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Section I

SECTION |
GENERAL INFORMATION

11. INTRODUCTION.

1-2. This operating and service manual covers general
information, installation, programming, theory of opera-
tion, maintenance, and replaceable parts for the Hewlett-
Packard 12587B Asynchronous Data Set Interface Kit. (See
figure 1-1.)

13. DESCRIPTION.

1-4. The HP 12587B Asynchronous Data Set Interface
Kit includes a single plug-in printed-circuit card that allows
Hewlett-Packard 2100,2114, 2115, and 2116 Computers to
input or output control signals and data signals via common-
carrier data transmission equipment. The control signals
conform to signals that are defined by Electronic Industries
Association Standard RS-232-B. The control signals ensure
a communication link between two data sets and prepare a
Bell Telephone System 103 or 202 Data Set, or equivalent,
for data transmission or reception. In the transmit mode,
the interface kit converts parallel data output from a com-
puter to serial data that is compatible with the data set. In
receive mode, the interface kit converts serial data output
from a data set to parallel data for computer input. The in-
terface kit adds a parity bit when required and start and stop
bits to the serial data during transmission and removes start
and stop bits from the serial data while receiving. If selected,
a parity check may be performed by the interface kit. The
interface kit includes the following items:

a. Asynchronous data set card (part no. 12587-
60004).

b. Interconnecting cable assembly, 50 feet (part no.
12587-60006).

c. Test connector (part no. 12587-60009).

d. Operating and service manual (part no. 12587-
90006).

1-5. IDENTIFICATION.

1-6. Printed-circuit card revisions are identified by a
letter, a date code, and a division code stamped on the
board (e.g., A-1005-22). The letter code identifies the ver-
sion of the etched trace pattern on the unloaded board. The
date code (four middle digits) refers to the electrical charac-
teristics of the loaded board. The division code (last two
digits) identifies the Hewlett-Packard division that manu-
factured the board. If the date code stamped on the
printed-circuit board does not agree with the date code
shown on the title page of this manual, there are differences
between your board and the board described in this
manual. These differences are described in manual supple-
ments available at the nearest HP Sales and Service Office.

1-7.  SPECIFICATIONS.

1-8. Specifications for the interface kit are listed in
table 1-1.

2156-2

Figure 1-1. HP 12587B Asynchronous Data Set Interface Kit
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Section I
Table 1-1. Interface Kit Specifications
CHARACTERISTICS SPECIFICATIONS

Function: Asynchronous device operating in the half duplex
mode that converts parallel data to serial data
for transmission and converts received serial data
to parallel data.

Compatibility: Used with Bell Telephone System 103 or 202 type

Interface Requirements:

Character Size:
(Input/Output of Computer)

+4.5-volt supply:
+12-volt supply:

-2-volt supply:
~-12-volt supply:

Data Transfer Rate to/from Data Set:

Power Consumption from Computer:

data sets, or equivalent.

Conforms to Electronic Industries Association
Standard RS-232-B.

Adjustable with jumpers to discrete rates between
approximately 26 and 3,110 bits per second.

1 to 8 bits

1.6A

80 mA
70 mA
45 mA

1-2
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Section II

SECTION II
INSTALLATION
2-1. INTRODUCTION. PRESET CODE 423.000
(rounded off to the = 256 - ﬁ
2-2. This section contains information on unpacking, nearest decimal integer)

inspection, preparation for use, installation, and reshipment
of the interface kit.

23. UNPACKING AND INSPECTION.

2-4, If the shipping carton is damaged upon receipt,
request that the carrier’s agent be present when the kit is
unpacked. Inspect the kit for damage (cracks, broken parts,
etc.). If the kit is damaged and fails to meet specifications,
notify the carrier and the nearest HP Sales and Service
Office immediately. (Sales and Service Offices are listed at
the back of this manual.) Retain the shipping container and
the packing material for the carrier’s inspection. The HP
Sales and Service Office will arrange for the repair or
replacement of the damaged kit without waiting for any
claims against the carrier to be settled.

2-5, PREPARATION FOR USE.

2-6. The interface kit is prepared at the factory to pro-
vide a data transfer rate of 1200 bits per second. If the bit
transfer rate of the terminal used is not 1200 bits per
second, the transfer rate of the interface kit must be
changed. This is done by changing the position of jumper
W1 on the circuit board and/or changing jumpers on the
cable connector that connects to the circuit board. The
jumpers on the cable connector are used to provide an 8-bit
binary number to which the programmable scaler on the
circuit card is preset. Pins J, H, 7, 6, D, C, 3, and B corre-
spond to bit positions 27 through 2° respectively.

2-7. Some common bit transfer rates and associated
preset codes are given in table 2-1, If the preset code for a
selected transfer rate contains a “0” in a given column,
jumper the pin shown at the bottom of that column to pin
BB (ground). If a given column contains a “1”, do not
jumper the listed pin to ground. For example, if a bit trans-
fer rate of 600 bits per second is desired, locate 600 in the
TRANSFER RATE column of table 2-1. The table shows
that jumper W1 on the circuit card must be placed in posi-
tion A and that the programmable scaler must be preset to
10101000 (168 decimal). The 2°, 2' 2% 2% and 2°
columns contain “0’s” so the corresponding pins, B, 3, C,
6, and H respectively, must be connected to pin BB
(ground). Pin jumpering is done on the 48-pin cable con-
nector as shown in figure 2-1.

2-8. If the required bit transfer rate is not given in table
2-1, the preset code for the required rate can be found by
using the following formula:

when: 256 is the count capacity of the programmable
scaler;

423,000 is the oscillator frequency in pulses per
second;

X is 8 if jumper W1 is in position A, or 64 if W1 is
in position B. Position A allows an approximate
range of discrete transfer rates of 207 to
3,110 Dbits per second; position B allows an
approximate range of discrete transfer rates of
26 to 388 bits per second;

R is required transfer rate.

Note

For proper operation, the transfer rate of the inter-
face kit must be within * 0.5 percent of the trans-
fer rate of the terminal used and at least one of
the four most significant bits (pins J, H, 7 and 6)
must be a “0”.

Convert the decimal result to binary form, and jumper
each pin that has a “0” in its corresponding bit position
to pin BB. Use table 2-1 to determine which pin corre-
sponds to each bit position.

Example: To set the interface kit transfer rate to 300
bits per second (300 bits per second is shaded in
table 2-1), place jumper W1 in position B and solve
the equation as follows:

PRESET CODE _ 256 - 423,000

(in decimal) 64 - 300
= 256 - 22D
= 234

234 in binary 11101010

form

Bit positions 2°, 22, and 2* contain “0’s”. Table 2-1
shows that pins B, C, and 6 on the 48-pin cable con-
nector correspond to these three bit positions, so pins
B, C, and 6 must be jumpered to pin BB to provide a
300 bit-per-second transfer rate.

249. INSTALLATION.

2-10.  After the bit transfer rate of the interface kit has
been set to the correct value for the terminal used, install
the kit as follows:

2-1
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Table 2-1. Jumper Connections for Common Bit
Transfer Rates

TRANSFER
RATE w1
BITS/SEC POSITION

*PRESET CODE

Lo}

5 4 3

—
o

22

N
1<
N

271272

N
N

45
50
75
110
134.5
150
165
200
220
300
330
440
600
880
900
1050
1200
1760
2400

> >» > 2> > P> P> P> W ® W E I W PO ED
e e e T T T e o W =
e = = T S N o SR
- =2 0O 0O 0O 0O = O = = = 0000 0 = = =
©C 0O - OO0 0O 000 O = = =00 = = 0
- 0O 0O =2 00 = = =2 =2 0 = =0 =0 = = =
O O = = = =2 OO0 = 0 0 = O = = = 2 2 =
- = 0O = 00 0O 00O == =2 0000 =00
O 00O - 000000 =00 =0 = 0 =

—

H| 7|6 |D

(@]

48-Pin Connector Pins 3| B

*

If selected code has a "0’ in a given column, connect pin listed
at bottom of that column to pin BB. (Pins 6, C, and B in
shaded example above). For proper operation, at least one of
the four most significant bits (pins J, H, 7, and 6) must be a
0.

If code has a 1" in a given column, ensure that a jumper does
not connect pin at bottom of column to pin BB.

Figure 2-1 shows how to connect jumpers,

a. Halt computer and turn computer power off.

b. Gain access to computer card cage and insert the
interface card in an unused I/O slot. Make sure that every
higher priority slot has either an interface card or a priority
jumper card installed.

c. Connect the 48-pin connector of the kit intercon-
necting cable to the interface card. Pass other end of cable
out rear of computer.

d. Close computer door or replace panel and connect
the interconnecting cable 25-pin connector to rear of data
set.

e. Verify proper operation of the interface kit by per-
forming the diagnostic test using the Send/Receive Inter-
face Test diagnostic tape. Refer to the Diagnostic Program
Procedure (part no. 12587-90005 for the 2100 Computer
or part no. 12587-90002 for the 2114, 2115, and 2116
Computers) in the Manual of Diagnostics for operating
procedures.

2-2

12587B

DISASSEMBLY AND REASSEMBLY

PIN

0000 A %

LS

48-PIN CONNECTOR

1. DISASSEMBLE AS SHOWN IN TOP VIEW.

2. CONNECT PINS THAT WILL PRODUCE DESIRED
TRANSFER RATE TO PIN BB (BOTTOM VIEW). USE
INSULATED WIRE AND CONNECT ONE PIN TO THE
NEXT UNTIL ALL NECESSARY PINS ARE CON-
NECTED TOGETHER.

2156-3
Figure 2-1. Preset Code Jumpering Instructions

2-11. RESHIPMENT.

2-12. If an item of the kit is to be shipped to Hewlett-
Packard for service or repair, attach a tag to the item iden-
tifying the owner and indicating the service or repair to be
accomplished. Include the accessory number of the Kkit.

2-13.  Package the item in the original factory packaging
material, if available. If the original material is not available,
standard factory packaging material can be obtained from a
local Hewlett-Packard Sales and Service Office.

2-14.  If standard factory packaging material is not used,
wrap the item in Air Cap TH-240 cushioning (or equivalent)
manufactured by Sealed Air Corp., Hawthorne, N.J., and
place in a corrugated carton (200 pound test material). Seal
the shipping carton securely and mark it “FRAGILE” to
assure careful handling.

Note

In any correspondence, identify the kit by
number. Refer any questions to the nearest
Hewlett-Packard Sales and Service Office.
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Section III

SECTION IiI
PROGRAMMING

31. INTRODUCTION.

3-2. This section contains assembly language program-
ming information for the interface kit. A sample assembly-
language program, with explanatory comments, is included.

3-3. For information concerning software systems used
with the computer, software interfacing, and operating pro-
cedures, refer to the applicable software manuals provided
with the computer documentation.

3-4. CONTROL WORD FORMAT.

3-5. The computer must output control words to set
the interface card to the desired operating parameters. The
control word, for example, sets the interface card to the
receive or transmit mode, selects parity check or no parity
check, etc. Table 3-1 lists the function of each bit in a con-
trol word. Use the information in table 3-1 to establish
control words to effect desired program operation.

3-6. Bits 0 through 3 of each control word that speci-
fies a transmit or receive operation must contain the two’s
complement of the number of bits in each character. Table
3-2 shows the condition of bits 0 through 3 for character
lengths of one to nine bits.

3-1. DATA WORD FORMAT.

3-8. Bits O through 7 of a data word are reserved for
the actual data character, Bits 8 through 15 of a data word
provide control and status check functions. Functions of
bits 8 through 15 in a computer output data word are dif-
ferent than the functions of the same bits in an input data
word. Table 3-3 lists functions of bit 0 through bit 15 for
both input and output data words.

39. INTERFACE CARD OPERATION.

3-10.  Section IV of this manual contains theory of oper-
ation for the interface card. A flowchart, figure 4-4, is
provided to show the sequence of operations of the inter-
face card. Use the flowchart and the functional descriptions
in section IV as an aid to programming.

3-11.  TIMING.

3-12. Timing diagrams that are useful for programming
data transfers are provided in section V of this manual.

Diagrams that show interface card operation in response to
a control word, to reception of data, and to transmission of
data are included.

Table 3-1. Control Word Bit Functions

BIT BIT
POSITION | VALUE BIT FUNCTION
0 thru 3 — Two's complement of bits per
character. (Refer to table 3-2.)

4,56 — Not used.
7 0 Selects even parity when parity is used.
1 Selects odd parity when parity is used.
8 0 Parity check and generation is not used.
1 Parity check and generation is used.

9 0 Echo operation not used.

1 Echo operation used. (Received data
retransmitted to originator.)

10 0 Not used.

1 Not used.

1 - Not used.

12 0 Loss of one of three line status checks
(CF, CC, SBB) in input word does not
cause a Flag signal.

1 Loss of one of three line status checks
(CF, CC, SBB) in input word causes a
Flag signal.

13 0 Sets the interface card to the receive
mode.

1 Sets the interface card to the transmit
mode.

14 0 Turns off interface card by disabling
Data Terminal Ready Signal to the
data set,

1 Turns on interface card by enabling
Data Terminal Ready Signal to the
data set.

15 0 Not used.

1 Denotes a control word.
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Table 3-2. Two’s Complement of Bits Per Character 3-13. SAMPLE PROGRAM.
BITS 0-3 OF CONTROL WORD BITS PER CHARACTER 3_14. An examp]e of a typica] program using the inter-
(BINARY) (SEE NOTE) face kit is provided in table 3-4. The program is written
BIT3 | BIT2 | BIT1 BITO for a Bell Telephone System 202 Data Set and accomplishes
the following:
1 1 1 1 1
1 1 1 0 2 a. [Initializes the interface card.
1 1 0 1 3
1 1 0 0 4
1 0 1 1 5 b. Uses the reverse channel capability of the 202 Data
Set to indicate that the data set is prepared to receive
1 0 1 0 6
data.
1 0 0 1 7
0 0 0 8
0 1 1 1 9 c. Alternately sends and receives 10 8-bit characters.
Note: The bits-per-character value includes one parity bit
but does not include start or stop bits. The start and
stop bits are generated (output) and deleted (input) 3.15. The program includes operating instructions and
by the interface card. If parity is not used, decrease comments that explain the instructions, and figures 3-1
the bits-per-character value by one and use the and 3-2 show the function of each bit in the two control
corresponding two’s complement. words used in the program.
Table 3-3. Data Word Bit Functions
BIT BIT BIT FUNCTION IN BIT FUNCTION IN
POSITION VALUE INPUT DATA WORD OUTPUT DATA WORD
0 thru 7 — Received information (one character right justified). Transmitted informa-
tion (one character).
8 - Not used. Not used.
9 0 No errors detected (Error FF set). Not used.
1 Parity error detected or the interface card was not ser- Not used.
viced resulting in a lost character.
10 0 Another data set is not attempting to establish a connec- Disables Secondary
tion with data set associated with the interface card. (Supervisory) Data
Send signal line.
1 Data set is ringing (CE signal) indicating another data set Enables Secondary
is attempting to establish a connection. (Supervisory) Data
Send signal line.
11 0 A distant data set carrier signal is not detected; there- Not used.
fore, the data set cannot receive data.
1 The Carrier Detect (CF) signal of a distant data set is Not used.
present and the data set can receive data.
12 0 The data set is not prepared to transmit or receive data. Not used.
1 A Data Set Ready (CC) signal indicates the data set is Not used.
ready to transmit or receive data.
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Table 3-3. Data Word Bit Functions (Continued)

BIT BIT BIT FUNCTION IN BIT FUNCTION IN
POSITION VALUE INPUT DATA WORD OUTPUT DATA WORD
13 0 The interface card is not busy. Not used.
1 The interface card is in the process of transmitting or Not used.

receiving data.

14 0 Secondary (Supervisory) Data Receive signal line dis- Not used.
abled.
1 Secondary (Supervisory) Data Receive signal line en- Not used.
abled.
15 0 Interface card is not prepared for a forthcoming send or Denotes data word.

receive operation.

1 Interface card parallel data output buffer is cleared of Not used.
data and is ready to accept another character (transmit
mode) or parallel data input buffer contains data to
input to the computer (receive mode).

PROGRAM CONTROL WORD 1 PROGRAM CONTROL WORD 2

1514113 )12|11|10| 9| 8|7 (6 |s5]|a]3|2]1]0 (w3210l 9t8|7(e|s|{al3l2|1]o0
11171170 f(o|o|of[1]0o]o|lofjof1]|]o0flo0o]o0 1]1]lo0fofo|loloj1fo|lo|lo]Jo|l1]0]o0]o

NOT NOT TWO'S NOT NOT TWO'S
USED USED COMPLEMENT USED USED COMPLEMENT
OF EIGHT BIT OF EIGHT BIT
CHARACTER CHARACTER

EVEN PARITY SELECTED EVEN PARITY SELECTED

L—— PARITY ON

PARITY ON

ECHO OPERATION OFF

ECHO OPERATION OFF

STATUS INTERRUPT ENABLE OFF

STATUS INTERRUPT ENABLE OFF

TRANSMIT MODE

RECEIVE MODE

DATA TERMINAL READY ON

DATA TERMINAL READY ON

DENOTES CONTROL WORD

DENOTES CONTROL WORD

2156-8 2156-9

Figure 3-1. Transmit Control Word Figure 3-2. Receive Control Word
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Table 3-4. Typical Program
0001 ASMBsAsBsL
0002 ORG 1008
0003 o
0004 o
0005 ¢ PROGRAM SENDS TO AND RECEIVES FROM
0006 =« A COMPUTERsTERMINALs OR TELEPHONE.
0007 =
0008 o
0009 =« MINIMUM EQUIPMENT NEEDED IS:
0010 o 202 TYPE DATASET, 125878 INTERFACE AND CABLESS
0011 =« 2100 SERIES COMPUTER.
0012
0013 =« TO RUN THE PROGRAM WITHQUT A TERMINAL OR ANOTHER COMPUTERS
0014 o DELETE THE "JSB STC" AND THE *"STA BesI" IN THE
0015 =« RECEIVE SECTION.
0016 =«
0017 = 1) LOAD ADDRESS 100B.
0018 ¢
0019 =« 2) PRESS "PRESET"™ AND "“RUN",
0020 «
0021 =« 3) FROM THE 202 DATASET TELEPHONEs CALL A NEARBY
0022 =« TELEPHONE (1T DOESN*'T HAVE TO BE A DATASET).
0023
0024 o 4) PRESS THE DATA BUTTON. IT SHOULD STAY LIT
0025 =+ INDICATING THAT THE DATASET IS RECEIVING THE
0026 =« DATA TERMINAL READY INDICATION FROM THE COMPUTER.
0027 o
0028 +# S) LISTEN ON THE NORMAL TELEPHONE TO DETERMINE THE
0029 ¢ EFFECTS OF THE LINE TURNAROUNDS. THE PROGRAM SHOULD
0030 =« OSCILLATE BETWEEN SEND AND RECEIVE,
0031 o
0032 =
0033 =« TO RUN THE PROGRAM WITH TWO COMPUTERS»
0034 START THE PROGRAM IN EACH AND ESTABLISH
0035 =« A DATA CONNECTION BETWEEN THE 202 DATASETS,
0036 =+ IF THE PROGRAM HANGS UP, THEN BOTH ENDS ARE
0037 o IN THE RECEIVE MODE. RESTART ONE COMPUTER
0038 +» AT LOCATION 100B AND OSCILLATION BETWEEN
0039 ¢ SEND AND RECEIVE SHOULD TAKE PLACE.
0040 o
0041 o
0042 TO RUN THE PROGRAM WITH A TERMINALs START THE
0043 o PROGRAM AND ESTABLISH A DATA CONNECTION WITH
0044 o THE TERMINAL. TYPE A LINE FOLLOWED BY THE ETX
0045 =« CHARACTERs AND THE COMPUTER SHOULD TYPE IT BACK.
0046 o
0047 o
0048 ¢ 202 NOTES
0049 ¢«
0050 » BEFORE "“REQUEST TO SEND'" IS TURNED OFF AT
0051 ¢ THE END OF TRANSMISSIONe. A ONE MILLISECOND
0052 e DELAY IS REQUIRED TO ALLOW THE LAST DATA
0053 BIT TO CLEAR THE DATA SET. THE DELAY IS PROVIDED
0054 o BY THE PAD CHARACTER FOLLOWING THE %, ETX",
0055 +

3-4
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Table 3-4. Typical Program (Continued)

0056 « LINE TURNAROUND IS 200 MILLISECONDS DURING WHICH
0057 =« TIME THE INTERFACE HOLDS OFF TRANSMISSION.

0058

0059 « DURING TRANSMISSIONs CARRIER DETECT IS THE DATASET'S
0060 '+ OWN CARRIERs SECONDARY RECEIVED DATA IS THE DISTANT
0061 « STATIONS'S REVERSE CHANNEL.

0062 +

0063 ¢ DURING RECEPTIONs, CARRIER DETECT IS THE DISTANT
0064 ¢ STATIONS'S CARRIERs SECONDARY RECEIVED DATA IS THE
0065 « DATASET®*S OWN REVERSE CMHANNEL.

0066 « '

0067 =« DURING LINE TURNAROUNDs CARRIER DETECT AND

0068 o SECONDARY RECEIVED DATA GO OFFs AND THEN BACK ON.
0069 «

0070 «

0071 =«

0072

0073 SEND JSB BUSY SWITCH PARAMETERS WHEN DEVICE NOT BUSY,
0074 LDA CWl OCTAL 160410-SEND MODESEVEN PARITY
007S OTA SC 8 BIT CHARACTER.

0076 =«

0077 LDA LENG PLACE TwO'S COMPLEMENT OF THE

0078 CMA+»INA9SZAYRSS NUMBER OF CHARACTERS TO BE SENT

0079 JMP ETX IN "“"COUNT", OMIT IF 00 CHARACTERS.
0080 STA COUNT

0081 LDB ADDR B REGISTER CONTAINS CHARACTER POINTER.
0082 o .

0083 LOOP1 LDA Bsl CHARACTER IS IN LOWER BYTE.

0084 AND MSK ISOLATE.

0085 OTA SC SEND CHARACTER.

0086 Jss STC WAIT FOR FLAG SET.

0087 INB BUMP CHARACTER POINTER,

0088 1SZ COUNT INCREMENT AND TEST COUNT.

0089 JMP LOOP1

0090 o

0091 ETX LDA <ETX SEND END OF TRANSMISSION CODE.

0092 OTA SC

0093 JS8 STC

0094 =«

0095 LDA MSK CHARACTER BEFORE .ETX IS BEING TRANSMITTED,
0096 OTA SC ¢ETX IS WAITING IN BUFFER,

0097 JSB8 STC PAD GETS ETX OUT BEFORE TURNAROUND.
0098 ¢

0099 RECV JSB BUSY CHANGE PARAMETERS WHEN NOT BUSY.

0100 LDA Cw2 OCTAL 140410-RECEIVE MODEs EVEN PARITY
0101 OTA SC 8 BIT CHARACTER.

0102 LDA SBA OCTAL 2000. REVERSE CHANNEL ON

0103 oTA SC INDICATES READY TQO RECEIVE.

0104 o

0105 CLA ZERO CHARACTER COUNTER.

0106 STA LENG

0107 LDB ADDR B IS POINTER TO CHARACTER.

0108 =«

0109 LTA SC " RESET READY FLIP=FLOP.

0110 =

3-5
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Table 3-4. Typical Program (Continued)
0111 L2 JSB8 STC WAIT FOR CHARACTER.,
0112 LIA SC
0113 AND MSK ISOLATE CHARACTER.
0114 CPA (ETX IF ETX THEN GO BACK TO SEND SECTION.,
0115 JMP EXIT
0lle STA Byl STUFF IN BUFFER.
0117 INB
0118 I1SZ LENG
0119 JMP L2 GET NEXT CHARACTER.
0120 JMP SEND
0121 &
0122 EXIT CLA TURN OFF REVERSE CHANNEL.
0123 OTA SC
0124 L3 LIA SC THIS ROUTINE
0125 RAL FOLLOWS THE SWITCH OF REVERSE
0126 SSA CHANNEL FROM THE LOCAL STATION
0127 JMP L3 TO THE DISTANT STATION,
0128 =«
0129 L4 LIA SC
0130 RAL ROUTINE WILL NOT ALLOW TRANSMISSION
0131 SSA9RSS UNTIL REVERSE CHANNEL
0132 JMP L4 IS ON.
0133 JMP SEND
0134 =«
0135 BUSY NOP
0136 LIA SC GET STATUS
0137 RAL sRAL ROTATE B8USY BIT TO BIT 15
0138 SSA IF 0 THEN OK TO SWITCH MODE,
0139 JMP BUSY+1
0140 JMP BUSY,1
0141 o
0142 STC NOP
0143 STC SC»C WAIT FOR OPERATION
0144 SFS SC COMPLETION
014S JMP e-1] FLAG.
0146 JMP STCo1
0147 =
0148 A EQU 0
0149 B EQU 1
0150 SC EQU 158 170 SLOT OF 125878.
0151 LENG DEC 19
0152 COUNT NOP
0153 ADDR DEF BUFFR ’
0154 JETX OCT 3 THIS WOULD BE LFs 12Bs FOR TTY,
0155 Cwl OCT 160410
0156 Cw2 OCT 140410
0157 SBA OCT 2000
0158 MSK oCcT 177
0159 BUFFR EQU
0160 REP 10
ol6l NOP
0162 =«
0163 «
0164 +
0165 END

3-6
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Section IV

SECTION IV
THEORY OF OPERATION

4-1. INTRODUCTION.

4-2. This section contains an overall functional descrip-
tion and a detailed circuit description for the interface card.
Located at the back of this section is a flow chart (figure
4-4) that illustrates the operating sequence of the interface
card.

4.3. OVERALL FUNCTIONAL DESCRIPTION.

4-4. The interface kit includes a single plug-in printed-
circuit card that provides parallel-to-serial or serial-to-
parallel data conversion. The interface card also provides
data set control signals which conform to Electronic
Industries Association Standard RS-232-B. The data conver-
sion function and data set control signals allow a computer
to transmit or receive data via common-carrier data trans-
mission lines.

4-5. Figure 4-1 is a functional block diagram showing
the operational relationship of the computer, the data set,
and the interface card. Three functions are achieved by the
interface card: data transmission, data reception, and line
status checks. The following paragraphs describe each
function.

4-6. DATA TRANSMISSION.

4.7, In the transmit mode, parallel data is output from
the computer to the interface card, and is converted to
serial data. The serial data is transmitted over common-
carrier equipment by the data set. In operation, a control
word from the computer sets the interface card control
logic for the transmit mode. The control logic places the
data set in the transmit mode and prepares the parallel data
output buffer for a load operation. Parallel data is output
from the computer to the parallel data output buffer. If the
8-bit shift register is clear and Clear-to-Send (CB) is
enabled, the control logic allows the contents of the parallel
data output buffer to enter the 8-bit shift register. The
clock (synchronized with the computer timing) is enabled
and shifts the contents of the 8-bit shift register to the data
set in serial format. The bit register/counter section of the
control logic disables the clock when one character bit
stream is transmitted serially. (The parity bit, if selected,
and start and stop bits are added by the interface card.) The
data set transmits the serial data over common-carrier lines.

4-8. DATA RECEPTION.

4.9, In the receive mode, serial data is transferred from
the data set to the interface card and is converted to
parallel data. The parallel data is then input to the
computer. In operation, a control word from the computer

sets the interface card control logic for the receive mode.
The control logic notifies the data set that the interface
card is ready to accept data. The first bit (start bit) of serial
data enters the 8-bit register and enables the clock. The
clock shifts the subsequent serial data bits into the 8-bit
shift register. The bit register/counter right justifies the
data. The control logic checks parity (if selected) and trans-
fers the contents of the 8-bit shift register to the parallel
data input buffer. The data in the parallel data input buffer
is then transferred to the computer.

4-10. LINE STATUS CHECKS.

4-11. Three of the common-carrier lines (Data Set
Ready, Secondary Data Receive, and Carrier Detect) con-
necting the transmit and receive data sets are monitored by
the interface card. The line status check signals are trans-
ferred from the interface card to the computer. When
selected by the program, an absence of any one of the line
status check signals generates an interface card Flag signal.

4-12. DETAILED CIRCUIT DESCRIPTION.

4-13. The following paragraphs contain a detailed circuit
description for the interface card. The description covers
the I/O system controls, the control word register, the 8-bit
shift register, the bit register/counter, the clock and
synchronize circuit, the control logic, and line status. See
the logic diagram for the interface card (figure 5-14) when
referencing the detailed circuit description.

4-14. INPUT/OUTPUT SYSTEM CONTROLS.

4-15. When power is initially applied by the POWER
switch of the computer, the Interrupt System Enable FF on
the I/O control card is cleared, which disables the computer
interrupt system. Initial power disables the interface card
with the POPIO and CRS signals. The CRS signal clears the
Control FF, Clock Enable FF, and On/Off FF. The POPIO
signal sets the Flag Buffer FF and Ready FF. The output
signals from these flip-flops clear the Parity FF, Start
Bit FF, Justify FF, Load 9’s FF, and set the N-Zero FF,
Stop Bit FF, and Flag FF at computer time T2 (ENF).

4-16. After initialization, a STF instruction with the se-
lect code of 00 (octal) sets the Interrupt System Enable FF
and the computer IEN signal enables the I/O control card.
The interface card will not interrupt until a STC,CLF in-
struction with the select code of the interface card is output
from the computer. The select code, the IOG(B) signal, and
the STC signal set the Control FF. The Control FF enables
an interrupt, but does not affect the functioning of the data
set associated with the interface card. The CLF signal clears
the Flag Buffer FF and the Flag FF.

4-1
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Figure 4-1. Interface Card Functional Block Diagram

4-17.  When the interface card generates a Flag signal, the
set output from the Control FF, combined with the IEN
signal and set-side output of the Flag FF, sets the IRQ FF
at computer time T5 (SIR) if the PRH signal is true. This
causes a program interrupt, which usually occurs at the end
of the current phase of computer operation. At the next
time T2, the IRQ FF clears, allowing any higher-priority
device to use the requested interrupt. If no higher-
priority device requests an interrupt, the IRQ FF sets again

4-2

at time T5 (SIR signal). The FLG and IRQ signals indicate
the service request address of the interface card, and the
computer services the card.

4-18. CONTROL WORD REGISTER.

4-19.  The control word register consists of seven flip-
flops and a gate network. Signal inputs from the computer
to the control word register set the interface card for the
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Table 4-1. Control Word Register Functions

FUNCTION

LOGIC 0 INPUT

LOGIC 1 INPUT

Even parity selected

Odd parity selected

Parity check disable

Generate and check parity

Echo disabled

Echo enabled

Data Set Ready (CC), Car-
rier Detect (CF), and Sec-
ondary Data Receive (SBB)
interrupts disabled.

Data Set Ready (CC), Car-
rier Detect (CF), and Sec-
ondary Data Receive (SBB)
interrupts enabled.

Receive mode

Send mode

Data Terminal Ready (CD)
signal disabled to data set.

Data Terminal Ready (CD)
signal enabled to data set.

Signal input on I0BO lines

12587B
10BO
LINE FLIP-FLOP
7 Odd/Even
8 Parity On
9 Echo
12 Mask
(Status Interrupt
Enable)
13 Send/Receive and
Request-to-Send
14 On/Off
15 Gate Network
is data.

Signal input on I0BO lines
is control.

desired operating mode. Table 4-1 lists each input line from
the computer to the card (IOBO lines 7 through 15), the
associated flip-flop in the control word register, and the
function of each flip-flop. In operation, a logic 1 from
the output of gate U47B (LSCM, IOGB, and LSCL) com-
bines with a logic 1 I0O signal, allowing capacitor C6 to
charge through resistor R64. When the 100 signal changes
to a logic O (at the end of computer time T4), a short
negative-going pulse appears at the output of gate U46A and
enables the decoding of bit 15. If input signal IOBO 15isa
logic 1 (denoting a control word), the output of gate U56C
provides a clock signal at the clock input of the control
word register flip-flops. To prevent the control word from
entering the parallel data output buffer, a logic 1 at pin 8 of
gate U56D disables the gate and a parallel data output
buffer clock signal is not produced. However, should input
signal IOBO 15 be a logic 0 (denoting data), U56D and
U56A would produce a parallel data output buffer clock
signal and the control word register flip-flops would be
inhibited. The control word also contains the word size of
the parallel data. The word size information is coupled to
the bit register/counter by IOBO lines 0 through 3. Typical
program word formats for a control word and data word are
shown in figure 4-2,

4-20.  8-BIT SHIFT REGISTER.

4-21. The 8-bit shift register consists of two 4-bit shift
register integrated circuits that provide parallel-to-serial or
serial-to-parallel data conversion. This is accomplished by
switching the inputs of the 8-bit shift register between two
sources. A logic 0 Parallel Enable signal loads parallel data

into the shift register for a parallel-to-serial data conversion
(transmit mode for the interface card). A logic 1 Parallel
Enable signal loads serial data into the shift register for a
serial-to-parallel data conversion (receive mode of operation
for the interface card).

4-22, PARALLEL-TO-SERIAL DATA CONVERSION.
Parallel-to-serial data conversion occurs in the following
manner. Parallel data from the computer enters the 8-bit
shift register via the eight flip-flops of the parallel data
output buffer. The converted serial data is output from the
8-bit shift register at pin 12 of integrated circuit U95. The
serial data is clocked through the Start Bit FF and the Stop
Bit FF. With the Stop Bit FF set and the Start Bit FF
cleared at the beginning of a transmit operation, the serial
data from the 8-bit shift register will be preceded by a stop
bit and a start bit. (See figure 4-3.) The stop bit provides a
separation of transmitted and received data when changing
the operating mode. The start bit signifies the beginning of
a character bit stream. Serial data is supplied, through
U42A, U42C, and UT71A, to line driver U81A which applies
the character bit stream to the data set.

4-23. SERIAL-TO-PARALLEL DATA CONVERSION.
Serial-to-parallel data conversion begins with the reception
of a character bit stream from the data set. Line receiver
U91B accepts the data bits and applies them, through
U71D, to U93A. Because the Request-to-Send FF is
cleared, the inverted data bits are output from gate U93A.
The first data bit of the character bit stream from U93A
sets the Clock Enable FF. With the Parallel Enable signal a
logic 1 and the clock operating, the bits are shifted through

4-3
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DENOTES CONTROL WORD

2077-4
Figure 4-2. Typical Control Word and
Data Word Formats

the Serial In FF to the 8-bit shift register. After the bits are
shifted into the 8-bit shift register and placed in the right
justified position (least significant bit located at output pin
12 of integrated circuit U95), a clock pulse from the bit
register/counter loads the parallel data into the Parallel
Data Input Buffer FFs. The data is input to the computer
from the parallel data input buffer.

4-24, PARITY COMPUTATION. Parity computation is
accomplished with the Parity On FF and the Odd/Even FF
of the control word register, the Parity FF, and the Error
FF. Operation of the interface card without the use of
parity is possible by not setting the Parity On FF during the
control word output. In the transmit mode, each bit of the

sTOP STOP
BIT BIT

LOGICO

[} ]
B1|B21B31B4|B5|B6]B71B8
' ! —LOGIC 1

START
BIT

NOTE: JUMPER W2 IN POSITION A

2077-3
Figure 4-3. Typical Serial Character Bit Stream
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character bit stream is applied to the Parity FF by gate
U73C. The output of the Parity FF and the output of the
Odd/Even FF are compared by gates U52B and U52C to
determine the logic level of the parity, and the result is
inserted as the last bit of the character bit stream by gate
U42D. (The Odd/Even FF is set or cleared by the IOBO 7
line during the output of the control word from the com-
puter. A logic 1 causes odd parity and a logic O causes even
parity.) In the receive mode, gate U73D applies each bit of
the character bit stream to the Parity FF. The output of the
Parity FF and the output of the Odd/Even FF are com-
pared by gates U52B and U52C. If the logic levels of the
flip-flops do not agree, a fault is detected and the Error FF
is cleared. The Error FF remains clear only for that one
particular character bit stream.

Note

If the Ready FF remains set due to the
failure of the program to service the inter-
face card, the Error FF is held clear indi-
cating the loss of the preceding character
bit stream.

4-25,  BIT REGISTER/COUNTER.

4-26.  The bit register/counter consists of a four flip-flop
register (CTR O through CTR 3) and associated gating, a
4-bit binary counter (U102), a BCD-to-decimal decoder
(U112), a Load 9’s FF and a Justify FF. The bit register/
counter controls the shifting of one complete character bit
stream from the 8-bit shift register during the transmit
mode of operation and right justifies a character bit stream
in the 8-bit shift register during the receive mode of opera-
tion. The number of shifts required for proper operation is
determined by the two’s complement portion of the
control word from the computer. (Refer to paragraph 4-19
and figure 4-1.)

4-27. TRANSMIT MODE. In the transmit mode, the
register portion of the bit register/counter is loaded with
the two’s complement (a negative number) of the total
number of bits that constitutes one complete character bit
stream. The counter portion of the bit register/counter
counts forward to one, adds the parity bit if the control
word register Parity FF is set, and provides the desired
number of stop bits to complete the character bit stream.
In operation, a combination of I00 and IOBO 15 signals
provides a clock signal to load FFs CTR 0 through CTR 3
with the complement of the two’s complement of the char-
acter bit stream. (The complement of the two’s comple-
ment is derived from inversion by gates UT5A through
U75D.) Because the Justify FF is cleared during the trans-
mit mode, gates U72C, U92A, and U92C apply the infor-
mation contained in FFs CTR 0 through CTR 3 to 4-bit
binary counter U102 in the two’s complement form. The
information loads into the 4-bit binary counter when the
Parallel Enable signal becomes a logic 0. At each clock
signal from gate U72B, the 4-bit binary counter counts for-
ward and the BCD count is decoded by BCD-to-decimal
decoder U112. When the number “1” is decoded at pin 12
of U112, the computer parity (if selected by the control
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word) is added to the serial data by gate U42D. With
jumper wire W2 in the B position and the count at ¢“2”
(pin 11 of U112), the Clock Enable FF is cleared which dis-
ables the clock circuit. The stop bit at the start of the next
character bit stream provides a one stop bit separation
between data. If W2 is in the A position, the count is
allowed to reach “3” (pin 3 of U112) and one stop bit is
placed in the character data stream before the clock circuit
is disabled. This stop bit combined with the stop bit at the
start of the next character bit stream provides the two stop
bit separation between data. After the clock circuit is
disabled, a clock signal from gate U122C is applied to the
Error FF to check for errors, and the N-Zero FF is set by a
logic 0 signal from gate U52D. (Setting the N-Zero FF indi-
cates the character bit stream has been transmitted.) The
signal from the clear-side output of the N-Zero FF clears
the Parity FF and provides a logic O Parallel Enable signal
to the 4-bit binary counter and the 8-bit shift register. A
logic 0 Parallel Enable signal reloads the 4-bit binary
counter with the two’s complement of the next character
bit stream that was stored in the CTR 0 through CTR 3 FFs
during the output of the control word. The 8-bit shift regis-
ter is loaded from the parallel data output buffer and
another character bit stream is transmitted.

4.28. RECEIVE MODE. In the receive mode, bits 0
through 3 of the control word (the two’s complement of
the number of bits in one complete character) are inverted
and loaded into the register portion of the bit register/
counter. Because the clear side of the N-Zero FF holds a
low level (logic 0) on U102 pin 9, these bits, inverted back
to the two’s complement, are loaded into the 4-bit counter
portion of the bit register/counter.

4.29.  When the first bit of the character bit stream is
received from the data set, the Clock Enable FF sets as
described in paragraph 4-23. As each bit of received data is
clocked into the 8-bit shift register, the 4-bit counter incre-
ments by one. When the 4-bit counter “wraps around” and
U112 BCD-to-decimal decoder reaches the count of “1”,
gate UB3A sets the Justify FF and gate U93B sets the Load
9’s FF. The set outputs of these flip-flops provide a low
enabling signal to the 4-bit counter and allow loading the
4-bit counter from the clear sides of CTR O through
CTR 3 FFs. This number equals the required number of
justifying shifts subtracted from 16. At computer time T3,
the Load 9’s FF is cleared and the justify cycle begins.
Time T3 and a high (logic 1) from the Justify FF combine
at gate U62D to produce a 4-bit counter clock signal from
gate U72B that increments the counter every machine
cycle. At the same time, gate U122A causes an 8-bit shift
register clock signal. A justify shift, therefore, occurs every
machine cycle.

4-30. When the output of the BCD-to-decimal decoder
equals the count of “0” (pin 13 of U112), the Justify FF
clears, ending the justify cycle. Gate U73A clears the Clock
Enable FF and provides a clock signal to the Error FF to
check for errors. The Clock Enable FF disables the clock
circuit and sets the N-Zero FF. Setting the N-Zero FF indi-
cates that data is justified. The clear-side output of the
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N-Zero FF clears the Parity FF and reloads the two’s com-
plement of the next character bit stream into the 4-bit
binary counter.

4-31. CLOCK AND SYNCHRONIZE CIRCUIT.

4-32. The clock and synchronize circuit provides a shift
signal to the 8-bit shift register and an increment signal to
the bit register/counter that coincides with the computer
timing but is not the same time interval as a machine cycle.
Once each shift cycle, three computer timing signals (T2,
T3, and T5) provide synchronization. The clock and syn-
chronize circuit consists of a crystal-controlled oscillator, a
programmable scaler, a Clock Enable FF, a frequency
divider, and two synchronizing flip-flops.

4.33. CRYSTAL-CONTROLLED OSCILLATOR. The
clock oscillator is a free-running, crystal-controlled oscil-
lator consisting of U41A, U41B, U41C, and crystal Y1. Fre-
quency of oscillation is 423,000 pulses per second. The
oscillator output is connected to pin 4 of the 48-pin con-
nector. Pin 4 is externally wired to pin F of the 48-pin
connector; pin F is connected to the input of the program-
mable scaler.

4.34. PROGRAMMABLE SCALER. The programmable
scaler consists of two, 4-bit binary counters (U51 and U61)
connected to form a scaler with a 256-count capacity. The
scaler can be preset to any number from 0 through 239
with external jumpers (see table 2-1). The scaler counts
pulses from the crystal-controlled oscillator and generates
one output pulse at U61 pin 15 each time the preset
number of counts plus the accumulated pulses from the
oscillator equal 255. When count 255 occurs, an output
pulse is applied to U12B pin 5, and gate U41D enables the
scaler preset lines. The next pulse from the oscillator sets
the scaler to its preset value. By presetting the scaler to the
appropriate value, the oscillator frequency can be divided
by any number between 2 and 256.

4-35. CLOCK ENABLE FF. The set-side output of the
Clock Enable FF combines with the oscillator signal at gate
U12B to initiate the frequency divider. Due to the Clock
Enable FF, the first half of the first cycle from U12B will
always be a logic 0. The clear-side output of the Clock
Enable FF clears the frequency divider, clocks the
Request-to-Send FF, and sets the N-Zero FF. The Clock
Enable FF is set during the receive mode by the output of
the first bit of a character bit stream from gate U93A. In
the transmit mode, the Clock Enable FF is set if the
Request-to-Send FF is set, the Ready FF is cleared, and the
data set Clear-to-Send signal is a logic 1. The Clock Enable
FF is cleared by a Clear Control (CRS) signal or by the bit
register/counter. Because the Clock Enable FF is set only
when the interface card is shifting data, the set-side output
of the Clock Enable FF is also used as a Busy signal (I0BI
line 13) to the computer.

4-36. FREQUENCY DIVIDER. The output of the pro-
grammable scaler is reduced in frequency to the bit transfer
rate of the interface card by the frequency divider. The fre-
quency divider consists of a Divide-by-2 FF, a Divide-by-4
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FF, and a Divide-by-2/8 FF. This circuit divides the pro-
grammable scaler output by 8 when jumper W1 is in the A
position and by 64 when W1 is in the B position. Table 2-1
shows how to position jumper W1 and how to preset the
programmable scaler to effect a desired data transfer rate.

4-37. SYNCHRONIZING FLIP-FLOPS. The synchron-
izing flip-flops, Sync 1 FF and Sync 2 FF, provide a shift
and increment signal that is coincident with the computer
timing signals. The Sync 1 FF input signal is from the
frequency divider and the Sync 2 FF input is the SIR signal
at time T5 of the computer cycle. In the transmit mode,
the first half cycle of the bit shift frequency from gate
U13A sets positive-edge-trigger Sync 1 FF. With a logic 1 at
the J-input and a logic 0 at the K-input of the Sync 2 FF,
gate USTE sets the Sync 2 FF at the end of computer time
T5. The set output of the Sync 2 FF combines with ENF,
T3B, and SIR computer signals to provide computer time
periods T2, T3, and T5 from gates U67B, U67D, and U67C,
respectively. The leading edge of T5 from U67C clears the
Sync 1 FF and the trailing edge of T5 clears the Sync 2 FF;
consequently, only one set of T2, T3, and T5 computer
timing signals are available for a single bit shift cycle. In the
receive mode, the only operational change is that the
Sync 1 FF is set during the last half of the bit shift fre-
quency from gate U13D. For this reason, the character bit
stream is transmitted at the start of a bit shift cycle and
received in the center of a bit shift cycle.

4-38. CONTROL LOGIC.

4-39.  The control logic monitors and controls the input
and output sequence of data conversion by the interface
card. The control logic consists of the N-Zero FF, the
Ready FF, the Ringing FF, and the Buffer Ready FF.

4-40. N-ZERO FF. The N-Zero FF initializes the control
logic after the last bit of the current character bit stream
has been transmitted or received. After the last bit of the
character bit stream is processed, the setting of the N-Zero
FF produces the Parallel Enable signal for the 8-bit shift
register and bit register/counter, clears the Parity FF, sets
the Stop Bit FF, and clears the Start Bit FF. The N-Zero
FF is set each time the Clock Enable FF is cleared.

4-41. READY FF. The Ready FF signals the computer
via the flag circuit that the interface card is ready to input
data to the computer or that the card is ready to transmit
another character bit stream to the data set. In the receive
mode, the Ready FF is cleared by an LIA/B or MIA/B
instruction: in the transmit mode, the Ready FF is cleared
by an OTA/B instruction. An input or output instruction
such as LIA,C or OTA,C clears the Ready FF and the Flag
FF; however, an attempt to clear the Flag FF without
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executing an input or output instruction will result in
another Flag signal. (The set condition of the Ready FF
holds the Flag FF set until the interface card is serviced.)

Note

In the transmit mode, the Ready FF may
be set if the parallel data output buffer is
ready to accept new data. This does not
indicate that the 8-bit shift register is
empty; the 8-bit shift register may be
processing the data received from the
parallel data output buffer.

4-42. RINGING FF. The Ringing FF detects if
common-carrier equipment is attempting to contact the
data set associated with the interface card. In operation, the
Ringing (CE) signal from the data set associated with the
interface card is buffered by line receiver U101D, inverted
by U111B, and applied as a clock signal to the Ringing FF.
The resulting set output from the Ringing FF sets the Flag
Buffer FF. A CLF instruction from the computer clears the
Ringing FF.

4-43. BUFFER READY FF. The Buffer Ready FF
retains the set condition of the Ready FF long enough for
an LIA/B or MIA/B instruction to couple the condition of
the Ready FF to the computer. The retention capability is
necessary because any of these instructions will clear the
Ready FF if the interface card is in the receive mode. The
Buffer Ready FF is set by the Ready FF and is cleared by
an ENF (T2) signal from the computer. The set output of
the Buffer Ready FF is connected to IOBI line 15.

4-44.  LINE STATUS.

4-45. The line status circuit consists of three line
receivers, the Mask FF of the control register, and asso-
ciated gates. The line status circuit monitors the signal lines
that connect the data set associated with the interface card
to the common-carrier equipment. During each computer
input instruction, the Data Set Ready (CC), Secondary
Data Received (SBB), and Carrier Detect (CF) signals are
coupled to the computer by the receivers. During normal
operation, the output of the line receivers cause a logic 0
output from gate U113A. If the Mask FF is set by the
control word and one of the line signals goes off, the
output of U113A sets the interface card Flag Buffer FF and
the interface card generates an interrupt. If the Mask FF is
not set, the Flag Buffer will not be set; however, the line
signals are part of the input word to the computer.
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(U538, U97A, U97C,

(U978,U87B)

D
(1080 1 THRU 15) UseA, USGC, USSD)

(U8S5D, UBSC, U858, UBSA,
U86D, UB6C, UBEB, UBGA)

BUFFER

LOAD PARALLEL
| DATA IN PARALLEL
DATA OUTPUT

(ua3B)

(us7A)
(1081 1 THRU 15) (US6A, USEC, USED) U97D, U878, U978, UTA)
INTERFACE CARD ON AND
COMPUTER YES Is YES OPERATING PARAMETERS COMPUTER
START OUTPUT TO BIT 14 ESTABLISHED IN CARD SET TO OUTPUT TO
| INTERFACE ” CONTROL WORD TRANSMIT INTERFACE CARD
CARD REGISTER MODE?
NO NO NO
OPERATING
PARAMETERS IN
CONTROL WORD
REGISTER
DESTROYED
wna (u97A) (U538) (JUMPER wm(suv:l‘zzu)u POSITION B) (U124, U36B)
(U764, U768) (U658, U528, US2C, U42D)
Is 1s
SHIFT DATA BT IS 0DD INSERT LOGIC 1 cLOCK
THRU START 81T REGISTER/COUNTER A ASLAST BIT L ENABLE FF
BIT FF AT COUNT OF , CHARACTER COUNT OF SLEARED?
? 27,
(U658, US2B, US2C, U42D)
INSERT LOGIC 0
AS LAST BIT
OF
CHARACTER
(UB5A, UB6A,
(U93A) (w3zA) U22A, U228, U23)
(U978, UBTB) (Us6B, UI5, U96)
s
IS IS CLOCK AND LOAD DATA INTO
INTERFACE CARD SET TNTERFACE CARDN YES cLock YES SYNCHRONIZE YES 8-BIT SHIFT
FOR RECEIVE RECEIVING DATA ENABLE FF CIRCUIT REGISTER IN
FROM DATA SET? OPERATING? SERIAL FORMAT
SET?
NO (Ue5A, UB6A, U22A, | NO No
U228, U23) (uaeB)
CLOCK AND
SYNCHRONIZE WILLSOAL DATA
CIRCUIT WILL NOT OAD INTO
FUNCTION 8-BIT SHIFT REGISTER
638) U63A)
B (ua3s) (U72D, U920, U928 (U638) (U728, U122A, U46B) wna ¢
IS
1S LOAD 9'S 1S JUSTIFY CYCLE
LOAD 9 YES YES COMPLEMENT - LOAD 9's SHIFTS BITS FOR REGISTER/ JUSTRFY
FF SET? [ INTO FF CLEARED? EACH COMPUTER COUNTER AT CLEARED?
REGISTER/COUNTER CYCLE o
NO

(10BO 1 THRU 15)

COMPUTER
INPUT FROM
INTERFACE CARD

2156-4

(U107A, U1278, U1178)

(DETERMINED BY PROGRAM)

IS
OPERATION

(U97D)

(U113A, U103D)

SET FLAG BUFFER
FF AND GENERATE
AN INTERRUPT

(u103a)

NO OPERATIONAL
CHANGE

o

COMPLETE?

YES

un12)

IS
B8IT
REGISTER/COUNTER
AT COUNT
OF “1"?

NO

(U12A,U368)

(10BO 1 THRU 15) (US6A. US6C, US6D)

COMPUTER s
| OUTPUT TO BIT 15
INTERFACE CARD / ”
NO

YES

(u87A)

YES

(U120, U36B)

CLEAR-TO-
SEND HIGH,
READY FF CLEAR,
R-TO-S FF
SET

(u43B)

YES

CLOCK AND
SYNCHRONIZE
CIRCUIT WILL NOT
FUNCTION

(DETERMINED BY PROGRAM)

is
OPERATION
COMPLETE

(U63A)

(U1050, U105C, U1058, U105A,
U106D, U106C, U1068B, U106A)

LOAD PARALLEL

DATA INPUT
BUFFER

(U71F UB1D)

INTERFACE
CARD
OFF

(10BO 1 THRU 15)

COMPUTER

(U468, U43B, U5, U96)

LOAD DATA INTO
8-BIT SHIFT
REGISTER

(U65A, UG6A,
U22A, U228, U23)

1S
CLOCK AND
SYNCHRONIZE

{US6A, US6C, US6D)

OUTPUT
TO INTERFACE
CARD

(U46A)

BIT REGISTER/COUNTER
FOR NEXT CHARACTER

RELOAD TWO'S
COMPLEMENT INTO

(U97A)

IS YES
PARITY
ON FF SET?

NO

us3s)

5
oDD
PARITY
SELECTED?

NO

YES

CIRCUIT
OPERATING?

(ug7A)

(U658, U528, U52C)

COMPARE ODD
PARITY WITH
SERIAL DATA

(U658, US28B, US2C)

Section V

{U71F,U81D)

INTERFACE
CARD
OFF

(US3A)

(1081 9)

COMPARE EVEN
PARITY WITH
SERIAL DATA

ERROR INDICATION
IS GENERATED

INFORMATION IN PARENTHESIS ( )
DENOTES HARDWARE THAT PER-
FORMS FUNCTIONS DESCRIBED

NOTES:

Figure 4-4. Flowchart of Interface Card

Operating Sequence

4.7/4-8
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SECTION V
MAINTENANCE
5-1. INTRODUCTION. 59, TEST PROGRAM.
5-2. This section contains information on the diag- 5-10. The test program sets the interface card for the

nostics and troubleshooting for the interface card.

5-3. PREVENTIVE MAINTENANCE.

5-4. Detailed preventive maintenance procedures and
schedules are given in the Installation and Maintenance
Manual for the computer. There are no separate preventive
maintenance procedures for the interface Kkit.

5.5, DIAGNOSTICS.

5-6. Complete diagnostic program operating procedures
are contained in the Manual of Diagnostics. Refer to proce-
dure part number 12587-90002 when using a 2114, 2115,
or 2116 Computer or procedure part number 12587-90005
when using a 2100 Computer.

5-7. TROUBLESHOOTING.

5.8. Troubleshooting the interface card is accomplished
by performing the diagnostic test described in the Manual
of Diagnostics and analyzing the error halts that occur as
the test is being run. Figure 5-1 and table 5-1 contain wiring
and signal information for the test connector that is used to
run the diagnostic test. After analyzing the error halts, see
figure 5-15 of this manual for the logic and parts location
diagrams of the interface card and table 5-2 for inter-
connecting cable pin functions. Refer to the appropriate
computer documentation for additional information on
backplane wiring, signal data, etc., not included in this
manual. To further isolate trouble, perform the following
test program, check the timing diagrams in this section,
and refer to the list of equations provided in table 5-4.

transmit mode of operation, then transmits the information
in the computer switch register (bits O through 7) in a serial
character bit stream. An HP 180A Oscilloscope (or equiva-
lent) with X10 probes and the card extender are required to
perform the test. To conduct the test, proceed as follows:

CAUTION

Turn the power off at the computer be-
fore removing or replacing interface cards
or damage may result.

a. Pluginterface card with test connector attached into
card extender and insert card extender in appropriate slot
in computer. A resistor is attached to the test connector on
the Request to Send function to cause a slight delay and
eliminate a race condition.

b. Set oscilloscope sensitivity adjustment of A input to
read 1 V/CM and connect A input to pin 11 of 48-pin con-
nector.

c. Set oscilloscope sensitivity adjustment of B input to
measure 0.2 V/CM and connect B input to pin 11 of gate
U122C on interface card. (The signal at U122C pin 11 is
the clear-side output of the N-Zero FF.) Connect external
sync of oscilloscope to same location as the B input and set
external sync adjustment to trigger on the positive signal.

d. Using computer front-panel controls, load test pro-
gram shown in table 5-3. Return to address 100 (octal) and
press computer RUN switch.

e. Adjust TIME/DIV and variable time base adjust-
ment of oscilloscope until one character bit stream appears
on screen of oscilloscope. (See figure 5-2.)

* AN
3.3K
o|0|0 0|0 0(0 06 0 06 0 06 0 0 6 0 06 06 0 0|0 00
11213 4|5 6|7 8 9 10 11 12 13 14 15 16 17 18 19 20 21| 22 23 24
© 060 0 0 00 00 0 0000 000 00 00 0 00
A B C D E F H J K L M N P R S T U V W X Y Z AA BB

2156-7A

Figure 5-1. Test Connector Wiring Diagram

5-1
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Table 5-1. Test Connector Signal Information
CARD OUTPUT SIGNALS CARD INPUT SIGNALS
10BO EIA STANDARD CONNECTOR EIA STANDARD O8I
BIT CIRCUIT NAME PINS NAME CIRCUIT BIT
10 SBA Secondary Data Send 14 19 Secondary Data Receive SBB 14
_E 13 Serial Data Input BB
13 CA Request-to-Send 16 ——— 12 Clear-to-Send CB -
14 CD Data Terminal Ready 20 — 15 Ringing CE 10
- - Internal Clock 1 j— 23 Data Set Ready CcC 12
A
- BA Serial Data Output 11 — 22 Carrier Detect CF 11
- - Internal Oscillator 4 —— F Programmable Scaler — —
- - Ground BB B Programmable — -
3 Scaler
_E I; Preset (1200 bits/sec)
Note

Figure 5-2 is for an interface card oper-
ating with jumper W2 in position B (only
one stop bit at the end of the character
bit stream). If two stop bits were selected
(W2 in position A), the N-Zero FF output
would coincide with the last stop bit.

f. Switch bits O through 7 of computer switch register
off and on, one at a time, and check resulting waveform.
Each waveform bit should be near -6 volts when respective
switch register bit is in the logic 1 (on) position.

g. Halt computer. Change control word located at
address 105 (octal) to indicate a character bit stream of
six bits (120012 octal). Return to address 100 (octal) and
press RUN switch.

h. Switch bits 0 through 7 of computer switch register
off and on again and check that only bits O through 5
change the waveform,

5-11. TIMING DIAGRAMS.

5-12,  Figures 5-3 and 5-4 contain general timing dia-
grams for typical transmission and reception of a character
bit stream. Figures 5-5 through 5-13 contain detailed timing
diagrams of the interface card for the following operations.
(Refer to theory of operation section for a detailed circuit
description.)

5-2

~+46.0V
(LOGIC 0)
T T T T T T T 1
START , g11B2!B31B4!8B5186! anaaﬁ,%"
BIT [ | [ [ | | | — X-6.0V
(LOGIC 1)

A INPUT (DATA)

+4.0V
I_.I_.. oV

B INPUT (N-ZERO FF)

2077-7A
Figure 5-2. Test Program Waveform

a. Operation in the transmit mode with the bit
register/counter at the count of “1”’ (figure 5-5).

b, Output a control word that sets the interface card
for the transmit mode of a character bit stream consisting
of eight bits (figure 5-6).

c. Initial power on (figure 5-7).

d. Operation in the transmit mode with the bit
register/counter at the count of 2" (jumper W2 in position
A) (figure 5-8).

e. Output data (figure 5-9).

f.  Operation in the justify cycle with the bit register/
counter at the count of “0” (figure 5-10).



12587B Section V
Table 5-2. Interconnecting Cable Pin Index
25-PIN 48-PIN EIA STANDARD
CONNECTOR CONNECTOR RS-232-B CIRCUIT SIGNAL NAME
1 BB AA Protective Ground
2 11 BA Transmit Data
3 13 BB Receive Data
4 16 CA Request-to-Send
5 12 CB Clear-to-Send
6 23 CcC Data Set Ready
7 24 AB Signal Ground
8 22 CF Carrier Detect
11 14 SBA Secondary (Supervisory) Data Send
12 19 SBB Secondary (Supervisory) Data Receive
20 20 CD Data Terminal Ready
22 15 CE Ringing
Pins 1, 3,4,6,7, A, B, C,D, F, H, and J on the 48-pin connector are used as jumper tiepoints for various interface
card functions. They do not connect to pins on the 25-pin connector.
All other pins are unused.

g. Output a control word that sets the interface card
for the receive mode of a character bit stream consisting of
eight bits (figure 5-11).

h. Receive data (figure 5-12).

i. Operation in the receive mode with the bit register/
counter at the count of “1”’ (figure 5-13).

' 5-14.

5-13. LOGIC EQUATIONS.

A list of logic equations for each flip-flop on the
interface card is shown in table 5-4. These equations may
be used along with the integrated circuit information
(figure 5-14), the logic and parts location diagrams
(figure 5-15), and the replaceable parts list for the card
(table 5-5) for maintenance purposes. The parts in table 5-5
are in order of reference designation.

Table 5-3. Test Program

REMARKS
MACHINE CODE
LABEL OPERATING CODE OPERAND ADDRESS INSTRUCTION
- (OCTAL) (OCTAL)

LDA CW 100 060105
OTA 10 101 102610
LOOP LIA 01 102 102501
OTA 10 103 102610
JMP LOOP 104 026102
CwW Control Word 105 120010

NOTE: The test program assumes the interface card is located in the slot corresponding to select code 10.
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Iq————— ONE CHARACTER BIT STREAM ————->|<— NEXT CHARACTER BIT STREAM —->|
- )
| T T T T T T T T 1ST | 2ND ¢ I !
DATA | STOP|START! B1 ! B2 | B3 | B4 ! Bs | B6 | B? | B8 | sSTOP! STOP ! !
oOuTPUT L] [ [ 1 i l [ l | ] [ S T
READY qs
FF
PIN I
15
31
N-ZERO ¢
FF
PIN 11
wo U U UUUUU
PULSE
aBIT | | | | | | | I | | | | | | | I |
BINARY | 1000 | 0111 | 0110 | 0101 | 0100 | 0011 | 0010 | 0001 | 0000 | 0001 | 0010 | 0011 | 1000 jug— 3—3= 0010 | 0011 |
COUNTER | | | | | [ | | | | | | | | 1 | |
NOTE: JUMPER W2 IN POSITION A
2077-8
Figure 5-3. Timing Diagram for Transmission of a Character Bit Stream
|4 ONE CHARACTER BIT STREAM ————y.'q—nsxr CHARACTER BIT STREAM —>'
39
: START: 1 l B2 ' B3 | | 5 i | I B8 Ist | 2no ¢ I
DATA sTOP B1 | | | B4 1 B5 | B6 | B7 | l
INPUT — ] | | | | | | | | SToP 1 SToP
ONE SHIFT
PULSE PER
MACHINE
CYCLE
PULSE
COUNT UP TO 0000
INDICATING END OF
JUSTIFY CYCLE
omomy bbb b
coonna { 0111 | 0110 | 0101 | 0010 | 0011 | 0010 | 0001 | 0000 | 0001
COUNT | | | | | | | | | | | |
IFY
wus o]
PIN 15 CYCLE 3%
L
LOAD 9'S
FF n
PIN 11 :%
RELOAD BIT REGISTER/COUNTER __ o I |
WITH 16 MINUS REQUIRED SHIFTS
RE:FDY J 'R
PIN 15
PARALLEL
DATA INPUT
BUFFER CLOCK | | -
SIGNAL C
2077-9

Figure 5-4. ' Timing Diagram for Reception of a Character Bit Stream
5-4
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COMPUTER
TIMING

100

SEND/RECEIVE
FF PIN 15

N-ZERO FF
PIN 10

CTRO FF
PIN 16

CTR 1 FF
PIN 15

CTR 2 FF
PIN 10

CTR 3 FF
PIN 8

ODD/EVEN FF
PIN 6

PARITY ON FF
PIN 16

R-TO-S FF
PIN 9

CLOCK ENABLE
FF PIN 3

ECHO FF
PIN 10

SBA FF
PIN 9

ON/OFF FF
PIN 5

MASK FF
PIN 9

NOTES:

CONTROL WORD IS 160010 (OCTAL).

SHADED TIME PERIODS APPLY TO 2114, 2115, AND 2116
COMPUTERS ONLY; THE 2100 COMPUTER USES A SHORTER
(T2 THRU T6) TIMING CYCLE.

REF, 2077-11

Figure 5-5. Timing Diagram for a Control Word to Transmit Data

5-5
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COMPUTER
TIMING

POWER ON

POPIO

FLAG BUFFER
FFPING6

CRS

READY FF
PIN 15

CONTROL FF
PIN 8

ON/OFF FF
PIN §

SEND/RECEIVE
FF PIN 15

CLOCK ENABLE
FFPIN3

FLAG FF
PIN 6

ODD/EVEN FF
PIN 6

NOTE:

SHADED TIME PERIODS APPLY TO 2114,
2115, AND 2116 COMPUTERS ONLY; THE
2100 COMPUTER USES A SHORTER

(T2 THRU T6) TIMING CYCLE.

REF, 2077-10

Figure 5-6. Timing Diagram for an Initial Power-On Sequence

COMPUTER
TIMING

SYNC 2 FF
PIN 15

BCD-TO-
DECIMAL DECODER
PIN 11 (2)

N-ZERO FF
PIN 11

4-BIT BINARY

COUNTER PARALLEL
ENABLE SIGNAL

CLOCK ENABLE
FF PIN 3
(SEE NOTE 1)

NUMBER = 2 (SEE NOTE 2}

NOTES:

1.

CLOCK ENABLE FF WILL NOT RESET IF READY FF HAS BEEN RESET BY
ANOTHER CHARACTER BIT STREAM IN THE PARALLEL DATA OUTPUT BUFFER.

JUMPER W2 IN POSITION B.

SHADED TIME PERIODS APPLY TO 2114, 2115, AND 2116 COMPUTERS ONLY;
THE 2100 COMPUTER USES A SHORTER (T2 THRU T6) TIMING CYCLE.

REF. 2077-14

Figure 5-7. Timing Diagram for the Transmit Mode with the Bit

Register/Counter at the Count of ““2”
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MPUTE
c'?r,M:JNGRo1234se7o123455£

100 r

READY FF
PIN 15

BUFFER
READY FF
PINSB

10BO 1 AND 7 I

CLEAR-TO-SEND
(cB)

FF PIN 3

3%
|
}
|
%
i 3
X
%
}
i
l
2

CLOCK ENABLE [

SYNC 2 FF
PIN 15

N-ZERO FF
PIN 11

N-ZERO FF
PIN 6

SHIFT PULSE
(NAND-GATE U64B
PIN 6)

FIRST BIT OF
CHARACTER BIT
STREAM (BA)

TWO'S COMPLEMENT
IN BIT REGISTER
COUNTER

FLAG FF
PIN 6

NOTE: SHADED TIME PERIODS APPLY TO 2114,
2115, AND 2116 COMPUTERS ONLY; THE
2100 COMPUTER USES A SHORTER
(T2 THRU T6) TIMING CYCLE.

REF. 2077-12
7 Figure 5-8. Timing Diagram for Transmitting Data

COMPUTER
TIMING ol1|2|3|ajs|l6]7|0}1]2|3|4|5]|6|7]|0}1 2|3 |4 |5 ]6 710 11213 |4 516]7

JUSTIFY FF
PIN 15

N-ZERO FF
PIN 11

PARALLEL ENABLE
FROM N-ZERO FF
PIN 10

CLOCK ENABLE
FF PIN 3

READY FF
PIN 15

PARALLEL DATA
INPUT BUFFER
CLOCK SIGNAL

NOTE: SHADED TIME PERIODS APPLY TO 2114, 2115, AND 2116 COMPUTERS ONLY; THE
2100 COMPUTER USES A SHORTER (T2 THRU T6) TIMING CYCLE.

REF. 2077-18 . . . . .
Figure 5-9. Timing Diagram for the Justify Cycle with the Bit

Register/Counter at the Count of “0”
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COMPUTER
TIMING

100

SEND/RECEIVE
FF PIN 15

ON/OFF FF
PIN 5

N-ZERO FF
PIN 10

CTR O FF
PIN 16

CTR 1FF
PIN 15

CTR 2 FF
PIN 10

CTR 3 FF
PIN 8

ODD/EVEN FF
PIN 6

PARITY ON FF
PIN 16

R-TO-S FF
PIN 9

CLOCK ENABLE
FF PIN 3

ECHO FF PIN 10

MASK FF PIN 10

JUSTIFY FF
PIN 15

SBA FFPIN9

LOAD 9'S FF
PIN 11

READY FF
PIN 15

NOTES: CONTROL WORD 1S 140010 (OCTAL).

SHADED TIME PERIODS APPLY TO 2114, 2115, AND 2116 COMPUTERS ONLY;
THE 2100 COMPUTER USES A SHORTER (T2 THRU T6) TIMING CYCLE.

REF, 2077-15

5-8

Figure 5-10. Timing Diagram for a Control Word to Receive Data
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COMPUTER 0123455/ 2{3|als|{e|lz]otilz2|3]|als|elz]o]1]|2|3]a|ls]|s]|7
TIMING

START BIT OF

CHARACTER BIT I

STREAM

CLOCK ENABLE

1/2 OF BIT SHIFT
FFPIN3

FREQUENCY I
+2/8 FF J
PIN 11 -t

SYNC 1 FF J
PINS -

SYNC 2 FF
PIN 15

PARALLEL ENABLE
FROM N-ZERO FF
PIN 10

N-ZERO FF
PIN 11

SHIFT PULSE
{NAND-GATE U468
PIN 6)

N-ZERO FF
PIN 6

NOTE: SHADED TIME PERIODS APPLY TO 2114,
2115, AND 2116 COMPUTERS ONLY; THE
2100 COMPUTER USES A SHORTER
(T2 THRU T6) TIMING CYCLE.

REF. 2077-16 .
Figure 5-11. Timing Diagram for Receiving Data

COMPUTER
e (91|23 ]afs|e]|2|ofjr|2)j3|a]|s|efz]o]1]|2]|3|als]|e|7fofr1]|2]|3]|a|s]|s6]2

SYNC 2 FF
PIN 15

NUMBER =1
CLOCK SIGNAL TO
4-BIT BINARY COUNTER
(NAND-GATE U72B PIN 4}

JUSTIFY FF JUSTIFY CYCLE
PIN 15

LOAD 9'S FF
PIN 11

SHIFT PULSE TO
SHIFT REGISTER (NAND-
GATE U46B PIN 6)

N-ZERO FF
PIN 10

NOTE: SHADED TIME PERIODS APPLY TO 2114,
2115, AND 2116 COMPUTERS ONLY; THE
2100 COMPUTER USES A SHORTER
(T2 THRU T6) TIMING CYCLE.

REF, 2077-17
Figure 5-12. Timing Diagram for the Receive Mode with the Bit
Register/Counter at the Count of “1”
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COMPUTER
TIMING

CLOCK ENABLE
FFPIN3

SYNC 1 FF
PIN S

SYNC 2 FF
PIN 15

BCD-TO-
DECIMAL DECODER
U112 PIN 12 (1)

PARITY FF
PIN6

NOTE:

NUM

BER =

SHADED TIME PERIODS APPLY TO 2114,
2115, AND 2116 COMPUTERS ONLY; THE
2100 COMPUTER USES A SHORTER

(T2 THRU T6) TIMING CYCLE.

REF, 2077-13A

5-10

Figure 5-13. Timing Diagram for the Transmit Mode with the Bit

Register/Counter at the Count of “1”
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Table 5-4. Logic Equations

Section V

FLIP-FLOP

EQUATION

Buffer Ready FF

Clock Enable FF

Control FF

CTR O FF

CTR 1 FF

CTR 2 FF

CTR 3 FF

+2 FF

+4 FF

+2/8 FF

Echo FF

8-Bit Shift Register

Error FF

Flag FF

Set
Clear

Set

Ready FF
ENF

[R-to-S FF - (Ready FF - Clear-to-Send)] +
(Receive Data - R-to-S FF)

CRS + BCD-to-Decimal Decoder + [Justify FF -
(BCD-to-Decimal Decoder - SIR)]

STC : (LSCM - IOGB - LSCL)
CLC - (LSCM - IOGB - LSCL) + CRS

I0BO 0
CRS + {I0BO 15 - [100 - (LSCM - I0GB - LSCL) ]}

10BO 1
CRS + {IOBO 15- [100 - (LSCM - I0GB - LSCL) ]}

10BO 2
CRS + {10BO 15 - [100 - (LSCM - IOGB - LSCL) 1}

10BO 3
CRS + {I0BO 15 [100 - (LSCM - IOGB - LSCL) ]}

Clock Enable FF - Oscillator Frequency

+2FF

+ 8 = Clock Enable FF - Oscillator Frequency (Jumper W1 in Position A)

+2 = +4FF

Data
Clock

Parallel Data
Serial Data

Parallel Enable

Clock

Data

Clock
Direct Set
Direct Clear

Set
Clear

Clock Enable FF

10BO 9
I0BO 15 - [100 - (LSCM - I0GB - LSCL) ]

Parallel Data Input Buffer - Parallel Enable - Clock
Serial In FF - Parallel Enable - Clock
N-Zero FF

(N-Zero FF - (Sync2 FF -ENF)] - R-to-S FF }

(Odd/Even FF - Parity FF) + (Odd/Even FF - Parity FF)

Load 9's FF - {[(Sync 2 FF - T3B) + (T3B - Justify FF)] +

Parity On FF - (Justify FF - BCD-to-Decimal Decoder - SIR)

I0BO 15 - [I00 - (LSCM - IOGB - LSCL) ]
Ready FF - (Justify FF - BCD-to-Decimal Decoder * SIR)

Flag Buffer FF - ENF
CLF

5-11



Section V 12587B
Table 5-4. Logic Equations (Continued)
FLIP-FLOP EQUATION
Flag Buffer FF Set = POPIO + [STF - (LSCM - I0GB - LSCL) ] + [Flag FF -
(ENF - Ringing FF) |
Clear = CLF - (LSCM - IOGB * LSCL)
4-Bit Binary Counter Two's Complement = (Justify FF - CTR 0 FF thru CTR3 FF) -
Parallel Enable - Clock
Justify cycle = (Justify FF -CTR O FF thru CTR 3 FF) -
Parallel Enable - Clock
Parallel Enable = N-Zero FF + (Load 9's FF - Justify FF)
Clock = {[N-Zero FF + (Load 9's FF - Justify FF) ] “SIR} +
[(Sync 2 FF - T3B) + (T3B - Justify FF)]
IRQ FF Set PRH - SIR - [Flag Buffer FF - (Flag FF - IEN - Control FF) ]
Clear ENF
Justify FF J R-to-S FF - BCD-to-Decimal Decoder No. 1
K R-to-S FF - BCD-to-Decimal Decoder No. 1
Clock SIR
Direct Clear I0BO 15 - [100 - (LSCM - I0OGB - LSCL)]
Load 9's FF J GND
K Load 9's FF
Clock T3B
Direct Set (R-to-S FF - BCD-to-Decimal Decoder No. 1) * SIR
Direct Clear I0BO 15 - [100 - (LSCM - I0GB - LSCL)]
Mask FF Data 10BO 12
Clock I0BO 15 - [I00 - (LSCM - I0GB - LSCL) ]
N-Zero FF J = GND
K = N-Zero FF
Clock N-Zero FF - (ENF - Sync 2 FF)
Direct Set Clock Enable FF
Odd/Even FF Data 10BO 7
Clock CRS+ {I0BO 15 - [100 - (LSCM - 0GB - LSCL)]}
On/Off FF Data I0BO 14
Clock IOBO 15 - {100 - (LSCM - IOGB - LSCL)]
Direct Clear CRS
Parallel Data Input Buffer Data 8-Bit Shift Register
Clock Justify FF - (BCD-to-Decimal Decoder - SIR)
Parallel Data Output Buffer Data 10BO 0 thru IOBO 7
Clock 10BO 15 - [I00 - (LSCM - I0GB - LSCL) ]
Parity FF J = +45V
K = +45V
Clock Sync 2 FF - T3B
Direct Clear N-Zero FF

5-12
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Table 5-4. Logic Equations (Continued)
FLIP-FLOP EQUATION
Parity On FF Data = 10BO 8
Clock = |OBO 15 [I0O - (LSCM - LOGB ‘- LSCL) ]
Ready FF J = Ready FF
K = GND
Clock = {R-to-S FF - [N-Zero FF - (ENF - Sync 2 FF) ]} +
{R-to-S FF - [Justify FF - (BCD-to-Decimal Decoder - SIR)]}
Direct Set = POPIO
Direct Clear = R-to-S FF - [101 + (LSCM + TOGB + LSCL)] + R-to-S FF -
{TOBO 15 - [100 - (LSCM - 10GB - LSCL) ] }
Ringing FF Data = +45V
Clock = CE Amplifier
Direct Clear = CLF - (LSCM - I0GB - LSCL)
R-To-S FF Data = Send/Receive FF
Clock = ENF - Clock Enable FF
Direct Clear = CRS
SBA FF Data = |0BO 10
Clock = |0BO 15 - [100 - (LSCM - I0GB - LSCL) 1
Send/Receive FF Data = 10BO 13
Clock = 10BO 15 - [100 - (LSCM - IOGB - LSCL) ]
Serial In FF Data = Receive Data - R-to-S FF
Clock = Load 9's FF - {[(Sync 2 FF - T3B) + (T3B - Justify FF) ] +
[N-Zero FF - (Sync 2 FF - ENF)] - R-to-S FF)
Direct Set = R-to-S FF
Start Bit FF Data = 8-Bit Shift Register
Clock = Sync2FF -T3B
Direct Clear = N-Zero FF
Stop Bit FF Data = Start Bit FF
Clock = Sync2 FF - T3B
Direct Set = N-Zero FF
Sync 1 FF Data = +45V
Clock = +2/8 FF + (R-to-S FF + R-to-S FF)
Direct Clear = Sync2FF -SIR
Sync 2 FF J = Sync 1FF
K = Sync 1 FF
Clock = SIR
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Figure 5-14. Integrated Circuit Diagrams and Characteristics
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1820-0974

LINE RECEIVER

CHARACTERISTIC 47 CHARACTERISTIC 22

2156-6

MAXIMUM
PROPAGATION
INPUT LEVEL OUTPUT LEVEL OPEN DELAY
CHARACTERISTIC INPUT
LOGIC 1 LOGIC O LOGIC 1 LOGICO ACTS AS:] TOLOGIC1 TO LOGIC O
(VOLTS, MIN)| (VOLTS, MAX) |(VOLTS, MIN) | (VOLTS, MAX) (NANOSECONDS) {{NANOSECONDS)
2 +2.0 +0.8 +2.4 +0.4 Logic 1 15 15
3 +2.0 +0.8 +2.4 +0.4 Logic 1 12 10
4 +1.9 +0.8 +2.4 +0.45 Logic 1 15 13
5 +2.0 +0.8 (Note 1) +0.4 Logic 1 45 15
8 +2.0 +0.8 +2.4 +0.4 Logic 1 35 50
(Note 2)
9 +2.0 +0.8 +2.4 +0.4 Logic 1 40 25
(Note 3)
12 +2.0 +0.8 +0.4 +2.4 Logic 1 35 30
{Note 4)
22 +1.5 +0.4 +2.2 -0.3 Logic O 24 24
29 +2.0 +0.8 +2.4 +0.4 Logic 1 135 135
34 +2.0 +0.8 +2.4 +0.4 Logic 1 30 45
(Note 5)
41 +1.7 +0.9 +2.4 +0.4 - - -
42 +1.4 +0.8 +2.4 +0.4 Logic 1 14 14
46 +1.9 +0.8 +6.0 -6.0 Logic 1 50 25
47 +3.0 -3.0 +2.6 +0.45 - 90 80
NOTES: 1. Depends on load.
2. Required pulse width of 30 nanoseconds minimum.
3. Required pulse width of 30 nanoseconds minimum {(clock) and 75 nanoseconds minimum (data).
4, BCD 0 through BCD 9 only one output equals zero; BCD greater than 9 allows all outputs to equal one,
5. Required pulse width of 20 nanoseconds minimum.,

Figure 5-14. Integrated Circuit Diagrams and Characteristics (Continued)
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Table 5-5. Interface Card Replaceable Parts

12587B

MFR
REFERENCE DESIGNATION HP PART NO. DESCRIPTION CODE | MFR PART NO.
C1 thru C5 0150-0050 Capacitor, Fxd, Cer, 1000 pF, +80 -20%, 1000 VDCW | 28480 0150-0050
C6 0160-2055 Capacitor, Fxd, Cer, 0.01 uF, +80 -20%, 100 VDCW 28480 0150-0093
Cc7,8 0160-0153 Capacitor, Fxd, My, 0,001 uF, 10%, 200 VDCW 56289 192P10292-PTS
C9 thru C12, C14 thru C21 0180-0291 Capacitor, Fxd, Elect, 1.0 uF, 10%, 35 VDCW 56289 | 150D105X9035-
A2-DYS
Cc13 0160-2307 Capacitor, Fxd, Mica, 47 pF, 5%, 300 VDCW 28480 0160-2307
Cc22 0160-2139 Capacitor, Fxd, Cer, 220 pF, +80 -20%, 1000 VDCW 28480 0160-2139
Cc23 0160-2143 Capacitor, Fxd, Cer, 0.002 uF, +80 -20%, 1000 VDCW | 28480 0160-2143
CR1 thru CR3, CR6 thru CR8 1901-0159 Diode, Si, 0.75A, 200 PIV 28480 1901-0158
CR4,CR5 1901-0040 Diode, Si, 30 mA, 30 WV 07263 FDG 1088
L1 9100-1639 Coil, Fxd, RF, 150 uH, 5% 82142 15-1315-16J
R1 thru R4, R6 thru R9 0698-7248 Resistor, Fxd, Fim, 3.16k, 5%, 1/8W 28480 0698-7248
R5, R10 thru R12, 14,15,18,19, 0757-0280 Resistor, Fxd, Fim, 1k, 1%, 1/8W 28480 0757-0280
R21 thru R29, R31 thru R37,
R39 thru R41
R13,16 0698-7242 Resistor, Fxd, FIm, 1,78k, 2%, 1/8W 28480 0698-7242
R17 06984241 Resistor, Fxd, FIm, 270 ohms, 5%, 1/8W 28480 0698-4241
R20,30 0698-4245 Resistor, Fxd, FIm, 348 ohms, 1%, 1/8W 28480 0698-4245
R38 0698-3445 Resistor, Fxd, FIm, 348 ohms, 1%, 1/8W 28480 0698-3445
R42 thru R46 1810-0020 Resistor, Network (7 fxd flm resistors) 28480 1810-0020
U12,26,27,35,45,46,62,67,93 1820-0054 Integrated Circuit, TTL 01295 SN7400N
U13,33,42,52,72,73,92,103 1820-0327 Integrated Circuit, TTL 01295 SN7401N
U14 thru U17,107,115,116,117, 1820-0974 Integrated Circuit, CTL 28480 1820-0974
U125 thru U127
U22,43,63,65 1820-0076 Integrated Circuit, TTL 01295 SN7476N
u23 1820-0099 Integrated Circuit, TTL 01295 SN7493N
U25,37,113 1820-0068 Integrated Circuit, TTL 01295 SN7410N
U32,56,83,122 1820-0328 Integrated Circuit, TTL 01295 SN7402N
u36 1820-0069 Integrated Circuit, TTL 01295 SN7420N
u41 1820-0127 Integrated Circuit, TTL 07263 UBA900259X
U47,55,57,75,123 1820-0132 Integrated Circuit, TTL 07263 UB6A901659X
U51,61,102 1820-0231 Integrated Circuit, TTL 07263 U6B931659X
U53,66,76,77,87 1820-0077 Integrated Circuit, TTL 01295 SN7474N
U71,111 1820-0174 Integrated Circuit, TTL 01295 SN7404N
us81 1820-0509 Integrated Circuit, DTL 04713 MC1488L
U82,85,86,97,105,106 1820-0301 Integrated Circuit, TTL 01295 SN7475N
U91,101 1820-0510 Integrated Circuit, DTL 04713 MC1489L
U95,96 1820-0134 Integrated Circuit, TTL 07263 U6B930059X
U112 1820-0111 Integrated Circuit, TTL 07263 U6B930159X
W1,2 8159-0005 Jumper Wire 28480 8159-0005
XY1 1200-0199 Socket, Crystal 91506 8000-AG9
Y1 0410-0439 Crystal, Quartz 28480 0410-0439
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Section VI

SECTION VI
REPLACEABLE PARTS

6-1. INTRODUCTION.

6-2. This section contains information for ordering
replacement parts for the interface kit. Table 6-1 lists parts
in alphanumeric order of the HP stock numbers and lists
the following information on each part:

a. Description of the part. (Refer to table 6-2 for an
explanation of abbreviations and reference designations
used in the DESCRIPTION column.)

b. Typical manufacturer of the part in a five-digit
code; refer to list of manufacturers in table 6-3.

c. Manufacturer’s part number.

d. Total quantity of each part used in the interface kit.

6-3. A separate parts list is provided along with the
parts location diagram for the interface card in Section V
of this manual. This parts list lists the parts in alphanumeric
order of reference designations.

6-4. ORDERING INFORMATION.

6-5. To order replacement parts, address the order or
inquiry to the local Hewlett-Packard Sales and Service
Office. (Refer to the list at the end of this manual for
addresses.) Specify the following information for each part
ordered:

Interface Kit model number.

Circuit board revision number.
Hewlett-Packard part number for each part.
Description of each part.

Circuit reference designation.

pap T
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Section VI 12587B
Table 6-1. Numerical Listing of Replaceable Parts
MFR

HP PART NO. DESCRIPTION CODE MFR PART NO. TQ
0150-0050 Capacitor, Fxd, Cer, 1000 pF, +80 -20%, 1000 VDCW 28480 0150-0050 5
0160-0153 Capacitor, Fxd, My, 0.001 uF, 10%, 200 VDCW 56289 192P10292-PTS 2
0160-2055 Capacitor, Fxd, Cer, 0.01 uF, +80 -20%, 100 VDCW 28480 0160-2055 1
0160-2139 Capacitor, Fxd, Cer, 220 pF, +80 -20%, 1000 VDCW 28480 0160-2139 1
0160-2143 Capacitor, Fxd, Cer, 0.002 uF, +80 -20%, 1000 VDCW 28480 0160-2143 1
0160-2307 Capacitor, Fxd, Mica, 47 pF, 8%, 300 VDCW 28480 0160-2307 1
0180-0291 Capacitor, Fxd, Elect, 60 uF, 10%, 35 VDCW 56289 150D105X9035A2-DYS 15
0410-0439 Crystal, Quartz 28480 0410-0439 1
0698-3445 Resistor, Fxd, Fim, 348 ohms, 1%, 1/8W 28480 0698-3445 1
0698-4241 Resistor, Fxd, FIm, 270 ohms, 5%, 1/8W 28480 0698-4241 1
0698-4245 Resistor, Fxd, FIm, 390 ohms, 5%, 1/8W 28480 0698-4245 2
0698-7242 Resistor, Fxd, Fim, 1.78k, 2%, 1/8W 28480 0698-7242 2
0698-7248 Resistor, Fxd, FIm, 3.16k, 5%, 1/8W 28480 0698-7248 8
0757-0280 Resistor, Fxd, Fim, 1k, 1%, 1/8W 28480 0757-0280 27
1200-0199 Socket, Crystal 91506 8000-A69 1
1810-0020 Resistor, Network, (7 fxd flm resistors) 28480 1810-0020 5
1820-0054 Integrated Circuit, TTL 01295 SN7400N 9
1820-0068 Integrated Circuit, TTL 01295 SN7410N 3
1820-0069 Integrated Circuit, TTL 01295 SN7420N 1
1820-0076 Integrated Circuit, TTL 01295 SN7476N 4
1820-0077 Integrated Circuit, TTL 01295 SN7474N 5
1820-0099 Integrated Circuit, TTL 01295 SN7493N 1
1820-0111 Integrated Circuit, TTL 07263 U6B930159X 1
1820-0127 Integrated Circuit, TTL 07263 U6A900259X 1
1820-0132 Integrated Circuit, TTL 07263 UBA901659X 5
1820-0134 Integrated Circuit, TTL 07263 U6B930059X 2
1820-0174 Integrated Circuit, TTL 01295 SN7404N 2
1820-0231 Integrated Circuit, TTL 07263 uU6B931659X 3
1820-0301 Integrated Circuit, TTL 01295 SN7475N 6
1820-0327 Integrated Circuit, TTL 01295 SN7401N 8
1820-0328 Integrated Circuit, TTL 01295 SN7402N 4
1820-0509 Integrated Circuit, DTL 04713 MC 1488L 1
1820-0510 Integrated Circuit, DTL 04713 MC 1489L 2
1820-0974 Integrated Circuit, CTL 28480 1820-0974 11
1901-0040 Diode, Si, 30 mA, 30 WV 07263 FDG1088 7
1901-0159 Diode, Si, 0.75A, 200 PI1V 28480 1901-0158 6
8159-0005 Jumper Wire 28480 8159-0005 2
9100-1639 Coil, Fxd, RF, 1560 uH, 5% 82142 15-1315-16J 1

12587-60004 Asynchronous Data Set Transmit/Receive Card 28480 12587-60004 1

12587-60006 Interconnecting Cable Assembly 28480 12587-60006 1

12587-60009 Test Connector 28480 12587-60009 1

12587-90006 Operating and Service Manual 28480 12587-90006 1
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Table 6-2. Reference Designations and Abbreviations

Section

VI

REFERENCE DESIGNATIONS

A = assembly K = relay TB = terminal board
B = motor, synchro L = inductor TP = test point
BT = battery M = meter V] = integrated circuit, non-
(o} = capacitor MC = microcircuit repairable assembly
CcB = circuit breaker P = plug connector \" = vacuum tube,
CR = diode Q = semiconductor device photocell, etc.
DL = delay line other than diode or VR = voltage regulator
DS = indicator microcircuit w = cable, jumper
E = Misc electrical parts R = resistor X = socket
F = fuse RT = thermistor Y = crystal
FL = filter S = switch V4 = tuned cavity, network
J = receptacle connector T = transformer
ABBREVIATIONS
A = amperes gra = gray ph = Phillips head
ac = alternating current grn = green pk = peak
ad = anode p-p = peak-to-peak
Al = aluminum H = henries pt = point
AR = as required Hg = mercury PIV = peak inverse voltage
adj = adjust hr = hour(s) PNP = positive-negative-positive
assy = assembly Hz = hertz PWV = peak working voltage
hdw = hardware porc = porcelain
B = base hex = hexagon, hexagonal posn = position(s)
bp = bandpass pozi = pozidrive
blk = black ID = inside diameter
blu = blue IF = intermediate frequency
brn = brown in. = inch, inches rf = radio frequency
brs = brass 1/0 = input/output rdh = round head
Btu = British thermal unit int = internal rmo = rack mount only
Be Cu = beryllium copper incl = include(s) rms = root-mean-square
insul = insulation, insulated RWV = reverse working voltage
o] = collector impgrg = impregnated rect = rectifier
cw = clockwise incand = incandescent r/min = revolutions per minute
ccw = counterclockwise RTL = resistor-transistor logic
cer = ceramic k = kilo (103), kilohm
cmo = cabinet mount only s = second
com = common Ip = low pass SB = slow blow
crt = cathode-ray tube Se = selenium
CTL = complementary-transistor m = milli (10-3) Si = silicon
logic M = mega (106), megohm scr = silicon controlled rectifier
cath = cathode My = Mylar sil = silver
cd pl = cadmium plate mfr = manufacturer sst = stainless steel
Comp = composition mom = momentary stl = steel
conn = connector mtg = mounting spcl = special
compl = complete misc = miscellaneous spdt = single-pole, double-throw
Met Ox = metal oxide spst = single-pole, single-throw
dc = direct current mintr = miniature semicond = semiconductor
dr = drive
DTL = diode-transistor logic n = nano (10-9) Ta = tantalum
depc = deposited carbon n.c = normally closed or no td = time delay
dpdt = double-pole, double-throw connection Ti = titanium
dpst = double-pole, single-throw Ne = neon tg! = toggle
no. = number thd = thread
E = emitter n.o. = normally open tol = tolerance
ECL = emitter-coupled logic np. = nickel plated TTL = transistor transistor logic
ext = external NPN = negative-positive-negative
encap = encapsulated NPO = negative-positive zero (zero
elctlt = electrolytic temperature coefficient) u(w) = micro (10-6)
NSR = not separately replaceable
F = farads NRFR = not recommended for field \% = volt(s)
FF = flip-flop replacement var = variable
flh = flat head vio = violet
Fim = film oD = outside diameter VDCW = direct current working volts
Fxd = fixed OoBD = order by description
filh = fillister head orn = orange w = watts
ovh = oval head ww = wirewound
G = giga (109) oxd = oxide wht = white
Ge = germanium WIv = working inverse voltage
gl = glass p = pico (10-12)
gnd = ground(ed) PC = printed circuit yel = yellow
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Section VI 12587B
Table 6-3. Code List of Manufacturers
The following code numbers are from the Federal Supply Code for Manufacturers
Cataloging Handbooks H4-1 and H4-2, and their latest supplements,
Code Code
No. Manufacturer Address No. Manufacturer Address
01295 | Texas Instruments, Inc., Transistor 28480 Hewlett-Packard Co. .............. . Palo Alto, Calif.
Products Div. ........ e . Dallas, Texas 56289 Sprague ElectricCo. ............ North Adams, Mass,
07263 | Fairchild Camera & Inst. Corp. 80294 Bourns, INC. v viii i i Riverside, Calif.
Semiconductor Div. .++.... Mountain View, Calif. 91418 Radio MaterialsCo. ............ e Chicago, Ill.
14674 | CorningGlassWorks ..........0cvuunn. Corning, N.Y. 91637 Dale Electronics, Inc. ............. Columbus, Nebr,
18324 | SigneticsCorp. v vvvve i e e Sunnyvale, Calif. 95265 NationalCoif Co. .................. Sheridan, Wyo.




UNITED STATES

ALABAMA

P.0. Box 4207

2003 Byrd Spring Road S.W.
Huntsville 35802

Tel: (205) 881-4591

TWX: 810-726-2204

ARIZONA

2336 E. Magnolia St.
Phoenix 85034

Tel: (602) 244-1361
TWX: 910-951-1330

5737 East Broadway
Tucson 85711

Tel: (602) 298-2313
TWX: 910-952-1162

CALIFORNIA

1430 East Orangethorpe Ave.
Fullerton 92631

Tel: (714) 870-1000

TWX: 910-592-1288

3939 Lankershim Boulevard
North Hollywood 91604
Tel: (213) 877-1282

TWX: 910-499-2170

6305 Arizona Place
Los Angeles 90045
Tel: (213) 649-2511
TWX: 910-328-6148

1101 Embarcadero Road
Palo Alto 94303

Tel: (415) 327-6500
TWX: 910-373-1280

2220 Watt Ave.

Sacramento 95825
Tel: (916) 482-1463
TWX: 910-367-2092

9606 Aero Drive
San Diego 92123
Tel: (714) 279-3200
TWX: 910-335-2000

COLORADO

7965 East Prentice
Englewood 80110
Tel: (303) 771-3455
TWX: 910-935-0705

CONNECTICUT
12 Lunar Drive
New Haven 06525
Tel: (203) 389-6551
TWX: 710-465-2029

FLORIDA

P.0. Box 24210

2806 W. Oakland Park Blvd.
Ft. Lauderdale 33307

Tel: (305) 731-2020

TWX: 510-955-4099

P.0. Box 13910

6177 Lake Ellenor Dr.
Orlando, 32809

Tel: (305) 859-2900
TWX: 810-850-0113

GEORGIA

P.0. Box 28234

450 Interstate North
Atlanta 30328

Tel: (404) 436-6181
TWX: 810-766-4890

HAWAII

2875 So. King Street
Honolulu 96814

Tel: (808) 955-4455

ILLINOIS

5500 Howard Street
Skokie 60076

Tel: (312) 677-0400
TWX: 910-223-3613

INDIANA

3839 Meadows Drive
Indianapolis 46205
Tel: (317) 546-4891
TWX: 810-341-3263

LOUISIANA

P.0. Box 856

3239 Williams Boulevard
Kenner 70062

Tel: (504) 721-6201
TWX: 810-955-5524

ELECTRONIC

SALES & SERVICE OFFICES

MARYLAND

6707 Whitestone Road
Baltimore 21207

Tel: (301) 944-5400
TWX: 710-862-9157

P.0. Box 1648

2 Choke Cherry Road
Rockville 20850
Tel: (301) 948-6370
TWX: 710-828-9684

MASSACHUSETTS
32 Hartwell Ave.
Lexington 02173
Tel: (617) 861-8960
TWX: 710-326-6904

MICHIGAN

21840 West Nine Mile Road
Southfield 48075

Tel: (313) 353-9100

TWX: 810-224-4882

MINNESOTA

2459 University Avenue
St. Paul 55114

Tel: (612) 645-9461
TWX: 910-563-3734

MISSOURI

11131 Colorado Ave.
Kansas City 64137
Tel: (816) 763-8000
TWX: 910-771-2087

148 Weldon Parkway
Maryland Heights 63043
Tel: (314) 567-1455
TWX: 910-764-0830

*NEVADA
Las Vegas
Tel: (702) 382-5777

NEW JERSEY

W. 120 Century Road
Paramus 07652

Tel: (201) 265-5000
TWX: 710-990-4951

1060 N. Kings Highway
Cherry Hill 08034

Tel: (609) 667-4000
TWX: 710-892-4945

NEW MEXICO

P.0. Box 8366

Station C

6501 Lomas Boulevard N.E.
Albuquerque 87108

Tel: (505) 265-3713

TWX: 910-989-1665

156 Wyatt Drive
Las Cruces 838001
Tel: (505) 526-2485
TWX: 910-983-0550

NEW YORK

6 Automation Lane
Computer Park
Albany 12205

Tel: (518) 458-1550
TWX: 710-441-8270

1219 Campville Road
Endicott 13760

Tel: (607) 754-0050
TWX: 510-252-0890

New York City

Manhattan, Bronx

Contact Paramus, NJ Office
Tel: (201) 265-5000
Brooklyn, Queens, Richmond
Contact Woodbury, NY Office
Tel: (516) 921-0300

82 Washington Street
Poughkeepsie 12601
Tel: (914) 454-7330
TWX: 510-248-0012

39 Saginaw Drive
Rochester 14623
Tel: (716) 473-9500
TWX: 510-253-5981

5858 East Molloy Road
Syracuse 13211

Tel: (315) 454-2486
TWX: 710-541-0482

1 Crossways Park West
Woodbury 11797

Tel: (516) 921-0300
TWX: 510-221-2168

NORTH CAROLINA
P.0. Box 5188

1923 North Main Street
High Point 27262

Tel: (919) 885-8101
TWX: 510-926-1516

OHIO

25575 Center Ridge Road
Cleveland 44145

Tel: (216) 835-0300
TWX: 810-427-9129

3460 South Dixie Drive
Dayton 45439

Tel: (513) 298-0351
TWX: 810-459-1925

1120 Morse Road
Columbus 43229
Tel: (614) 846-1300

OKLAHOMA

P.0. Box 32008
Oklahoma City 73132
Tel: (405) 721-0200
TWX: 910-830-6862

OREGON

17890 SW Boones Ferry Road
Tualatin 97062

Tel: (503) 620-3350

TWX: 910-467-8714

PENNSYLVANIA
2500 Moss Side Boulevard
Monroeville 15146
Tel: (412) 271-0724
TWX: 710-797-3650

1021 8th Avenue

King of Prussia Industrial Park
King of Prussia 19406

Tel: (215) 265-7000

TWX: 510-660-2670

RHODE ISLAND
873 Waterman Ave.
East Providence 02914
Tel: (401) 434-5535
TWX: 710-381-7573

*TENNESSEE
Memphis
Tel: (901) 274-7472

TEXAS

P.0. Box 1270

201 E. Arapaho Rd.
Richardson 75080
Tel: (214) 231-6101
TWX: 910-867-4723
P.0. Box 27409
6300 Westpark Drive
Suite 100

Houston 77027

Tel: (713) 781-6000
TWX: 910-881-2645

231 Billy Mitchell Road
San Antonio 78226
Tel: (512) 434-4171
TWX: 910-871-1170

UTAH

2890 South Main Street
Salt Lake City 84115
Tel: (801) 487-0715
TWX: 910-925-5681

VIRGINIA

P.0. Box 6514
2111 Spencer Road
Richmond 23230
Tel: (703) 285-3431
TWX: 710-956-0157

WASHINGTON
433-108th N.E.
Bellevue 98004
Tel: (206) 454-3971
TWX: 910-443-2303

*WEST VIRGINIA
Charleston
Tel: (304) 768-1232

WISCONSIN

9431 W. Beloit Road
Suite 117
Milwaukee 53227
Tel: (414) 541-0550

FOR U.S. AREAS NOT
LISTED:

Contact the regional office near-
est you: Atlanta, Georgia...
North Hollywood, California. ..
Paramus, New Jersey . .. Skokie,
Illinois. Their complete ad-
dresses are listed above.

*Service Only

CANADA

ALBERTA

Hewlett-Packard (Canada) Ltd.
11748 Kingsway Ave.
Edmonton

Tel: (403) 452-3670

TWX: 610-831-2431

BRITISH COLUMBIA
Hewlett-Packard (Canada) Ltd.
4519 Canada Way

North Burnaby 2

Tel: (604) 433-8213

TWX: 610-922-5059

MANITOBA

Hewlett-Packard (Canada) Ltd.
513 Century St.

Winnipeg

Tel: (204) 786-7581

TWX: 610-671-3531

NOVA SCOTIA
Hewlett-Packard (Canada) Ltd.
2745 Dutch Village Rd.

Suite 206

Hallfax

Tel: (902) 455-0511

TWX: 610-271-4482

ONTARIO

Hewlett-Packard (Canada) Ltd.

1785 Woodward Dr.

Ottawa 3

Tel: (613) 255-6180, 255-6530
TWX: 610-562-8968

Hewlett-Packard (Canada) Ltd.

50 Galaxy Blvd.
Rexdale

Tel: (416) 677-9611
TWX: 610-492-4246

QUEBEC
Hewlett-Packard (Canada) Ltd.
275 Hymus Boulevard

Pointe Claire

Tel: (514) 697-4232

TWX: 610-422-3022

Telex: 01-20607

FOR CANADIAN AREAS NOT
LISTED:

Contact Hewlett-Packard (Can-
ada) Ltd. in Pointe Claire, at

the complete address listed
above.
CENTRAL AND SOUTH AMERICA
ARGENTINA BOLIVIA ECUADOR NICARAGUA PERU URUGUAY
Hewlett-Packard Argentina Stambuk & Mark (Bolivia) LTDA.  Laboratorios de Radio-Ingenieria Roberto Terén G. Compaiia Electro Médica S.A. Pablo Ferrando S.A.
S.A.C.e.l Av. Mariscal, Santa Cruz 1342 Calle Guayaquil 1246 Apartado Postal 689 Ave. Enrique Canaual 312 Comercial e Industrial
Lavalle 1171 -3° La Paz Post Office Box 3199 Edificio Terén San Isidro Avenida Italia 2877
Buenos Aires Tel: 40626, 53163, 52421 Quito Managua Casilla 1030 Casilla de Correo 370
Tel: 35-0436, 35-0627, 35-0341  Telex: 3560014 Tel: 212-496; 219-185 Tel: 3451, 3452 Lima Montevideo
Telex: 012-1009 Cable: BUKMAR Cable: HORVATH Quito Cable: ROTERAN Managua Tel: 22-3900 Tel: 40-3102
Cable: HEWPACK ARG Cable: ELMED Lima Cable: RADIUM Montevideo
CHILE EL SALVADOR PANAM.A
BRAZIL Héctor Calcagni y Cia, Ltda Electronic Associates Electrénico Balboa, S.A. PUERTO RICO VENEZUELA
Hewlett-Packard Do Brasil Casilla 16.475 ! : Apartado Postal 1682 P.0. Box 4929 San Juan Electronics, Inc. Hewlett-Packard De Venezuela
I1.E.C. LTDA. Santiago : Centro Comercial Gigante Ave. Manuel Espinosa No. 13-50  P.0. Box 5167 C.A.
Rua Frei Caneca 1119 Tel: 423 96 San Salvador, EI Salvador C.A. Bldg. Alina Ponce de Leon 154 Apartado 50933
01307-Sao Paulo - 3, SP Cable: CALCAGN! Santiago Paseo Escalon 4649-4° Piso Panama City Pda. 3-PTA de Tierra Caracas
Tel: 288-7111, 287-5858 : Tel: 23-44-60, 23-32-37 Tel: 230833 San Juan 00906

Cable: HEWPACK Sao Paulo

Hewlett-Packard Do Brasil
I.LE.C. LTDA.

Praca Dom Feliciano 78
Salas 806/808

9000-Porto Alegre RS

Rio Grande do Sul (RS)-Brasil
Tel: 25-8470

Cable: HEWPACK Porto Alegre

Hewlett-Packard Do Brasil
I.E.C. LTDA.

Rua da Matriz 29

2000-Rio de Janeiro, GB

Tel: 266-2643

Cable: HEWPACK Rio de Janeiro

COLOMBIA
Instrumentacién

Henrik A. Langebaek & Kier S.A.

Carrera 7 No. 48-59
Apartado Aéreo 6287
Bogota, 1 D.E.

Tel: 45-78-06, 45-55-46
Cable: AARIS Bogota
Telex: 44400INSTCO

COSTA RICA

Lic. Alfredo Gallegos Gurdidn
Apartado 10159

San José

Tel: 21-86-13

Cable: GALGUR San José

Cable: ELECAS

GUATEMALA

IPESA

5a via 2-01, Zona 4
Guatemala City

Tel: 63-6-27 & 64-7-86
Telex: 4192 TELTRO GU

MEXICO

Hewlett-Packard Mexicana, S.A.
de C.V.

Adolfo Prieto 622

Col. del Valle

Mexico 12, D.F.

Tel: 543-4232; 523-1874

Telex: 017-74-507

Telex: 3481003, Curundu,
Canal Zone
Cable: ELECTRON Panama City

PARAGUAY

Z.). Melamed S.R.L.
Division: Aparatos y Equipos
Médicos

Sal6n de Exposicién y Escritorio:

Chile 482

Edificio Victoria—Planta Baja
Asuncion, Paraguay

Tel: 4-5069, 4-6272

Cable: RAMEL

Tel: (809) 725-3342, 722-3342
Cable: SATRONICS San Juan
Telex: SATRON 3450 332

Tel: 71.88.05, 71.88.69, 71.99.30
Cable: HEWPACK Caracas
Telex: 21146 HEWPACK

FOR AREAS NOT LISTED,

CONTACT:
Hewlett-Packard
Inter-Americas

3200 Hillview Ave.

Palo Alto, California 94304
Tel: (415) 493-1501

TWX: 910-373-1267

Cable: HEWPACK Palo Alto
Telex: 034-8300, 034-8493
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EUROPE

AUSTRIA
Hewlett-Packard Ges.m.b.H
Handelska 52/3

P.0. Box 7

A-1205 Vienna

Tel: (0222) 33 66 06 to 09
Cable: HEWPAK Vienna
Telex: 75923 hewpak a

BELGIUM
Hewlett-Packard Benelux
S.A./N.V.

Avenue du Col-Vert, 1
B-1170 Brussels

Tel: (02) 72 22 40

Cable: PALOBEN Brussels
Telex: 23 494 paloben bru

DENMARK
Hewlett-Packard A/S
Datavej 38

DK-3460 Birkerod
Tel: (01) 81 66 40
Cable: HEWPACK AS
Telex: 166 40 hp as

Hewlett-Packard A/S
Torvet 9

DK-8600 Silkeborg
Tel: (06) 82-71-66
Telex: 166 40 hp as
Cable: HEWPACK AS

FINLAND
Hewlett-Packard Oy
Bulevardi 26

P.0. Box 12185

SF-00120 Helsinki 12

Tel: (90) 13730

Cable: HEWPACKOY Helsinki
Telex: 12-15363 hel

FRANCE
Hewlett-Packard France
Quartier de Courtaboeuf
Boite Postale No. 6
F-91401 Orsay

Tel: (1) 907 78 25
Cable: HEWPACK Orsay
Telex: 60048

Hewlett-Packard France
4 Quai des Etroits
F-69321 Lyon Cedex 1
Tel: (78) 42 63 45
Cable: HEWPACK Lyon
Telex: 31617

Hewlett-Packard France
29 rue de la Gare
F-31700 Blagnac

Tel: (61) 85 82 29
Telex: 51957

GERMAN FEDERAL
REPUBLIC
Hewlett-Packard GmbH
Vertriebszentrale Frankfurt
Bernerstrasse 117

Postfach 560 140

D-6000 Frankfurt 56

Tel: (0611) 50 04-1

Cable: HEWPACKSA Frankfurt
Telex: 41 32 49 fra

Hewlett-Packard GmbH
Vertriebsbiiro Boblingen
Herrenbergerstrasse 110
D-7030 Bahblingen, Wiirttemberg
Tel: (07031) 66 72 87

Cable: HEPAK Béblingen

Telex: 72 65 739 bbn

Hewlett-Packard GmbH
Vertriebsbiiro Diisseldorf
Vogelsanger Weg 38
D-4000 Diisseldorf

Tel: (0211) 63 80 31/35
Telex: 85/86 533 hpdd d

Hewlett-Packard GmbH
Vertriebsbiiro Hamburg
Wendenstr. 23

D-2000 Hamburg 1

Tel: (0411) 24 05 51/52
Cable: HEWPACKSA Hamburg
Telex: 21 63 032 hphh d

Hewlett-Packard GmbH
Vertriebsbiiro Miinchen
Unterhachinger Strasse 28
ISAR Center

D-8012 Ottobrunn

Tel: (0811) 601 30 61/7
Telex: 52 49 85

Cable: HEWPACKSA Miichen

(West Berlin)

Hewlett-Packard GmbH
Vertriebsbiiro Berlin
Wilmersdorfer Strasse 113/114
D-1000 Berlin W. 12

Tel: (0311) 3137046

Telex: 18 34 05 hpbin d

GREECE

Kostas Karayannis

18, Ermou Street
GR-Athens 126

Tel: 3230-303

Cable: RAKAR Athens
Telex: 21 59 62 rkar gr

IRELAND
Hewlett-Packard Ltd.

224 Bath Road

GB-Slough, SL1 4 DS, Bucks
Tel: Slough (0753) 33341
Cable: HEWPIE Slough
Telex: 84413

Hewlett-Packard Ltd.

The Graftons

Stamford New Road
Altrincham, Cheshire, England
Tel: (061) 928-8626

Telex: 668068

ITALY

Hewlett-Packard Italiana S.p.A.
Via Amerigo Vespucci 2
1-20124 Milan

Tel: (2) 6251 (10 lines)

Cable: HEWPACKIT Milan
Telex: 32046

Hewlett-Packard Italiana S.p.A.
Piazza Marconi

1-00144 Rome - Eur

Tel: (6) 5912544/5, 5915947
Cable: HEWPACKIT Rome
Telex: 61514

Hewlett-Packard Italiana S.p.A.
Vicolo Pastori, 3

1-35100 Padova

Tel: (49) 66 40 62

Telex: 32046 via Milan

Hewlett-Packard Italiana S.p.A.
Via Colli, 24

1-10129 Turin

Tel: (11) 53 82 64

Telex: 32046 via Milan

LUXEMBURG
Hewlett-Packard Benelux
S.A./N.V.

Avenue du Col-Vert, 1
B-1170 Brussels

Tel: (03/02) 72 22 40
Cable: PALOBEN Brussels
Telex: 23 494

NETHERLANDS
Hewlett-Packard Benelux, N.V.
Weerdestein 117

P.0. Box 7825

NL-Amsterdam, Z 11

Tel: (020) 42 77 77

Cable: PALOBEN Amsterdam
Telex: 13 216 hepa nl

NORWAY
Hewlett-Packard Norge A/S
Nesveien 13

Box 149

N-1344 Haslum

Tel: (02) 53 83 60

Telex: 16621 hpnas n

PORTUGAL
Telectra-Empresa Técnica de
Eléctricos S.a.r.l.

Rua Rodrigo da Fonseca 103
P.0. Box 2531

P-Lisbon 1

Tel: (19) 68 60 72

Cable: TELECTRA Lisbon
Telex: 1598

SPAIN

Hewlett-Packard Espafiola, S.A.
Jerez No 8

E-Madrid 16

Tel: 458 26 00

Telex: 23515 hpe

Hewlett-Packard Espaiioia, S.A.

Milanesado 21-23
E-Barcelona 17

Tel: (3) 203 62 00
Telex: 52603 hpbe e

SWEDEN

Hewlett-Packard Sverige AB

Enighetsvagen 1-3

Fack

$-161 20 Bromma 20

Tel: (08) 98 12 50

Cable: MEASUREMENTS
Stockholm

Telex: 10721

Hewlett-Packard Sverige AB
Hagakersgatan 9C

§-431 41 Mélndal

Tel: (031) 27 68 00/01
Telex: 21 312 hpmind! s

SWITZERLAND

Hewlett Packard (Schweiz) AG
Ziircherstrasse 20

P.0. Box 64

CH-8952 Schlieren Zurich
Tel: (01) 98 18 21/24

Cable: HPAG CH

Telex: 53933 hpag ch

Hewlett-Packard (Schweiz) AG
9, Chemin Louis-Pictet
CH-1214 Vernier—Geneva
Tel: (022) 41 4950

Cable: HEWPACKSA Geneva
Telex: 27 333 hpsa ch

TURKEY

Telekom Engineering Bureau
Saglik Sok No. 15/1
Ayaspasa-Beyoglu

P.0. Box 437 Beyoglu
TR-Istanbul

Tel: 49 40 40

Cable: TELEMATION Istanbul

UNITED KINGDOM
Hewlett-Packard Ltd.

224 Bath Road

GB-Slough, SL1 4 DS, Bucks
Tel: Slough (0753) 33341
Cable: HEWPIE Slough
Telex: 84413

Hewlett-Packard Ltd.
“'The Graftons”
Stamford New Road
GB-Altrincham, Cheshire
Tel: (061) 928-8626
Telex: 668068

Hewlett-Packard Ltd’s registered
address for V.A.T. purposes
only:

70, Finsbury Pavement

London, EC2A1SX

Registered No: 69057

SOCIALIST COUNTRIES
PLEASE CONTACT:
Hewlett-Packard Ges.m.b.H.
Handelskai 52/3

P.0. Box 7

A-1205 Vienna

Ph: (0222) 33 66 06 to 09
Cable: HEWPACK Vienna
Telex: 75923 hewpak a

ALL OTHER EUROPEAN

COUNTRIES CONTACT:

Hewlett-Packard S.A.

Rue du Bois-du-Lan 7

P.0. Box 85

CH-1217 Meyrin 2 Geneva
Switzerland

Tel: (022) 41 54 00

Cable: HEWPACKSA Geneva

Telex: 2 24 86

AFRICA, ASIA, AUSTRALIA

ANGOLA
Telectra Empresa Técnia
de Equipamentos Eléctricos

SAR
Rua de Barbosa Rodrigues
42-1°

Box 6487
Luanda
Cable: TELECTRA Luanda

AUSTRALIA

Hewlett-Packard Australia
Pty. Ltd.

22-26 Welr Street

Glen Iris, 3146

Victoria

Tel: 20-1371 (6 lines)

Cable: HEWPARD Melbourne

Telex: 31 024

Hewlett-Packard Australia

Pty. Ltd.
Corner Bridge & West Streets
Pymble, New South Wales, 2073
Tel: 449 6566
Cable: HEWPARD Sydney
Telex: 21561

Hewlett-Packard Australia
Pty. Ltd.

97 Churchill Road

Prospect 5082

South Australia

Tel: 65-2366

Cable: HEWPARD Adelaide

Hewlett Packard Australia
Pty. Ltd.

2nd Floor, Suite 13
Casablanca Buildings
196 Adelaide Terrace
Perth, W.A. 6000

Tel: 25-6800

Cable: HEWPARD Perth

Hewlett-Packard Australia
Pty. Ltd.

10 Woolley Street

P.0. Box 191

Dickson A.C.T. 2602

Tel: 49-8194

Cable: HEWPARD Canberra ACT

Hewlett-Packard Australia
Pty. Ltd.

2nd Floor, 49 Gregory Terrace
Brishane, Queensland, 4000
Tel: 29 1544

CEYLON

United Electricals Ltd.
P.0. Box 681

60, Park St.

Colombo 2

Tel: 26696

Cable: HOTPOINT Colombo

CYPRUS

Kypronics

19 Gregorios & Xenopoulos Road
P.0. Box 1152

CY-Nicosia

Tel: 45628/29

Cable: KYPRONKS PANDEHIS

ETHIOPIA

African Salespower & Agency
Private Ltd., Co.

P. 0. Box 718

58/59 Cunningham St.

Addis Ababa

Tel: 12285

Cable: ASACO Addisababa

HONG KONG

Schmidt & Co. (Hong Kong) Ltd.
P.0. Box 297

1511, Prince’s Building 15th Floor
10, Chater Road

Hong Kong

Tel: 240168, 232735

Cable: SCHMIDTCO Hong Kong

INDIA

Blue Star Ltd.
Kasturi Buildings
Jamshedji Tata Rd.
Bombay 400 020
Tel: 29 50 21
Telex: 3751

Cable: BLUEFROST

Blue Star Ltd.
Band Box House
Prabhadevi
Bombay 400 025
Tel: 45 73 01
Telex: 3751
Cable: BLUESTAR

Blue Star Ltd.
14/40 Civil Lines
Kampur 208 001
Tel: 6 88 82
Cable: BLUESTAR

Blue Star, Ltd.
7 Hare Street
P.0. Box 506
Calcutta 700 001
Tel: 23-0131
Telex: 655
Cable: BLUESTAR

Blue Star Ltd.
Blue Star House,
34 Ring Road
Lajpat Nagar

New Delhi 110 024
Tel: 62 32 76
Telex: 463

Cable: BLUESTAR

Blue Star, Ltd.

Blue Star House
11/11A Magarath Road
Bangalore 560 025
Tel: 51473

Telex: 430

Cable: BLUESTAR

Blue Star, Ltd.
1-1-117/1

Sarojini Devi Road
Secunderabad 500 003
Tel: 763 91,7 7393
Cable: BLUEFROST
Telex: 459

Blue Star, Ltd.

23/24 Second Line Beach
Madras 600 001

Tel: 2 39 55

Telex: 379

Cable: BLUESTAR

Blue Star, Ltd.

1B Kaiser Bungalow
Dindli Road
Jamshedpur 831 001
Tel: 38 04

Cable: BLUESTAR
Telex: 240

INDONESIA

Bah Bolon Trading Coy. N.V.
Djalah Merdeka 29
Bandung

Tel: 4915; 51560

Cable: ILMU

Telex: 08-809

IRAN

Multicorp International Ltd.
Avenue Soraya 130

P.0. Box 1212

IR-Teheran

Tel: 83 10 35-39

Cable: MULTICORP Tehran
Telex: 2893 MCI TN

ISRAEL

Electronics & Engineering
Div. of Motorola Israel Ltd.

17 Aminadav Street

Tel-Aviv

Tel: 36941 (3 lines)

Cable: BASTEL Tel-Aviv

Telex: 33569

JAPAN
Yokogawa-Hewlett-Packard Ltd.
Ohashi Building

1-59-1 Yoyogi

Shibuya-ku, Tokyo

Tel: 03-370-2281/92

Telex: 232-2024YHP

Cable: YHPMARKET TOK 23-724

Yokogawa-Hewlett-Packard Ltd.
Nisei Ibaragi Bldg.

2-2-8 Kasuga

Ibaragi-Shi

Osaka

Tel: (0726) 23-1641

Telex: 5332-385 YHP OSAKA

Yokogawa-Hewlett-Packard Ltd.
Nakamo Building

No. 24 Kamisasazima-cho
Nakamura-ku, Nagoya City
Tel: (052) 571-5171

Yokogawa-Hewlett-Packard Ltd.
Nitto Bldg.

2-4-2 Shinohara-Kita
Kohoku-ku

Yokohama 222

Tel: 045-432-1504

Telex: 382-3204 YHP YOK

Yokogawa-Hewlett-Packard Ltd.
Chuo Bldg.

Rm. 603 3,

2-Chome

1ZUMI-CHO,

Mito, 310

Tel: 0292-25-7470

KENYA
Kenya Kinetics
P.0. Box 18311
Nairobi, Kenya
Tel: 57726
Cable: PROTON

KOREA

Amtraco Corporation
Industrial Products Div.
Seoul P.0. Box 1103

8th floor, DaeKyung Bldg.
107 Sejong Ro
Chongro-Ku, Seoul

Tel: 73-8924-7

Cable: AMTRACO Seoul

LEBANON

Constantin E. Macridis

P.0. Box 7213

RL-Beirut

Tel: 220846

Cable: ELECTRONUCLEAR Beirut

MALAYSIA

MECOMB Malaysia Ltd.

2 Lorong 13/6A

Section 13

Petaling Jaya, Selangor
Cable: MECOMB Kuala Lumpur

MOZAMBIQUE

A. N. Goncalves, LDA.
4.1 Apt. 14 Av. D. Luis
P.0. Box 107

Lourenco Marques
Telex: 6-203 NEGON MO
Cable: NEGON

NEW ZEALAND
Hewlett-Packard (N.Z.) Ltd.
94-96 Dixson St.

P.0. Box 9443

Courtenay Place
Wellington, N.Z.

Tel: 56-559

Telex: 6-203 NEGON MU
Cable: HEWPACK Wellington
Hewlett Packard (N.Z.) Ltd.
Box 51092

Pukuranga

Tel: 56-9837

Cable: HEWPACK, Auckland
NIGERIA

Teil (MesaCom Division)
25 Moronl! St, Suru-Lere,
P.0. Box 5705

Lagos

Cable: THETEIL LAGOS

PAKISTAN

Mushko & Company, Ltd.
Oosman Chambers

Abdullah Haroon Road
Karachi 3

Tel: 511027, 512927

Cable: COOPERATOR Karachi

Mushko & Company, Ltd.
388, Satellite Town
Rawalpindi

Tel: 41924

Cable: FEMUS Rawalpindi

PHILIPPINES
Electromex Inc.

5th Floor, Architects
Center Bidg.

Ayala Ave., Makati, Rizal
C.C.P.0. Box 1028
Makati, Rizal

Tel: 86-18-87, 87-76-77
Cable: ELEMEX Manila

SINGAPORE

Mechanical and Combustion
Engineering Company Ltd.

9, Jalan Kilang

Red Hill Industrial Estate

Singapore, 3

Tel: 642361-3; 632611

Cable: MECOMB Singapore

Hewlett-Packard Far East
Area Office

P.0. Box 87

Alexandra Post Office
Singapore 3

Tel: 633022

Cable: HEWPACK SINGAPORE

SOUTH AFRICA

Hewlett Packard South Africa
(Pty.), Ltd.

P.0. Box 31716

Braamfontein Transvaal

Milnerton

30 De Beer Street

Johannesburg

Tel: 725-2080, 725-2030

Telex: 0226 JH

Cable: HEWPACK Joh burg

TAIWAN

Hewlett Packard Taiwan
39 Chung Shiao West Road
Sec. 1

Overseas Insurance
Corp. Bldg. 7th Floor
Taipei

Tel: 389160,1,2, 375121,
Ext. 240-249

Telex: TP824 HEWPACK
Cable: HEWPACK Taipei

THAILAND

UNIMESA Co., Ltd.

Chongkoinee Building

56 Suriwongse Road

Bangkok

Tel: 37956, 31300, 31307,
37540

5
Cable: UNIMESA Bangkok

UGANDA

Uganda Tele-Electric Co., Ltd.
P.0. Box 4449

Kampala

Tel: 57279

Cable: COMCO Kampala

VIETNAM

Peninsular Trading Inc.

P.0. Box H-3

216 Hien-Vuong

Saigon

Tel: 20-805, 93398

Cable: PENTRA, SAIGON 242

ZAMBIA

R. ). Tilbury (Zambia) Ltd.
P.0. Box 2792

Lusaka

Zambia, Central Africa
Tel: 73793

Cable: ARJAYTEE, Lusaka

MEDITERRANEAN AND
MIDDLE EAST COUNTRIES
NOT SHOWN PLEASE
CONTACT:

Hewlett-Packard

Co-ordination Office for
Mediterranean and Middle

Hewiett Packard South Africa
(Pty.), Ltd.

Breecastle House

Bree Street

Cape Town

Tel: 3-6019, 3-6545

Cable: HEWPACK Cape Town

Telex: 5-0006

Hewlett Packard South Africa
(Pty.), Ltd.

641 Ridge Road, Durban

P.0. Box 99

Overport, Natal

Tel: 88-6102

Telex: 567954

Cable: HEWPACK

East Op

Via Marocco, 7

1-00144 Rome-Eur, Italy
Tel: (6) 59 40 29
Cable: HEWPACKIT Rome
Telex: 61514

OTHER AREAS NOT
LISTED, CONTACT:
Hewlett-Packard
Export Trade Company
3200 Hillview Ave.
Palo Alto, California 94304
Tel: (415) 326-7000

(Feb. 71 493-1501)
TWX: 910-373-1267
Cable: HEWPACK Palo Alto
Telex: 034-8300, 034-8493

E 373
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CERTIFICATION

The Hewlett-Packard Company certifies that this instrument was
thoroughly tested and inspected and found to meet its published
specifications when it was shipped from the factory. The Hewlett-
Packard Company further certifies that its calibration measure-
ments are traceable to the U.S. National Bureau of Standards to
the extent allowed by the Bureau’s calibration facility.
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