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SECTION IX L
5312A ASCII INTERFACE

SUBSECTION |
GENERAL INFORMATION

9L-1-1. PURPOSE AND USE OF SECTION IX L

91.-1-2. Section IX L contains the documentation nec-
essary to install and operate the Hewlett-Packard
Model 5312A ASCII (HP-IB) Interface. This infor-
mation is intended to be inserted into the 5300B Mea-
suring System manual as part of Section IX of that
manual.

9L-1-3. DESCRIPTION

9L-1-4. The 5312A is a plug-between module for the
HP 5300B Measuring System. The 5312A plugs be-
tween the 5300B mainframe and any associated plug-
on module (5301A-5308A) to provide an interface to
the Hewlett-Packard Interface Bus. The 5312A can
provide measurement data from the 5300B via the
bus to compatible printers, desk top calculators, or
computers. The measurement data includes all signifi-
cant digits, exponent, overflow, and function codes.
Specifications for the 5312A are listed in Table 9L-1-1.

9L-1-5. INSTRUCTION IDENTIFICATION

91-1-6. Hewlett-Packard uses a two-section, nine-
digit serial number (0000A00000) mounted on the
rear panel to identify the instrument. The first four
digits are the serial prefix and the last five digits refer
to the specific instrument. If the serial prefix on your in-
strument differs from that listed on the title page of
this section, there are differences between the manual
and your instrument.

9L-1-7. MANUAL CHANGES

9L-1-8. The title page lists the serial prefix numbers to
which this information directly applies. If the serial
prefix is different from the one listed, a change sheet
is included describing the required changes. If this
change sheet is missing, the information can be sup-
plied by any Hewlett-Packard Sales and Service Office
listed in Section VI of the 5300B Measuring System
Manual.

! 5312A-ASCHINTERFACE

Figure 91-1-1. 5312A ASCII (HP-IB) Interface

9L-1-1
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Table 9L.-1-1.

Specifications

SAMPLE RATE:
Controlled by setting of SAMPLE RATE con-
trol on front panel of 5300B mainframe or by
Initiate command on interface bus.

TRANSFER TIME:
20 ms (typical) per measurement.

TRANSFER RATE:
Maximum of 40 measurements per second (de-
pending on capabilities of plug-on module and
controller).

SELF CHECK:
Rear panel switch setting provides self test of
internal circuits (refer to paragraph 9L.-3-32)
and also activates internal test points for use
with external test equipment.

INDICATORS:
TALK indicator illuminates when addressed to
talk. LISTEN indicator illuminates when ad-
dressed to listen.

PROGRAMMABILITY:
Front panel controls of plug-on modules
H301A-5308A) are not programmable.

COMPATIBILITY:
Compatible with 5300B mainframe and all
plug-on modules (5301A-5308A). Not com-
patible with 5300A which has a BCD digital
output.

DIMENSIONS:
5312A plugs-between 5300B mainframe and
plug-on module. Increases height of instru-
ment by 1.5 in. (38,4 kg).

NET WEIGHT:
[ 1b. 13 oz. (1,818 kg).

SHIPPING WEIGHT:
2 Ibs. 10 oz. (1,19 kg).

91.-1-2
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SECTION IXL
5312A ASCII INTERFACE

SUBSECTION i
INSTALLATION

9L-2-1. UNPACKING AND INSPECTION

91.-2-2. If the shipping carton is damaged, ask that
the carrier’s agent be present when the instrument is
unpacked. Inspect the instrument for damage, such
as scratches, dents, broken knobs, etc. If the instru-
ment is damaged or fails to meet performance tests
when used with the 5300B Measuring System, notify
the carrier and the nearest Hewlett-Packard Sales
and Service Office immediately. Sales and Service
Offices are listed at the back of the 5300B portion of
the manual. Retain the shipping carton and the pad-
ding material for the carrier’s inspection. The Sales
and Service Office will arrange for the repair or re-
placement of the instrument without waiting for the
claim against the carrier to be settled.

9L-2-3. STORAGE AND SHIPMENT

9L.-2-4. PACKAGING. To protect valuable electronic
equipment during storage or shipment, always use
the best packaging methods available. Your Hewlett-
Packard Sales and Service Office can provide packag-
ing material such as that used for original factory
packaging. Contract packaging companies in many
cities can provide dependable custom packaging on
short notice. The instrument is originally packaged as
follows: The original container is a corrugated card-
board box with 200 lbs. burst test (HP No. 9211-1760).
The instrument is secured and protected in the box by
a top and bottom molded frame of polystyrene foam
(HP No. 9220-1545). Also included with the instru-
ment are plastic dust covers (HP No. 9220-1762).

9L-2-5. ENVTRONMENT. Conditions during storage
and shipment should normally be limited as follows:
a. Maximum altitude: 25,000 ft.
b. Minimum temperature: -40°F (-40°C).
¢. Maximum temperature: +167°F (+75°C).

9L-2-6. INSTALLATION AND REMOVAL

91.-2-7. The 5312A must be used with a 5300B main-
frame and plug-on that will make the desired measure-
ment. Separate the 5300B mainframe from the plug-
on, install the 5312A and reinstall the mainframe ac-
cording to the following procedure (refer to Figure
9L.-2-1):

a. Turn ac power off and disconnect power cord.

b. Pull the two side casting latches on the 5300B
mainframe fully rearward while pressing the
latch handles toward the outside of the casting.

¢. When the latches are fully rearward, the two
instrument castings will be separated about
Ya~inch.

d. Lift the 5300B mainframe gently away from
the plug-on.

e. Place the 5312A on top of the plug-on and
position the two units carefully so the 5312A
casting aligns with the plug-on casting and
approximately ‘&-inch clearance exists be-
tween the two castings.

f. Place the 5300B mainframe on top of the
5312A and mate the two units together in

the same manner as described in step ‘e
above.

g. Push the 5312A latch handles inward until
the castings come together and the latches
lock in place.

h. To remove the 5312A, reverse the above

procedure.

9L-2-1
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Figure 9L-2-1. Installation and Removal

9L-2-2
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SECTION IXL
5312A ASCII INTERFACE
SUBSECTION il
OPERATION

9L-3-1. |NTR°DUCT|°N gru;:'m 1 2 3 4 5 8 78 9 10011 12 13 4 15 16 17

. . . . . . [ D D RDDDODD D E 0 CR LF
9L-3-2. This section contains operating information s e | = ok 3 Corrisge  Linefeed
including a description of controls and indicators, y Blank Only s Rewwrn
types of operation, triggering function, operating pro- Overflow | Blank Digior
cedures, a system example, and self-check procedures. or Blank ecimat point Exponent

Digit, Blank or Minus Sign as required

NOTE

For general information on HP Interface
Bus operation refer to the manual entitled
“Condensed Deascription of the Hewlett-
Packard Interface Bus, HP Part No.
59401-90030.”

9L-3-3. CONTROLS AND INDICATORS

9L-3-4. Figure 9L-3-1 identifies and describes the
front and rear panel controls and indicators.

9L-3-5. TYPES OF OPERATION

9L-3-6. The 5312A operates as an interface plug be-
tween for the 5300B Measuring System and HP Inter-
face Bus. The 5312A can be triggered by a talker or
can be set to automatically provide continuous mea-
surement data from the 5300B to the bus. The 5312A
operates with all plug-on modules (5301A-5308A) in
all modes of operation except the totalize modes of the
5301A, 5302A, and 5304A. Remote triggering infor-
mation is provided in the following paragraphs.

8L-3-7. INITIATE FUNCTION

9L-3-8. The 5312A is triggered via the bus to send a
reset pulse to the 5300B that initiates a measurement.
This action occurs when a talker sends an Initiate com-
mand (ASCII “I”) to trigger the 5312A or when a con-
troller sends a Group Execute Trigger (ASCII back-
space “BS”) to trigger several types of instruments.
The measurement data is held by the 5312A until it is
addressed to talk and send data on the bus. The talk out-
put format is described in paragraph 91-3-9.

9L-3-9. Talk Output Format

9L-3-10. When the 5312A is addressed to talk it pro-
vides a digital output to the interface bus. The output
consists of 17 ASCII coded characters in the following
format.

Annuncistors (Hz, Seconds, Volts, Ohms, or Blank)

9L-3-11. Addressing

9L-3-12. Before a 5312A can accept an Initiate com-
mand it must be addressed to listen and before the
5312A can output data it must be addressed to talk if
the rear panel switch is in the ADDRESSABLE posi-
tion. When this switch is in the TALK ONLY position
the 5312A automatically outputs measurements contin-
uously without being addressed. The TALK ONLY
position is intended for operation where there is no
controller, e.g., with a printer. To meet bus require-
ments, the SHIELD switch on the rear panel should bein
SHIELD position only when the TALK ONLY AD-
DRESSABLE switch in the TALK ONLY position.

91.-3-13. The address characters sent on the interface
bus must coincide with the settings of the ADDRESS
switches (A1-A5) on the rear panel of the 5312A (see
Table 91.-3-1). Addresses are sent on the data input/
output (DIO) lines. When the controller sets ATN low,
all instruments on the bus may interpret the infor-
mation on lines DIOI to DIO5 as an address. During
this time, the logic level (1 or 0) on DIO6 and DIO7
designate whether the information is a talk or a listen
address or a command.

9L-3-14. Unaddressing

9L-3-15. Two characters are reserved for the special
function of clearing or removing an instrument from
the active state of an addressed talker or listener. The
5312A is cleared as a listener if it is sent an ASCII “?”
while ATN is low. The 5312A is cleared as a talker if
another instrument is addressed to talk or it is sent an
ASCII “_” (underscore) while ATN is low. It is cleared
as either a talker or listener when IFC is low.

NOTE

When an instrument is addressed from a
listener to a talker or talker to a listener,
the appropriate clear codes (“?” or “__") must
be issued. If underscore is not available,
address a nonexistent talker.

9L-3-1
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TALK LISTEN

B

/

TALK indicator. When illuminated, indicates
the 5312A is addressed to talk.

LISTEN indicator. When illuminated, indi-
cates the 5312A is address to listen.

Control switch. This switch controls the oper-
ation of the 5312A as follows:

a.

ADDRESS. The settings of A1-A5 deter-
mine the listen or talk address of the
5312A. Refer to Table 9L-3-1.

ADDRESSABLE-TALK ONLY. When
this switch is in the ADDRESSABLE
position, the 5312A will not listen or
talk unless addressed to do so. When
this switch is in the TALK ONLY posi-
tion, the 5312A outputs continuously
without being addressed.

4.

1 '@;\ BESET COMMAND = |
F

SERIAL NO.
$428A00085 )}

SHIELD. This switch must be in the
SHIELD position when the ADDRESS-
ABLE-TALK ONLY switch is in the
TALK ONLY position. (This meets the
the bus requirement that the con-
troller must connect the bus cable
shield to common.)

SELF CHECK. When this switch is in
the SELF CHECK position the 5312A
can perform a self test (see para-
graph 9L-3-32).

Connector. This 24-pin connector connects to
the HP Interface Bus cable (Part No. 10631A,
B, or C).

NOTE

On later models of the 5312A the top
position of the SELF CHECK swiich
is marked NORM to indicate normal
operation and the label “RESET COM-
MAND = I” is changed to “INITIATE
COMMAND = 1",

91-3-2

Figﬁre 9L-3-1. Controls and Indicators



Table 91-3-1. Address Switch Settings

Model 5312A
Operation

SHIELD
]

ADDRESSABLE

ADDRESS

1000

SELF
CHECK

>
w

el il R e e e NololaNolole oo ool ol ol e

As

>

4

e -~ 0000000, ., —, 00000000

A

TALK ONLY

4

SWITCH
SETTINGS
A3 Ay

hadieanlill =i~ e N ol Sl = = Na e R o i ol o i o I SRSy N R
— OO0 = — 00—~ Q00— 00—~ 00— —~O0Q0=—00~—-00

TO SET A SWITCH
TO THE “1” STATE
PRESS IN HERE

D D 3l (71O SET A swiTcH
\{ TO THE “0” STATE

PRESS IN HERE

ADDRESS CODES

ASCII
LISTEN

Al ADDRESS ADDRESS
0 SP
1 !
0 k2]
1 #
0 $
| %
0 &
1 td
0 (

] )
0 *
i +
0 .

1 -
0 .
1 /
0 0
1 1
0 2
1 3
0 4
1 )
0 6
1 7
0 8
1 9
0 :
1 ;
0 <
1 =
0 >

ASCII
TALK

I MINK X E<CHN RO TOZE N R e n ZTOMMD AW » @
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9L-3-16. OPERATING PROCEDURES

9L-3-17. Operating procedures consist of preliminary
set-up procedures, programming procedures, and pro-
gramming codes.

9L-3-18. Preliminary Set-Up Procedures

91-3-19. The following procedures are used to place
the 5312A into operation.

a.

Install the 5312A between the 5300B main-
frame and the plug-on module that will be
used to make the measurements. Refer to Sub-
section II for installation information.

Set the mode switch (Figure 91-3-1) to the
ADDRESSABLE mode or the TALK ONLY
mode as described below:

1. ADDRESSABLE mode. In this mode
the 5312A must be addressed to
listen before it will accept an Initiate
command and must be addressed to
talk before it will output. This mode is
used in systems with a controller ca-
pable of addressing instruments.

2. TALK ONLY mode. In this mode the
5312A outputs continuously without
being addressed. This mode is used in
a system without a controller where
measurement data from 5300B is sent
via the 5312A to a listening device
such as a printer.

If the mode switch is set to the ADDRESS-
ABLE mode, select a listen address from
Table 9L-3-1 and set the address switches on
the rear panel of the 5312A. In general, any
address switch setting is allowable except
11111 or an address already assigned to an-
other instrument in the system. These
switches need not be set if the mode switch is
in the TALK ONLY mode.

Connect the 5312A into the system by con-
necting the HP Interface Bus interconnect cable
from any other 24-pin bus connector in the
system to the 24-pin bus connector on the rear
panel of the 5312A. The 5312A is now ready
for programming. Procedures are described
in paragraph 9L-3-22 and codes are listed in
Table 91.~-3-2.

8L-3-20. Programming Codes

91-3-21. A description of the codes used in program-
ming the 5312A is summarized in Table 91-3-2.

9L-3-4

NOTE

When the 5312A is used with the 5150A
Thermal Printer equipped with Option
003, the PRT CMD switch on the 5150A
HP-IB Interface board must be in the LF
position.

9L -3-22. Programming Procedures

91.-3-23. Perform the following steps to operate the
5312A when triggering by a controller (for nontrig-
gered operation refer to paragraph 9L-3-25):

NOTE

If the 5312A is to be ftriggered simulta-
neously with other types of instruments
on the bus, proceed to paragraph 9L-3-24.

a. Using a controller such as a 9820A/9830A Cal-
culator. send the Unlisten command. This
command is the ASCII question mark char-
acter 7" (with ATN low). Refer to Table
9L-3-2.

b. Send the talk address of the controller.
c. Send the listen address of the 5312A. Refer to
paragraph 91-3-19c.

NOTE

In the following step, the controller acts as
a talker.

d. Send the Initiate command, ASCII “I”.

NOTE

The 5312A has now been triggered to reset
the 5300B mainframe. The 5312A will hold
the next measurement taken until ad-
dressed to talk and send data on the bus.

e. Send the Unlisten command.

f.  Send the talk address that corresponds to the
address switch settings of the 5312A. Refer to
Table Y1.-3-1.

g. Send the listen address of any instrument on
the bus that is to receive the output of the
5312A.
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Table 9L-3-2. Programming Codes

5312A Response

Illuminates LISTEN indicator.
Prepares 5312A to accept the Initiate

Command.

Illuminates TALK indicator. Causes
5312A to output on the bus.

Causes 5312A to send a reset pulse to
the 5300B to take a measurement.

Causes 5312A to send a reset pulse to
the 5300B to take a measurement.

Extinguishes LISTEN indicator and
clears the 5312A as a listener.

Extinguishes TALK indicator and
clears the 5312A as a talker.

Extinguishes LISTEN and TALK
indicators. Unaddresses 5312A.

DIO LINES
Signal/Code 7654321 Remarks
Listen Address Refer to Any ASCII code of the form
Codes Table 91.-3-1{ 0 1 Ag Ay Ag Ag Ay where Ag—A
can be any combination of 1’s and
0’s except 11111.
Talk Address Refer to Any ASCII code of the form
Codes Table 91-3-111 0 Ag A4 Ag Ag A where A5—~A1
can be any combination of 1’s and
0’s except 11111.
Initiate 1001001 ASCII “1”
Command
Group Execute 0001000 ASCII “BS”
Trigger
Unlisten 0111111 ASCII question mark “?” character
Command unaddresses all listeners.
Untalk 1011111 ASCII underscore “__" character
Command unaddresses all talkers.
Interface NA The controller sets the IFC line low
Clear (IFC) to halt all activity on the bus.
NOTE
The ASCIH commands Group Execute Trigger (GET), Unlisten
and Untalk are Universal Address Commands (effective when
ATN is low).

91-3-24. To trigger the 5312A and other types of in-
struments simultaneously, proceed as follows:

a. Using a controller such as a 9820A/9830A Cal-
culator, send the Unlisten command. This
command is the ASCII question mark char-
acter “?” (with ATN low). Refer to Table
9L-~3-2.

b. Send the listen address of each instrument to
be triggered.

c.  Send the universal addressed command Group
Execute Trigger (GET). This command is the
ASCII backspace character “BS” (with ATN
low).

NOTE

All instruments addressed to listen and de-
signed to respond to the GET command
will now be triggered. The 5312A will hold
the next measurement taken until ad-
dressed to talk on the bus.

d, To address the 5312A to talk, perform steps e,
f, and g of paragraph 91.-3-23.

91-3-25. To operate the 5312A in the nontriggered
ADDRESSABLE mode proceed as follows (refer to
paragraph 91.-3-19 for preliminary set-up):

a. Set the mode switch (Figure 9L-3-1) to
ADDRESSABLE.

b. Using a controller, send the Unlisten com-
mand. Refer to Table 9L-3-2.

c. Send the talk address of the 5312A.
d. Send the listen address of the listener.

e. Adjust the SAMPLE RATE control on the
5300B mainframe to control the rate of the
5312A output data.

9L-3-26. To operate the 5312A in the TALK ONLY
mode proceed as follows (refer to paragraph 91.-3-19
for preliminary set-up):

a. Set the mode switch (Figure 91-3-1) to TALK
ONLY.

9L-3-5
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b. Set the listener to the LISTEN ONLY mode.

c. Adjust the SAMPLE RATE control on the
5300B mainframe to control the rate of the
5312A output data.

9L-3-27. SYSTEM EXAMPLE

91.-3-28. An example of the use of the 5312A and the
5300B in a data acquisition system would include a
5306A Multimeter/Counter plug-on module and a
9820A /9821 A Calculator. The calculator acts as a con-
troller and is connected to the 5312A via the HP Inter-
face Bus interconnect cable. The calculator can be pro-
grammed to acquire, store, and manipulate the mea-
surement data by means of brief program statements.
For example, assume that the 5312A address switches
are set for a talk address of J and the calculator has a
listen address of 5. The program statement to read a
measurement into the Z register of the calculator
would be:

CMD “2J5”;FMT *; RED 13,2
The above statements are defined as follows:

Bus command statement. Refer to
11224A Peripheral Control II oper-
ating manual (HP Part No. 09820-
90024) for complete description.

CMD

" First quotes following CMD statement
specifies address mode.

? Unaddresses all listeners on the bus.
J 5312A talk address.

5 Calculator listen address.
Terminates address mode.
End-of-statement delimiter.

FMT* Free-field format.
End-of-statement delimiter.

’

Read data on the bus through the cal-
culator interface card to the Z register
in the calculator.

RED 13,Z

9L-3-29. To add overflow and annunciator information
to the above format, execute the following:

CMD “?J5”;RDB 13—A; RDB 13—B; FMT*; RED 13,Z

After execution of these statements the A register of
the calculator would contain the decimal equivalent of
the first ASCII character output by the 5312A (79 for
overflow or 32 for space). The B register would con-
tain the decimal equivalent of the second character

9L-3-6

output by the 5312A (70 for frequency, 83 for seconds,
86 for volts, 82 for ohms, and 32 for space). Refer to
11224A Peripheral Control II operating manual (HP
Part No. 0982(1-90024) Table 2-1.

9L.-3-30. In the preceding examples, the 5312A out-
puts measurement data at a rate controlled by the set-
ting of the SAMPLE RATE control on the 5300B main-
frame. The calculator may take control and command
measurements to be taken by executing the following
statement (the address switch setting which gives the
5312A a talk address of J also gives it a listen address
of * and the calculator has a talk address of U):

CMD “?U*”, S

The Initiate (I) command in this statement causes the
5312A to reset the 5300B to take a measurement. The
5312A then holds the measurement data until it is ad-
dressed to talk. Refer to paragraph 91.-3-23.

9L-3-31. After the measurement data is entered into
the calculator, a wide variety of useful tasks may be
performed, from sorting and storing of data to com-
plex statistical analyses.

9L-3-32. SELF CHECK PROCEDURES

9L.-3-33. The self check of the 5312A checks the cir-
cuits as described in paragraph 91.-5-21 and as shown
in Figure 9L-8-2 (Sheet 3). Perform the self check as
follows:

a. Install the 5312A as described in paragraph
9L.-2-6 and apply power.

b. Disconnect the HP-IB cable from the 5312A.

c. Set the switches on the rear panel of the
H312A to the following positions:

1. Press all address switches (A1-A5) to
0 {bottom pressed in).

2. Press the TALK ONLY/ADDRESS-
ABLE switch to ADDRESSABLE
position.

3. SHIELD switch in either position.

4. Reset the 5312A by turning the power
off (on 5300B) then back on.

(W1}

Press SELF CHECK switch to SELF
(CHECK position.

NOTE
The self check will not operate
properly unless the right-most

digit on the display is a zero.



d. Correct operation of the 5312A is indicated
as follows:

1.

The 5300B display is illuminated with
an 8 in each digit position, decimals
in the 5 right-most positions and
overflow.

The TALK indicator on the 5312A is
illuminated.

Model 5312A
Operation

If indications are correct, turn off
power, set SELF CHECK switch to
nermal, and turn power back on.

If indications are incorrect (5300B dis-
play cycles from all 0’s through all 9’s),
refer to the self check trouble isola-
tion procedure described in paragraph
in 9L-5-21.

8L-3-7
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SECTION IXL
5312A ASCII INTERFACE

SUBSECTION IV
THEORY OF OPERATION

9L-4-1. INTRODUCTION

91.-4-2. This section contains theory of operation in-
cluding an overall functional description to the block
level, a detailed description to the block level and a
detailed circuit description to the schematic diagram
level. An operational flowchart description of soft-
ware program operation is also included. For a
description of HP Interface Bus operation, refer to the
manual entitled Condensed Description of the
Hewlett-Packard Interface Bus, HP Part No.
59401-90030.

9L-4-3. OVERALL FUNCTIONAL DESCRIPTION

91.-4-4. The 5312A ASCII Interface plugs between
the 5300B mainframe and any associated plug-on
module (5301A-5308A) to provide an interface to the
HP Interface Bus (HP-IB). The 5312A provides mea-
surement data from the 5300B to the HP-IB including
all significant digits, exponent, overflow, and func-
tion codes.

91.-4-5. As shown in Figure 9L-4-1, the operation of
the 5312A is controlled by an Algorithmic State
Machine (ASM) control circuit which has a number of
inputs and outputs. The ASM contains a preprogram-
med Read-Only-Memory (ROM) which selects an in-
put (called a qualifier) from one of several lines from
the 5300B, the HP-IB, or the 5312A circuit. The ASM
controls output data to the HP-IB via a multiplexer cir-
cuit and sends commands to the 5300B and to the
internal circuit. The ASM control circuit determines
whether the data from the 5300B or the control circuit
is sent to the HP-IB. Note that the three-most-signifi-
cant bits of the output character are always sent from
the ASM. This arrangement allows the ASM to con-
trol the output as described in the detailed description
that follows.

9L-4-6. DETAILED BLOCK DIAGRAM DESCRIPTION

91.-4-7. The 5312A operates basically as a synchro-
nous device controlled by preprogrammed instruc-
tions. The instructions are programmed into a 4K
Read-Only-Memory (ROM) as the control element of
an Algorithmic State Machine (ASM). As shown in
Figure 91.-4-2, the measurement data from the 5300B
mainframe is processed by the 5312A and supplied as
ASCII coded characters to the HP Interface Bus. The
following programs describe the circuits shown in the
detailed block diagram.

9L-4-8. The Address Logic circuit monitors the bus
Data Input/Output (DIO1-DIO7) lines to detect a listen
or talk address. The circuit then sets the 5312A in the
listen or talk mode of operation and sends a qualifier
to the ASM control circuit qualifier multiplexer. The
DIO lines are also monitored for a trigger command
from a controller. The trigger command is supplied to
the ASM control circuit as a qualifier to the ASM
which in turn causes a measurement to be taken by
the 5300B.

9L-4-9. The Algorithmic State Machine (ASM) con-
trolled by a programmed 4K ROM selects input quali-
fiers by means of a multiplexer and Qualifier Control
circuit. The inputs come from the 5300B mainframe,
from the interface bus, and from internal registers.
The Qualifier Control circuit is enabled by an instruc-
tion from the ROM. The Qualifier Control circuit out-
puts a signal that causes a jump in the program se-
quence. When not enabled it allows the program to
proceed in numerical sequence to the next program
line number (addresses). The ASM also provides out-
put instructions to the Output Logic and Data Multi-
plexer circuits.

9L-4-10. The State Counters are incremented by one
at each clock pulse to allow the ROM program to
proceed from one address line to the next in sequence.
When the Preset Enable line of the State Counters is
enabled, the State Counters are loaded with the link
address from the ROM. The ASM will jump to this
link address if the selected qualifier is in the correct
state.

9L-4-11. The Output Logic circuit processes instruc-
tions from the ROM and provides output data and a
latch clock to the Data Multiplexers. The Reset and
Hold signal lines connect to the mainframe and a Talk/
Listen clock goes to the Address Logic to enable the
Talk and Listen FFs. The Qutput Logic also provides
an Increment signal to the Position Counters. The Out-
put Logic is enabled by the CLK signal from the Cir-
cuit Clock.

9L-4-12. The Data Multiplexers receive data from the
Output Logic and from the 5300B mainframe. The
selection of data is controlled by the ROM program to
provide the proper talk output format to the HP-IB
via the Latches/Buffers circuits.

9L-4-1
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9L-4-13. The Position (P) Counters provide four out-
puts (P1, P2, P3, and P4) as qualifiers to the Qualifer
Multiplexer. The logic state of the P qualifiers deter-
mines which character of the talk output format is sent
to the HP-IB. The Position Counters are incremented
by a signal from the Output Logic circuit.

91.-4-14. The Interrupt Control circuit processes the
HP-IB Interface Clear (IFC) and Attention (ATN) sig-
nals to control the 5312A. The IFC signal resets the
Talk and Listen FFs in the Address Logic circuit and
resets the State Counters and the Position Counters.
The ATN signal also resets the State Counters and
Position Counters and in addition sets DAC low as
required for proper operation on the HP-IB.

9L-4-15. The Circuit Clock is an RC oscillator that
provides a CLK signal to clock the ASM operation
and provides a CLK signal to enable the Qutput Logic
circuits.

9L-4-16. DETAILED CIRCUIT DESCRIPTION

9L-4-17. The following paragraphs describe the cir-
cuits in detail as shown in the schematic diagram in
Figure 91.-8-1.

9L-4-18. Address Logic

91.-4-19. The Address Logic circuit consists of an Ad-
dress Comparator (U5), a Talk FF (U4), a Listen FF
(U3), and a Trigger circuit (UYA,B).

91.-4-20. ADDRESS COMPARATOR, TALK FF AND
LISTEN FF. The Address Comparator monitors the
bus Data Input/Output (DIO) lines 1 through 5 and
compares their logic states with the logic states of
rear panel address switches 1 through 5, respectively.
When a comparison occurs, the Address Comparator
outputs the Address signal to the Talk FF and the
Listen FF. The logic states of DIO lines 6 and 7 deter-
mine whether the Talk or Listen FF is set or reset
when the Talk/Listen Clock (TLC) is received from
ROM State Machine Ull. The 5312A is in the Talk
mode when the Talk FF is set and in the Listen mode
when the Listen FF is set. The 5312A can be forced
into the Talk mode, regardless of the state of the Talk
FF, by setting the TALK ONLY switch open. This
action allows the Talk FF output line to rise to +5V
and simulate a set Talk FF condition.

91.-4-21. UNADDRESSING. The Unaddressed signal
clears the Listen FF through gates U8SA, B, and C, and
U26A when DIO lines 1 through 5 are all logic 1’s
(approximately 0 volts). The Talk FF is cleared by
any talk address except the address set on the rear
panel address switch.

91L.-4-22. TRIGGERING. The Trigger circuit monitors
the DIO lines and responds to an Initiate command
(ASCII “I” through U9A or to a Group Execute Trigger
(ASCII backspace “BS”) through U9B. Either trigger

9L-4-4

is processed by the State Machine to reset the main-
frame to take a4 measurement.

9L-4-23. Algorithmic State Machine

91.-4-24. The Algorithmic State Machine (ASM) oper-
ation is similar to a microprocessor. It is programmed
to control the output of measurement data from the
5300B mainframe to the HP Interface Bus. The ASM
consists of 4K Read-Only-Memory (ROM) U11l, State
Counters Ul1 and U115, Qualifier Multiplexers Ul3,
U10, U18, and 1’23, and associated circuits.

9L-4-25. ROM OPERATION. The 4K ROM outputs
16 bits. Seven of the output bits are used to address
the Qualifier Multiplexers and are also sent to the Out-
put Logic. Eight of the output bits are sent to the load
inputs of the Stute Counters and are also sent to Data
Muitiplexers /12 and Ul6. The remaining bit is a
Format (F) bit that determines the mode of operation
of the State Machine (Decision Mode or Output
Mode). Refer to Figure 91.-4-3. When the F bit is low
(0) is allows the selected qualifier to enable the Preset
Enable lines of the State Counters. This causes either
an increment to the next line in the program or a jump
to the link address at the next clock pulse. The
decision to jump or not depends upon the state of the
selected qualifier. When the F bit is high (1) the Pre-
set Enable linvs are turned off, all gualifiers are
ignored, and the State Counters increment by one at
each clock pulse. This mode of operation is the
normal output mode of the ROM and the program
proceeds in scquential order from one line number to
the next.

9L-4-26. QUALIFIER MULTIPLEXERS. The four
Qualifier Multiplexers each receive eight input quali-
fiers. The qualifiers are from the 5300 mainframe, the
interface bus. or from internal circuitry. The logic
state of the I’!, P2, P3, and P4 outputs of the Position
Counters are qualifiers that determine which char-
acter to output to the bus. Qualifiers are listed as
follows:

DP1 )

DP2

DP3 / Decimal Point lines from the mainframe.

DP4 s

DP5

P1 I 4 bits of the 5312A position counter. The

P2 logic state of these bits determines

P3 ‘ which character to output to the bus.

P4

RFD The state of the HP-IB handshake lines.

DAC Ready for Data (RFD, Data Accepted

DAV (DAC) and Data Valid (DAV).

HATN The inverted state of the attention (ATN)
line.

X

Y } The digit address lines of the mainframe.

VA
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Figure 91.-4-3. Mode Select Flowchart
B The data B line of the mainframe. 91.-4-27. The qualifier selected by the ROM program
CD The NAND of the C and D lines of the is sent to the Qualifier Control circuit.
mainframe.
INHB The inhibit line of the mainframe.
) . 9L-4-28. Qualifier Control
R/L The Right/Left strobe line of the
mainframe.

. ) 91-4-29. The Qualifier Control circuit consists of
HLD The Hold line of the mainframe. gates U25A, U24B, Flip-Flop U28A and gate U19D.
The output of the Qualifier Multiplexer sets the Quali-

S
K fier FF (U28A). When the F bit from the ROM is high,
I The annunciators of the mainframe. an enable signal is sent to the Preset Enable of the
M State Counters (Ul4 and U15). This causes a con-
Hz ditional jump in the program as described in para-
. . graph 9L-4-25. Flip-flop U28B receives a State Reset
OF The overflow line of the mainframe. signal from the Interrupt Control circuit to reset the
INITeTRIG NAND of bits 7, 6, and 1 of the bus data State Counters to zero.
lines.
INIT NAND of bits 2, 3, 5, and NOT 4 of the
bus lines. The INITeTRIG and INIT  9L-4-30. Circuit Clock
qualifiers sense the Group Execute Trig-
ger command to develop INITeTRIG 9L.-4-31. The Circuit Clock is comprised of U19A, B,
and sense the Initiate command to develop and C, and associated components connected as an
INIT. RC oscillator. The CLK output is provided to the State
LSN Counters. The CLK output is supplied to Main Output
TLK } Listen and Talk FF outputs. Enable gates U24A, C, and to the Qualifier FF. The
- clock frequency is approximately 150 kHz and the
SELF Test switch, used to implement self phase relationship between the CLK and CLK outputs
TEST testing. is as follows:

9L-4-5
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NOTE

At point A the State Counters are either ad-
vanced by 1 count or preset to the link address.
This is the start of each state address. From
points A to B the output from the ROM is al-
lowed to settle to assure a steady signal. At
point B, the main Output Enable gates are
allowed to go active if the F bit and enable sig-
nals from the ROM are high. In addition, at
point B the Qualifier FF will be set by a selec-
ted qualifier.

9L -4-32. Output Logic

9L.-4-33. The Output Logic circuit receives and proc-
esses the instructions from the Algorithmic State
machine. The outputs are provided to the interface
bus and control signals are sent to the 5300B main-
frame. The signals are grouped as Group 1, Group 2A,
and Group 2B as follows:

GROUP 1

Ra I Serve as the four-least-significant bits of

Rp ( each ASCII output character from the

Re s ROM. Sent through LSB Latch U16 and

Rp transistors Q7-Q10 to the DIO lines.

R5 Serve as the three-most-significant bits

R6 of each ASCII output character from the

R7 ROM. Sent through MSB Latch Ul2 and
transistors Q4-Q6 to the DIO lines.

D/R Data or ROM. This signal, when high,
switches the quad two-input multiplexer
inside Ul6 to accept data from the
5300B. When this signal is low, U16 ac-
cepts data from the ROM. This data will
not be seen at the outputs until the LC
line is pulsed. (I.C is described in Group
2B below).

GROUP 2A

TLC Talk/Listen FF clock from U8D. When
the program realizes that an address is
on the bus, it will pulse this line.

RMR ROM controlled manual reset from

U20B. This line, when pulsed, will reset
the 5300B.

9L-4-6

Hold “on” from U20A. This turns on the
Hold line of the 5300B and is kept on by
the Hold FF U17A, U25D.

HLD1

Hold “off” from U25C. This clears the
Hold FF.

HLDO

GROUP 2B

LC Latch Clock from U21D. This line, when
pulsed, will clock U12 and U16 and will
latch any data at the inputs of these IC’s
to the outputs. (Refer to D/R in Group 1
above.)

ROM Data Valid from U21A. This line
will set DAV FF U17C, D. A signal from
1.CC will clear the FF.

RDAV

RRFD ROM Ready for Data from UZ21B. Sets

RID FF U17B, U22A and also clears the

DAC FF.

RDAC ROM Data Accepted from U21C. Set

DAC FF U22B, C, and also clears the

RED FF.

INC Increment from U25B. Increments the
Position Counters Ul and U6 one count.

9L-4-34. ROM OUTPUT. The ROM outputs 16 bits of
information for each state. One of these bits, labelled
the Format bit or F bit, is used to determine how the
other 15 bits are handled. If the F bit equals a 1, the
word is handled as an Output word as described in
paragraph 91.-4-25. With the requirement that the
clock and enable signals from the ROM are met, the
gates U24A or U24C can be turned on. A low signal
from U24A enubles outputs TLC, RMR, HLDI1 and
HLD#@. A log signal from U24C enables outputs LC,
RDAV, RDAC, and INC. As an example, to pulse the
INC output, the CLK, F bit and 0, from the ROM must
be high and (), from the ROM must be low.

91.-4-35. Group 1 signals are fully parallel and come
from the ROM in positive logic. Any combination of
Group 1 signals is possible and is completely inde-
pendent of Group 2 signals. Group 2 signals are
partially parallel and within each set (A or B) are fully
parallel. Only one set may be active at a time.

9L-4-36. OUTPUT TO BUS. The lower four bits of
the ASCII character output to the bus can be selected
from the ROM or from the 5300B mainframe by LSB
Latch U16. This arrangement allows characters such as
“E” or “+” to come from the ROM and allows mea-
surement data to come from the mainframe. The
three higher order bits are always supplied by the
ROM because, in ASCII code, these higher order bits
determine the interpretation of the lower four bits.
For example, when numerical data is coming from the
mainframe, bits 5, 6, and 7 will indicate that the data
18 numerical.



9L-4-37. The DAV FF (U17C,D), RF FF (U22A, U17B),
and DAC FF (U22C,B) control the transfer of data on
the bus. The RFD and DAC FF’s are interconnected so
that when one is set the other is cleared. However,
both FFs may be cleared at the same time, for ex-
ample, when the 5312A is a talker or when ATN is
high. If the 5312A is a listen or when ATN is low, gate
U20C is inactive and the RFD and DAC FFs will be con-
trolled by the ROM. The DAYV FF is cleared by the LC
signal because the MSB and LSB Latches are cleared
after each data transfer and data is no longer valid.

9L-4-38. Position Counters

91.-4-39. The Position Counters determine which talk
output character is sent to the bus. The P1, P2, P3,
and P4 qualifiers are sent to Qualifier Multiplexer
U23 from Position Counters UlA, UlB, U6A, and
U6B, respectively. The Position Counters are incre-
mented by the INC signal from gate U25B. The logic
state of the Position Counter outputs for each type of
character in the talk output format is described in
paragraph 91.-4-56.

9L-4-40. Interrupt Control

9L.-4-41. The Interrupt Control circuit processes bus
control signals Interface Clear (IFC) and Attention
(ATN).

91-4-42. IFC SIGNAL. The IFC signal clears all
talkers and listeners on the bus. In the 5312A, IFC re-
sets the State Counters to zero, resets the Talk FF, the
Listen FF and the Position Counters. The IFC signal
is received at gate U26C, buffered and fed to an RC
filter that filters noise spikes on the line. The signal is
inverted and buffered and sent to the Clear input of
the Listen and Talk FFs. The signal is also applied to
gate U26D and used to reset the State Counters Ul4
and U15. In addition, the Position Counters are reset
via U27E and U2D. The IFC signal is simulated at
power turn-on by the RC circuit connected to the in-
put of U26C.

9L-4-43. ATN SIGNAL. When the ATN signal goes
low it must also reset the State Counters and Position
Counters. In addition, the DAC signal must go low
immediately to prevent indicating to a controller that
the 5312A has accepted data at this point. The ATN
signal is sent through gate U27C to an RC filter, then
through gate U27B to a pulse-forming network. The
pulse is sent through U26D to reset the State Coun-
ters and Position Counters. However, since the signal
is a pulse, the State Counters will be free to operate
after several microseconds. In the case of the IFC sig-
nal, the State Counters are held at state zero until the
signal changes state. The output of U27C disables
U20C and the pulsed ATN signal goes to U22B
through U26B. This combination of signals assures
that DAC will go low as required when ATN goes low.
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9L-4-44. PROGRAM OPERATION

9L.-4-45. The operation of the 5312A is controlled by
the Algorithmic State Machine program. The pro-
gram consists of 256 lines (0-255) and is divided into
three sections. The first section is the Data Transfer
(Handshake) section shown in operational flowchart
Figure 91.-8-2 (Sheet 1 of 3). The second section is the
Output Data section shown in the flowchart (Sheet 2
of 3) and the third section is the Self Check section
shown in the flowchart (Sheet 3 of 3).

9L-4-46. Conditional jumps in the program are de-
scribed in paragraph 91.-4-25. These jumps are made
as a test of a program condition. Unconditional jumps
in the program are made by using a qualifier for a
known condition. For example, when the 5312A is in
the talk mode the TALK (TLK) qualifier is used, in the
listen mode the LISTEN (LSN) qualifier is used. Each
jump condition is shown as a decision diamond in the
flowcharts. If the jump is shown as a loop or test con-
dition, the jump is conditional. All other jumps are un-
conditional as shown by the qualifier. The decision
blocks on all flowcharts lead into the next sequential
line number of the program if the qualifier logic state
is “0”, or a jump if the logic state is “1”, as shown in
the flowchart. The number adjacent to each decision
diamond or instruction square in the flowcharts is the
program line number. The number on the right side is
the decimal number and the number in parenthesis is
the octal conversion such as 8 (010).

9L.-4-47. Program operation is described in the follow-
ing paragraphs in reference to the operational
flowcharts.

9L-4-48. Data Transfer (Handshake)

91.-4-49. The Data Transfer (Handshake) operational
flowchart is shown in Figure 91.-8-2 (Sheet 1 of 3). This
description refers to the decimal number of the line in
the program (the octal number conversion is also
shown on the flowchart, in parenthesis).

9L-4-50. ADDRESSING. When ATN goes low, the
State Counters are temporarily reset to §. When the
pulsed ATN signal releases the counters, line @ of
the program will have cleared all the outputs (LC)
and set up the RFD signal. (Refer to paragraph
91.-4-33 for signal descriptions.) Line 1 tests ATN
which will still be low, and line 6 waits for DAV to go
low. When the DAV line goes low, the program
checks to see if the command on the bus is a Group
Execute Trigger (lines 8, 9) and if so, are we a listener
(line 10)? If true, we reset the 5300B and latch the
Hold line “on” (line 16). Lines 17, 18, and 19 make
sure that a new measurement was started.

9L.-4-51. If the data was an address, the Talk and
Listen flip-flops are clocked (line 11) and signal that
the data was accepted (line 12). We then wait for the
DAYV signal to go back high and return for a new cycle

9L-4-7
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or address (lines 13, 14, 15). If the command was
neither the GET command or an address, the flip-
flops will not be affected by the TLC pulse (line 11). If
it was a correct address, the 5312A will now be either
a listener or a talker.

9L-4-52. INITIATE COMMAND. The 5300B can be
reset with the GET from a controller or by an Initiate
(I) command from a Talker. In this case, the 5312A
must first be addressed as a Listener, as before, and
then some other instrument on the bus must be ad-
dressed as a Talker (not necessarily in this order).
Then when ATN goes high, the program will end up
at line 20 waiting for the Talker to pull DAV low (RFD
will have been set by line #). When DAV goes low,
the program checks to see if the command on the
lines is an Initiate Command for the 5300B (line 21);
if not, we jump to line 12 to complete the handshake.
If it was an Initiate Command, go to line 16 to reset
the mainframe.

91.-4-53. When the 5312A is addressed as a Talker and
ATN goes high, the program will end up in line 21
waiting for listeners to say they are ready for data. If
RFD is high and DAYV is also high, this means that no
one is connected as a listener and we default and wait
for a valid situation (lines 25, 181, 182). The Hold line
will be cleared to allow the instrument to free run in
this case.

91.-4-54. Assuming that there is a listener on the bus,
DAC should be low. Then line 26 checks to see if a
measurement was previously triggered, or if we must
wait for a new one. If the Hold line is low, it means a
measurement was triggered and we go to line 27 to
wait for Inhibit to go low, thus signaling that the mea-
surement is completed. If the Hold line is high, we
must wait for the Inhibit line to go high, then low
(lines 45, 46, 26) to assure a good measurement has
taken place. In line 28, Hold goes low to latch the mea-
surement. If the Hold line is already low, it will make
no difference.

9L-4-55. Output Mode

91.-4-56. To output each character of the output word
onto the data lines, the program checks the 4-bit
Position Counter outputs. Table 91.~4-1 shows Posi-
tion Counter output logic states for each output char-
acter. The paragraphs that follow described the pro-
gram flow for each output character.

91-4-57. OUTPUT 1ST CHARACTER (§* F3 P2 L)
From line 28 of the program shown in Sheet 1 of Fig-
uure 91.-8-2, go to line 29 at the top of Sheet 2. Since P4
IS A “17, go to line 114 and check P3 for a “1”. This
leads to P1 which is a “1” in line 119. Since P1 is a
“1”, go to line 128 and check P2 for a “0”. Go to line
129 and check the overflow line. If overflow is low,
output the letter “O” onto the bus and latch it (line
130). Return to line 47 (Sheet 1) to complete the hand-

91.-4-8

Table YL.-4-1. Position Counter Outputs

%“'p“' P4 P3 P2 P1| Output Character
rder
1 1 1 0 1 | Space or O for
overflow
2 1 1 1 0 |H,S, V, R, or Space
for function code
3 1 1 1 1 | Space
4 0 0 0 0 | Space if there is no
decimal point. Also
MSD of data.
5 0 0 0 1 | Space/next digit
6 0 0 1 0 |Minus sign or digit
7 0 0 1 1 | Digit and/or
decimal point
8 0 1 0 0 | Digit and/or
decimal point
9 0 1 0 1 |Digitand/or
decimal point
10 0 1 1 0 [ Digit and/or
decimal point
11 0 1 1 1 | Digit and/or
decimal point
12 * * * * 1 (P Counters not in-
cremented for
decimal point)
13 1 0 0 0IE
14 1 0 0 1 |+or-
15 { 0 1 010,3,6,0or9
16 ! 0 1 1 |Carriage Return
17 | 1 0 0 |Line Feed

shake (data transfer) for this byte. If overflow is high,
go to line 112 and output a space, then return to line
47. The same procedure is followed for each suc-
ceeding character as described in the following
paragraphs.

9L-4-58. OUTPUT 2ND CHARACTER (5 E3 P2 P
This leads to line 132 to check the Hz line. If this line
is low, output an F (lines 133, 134). If not, check the
Seconds line (135). If this line is low, output an S
(lines 136, 137). If it is neither of these two, we must
assume that it is a totalize, ratio, voltage, or ochms
measurement. To find out which, we must look at the
6th most-significant-digit where the minus sign
would appear. First, lines 138, 139, 140, and 141 syn-
chronize with the R/L line to assure that we are look-
ing at the digit address lines during the middle of a
cycle (double testing is used to assure reliability).
Then, once synchronized, we check to see if it is the
5th digt. If it is not, we go back to line 138 to resyn-
chronize (lines 142, 143, 144, 145, 146). If it is the 5th
digit, line 147 will check to see if it is a digit or not. If
it is a digit, the measurement is a totalize or ratio and
we output a space (line 112). If the 5th digit is a space
or minus sign, we check the annunciators to see if the
measurement is volts or chms. We can distinguish
volts from ohms by knowing that chms always illumi-
nates a K or an M and volts do not. Therefore, lines 148,
151, and 152 check for this. We eventually output a V
or R (lines 153, 154, 149, 150).



9L-4-59. OUTPUT 3RD CHARACTER ({4 F3E2ElL)
The third character is always a space (lines 128, 112).

9L-4-60. OUTPUT 4TH CHARACTER ()t F3 P2 Bl

To keep the number of characters in the output con-
sistent, we must compensate with a space whenever
there is no decimal point in the display. Lines 31
through 41 check to see if there is a decimal point
present. If none exist, a space is put on the lines and
we go to line 95 to the decimal point data transfer
(handshake). This decimal point handshake is basi-
cally the same as the handshake used for all the other
characters, but unlike the “main” handshake, this one
will not increment the P counters when finished). (The
handshake consisting of lines 23 to 52 is the “main”
handshake. It is the common handshake used for all
the other characters.)

91.-4-61. Note that line 47 turns on both DAV and
DAC. DAV is to signal that the data is valid, usual for
a talker. The DAC signal is there to assure that the
DAC line is high (the equivalent of off) just in case the
5312A was also addressed to listen and the gating
(U20C in Figure 91-8-1) did not disable this line. This
i8 referred to as “listening to itself”. Lines 95 to 100
form the standard handshake. Lines 183, 184, and 185
feed control to the normal digit routine (69) if we
arrived at this point from outputting a decimal point.
If we got here from outputting a space (41), we are
transferred to line 53.

9L-4-62. OUTPUT 5TH CHARACTER (5§ F3 P2 Pl
This character position routes the program first
through a detection routine, and then to either an
output-space routine or output-digit routine. It is
similar to the 0000 scheme except that compensation
for “no decimal point” is not checked or needed here.

9L-4-63. OUTPUT 6TH CHARACTER (! F3F2D1)
This position will either print a digit, space, or minus
sign. It goes directly to the comparator routine (line
69) and drops down to output one of the possibilities
depending upon which plug-on is installed.

9L-4-64. OUTPUT 7TH, 8TH, 9TH, 10TH, AND
11TH CHARACTERS (P4, P3, P2, and P1 EQUALS
0011, 0100, 0101, 0110, and 0111, RESPECTIVELY.
In each of these positions, the program checks to see
if a decimal point is needed and then (whether one is
outputted or not) proceeds with also putting a digit
on the iines.

9L.-4-65  The decimal point detection is accom-
plished at lines 93, 103, 104, 108, 109, 106, 107, 110,
and ]11. The decimal point selected depends upon
the digit position. If a decimal point exists, the pro-
gram will output the decimal point and handshake the
data. It will not increment the Position Counters be-
cause the digit has not been selected yet. When the

Model 5312A
Theory of Operation

handshake is completed for the decimal point, go to
line 69 to look for a digit. If no decimal point exists for
any particular position, we go directly to the_digit com-
parator routine (line 69). The fact that the Position
Counters are not incremented for decimal points ex-
plains the asterisks (****) in Table 9L-4-1 for the

12th character.

9L-4-66. OUTPUT 13TH CHARACTER (B¢ E3 P21l
The 13th character always outputs an E (line 117).

9L-4-67. OUTPUT 14TH CHARACTER (}* B3 12 B1).

The 14th character is a plus or minus according to this
list (the decision tree starting at line 155 determines
the sign):

Blank 3 — MS
0 ( Hz 6 —p )
S 9 — Mu
+)
3—K
6—-M
9 — KM

9L-4-68. OUTPUT 15TH CHARACTER (54 B3 E2 By,
The 15th character is a 0, 3, 6, or 9 according to the list
in the preceding paragraph. The decision tree for this
starts at line 164.

9L-4-69. OUTPUT 16TH CHARACTER (§¢ F3 E2 F1),
The 16th character always outputs a carriage return.

9L-4-70. OUTPUT 17TH CHARACTER (14 E3 B2 B
The 17th character always outputs a linefeed. How-
ever, the second half of the handshake is done here
(lines 122, 123, 124) so that after it is completed, the
program can release the Hold line (125). Lines 126
and 127 double check to make sure hold is reset. Lines
47 to 50 complete the handshake that started in lines
21, 22, 23. Line 51 increments the Position Counters
to the next position and also clears the output latches.
Line 4 checks to see if we are in the self check mode,
described in the following paragraph.

9L-4-71. Self Check

9L-4-72. The Self Check operational flowchart is
shown in Figure 91-8-2, Sheet 3 of 3. The Self Check
starts at program line number 186 (decimal), 272
(octal) as shown in the flowchart. Procedures for per-
forming the Self Check are described in paragraph
9L-3-32. Use of the Self Check for troubleshooting is
described in paragraph 91.-5-19.

9L-4-9
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SECTION IXL
5312A ASCII INTERFACE

SUBSECTION V
MAINTENANCE

9L-5-1. INTRODUCTION

91.-5-2. This subsection contains maintenance infor-
mation for Model 5300B/5312A ASCII Interface.
Performance checks, maintenance procedures, and
tests to isolate defective components are included.

9L-5-3. RECOMMENDED TEST EQUIPMENT

9L-5-4. Test equipment recommended for perform-
ance checking and servicing the 5300B/5312A is
listed in Table 91.-5-1 and in Table 5-1 in the 5300B
portion of the manual. Test equipment with equiva-
lent characteristics may be substituted for listed
equipment.

9L-5-5. INSTRUMENT ACCESS

9L-5-6. For access to the 5312A plug-between as-
sembly refer to the installation and removal proce-
dures, paragraph 91-2-7.

9L-5-7. MAINTENANCE AND REPAIR

9L.-5-8. General procedures for board removal, com-
ponent replacement and integrated circuit replace-
ment are described in Section V of the 5300B portion
of the manual.

Table 9L-5-1. Recommended Test Equipment

Instrument Required Recommended
Type Characteristics Instruments
Calculator HP-IB Controller HP 9820A/
9821A/
9830A
Logic Clip Indicate logic levels| HP 10528A
Logic Probe | Indicate logic levels| HP 10525T

8L-5-9. VERIFICATION OF PERFORMANCE

9L-5-10. To quickly verify the performance of the
5312A, perform the self check procedure in para-

graph 9L-3-33. A more extensive method to verify the
performance on the HP-IB is to use the 9820A/21A or
9830A Calculator as described in the following
paragraphs.

9L-5-11. Verification Using 9820A/21A Calculator
NOTE

it is assumed that a system including
the 2820A/21A Caziculator, the ASCII
Interface and Peripheral Control M,
and the 5300B/5312A/5301A-5308A
plug-on (with the 5312A address
switches set to 01010 ADDRESSABLE
and NORM) has been Interconnected
and prepared for operation. (Operate
the plug-on in any mode except total-
ize mode of 5301A, 5302A, and 5304A.)
For detalled operating procedures, re-
fer to Peripheral Control 1l operating
manual, HP Part No. 09820-90024
and HP-IB Users Guide 9820A/21A.

91.-5-12. LOADING THE PROGRAM. Prior to load-
ing the program, push the END and EXECUTE keys.
This positions the program counter to zero. Push the
remaining keys to program the calculator as shown in
the following printer list:

NOTE

This program checks the 5312A three
times. First, the addressable non-
triggered mode; second, the triggered
Initiate (I) command; third, the trig-
gered Group Execute Trigger universal
command. The calculator printout wiil
depend upon the function of the plug-
on. Printout codes are: 32 = SP (space),
70 = F {Fregquency), 79 = O (Overfiow),
82 = R (Resistance), 83 = S (Seconds),
and 86 = V (Volts).

9L~5-1
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9820A Calculator Program Printer List

DA CHD trasTs
e "FUSFRET CLET

i

DAL "o, T,
J3UIGEE CPUIFRT

Coll ELED O no
[ii UPUIPRT UERD
CT ETER

CUUUEHT # RDE 1R
et RDE 13+BIRED
1208 FD AIFRT A
B DS RET R

Fe

Typical Calculator Printout

1=
ot e
-

ikl

The unusual symbol in line 2 of the above printer list is produced by the

9820A display key.

9L-5-13.

correctly.

9L-5-14. RUNNING THE PROGRAM. To run the pro-
gram push the END and RUN PROGRAM keys. Per-
formance of the 5312A is verified when the calculator
printout indicates the same value as the 5300B dis-

play. To end the program, push the STOP key.

9L-5-15. Verification Using 9830A Calculator

9L~-5-2

NOTE

It is assumed that a system including
the 2830A Calculator, the ASCII Inter-
face Card, the Extended 1/0 ROM, and
the 53008/5312A/5301A-5308A plug-
on (with the 5312A address switches
set to 01010 ADDRESSABLE and
NORM) has been interconnected and
prepared for operation. (Operate the
plug-on in any mode except totalize
mode of 5301A, 5302A, and 5304A.)
For detailed operating procedures, re-

VERIFYING THE PROGRAM. After the
program has been loaded, push the END and LIST
keys. This will run a printer list of the program. Check
the list to verify that the program was entered

fer to 9830A Operating and Program-
ming Manual, HP Part No. 09830-
90001, to the Extended /O ROM Oper-
ating Manual, Part No. 09830-90007,
and to HP-IB Users Guide 9830A.

NOTE

This program checks the 5312A three
times. First the addressable non-
triggered mode; second, the triggered
Initiate (1) command; third, the trig-
gered Group Execute Trigger univer-
sal command. The calculator display
will depend upon the function of the
plug-on. Display codes are: 32 = SP
(space), 70 = F (Frequency), 70 = O
(Overflow), 82 = R (Resistance),
83 = S (Seconds), and 86 = V (Volts).

9L-5-16. LOADING THE PROGRAM. Prior to load-
ing the program, push the STOP key down until
STOP appears on display. If display remains blank re-
fer to the 9830A Operating and Programming Manual,
Appendix A. Push the remaining keys to program the
calculator as shown in the following program.
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9830A Calculator Program Typical Display Data
18 CcHp oease #1 32 70 10 000 000
N #2 32 70 10 000 000
20 LUEUE dad o #3 32 70 10 000 000
A CHD TRt T s
S8 MH=Z
el GOEUE {48
vEOCHMD U
of FORMAT OB
S0 OUTFUT ClSsm@onbe s w515
1ae C|p s
118 H=3
128 GOsUR 148
126 GOoTo 14a
{48 EHTER
158 FORMAT N R
1eE DIISF "#7 My DR D
178 WRIT <8840
128 RETURH

NOTE
Data is displayed in basic units such as
Hz, seconds, etc.
9L-5-17. VERIFYING THE PROGRAM. After the play and indicators for evidence of trouble symptoms.

program has been loaded, push the FETCH and
EXECUTE keys. This will display the first line of the
program. Then use DISPLAY keys to verify that the
program was entered correctly.

9L-5-18. RUNNING THE PROGRAM. To run the pro-
gram push the RUN and EXECUTE keys. Perform-
ance of the 5312A is verified when the calculator dis-
plays the same value as the 5300B. To end the pro-
gram, push the STOP key.

9L-5-19. TROUBLESHOOTING

9L-5-20. Use the following troubleshooting infor-
mation, the Self Check Flowchart, Figure 91.-8-2 and
the schematic diagram, Figure 9L-8-1 to isolate
troubles in the 5312A to a defective component.

9L-5-21. GENERAL. When operating the 5312A (con-
nected to a known good 5300B and plug-on module)
and a trouble is indicated, analyze the front panel dis-

When a symptom is determined, refer to the Self
Check Flowchart, Figure 91.-8-2, Sheet 3. The binary
numbers that are enclosed in a box at various points
in the flowchart indicate the status of the Position
Counters. The P1, P2, P3, and P4 output is indicated
by a logic 1 or logic 0. The program line number shown
in the flowchart adjacent to each diamond or square
indicates the address of the State Machine at that
point in the program. This number indicates the logic
state of the State Counter outputs and is shown in deci-
mal form on the right side with the octal conversion
on the left in parenthesis. The outputs of the Position
Counters and the State Counters are connected to a
dummy IC (no internal circuitry) which is labeled
STATE ADDRESS TEST IC. The connections are
shown in the schematic diagram in Figure 9L-8-1.
This test IC (U7) provides a connection for a logic clip
or logic analyzer to indicate the logic states of the
Position Counter and State Counter outputs during
the Self Check. If the Program stops in a loop at any
point in the program, the logic clip or analyzer will
indicate (in binary form) the program line number
where the stop occurred. The binary number can be
converted to octal to locate the point where the mal-
function occurred and allows isolation of the circuit
trouble.

9L-5-3




Model 5312A
Maintenance

9L.-5-22.

PROCEDURES. Specific procedures for

troubleshooting the 5312A are as follows:

9L-5-4

NOTE

The following procedures are performed
using Test Card “A”, Test 4 as de-
scribed in Section V of the 53008
portion of the manual. Test Card B,
Test 7 may be used as a substitute
method but the right-most digit of the
5300B display must be a stable zero
which may be difficult to accomplish
using Test 7. If test cards are not avail-
able, an alternate method may be used
as described in Section V of the 5300B
portion of the manual, paragraph 5-48.
A 50-pin connector, used in place of
the test card, is hard wired per Table
5-2, Test 4.

With power off, connect the 5312A to a 5300B
without a plug-on module installed.

Insert Diagnostic Test Card “A” through
Interface Card, HP Part No. 05300-60004 to
5312A 50-pin connector J1. Insert side of
card marked “Test 47

Remove shield plate and connect a 10528A
Logic Clip to STATE ADDRESS TEST IC (U7)
on the 5312A.

Disconnect the HP-IB cable if connected to
the D312A.

Set the switches on the rear panel of the
5312A to the following positions:

1. Press all address switches (A1-Ab) to
0 (bottom pressed in).

2. Press the TALK ONLY/ADDRESS-
ABLE switch to ADDRESSABLE

position.

3. SHIELD switch in either position.

e

I'ress SELF CHECK switch to SELF
('HECK position.

5. Reset the 5312A by turning the power
off (on 5300B) then back on with a
{irm motion.

NOTE

The Self Check will not operate
properly unless the right-most digit on
the display Is a zero.

Correct operation of the 5312A is indicated as
follows:

I. ‘The 5300B display is illuminated with
an 8 In each digit position, decimals
in the 5 right-most positions and
overflow.

2. The TALK indicator is illuminated.

If indications are incorrect (5300B display
cycles from all 0’s through all 9’s), observe
the logic states shown on the Logic Clip to
determine  where the program stopped
(shown in the flowchart, Figure 91.-8-2,
Sheet 3).

NOTE

Pins 1 through 8 of test IC (U7) show
the output of State Counters U14 and
U15 in binary torm, which is the pro-
gram line number. Convert this num-
ber to octal to locate the point in the
flowchart where the program stops or
loops. {Octal numbers are shown In
parenthesis in the flowchart). The logic
state of the Position Counters (P1, P2,
P3, and P4) is shown in the small
squares adjacent to program blocks.
The state of P1, P2, P3, and P4 is
shown on U7 pins 12, 11, 10, and 9,
respectively. The connections are
shown in the schematic diagram, Fig-
ure 9L-8-1.

After isolating the problem area on the flow-
chart, refer to the schematic diagram, Figure
9I.-8-1 to further isolate the problem to a
component.
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SECTION IXL
5312A ASCII INTERFACE

SUBSECTION VI
REPLACEABLE PARTS

9L-6-1. INTRODUCTION

9L-6-2. This subsection contains information for
ordering replacement parts. Table 9L-6-1 lists parts
used in the 5312A in alphanumeric order of their refer-
ence designators and provides the following infor-
mation for each part. Miscellaneous parts are listed
at the end of Table 91.-6-1.

a. Hewlett-Packard part number.
b. Description of part (see abbreviations below).

c. Total quantity used in the instrument (shown
only after the first entry for a given part).

d. Typical manufacturer of the part in a five-
digit code (see list of manufacturer’s in Table

e. Manufacturer’'s part number.

9L-6-3. ORDERING INFORMATION

9L.-6-4. To obtain replacement parts, address order to
vour local Helwett-Packard Sales and Service Office
(see lists at the back of the 5300 manual for addresses).
Identify parts by their Hewlett-Packard part number.
To obtain a part that is not listed, include:

a. Instrument model number.
b. Instrument serial number.

c.  Description of the part.

9L-6-2). Function and location of the part.
REFERENCE DESIGNATIONS
A = assembly € = micellaneous electrical MpP = miscellaneous TP = test point
AT = attenuator; isolator, part mechanical part u = integrated circuit;
termination F = fuse P = electricat connector microcircuit
B = fan; motor FL = filter (movable portion); v - electron tube
8T = battery H = hardware plug VA = voltage regulator;
[o] = capacitor HY = circulator Q = transistor; SCR; triode breakdown diode
CP = coupler J = electrical connector thyristor w = cable; transmission
CR = diode; diode thyristor; (stationary portion); A - resistor path; wire
varactor jack RT = thermistor X = socket
DC = directional coupler s - switch v = crystal unit-piezo-
bL = delay line K = refay T = transformer electric
DS = annunciator; signaling L = coil; inductor T8 - terminal board z = tuned cavity: tuned
device (audible or M = meter TC - thermocoupte circuit
visual}, lamp; LED
ABBREVIATIONS
A = ampere BCO = binary coded decimal COMP = composition °K = degree Kelvin
ac = alternating current BD = board COMPL = complete DEPC = deposited carbon
ACCESS = accessory BE CU = beryllium copper CONN = connector DET = detector
ADJ = adjustment BFO = beat frequency CP = cadmium plate diam = diameter
A/D = analog-to-digital oscitlator CRT = cathode-ray tube DIA = diameter (used in
AF = audio frequency BH = binder head CTL = complementary tran- parts list)
AFC = gutomatic frequency BKDN = breakdown sistor fogic DIFF
control BP = bandpass Ccw = continuous wave AMPL = differential amplitier
AGC = automatic gain contro! BPF = bandpass filter cw = clockwise div = division
AL = aluminum BRS = brass D/A = digital-to-analog DPOT = double-pole, double-
ALC = automatic level control BWO = backward-wave a8 < decibel throw
AM = amplitude modulation oscillator dBm = decibel referred 1o DR = drive
AMPL = amplifier CAL = calibrate 1 mw DSB8 = double sideband
APC = automatic phase cow = counterclockwise dc = direct current DOTL = diode transistor logic
control CER = ceramic deg = degree (temperature DVM = digital voltmeter
ASSY = assembly CHAN = channel interval or difference) ECL = emitter coupled logic
AUX = auxiliary cm = centimeter .2 = degree {plane angle) EMF = electromotive force
avg = average CMO = coaxial °C = degree Cefsius €0P = glectronic data
AWG = american wire gauge COEF = coeflicient (centrigrade) processing
BAL = balance COM = common °F = degree Fahrenheit ELECT = electrolytic

9L-6-1
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ENCAP = encapsulated

EXT = external

F = farad

FET = tield-eftect transistor

FIF = flip-flop

FH = fiat head

FOL H = filister head

FM = trequency modulation

FP = front panel

FREQ = frequency

FXO = fixed

g = gram

GE = germanium

GHz = gigahertz

GL = glass

GND = ground(ed)

H = henry

h = hour

HET = heterodyne

HEX = hexagonal

HD = head

HOW = hardware

HF = high frequency

HG = mercury

My = high

HP = Hewlett-Packard

HPF = high pass filter

HR = hour {used in parts list)

HY = high voltage

Hz = Hertz

ic = (ntegrated circuit

D = inside diameter

iF = intermediate frequency

IMPG = impregnated

in = inch

INCD = incandescent

INCL = inciude(s)

INP = input

INS tnsulation

INT = internal

kg = kilogram

kHz = kilohertz

(31 = kitohm

KV = kilovolt

b = paund

tc = inductance-capacitance

LED = light-emitiing diode

LF = low frequency

LG < long

LH = left hand

LIM = hmit

LIN = hinear taper (used in
parts list)

tin = linear

LK WASH = lockwasher

Lo = low; local osciliater

LOG = logarithmic taper
{used in parts list)

log = logarithm{ic)

LPF = low pass filter

Ly = low voltage

m = meter (distance)

mA = milliampere

MAX = maximum

M = megohm

MEG = meg (10%) (used in
parts list)

MET FLM = metal film

MET OX = metal oxide

MF = medium frequency,
microtared (used in
paris list)

MFR = manufacturer

mg = mittigram

MHz = megahertz

mH = millihenry

mho = mho

MIN = minimum

MINAT -
mm B
MOD
MOM :
MOS =

ms =
MTG =
MTR

mvac =
mvdc =
mVpk =
mVp-p =
mvrms
mw

MUX =
MY =

uF =
HsH -
umho =

uvac
Mvdce
MV Pk =
HKVp-p =

W :

r4
EE
I

NEG =
nF
NI PL =
N/O
NOM =
NORM =
NPN =

NPO

NRFR

NSR

ns -
nw =
OBD =
o]} =
OH -
OP AMPL -
oPT =
0sC
Ox =
oz =
] =
P B

PAM -

PC
PCM

POM

pF
PH BRZ =
PHL =
PIN

= mulivolt,
= milhwatt

ABBREVIATIONS (CONTINUED)

= minute (time)

minute (plane angle)
miniature

millimeter
modulator
momentary
metal-oxide semi-
conductor
mithsecond
mounting

meter (indicating
device}

millivolt

millivolt, ac

millivolt, dc

millivoit, peak
milhvoll, peak-1o-peak
ms

multiplex
mylar

= microampere

microfarad
micrchenry
micromha
microsecond
microvolt
microvolt, ac
microvolt, dc
microvolt, peak
microvolt, peak-to-
peak
microvoll. rms
microwatt

= nanoampere
= no connection

normally closed

= neon

negative
nanotarad
nickel plate

- normally open

nommnal

normal
negative-positive-
negative

- negative-positive zero

(zero temperature
coeflicient}

- not recommended for

field replacement

- not separately

replaceable
nanosecond
nanowatt

order by description
outside diameter
oval head
operational amplifier
option

= oscillator

oxide

ounce

ohm

peak (used tn parts
list}
pulse-amplitude
modulation

printed circuit

pulse-code mouduiation;

pulse-count modutation
puise-duration
modulation

- picotarad

phosphor bronze
Phillips
positive-instrinsic-
negative

PIV
pk
PL
PLO
PM
PNP

P/O
POLY
PORC
POS

POSN
POT
p-p
PP

PPM

PREAMPL
PRF

PRR
ps
PT
PTM
PWM
PWV
RC
RECT
REF
REG
REPL
RF
RF

SCR

SE

SECT
SEMICON
SHF

Si

SiL

SL

SNR
SPDT

SPG
SR
SPST

ss8
SST
STL
sQ
SWR
SYNC
T

TA
TC

10
TERM

= peak irivi-se voltage

= peak

= phass ook

= phasi: i« osciliator

= phase n:julation

= poSit vo-1 egative-
positivi:

= part «if

= polys*yrene

= porceduan

= positivee c-osition(s)
(usec 11 xarts list)

= position

© poterlinmater
peak ‘i:-p:2ak

= peak i ;eak {used in
parts 11 it

- pulse o< tion
moduiiatic

= prearnjifor
pulse repetition
frequercy

= pulse ripetition rate

< PICOSEL O]

- paint

< pulse Lir- modulation

= pulse wid* modulation
- peak work ng voltage

resistance capacitance
- rectihier
- refereic ¢
= regulared
- reptaceabi

- ragio frequency
radio fri:q..2ncy
interterenc s

= round neac; right hand

= resistance nductance-
capacitar

= rack gt only

= root-mear square

= round

- read-ocry Temory

= rack and panet

- reverse working voltage
scatlerir g r-arameter

- secontt tirig)
second pi«ne angle)

- slow-biuw ifuse (used

in parts st
silicon cort-olied
rectifier scew
selemurn
sections

- semiconriiu: tor

T superhign trequency
- silicon

- siver

= single-¢
throw

= spring

= split nng

= single-pasle single-
throw

= single sidetand

= stainless ste|

= steel

= square

= standiny wive ratio

= synchromze

= timed (slew blow fuse)

= tantaium

= temperature
compensating

= time delay

= terminal

TFT = thin-film transistor

TGL = toggle

THD = thread

THRU = through

TI = titanium

TOL = tolerance

TRIM = trimmer

TSTR = transistor

TTL = transistor-transistor
logic

v = television

TVI = television interference

TWT = traveling wave tube

U = micro (10°%) (used in
parts list)

UF = microfarad (used in
parts list)

UHF = ultrahigh frequency

UNREG = unregulated

v = volt

VA = voitampere

Vac = volts ac

VAR = variable

vCO = voitage-controtied
oscillator

Vde = voits dc

VvDCW = volts dc, working (used
in pars iist}

VI(F) = volts, hiltered

VFO - vanable-frequency
osciilator

VHF = very-high frequency

Vpk = volts peak

Vp-p = Volits peak-to-peak

Vrms = yoits rms

VSWR = voltage standing wave
ratio

V7O = voltage-tuned oscillator

VTVM = vacuum-tube voltmeter

V{X} = volts, switched

w = watt

Lz = with

wiv = working inverse voltage

wWw = wirewound

w0 = without

YIG = yttrium-iron-garnet

Zo = characteristic
timpedance
NOTE

All abbreviations in the parts list
will be in upper case

MULTIPLIERS

Abbraviation  Pretix Muitipte
T tera 102
G giga 10°
M mega 108
[3 kiio 10°
da deka 10
d deci 10—
[ centi 1072
m milh 1072
M micro 10-¢
n nano 10-¢
p pico 10-7
f femto 10-'s
a atto 107
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Table 91.-6-1. Replaceable Parts

Model 5312A
Replaceable Parts

Reference HP Part .. M#r
- " Qty Description Mfr Part Number
Designation Number Code
Al 05312-60001 1 INTERFACF ASSEMBLY 28480 05312-60001
AlCL C160~2055 3 CAPACITOP-FXD .0lUF +80-20% 100WVODC CER 29480 0160-205%
AlC2 0180-1702 1 CAPACITOR=-FXN; 180UF+-20% 6VDC TA-SOLID 562R9 1500187 X0006R2
ALC3 0160-2055 CAPACITOR-FXD 01UF +80-20% 100WVOC CER 28480 0160-2055
ALCS 0160-3879 5 CAPACITOR=FXD oOIUF +=23% LQOWVDC CER 28480 0160-3879
ALCS 0160~205% CAPACITOR=FXD .0lUF +80-20% 100WVDC CER 28480 0160~-2055
A1Ce 0160-3879 CAPACITOR=FXD O1UF +=-20T 100WVOC CER 28480 0160-3879
Al1C? 0140-0193 1 CAPACITIR~FXD 82PF +-5% 300WVDC MICA 72138 OMI5SEB2040300WVICR
AlCS 0160-0326 2 CAPACITOR=FXD 100PF +-1T 200WVOC MICA 28480 0160-0336
AlCe 0160-3879 CAPACITOR=FXD 01UF ¢~20T 100WVDC CER 28480 0160-3879
AlC1% 0180-1791 1 CAPACITIR-FXD; 6,8UF+=-20% 6VNC TA-SOLID 56289 1500685X0006A2
A1C11 0160-0336 CAPACITOR~FXD 100PF +-17 300WVOC MICA 28480 0160-0226
AlCL2 0160-0945 1 CAPACITOR=-FXD 910PF +~5Y 100WVDC MICA 28480 0160-0945
A1C13 0160-3879 CAPACITOR~-FXD .01UF +-20% 100WVDC CER 28480 0160-3879
AlC 14 0160-2197 1 CAPACYTOR=FXD 10PF +~-5% 300WVDC MICA 28480 0160-2197
AlC15 0160-3879 CAPACITOR=FXD O1UF +-20% 100WVDC CER 28480 0160-3879
AlCR] 1502-0031 1 DIODE=~INR 12.7V 5% DO-7 PI'=.4W TC=+.061% 04713 $210939~-212
L1CR2 101-0033 1 OYODE=-GFN PRP 1BOV 200MA 28480 1901-0033
ALCS) 1990-0404 2 LED-VISIBLE 28480 1990-04 0%
a1nSs2 1590-0404 LED-VISIBLE 28480 1990-04 04
AlJl 1251-3283 1 CONNECTOR; 24-CONT S FEM; MICRDRIBBON 28480 1251-3283
4101 1854~0Q71 16 TRANSISTOP NPN ST PD=300MW FT=200MHI 28480 1B54~0071
AlQ2 1854-0071 TRANSISTNR NPN S PD=330MW FT=200MHZ 28430 1854~0071
A1Q3 1854-0071 TRANSISTOR NPN S1 PO=3J0MW FT=200MHZ 28480 1854-0071
AlQe 1854-0071 TRANSISTOR NPN ST PO=300MW FT=200MHZ 28480 1854-0071
A1Q5 1854-0071 TRANSISTOR NPN S1 PD=300mMw FT=200MHZ 28480 1854=-0071
AlQ6 1854~-0071 TRANSTSTOR NPN ST PD=300MW FT=200MHZ 28480 1854-0071
2107 1854-0071 TRANSISTOR NPN SI PD=30TMW FT=200MHZ 28480 1854-0071
AlC8 1854-0071 TRANSISTCR NPN ST PD=3D0MW FT=200MHZ 28480 1854-0071
AlQ9 1B854~00T1 TRANSTSTOP NPN ST PD=300MW FT=200MHZ 28480 1854-0071
A1010 1854-0CT1 TRANSISTOR NPN ST PD=2)00MW FT=200MHZ 2848C 1854-007T1
21Q11 1854-0071 TRANSISTOR NPN SI PD=300MW FT=200MHI 28480 1854-00T1
AlQ12 1954=0071 TRANSISTOR NPN ST PD=300MW FTx200MHZ 28480 18564-00T71
Al1Q13 1854-0Q71 TAANSISTOR NPN ST PO=300MW FT=200MHZ 28480 1854-00T1
AlQ14 1854~0071 TRANSISTDR NPN ST PD=30CMW FT=200MHZ 28480 1854-00T1
AlQ15 1854-0071 TRANSISTIR NPN SI PD=300MW FT=200MH2 28480 1854-0071
A1a16 1854-0072 TRANSTSTOR NPN S1 PO=3Q0%W FT=200MHZ 28480 1854-00T71
Al1R1L 0683-3025 1 RESISTNR 3K 5% .25u FC TC=-400/+700 01121 CR3025
AlR2 0683~1045 3 RESISTOR 100K S% .25W FC TC=~403/+800 01121 CB1045
AlR3 0683-1035 k] RESISTOP 10K 5Y .25W FL T(=-400/+700 01121 CBL03S
ALF 4 1810-0125 2 NETWORK~RES 8=PIN SIP .125-PIN=SPCG 20480 1810-0125
ALRS 0683-1045 RESISTOR 100K 5% .25W FC TC=-400/¢800 01121 CR1045
AlIR G 1810-0125 NETWNRK—=RES 8-~-PIN SIP .125-PIN=SPCG 2R480 1810-0125
ALRT 0683-1045 RESESTNR 100K 5% .25W FC TC=-400/+800 21121 CALO&S
ALREB 0683-1035 RESISTNR LOK ST .25 FC TC==400/+700 01121 £81035
A1RS 1810-0055 1 NETWORK-RES 9-PIN SIP .15-PIN-SPCG 28480 1810-0055
ALR1O 0683-4725 b RESTSTIR 4.7K 5% .25W FC TC=-400/+700 01121 CB&725
AlR11 0683-7525 1 RESISTNR 7,5K 5% .25W FC TC=-400/+700 01121 87525
AlR12 0683-8225 11 RESISTOR 8.2K SY ,25W FC TC=-400/+700 oti21 ce822s
AlR13 0683-8225 RESISTOR B.2K 5% .25W FC TC==400/¢700 01121 cpo225
AlR14 06838225 RESISYNR 842K 5% ,.25W FC TC=2-400/¢700 01121 cpsz2z2s
AlR1S 0683-8225 RESISTOP B.2K 5% .25W FC T(C=-400/+T00 01121 €B822S
ALRYE 06838225 RESISTOR B.2K 5% .25W FC TC==400/+¢700 01121 {Be22s
AlR17 0683-8225 RESISTOR B.2K 5% ,25W FC TC=-400/+7D0 01121 ces22s
AlF 1B 06838225 RESISTOR B,2K 57 .25W FCL TC==400/+700 01121 (88225
Al1R1S 0683-8225 RESISTOR 8.2K 5% .25W F(C TC=-400/+700 01121 ces22s
A1R 20 06838225 RESISTOR B.2K 5% .25w FC T(=-400/+700 01121 £p8225
A1F 21 0683-8225 RESISTOR R,2K ST .25% F( TC=-400/+700 o1121 cB8225
AlF 22 0e83-8225 RESISTOR B.2K 5% .25W FC TC=*-400/+700 01121 cBaz2%s
ALlR23 1810-0136 2 NETWIRK=RES 1J-PIN SIP .1-PIN=SOCG 28480 1810-0135
AlR 24 0683~4725 RESISTOR 4.7K SY .25W FC TC=-400/+700 01121 CB472%
ALIR 25 1810-013% NETWORK~RES 10-PIN SIP .1-PIN=-SPCG 284B0 1810-013&
2LIR26 1310-0176 1 NETWORK=RES K-PIN SIP .15-PIN-SPCG 28480 1810-0176
ALR27 ©757-0G123 1 RESISTOR 4,8¢ 1% .125w F TC=0+-100 24546 C%=1764-TD=-3482-F
£1F 28 0757-0948 1 RESISTOP 10K 2% ,125W F T(C=0+-100 24546 C4-1/8-T0-1002-G
AlR29 0683-1335 1 RESISTOR 13K ST .25W FC TC=~400/+800 alizt CB133%
A1R3D 06831235 1 RESISTOR 12K 5% .25W FC TC==-400/+820 01121 (81235
AlR31 0683-2025 2 RESISTOP 2K 5% .25W FC TC=-400/+700 01121 CB2025
AlR32 0683-4725 RESISTOR 4£.7K 5K .25W FC TC=-400/+700 n1121 CR&72S
AIR33 0683-5625 2 RESISTNP S,.6K 5% .2S5W FL TC==400/+700 01121 CR58625
AlR 34 0683-2025 RESISTNR 2K 5% .25W FC T(==430/+700 oL121 cez2025

See introduction to this section for ordering information
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Model 5312A
Replaceable Parts

Table 91.-6-1. Replaceable Parts (Continued)

Reference HP Part . Mér
: A N Qty Description Mfr Part Number
Designation umber Code
AlR35 0683~-5625 RESISTOR 5.6K 5% ,25W FC TC=-400G/+700 oir21 CBS625
AlF 36 06831035 RESISTOR 10K ST .25W FC T(=-400/+700 01121 CB1035
A1R37 03683-4325 1 RESISTOR 4.3K 5% .25W FC TC=-400/+700 01121 CR4325
AlR38 0683-3335 1 RESISTOR 33K ST .25@ FC TC==400/+B00 o121 Cce333s
AlR 39 0683-3935 1 RESISTOR 39K ST .295W FC T(==~400/+800 01121 ce393s
41R 40 0683-4725 RESISTOR 4.7K 5% .25W FC TL=-%00/+700 01121 84725
At1R4) 0767-0444 i RESISTOR 12.1K 1% .125W F TC =0+-100 24548 C4-1/8-TO-1212-F
Al1s1 3101-1797 1 SWITCH ASSY, ROCKER DIP 8-SPST SW. PKC. 00779 435166-5
Alul 1820-0939 3 IC CD4013AF 02735 CD4013AE
AlV2 1820-0583 2 IC DMT4L OON 27014 DMTHLOON
Atu2 1820~ 0594 2 1C DMT4L 72N 27014 DRT&4L 72N
AlUS 1820-0594 1C DM74L T2N 27014 DMTALTZN
ALUS 1820-0934 1 1C CCMPARATOR 07263 93L 24DC
AlUS 1820-0939 1C CD&O0L13AE 02735 CD40138 ¢
ATUT 1260-0510 1 OUMMY [C PACKAGE 21430 1260-0519
Alus 1820-0584 1 1C DMT4L 02N 27014 L ATALO2N
Alue 1820-0588 1 IC OM7&L 20N 27014 DMT4&L 20N
AlUl0 1820-0658 3 IC MULTIPLEXER 07263 93L120C
AlU1ll 1818-2243 1 IC MEMDRY 28480 1818-2243
AlUL2 1820-0958 1 IC TD4042AF 027135 CD&042AE
LERE] 1820~0658 IC MULTIPLFXER 07263 93L120C
A1U14 1820-1057 2 IC DMB&L THN 27014 DMASL TSN
AlULS 1820~1057 1C DHB6L THN 27014 DMBOLTON
AlULS 1R20-0656 1 IC SN74L 98 N 01295 SNT4LOAN
AlULT 1820-0946 4 1C CO4001AF 027135 CN4001AE
Alula 1820-0658 1C MULTIPLEXER 07263 93t12nC
AlU1L9 1820-1336 1 1€ GATE 28480 1820-13136
Alu2¢ 1320-0946 1L CD4001AE 02735 CDAOOLAE
Alu2l 1820-0946 IC CO4D01AF 02735 CN4001AF
Alu22 1820-0944 1 1C CD4#025AF 02735 CD&025A¢
AlU23 1820-1241 1 IC MC14512CP 04713 “C14512CP
Aluz2g 1820~0943 1 1C CD4023AE 02735 (040234 €
Alu2s 1820-0946 IC CD4001AF 02735 CO8COLAE
AlU26 182¢-0583 IC DM74L QON 27014 NHMT4L OON
aluzy 1820-0%586 1 IC DMT4HL D4N 27014 DMT&LOLN
AlU2R 1°20-0939 IC CD4013A€ 02713% CDO4013AE
Al MISCELLANF3JUS
0380-0513 2 STANDNFF: HEX HD; 6-32 THD: 0.595 LG: & 28480 0380-0513
1200-0487 1 28480 1200-~0487
1530-1098 2 FASTENER:0.136" DIA 6-32 THREAD 00000 asn
2190=-0034& 2 WASHER—LK HLCL NO. 10 .194 IN ID .337 1IN 28480 2190~0034
A2 05312-60002 1 INTERCONNECT ION BOARD ASSEMBLY 28480 05312-60002
A2pP1 1251-00%99 1 CONNECTOR, 50=-CONT, MALF, MICRO R1BAOH 71785 57-10500-375%
A2ZP2 1251-0101 1 CONNECYDR, SO-CONT, FEM, MICRG RIBBON 71785 $7-20500-37%
CHASSIS PARTS
1440~0096 2 HANDLE, PLSYC W/STL INSR 8 L 12136 7835-Y12561
1460-1312 2 SPRING LEAF BE CU 28480 1460-1312
5040-6009 1 CATCH-SUIDE LeH. 28480 5040-6000
$040-700G1 1 CATCH~-SLIDE R.H. 28480 5040-7001
05310-20004 2 FRAME, SIDE 28430 05310-2000¢
0531040001 4 GUIOE-DOYRLE SLIDE 28480 05310=-60001
05311-00003 1 BRACKETY, LEFTY 28480 05311-00003
€5311-00004% 1 BRACKET, RIGHT 28480 05311-00004
05311-00005 1 SHIELD 28480 05311-00005
05312-00001 1 PANEL, FRONY 28480 0%312-00001
05312-00002 1 PANTL, RFAR 28480 05312-00002

9L-6-4
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Model 5312A
Replaceable Parts

Table 9L-6-2. Manufacturers Code List

MFR NO.

00779
01121
01295
02735
04713
07263
12136
24546
28480
71785
72136

MANUFACTURER NAME ADDRESS ZIP CODE

AMP Inc., Harrisburg, Pa. 17105

Allen Bradley Co., Milwaukee, Wi. 53212

Texas Instrument Inc., Semiconductor Component Div., Dallas, Tx. 75231
RCA Corp., Solid State Div., Sommerville, N.J. 08876

Motorola Semiconductor Products, Phoenix, Az. 85008
Fairchild Semiconductor Div., Mountain View, Ca. 94040
Philadelphia Handle Co., Inc., Camden, N.J. 08103

Corning Glass Works (Bradford), Bradford, Pa. 16701
Hewlett-Packard Co., Corporate Hq., Palo Alto, Ca. 94304
TRW Elek Components Cinch Div., Elk Grove Village, 1. 60007
Electro Motive Mfg. Co., Inc., Willimantic, Ct. 06226
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9L-8-1.

INTRODUCTION

Model 5312A
Circuit Diagrams

SECTION IX L
5312A ASCII INTERFACE

SUBSECTION Vil
CIRCUIT DIAGRAMS

b. Component location view of the interface

assembly printed-circuit board.

9L-8-2. This subsection of the manual contains the
following information:

a. Asignallistthat gives the signal name and con-
nector pin number of each signal that inter-

¢. Schematic diagram of the interface assembly.

d. ASM program operational flowchart.

connects the 5312A with the mainframe (see

Table 91.-8-1). Other signal names used in the
5312A are defined in paragraphs 9L.-4-26 and

9L-8-3. Use the information in this subsection in con-
junction with the information provided in Subsection

9L.-4-33. V, Maintenance, while troubleshooting the counter.
Table 91.-8-1. Signal Interconnection List
P1 PIN NO. SIGNAL NAME DESCRIPTION
1 +5V Circuit operating voltages from the 5300B.
2 -5V
4 COMMON RETURN | Common power and signal return line.
8 INHIBIT High during the measurement cycle, low during the display cycle.
14 OVERFLOW Low signal enables overflow.
-~ 19 HOLD Inhibits mainframe from starting any new measurements (holds dis-
play data).
25 +22V Circuit operating voltages from the 5300B.
26 +17V
27 Hz Pins 27 through 31 provide the drive to the annunciator lights on the
28 M 5300B front panel. A low signal lights the corresponding indicator.
29 S
30 K
31 v
32 MANUAL RESET |Low signal from mainframe front panel pushbutton switch or from
5312A clears the system to zero.
33 DP1 Low signal activates decimal point 1.
34 DP2 Low signal activates decimal point 2.
35 RIGHT/LEFT Timing signal from mainframe clocks the high-speed decade latch.
36 DATA ADDRESS X | Digit address code X, Y, Z from the display scanner indicates a digit
38 DATA ADDRESS Y | being displayed.
40 DATA ADDRESS Z
42 DATA D The data code A, B, C, D represents the digit to be displayed in binary
43 DATAC coded decimal form. Data lines are qualifiers and also may be selected
44 DATA B by the LSB latch (U16) as the lower four bits of the ASCII character
45 DATA A output to the bus. See paragraph 91.-4-36.
46 DP3 Low signal activates decimal point 3.
47 DP4 Low signal activates decimal point 4.
48 DP5 Low signal activates decimal point 5.
NOTE: Pin numbers that are not listed are not connected (50-pin connector).

9L-8-1



CABINET PARTS

ITEM HP PART NO. Qary DESCRIPTION
1 1440-0096 2 HANDLE, STRAP
2 5040-6000 1 CATCH, SLIDE L.H.
3 5040-7001 1 CATCH, SLIDE R.H.
4 05310-20004 2 FRAME, SIDE
5 05310-40001 4 GUIDE, DOUBLE SLIDE
6 05311-00003 1 BRACKET, LEFT
7 05311-00004 1 BRACKET, RIGHT
8 05312-00001 1 PANEL, FRONT
9 05312-00002 1 PANEL, REAR




HEWLETT hp, PACKARD MANUAL CHANGES

SERIAL PREFIX:

DATE PRINTED:
HP PART NO:
MICROFICHE NO:

e MANUAL DESCRIPTICN

INSTRUMENT: 5312A HP-IB Interface
Operating & Service Manual

1428A, 1436A

SEPT. 1975

05312-90004
05312-90005

CHANGE DATE February 26, 1979
(This change supersedes all earlier dated changes)

® Make all changes listed as ERRATA.
® Check the following table for your instrument'’s

serial prefix or serial number and make listed
change(s) to manual.

IF YOUR INSTRUMENT
HAS SERIAL PREFIX
OR SERIAL NUMBER

MAKE THE
FOLLOWING CHANGES
TO YOUR MANUAL

MAKE THE
FOLLOWING CHANGES
TO YOUR MANUAL

IF YOUR INSTRUMENT
HAS SERIAL PREFIX
OR SERIAL NUMBER

1600A 1

#>NEW OR REVISED ITEM
»The following Service Notes are available from your local HP Sales and Service Office.

Model Description
» 5312A-1A Troubleshooting Procedure
> 6312A-2 Operation Verification Using 9825A Controller (All Serials)
> 5312A-3 Troubleshooting the 5312A Using Signature Analysis
ERRATA

B> Page 9L-3-1, Paragraph 9L-3-6, Types of Operation:
Add the following sentence ahead of the last sentence in paragraph 9L-3-6: “'The 5301A 10 MHz
Counter is a TALK ONLY instrument and the 5312A ADDRESSABLE-TALK ONLY switch must
always be at TALK-ONLY when the 5312A is used with a 5301A.

Change ““ASCII” to ""HP-IB’” on front pages and any other pages where ASCI| appears in the manual.
This change also applies to the front-panel marking.

Page 9L-5-4, Paragraph 9L-5-22, PROCEDURES:
Replace all procedures on page 9L-5-4 with the following procedures:

91L-5-22. PROCEDURES. There are two Diagnostic Test Cards and an Interface Card that
provide self check operations for use in troubleshooting. Method A uses Test 7 on Test
Card B as the primary method for troubleshooting. Alternate Method B uses Test 4 on
Test Card A.

The procedures are as follows:
NOTE

When using Test 7 of Test Card B, the right-most digit of the
53008 display must be a stable zero. This may be difficult to
accomplish with the inherent + 1 count variation. If this problem
occurs, use Method B. If Test Cards are not available, an alter-
nate method may be used as described in Section V Paragraph
5-48 of the manual for the 5300B mainframe. A 50-pin female
connector is used in place of the test cards and wired per

Table 5-2, Test 4.

PAGE 1
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MANUAL CHANGES MODEL 5312A Page 2

ERRATA {(Cont'd)

Method A (Test Card B, Test 7)

a. With power off, connect the 5312A to a 5300B without a plug-»~ mndule installed.

b. Remove shield plate and connect a 105628A Logic Clip to STATE ADDRESS TEST
IC (U7} on the 5312A.

Disconnect the HP-IB cable if connected to the 5312A.

Insert Diagnostic Test Card “’B" through Interface Card, HP Part No. 05300-60004,
to 5312A 50-pin connector A2P1. Insert side of Diagnostic Card marked “TEST 7"
into the Interface Card.

e. Set switches on b312A rear panel to the following positions:

(1}  Press all address switches {A1-A5} to "'0’* {bottom pressec! in.

{2) Press TALK ONLY/ADDRESSABLE switch to ADDRESSABLE position.
{3) SHIELD switch in either position.

{4) Press SELF CHECK switch to NORM position.

{6)  Turn 53008 power on.
NOTE

The SELF CHECK will not operate properly unless the right-
most digit on the display is a zero.

(6) Press SELF CHECK switch to SELF CHECK position.
f. Correct operation of the 5312A is indicated as follows:

(1) The 53008 display is illuminated with an 8 in each digit position, decimals in the
5 right-most positions and overflow.

(2) The TALK indicator is illuminated. o

g. If indications are incorrect (53008 display remains at 10 MHz) observe the logic states shown
on the Logic Clip to determine where the program stopped (shown in the flowchart, Figure
9L-8-2, Sheet 3).

NOTE
Pins 1 through 8 of test 1C (U7) show the output of State Counters
U14 and U15 in binary form, which is the program line number.
Convert this number to octal to locate the point in the flowchart
where the program stops or loops. {Octal numbers are shown in
parenthesis in the flowchart.) The logic state of the Position
Counters (P1, P2, P3, and P4) is shown in the small squares
adjacent to program blocks. The state of P1, P2, P3, and P4 is
shown on U7 pins 12, 11, 10, and 9, respectively. The connections
are shown in the schematic diagram, Figure 9L-8-1.

h. After isolating the problem area on the flowchart, refer to the schematic diagram, Figure 9L-8-1,
to further isolate the problem to a component.

Method B (Test Card A, Test 4)

a. Perform test operations a through f outlined in Method A. 1in place of Test 7, use Diagnostic
Test Card "A’", Test 4.

NOTE

When this procedure is used, it is extremely important to
set the SELF CHECK switch to SELF CHECK immediately
after power is turned on, while the 53008 mainframe is dis-
playing zeros. Otherwise, the unit will begin to cycle.

b. Incorrect operation is indicated when the 5300B display cycles from all 0’s through all 9's.
In this case, observe the logic states shown on the Logic Clip to determine where the program
stopped {shown in Flowchart, Figure 9L-8-2, Sheet 3).



MANUAL CHANGES MODEL 5312A
Page 3

ERRATA (Cont'd)

Page 9L-6-4, Table 9L-6-1, Replaceable Parts:
Change A1S1 from 3101-1797 to 3101-2163, Mfr Code to 28480, and Mfr Part Number to 3101-2163.

Page 9L-8-3, Figure 9L-8-1, A1 (05312-60001) Schematic:
Change connections between A1U1, A1U6, A1U7 and A1U23 as follows:
U7(9) connected to UTA(1) and U23(4) only.
U7(10) connected to U1B(13) and U23(3) only.
U7(11) connected to U6B(13) and U23(5) only.
U7(12) connected to U6A(1) and U23(7) only.

Change P1, P2, P3, and P4 designations inside A1U7 to P4, P3, P2, and P1 respectively.

CHANGE 1 (1600A)

The two mounting studs for the HP-IB connector are changed from 0380-0513 to 0380-0644.
The 0380-0644 hex studs accommodate lock screws with ISO metric thread M3.5 x 0.6 or
equivalent Optimum Metric Fastener System (OMFS) thread 3.5 PO6.

Metric hardware supplied by HP for HP-IB connectors can be identified by the black finish.
If metric tools are not available, a 9/32 inch hex socket will fit the 7 mm hex stud.

Conversion Kits for converting earlier instruments to use the metric lock screws are available
through any HP Sales or Service Office.

CAUTION

THE THREADS OF THE METRIC HARDWARE WILL NOT FIT
THE 6-32 UNC THREADS ON HARDWARE WITH A SILVER
FINISH. THE THREADS WILL STRIP IF THE HARDWARE

IS INTERMIXED.

= Page 9L-6-3, Table 9L-6-1:
Add SERIES 1600 to A1 Description.

Change C14 (10 PF) to "“Not Assigned’’.
Change Q15 to ““Not Assigned’’.
Change R20 (8200€2), R34 (2000f2), R35 (5600£2), and R37 (4300£2) to ““Not Assigned”’.

Add A1C16; 0160-2205; CAPACITOR-FXD 120 pF 5% 300WVDC MICA; 28480.

Add A1C17; 0150-0050; CAPACITOR-FXD .001 UF +80 -20% 1000 WVDC CER; 28480.

Add A1CR3; 1902-3070; DIODE-ZNR 4.22V 5% DO-7 PD = .4W TC =- .038%; 04713; SZ10939-74.
Add A1Q17; 1854-0071; TRANSISTOR-NPN SILICON PD = 300 MW FT = 200 MHz; 28480, 1854-0071.
Add A1Q18; 1854-0246; TRANSISTOR-NPN SILICON PD = 350 MW FT = 250 MHz; 04713; SPS 233.
Add A1R42; 0683-3915; RESISTOR-FXD 390 OHM 5% .256W FC TC = -400/+700; 01121, CB 3915.
Add A1R43; 0683-1225; RESISTOR-FXD 1200 OHM 5% .25W FC TC = -400/+700; 01121;CB 1225.
Add A1R44; 0683-4325; RESISTOR-FXD 4300 OHM 5% .25W FC TC = -400/+700; 01121; CB 4325.

Page 9L.-8-3, Figure 9L-8-1, A1 (05312-60001) Schematic Diagram:
Change SERIES 1428A, 1436A at top of schematic to SERIES 1600.

Add capacitor C17 (.001 UF) between circuit board common and junction of U25D(13) and U20A(3)
in the HOLD OFF FF circuit.

Remove connection between circuit board common and parallel-connected emitters for transistors Q4
through Q10.

Remove Q15 and 8200 ohm resistor R20 to the base of Q15. This leaves U27E(10) connected to
U2D(13) only.

Remove capacitor C14 and resistors R34, R35, and R37 between U27C(6) and U278(3).
Add C16, CR3, Q17, Q18, R42, R43, and R44 as shown in attached Figure 1.
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