ,,
reiaiz] |47z A Fiesz |22 3637 1 47| ysv N637 |15 L15v NI2037 ] 47 | -15v Ni2037 |,
P1.810 :2 %2 A P:g-:s w22 NJ1625 | 50| CHANNEL NO.1STATUS1  (CC) 3189 | 5| CHANNEL NO.SSTATUS1  (cC) \J"f% 20 | CHANNEL NO.9STATUS 1 (CC) @’f 20
" P1-820 o I 50) N217:22 | 27| CHANNEL NO. 1STATUS2* (CB) i‘, 8 _122| CHANNEL NO.5STATUS2*  (CB) %&23— 22 | CHANNEL NO.9 STATUS 2*  (CB) ‘j:” 2
P1.89 A= \A17:23 | 23| CHANNEL NO. 1 COMMAND 24CH 177 _{23] CHANNEL NO.5 COMMAND 2* (CH) NI1923 | 23 [ CHANNEL NO. 9 COMMAND 2*(CH 2187 Jos
P1-813 19 .——ﬁ' i——/ 420 (NOTE 1) — DATA DATA DATA
man] |2Pa—] P18-A2 2)—44.145 CONNECTORS CONNECTORS 10 SoeCTORS
mas | |2 B3 FIBAZ | 3fos a8z n1e [ ies_r* 26 [
- 2|2 (Fean| |3 Tas Saze] 2 | CHANNEL NO.2DATAIN  (BB) S| 2| cvanmeLno.epaTAIN  (B8) ey 2 |CHANNELNO.10DATAIN  (8B) e 2
PY-A16 23 ——-/Jz' 3 YP1B-A10 5 [ 1420 Sie5a] 3 | CHANNEL NO.2DATA OUT  (BA) S~ 3| CHANNEL NO.6DATAOUT (BA) \——'.20-18 3 | CHANNEL NO. 10 DATA OUT (BA| \————mz 3
1 P1-88 23 | yYP1B-A7 J12:13,J134,J135 “S———— 4 | CHANNEL NO.2STATUS2 (CF) 4| CHANNEL NO.6STATUS2  (CF) Noog—] 4 | CHANNEL NO.10STATUS2  (CF) t 4
P1AIE ] 22 6 11618 62 32018 3202
| [ (s YF1B-A18 s [iz1.n38 Nfezo 5 | CHANNEL NO.2STATUS 2  (CF) e 5| cHamneLno. 6sTATUS2  (cP) 22| 5 |CHANNEL NO. 10STATUS 2 (CF) | vrmb
F1.622 % T‘;J /F18-A19 & [ 138 69| © | CHANNEL NO. 2 COMMAND 1 (CD) Sie35] 6| CHANNELNO.6cOMMAND 1 (cD) \M 6 | CHANNEL NO. 10 COMMAND 1(CD| o] ©
P1.818 27 _S_—J GIE o | J1218.07320 Tets| 7 | commrer {AB) a3 7| commmer (AB) Nass| 7 |comm ReT (AB), W 7
P1-824 283152 Y P1B-86 124,125 N2 | g | CHANNEL NO. 2 COMMAND 2 (CA) 8| CHANNEL NO.6COMMAND 2 (CA) N2=220.] 8 | CHANNEL NO. 10 COMMAND 2(CA) e
P1-817 29[ 4153 eaz] |10 TzE 2635 | o] visv FILEH gy ppeiven NI203 | 9 |+18v NS e
PIAl ness | YP18-824 :; 1126 j:;g; 11 | cHANNEL NO.2sTATUS 1+ (sB)| j:;j 1| cHANNELNO.6STATUS 1+ (sB) j::g; 11 | CHANNEL NO. 10STATUS 1°  (sB)| Qj%— 1
Az e rhieaiz] |3 37220 Tie1a 12 | CHANNEL NO. 2 COMMAND 1-(sA 7625 12| CHANNEL NO. 6 COMMAND 1+ (sa) N e 12 | CHANNEL NO. 10 COMMAND 1 54 NGz 12
iy ) YPIB-A bl IR EXTE NI NJ7e75 13 | CHANNEL NO.35TATUS2  (CF Sieze] 13| cHANNELNO.75TATUS2  (CP) Noa T 13 | CHANNEL NO. 11STATUS 2 (CF) Naose] 13
rias] |3 [Fem ) I B TG JieTe 14 | cHANNEL NO.3STATUS1  (CO) Si677] 14| CHANNEL NO.7STATUS 1 (cC) a7 14 | CHANNEL NO. 115TATUS 1 (CO) NGozs 14
PIBS | [, (FieB0] |0 [ 9116 NTie1 15 | CHANNEL NO. 3 COMMAND 2 (cA 7725 15| CHANNEL NO. 7 COMMAND 2 (CA) a1 15 | CHANNEL NO. 11 COMMAND 2(CA ez 15
Y P1-A13 o192 PiBAM| |15 3701431120 Nrie37] 16 | CHANNEL NO. 3 COMMAND 1- (sl 16371 18 | CHANNEL NO. 7 COMMAND 1+ (sA) NIia31 16 | CHANNEL NO. 11 COMMAND 1A o516
P1.85 w03__A Y1881 T104.4106 N 17 | v 17| -sv NI2037 {47 { -18v Ny
x 31929
Y P1.819 :: 2 A FB817 :: 7108 %16_;—1‘ 18 | CHANNEL NO. 3STATUS 2 (CB) ::1%'— 18| CHANNELNO.7STATUS2*  (CB) j:: 18 | CHANNEL NO. 11 STATUS 2* (B! N 8
Y P17 n3 ) P16-821| | ,0 (1106 N5 20 | CHANNEL NO.25TATUS 1 (CO) 75— 20| cHAMNELNO.6STATUS 1 (CC) s 20 | CHANNEL NO. 10STATUS 1  (CC N2
- A6 I B T T 7779 22 | CHANNEL NO.2STATUS 2*  (CB) 175 22| CHANNELNO. 6STATUS 2 (CB) NiTs15| 22 [CHANNEL NO. 10sTATUS 2+ (CB 2
,P1B-A5 22 18 13,004,005 N—"""2 23 | CHANNEL NO. 2 COMMAND 2+CH [23] CHANNEL NO. 6 COMMAND 2~ (CH) 212 23 | CHANNEL NO. 10 COMMAND 2 |23
PIB-AZ1 1815998
e8] |2[ .6
| | 1 | fFeas] (%[ ss1a20 ez o - nes [ sz [
! ' | F1B-A9 B 131451520 (12221 2| cHANNELNO.3DATAIN  (88) 2| CHANNELNO.7DATAIN  (BB) Nee—| 2 |CHANNEL NO.110ATAIN  (BB) I (1228 2
PiE8is| |25 iise (s3] 3| CHANNEL NO.3DATAOUT (BA 3| CHANNELNO.7DATAOUT  (BA) o] 3 |CHANNEL NO.11DATA OUT (BA | \Jz—ug— 3
YP18-A17 pod J14-15,J158 IR 4 | CHANNEL NO. 3STATUS 2  (CF) 4| CHANNEL NO.7STATUS2  (CF) \jm— 4 | CHANNEL NO. 11 STATUS 2  (CF) W 4
YP18-82 J14-13,J154 3155 \W 5 | CHANNEL NO. 3STATUS2  (CF) 5{ CHANNEL NO. 7 STATUS 2 (CF) w 5 | CHANNEL NO. 11 STATUS 2 (CF) ;7— S
4 2 J0 THRU J15,PIN 9 NJiele | ¢ CHANNEL NO. 3 COMMAND 1 (CD)| 6| CHANNEL NO.7 COMMAND 1 (CD) =22 ] 6 CHANNEL NO. 11 COMMAND 1(CD) NJ2027 6
P1B-B25 26 | 416 THRU J20, PIN 35 N21639 § 51 comm RET (AB) 7] comm RET (AB) % 7 | comm RET el Nd2039 |
g 35 THRU 415, PIN 17 N21815 1 5 | CHANNEL NO. 3 COMMAND 2 (CA) 8] CHANNEL NO.7 COMMAND 2 {CA) NJ2015 | o | CHANNEL NO. 11 COMMAND 2(CA) NI2028 |
P1A-B1 37 |316 THRU J20, PIN 37 1635 | o1 ey ol v NJ2035 | g | 145v Nd20.35 | o
 p1a-a1 R IS PN e 11 | cHanneL NO. 35TATUS 1+ (s8)f 11| cHANNEL NO.7STATUS 1+ (5B) T 11 [cHANNEL NO. 115TATUS 1+ (sB) 1828 m
39 NI716 1 12 | CHANNEL NO. 3 COMMAND 1+(sA| 12| CHANNEL NO. 7 COMMAND 1* (SA) N216 1 12 | CHANNEL NO. 11 COMMAND 1154 hi1e27 ) 4,
(:t:;g ) :.:o NJ1637 1 47 | 15y sl 17| v %ﬁ;— 17 |-15v 12037 1.,
NJ16:17
ieaz %888 (1714 2 | CHANNEL NO.35TATUS 1 (cC) 20{ CHANNELNO.7STATUS1  (CC) 27— 20 [ CHANNEL NO. 11STATUS 1 (CC) M—M 20
[ res] | eess 121 22 | CHANNEL NO. 3STATUS ¢ (CB) 22| CHANNELNO.7STATUS2*  (CB) Ners] 22 [ CHANNEL NO. 115TATUS 2+ (CB) \L'—.nsza 2
- S0 - A2 22 | CHANNEL NO. 3 COMMAND z-(cﬂ 23] CHANNEL NO.7 COMMAND 2* (cry \ZE210 { 23 [ CHANNEL NO. 11 COMMAND 21CH =2
_ __ - ] L]
003 ) = ]

31-60003 (NOTE 1)

CHANNEL NO. 12 DATA IN (BJ

CHANNEL NO. 12DATA QUT  (BA)
CHANNEL NO. 12STATUS2  (CF)
CHANNEL NO. 12STATUS2  (CF)

CHANNEL NO. 12 COMMAND 1 (CD})
COMM RET (AB)
CHANNEL NO. 12 COMMAND 2 (CA)
+15v

CHANNEL NO. 12STATUS 1*  (SB)
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CHANNEL NO. 14 COMMAND 2 (CA)
+15V

CHANNEL NO. 14 STATUS 1*  (SB)
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CHANNEL NO. 14 STATUS 1 (CC)
CHANNEL NO. 14 STATUS 2*  (CB)
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P3
15V
P2
30061-60003 CABLE
P1
P1B P1A
= o8 2 —ie——p
CONTROL INTERFACE PCA
30061-60001
| ™1 e o o
DATA
CONNECTORS P2
30060-60003 TERMINAL DATA CABLE
[ 4]
43 32 n »
DATA INTERFACE PCA
30032-60001
| | gy — L -
NOTES:

1. THE ASYNCHRONOUS TERMINAL CONTROLLER IS
SHOWN CONNECTED IN ITS MAXIMUM CONFIGUR—
ATION WiTH TWO TERMINAL CONTROL INTERFACE
PCAs. FOR INSTALLATIONS THAT REQUIRE ONLY ONE
ONE TERMINAL CONTROL INTERFACE PCA, THE
PCA IS CONNECTED THROUGH ITS CABLE ASSEMBLY
TO CONNECTOR PANEL RECEPTACLES J16 AND J20.

2. THE ASTERISK INDICATES SIGNALS THAT ARE
AVAILABLE ONLY WHEN TWO TERMINAL CONTROL
INTERFACE PCAs ARE USED.

3. PARENTHETICAL TERMS THAT FOLLOW ALL SIGNAL
NAMES ARE E|A RS232C STANDARD DESIGNATIONS
FOR SIGNAL INTERFACE LINES.

Figure 4-5. PCA-to-Connector Panel Inter-
connection Diagram
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30032B Maintenance
10OP AND POWER BUS 10P BUS
[ E | ] [ [ ] ]
- XP1 Annnnnn XP3
COMPONENT SIOE

CIRCUIT SIDE
2,46 56 1,30 -———————» 49 1,356 «————————= 49 P
135 55 ! 2,463 50 P2 246 <————— =50 3

Lo

COMPONENT SIDE 2,46 <-———————" 50 |,
CIRCUIT SIDE 1,35 —————> 49

_/
~

TO MATING CONNECTORS ON
INTERCONNECTING CABLE

TERMINAL DATA

INTERFACE PCA

COMPONENT SIDE
(ToP)

2‘4'6 —-—————————————— ()
135 -— 49

\ /

J2

NOT USED

INTERCONNECTING CABLE CONNECTOR

i

o‘b

24,6 -—————————= 5q 53 TOP

1356 =49

/

Vv
NOT USED

O

ASSEMBLY (SINGLE)

/

36 CONDUCTOR
CABLE

-
TOP ROW A1 A2A3 A25
BOTTOM ROW B1B2B3 B25

BOTTOM

2249-15

Figure 4-6. TDI PCA Connector Diagram
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10P AND POWER BUS 10P BUS
[ I u| ] [ I | ]
Annn XP1 AAAAARRARRARARAR XP3
COMPONENT SIDE
I CIRCUIT SIDE
l 246 56 py 1,35 =49 p, 1356-———— =49 . TOP
1,35 56 24— =50 2,46 «———= 50, BOTTOM

TERMINAL CONTROL
INTERFACE PCA
COMPONENT SIDE

(TOP}

Vo / ab

COMPONENT SIDE 2,46 =——————— 50 |, 246 -—— 50 |, 2,46 50 )5 TOP
CIRCUIT SIDE 1,35 ~———————» 49 i S T 135 49 > BOTTOM
\ / \ /
4 \"4
TO MATING CONNECTORS ON INTERCONNECTING CABLE NOT USED
72 CONDUCTOR INTERCONNECTING CABLE CONNECTOR ASSEMBLY (DOUBLE}

CABLE PIA PiB

N\ /\
/ \ 4 \

T
Wpininintpinintatninindntninintntninintntninin! n®
O @ @ @ I'l“IuluI“I"Iululululul“l"l"l“l"lululuiuiulul"Iul"l' j @
1 1
TOP ROW A1 A2 A3 A25 TOP ROW
BOTTOM ROW B1B2 B3 B25 BOTTOM ROW { SAME AS PIA

2249-16
Figure 4-7. TCIPCA Connector Diagram
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Table 4-1. Terminal Control Interface PCA Signal Index

Maintenance

INTERFACE CARD CONNECTOR J1

INTERFACE CARD CONNECTOR J2

MATING ‘ MATING
CONNECTOR J1 FIRST PCA | SECOND PCA | CONNECTOR J2 FIRST PCA | SECOND PCA

PiN NO. PIN NO. SIGNAL SIGNAL PIN NO. PIN NO. SIGNAL SIGNAL
A1 1 Ground Ground A1 1 CF11 CB11
B1 2 +15VouT +15VouT B1 2 CF10 CB10
A2 3 CA7 CH7 A2 3 CF14 CB14
B2 4 CD5 SAb B2 4 CF15 CB15
A3 5 CAb CH5 Ab 9 CF9 CB9
B3 6 CD2 SA2 B3 10 CF8 CB8
Ad 7 CA3 CH3 B6 12 CF12 CB12
B4 8 CcD3 SA3 A7 13 CF13 CB13
A5 9 CA2 CH2 A9 17 CC15 SB15
B5 10 CD1 SA1 A10 19 CC14 SB14
A6 11 CD7 SA7 Al1 21 CC13 SB13
B6 12 CDO SAD A12 23 CC12 SB12
A7 13 CAD CHO A13 25 CC10 SB10
B7 14 CD4 SA4 Al4 27 CC11 SB11
A8 15 CA4 CH4 A15 29 CC9 SB9
B8 16 CD6 SAG A16 31 Cccs SB8
A9 17 CA6 CH6 A17 33 CA15 CH15
B9 18 CA1 CH1 B17 34 CA10 CH10
A10 19 cc7 SB7 A18 35 CA13 CH13
A1 21 CCé6 SB6 B18 36 CD15 SA15
A12 23 cca SB4 A19 37 CA11 CH11
A13 25 CCh SB5 B19 38 CD13 SA13
Al14 27 CC3 SB3 A20 39 CD14 SA14
A15 29 CC2 SB2 B20 40 CDM SA11
A16 31 CcC1 SB1 A21 41 CA9 CH9
A7 33 CcCo SBO B21 42 CD10 SA10
B20 40 CF2 CB2 A22 43 CA8 CHS8
B22 41 CF1 CB1 B22 44 CD8 SA8
A23 45 CFO CBO A23 45 CA12 CH12
B23 46 CF3 CB3 B23 46 CD9 SA9
A24 47 CF6 CB6 A24 47 CA14 CH14
B24 48 CF7 CB7 B24 48 CcD12 SA12
A25 49 CF4 CB4 A25 49 Ground Ground
B25 50 CF5 CB5 B25 50 -15VouT -15VouTt
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Table 4-2. Terminal Data Interface PCA Signal Index
MATING MATING
CONNECTOR J1 CONNECTOR I
PIN NO. PIN NO, SIGNAL PIN NO. PIN NO. SIGNAL
A1, B1 1,2 +15VouT A16 31 BB3
A2,B2 34 -15VouT B16 32 BA13
A3 5 External Test Clock A17 33 BA12
B5 10 BAO B17 34 BA15
A7 13 BA1 A18 35 BB2
A8 15 BA3 B18 36 BA14
B8 16 BA2 A19 37 BB4
A9 17 BA4 B19 38 BB1
B9 18 BAS 40 BB6
A10 19 BA7 A21 41 BB8
B10 20 BAG6 B21 42 BB9
A12 23 BB7 A22 43 BB12
A13 25 BBO B22 44 BB14
B13 26 BB5 A23 45 BB11
Al4 27 BA8 B23 46 BB10
B14 28 BA9 A24 47 BB13
A15 29 BA11 B24 48 BB15
B15 30 BA10 A25,B25 49,50 COMMON
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30032B Maintenance
Table 4-3. Extender Cable Signal Index
CONTROLLER CONNECTOR PANEL JO THRU J15 DATA TERMINAL CONNECTOR
PIN NO. DESIGNATION EIA DESIGNATION PIN NO. EIA DESIGNATION

1 1 Protective Ground (AA)
2 Data In Receive Data (BB) 2 Send Data (BA)
3 Data Out Send Data (BA) 3 Receive Data (BB)
4 Status 2 Carrier Detect (CF) 4 Request to Send (CA)
5 Status 2 Carrier Detect (CF) 5 Clear to Send (CB)
6 Command 1 Data Terminal Ready (CD) 6 Data Set Ready (CC)
7 Common Return Signal Ground (AB) 7 Signal Ground (AB)
8 Command 2 Request to Send {CA) 8 Carrier Detect (CF)
9 +15 Volts 9 Not Used

10 10 Not Used

11 Status 1 * Secondary Receive Data (SB) 11 Secondary Send Data (SA)

12 Command 1 * Secondary Send Data (SA) 12 Secondary Receive Data (SB)

13 13 Not Used

14 14 Not Used

15 15 Not Used

16 16 Not Used

17 -15 Volts 17 Not Used

18 18 Not Used

19 19 Not Used

20 Status 1 Data Set Ready (CC) 20 Data Terminal Ready (CD)

21 21 Not Used

22 Status 2 * Clear to Send {CB} 22 Ring Indicator (CE)

23 Command 2 * Frequency Select (CH) 23 Frequency Select (chn

24 24 Not Used

25 25 Not Used

NOTES:

—_

. The asterisk indicates signals which are connected to the second (optional) control card.

Applies to following cables: 25 ft. 30062-60006 {30062B)
50 fi. 30062-60009 (300628-001)
100 ft. 30062-60012 (30062B-002)

Status 1 and 2 lines must be (a) driven, (b) tied to Common, or (c) have corresponding ES1 or ES2 in disable

mode via software.

July 1976
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Table 4-4. Dataset Cable Signal Index

30032B

CONTROLLER CONNECTOR PANEL JO THRU J15 DATASET CONNECTOR
PIN NO. DESIGNATION EIA DESIGNATION PIN NO. EIA DESIGNATION
2 Data In Receive Data (BB) 3 Receive Data (BB)
3 Data Out Send Data (BA) Send Data (BA)
4 Status 2 Carrier Detect (CF) 8 Carrier Detect (CF)
6 Command 1 Data Terminal Ready (CD) 20 Data Terminal Ready (CD)
7 Common Return Common Return (AB) 7 Common Return (AB)
8 Command 2 Request to Send (CA) 4 Request to Send (CA)
1 Status 1 * Secondary Receive Data (SB) 12 Secondary Receive Data (SB)
12 Command 1 * Secondary Send Data (SA) 11 Secondary Send Data (SA)
20 Status 1 Data Set Ready (CC) 6 Data Set Ready (CC)
22 Status 2 * Clear to Send (CB) Clear to Send (CB)
23 Command 2 * Frequency Select (CH) 23 Frequency Select (CH)
NOTES:

1. The asterisk indicates signals required for 202-type datasets only: they are connected to the second
(optional) control card.
2. Applies to following cables: 25 ft. 30062-60004 (30062B)

50 ft. 30062-60007 (30062B-001)

3. Status 1 and 2 lines must be (a) driven, (b) tied to Common, or {c) have corresponding ES1 or ES2 in disable
mode via software.

Table 4-4A. System Console Cable Signal Index

CONTROLLER CONNECTOR PANEL JO THRU J15 SYSTEM CONSOLE CONNECTOR

PIN NO. DESIGNATION EIA DESIGNATION PIN NO. EIA DESIGNATION
2 Data In Receive Data (BB) 2 Receive Data (BB)
3 Data Out Send Data (BA) 3 Send Data (BA)
7 Common Return Common Return (AB) 7 Common Return (AB)

Applies to 25-foot 30062-60018 (30062D)
Pins 4 and 5 are jumpered at the system console end.

4-22
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Table 4-5. Baud Rate/Bit Duration Reference

DEVICE* CHARACTERS/SECOND ~ BAUD RATE BIT DURATION**
HP 2640, 2644 10 110 9.09 msec
15 150 6.67 msec
30 300 3.33 msec
120 1200 0.833 msec
240 2400 0.467 msec
HP 2600A 10 110 9.09 msec
15 150 6.67 msec
30 300 3.33 msec
60 600 1.67 msec
120 1200 0.833 msec
240 2400 0.467 msec
HP 2749B 10 110 9.09 msec
Memorex 1240 10 110 9.09 msec
15 150 6.67 msec
30 300 3.33 msec
60 600 1.67 msec
IBM 2741 134.5 7.44 msec
ASR-33 10 110 9.09 msec
ASR-35 10 110 9.09 msec
ASR-37 15 150 6.67 msec
HP 2762A 10 110 9.09 msec
15 150 6.67 msec
30 300 3.33 msec
HP 2762B 10 110 9.09 msec
30 300 3.33 msec
120 1200 0.833 msec

*Devices listed are those currently supported.
**Note: Observe scope trace of transmitted data at pin 2 of the channel connector in question on the connector
panei (JO through J15). Observe received data at pin 3 of the channel connector (JO through J15) on the
connector panel.

15 June 1976
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Figure 4-8, TDI Major Clock and Control Signal Timing Relationships
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Figure 4-10, TDI Chanriel Configuration Timing
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Figure 4-11. TDI Parameter Loading Events Flowchart
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Figure 4-12, TDI Read and Status-Fetch Flowcharts
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Figure 4-13, TDI CIO Events Flowchart (Sheet 1 of 2)
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Figure 4-13. TDI CIO Events Flowchart (Sheet 2 of 2)
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Figure 4-15. TDI Send Events Flowchart (Sheet 1 of 6)
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Figure 4.15. TDI Send Events Flowchart (Sheet 2 of 6)
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Figure 4-15, TDI Send Events Flowchart (Sheet 4 of 6)




30032B

Maintenance

Bit
Counter Carry
?

Is

Aux/Main

Channel FF set
?

Generate Stop. Indicates that auxiliary

channels are passing
through memory

window.

Cycle Memory.

Last
Channel Detect
?

Strobe output latches;
provide clearing input
to Auxiliary Channel
Memory FF.

6L

y

Load New Bit in
Auxiliary Channel
Memory FF into
each auxiliary chan-
nel memory location.

3K

2249-33

Figure 4-15. TDI Send Events Flowchart (Sheet 5 of 6)

4-39




Maintenance

Cycle memory.

parameter bit
set

Cycle memory.

Set Character
Lost Flag.

Set Buffer Flag;
enable Serial Ciock
to accumulators.

Is

Transfer Up

Flag FF clear
?

Transfer
Clock

Load up-latcheswith
status info;

set Transfer Up Flag
FF;

clear Buffer Flag;

set Interrupt
Request FF.

END

2249-34

440

Figure 4-15, TDI Send Events Flowchart (Sheet 6 of 6)




30032E

LOGIC CLOCK
COUNTER CLOCK

DP

DP+LOGIC CLOCK

DATA MUX SELECT
PARALLEL ENABLE
PARALLEL DATA CLOCK
DEVICE DATA IN

RECEIVE START

START BIT FLAG

SAMPLE COUNTER P. E.
BIT COUNTER P. E.

PARAM LATCH CLOCK
SHIFT

BREAK FLAG

LINE

BIT COUNTER CARRY OUT

START BIT DETECT

RIGHT JUSTIFY

TRANSFER UP
BUFFER CLOCK
UP LATCH LOAD

FLAG

INTERRUPT REQ

(U64-6)

NEW BIT

OUTPUT REGISTER CLOCK

LAST CHANNEL

DEVICE DATA OUT
W/ECHO BIT SET

22498

%

%

APPROX. 1/2 BIT TIME @ 2400 Hz

REV 4

REV 6

REV 7

JULMNLN, UL,
(igipigigininl K Inlipinigininl:

1 |
! STEP BIT COUNTER ONCE —

annnnnr, JAnnnnnn Ui
Niginininigini}

SHIFT ACCUMULATOR CONTENTS

AU,
z I I 2

%

g

! 1
|
i | . . . S . [ SERIALLY ONEz BIT MM . N ! !
] i = ]
oA Vo " INCR SAMPLE COUNTER <=2 b
i ' N N N N N , L s, N 1 N N 2 I
| I | ] 1 T < < LS LS < < I LS
teo DISABLEMUX ——__ | | | L
1t [1 2 NOTE 1 | ENABLE SERIAL CLOCK [
T 0 t | TO ACCUMULATORS b
[0 I [l [} a4 N 5 N 1 5 N N . . o N [} I o N
1 T ] 1 T < < ¢ T 4 € ¢ T & T [y T T 1 <
o i 1 CLEAR ACCUMULATORS ! P
[ v i [
i ]
i R 5 N i , 5 o START OF DATA LSB |
| 4' < L < ' < < < AS ¢ / . 1 l N N
! DIVIDE BAUD RATE ! STARTBIT : o A
| -— I I
" LATCHCONTENTS BY 2 | [
: I I : |
| ! > 2 3 ! Y 3 | !
| I S Ly < I AY < | I :
' | | PRESET SAMPLE COUNTER |_'—i [
! |/ ENABLE PRESET TO COMPLEMENT OF 005g/2 | AL CoF i
: ?  * 1 2 1 2 1 2 S 1
| N !
DISABLE CLOCK INPUTS | ENABLE PRESET TO COMPLEMENT OF 001g DISABLE PRE: !
e ) N 1 5 3 - Z——I_l 5 S 1 5 s 5 5 I 1
, : 2 ¢ 2 ? 2 ¢ 2 2 ; 2 ?
| i 1 |
| 1 |<_ 1 |
i : ! ™ 200 2 2 [
[ [ N
| T ) & — ¢ NEW BIT REPLACES OLD BIT ¥ = — 5 — & T 2 3
i I 5 N 5 N 5 5 . 5 N 5 N [
| P 2 ? 2 - 2 r 2 2 2 2 : i
- - P S P
1 i 2 2 2 2 2 h: > - > 2 L RESET BREAK FLAG ~-NOT A BREAK Ci
= =
| |
i |
i 5 N N N 5 5 N 5 N , 5 i , 5
| 2 2 2 - 2 ? 2 2 : 2 2 | 2 2
| i
| J 2 b b b} 2 p= - p - b l b 2
; 2 — 2 2 2 2 ¢ 2 ¢ 2 : 1 2 2
| Y 3 Y Y % 3 Py £y 2% 5 % ! Y 3
| < 13 < Y < AY < S C < C I A <
| i
l — 2 b) 2 b} 2 b 2 > ) T - b= I - e
| LS C < < < < < < LY C < < | < <
! |
| I
! — 'y h ] 2 b 2 ] p™ 3 b= ! hY 2
| L < LS < A < < C < < < ] LS L
! > s 5 Py Y 3 3 3 5 P 5 % ! Y 3
: 2 d 2 ¢ 2 ¢ 2 ? 2 ! 2 ¢ | 2 2
l |
1
i

A
"

LY

A
T

LY

A

T

OUTPUT LATCHES AT END
OF MEMORY REVOLUTION

BEGIN START BIT ECHO

t
! 1
| ) |
| T € T | |
! 1
! b 2 > 2 > % b 2 LY 2 LY 2 ! > by
] < < A < T < LS < LS L LS < 1 \S <
i 3 2 > 2 by 2 5 2 Y Py > Py ! Y 2
< C T € A < < S < B3 < LS Ly
: APPROX. |
20ns 1
! N N N L N > =i i
| T < Y L AS < 1
> > > Py Y P
1 < < < < 1 < L
! Y 2 b P Y Py - 2 ! Y 3
u s ) S u A T U o U
J LY - by 2 2 J 2k b ) )
‘Z—" 143 — € u'—‘u"lt < < = <
5 3 5 5 N
T < L < <
3 2 Y 3 3
4 ¢ 14 4 ¢ LOAD ECHO BIT INTO



APPROX. 1/2 BIT TIME @ 2400 Hz 46 REVOLUTIONS
REV 1 REV 2 REV 3 REV 4 REV 5 REV 6 REV 7 REVS REV 9 RY
VO
[ [ [ SHIFT ACCUMULATOR CONTENTS !
||||||||||||||||z 2|||||[||]|||||l 2””””“””2 Z||||||||||||||2 Z||||||||||||||z z|||||||||||[||z l||||||| ||||||z Z||||||||||||||2 SERIALLY ONE BIT 2||||||
[ | — SHIFT ACCUMULATOR CONTENTS [ } i
- i STEP BIT COUNTER ONCE i i1 i
.l | ‘| SERIALLY ONE BIT M M STEP BIT COUNTER ONCE
Lo 14 ¢ Ly ? ¢ b — s !_L & . 4 Pa 2 ¢ T 4 — [ - — 5 4 5 \ ? Z'—J
b INCR SAMPLE COUNTER N ;o | |
| | | | | —
T 22 I I S | SEREEEEEE, 1 = < @ } l‘! I I —  — ! S [ 2 —
LEMUX— 1 i \ [ [ | N |
1 NOTE 1 1 ENABLE SERIAL CLOCK [ [ | | | ENABLE SERIAL CLOCK [
I — | TO ACCUMULATORS \ (. [ I I L~TO ACCUMULATORS |
! ! - 3, 3 31 ! _ b ! ! - Py 0y Py 9 — ! ! LY by LY P ! —_— p— ! Y !
] 1 = € T € T 1 € I I T [ < [ T € 1 T T € =X 5 T & I l 14 l-—l—
I 1 CLEAR ACCUMULATORS i o b Pl '
1 '/ | 1 1 i i | \ i
Jononrunnn, o nnn g nnn Junaennn Junnennn Juy_nnn anno.nnn Junnnnn o Jjuannennn Junonnn JLILIL
T | [ | 1 "]
[ 5 5 5 o I 5 y 1 > 5 - N ~ STARTOF DATALSB | | P
[ — ¢ b ° | . N L1 t ¢ ﬁ‘ N 1 N [ 5 N S N | N N L , STOP BIT
T T 1 START BIT | | > < ¢ l T ¢ - 5 T & 7 4
| o L—DIVIDE BAUD RATE €2 | 1o [ [ .
ﬂ— LATCH CONTENTSBY 2 NOT i - Lo | b
! [ I I I
} — Py 5 P ! Y 3 ! ] | : | ! :
H [ 4 & 4 [ | T < ‘I | NOTE 2 | | I } |
| [ ENABLE PRESET TO COMPLEMENT OF 0058/2 | PRESET SAMPLE COUNTER | ! : : ! [ ! PRESET SAMPLE COUNTER
i |/ TO COMPLEMENT OF 005g \| L
: 2 e oo oro? ¢ R e — - @ - — — L I , : b 1 2@ N — — ]
LOCK INPUTS | | ENABLE PRESET TO COMPLEMENT '8 i DISABLE PRESET ! !
| 1 - ] 1 1
— : = 2 - , — @ R 2@ <2 S S . 4 —d
1 1 1 1
TﬂfLI—IJ_:—Iﬂm ipipineinini R e in i il I i i T i n R n in i I I T In I n T I n i) gl In iy i i p Uiy mm aininl ﬂ_I_U—LJ'z Jiginiy
' I
! o =t LI ;| L | TN | =
[ N » 5 N U NEw BIT REP / , N 5 3 N N [ , N N N 1) v ¢ / L . —
— 2 : 2 : IT REPLACES OLD BIT : R 2 2 ; 2 2 — 2 15 2 2 NEW BIT REPLACES OLD BIT -1 1
[ Ry 3 5 P! o Y ' ! 3 Py 5 3 —_— Py | ! | |
! | 2 ¢ 2 t 2 : — 2 2 2 ¢ - I; i o
; [ Ib NOTE 3 I !
] 5 N N N N N [ 5 5 N N 5 [ RESET BREAK FLAG -NOT A BREAK CHARACTER Lo
T < T 19 Ly 1 ] < (9 < < \S < | ‘ STOP BlT
e Lo ! s = s S — - —_—
1 I | 1 ]
5 > Y 2 5 3 [ Y . 5 3 5 3 ! Y 5 Y 5 Y 3 ! i Ry —_—
L4 Ly A Ly S < ] 1 LY < < < < < | < 14 14 < | | <
| I | | 1
Y 2 5 2 ) 2 [ 5 > 5 3 1y P ! ) 2 Y 2 5 2 ! 5 P
T € < € T € 1 T 14 [4 < < =< & T T € T € — & T T T
> 3 — — Y Py 1 ! 5 3 5 Py 3 3 | - P 3 Y 3 3 | ! 5
L < Y < S < i i < < < < Y < I LY < LS < Y L | l < 2—
1 ] | | 3
Y Y Y 3. Y 3 ! ! 3 3 Y P 3 | Y P Y 3 3 P ! ! Y ?
g < < < < ] I < < o | LY < A < g < | | A
1
| | Lo
: 5 | } 1
! | !
— 2 32 2 ® e — 2 S ¢ , R 2 S S — 2 —
5 2 3 3 P 3 ! ! 3 3 Y 3 5 3 | Y 1 ) Y 5 3 ! | 2 p
T < .y C T Ly 1 1 T C < Ly A Ly | AS < < < s Ly | | <
1 ] | 1 1
) i i
igigigipmeinipiK ininipes inin i inin i inin iR I in i in i g T I i i I T T I i I I Tl S I Tn I U T I i I I n I T T i i T T In in T pan i m i i iipigin
| ! [}
Vo 1} [
) b by 2 CY P ' ! £y 3 3 2. > P ! kY Py ) 2 by 3 ! ! 3 —
Bs Ly < & LY L | 1 S < T < < < | 19 ¢ 19 Ly . Ly 1 ' T
| | | | I
Y 5 Y > 5 P ! ! 5 Py Y 3 — 3 ! 5 Py — I, 5 P ! ! —
¢ < S L . < 1 1 L < AS < L9 < 1 LS € A3 k3 < < 1 l <
Rk S S — — 2 — 2 2 ' 2 S @ — 2 :
APPROX.1 | ECHO-LINE ! [ |
205 —pof ! 1 ECHO LlNE\L | \
2 ¢ ? 5 2 ¢ — LOAD NEW BIT !
! / by by - by D p | 3 2 2 b b} by ! !
- 4 < ¢ 1 & 4 ¢ T 4 ¢ t ¢ ~ ¢ 1 |/LOAD NEW BIT
LI S U = ¢ L 2 2 1 R g aI; . — al) — @ 1 2 =% — 1————‘
N U 1
1 '
| |
3 3 N N 3 P by o > P 2 - 2 3 - —_— 5 3 — -
J—u 43 e 11—'lrir ‘2—1!‘“\ 1?—u—lt l—u—ir Z—u—l ﬁl—u—u Z—U—ic : }-L!:Z\LOAD -
STOP BiT ECHO T_i_l; 2 : 2 2 2 2 — @ 2 ! : ) «—BEGIN DATA LSB ECHO -_—
— - - — 2 — LOAD ECHO BIT INTO ! 5 —_—

OQUTPUT LATCHES AT END ‘
OF MEMORY REVOLUTION

BEGIN START BIT ECHO



REV7

46 REVOLUTIONS

L

I
=3
L

w_u_u_uw SHIFT ACCUMULATOR CONTENTS

SERIALLY ONE BIT

t \
r STEP BIT COUNTER ONCE

— 1

2
T

|
| ENABLE SERIAL CLOCK
|~ TO ACCUMULATORS

Y

[
|

1
< j I 4

o
A4
T

lel 1125
?

~

LY
LY

/ PRESET SAMPLE COUNTER

)
T

LY

~
n
A

1
M

P
=

A

LY

LY
LY

CY
-

r UuUuT Uy Uy U

<
Y 2 > p= —I_—z
T I NEW BIT REPLACES OLD BIT/:/ !
ol
——NOTE 3 b
- RESET BREAK FLAG -NOT A BREAK CHARACTER Lo
- -] - -] p T— ! ! b
< < o < | | AY
t |
|
— X = — —
| |
2 b pu 2 2 ! ! -
2 S S T 2
2 Y — Y 2 ! ! Y
< LS < L9 € | i <
[
2 2 2 2 Y ! [ 2
2 2t ?
I |
! !
o
pn b 2% > * ! i >
< . < t < 1 1 L3
2 3 — £y 2 ] 1 5
: s B 2 — 2
| |
1 |
;
1

1 1
| 1
] 1
PO 5 R
? 2 — —
1 I
1
2 2 @ 2 — 2
PY 3 2 P 1 ! 5
L S— nd < < | 1 L4
ECHO-LINE~—_L |
1
5 5 s .
¢ < ¢ ¢ I LOAD NEW BIT
5 . 3 - I/ 2
N N
L .

r

A j' A ]. A A J.' -]Il A A A A A L A4
~

7

T

=~ LOAD ECHO BIT
l:/BEGIN DATA LSB ECHO

Maintenance

SHIFT ACCUMULATOR CONTENTS SERIALLY
ONE B!IT EACH REVOLUTION

REV 58 REV 60 REV 61

|
%

]
! [ |
M i SET BUFFER FLAG I——L
p? b} p k] 2 > ) T | — p — 1
¢ _ﬂl =— 230 ns : .4 € ] T ¢ | - & I:I 4 ¢ ::I
] | I |
100 ns | o | | |
— n - * — , — 2 IF: - 2 ,r:k\
P I ENABLE SERIAL CLOCK ——_! | | |1 TSETXFRUPFLAGFF
o ! TO ACCUMULATORS ) 1 P
2 L TR . — ) —— o r 2 o
¢ 2
[ || ]I| 1
N | T !
Z|||||| :“””2 MF z|||||||| MR nn :|||||2 Iy g
| 1 [ i
STOPBIT | | il :::
I
— : 2 N I | —  * T - |
I I ] L
! | [ gt
: ! ||: :H
| | P PRESET SAMPLE COUNTER | 1 |
1 | |[|/ [N
— ll 3 Il 3 P j 5 9 I 5 5 i Y 3 I
< h ¢ { ¢ T ¢ 4 < ] < [+ Tl
| [ [
— 1 5 X I . . J 5 [l ., [
[ | 14 € T € T ¢ 1 T [3 0|
|
1

:
3
:
g
?

;
f I
! 1
_’”‘_20"5 N | 5 N 5 3 ! 5 N Ll 1 l
ll € \ - ¢ < ¢ | < ¢ 11 . P
| 1 | Iy | N ¢ [
| | | [ 1y
| : | h ¥
1 i | | { : 11
STOP BIT 1 | | . 1 11
— , S ; S S : S T o -
1 5 2 1 5 P Y e [ 3 3 [ 1
I Y < I LS < LS | S— [ < < i I l N | I
t 1 [ [, T ¢ T
I 1 | 5 3 L1 1
T 2
P ! ! 2 = . } : 2 — 11
¢ | ] ¢ [l
aﬁ' ,—DISABLE SAMPLE COUNTERS UNTIL START BIT DETECTED B : : , — = —
7 \ ¢ 2 ¢ | REMOVE BUFFER E H
ta ] 2 — 2 I3 L CLOCK DISABLE : } 2 : L
! S — ATTEMPT INTERRUPT i
i1
] 1| — p=
2 S ; R 2 I I — ) P
2
> N i , EP T x L CLEAR BUFFER FLAG !
L AS I LY < < I | 1
! LOAD BUFFERS — = 1
U tUUUT U, JUUUT U, U ue A iinininias
rl
U | ~LOAD UP LATCHES
1
N N N . N N [ N N n
? 2 72 S R 2 — 2 1
[ !
[
* S 22 2 — - ¢ T 1 F \SETINT REQ FF
= S S S R — R l
: 2 —t
/ECHO-LlNE ! :
1. > 2 by by — 2 — ) — — p
< LS L3 Y L3 < < ~ L 1 I < <
LOAD STOP BIT M
2 = et = R 1 - 1
]
U U U U !
i N 5
2 e e e TR 1Ak
< Ect =i “LOAD ECHO BIT
2 . 2 = — = S
BEGIN STOP BIT ECHO
NOTES:

1. DATA MUX SELECT OCCURS ONLY ONCE AT THE START OF EACH CHARACTER RECEPTION.

2. BAUD RATE IS DIVIDED BY 2 ONLY FOR THE FIRST BIT (START BIT) RECEIVED. THIS IS DONE
TO CAUSE BIT SAMPLING MID-BIT RATHER THAN ON EITHER BIT EDGE TO ELIMINATE
POSSIBILITY OF NOISE SPIKE BEING LOADED INTO ACCUMULATORS AS A LOGIC 1.

3. BREAK FLAG IS RESET WHEN A MARKING BIT IS FOUND IN A CHARACTER BEING RECEIVED:
A BREAK CHARACTER HAS NO MARKING BITS.

Figure 4-16. TDI Typical Receive Operation Timing
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Figure 4-17, TDI Receive Events Flowchart (Sheet 6 of 9)
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INSTALLATION
(SERIES 1) || v

5-1.  PCALOCATION.

5-2. In the Series II Computer System, memory oc-
cupies slots A4 through A10 of the CPU bay card cage No.
1. This left slots Al through A3 available for device con-
trollers capable of operating under control of direct I/O.
Slot Al was therefore reserved for the terminal data inter-
face PCA and slots A2 and A3 are usually reserved for the
optional terminal control interface PCAs.

5-3. A system may have as many as four HP 30032B
Asynchronous Terminal Controllers. The first, as just de-
scribed, occupies reserved PCA slot space in card cage No.
2. Any additional slots used for installation of optional
controllers must have the IOP bus available to P3 of the
PCAs. For the Models 5 and 7, this would be any available
slots in card cages 4 and 7. For the Model 9, use the
available slots of any I/O bay card cage.

54. CONNECTOR PANEL LOCATION.

5-5. The first connector panel is mounted just above
the power control module on the rear of the CPU bay. The
space above the power distribution unit in the I/O bay will
accommodate another. The remaining two panels of a
4-panel system are located behind the magnetic tape unit
of the first peripheral bay.

5-6. CABLING.

5-7. Terminal data connector cable 30060-60003 con-
nects from J1 of the terminal data interface PCA to J18 of
the connector panel. If the first terminal control interface
PCA is present, terminal control connector cable 30061-
60003 connects from J1 and J2 to J16 and J20 of the
connector panel. The connector marked J16/J17 goes to
J16; the connector marked J19/J20 goes to J20. If the
second terminal control interface PCA is present, a second
terminal control connector cable 30061-60003 connects
from J1 and J2 to J17 and J19 of the connéctor panel. The
connector marked J16/J17 goes to J17; the connector
marked J19/J20 goes to J19.

dJuly 1976

5-8. Cabling from JO to the system console is with
cable 30062D installed by the customer engineer. Cabling
from J1 through J15 of the first connector panel and from
JO through J15 of any additional connector panels to ter-
minals and modems is a customer task. The User’s Termi-
nal Cabling Guide (part No. 30062-90002) provides the
customer with suggested cabling methods and associated
information.

59. INTERRUPT POLLING.

5-10. The interrupt polling sequence of devices is de-
scribed in the Signal and Power Distribution Manual
(30000-90021) and in the System Installation Manual
(30000-90019). The terminal data interface PCAs are
polled first. They are polled one at a time as a group.
Similarly when multiple terminal control interface PCAs
are polled, they are polled as a group in the sequence.

5-11. 1/0 CONFIGURATION.

5-12. In the standard Series II system, the terminal
data interface is configured device number 7, the first
terminal control interface is device number 8, and the
second terminal control interface is device number 9. The
16 ports are configured logical devices 20 through 35. Port
0 is the system console’s port. Device number jumpers on
the three PCAs are set to reflect these configured device
numbers.

5-13. Also in standard systems, a second terminal data
interface is configured device number 10, its first terminal
control interface is device number 11, and its second ter-
minal control interface is device number 12. The 16 ports
are configured logical devices 36 through 51. If device
number jumpers are positioned on the PCAs the terminals
are already configured when the hardware is installed.

5-14. Any additional asynchronous terminal control-
lers must be configured during the I/O configuration phase
of system generation.

5-1/5-2
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