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SECTION 1 
GENERAL INFORMATION 

1.1 INTRODUCTION 

The Model 1923A IEEE-488 interface is designed to enhance 
the capabilities of the Model 192 programmable DMM by 
allowing the transmission of data and commands over the 
IEEE bus. The Modal 1923A provides all the digital logic 
necessary to interface the Model 192 to the bus using the 
standard IEEE-488-1978 protocol. Additionally, the Model 
1923A has a status port that may be used with certain front 
panel programs to control other equipment. 

1.2 MODEL 1923A FEATURES 

Some of the important Model 1923A features include: 

Easy Installation. If not already factory installed, the inter- 
face may be easily installed in the field. 
IEEE-488-1978 Standard. The Model 1923A com- 
municates with other instruments that use the same 
IEEE-488-1978 standards. 

Standard IEEE-488 Connector. When the interface is in- 
stalled in the Model 192, the IEEE-488 connector is 
available on the rear panel of the instrument. 
Simple Primary Address Selection. The primary address 
of the Model 1923A may easily be set by using the five ad- 
dress switches on the rear panel of the Model 192. 
Talk Only/Addressable Operation. The interface may be 
set for one of two modes of operation. In the Talk Only 
mode, the Model 192 outputs data to other devices (for 
example, a printer). In the Addressable mode, the Model 
192 can both receive commands and transmit data over 
the bus through the interface. 
Status Port. Front panel Program 6 HI/LO/PASS outputs 
are available through the status port Also, outputs for 
DC, AC and Ohms are present on the port. 
External Trigger. An external trigger input is also available 
on the status port. The trigger input is used to externally 
trigger the Model 192 to take readings. 

1.3 WARRANTY INFORMATION 

Warranty information may be found inside the front cover of 
this manual. Should it become necessary to exercise the 
warranty, contact your nearest Keithley representative or 
the factory to determine the proper course of action. 
Keithley Instruments, Inc. maintains service factilities in the 
United States, United Kingdom, and throughout Europe. 
Addresses for these facilities may be found inside the front 
cover of this manual. Information concerning the applica- 
tion, operation or service of your instrument may be 
directed to the applications engineer at any of these 
locations. 

1.4 MANUAL ADDENDA 

Information concerning improvements or changes to the ins 
terface which occur after the printing of this manual may be 
found on an Addendum sheet attached to the inside back 
cover of this manual. Be sure to review these changes 
before attempting to use the interface. 

1.5 SAFETY SYMBOLS AND TERMS 

The following safety symbols and terms are used in this 
manual and found on the Modal 192: 

The symbol A on the instrument indicates that the user 
should refer to the operating instructions. 

The symbol on the instrument indicates that a 
potential of IOOOV or more may be present on the 
terminal(s). Standard safety precautions should be obsew 
ad when such dangerous voltages are encountered. 
Information associated with the WARNING heading ex~ 
plains dangers that could result in personal injury or death. 
Information following the CAUTION heading explains 
hazards that could damage the instrument. 

1.6 SPECIFICATIONS 

Model 1923A specifications may be found immediately 
preceding this section of the manual. 

1.7 UNPACKING AND INSPECTION 

The Model 1923A interface was carefully inspected both 
mechanically and electrically before shipment. Upon receiv- 
ing the Model 1923A. carefully unpack all items and check 
for any obvious physical damage that might have occurred 
during shipment. Report any damage to the shipping agent 
immediately. Retain the original packing materials in case 
reshipment is necessary. The following items are shipped 
with -vary Modal 1923A order: 

l Model 1923A IEEE-488 Interface 
l Ha,dware necessary for installation. 
l Model 1923A Instruction Manual 
l Additional accessories as ordered. 

1.8 PREPARATION FOR USE 

As shipped, the Model 1923A interface is sat to the 
Addressable mode with the primary address set to 8 at the 
factory. For information on changing these parameters. 
refer to Section 3. If the Model 1923A is to be field installed, 
refer to Section 7 for necessary installation instructions. 
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1.9 USING THE MODEL 1923A INSTRUCTION 
MANUAL 

This manual includes information necessary for installation, 
connection, operation, programming, and servicing of the 
Model 1923A interface option. While user information 
requirements may differ, the following list of sections will 
generally be considered the most important: 

1. Sections 3 and 4 contain all the information necessary to 
connect the interface-equipped Model 192 to the bus and 
program the unit for operation. 

2. Section 2 is included to provide a description of IEEE-488 
bus operation. Also, Section 5 provides IEEE command 
flow charts to familiarize the user with the command se- 
quences within the instrument. 

3. For the more technically oriented, Sections 6, 7 and 8 
contain informationon theory of operation, servicing, 
schematic diagrams, and replaceable parts. Note that in- 
stallation instructions may be found in Section 7 if the 
Model 1923A is to be field installed. 

The Model 1923 is essentially the same as the Model 1923A 
as far as programming is concerned. Hardware differences 
between the two interfaces are covered in Section 6. 

1-2 



SECTION 2 
AN OVERVIEW OF THE IEEE-488 BUS 

2.1 INTRODUCTION 

The IEEE-488 bus is an instrumentation data bus standard- 
ized by the Institute of Electronic and Electrical Engineers in 
1975. The most recent revision of bus standards was made 
in 1978; hence the complete description for current bus 
standards is the IEEE-488-1978 designation. 

This section gives a brief description of the general bus 
structure along with an outline of bus commands. The infor- 
mation presented here is not intended to be an in-depth 
description of what is truly a very complex set of standards. 
More complete information on the IEEE-488 bus, which is 
also frequently referred to as the GPIB (General Purpose 
Interface Bus), is available from the IEEE and a variety of 
other sources. 

2.2 BUS DESCRIPTION 

The IEEE-488 bus was designed as a parallel data transfer 
medium to optimize data transfer without using an ex- 
cessive number of bus lines. In keeping with this goal, the 
bus has only eight data lines that are used for both data and 
some commands. Five bus management lines and three 
handshake lines round out the complement of signal lines. 
Since the bus is of parallel design, all devices connected to 
the bus have the same information available simultaneously. 
Exactly what is done with the information by each device 
depends on many factors, including device capabilities. 

A typical bus configuration for controlled operation is 
shown in Figure 2-1. The typical system will have one con- 
troller and one or more instruments to which commands are 
given and, in most cases, from which data is received. 
Generally, there are three catagories that descibe device 
operation. These designations include: controller: talker; 
listener. 

The controller does what its name implies: it controls other 
devices on the bus. A talker sends data, while a listener 
receives data. Depending on the instrument, a particular 
device may be a talker only, a listener only, or both a talker 
and a listener. The Model 192, through the 1923A interface, 
is capable of being both a talker and a listener, but it does 
not have controller capability. 

Any given system can have only one controller (control may 
be passed to an appropriate device through a special com- 
mand), but any number of talkers or listeners may be pre- 
sent up to the hardware constraints of the bus. Generally. 
the bus is limited to 15 devices, but this number may be 
reduced if higher than normal data transfer rates are re- 
quired or if longer than normal cables are used. 

Several devices may be commanded to listen at once, but 
only one device may be a talker at any give” time. Othw 
wise, communications would be scrambled much like an 
individual trying to pick out a single conversation in a large 
crowd. 

Before a device can talk or listen, it must be appropriateI\ 
addressed. Devices are selected on the basis of their primary 
address. To avoid confusion, the addressed device is sent a 
talk 01 listen command derived from its primary address. 
Normally, each device on the bus has a unique primary ads 
dress so that each may be addressed individually. The 
primary address of the Model 1923A interface is set to 8 at 
the factory, but it may be changed to any value between 0 
and 30 as described in Section 3. 

Once the device is addressed to talk or listen, the appropri~ 
ate bus transactions will take place. For example, if the 
Model 1923A is properly addressed to talk, it will normally 
place its data string on the bus one byte ar a time. The corn 
troller will then read this information, and the appropriate 
software can then be used to channel the information to the 
desired location. Other bus functions and instrumentation 
may be controlled by special bus commands as described in 
paragraph 2.3. 

2.3 IEEE-488 BUS LINES 

The signal lines on the IEEE-488 bus are grouped into three 
general categories. The data lines handle bus information, 
while the handshake and bus management lines ensure that 
proper data transfer and bus operation takes place. Each of 
the bus lines is active low with approximately OV represents 
ing a logic one. The following paragraphs describe the pw 
pose of these lines, which are shown in Figure 2~1. 

2.3.1 Bus Management Lines 

The bus management group is made up of five signal lines 
that send certain single-line bus commarlds and ensure a” 
orderly transfer of data. These lines are used to send the 
single-line commands described in paragraph ‘2.4. 

1. ATN (Attention).The attention line is one of the more 
important management lines. The state of the ATN line 
determines whether information placed o” the data bus 
by the controller is to be considered data or a command 
as described in paragraph 2.4. 

2. IFC (Interface Clear)-Setting the IFC line true (Iowl 
causes the bus to go to a known state by sending the IFC 
command. 

3. REN (Remote Enable).Setting the REN line low sends the 
REN command. This sets up instruments on the bus for 
remote operation. 

2.1 



4. EOI (End Or Identify)-The EOI line is used to terminate a 
multi-byte transfer sequence. 

5. SRQ IService Requestl-The SRQ line is set low by a bus 
device when it requires service from the controller. 

iL 

Figure 2-1. IEEE Bus Configuration 

2.3.2 Handshake Lines 

The bus uses three handshake lines that operate in an inter- 
locked sequence. This method ensures reliable data transfer 
regardless of the transfer rate. Generally, data transfer will 
occw at a rate determined by the slowest active device on 
the bus. 

One of the handshake lines is controlled by the data source, 
while the remaining two lines are controlled by accepting 
devices. The three bus handshake lines are: 

1. DAV (Data Valid)-The source controls the state of the 
DAV line. 

2. NRFD (Not Ready For Da&The acceptor controls the 
state of the NRFD line. 

3. NDAC (Not Data Accepted)-The acceptor also controls 
the NDAC line. 

The complete handshake sequence for one data byte is 
shown in Figure 2-2. Once data is on the bus, the source 
checks to see that NRFD is high, indicating that all devices 
on the bus are ready for data. At the same time NDAC 
should be low from the previous byte transfer. NDAC and 
NRFD must be stable for about 100~ if the source is a con- 
troller. Because of the possibility of a bus hang up, some 
controllers have time-out routines to display error messages 
if the handshake sequence stops for any reason. 

Once the NRFD and NDAC lines are properly set, the source 
sets the DAV line low, indicating that data on the bus is now 
valid. The NRFD line then goes low; the NDAC line then 
goes high once all devices on the bus have accepted the 
data. Each device will release the NDAC line at its own rate, 
but the NDAC line will not go high until the slowest device 
has accepted the data. 

After the NDAC line goes high, the source then sets the 
DAV line high to indicate that the data on the bus is no 
longer valid. At this point, the NDAC line returns to its low 
state. Finally, the NRFD line is released by each of the 
devices at their own rates, until the NRFD line finally goes 
high when the slowest device is ready, and the bus is set to 
repeat the sequence with the next byte of data. 

The sequence just described is used to transfer both data 
and multiline commands. The state of the ATN lines deter- 
mines whether the data bus contains data or commands as 
described in paragraph 2.4. 

DAV __- 

VALID 
SOURCE 

NRFD 
I 

I 
ACCEPTOR 

I 

I ACCEPTOR 

NDAC I 
I 

1 
I 

DATA DATA 
TRANSFER TRANSFER 

BEGIN END 

Figure 2-2. IEEE Handshake Sequence 
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2.3.3 Data Lines 

The IEEE-488 bus uses eight data lines that allow data to be 
transmitted end received in a bit-parallel, byte-serial man- 
ner. These eight lines use the convention DlOl through 
DIOE instead of the usual DO through D7 binary ter- 
minology. The data lines era bidirectional and, es with the 
remaining bus signal lines, low is true. 

2.4 BUS COMMANDS 

While the hardware aspect of bus is important, the interface 
would be worthless without appropriate commends to cons 
trol communications between the various instruments on 
the bus. This section will briefly describe the purpose of the 
bus commands which are grouped into the following three 
general categories: 

1. Uniline commands: Sent by setting the associated bus 
line low. 

2. Multiline commands: General bus commands which are 
sent with the ATN line low. 

3. Device-Dependent commands: Special commends that 
depend on device configurations; sent with ATN high. 

These commands era summarized in Table Z-1, Only com- 
mands that affect Modal 192 operation are covered in this 
section. 

2.4.1 Unilina Commands 

Uniline commands are sent by setting the associated bus 
line low. The ATN, IFC, end REN commands are sent only 
by the system controller. The SRQ commend is asserted by 
an external device. The EOI commend may be sent by either 
the controller or an external device. The following is a brief 
description of each command: 

1. REN (Remote Enable)-When the controller sends the REN 
command, the instrument will be set up for remote opara- 
tion. This command should be sent to the instrument 
before attempting to program over the bus. 

2. EOI-The EOI command is transmitted by setting the EOI 
(End Or Identify) line low during the lest byte of a multi- 
byte transfer sequence. 

3. IFC (Interface C&x-The IFC commend is sent by setting 
the IFC line low; it sets the bus to a known state. 

4. ATN (Attention)-The controller sets ATN low when 
addressing a device or when sending multiline com- 
mands. Device-dependent commands are sent with ATN 
high. The ATN line must remain high while a device 
transmits its data string. 

5. SRQ (Service Request)-The SRQ line is set low bv an ex- 
ternal device when it requires service from the controller. 
A serial polling sequence. as described in Section 4. must 
be used to determine which device has requested Service, 

2.4.2 Universal Commands 

Universal commands era multiline commends that require 
no addressing. All instrumentation equipped to implement 
the command will do so when the command is transmitted 
over the bus. As with all multiline commends, the universal 
commends are sent with ATN low. 

1. LLO (Local Lockout)-The LLO command may be used to 
lock out front panel controls. 

2. DCL (Device Clear)-After a DCL is sent. instrumentation 
equipped to implement the command will revert to some 
known state. 

3. SPE (Serial Poll Enable)-The SPE command is the first 
step in the serial polling sequence, which is used to deter- 
mine which instrument has requested service. 

Table 2-1. IEEE-488 Bus Command Summery 

State of ATN Line” Comments 

REN (Remote Enable) X Set up for remote operation. 
EOI X Sent by setting EOI low. 
IFC (Interface Clear) X Clears Interface 
ATN (Attention) LOW Defines date bus contents. 
SRQ (Service Request) X Controlled by external device. 

LLO (Local Lockout) 
DCL (Device Clear) 
SPE (Serial Poll Enable) 
SPD (Serial Pall Disable) 
SDC (Selective Device Clear)) 
GTL (Go to Local) 
GET (Group Execute Trigger) 
UNL KInlisten) 
UNT (Untalkl 

LOW 
LOW 
LOW 
LOW 
LOW 
LOW 
LOW 
LOW 
LOW 

~ High 

Locks out front panel controls. 
Returns device to default conditions. 
Enables serial polling. 
Disables serial polling. 
Returns unit to default conditions. 
Returns to local control. 
Triggers device for reading. 
Removes all listeners from bus. 
Removes all talkers from bus. 

Programs Model 192 for various mode! 

*X = Don’t Care 
**See Section 4 for complete description 
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4. SPD (Serial Poll DisabWThe SPD command is sent by 
the controller to remove all instrumentation on the bus 
from the serial poll mode. The Model 192 will no longer 
place its status byte on the bus when addressed to talk 
after the SPD command is sent. 

2.4.3 Addressed Commands 

Each of these commands must be preceded by a listen com- 
mand derived from the device’s primary address before the 
instrument will respond. Only the addressed device will 
respond to each of these commands: 

1. SDC (Selective Device Clear)-The SDC command per- 
forms essentially the same function as the DCL corn- 
mand except that only the addressed device will respond. 

2. GTL (Go To Low&The GTL command is used to remove 
instruments from the remote mode of operation. At the 
same time, local control operation will be restored if the 
LLO command was previously sent. 

3. GET (Group Execute Trigger)-The GET command is used 
to trigger devices to perform some action that depends 
on device configuration. 

2.4.4 Unaddress Commands 

The two unaddress commands are used by the controller to 
remove all talkers and listeners from the bus simultaneously. 
No addressing is required to implement these commands. 

1. UNL (Unlistenj-All listeners are removed from the bus at 
once when the UNL command is placed on the bus. 

2. UNT (Untalkl-The controller sends the UNT command to 
clear the bus of any talkers. 

2.4.5 Device-Dependent Commands 

The meaning of the device-dependent commands is deter- 
mined by instrument configuration. Generally, these com- 
mands are sent as one or more ASCII characters that tell the 
device to perform a specific function. For complete infor- 
mation on using these commands with the Model 192, refer 
to Section 4. The IEEE-488 bus treats device-dependent 
commands as data in that the ATN line is high when the 
commands are transmitted. 

2.5 COMMAND CODES 

Each bus command is given a unique code that is trans- 
mitted over the bus as 7 bit ASCII data. This section will 
briefly explain the code groups which are summarized in 
Figure 2-3. Every command is sent with ATN low. 

1. Addressed Command Group (ACG)-Addressed com- 
mands are listed in column 016) in the table. Column O(A) 
lists the corresponding ASCII codes. 

2. Universal Command Group (UCGI-Columns l(A) and 
116) list the Universal commands and the corresponding 
ASCII codes. 
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3. Listen Address Group (LAG)-Columns 2(A) and 3(AI list 
the ASCII codes corresponding to the primary addresses 
listed in columns Z(8) and 318). The primary address 
value set by the switches on the rear panel of the Model 
192 corresponds to the listed value. For example, if the 
primary address of the instrument is set to eight, the LAG 
byte will correspond to the ASCII “(” character. 

4. Talk Address Group (TAG)-TAG primary address values 
and the corresponding ASCII characters are listed in col- 
umns 4(A),through 5(S). 

The preceding address groups are all grouped together to 
form the Primary Command Group (PCG). The bus also has 
another group of commands, called the Secondary Com- 
mand Group ISCG). These are listed in Figure 2-3 for infor- 
mational purposes only; the Model 1923A does not respond 
to these commands, but other devices may have secondary 
addressing capability. 

NOTE 

Commands are normally transmitted with the 7 
bit code listed in the table. For most devices, 
the condition of D, IDIOE) is unimportant, as 
shown by the “Don’t Care” indication in the 
table. Some devices, however, may require 
that D, assumes a specific logic state before 
the commands are recognized. 

Hexadecimal and decimal values for each of the commands 
or command groups are listed in Table 2-2. Each value in the 
table assumes that D, is set to 0. 

Table 2-2. Hexadecimal and Decimal Command Codes 

I 
‘alues shown with D, = 0 l i 

Command 

GTL - 
SDC 
GET 
LLO 
DCL 
SPE 
SPD 
LAG 
TAG 
UNL 
UNT 

Hex Value* Decimal Val 

01 1 
04 4 
08 8 
11 17 
14 20 
18 24 
19 25 

20.3F 32-63 
40.5F 64-95 

3F 63 
5F 95 

2.6 COMMAND SEQUENCES 

The proper command sequence must be sent by the con- 
troller before an instrument will respond as intended. The 
universal commands, such as LLO and DCL require only 
that ATN be set low before the command is sent. Other 
commands require that the device be addressed to listen 
first. This section will briefly describe the bus sequence for 
several types of commands. 



x 

I ‘1 

Figure 2-3. Command Codes 



2.6.1 Addressed Command Sequence 

Before a device will respond to one of these commands, it 
must receive a LAG command derived from its primary 
address. Table 2-3 shows a typical sequence for the SDC 
command. The LAG command assumes that the instrument 
is set at a primary address of eight. 

Note that an UNL command is transmitted before the LAG, 
SDC sequence. This is generally done to remove all other 
listeners from the bus first so that only the addressed device 
responds. 

2.6.2 Universal Command Sequence 

The universal commands are sent by setting ATN low and 
then placing the command byte on the data bus. For exam- 
ple, the following gives the LLO command: 

ATN*LLO 
Note that both the ATN and LLO commands are on the bus 
simultaneously. Also, addressing is not necessary. 

2.6.3 Device-Dependent Command Sequence 

The device-dependent commands are transmitted with ATN 
high. However, the device must be addressed to listen first 
before the commands are transmitted. Table 2-4 shows the 
command sequence for the following: 

FOX 
This command. which sets the Model 192 to the DC volts 
function, is described in detail in Section 4. 

Table 2.3. Typical Addressed Command Sequence 

step Command ATN State Data Bus 
ASCII Hex Decimal 

1 UNL set low ? 3F 63 
2 LAG* stays low ( 28 40 
3 SDC stays low EOT 04 4 
4 Returns high 

“Assumes primary address = 8. 

Table 2-4. Typical Device-Dependent Command Sequence 

step 

Data Stays high 0 
Data Stays high X 

ksumes primary address = 8. 

ata Bus 
Hex 1 Decir 
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SECTION 3 
SYSTEM CONFIGURATION 

3.1 INTRODUCTION 

There are two operating aspects to almost any digital inter- 
face. The IEEE-488 standard is no exception to this rule. Not 
only must the hardware meet certain standards, but all 
devices, including the controller, must have appropriate 
software. This section deals with important hardware and 
software aspects of bus operation. 

3.2 HARDWARE ASSEMBLY 

Before the Model 192 can be used with the IEEE-488 bus, 
the instrument must be connected to the bus using a suit- 
able connector. Also, the instrument must be set up for 
Addressable operation and the primary address must be 
properly selected as described in this section. 

3.2.1 Typical Systems 

The IEEE-488 bus is a parallel interface system. As a result, 
adding more devices is simply a matter of using more cables 
to make the desired connections. Because of this flexibility, 
system complexity can range from the very simple to ex- 
tremely complex. 

Figure 3-l shows some typical system configurations. 
Figure 3-l (al shows the simplest possible controlled system. 
The controller is used to send commends to the instrument, 
which sends data back to the controller. 

The system becomes more complex in Figure 3-l(b), where 
additional instrumentation is added. Depending on pro- 
gramming, all data may be routed through the controller, or 
it may be transmitted directly from one instrument to 
another. 

For very complex applications, a much larger computer can 
be used, as shown in Figure 3-l(c). Tape drives or disks can 
then be used to store data. 

3.2.2 Bus Connections 

The Model 192 is connected to the bus through an IEEE-488 
connector as shown in Figure 3-2. This connector is design- 
ed to be stacked to allow a number of parallel connections 
on one instrument. 

NOTE 
To avoid possible mechanical damage, it is 
recommended that no more than three connec- 
tors be stacked on any one instrument. Other- 
wise the resulting strain, may cause internal 
damage. 

Figure 3-1. System Types 

F> 

Figure 3-2. IEEE-486 Connector 
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A typical connecting scheme for the bus is shown in Figure 
3-3. Each cable normally has the standard IEEE connector 
on each end. The Keithley Model 7008 cable, which is six 
feet in length, is ideal for this purpose. Once the connec- 
tions are made, the screws should be tightened (securely). 
For the location of the connector on the rear panel of the 
Model 192, refer to Figure 3.4. 

NOTE 
The IEEE-488 bus is limited to a maximum of 15 
devices, including the controller. Also, the 
maximum cable length is 20 meters. Failure to 
observe these limits may result in erratic bus 
operation. 

Custom cables may be constructed using the information in 
Table 3-l and Figure 3-5. Table 3-l lists the contact 
assignments for the various bus lines, while Figure 3-5 
shows contact designations. Contacts 18 through 24 are 
return lines for the indicated signal lines, while the cable 
shield is connected to contact 12. Each of these ground 
lines is connected to digital common in the Model 192 
through the Model 1923A interface. 

Figure 3-3. IEEE-488 Connections 

STATUSPORT TO/ADDRESSABLE AND IEEE-488 
IMARY ADDRESS SWITCHES CONNECTOR 

Figure 3-4. Rear Panel of Model 192 Showing Model 1923A Connectors and Switches 

3-2 



Table 3-1. IEEE Contact Designations 

Number 

1 

z 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

IEEE-488 
Designation lJ1020) 

DlOl 
D102 
0103 
0104 
EOI (24)” 
DAV 
NRFO 
NDAC 
IFC 
SRQ 
ATN 
SHIELD 
D105 
D106 
0107 
DIOE 
REN (24)” 
Gnd. (61” 
Gnd; i71* 
Gnd, (8)” 
Gnd, 19)” 
Gnd, (10)” 
Gnd. 111)” 
Gnd, LOGIC 

TYPO 

Data 
Data 
Data 
Data 
Management 
Handshake 
Handshake 
Handshake 
Management 
Management 
Management 
Ground 
Data 
Data 
Data 
Data 
Management 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 
Ground 

*Numbers in parentheses refer to signal ground return of 
referenced contact number. EOI and REN signal lines 
return on contact 24. 

CONTACT 12 CONTACT 1 

/ / 

/ \ 
CONTACT 24 CONTACT 13 

Figure 3-5. Contact Assignments 
Figure 3-7. TO/ADDRESSABLE and Primary Address 

CAUTION Switches (Address Eight Shown) 

The digital common within the Model 192 
is connected to ground through a 1MO 
resistor. The voltage between IEEE corn- 
man and power line ground must not ex- 
ceed 30V or damage to the instrument may 
occur. 

3.2.4 Primary Address Selection 

A typical signal line bus driver is shown in Figure 3-6. With 
the configuration shown, the driver has bidirectional 
capability. When the I/O control line is high, the line is con- 
figured as an output line. When the control line is low, the 

The Model 192 must receive a listen command before it will 
respond to the addressed or device-dependent commands 
sent over the bus. Similarly, a talk command must be sent 
to the Model 192 before it will transmit its data string, status 
word, or status byte. Those talk and listen commands are 
derived from the primary address of the instrument..The 
primary address of the Model 1923A is set to eight at the 
factory, but it may be set to any value between 0 and 30 by 

driver is set up for input operation. Note that not all signal 
lines have bidirectional capability. Some lines, such as ATN, 
will be configured as an output line in the controller and as 
an input line for all other devices on the bus. 

I/O CONTROL >--t---j 1 

i 
Figure 3-6. Typical IEEE-488 Bus Driver (One of 16) 

3.2.3 Addressable Mode Selection 

The Model 1923A must be set to the Addressable mode 
when used with an external controller. Mode selection is 
done with the TO/ADDRESSABLE mode selection switch 
located on the rear panel of the Model 192. This switch is 
grouped with those that sat the primary address; these 
switches are located on the rear panel of the Model 192 ss 
shown in Figure 3-4. Figure 3-7 shows the ADDRESSABLE 
position for the switch, which may be operated with the 
point of a pen or pencil. 

NOTE 

The TO/ADDRESSABLE switch is read only 
upon power-up. If the mode is changed, the 
Modal 192 must be turned off and then 
powered-up again before it will recognize the 
new switch position. 
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placing the primary address switches which are shown in 
Figure 3-7. in the desired position. The primary address 
specified in the controller’s programming language must 
agree with the primary address of the Model 1923A. 

NOTE 
The primary address switch positions are read 
only upon power-up. If the address is changed, 
the Model 192 must be turned off and then 
powered-up again before the new address can 
be used. 

Figure 3-7 shows the correct positions for the factory set 
value of eight; if a different address is required, the primary 
address may be changed as outlined in Table 3-2. 

Table 3-2. Primary Address Switch Positions 

Primary Address r 

0 
1 
2 
3 
4 
5 
6 
7 

8” 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

A5 
22 
A4 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 

“Factory Set Value 

G!L 
43 

0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
1 
1 
1 

ti 
42 

0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 

:, 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 

“S 
Al 

0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 

:, 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 

NOTE: Primary Address 31 (I 1111 is reserved for UN L and 
UNT commands and must not be used. 

NOTE 
If other instrumentation is also connected TV 
the bus, be sure that each device has a different 
primary address. If this precaution is not 
observed, erratic bus operation may result. 
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The primary address switches are binary weighted; Al is the 
least significant bit, while A5 the most significant bit. For 
example, the binary value for the factory set primary ad- 
dress of eight is 01000. Use the tip of a pen or pencil to 
operate the switches. 

NOTE 
No instrument on the bus (including the Model 
192) should be operated with a primary address 
of 31, even though it is possible to set the swit- 
ches to those positions (I 1111). This address is 
reserved for the UNL and UNT commands; in- 
struments will respond by removing themselves 
from the talk or listen modes if primary address 
31 is used. 

3.3 SOFIWARE ASSEMBLY 

The most sophisticated computer in the world would be 
useless without the necessary software. This basic require- 
ment is also true of the IEEE-488 bus, which requires the use 
of handler routines as described in this section. 

3.3.1 Controller Interface Routines 

Before a controller can be used with the IEEE-488 interface, 
the user must make certain that appropriate handler soft- 
ware is present within the controller. With the HP-85 com- 
puter, for example, the HP-IB interface card must be used 
with an additional I/O ROM, which contains the necessary 
handler software. 

Other small computers that can be used as controllers have 
limited IEEE command capability. The PET/CBM com- 
puters, for example, are incapable of sending the universal 
and addressed multiline commands from BASIC, although 
most of these commands may be sent through machine- 
language routines. The capabilities of other small computers 
depends on the particular interface being used. Often, little 
software “tricks” are required to achieve the desired results. 

From the preceding discussion, the message is clear: make 
sure the proper software is being used with the interface. 
Often, the user may incorrectly suspect that a hardware pro- 
blem is causing an intermittent fault, when it was the soft- 
ware that was causing the problem all along. 

3.3.2 HP-85 BASIC Statements 

Many of the programming instructions covered in Section 4 
use examples written in Hewlett-Packard Model 85 BASIC. 
The HP-85 was chosen for these examples because it has a 
large number of BASIC statements that control IEEE-488 
operation. This section covers those HP-85 BASIC state- 
ments that are essential to Model 1923A operation. 



A complete list of HP-85 IEEE-488 BASIC statements is 
shown in Table 3-3. All the statements in the table have a 
one or three digit argument that must be specified. The first 
digit is the HP-85 interface select code, which is set to 7 at 
the factory. The last two digits of those statements that re- 
quire a three digit argument specify the primary address. 
Generally, only those commands that actually require an 
address to be sent cwer the bus need the primary address to 
be specified. 

The statements in the table with the three digit arguments 
assume that the primary address of the device (in this case 
the Model 1923Al is set at eight. Other primary addresses 
require that the last two digits be set to the corresponding 
value. For example, to send a GTL command to device 21. 
the following BASIC statement would be used: LOCAL 721. 

Some of the statements in the table have two forms; the ex- 
act configuration used depends on the desired command. 
For example, CLEAR 7 will cause a DCL to be sent, while 
CLEAR 708 causes an SDC to be transmitted to device 

ABORT10 7 
CLEAR 7 
CLEAR 708 
ENTER 708;AS 

LOCAL 708 
LOCAL LOCKOUT 7 
OUTPUT 708:AS 

REMOTE 7 
REMOTE 708 

RESET 7 
SPOLL(708) 

TRIGGER 7 
TRIGGER 708 

The third column of Table 3-3 lists the mnemonics for the 
command sequences. While most of these have been cov- 
ered before, a couple of points should be noted. As describ- 
ed earlier, the ATN line is sat low by the controller if the data 
bus contains a multiline command. This is indicated in the 
table by ANDing the ATN mnemonic with the first come 
mand on the bus. For example, ATN’GET means that ATN 
and GET are sent simultaneously. 

Two commands not previously covered are MLA (My Listen 
Address) and MTA (My Talk Addressl. These are ordinary 
PCG (Primary Command Group1 addresses sent by the 
HP-85 to facilitate bus operation in some situations. The 
Model 1923A will normally ignore these commands, but 
other devices may require that MLA and MTA be present in 
the command sequence under cetain circumstances. 

NOTE 

The HP-85 address is sat to 21 at the factory 
Since each device on the bus must have a 
unique primary address, do not set the Model 
192 to that address to avoid conflicts with the 
HP-85. 

Table 3-3. HP-85 IEEE-488 BASIC Statements 

Send IFC. 
Send DCL. 
Send SDC to device 8. 
Device 8 addressed to talk. 
Data placed in AS. 
Send GIL to device 8. 
Send LLO. 
Device 8 addressed to listen. 
Transmit AS. 
Set REN true. 
Sat REN true. Address device 
8 to listen. 
Send IFC, cancel REN. 
Address device 8 to talk. 
Conduct serial poll. 
Send GET 
Address device 8 to listen. 
Send GET. 

Bus Command Sequence ~_~~~. ~~~~ ~~~~~ 

IFC 
ATN*DCL 
ATN*UNL;MTA:LAG:S& 
ATN’UNL:MLA;TAG;ATN:data 

ATN’UNL:MTA:LAG:GTL 
ATN*LLO 
ATN.MTA;UNL;LAG;ATN;data 

REN 
REN;ATN*UNL;MTA;LAG 

IFC;REN;= 
ATN.UNL;MLA:TAG:SPE;A=; 
status byte;ATN*SPD;UNT 
ATN’GET 
ATN’UNL;MTA;LAG:GET 
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SECTION 4 
OPERATION 

4.1 INTRODUCTION 

The Model 1923A is designed to interface the Model 192 
programmable DMM to the IEEE-488 bus. Since all opera- 
tion is done through commands given over the bus, the 
interface has no operating controls in the usual sense. In- 
stead, all operating functions are controlled by programm- 
ing. 

This section describes important programming functions in 
detail. Included are: general bus command, device- 
dependent commands, status word and status byte. and 
other important operating information. 

NOTE 
Programming examples in this section assume 

that the Model 192 primary address is at its fac- 
tory setting (eight). Those examples with ad- 
dressed commands will not function unless the 
instrument’s primary address is set to that 
value. Refer to Section 3 for information on set- 
ting the primary address. 

4.2 GENERAL BUS COMMANDS 

General bus commands are those commands which have 
the same meaning regardless of instrument configuration. 
However, not all instruments will respond to every available 
command, which are grouped into two catagories: 
1. Addressed Commands. These commands require that 

the primary address of the instrument agrees with the 
primary address in the controller’s programming 
language. 

2. Unaddressed Commands. No primary address is re- 
quired for these commands. All devices equipment to 
implement these commands will do so simultaneously 
when the command is sent. 

General bus commands are summarized in Table 4-1, which 
also lists the HP-85 BASIC statement that sends each com- 
mand. Command flow is further clarified in Figure 4-l. Com- 
mands in (a) affect all instruments on the bus simultane- 
ously. Addressed commands in (b) affect only the address- 
ed device. 

NOTE 

Model 192 IEEE status is normally indicated by 
the front panel TALK, LISTEN, and REMOTE 
indicator lights. These indicators are for infor- 
mational purposes only, and may not show the 
actual IEEE status of the instrument. 

Table 4-l General Bus Commands 

1 4ddressing 
Command Required 7 

REN Yes 
IFC NO 
LLO NO 
GTL 

~~ 

Yes 
NO 

SDC Yes 
GET” Yes 
GET” NO 

*GET may be sent wtn or 

HP-85 BASIC 
Statement 

REMOTE 708 
ABORT10 7 
LOCAL LOCKOUT 7 
LOCAL 708 
CLEAR 7 
CLEAR 708 
TRIGGER 708 
TRIGGER 7 

thout addressing. 

Figure 4-l Bus Command Flow 

4.2.1 REN [Remote Enable) 

The remote enable command is sent to the Model 192 by 
the controller to set it up for remote operation. Generally, 
this should be done before attempting to program the ins 
strument over the bus. Note that the REN command must 
be received by the Model 192 before it will respond to many 
other commands. The instrument will indicate that it is in 
the remote mode by illuminating its front panel REMOTE 
indicator. 
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NOTE 
Front panel Programs 3-7 will be cancelled if 
the Model 192 is placed in the remote mode 
during their operation. Prosrams 0 throuah 8 
cannot be entered with the Model 192 in-the 
remote mode. To restore front panel program- 
ming operation, the following command se- 
quence must be send over the bus: GTL;DCL. 

To place the Model 192 in the remote mode, the controller 
must perform the following steps: 
1. Set the REN line low. 

2. Address the Model 192 to listen. 

Programming Example: This sequence is automatically 
sent by the HP-85 when the following is typed into the 
keyboard: 

REMOTE 708 (END LINE) 
After the END LINE key is pressed, the Model 192 REMOTE 
indicator light should come on. If not, check to see that the 
instrument is set for the proper primary address. Also, 
check to see that all bus connections are tight. 

TO restore front panel programming, type in the following 
statements into the HP-85 cornouter: 

LOCAL 708 (;ND LINE) 
CLEAR 7 (END LINE) 

After the END LINE key is pressed the first time, the 
REMOTE indicator light should go out. After the second 
statement is entered, front panel programming operation 
should be restored. The CLEAR 7 statement will also return 
the instrument to the default conditions listed in Table 4.2. 

Table 4-2. Default Conditions 

TO 
FO 
R5 
KO 
QO 

! 
s2 

MO 
Y 

20 
Wl 

Continuous on Talk 
DC Volts 
1200 Volts Range 
Send EOI with last byte. 
Buffer Disabled 
16.667ms Integration Time 
Non SRQ Mode 
(LF) Terminator is 
(CR)ILF). 
Zero off 
Delay on 

4.2.2 IFC (Intel ‘ace Clear) 

The IFC command is sent by the controller to set instru- 
ments on the bus to the talk and listen idle states. The 
Model 192 will respond to the IFC command by cancelling 
front panel TALK or LISTEN lights if the instrument was 
previously placed in one of those modes. No other state 
changes will occur within the instrument. 

To send the IFC command, the controller need only set the 
IFC line true. 

Programming Example: Before demonstrating the IFC 
command, turn on the front panel REMOTE and TALK indi- 
cator lights by entering the following statements into the 
HP-85 computer: 

REMOTE 708 (END LINE) 
ENTER 708;AS (END LINE) 

The front panel REMOTE and TALK indicators should now 
be on. The IFC command may now be sent by entering the 
following statement into the HP-85: 

ABORT10 7 (END LINE) 
After the END LINE key is pressed, the TALK light will turn 
off, indicating the Model 192 is in the talk idle state. Note 
that the remote mode is not cancelled. 

4.2.3 LLO (Local Lockout) 

The LLO command is sent by the controller to remove 
devices from the local operating mode. Once the Model 192 
receives the LLO command, all its front panel controls fex- 
cept POWER) will be inoperative. Note that the instrument 
must be in the remote mode before it will respond to the 
LLO command. 

To lock out the front panel controls of the Model 192, the 
controller must perform the following steps: 
1. Set ATN low. 
2. Send the LLO command to the instrument. 

Programming Example: This sequence is automatically 
performed by the HP-85 when the following statement 
sequence is typed into the keyboard: 

REMOTE 708 IEND LINE) 
LOCAL LOCKOUT 7 (END LINE) 

After the END LINE key is pressed the second time, the 
front panel controls are locked out. Note that no other 
changes occur within the instrument; all front panel modes 
remain as previously selected. Local control may be restored 
by using the GTL command as described in the next 
paragraph. 

4.2.4 GTL (Go To Local) 

The GTL command is used to restore operation of the front 
panel controls. At the same time, the instrument will be 
taken out of the remote mode. 

NOTE 
Front panel programming is not restored by the 
GTL command alone. The following sequence 
must be sent to the Model 192 to restore front 
panel programming once it is in the remote 
mode: GTL;DCL. 

To restore local operation of the Model 192, the controller 
must perform the following bus sequence: 
1. Set ATN low. 

2. Address the Model 192 to listen. 
3. Place the GTL command on the bus. 
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Programming Example: If the instrument is not on the ments instead of all instruments simultaneously. The Model 

remote and lockout modes, enter the following statements 192 will return to the default conditions listed in Table 4-2 

into the HP-85: after receiving the SDC command. 

REMOTE 708 (END LINE) 
LOCAL LOCKOUT 7 (END LINE) In order to transmit the SDC command, the controller must 

Check to see that the front panel controls are locked out. 
perform the following steps: 
1. Set ATN low. 

The GTL sequence is automatically sent by the HP-85 when 2. Address the Model 192 to listen. 

the following is entered into the keyboard: 3. Place the SDC command on the bus. 

LOCAL 708 (END LINE) 

When the END LINE key is pressed, the front panel controls 
will once again function. 

NOTE 
The Model 192 will respond in the same way 
when the REN line is sat false. The HP-85 
performs this function with the following 
statement: 

LOCAL 7 

4.2.5 DCL (Device Clear) 

The DCL command may be used to clear devices on the 
bus, setting them to a known state. Note that all devices on 
the bus equipped to implement the DCL command will do 
so simultaneously. The Model 192 will respond to the DCL 
command by returning the default conditions list in Table 
4-2. 

Programming Example: Before entering the example 
statement, place the instrument on the 2kI! resistance range 
and enable the zero with the front panel controls. Now enter 
the following statement: 

CLEAR 708 (END LINE) 
After the END LINE key is pressed, the instrument will 
return to the default conditions listed in the Table 4~2: the 
2000 and DCV lights will be on, and the ZERO indicator will 
go out. 

NOTE 
Once addressed to listen. the Model 192 must 
be placed in the talk mode before receiving a 
DCL or SDC. This may be done with he follow- 
ing HP-85 statement: 

ENTER 709;AS 

4.2.7 GET (Group Execute Trigger) 

To send the DCL command, the controller must perform the The GET command is sant by the controller to trigger bus 

following steps: devices to perform a certain operation. Using the GET corw 

1. Set ATN low. 
mand is only one of several methods that may be used to 

2. Place the DCL command on the bus. 
trigger the Model 192 to take readings. More detailed inform 
mation on all trigger modes, including GET, may be found in 

Programming Example: Place the instrument on the 2k12 
range and enable the zero with the front panel controls. The 
DCL command sequence may then be sent from the HP-85 
by entering the following statement into the HP-85 
keyboard: 

CLEAR 7 (END LINE) 
After END LINE is pressed, the instrument will return to the 
default conditions listed in Table 4-2; the 2000 range and 
DCV indicators will be on, and the ZERO light will go out. 

NOTE 
Once addressed to listen, the Model 192 must 
be placed in the talk mode before receiving a 
DCL or SDC. This may be done with the follow- 
ing HP-85 statement: 

paragraph 4.4. 

The Model 192 will respond to the GET command both with 
and without addressing. To trigger the instrument without 
addressing, the controller must perform the following steps: 

1. Set ATN line low. 
2. Place the GET command on the bus. 
All devices designed to implement the GET command in this 
fashion will respond simultaneously. 

To use the GET command with addressing. the controller 
must send the following sequence over the bus: 
1. Set ATN low. 
2. Address the Model 192 to listen. 
3. Place the GET command on the bus. 

ENTER 708;AS (END LINE) 

4.2.6 SDC ( Selective Device Clear) 

Programming Example: Place the Model 192 in the ones 
shot on GET trigger mode with the following statements: 

REMOTE 708 IEND LINE) 

The SDC command performs the same function as the DCL 
OUTPUT 709;“T3X” IEND LINE) 

command except that only the addressed device responds. 
At this point, the REMOTE and LISTEN indicators will be 

This command is useful for clearing only selected instru- 
on. Note that the decimal point on the display has stopped 
flashing, indicating the instrument is waiting for a trigger. 
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An unaddressed GET may be sent to the instrument by 
entering the following into the HP-85 keyboard: 

TRIGGER 7 (END LINE) 

When the END LINE is pressed, the decimal point on the 
Model 192 display will flash once, indicating that a reading 
has been processed. At the same time, the LISTEN light will 
go out. 

An addressed GET may be sent by entering the folIoWing 
statement into the HP-85: 

TRIGGER 708 (END LINE1 
Once again, the instrument will process one reading as indi- 
cated by the single flash of the decimal point. 

The Model 192 may be returned to the normal trigger mode 
by entering the following into the HP-85: 

OUTPUT 708;“TOX” (END LINE) 

The decimal point will again flash at the conversion rate. 

NOTE 

Once an addressed GET has been sent to 
another instrument, the Model 192 will not re- 
spond to an unaddressed GET until it receives 
an addressed GET with its own primary address 
first. 

4.3 DEVICE-DEPENDENT COMMAND 
PROGRAMMING 

The IEEE-488 device-dependent commands are sent to the 
Model 192 by the controller to control various operating 
modes such as function, range, conversion rate, display 
resolution, and filtering. Each command is mad& up of an 
ASCII alpha character followed by a number designating a 
specific parameter. The IEEE bus treats these commands as 
data in that ATN is false when the commands are trans- 
mitted. 

HP-85 programming examples will be included throughout 
this section to clarify programming. Before performing each 
command example, it is recommended that the Model 192 
be returned to its default conditions by turning off the 
instrument and powering it up again. If the HP-85 should 
become “hung up” at any point, operation may be restored 
by holding the SHIFT key down while pressing RESET on 
the keyboard. 

A number of commands may be grouped together in one 
string. Where command conflicts or illegal commands 
occur. the instrument will ignore the command string, 
display the appropriate error messages, and change the 
value of its status byte. These aspects of Model 192 opera- 
tion are covered in paragraphs 4.6 and 4.9. 

In order to send a device-dependent command, the con- 
troller must perform the following bus sequence: 
1. Set ATN low. 

2. Address the Model 192 to listen. 
3. Set ATN high. 
4. Send the command string one byte at a time. 

Programming Example: The preceding sequence is auto- 
matically performed by the HP-85 when the following state- 
ment is entered into the computer: 

OUTPUT 708; AS (END LINE) 
A$ in this case contains the ASCII characters that form the 
command string. 

Commands that affect the Model 192 are summarized in 
Table 4-3 and are covered in the following paragraphs. 

Table 4.3. Device-Dependent Command Summary 

4.3.1 Execute (Xl 

The execute command is implemented by sending an ASCII 
“X” over the bus. Its purpose is to tell the Model 192 to exe- 
cute other device-dependent commands. Generally, the 
“X” character is the last byte in the command string. The 
execute character also controls Model 192 operation in the 
T4 and T5 trigger modes as described in paragraph 4.4. 

Programming Example: Enter the following statement 
sequence into the HP-85 keyboard: 

REMOTE 708 (END LINE) 
OUTPUT 708; “X” (END LINE) 

When the END LINE key is pressed the second time, the 
front panel LISTEN light will turn on, indicating the Model 
192 received the command. No other changes will occur 
with this example because no other commands were given. 

4-4 



NOTE 
Command strings sent without the execute 
character will not be executed at that time, but 
will be stored in the command buffer. The next 
time an execute character is received, the 
stored commands will be executed, assuming 
all commands are valid. 

4.3.2 Function (F) 

The function command places the Model 192 in the DCV, 
ACV, or ohms mode of operation. The function is changed 
by sending one of the following sequences over the bus: 

FO DC Volts 
Fl AC Volts 
F2 k0 
F3 AC + DC 
Upon power-up, the DC volts function is selected. 

NOTE 
Sending the Fl or F3 commands with no AC 
option installed will result in the following front 
panel conflict error mesage: 

C. a 

Lnl-Lt 
The instrument will assert SRQ if in the ap- 
propriate bus response mode; the status byte 
will also be affected as described in paragraph 
4.6. 

Programming Example: Place the Model 192 in the DCV 
mode and enter the following statements into the HP-85 
keyboard: 

REMOTE 708 (END LINE) 
OUTPUT 708; “F2X” (END LINE) 

After the END LINE key is pressed the second time, the 
Model 192 will change to the resistance function, as shown 
by the kR indicator light. 

NOTES: 
1. When the Model 1910 AC option is installed, the Model 

192 will measure AC voltages if the F3 command is sent. 
Settling time of the Model 1910 option is 1.3 seconds for 
specified accuracy 10.05% of final reading). 

2. Settling time for the 1920 option is 0.5 seconds for rated 
accuracy (within 0.1% t. 

3. Settling time for DC voltage measurements is 250ms to 
within 6 digits et 5% digit resolution. 

4. Settling time for resistance measurements is 250ms to 
within 6 digits at 5% digit resolution. 

4.3.3 Range (RI 

The range command allows the ueer to control the sensi- 
tivity of the instrument through commands given over the 
bus. Range command parameters are summarized in Table 
4-4. Upon power-up, R5 is selected. Note that R6 is an il- 

legal range in the DCV and ACV modes. If the A6 command 
is sent to the Model 192 in those two modes, the instrument 
will: 
1. Display the front panel “CnFLE” message. 
2. Set the conflict bit in the Status byte. 
3. Ignore the entire command string in which the R6 com- 

mand was given. 

Further information on the status byte may be found in 
paragraph 4.6. Front panel error messages are described in 
paragraph 4.9. 

Programming Example: Place the instrument on the 2000 
range with the appropriate front panel button and enter the 
following statements into the HP-85 keyboard: 

REMOTE 708 (END LINE) 
OUTPUT 708: “R3X” (END LINE) 

After the END LINE key is pressed the second time, the 
instrument will go to the 20 range es shown by the cork 
responding range indicator light. 

Table 4-4. Range Commands 

“Illegal Ranges 

4.3.4 Zero Command (2) 

The zero mode serves as a means for a baseline suppres- 
sion. When the correct zero command is sent over the bus, 
the instrument will enter the zero mode, as indicated by the 
front panel ZERO indicator light. All readings displayed or 
sent over the bus while zero is enabled are the difference 
between the stored baseline and the actual voltage level. 
For example, if a 1OOmV baseline is stored, 10OmV will be 
subtracted from all subsequent readings as long as the zero 
mode is enabled. The value of the stored baseline can be a 
little as a few microvolts or as large es the selected range will 
permit. The zero mode is controlled by sending one of the 
following commands over the bus: 
zo Zero Disabled 
Zl Zero Enabled 
Upon power-up, ZO is selected. 

Programming Example: With the front panel ZERO butt 
ton, disable the zero mode and enter the folloLving 
statements into the HP-85 keyboard: 
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REMOTE 708 (END LINE1 
OUTPUT 708: “ZIX” (END LINE) 

After the END LINE key is pressed the second time, the 
front panel ZERO indicator light will turn on. 

NOTES: 
1, Setting the range lower than the stored baseline will 

cause an overflow, as indicated by the front panel 
“OFLO” message. The overflow condition will also 
affect the status byte as described in paragraph 4.6. 

2. Enabling zero reduces the dynamic range of the 
measurement. For example, with the instrument on the 
2VDC range and a stored baseline of + 1 .OOOOO VDC, an 
input voltage of +Z.OOOOOVDC will still overload the 
AID converter, even though the display shows only 
+ 1 .OOOOOVDC. 

3. Once zero is enabled, the baseline will be stored when 
the next AID conversion is triggered. Zeroed readings 
will then be displayed with each subsequent triggered 
conversion. For example, if the Model 192 is placed in 
one of the one-shot trigger modes, the first trigger 
following the zero enable command will store the base- 
line. All remaining triggers received while the zero is 
enabled will trigger zeroed readings with the previously 
stored baseline subtracted from the actual signal level. 

4. To store a new baseline, the zero must be disabled and 
then enabled once again. The new baseline will then be 
stored with the first triggered conversion as previously 
described. 

5. A separate baseline can be stored for each measuring 
function. For example, IOVDC could be stored for DC 
voltage measurements, 15VAC for AC voltage measure- 
ments, and 50R could be stored for resistance 
measurements. 

4.3.5 Rate es) 

The rate command gives the user simultaneous control over 
several important operating parameters of the Model 192. 
When the rate command is sent, the following operating 
parameters are affected: 

1. Samples per Reading 
2. Integration Period 

3. Filter Response 

4. Display Resolution 

These operating parameters are summarized in Table 4-5, 
which also shows the appropriate rate command for each 
combination. The power-up default value for the rate com- 
mand is 52, corresponding to 6 samples per reading, 
16.66ms integration period iat 60Hz). Filter 1 enabled, and 
5% digit display resolution. 

Programming Example: Enter the following statement 
sequence into the HP-85 keyboard: 

REMOTE 708 (END LINE) 
OUTPUT 708; “SOX” (END LINE) 

The second time the END LINE key is pressed, the Model 
192 display will change to the 4% digit mode. Also, the 
decimal point will flash at a faster rate because of the 
shorter 4ms integration period. 

4.3.6 Rate Command Considerations 

The optimum Model 192 rate mode is determined by a 
number of factors including noise, desired accuracy, speed 
requirements, and test set-up architecture. Since there is 
always a trade-off between required speed and resolution, 
care must be taken when using the rate commands, which 
affect samples per reading, integration period, filter 
response, and display resolution. The following paragraphs 
detail each of these parameters. 

Samples Per Reading: A reading cycle is the period be- 
tween the time that a reading is triggered and the time 
resulting data is ready to be displayed or sent over the bus. 
Figure 4-2 illustrates one reading cycle. At the start of the 
reading, the instrument is triggered, either internally, or by 
some outside stimulus. Once the reading is triggered, a 
specific time interval will pass before data is available. The 
time period depends on a number of factors, including the 
rate, mode, function and trigger mode selected. For a more 
complete description of these time periods, refer to 
paragraph 4.4. 

s2 

I 

6 
s3 21 
s4 21 
s5 

I 

1 
S6 9 
s7 21 

Table 4-5. Rate Command Parameters 

Integration 
Period Filter 

S8 I 21 

*At 60Hz. Period is 20ms at 50Hz. 

4.4ms 
16.66ms* 
16.66ms” 
16.66ms” 
16.66ms* 
1OOms 
1OOms 
1OOms 
IOOms 

Filter 1 
Filter 2 
Filter 3 

Filter 1 
Filter 2 
Filter 3 
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Figure 4-2. Reading Cycle 

The input signal applied to the Model 192 input terminals 
may be a DC voltage, AC voltage, or a resistance to be 
measured. Depending of the rate command in effect, the 
signal is sampled one or more times per reading cycle. 
Figure 4-3 illustrates the number of samples used for the 52 
mode of operation. Once the reading is triggered, a total of 
six sampling periods occur before data is available for 
display. During each of these sampling periods, the Model 
192 performs one A/D (Analog-to-Digital) conversion. 
While the example in Figure 4-3 shows the number of 
samples for the 52 mode, other rate modes will change the 
number of samples per cycle. For example, in the S3, 54, 
S7, end 58 modes, a total of 21 samples per reading are 
taken. 

Figure 4-3. Multiple Sampling Periods 

Integration Period: The Model 192 performs its AID con- 
version through integration. During each sampling period, 
one complete integration cycle is performed. The length of 
the integration period, as well as the time interval between 
integration periods is determined by the selected rate 
command. 

Figure 4-4 shows a representation for integration and inter- 
val between integration periods for the S2 mode. The inte- 
gration period is 16.66ms. while the time interval between 
integration periods is 35ms. 

Filtering: The Model 192 employs digital filtering tech~ 
niques to simulate the response of typical 3.pole analog 
filters. Depending on the rate command selected, one of 
three filter routines is used by the MPU. For steady-state 
signals, the selected filter remains enabled. When the input 
signal changes suddenly, the MPU disables the filter to per- 
mit rapid display update. 

Figure 4-5 shows the response curves for the three available 
filters. Note that the point at which the filter is enabled 
depends on the display resolution mode in use. In the 5% 
digit mode, the filter is off until the display is within 6 counts 
of the final reading. In the 6% digit mode, the filter is dis- 
abled until the reading is within 60 counts of the final value. 

’ A= FILTER 1 6 = FILTER 2 C I FILTER 3 

Figure 4-5. Filter Response Graph 

Figures 4-6 and 4-7 further demonstrate filter response to ins 
put condition changes. These examples assume the Model 
192 is being used to measure a nominal 1.5VDC input in the 
5% digit mode on the 2V range. In Figure 4-6(a), a O.OOOlOV 
step occurs in the input. Since this change exceeds six 
counts, the MPU initially switches the filter off Figure 
4-6(b) shows the resulting Model 192 response to this 
change in input voltage. In Figure 4-7, the step voltage is 
only 0.00003V. a value that is less than the six digit window. 
The graph in Figure 4-7fbl shows that the response is much 
slower because the filter is not disabled. Because of slower 
response time, a number of reading cycles will be required 
before the display shows the final value. The number of 
reading cycles to reach the final value is 15for filter 1 and 30 
for filters 2 and 3. 
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Figure 4-6. Filter Response to 10 Digit (.OOOlV) Input 
Change 

(a) INPUT 

:; e, .hn,r,lr 

(b) FILTER RESPONSE 

NOTE: Waveforms are conceptual in nature only, and do 
not show actual instrument response. 

Figure 4-7. Filter Response to 3 Digit i.OOOO3Vl Input 
Change 

Display Resolution: The final parameter selected by the 
rate command is the display resolution of the instrument. 
Since the S2 mode is selected upon power-up, the instru- 
ment will be in the 5% digit mode when first turned on. 
Alternately, 4K or 6K digit display resolution modes may 
be selected with the appropriate rate command as outlined 
in Table 4-5. 

NOTE 

The rate commands affect only the display 
resolution; data sent over the IEEE-468 bus 
always contains 6% digit information. 

4.3.7 Delay (WI 

The delay command controls a 1Oms delay period that is 
normally added to the beginning of each integration Cycle. 
The appropriate command may be used to eliminate the 
1Oms delay in the DC mode only, thus increasing the 
measuring speed of the instrument. The delay command 
controls Model 192 operation as follows: 
WO Eliminate 1Oms delay before integration period. 
WI Add 1Oms delay before integration period. 
Upon power-up, the Wl mode is enabled. 

When enabled, the delay is added to each integration period 
within the reading cycle as shown in Figure 4-8, which 
demonstrates the use of the WI delay mode with the 52 
rate command. Note that a 14ms delay period occurs be- 
tween the trigger and the start of the first integration period. 
Also, there is a 35ms interval between integration periods. 
In Figure 4-9, the WO mode is demonstrated. Here, the ini- 
tial delay period is reduced by 1Oms to only 4ms. Also, the 
time between integration periods is reduced by 1Oms to 
25ms. 

Programming Example: Place the instrument in the DCV 
mode and enter the following statement sequence into the 
HP-85 keyboard: 

REMOTE 708 (END LINE) 
OUTPUT 708: “WOX” IEND LINE) 

After the END LINE key is pressed the second time, the 
1Oms delay will be omitted. 

NOTES: 
1. The WO delay mode can be used with any DC voltage 

range. However, the source resistance must be less than 
50kO on the 0.2V. 2V. and 20V ranges for specified 
XC”E3CV. 

2. The WO command has no effect on the AC volts and 
resistance ranges. The integration delay period is fixed at 
14ms when operating in these modes. 

3. The Wl delay mode may be used to enable the delay if 
additional settling time is needed. 

Figure 4-8. WI Delay Mode (S2 Rate) 
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Figure 4-9. WO Delay Mode IS2 Rate) 

4.3.6 Buffer Command ICI) 

The Model 192 has an internal buffer that may be used to 
store up to 100 readings. Operation of the buffer can be 
controlled by front panel Program 7. as described in the 
Model 192 Instruction Manual, or through the following 
commands given over the IEEE bus: 
QO Clears buffer and disables storage capability. 
Ql Enables buffer data storage. 
Upon power-up, the QO mode is enabled. 

Programming Example: Enter the following program into 
the HP-85 computer. Each line of the program is explained 
by an appropriate comment and must be terminated with 
the END LINE kev. 

PROGRAM COMMENTS 

10 REMOTE 708 Set for remote operation. 
20 OUTPUT 708; “MlQlX” 
30 S = SPOLL(708) 
40 IF BITSlS.6) =0 THEN 30 

50 FOR I=1 TO 100 
60 ENTER 708;AS 
70 DISP AS 
80 NEXT I 
SO OUTPUT 708; “QOX” 

100 END 

Turn on SRQ a&l buffer. 
Obtain status by&?. 
Is buffer full? ISRQ bit 
set?) 
Loop 100 times. 
Read one buffer location. 
Display reading on CRT. 
Next reading. 
Turn off buffer. 
End of program. 

When the program is entered into the HP-85, set tOa wooal 
192 to default conditions by turning off the power and 
powering up again. Run the program by pressing the HP-85 
RUN key. The Model 192 will immediately begin storing 
readings. After about 10 seconds, 100 readings similar to 
the following will be displayed on the CRT of the HP-85: 

NDCV-OOOO.OOOE + 0 

The actual values will depend on the selected function and 
range, and the signal source connected to the instrument. 

NOTE 

Once the buffer is full, the display will continue 
to be updated with the most recent data. If the 
Model 192 is in the Ml bus response mode, an 
SRQ will be sent by the Model 192 to the con- 
troller when the buffer is full. 

Data stored by front panel Program 7 may also be recalled 
over the bus. The basic procedure is demonstrated as 
follows: 

1. Enter front panel Program 7 by pressing the PRGM and 7 
buttons in sequence. If the instrument is in remote, prop 
gramming may be restored by sending a GTL. DCL 
sequence. 

2. Press the ENT button to enter a value of 0 for the r 
constant. 

3. Press ENT again to begin storing readings. 
4. After about 11 seconds, the “b FULL” message will be 

shown on the display. 
5. To recall each buffer reading, the following HP-85 

statements can be used: 

ENTER 708;AS IEND LINE) 
DISP AS (END LINE) 

6. Further readings may be obtained by repeatin step 5~ 

NOTE 
Placing the instrument in the remote mode will 
cancel Program 7. Also, the front panel buffer 
reading sequence must not be used while 
attempting to read the buffer over the bus; don 
ing so will cause the bus to hang-up. 

4.3.9 Buffer Operation 

One reading is stored in the buffer after each reading con 
version. In continuous trigger modes, the buffer will fill at 
the conversion rate of the instrument. Remember that the 
rate and delay commands affect the conversion rate. During 
the one-shot trigger modes, one reading is stored in the buff 
fer each time a trigger is received. Thus, the oneshot 
modes provide a convenient method of controlling the fill 
rate of the buffer. 

A data input pointer keeps track of the next storage local 
tion. If the buffer storage process is interrupted. the data 
input pointer allows storage to begin at the next memory 
location. Readings already stored will be retained until a Cl0 
or Ql command is received, or until the instrument is turned 
off. 

The data output pointer points to the next storage location 
to be read. As buffer data is requested, the pointer is incw 
mented. Once all 100 buffer locations have been read, the 
pointer will cycle around to the beginning and point to the 
first location. Further readings will read buffer locations 
again. 

The data pointers are reset when (10 or Ql command is 
received by the instrument. The QO command clears the 
buffer and disables buffer operation, thus restoring normal 
operation. The Ql command causes the instrument to begirl 
storing another set of readings in the buffer. 



Buffer Operating Notes: following commands: 
KO Send EOI during last byte. 

1. Once the Ql command is sent, the instrument will re- Kl Send no EOI. 

soond to all data requests bv sending the contents of one Upon power-up, the KO mode is enabled 

& the buffer lx&w. To obtain n&nal data readings, 
buffer operation must be disabled with the 00 command. Programming Example: The EOI response will be sup- 

2. If the Ml bus response mode is programmed, the instru- pressed wit’ h the tollowina _ HP-85 statement sequence: 

ment will send a service request (SRQ) to the controller REMOTE 708 (END LINE) 

when the buffer is full. An appropriate bit in the status OUTPUT 706; “KlX” (END LINE) 

bvte. as described in oaraaraph 4.6. will be set. Note that the HP-65 does not normally rely on EOI to mark 
I I. 

the last byte of data transfer. Some controllers, however, 

4.3.10 Programmable Terminator (Y) 
may require that EOI be present at the end of transmission. 

The Model 192 uses special terminator characters to mark 
4.3.12 Bus Response Mode IM) 

the end of its data string. To allow a wide variety of con- 
trollers to be used with the Model 192, the terminator can be 

The bus response mode determines whether or not the 

programmed by a command given over the bus.The power- 
Model 192 will request service from the controller through 

up default value is the commonly used carriage return (CR) 
the SRQ line. When the appropriate mode is selected, the 

line feed ILF) sequence. The terminator may be changed by 
instrument will generate an SRQ under certain data or error 

sending the ASCII character Y followed bv the desired ter- 
conditions, as described in paragraph 4.6. 

minato~. Any ASCII character except X and Y command 
characters may be used. 

The bus response mode may be programmed as follows: 

MO No SRQ 

In addition, special ASCII characters may be sent, resulting 
Ml Send SRQ 

in one of the following terminator sequences: 
Upon power-up, the MO mode is selected. 

YILF) = CR LF (2 Terminators) 
Y(CR) = LF CR (2 Terminators) 

YODEL) = No Terminator 

*.Ayr 

Programming Example: The bus response mode may be 
programmed as follows: 

REMOTE 708 (END LINE) 
OUTPUT 708; “MIX” (END LINE) 

Most controllers will wait for a specific termi- 
nator (usually a carriage return or line feed) 
before terminating their input sequence. Pro- 

After the END LINE key is pressed the second time, the 
Model 192 will be programmed for the Ml bus response 
mode. 

gramming the Model 192 to send a non- 
standard terminator may cause the controller to 
hang-up unless special ‘programming is used. 

4.3.13 Status Word (Ul 

The Model 192 has a status word that can be checked by 
the user to determine the present operating modes of the in- 
strument. Each byte in the status word is a number cor- 
responding the previously programmed command 
parameter with the following sequence: T F R K Q S M Y Z 
W. The Status word may be obtained by sending the follow- 
ing command sequence: UX. The instrument will respond 
by sending its status word instead of the normal data string 
the next time data is requested. A complete summary of 
status word parameters is shown in Figure 4-10. Also 
shown, are the power-on default values the instrument will 
also revert to the default conditions after receiving a DCL or 
SDC command over the bus. The EOI and terminator modes 
remain as programmed by their separate commands. 

Programming Example: Enter the following statements 
into the HP-85 keyboard: 

REMOTE 708 (END LINE) 
OUTPUT 708; “YAX” (END LINE) 

ENTER 708; AS (END LINE) 
After the second time the END LINE key is pressed, the ter- 
minator is changed to the ASCII character A. After the third 
time the END LINE key is pressed, the HP-85 computer will 
cease to operate because it is waiting for the standard ter- 
minator sequence. The HP-85 may be reset by holding 
SHIFT down and pressing the RESET key. 

4.3.11 EOI (K) 

The EOI line on the bus is usually set low by a device during 
the last byte of its data transfer sequence. In this way, the 
last byte is properly identified, allowing variable length data 
words to be transmitted. The Model 192 will normally send 
EOI during the last byte of its data string or status word. The 
EOI response of the instrument may be set with one of the 

Programming Example: Set the Model 192 to the default 
conditions by momentarily powering down the instrument. 
Enter the following statements into the HP-85 keyboard: 

REMOTE 708 (END LINE1 
OUTPUT 708; “UX” (END LINE) 

ENTER 708; AS (END LINE) 
DISP AS (END LINE1 
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After the END LINE key is pressed the last time, the CRT will 
show the following default status word: 
0050020:01000000. 

Figure 4.11 illustrates interpretation of the status word 
2130080:011000000. 

Note that the returned terminator character is found by 
ANDing the last character in the terminator with 00001111 
and ORing the result with 00110000. For example, the 
ASCII value for a line feed is 10, which has a binary value of 
00001010. ANDing this value with 00001111 yields 
00001010. Finally, ORing the result with 0011000 gives 
00111010, which is printed out as an ASCII colon. 

T F R K 

TRIGGER -I 
‘0 CONT. ON TALK 
1 ONE-SHOT ON TALK 
2 CONT. ON GET 
3 CINE~SHOT ON GET 
4 CONT. ON x 
5 ONE-SHOT ON x 

WNCTICIN 
‘0 DC” 
1 AC” 
2 KOHM 
3 AC” + DC” 

s 

NOTES: 
1. The status word should not be confused with the status 

byte, which is covered in paragraph 4.6. The status word 
contains 16 bytes pertaining to selected operating modes 
of the instrument. The status byte is read with a serial 
polling sequence and contains information on error and 
data conditions. 

2. The status word can be read only once each time the U 
command is sent to the instrument. Once the status word 
is read, the next data transmission will consist of the nor- 
mal data string. 

M 

Figure 4.10. Status Word Format 
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0 0 0 

TRIGGER 
CONT. ON GET 

RANGE 
20 VOLTS 

E.0.I 
SEND 

J 

Figure 4-11. Status Word Example 

4.4 TRIGGERING (Tl 

Triggering is used to tell the Model 192 to take readings. 
The trigger stimulus may come from commands sent over 
the bus, or through the external trigger input or front panel 
ENT button. Triggering may be done in two basic ways. 
First, the trigger may be used to start a series of readings 
with one of the continuous trigger modes. The second 
method uses a separate trigger for each individual reading 
using one of the one-shot modes. This section covers each 
type of triggering detail. 

4.4.1 Bus Command Triggering 

The Model 192 has six commands that control triggering as 
follows: 
TO Continuous On Talk 
Tl One-shot On Talk 
T2 Continuous On GET 
T3 One-shot On Get 
T4 Continuous On X 
T5 One-shot On X 
Upon power-up, the TO mode is enabled. 

In the TO and Tl modes, a talk command is used to trigger 
the instrument. In the T2 and T3 modes, a GET command 
performs the trigger function. Finally, the execute (Xl 
character triggers the Model 192 in the T4 and T5 modes. 

In the continuous trigger modes, a single command starts 
an unending series of readings. In one of the one-shot 
modes, a separate trigger is required for each reading. The 
continuous modes usually provide the best throughput; 
however, triggering is usually done in one of the one-shot 
modes because the controller has better control over when 
a reading is actually taken. 

Programming Example: Set the instrument to its default 
values by momentarily powering the unit down and enter 
the following statements into the HP-85 keyboard: 

REMOTE 708 (END LINE) 
OUTPUT 708; “T3X” (END LINE1 

After the END LINE key is pressed the second time, the 
instrument will be placed in the one-shot on GET trigger 
mode. The decimal point will stop flashing, indicating the 
unit is waiting for a trigger. 
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To trigger the Model 192, enter the following statement into Figure 4-12 shows the trigger input pins on the status port 

the HP-85: Pin 1 is the trigger input, while pin 7 is common. Figure 4-13 

TRIGGER 708 (END LINE1 shows the specifications for the trigger input pulse. 

When the END LINE is pressed, the decimal point will flash 
once. This shows that a single reading has been taken. To 
continue, a separate trigger must be sent for each reading. 

The operation of the one-shot on talk and one-shot on X 
modes is the same, except that the appropriate trigger must 
be given. 

4.4.2 Front Panel Triggering 

The Model 192 may be triggered by the front panel ENT but- 
ton when programmed for an appropriate trigger mode. 
Generally, a one-shot mode is selected, and the instrument 
will take one reading each time the ENT button is pressed. If 
the Ml bus response mode is selected, the instrument will 
generate an SRQ when the ENT button is operated. This 
gives the programmer added flexibility, by allowing the 
instrument to signal the controller when a reading is 
manually triggered. If the Ql buffer mode is selected, one 
reading will be stored in the buffer each time the ENT button 
is pressed. 

Programming Example: Place the instrument in the one- 
shot on X trigger mode with the following statement 
sequence: 

REMOTE 708 (END LINE) 

~~.,-.:, 

,,I. “.,,1/ 

Figure 4-12. External Trigger Input 

iR,tiGtfiS ON 
,CAD,NG CD<X 

I 
OUTPUT 708; “T5X” (END LINE) 

ENTER 706; A$ (END LINE) 

After the END LINE key is pressed the second time, the 
decimal point will stop flashing, indicating the instrument is 
waiting for a trigger. At this point, front panel triggering 
may be implemented by pressing the ENT button once. The 
decimal point will flash once, showing that a reading has 
been taken. Each time the ENT button is pressed, one con- 
version will take place. Note that any of the one-shot modes 
may be used in this manner, and that the instrument will still 
respond to the correct trigger command over the bus. 

4.4.3 External Triggering 

The Model 192 may be externally triggered to take readings 
by applying a trigger pulse to the external trigger input on 
the status port. The operation of this trigger mode is similar 
to that of front panel triggering except for the actual trigger 
stimulus. If the Ml bus response mode is selected, an SRQ 
will be generated when an external trigger is received. 

NOTE 

The external trigger input is available on models 
with software revision level E-5 or later with one 
of the following Model 1923 PC boards: 
PC-561. Rev. D or later; PC-571, Rev. 6 or 
later. 

u - i,Jc ,,. Yir.Y:;‘,l 
1- MlNlM”M 

Figure 4-13. Trigger Pulse Specifications 

Programming Example: Place the instrument in the ones 
shot on talk trigger mode by entering the following 
statements into the HP-85: 

REMOTE 708 (END LINE) 
OUTPUT 708; “TlX” (END LINE) 

After the END LINE key is pressed the second time, the 
instrument will go to the one-shot mode and wait for a trig- 
ger. To demonstrate external triggering, momentarily con- 
nect a jumper between pins 1 and 7 of the status port. Each 
time the trigger input is pulled low in this manner. the instru- 
ment will take one reading, as indicated by the flaShing 
decimal point. 
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NOTE 

The maximum trigger rate in the continuous 
modes is equal to the reading display rate of the 
instrument. The maximum trigger rate in the 
one-shot modes is equal to the trigger to byte- 
out times listed in Tables 4-6 through 4-9. 

Table 4-6. Trigger Mode Tl Bus Times l60Hz) 

I 

DCV 

“37 

3% 
1,120 
1,120 

134 
1,240 
2,900 

SE 2,900 

*The WO mod1 
available time to 27ms 

ACV 
Function 

kc2 

38 - 
48 

760 
2,900 
2,900 

132 
4,000 
9,700 
9,700 

2OMn 

30 
42 

270 
920 
930 
128 

1,160 
2,700 

2.700 L 1 
1 

102 
114 

1,480 
5,600 
5,600 
1,098 
5,000 
2,400 
2,400 

rease trigger to aa 

NOTE: Times in milliseconds. 

;;ll$ir,“;;; lt;JT” f-o DA”t(ATN 

Table 4.7. Trigger Mode T3 Bus Times (60Hz) 

S-Mode 

so 
Sl 
s2 
s3 
s4 
s5 
S6 
s7 
SE 

‘The WO n 
available ti 

wd’ 
ime 

“37 
50 42 

I 
45 114 

325 260 740 1,460 
1,120 5,500 
1,120 5,500 

136 196 
1,240 12,400 
2,900 12,400 
2,900 12.400 

a can be used to decrease trigger to data 
to 27ms. 

NOTE: Times in milliseconds. 

All times are ATN xto SRQ’-;t(ATN 
high to SRQ low on first byte). 

4.4.4 Bus Times 

In the one-shot trigger modes, a specific time interval will 
pass between the time a trigger is received and the time that 

data is available for transmission over the bus. The amount 
of time required depends on the selected trigger mode, the 
S command mode and the function. Table 4-6 through 4-8 
list the bus times for the three one-shot modes with a power 
line frequency of 60Hz. Times for all Model 192 functions 
are shown in these tables. Times for the three trigger modes 
and the DC function at 50Hz are shown in Table 4-9. The 
following conditions apply to all four tables. 

1. All Model 192 conditions are set to their default values ex- 
cept for those modes shown in the table. 

2. All times listed are shown in milliseconds. 
3. All times shown are typical. 

4.5 DATA FORMAT 

Model 192 data is transmitted over the bus as a string of 16 
to 18 ASCII characters with the format shown in Figure 
4.14. The first character indicates the type of reading, while 
the next three characters indicate the function. The man- 
tissa of the reading is made up of nine characters, including 
sign and decimal point, while the exponent requires three 
characters. Depending on terminator programming, O-2 ter- 
minator characters may be used. To obtain the data string 
from the instrument, the controller must perform the follow- 
ing sequence: 
1. Set ATN low. 
2. Address the instrument to talk. 
3. Set ATN high. 
4. Input the data string one byte at a time. 

Note that the Model 192 must be in the remote mode before 

Table 4-8. Trigger Mode T5 Bus Times (60Hz) 

S-Mode 

so 
Sl 
52 
53 
s4 
s5 

DCV ACV 

“90 79 
138 128 
410 

1,200 
1.200 

345 
990 

1.000 

Function\ 
k!l 20MQ 

--I 
90 220 

140 270 

‘470 ‘460 
S6 1,560 1,480 
s7 3,200 3,000 
SE 3,200 * 

‘The WO mode can be used to decrease trigger to data 
available time to 80ms. 

NOTE: Times in milliseconds. 

All times are ATN&o SRCIX 
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Table 4-9. Bus Times (50Hzl 

S-Mode 

sO 
Sl 
52 
s3 
54 
s5 
S6 
57 
SE 

ITN s DAVt 
Trigger Mode Tl 

“37 
52 

350 
1,200 
1,220 

127 
1,220 
2,900 
2,900 

53 
350 

1,200 
1,200 

134 
1,260 
3,900 
3,900 

ATN z^SRCI> 
Trigger Mode T5 

87 
152 
450 

1,300 
1,300 

480 
1,580 
4,250 
4,250 

“The W0 mode can be used to decrease trigger to data available time to ZJms, 
NOTE: Times in milliseconds. 

Figure 4.14. Data String Format 

Programming Example: The preceding sequence is 
automatically performed by the HP-85 when the following 
statement sequence is used: 

REMOTE JO8 (END LINE1 
ENTER 708;AS (END LINE) 

DISP AS (END LINE) 

After the second statement is executed, the data string will 
reside inside the computer, where it is stored as A$. The 
third statement causes the data string to be displayed on the 
CRT. 

NOTES: 

1. Most controllers use one or both of the characters in the 
default terminator sequence (CR LFI to end their input 
sequence. Using a non-standard terminator character 
may came the controller to hang-up. 

2. The bus data always contains 6 % digit information 
regardless of the display resolution mode I” use. 

3. Terminator characters are not usually printed out. 
4. The first digit in the mantissa will be a 4 when the instru 

ment is in overflow. The remaining mantissa dlgits will 
show all zerws when overflow condition occurs. 

5. Depending on trigger mode, the instrument may reqwre a 
trigger first. 

Data String Examples: 
NDCV + 1.600000E + 0 The instrument is sending a 

normal reading made in the 
DCV mode. The reading is 
,~ 1 .GVDC 

ZDCV-150.0000E + 0 A zeroed reading of -15OVDC 
is transmitted. 

OACV + 40.00000E ok 0 An overflow reading on an AC 
range IS sent. 

NOHM + 15.00000E + 6 A 15 MI> resistance reading 
0CC”lS. 
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4.6 SERVICE REQUEST 

The IEEE-488 bus has a special Service Request line (SRQ) 
that is set low by instruments when they require service. 
The Model 192 will assert SRQ if in the Ml bus response 
mode under one or more of the following conditions: 

1. If the instrument has data to send and it is not in talk. 
2. If a trigger is received in the one-shot modes. 

3. If the instrument receives an illegal device-dependent 
command or command option. 

4. If the instrument receives a conflicting device-dependent 
command. 

6. If the controller attempts to program the instrument 
when it is not in the remote mode. 

6. When the data buffer is full. 

Note that conditions 3.4, and 5 will result in front panel error 
messages as described in paragraph 4.9. 

4.6.1 Serial Polling Sequence 

Once the controller has received an SRQ, it must determine 
which instrument on the bus has requested service. To do 
so, it performs the serial polling sequence as follows: 
I. Enables serial polling with the SPE (Serial Poll Enable) 

command. 
2. Addresses the instrument to talk. 

3. The instrument then places its status byte on the bus for 
the controller to read. 

4. Disables polling sequence with SPD after all status bytes 
are collected. 

Steps 2 and 3 are repeated for every instrument on the bus 
with a different talk address for each instrument. 

Programming Example: The program below will set the 
bus response to Ml and display the status byte on the CRT 
of the HP-85. 
PROGRAM COMMENTS 

10 REMOTE 708 Set for remote operation. 
20 OUTPUT 708: “MIX” Set bus resoonse mode for 

SRQ. 
30 S = SPOLLl708) Conduct serial poll. 
40 DISP S Display status byte. 
50 END End of program. 

Momentarily power down the instrument and press the 
HP-85 RUN key twice. After the second time, the CRT will 
display the number 64, which is the value of the SRQ bit es 
described in the next paragraph. 

NOTE 
The HP-85 SPOLL statement reverses the nor- 
mal SPE and talk command sequence. This 
may cause a delay in the updating of the Model 
192 status byte when conditions change. 

4.6.2 Status Byte Format 

The Model 192 status byte may be read at any time by the 
controller whether or not a” SRQ was generated by the 
instrument. The status byte is obtained by using the serial 
polling sequence as described in the previous paragraph. 
The format of the status byte is shown in Figure 4-15. Bit 6 
is the SRQ flag. If this bit in the Model 192 status byte is set, 
the SRQ was generated by the instrument. Note that the in- 
strument must be in the Ml bus response mode to set the 
SRQ flag. Bit 5 is the error flag. It further clarifies the mean- 
ing of bits 0 through 2, as summarized in Table 4-10. Note 
that the values in the table esswnes that only one error or 
data message is present. In some cases, more than one con- 
dition bit (80-821 may be set, depending on the cir- 
cumstances. For example, if the zero mode is enabled, and 
the instrument is in overflow, both BO and B2 will be set 
simultaneously. 

%” A &, 1__1/---I /“I/on roliolllll*l ,( ,,,“/, 
Figure 4-15. Status Byte Format 

4.7 TALK ONLY OPERATION 

The talk only mode may be used to send data to a listen only 
device such as a printer. When the Model 192 is in the talk 
only mode, it will ignore commands given over the bus. The 
talk only mode is enabled by placing the TO/ADDRESS- 
ABLE switch in the TO position, as shown in Figure 4-16. 

Table 4-10. Error and Data Codes 

Error Flag 
IBit 5) 

Bit 2 Bit 1 Bit 

0 0 
0 1 

T 
1 0 
0 0 
0 0 
0 1 
1 0 
0 0 

0 

I 

Message 

- 
Normal 
Overflow 
Buffer Full 
Zeroed Reading 
Illegal Device-Dependent Command (IDDC. 
Illegal Device-Dependent Command Option(lDDCO1 
Conflict Error 
No Remote 
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Figure 4-16. Enabling Talk Only Mode 
NOTE. 

The status of the TO/ADDRESSABLE switch 
is read-only upon power-up. If the switch posi- 
tion is changed, the instrument must be 
momentarily powered down before it will 
recognize the new switch condition (the posi- 
tions of the address switches are not 
important). Sending commands to the instru- 
ment when it is in the talk only mode may cause 
the controller to hang-up. 

When the Model 192 is used in the talk only mode, it may be 
interfaced with one or more listeners. Each of these devices 
and associated cabling should conform to IEEE-488-1978 
standards. 

The Model 192 will transmit its normal data string in bit- 
parallel byte-serial fashion over the bus as requested by the 
listeners. The data format is the same one used for Address- 
able operation and is described in detail in paragraph 4.5. 

The talk only mode can be used in conjunction with the 
front panel programs of the Model 192. Each of the follow- 
ing descriptions assumes that a printer is being used to pro- 
vide the hard copy of instrument data. 

PROGRAM 

0 Clear 
1 Resolution 
2 Filter 
3 Offset/Scale 
4 Percent Devia- 

PRINTOUT 

Normal output of measured data. 

Result of SX + b 

tion 
5 MinIMax 

6 HI/LO/PASS 
7 Data Logger 

Result of [IX-n)/nlXlOO 
Normal data output. Minimum and 
maximum values stored by the 
instrument. 
NOW 
Normal data printed at the logging 
rate selected by constant r. 

4.8 STATUS PORT 

The status port is an integral part of the Model 1923A inter- 
face. Outputs on the port include terminals for front panel 
Program 6 and terminals to indicate which function is 
selected. The ?.tatus port also has an external trigger input 
that can be used to trigger the Model 192 to take readingsas 
described in paragraph 4.4 

Figure 4-17 shows the terminal configuration for the status 
port, while Table 4-11 lists the pin assignments. Pins 3, 4. 
and 5 are High/Low/Pass outputs for front panel Program 6 
and are in the high impedance state with respect to IEEE 
common when disabled. Pins 8. 9, and 10 are DCV, ACV, 
and Ohms outputs. These pins are operational regardless of 
the type of front panel or IEEE programming in use. 

NOTE 
The 5V supply terminal is for reference only and 
must not be externally loaded. 

Figure 4-17. Status Port Pin Connections 

Table 4-11. Status Port Pin Assignments 

Contact 

1 
2 
3 
4 
5 
6 

; 
9 

10 
11 
12 ___- 

Signal Line ~~~_~~~~~~~~~ ~.~~ ~~ 
External Trigger 
Not Used 
HIGH 
PASS 
LOW 
+ 5V (Not to be externally loaded) 
Common IIEEEI 
DCV 
ACV 
Ohms 
Not Used 
Not Used 

Fiau _ re 4-18 shows the equivalent circuit of each of the SIX 
output drivers. The outputs are open collector and can s~nn 
lOOmA each. Each output may be pulled up to a max~mwn 
of 20V through a suitable resistor or relay coil, which can 
then be used to control other equipment. 
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,101, When the END LINE key is pressed the second time, the er- 
ror message in Figure 4-19 lal is displayed for about one 
second. 

Figure 4-16. Simplified Schematic of Status OUtPUt 
Driver (One of 6) 

4.9 FRONT PANEL ERROR MESSAGES 

The process of programming the Model 192 involves the 
proper use of syntax. Syntax is defined as the orderly or 
systematic arrangement of programming commands or 
languages. The Model 192 must receive a valid command 
and proper syntax or it will ignore the command and display 
front panel error messages. 

Device-dependent commands are sent as a string of several 
characters. Some examples of valid command strings are: 

FlR4TlSlX Multiple command string. 
F2X Single command string. 
F2 X Space is ignored. 
Fl.OX Decimal point and any number following is 

ignored. 
R1234X Only first digit is used; the rest are ignored, 

Examples of invalid 
command strings are: 
HOX Invalid command; H is not a command. 
K5X Invalid command option. 5 is not an option 

of the K command. 

Figure 4-19 shows the front panel error messages used by 
the Model 192. The message in Figure 4-19 (a) and (b) are 
messages resulting from improper syntax. The message in 
Figure 4-19 (c) and (d) results from improper commands. 

IDDC Error: An Illegal Device-Dependent Command 
IIDDC) error will result when the Model 192 is sent an invalid 
command, such as VlX. This command is invalid because 
no such command letter exists in the instrument’s program- 
ming language. 

Programming Example: To demonstrate this point, enter 
the following statements into the HP-85 computer: 

REMOTE 708 (END LINE) 
OUTPUT 708; “VlX” (END LINE) 

la1 ILLEGAL DEVICE-DEPENDENT COMMAND 

pJm!q 
lb1 ILLEGAL COMMAND OPTION 

lc) COMMAND CONFLICT 

(d) NO REMOTE 

Figure 4-19. Front Panel Error Messages 

IDDCO Error: An Illegal Device-Dependent Command Op- 
tion (IDDCO) error occurs when the numeric parameter 
associated with the command is invalid. For example, the 
command R9X has an invalid option because the instrument 
has no range associated with that number. 

Programming Example: To demonstrate an IDDCO error, 
enter the following statements into the HP-85 computer: 

REMOTE 708 (END LINE) 
OUTPUT 708; “R9X” (END LINE) 

After the END LINE key is pressed the second time, the er- 
ror message in Figure 4-19 (b) is displayed for about one 
second. 

Conflict Error: Some commands or command options may 
result in conflicts between various operating modes. For ex- 
ample, the command R6X is valid command with the Ohms 
function, but it is invalid when used with the DCV and ACV 
functions, since no such range exist for those functions. If a 
conflicting command is sent, the instrument will display the 
error message shown in Figure 4-19(c) for one second. 

Programming Example: To demonstrate a conflict error, 
enter the following statements into the HP-85 computer: 

REMOTE 708 (END LINE) 
OUTPUT 708; “R6X” (END LINE) 

When the end line key is pressed the second time, the in- 
strument displays the message in Figure 4-19(c) for one 
second. 

No Remote Error: The instrument should normally be 
placed in the remote mode before programming. If 
programming is attempted without doing so, the error 
message in Figure 4-19(d) will be displayed. 
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Programming Example: To demonstrate a No Remote er- 
ror, enter the following statements into the HP-85 
computer: 

LOCAL 7 (END LINE) 
OUTPUT 708; “RlX” (END LINE) 

When the END LINE key is pressed the second time, the 
message in Figure 4-19(d) is displayed for one second. 

Each of the front panel error messages has a counterpart in 
the status byte. See paragraph 4.6 for information on which 
status byte bits are affected by command and syntax errors. 

4.10 CAPABILITY IDENTIFICATION CODES 

The capability identification codes are part of the 
IEEE-488-1978 standards. These codes define an instru- 
ment’s ability to support various interface functions, and 
should not be confused with programming commands 
shown elsewhere in this manual. 

Table 4-12 lists the capability codes for the Modal 192 with 
the Model 1923A interface installed. The numeric value 
following each one or two letter code designation defines 
Model 192 capabilities as follows: 

1. SH (Source Handshake Function)-The ability for the 
Model 192 to initiate the transfer of message/data on 
the data bus is provided by the SH function. 

2. AH (Acceptor Handshake Function)-The ability for the 
Model 192 to guarantee proper reception of 
message/data on the data bus is provided by the AH 
function. 

3. T (Talker Function)-The ability for the Model 192 to 
send device-dependent data over the bus (to other 
devices) is provided by the T function. 

4. L (Listener Function)-The ability for the Model 192 to 
receive device-dependent data over the bus (from other 
devices) is provided by the L function. Listener function 
capabilities of the Model 192 exist only when it (the 1921 
is addressed to listen. 

5. SR (Service Request Function)-The ability for the 
Model 192 to request service from the controller lin 
charge of the interface) is provided by the SR function. 

6. RL (Remote-Local Function).The ability for the Model 
192 to send information from a programmed or a 
manual configuration (remote or local configuration) is 
provided by the RL function. 

7. PP (Parallel Poll Function)-The Model 192 does not 
have parallel polling capabilities. 

8. DC (Device Clear Function)-The ability for the Model 
192 to be cleared (initialized) is provided by the DC 
function. 

9. DT (Device Trigger Function)-The ability for the Model 
192 to have its basic operation started (make a 
measurement) is provided by the DT function. 

10. C (Controller FunctionI-The Model 192 does not have 
controller capabilities. 

11. TE (Extended Talker Capabilities)-The Model 192 does 
not have extended talker capabilities. 

12. LE (Extended Listener Capabilities)-The Model 192 does 
not have extended listener capabilities. 

Table 4-12. Model 192 Capability Identiiication Codes 

Code 

SHl 
AH1 

T5 

L4 

SRl 
RLl 
PPO 
DC1 
DTl 

co 
El 

TEO 
LEO 

Interface Function 

Source Handshake Capabilitv 
Acceptor Handshake Capability 
Talker IBasic Talker, Serial Poll, Talk Only 
Mode, Unaddressed to Talk if Addressed to 
Listen) 
Listener (Basic Listener, Unaddressed to Lister 
if Addressed to Talk1 
Complete Service Request Capability 
Complete Remote/Local Capability 
No Parallel Poll Capability 
Complete Device Clear Capability 
Complete Device Trigger Capability 
No Controller Capability 
Open Collector Bus Drivers 
No Extended Talker Capabilitv 
No Extended Listener Capability 

4.11 CONTROLLER PROGRAMS 

The Model 192 is easily connected to a wide variety of 
system controllers through the Model 1923A interface. 
System instrument designs have been thoroughly checked 
out with a “umber of different controllers to ensure com- 
plete compatibility. 

Most of the programming functions throughout this manual 
use HP-85 examples. This section gives additional program- 
ming information for using the Model 192 with the following 
controllers: PET/CBM 2001, Apple II, HP 9825A, HP 
98458, TEK 4052, and DEC LSI 11. 

Each of the programs in this section is designed to be a sim- 
ple aid to the user, and is not intended to suit specific needs. 
More detailed programming information can be found 
throughout this manual. 

These programs display one reading at the controller ow 
put, which is usually a CRT display. The data format is an 
ASCII string with the form: 

NDCV + 000.0000E+O CR LF 
A note with each program indicates modifications to change 
the string into a numeric equivalent of the form: 

+ OOO.OOOOE + 00 
4.11.1 PETlCBM 2001 

The program below obtains one reading from the Model 192 
DMM and displays the reading on the PETiCBM 2001 
Series CRT screen. Do the following steps: 
1. Set switches on Model 192 to addressable mode. primary 

address 8. (See Section 3.1 
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2. Connect the Model 192 to PET/CBM 2001 IEEE Inter- 
face. 

3. Enter the following program using the RETURN key after 
each line is typed. (Type in line numbers.) 

4. Type RUN and depress the RETURN key. 
5. The CRT will read “TEST SETUP”. 
6. To program the Model 192 to the 2V range and take a 

reading, type in FOR2X and depress the RETURN key. 
7. The CRT will read NDCV=O.OOOOOOE 0 for “0” volts in. 

PROGRAM 
10 OPEN 6.8 

COMMENTS 
Open file 6, pnmary 
address 8. 

20 INPUT “TEST SETUP”: ES Enter programming 
command. (Example: 
2V DC range = FR2X.I 

30 PRINT#6,BS Output to the IEEE bus. 
40 INPUT#G,AS Read data from Model 

192 via IEEE bus. 
50 IF ST=2 THEN 40 If time out, input again. 
60 PRINT A$ Print data. 
70 GO TO 20 Repeat 

NOTE: If conversion to numeric 

30 PR#3 

40 PRINT “@I:” 
50 PRINT ” “:BS:” ” 

60 PRINT “@?;@H:” 
70 PR#O 
80 INPUT AS 

90 IN#O 
100 GO TO 20 

Set to 110 IEEE Inter- 
face. 
Primary address 8. 
Text mode; to output 
BS. 
Talk 
Set I/O to CRT. 
Input to CRT from IEEE 
bus. 

-Set I/O to keyboard 
Repeat 

NOTE: If conversion to numeric 
variable is desired, add the 
following: 

82 A=VAL(MIDS(AS,5,15)) 

84 PRINT A 

4.11.3 HP 9825A 

Convert string to 
numeric value. 

The program below obtains one reading from the Model 192 
and displays the reading on the HP 9825A using a 98034A 
HPIB Interface and a 9872A extended I/O ROM. Do the 
following steps: 

variable is desired, omit line 7 
and type the following: 
70 A=VAL (MIDS(AS.5.16)) Convert string to 1. 

numeric value. 
Set switches on the Model 192 to addressable mode, 
primary address 8. (See Section 3.) 
Connect the Model 192 to HP 9825A and 98034A HPIB 
Interface. 
Enter the following program, using the STORE key after 
each line is typed. Line numbers are automatically 
assigned by the 9825A. 
Depress the RUN key. 
The display will read “TEST SETUP”. 
To program the Model 192 to the 2V range and take a 
reading, type in FORZX and depress the CONT key. 
(Note: F=function; 0= DC volts; R=range; 2=2VDC 
range; F,R,X must be capital letters). 
Printer will read NDCV+O.OOOOOOE 0 for “0” volts in. 

80 PRINT “A=“:A 
90 GO TO 20 

4.112 APPLE II 

Repeat 
2. 

3. 

The following program obtains one reading from’the Model 
192 and displays the reading on the APPLE II CRT screen, 

4, 

using a California Computer Systems IEEE Interface. Other 5. 

interfaces may require different programming, Do the 6. 
following steps: 

1. Set switches on Model 192 to the addressable mode. 
primary address 8. (See Section 3.) 
2. Connect the Model 192 to APPLE II and California Corn- 7. 

puter Systems IEEE Interface. 
3. Enter the program below using the RETURN key after 

each line is typed. (Type in line numbers.) 
4. Type in RUN and depress RETURN key. 
5. The CRT will read “TEST SETUP.” 
6. To program the Model 192 to the 2V range and take a 

reading, type in FOR2X and depress the RETURN key. 
7. The CRT will read NDCV+O.OOOOOOE 0 for “0” volts in. 

PROGRAM 
10 DIM AS(20l. B$(20) 

15 PRINT “TEST SETUP”; 
20 INPUT BS 

COMMENTS 
To dimension data str- 
ing. 

Enter programming 
Command. IExample: 
2VDC Range = 
FOR2X.j 

PROGRAM 
0 dim ASL201, BS[201 

1 dev “192”. 708 
2 rem “192” 
3 ent “TEST SETUP”, A$ 

4 wrt “192” A$ 

5 red “192” BS 

6 prt BS 

7 gto 3 

COMMENTS 
To dimension data 
string. 
Define Model 192 DMM. 
Set to remote. 
Enter programming 
command. (Example: 
2VDC range = FOR2X.j 
Output program com- 
mand to Model 192 via 
IEEE bus. 
Read data from Model 
192 via IEEE bus. 
Print data on hard copy 
printer. 
Repeat 
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NOTE: If conversion to 
numeric variable is desired, 
omit lines 6 and 7 and 
substitute: 
6 “e” B$113.131: flt5 Convert to numeric 

7 prt valIBSI51) 
8 gto 3 

value. 

Repeat 

4.11.4 HP 98458 

The following program obtains one reading from the Model 
192 and displays the reading on the HP 98458 CRT screen 
using a 98034A HPIB Interface and an I/O PROM. Do the 
following: 

1. Set switches on the Model 192 to addressable mode, 
primary address 8. (See Section 3.1 

2. Connect the Model 192 to HP 98458 and 98034A Inter- 
face. 

3. Enter the following program using the STORE key after 
each line is typed. 

4. Depress the RUN key. 

5. The display will read “TEST SETUP” in the lower left 
corner. 

6. To program the Model 192 to the 2V range and take a 
reading, type in FOR2X and depress the CONT key. 

7. Display will read NDCV + O.OOOOOOE 0 for “0” volts in. 

PROGRAM 

10 DIM AS[201, BS[201 

COMMENTS 
To dimension data 

20 E192=708 

30 INPUT “TEST SETUP”, B$ 

string. 
Define Model 192 

40 OUTPUT E192; BS 

50 ENTER E192; AS 

60 PRINT AS 

70 GO TO 30 

NOTE: If conversion to 
numeric variable is desired, 
omit line 60 and substitute: 

60 PRINT VAL lAS[5;91) 

70 GO TO 30 

4.11.5 TEK 4052 

DMM. 
Enter programming 
command (Example: 
2VDC range= FOR2X.I 
Ouput program com- 
mand to Model 192 via 
IEEE bus. 
Read data from Model 
192 via IEEE bus. 
Print data on 98458 
CRT. 
Repeat 

Convert string to 
numeric value. 
Repeat 

The following program obtains one reading from the Model 
192 and displays the reading on the TEX 4052 graphics ter- 
minal, with an 4051 GPIB Interface. Do the following: 

1. Set switch on the Model 192 to the addressable mode, 
primary switch address 8. (See Section 3.) 

2. Connect the Model 192 to TEK 4051 IEEE Interface. 

3. Enter the program below using the RETURN key after 
each line is typed. 

4. Type in RUN. 
5. The diplay will read “TEST SETUP”. 
6. To program the Model 192 to the 2V range and take a 

reading, type in FOR2X and depress the RETURN key. 
7. Display will read NDCV+O.OOOOOOE 0 for “0” volts in. 

PROGRAM COMMENTS 
5 PRINT @ 37. 0: 10. 255, 13 

10 PRINT “TES? SETUP” Prompt for the test 
setup. 

20 INPUT AS 
30 PRINT @8: AS 
40 INPUT 56 8: BS 

Program the 192 DMM. 
Get the data from the 
Model 192 DMM. 

50 PRINT BS 
60 GO TO 10 Repeat 

NOTE: If conversion to 
numeric value is needed, 
change 40 and 60 to: 
40 INPUT % 8: A 
50 PRINT A 
4.11.6 DEC LSI 11 

The following program obtains one reading from the Model 
192 and displays the reading on the DEC LSI 11 micro- 
computer CRT terminal. The LSI 11 must be hardware cow 
figured with 16k words of RAM and an IBV 11 IEEE lntw 
face. The software must be configured with IEI software as 
well as Fortran and the RT 11 operating system. Do the 
following: 

1. Set switches on the Model 192 to addressable mode, 
primary address 8. (See Section 3.1 

2. Connect the Model 192 to the IBV 11 IEEE cable. 

3. Enter the program below, using the editor under RT 11 
and the name IPHILD. 

4. Compile using the fortran complier as follows: 
FORTRAN IPHILD 

5. Link with the system and IB Libraries as follows: 
LINK IPHILD, IBLIB 

6. Type RUN IPHILD and depress the RETURN key. 
7. The display will read “TEST SETUP”. 
8. To program the Model 192 to the 2V range and take a 

reading, type in FOR2X and depress RETURN key. 
9. Display will read NDCV + O.OOOOOOE 0 for “0” volts in. 

PROGRAM IPHILD COMMENTS 
INTEGER “2 PRIARDR 
LOGICAL ‘1 MSG(801, INPUTW) 

DO21=1.10 
CALL IBSiER (I,01 !Turn Off IB 

errors 
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2 CONTINUE 
CALL IBSTER (15.5) IAllow 5 error 

15’S 
CALL IBTIMO (120) !Allow 1 sec. 

bus timeout. 
CALL IBTERM (“10) !Set LF as ter- 

minator. 
CALL IBREN !Turn remote 

on. 
4 TYPE 5 
5 FORMAT (lX,‘ENTER ADDRESS’,S) llnput the 

address 8. 
ACCEPT 10, PRIADR 

10 FORMAT (2141 
12 TYPE 15 
15 FORMAT (lX,‘TEST SETUP’,S) !Prompt for the 

test setup. 
CALL GESTER (5.MSG.72) !Get the test 

setup. 
CALL IBSEOI (MSG.-l, PRIADRI IProgram the 

192. 
18 I = IBRECV (INPUT.80,PRIADR) IGet the data 

from the 192. 
INPUT (l+l)=O 
CALL PUTSER I7,lNPUT,‘O’) 
CALL IBUNT IUntalk the 192. 
GO TO 12 ! Repeat 
END 

4.12 READING RATES 

The maximum throughput of the Model 192 depends on the 
maximum readings rate of each mode of operation as des- 
cribed in the following: 

4.12.1 Bus Rates 

Continuous Modes: In the continuous modes, each read- 
ing is broken up into four phases, Nl, N2, N3, and N4. The 
Nl is the signal integration phase, while N2 through N4 are 
auto cal phases. Figure 4-20 shows one phase of the reading 
cycle for 4%. 5%. and 6% digit modes with WO enabled. 
Table 4-13 shows the reading rates for the various S-modes. 

Table 4-13. System Reading Rates 

S Mode 

so 

Sl 

s2 
s3 
s4 
s5 
S6 
s7 
S8 

Display Integration 
Resolution Period 

4% 4.4ms 
5% 16.66ms* 
5% 16.66ms* 
5% 16.66ms” 
5% 16.66ms* 
6% 1OOms 
6% looms 
6% 1OOms 
6% 1OOms 

*At 60Hz line frequency. 

F 

I 

Readings 
‘er Secorl 

14 
a* 
8* 
8* 
8” 
2 
2 
2 
2 

PER :Ls, 
READING RATE= 1114x 181= 14rddsec 

(a) 4X DIGITS AND WO ENABLED 

c 

“” .” 

READlNG RATE= l/,4 x30.26,=8rdg/sec 

(b) 5% DIGITS AND WO ENABLED 

(c) 6% D,G,TS AND WO ENABLED “’ S’“Q” ““’ P”“‘o” 

Figure 4-20. Continuous Reading Cycles 

One-Shot Modes: Figure 4-21 shows one cycle of opera- 
tion for a one-shot trigger with the SO rate mode. 
Fastest Rate: The fastest rate occurs under the following 
conditions: 
1. Buffer mode set to Ql (Buffer on) 
2. SO rate mode selected (4% digits, 4.4ms integration) 
3. Continuous trigger modes. 

Under these conditions, the buffer will fill at a rate of 33 
readings per second. 

4-22 



*At 60Hz. 

4.12.2 Bench Rates 

Reading rates for the bench mode of operation are shown in 
Table 4.14. Also shown are the equivalent S-modes that 
correspond to each rate. 

Figure 4-21. One-Shot Reading Cycle (SO Mode) 

Table 4-14. Bench Reading Rates 

pigit qesolution 
-~---- 

Integration 
Period 

lms) 

2 :i tF2) 100 
2 (F3) 100 

8” 52 IF21 100 
8” s4 (F3) 100 

3 s2 (F2) 100 
3 54 ( F3) 100 
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SECTION 5 
IEEE COMMAND FLOW CHARTS 

5.1 INTRODUCTION 

This section describes what happens when the Model 192 
receives various commands across the IEEE-488 bus (DCL. 
IFC, REN, etc.). Each command listed is accompanied with 
a flow chart and a brief description of the command. 

Programming the Modal 192 across the IEEE bus requires 
the installation of the IEEE interface option (Model 1923 or 
1923A). The interface connects the internal computer of the 
Model 192 with the IEEE bus. 

5.2 DCL-DEVICE CLEAR 

Device Clear simultaneously clears all instruments capable 
of responding to a DCL command by returning the instru- 
ments to their initialized states (see Figure 5-11. 

The start of the DCL command causes the 68488 GPIA to 
interrupt the Model 192’s microprocessor. Then the pro- 
grammable parameters are set to the default conditions 
(refer to Table 4-2). After the parameters are set for default 
they are then set for the next conversion. If the Model 192 is 
not in one of the trigger modes fT1, T3 or T5) the sequence 
transfers to the Auto Cal routine. Otherwise the Model 192 
does an A/D conversion and calculates the reading. If the 
bus requests data, the reading is then transferred to the bus 
and then to the display. Otherwise, the reading is sent 
directly to the display. After the reading is displayed the 
Model 192 does the Auto Cal routine and sets the para- 
meters for the next conversion. 

5.3 IFC-INTERFACE CLEAR 

Interface Clear simultaneously disables the addressable 
functions of all instruments capable of responding to an IFC 
command by placing the Model 192 into a talk/listen idle 
state (see Figure 5-21. 

NOTE 
The IFC command only excludes the Model 192 
from responding to an addressable command. 
All other previously programmed functions are 
unaffected. 

At the start of the IFC command the controller places “IFC” 
on the bus. The talk and listen bits in the GPIA register are 
cleared and the front panel LEDs for TALK and LISTEN are 
turned off. The parameters are set for the next conversion 
and the Model 192 does an AID conversion and calculates 
the reading. The reading is transferred to the display and 
then the Auto Cal routine takes place. After the Auto Cal 
routine the parameters are once again set for the next 

Figure 5-1. DCL Command 

5.4 REN-REMOTE ENABLE 

Remote Enable simultaneously enables the remote program- 
ming function of all instruments capable of responding to a 
REN command (see Figure 5-3). 

NOTE 
All other previously programmed functions of 
the Model 192 are unaffected. 
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TALK BITS IN 
REGISTER IN 

TURN.OFF FRONT TURN.OFF FRONT 
PANEL LISTEN PANEL LISTEN 

TURN OFF FRONT 
PANEL TALK LIGHT 

1 D”kE2L 1 
Figure 5-2. IFC Command 

At the start of the REN command the controller places 
“REN” on the bus. The remote bits in the GPIA register and 
the remote flag are set. The REMOTE LED on the front 
panel is turned on and the parameters are set for the next 
conversion. The Model 192 does an A/D conversion and 
calculates the reading. If the bus requests data, then the 
reading is transferred to the bus and then to the display. 
Otherwise, the reading is sent directly to the display. After 
the reading is displayed the Model 192 does the Auto Cal 
routine and sets the parameters for the next conversion. 

ATSTARTTHE 
CONTROLLER PLACES 
“REN” ON THE avs 

IN REGLSTER IN 

. 
r I 

OUTPUT REAONG 
TO DSPLAY 

33 AVTO CAL 
ROUTINE 

Figure 5-3. REN Command 

5.5 SPE-SERIAL POLL ENABLE 

Serial Poll Enable simultaneously places all instruments that 
are capable of serial polling into the serial poll mode (see 
Figure 5-4). SPE is used to learn the status of all instruments 
on the bus. Once in the serial poll mode, the controller ad- 
dresses each instrument, When an instrument receives its 
Talk address, its status is placed on the bus. The controller 
continues addressing and collecting status from other in- 
struments on the bus. When status is collected from all the 
instruments the controller places “SPD” on the bus. SPD 
(Serial Poll Disable) simultaneously disables the serial poll 
function from all instruments. 
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At the start of the SPE command the controller places 
“SPE” on the bus and addresses the Model 192 to talk. The 
Model 192 gets a Serial Poll Active State (SPAS) interrupt 
and places status data onto the bus. The completed hand- 
shake clears the SPAS in the Model 192. Then the controller 
outputs SPD to take the Model 192 out of the serial poll 
mode and back to previous operation. 

ATSTARTTHE 
CONTROLLER PLACES 
“SPE” ON THE BUS 

COMPLETED 
HANDSHAKE CLEARS 

SPAS IN 192 

I BACK TO PREVIOUS 
OPERATION 

Figure 5-4. SPE Command 

5.6 UNL-UNLISTEN 

Unlisten removes all addressed listeners from the bus (see 
Figure 5-5). 

NOTE 
UNL programs the Model 192 to the listener 
idle state. All other previously programmed 
functions are unaffected. 

At the start of the UNL command the controller places UNL 
on the bus. The listen bits of the GPIA register are cleared 
and the front panel LISTEN LED is turned on. The para- 
meters are set for the next conversion. The Model 192 does 

an A/D conversion and calculates the reading. The reading 
is transferred to the display and then the Auto Cal routine 
takes place. After the Auto Cal routine, the parameters are 
once again set for the next conversion. 

ATSTARTTHE 
CONTROLLER PLACES 
“UNL” ON THE BUS 

CLEARS LISTEN BITS 
IN REGISTER IN 

68488 GPIA 

TURN OFF FRONT TURN OFF FRONT 

i i 

PANEL LISTEN LIGHT PANEL LISTEN LIGHT 

CONVERSION 

AND CALCULATE 

OUTPUT READING 
TO DISPLAY 

DO AUTO CAL 

I I 

Figure 5-5. UNL Command 

5.7 UNT-UNTALK 

Untalk removes all addressed “Talkers” from the bus (see 
Figure 5-6). 

NOTE 
UNT only excludes the Model 192 from re- 
sponding to a talk command. All other 
previously programmed functions are 
unaffected. 
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At the start of the UNT command the controller places UNT 
on the bus. The talk bits of the GPIA register are cleared and 
the front panel TALK LED is turned on. The parameters are 
set for the next conversion. The Model 192 does an AID 
conversion and calculates the reading. The reading is trans- 
ferred to the display and than the Auto Cal routine takes 
place. After the Auto Cal routine the parameters are once 
again set for the next conversion. 

1 D”RAOUUF ] 
Figure 5-6. UNT Command 

5.8 GET-GROUP EXECUTE TRIGGER 

Group Execute Trigger triggers one or more devices 
specified as listeners to function simultaneously (see Figure 
5-7). 

NOTE 

The Model 192 remains in the GET loop until it 
is reprogrammed. 

At the start the GET command causes the GPIA to interrupt 
the Model 192’s microprocessor stopping the present con- 
version. The parameters are set for the next conversion and 
Model 192 does an A/D conversion and than calculates the 
reading. The reading is stored in the buffer and if the bus re- 

quests data, the reading is than transferred directly to the 
bus and then to the display, otherwise, the reading is sent 
directly to the display. After the reading is displayed the 
Auto Cal routine takes place and the parameters are set for 
the next conversion. 

AT START THE “GET” 
COMMAND CAUSES 
THE 68488 CHIP 
TO ,NTERR”PT THE 
,S2:S PROCESSOR 

SET PARAMETERS 

CONVERSION 

OUTPUT DATA 
TO IEEE BUS 

OVTPUT READING 
TO DISPLAY 

-IT&-l 
I I 

Figure 5-7. GET Command 

5.9 GTL-GO TO LOCAL 

Go To Local allows the user to return control of an instru- 
ment to front panel controls. (see Figure 5-E). 

NOTE 
GTL only excludes the Model 192 from remote 
programming. All other previously pro- 
grammed functions are unaffected. 
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At the start of the GTL command the controller places GTL 
on the bus. The remote bits in the GPIA are cleared and so is 
the remote flag. The front panel controls are returned to 
local operation and the REMOTE LED is turned off. This 
ends the GTL command. 

ATSTARTTHE 
CONTROLLER PLACES 
“GTL” ON THE BUS 

CLEARS REMOTE 

TURN OFF FRONT 
PANEL REN LIGHT 

Figure 5-8. GTL Command 

5.10 SDC-SELECTIVE DEVICE CLEAR 

Selective Device Clear command clears a single addressed 
instrument. The Modal 192 is then returned to the default 
conditions in Table 4-2. lsee Figure 5-91. 

At the start, the SDC command causes the GPIA to inter- 

AT START THE SDC 
START COMAND CAUSES THE 

S8488 GPIA TO 
!NTERRUPT THE 197s 
PRDCESSDR 

8 

ET PROGRAMMABLE 
PARAMETERS TO 
DEFAVLT STATE 

I I 

Figure 5-9. SDC Command 
rupt the Modal 192’s microprocessor. Then the program- 
mhble parameters are sat to the default conditions and then 

5.11 DEVICE-DEPENDENT COMMANDS 

for the next conversion. If there is no trigger command then 
the sequence is sent directly to the Auto Cal routine. Other- 
wise, the Model 192 does an AID conversion and calculates 
the reading. The reading is stored in the buffer. If the bus re- 
quests data, the reading is then transferred to the bus and 
then to the display. Otherwise, the reading is sent directly to 
the display. After the reading is displayed the Model 192 
does the Auto Cal routine and sets the parameters for the 
next conversion. 

Device-dependent command group are instrument pro- 
gramming commands. Commands within this group are 
specified by the instruments. All device-dependent com- 
mands must be followed by a terminator (XI to be executed 
by the Model 192 (sea Figure 5-10). 

At the start, the device-dependent command causes the 
GPIA to interrupt the Model 192 by stopping the present 
conversion. The temporary register is then updated and if 
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Figure 5-10. Device-Dependent Commands 

the X terminator has not been received the sequence is sent 
to the Auto Cal idle loop. Otherwise, the machine status 
register is updated along with the temporary register. The 
parameters are then set for the next conversion and if there 
is no trigger command the sequence is sent directly to the 
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Auto Cal routine. Otherwise, the Model 192 does an A/D 
conversion and calculates the reading. If the bus requests 
data, the reading then is transferred to the bus and then to 
the display. Otherwise, the reading is sent directly to the 
display. After the reading is displayed, the Model 192 does 
the Auto Cal routine and sets the parameters for the next 
conversion. 

5.12 WAIT COMMANDS-W0 OR Wl 

The Wait commands program settling time. 
WO: Do Not Wait 
WI: 10msec. 

Figure 6-11. Wait Commands 



At the start, the wait command causes the GPIA to interrupt 
the Model 192 by stopping the present conversion. The 
temporary register is then updated and if the X terminator 
has not been received, the sequence is sent to the Auto Cal 
idle loop. Otherwise, the machine status register is updated 
along with the temporary register. The parameters are then 
set for the next conversion and if there is no trigger com- 
mand the sequence is sent directly to the Auto Cal routine. 
Otherwise, if it is in the wait mode (Wl) the sequence is sent 
to the wait delay routine. With no wait mode (WOj the 
Model 192 does an AID conversion and calculates the 
reading. The reading is stored in the buffer and if the bus re- 
quests data, the reading is then transferred to the bus. 
Otherwise, the reading is sent directly to the display. After 
the reading is displayed the Model 192 does the Auto Cal 
routine and sets the parameters for the next conversion. 

5.13 SERIAL POLL 

The serial poll sequence is shown in Figure 5-12. At the start 
of the serial poll, the controller has a current status byte. 
The error flag sends the sequence to one of two branches. 
The branches sequentially determine if the binary number is 
0, 1, 2, or 3, and then takes the appropriate action as shown 
in Figure 5-12. 

Figure 5-12. Serial Poll 
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SECTION 6 
THEORY OF OPERATION 

6.1 INTRODUCTION 

This section contains a basic block diagram along with cir- 
cuit descriptions for the Models 1923 and 1923A. The 
IEEE-488 interface option enables the Model 192 to be in- 
corporated into a measurement qstem that utilizes pro- 
grammed control through the IEEE-488 bus. Explanation of 
the complicated software is beyond the scope of this 
section. 

6.2 CIRCUIT DESCRIPTION 

The entire IEEE-488 interface circuitry is located on a single 
PCB (PC-561/Schematic 30977D or PC-5711Schematic 
31441D). A block diagram of the Models 1923 and 1923A is 
shown in Figure 6-l. The heart of the IEEE option is the 
General Purpose Interface Adapter (GPIA) U404. The GPIA 
is capable of performing all IEEE Talker/Listener protocols. 
The bidirectional data lines DO through D7 permit the trans- 
fer of data between the microprocessor and the GPIA. The 
three state IEEE bus buffers U406 and U407 are used to 
drive the output. Data is buffered by U406 and U407 and is 
transmitted to the bus via connector J1020. 

The primary address switches (S4011 select the primary 
address, and permit selection of 31 primary Talker/Listener 
address pairs. To address the Model 192 the controller must 
send the primary address of the Model 192. The’factory set 
primary address of the Model 192 is eight (01000). The 
microprocessor reads the primary address from S401 and 
then knows which Talker/Listener address to assign the 
GPIA (lJ404) and thus the Model 192. 

NOTE 
The primary address is updated only upon 
power-up. 

This section is accessed with the address switch enable 
IASE) signal. The ASE signal is derived from the GPIA 
(U4041 and enables the three state buffer U405. Enabling 
U405 places the address on the data bus (DO-D4 and D71. 

The status output (Digital Control Output) is available via 
connector J1021. Peripheral data from the peripheral inter- 
face adapter (PIA) U132 via PBO, PBl and PB2 is inputted 
serially to U402 via CLK and data lines. When PBl sends the 
strobe pulse, U402 shifts the received data into U401 which 
drives the output lines (1Y-7Y). 

6.3 MODEL 1923 AND 1923A DIFFERENCES 

Differences between the Models 1923 and 1923A have to 
do with the external trigger line and EPROM U403. The dif~ 
ferences are as follows: 

1. The Model 1923A has an external trigger line (pin 4, 
PlOlO) running to the Model 192 mother board: 
whereas, the Model 1923 does not have an external trig- 
ger line. 

2. The Model 192 mother board (Rev. E and above) has the 
necessary ROM to accomodate the IEEE option. Them 
fore, U403 of the IEEE option is not needed on the Model 
192 Rev. E and above mother board. 

6-l 



EPROM >- 

FROM U-132 

u402 
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u401 

lllllll 

ASE 

B 
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0 

ADDRESS DATA 

MEMORY 
u403 

11923 ONLY) 

1 
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SECTION 7 
MAINTENANCE 

7.1 INTRODUCTION 

This section contains information necessary to maintain the 
Model 1923A. Installation procedures, troubleshooting 
information and instructions concerning care in handling 
static sensitive devices are included. 

7.2 INSTALLATION 

The Model 1923A is field installable. To install the Model 
1923A into a Model 192 use the following procedure: 

WARNING 
All service information is intended for qualified 
electronic maintenance personnel only. 

1. Remove the top cover. 

WARNING 

To prevent a shock hazard, remove the line 
cord and all test leads from the instrument 
before removing the top cover. 

2. Remove the IEEE option cover (30821A). 
3. Install the two male/female standoffs (ST-146.2) onto 

the mother board (PC-5591. See Figure 8-l. 
4. Plug the cable of the Model 1923A onto the mother board 

connector (JlOlO). Align pin 1 of the mother board con- 
nector to pin 1 (red wire) of the cable. 

5. Place the Model 1923A on the two supporting 
male/female standoffs while inserting it into the ap- 
propriate openings in the rear panel. Make sure the status 
output connector is not shorted to the rear panel. 

6. Install the two phillips head screws through the Model 
1923A PC Board and onto the two supporting standoffs 
(see Figure E-2). 

7. Install the two type ‘T’ self threading screws onto the 
IEEE-488 interface connector as shown in Figure 8-2. 

8. Reinstall the top cover. 

7.3 SPECIAL HANDLING OF STATIC SENSITIVE 
DEVICES 

MOS devices are designed to function at high impedance 
levels. Normal static charge can destroy these devices. 
Table 7-l lists all the static sensitive devices for the Model 
1923A. Steps 1 through 7 provide instructions on how to 
avoid damaging these devices. 

Table 7-l. Model 1923 Static Sensitive Devices 

Reference Keithley 
Designation Part Number 

~~~ ‘~~~-3’:: ~ : 

u403 Prowl 12.C4 
u404 LSI-14 

1. Devices should be handled and transported in protective 
containers, antistatic tubes or conductive foam. 

2. Use a properly grounded work bench and a grounding 
wriststrap. 

3. Handle device by the body only. 
4. PC& must be grounded to bench while inserting 

devices. 
5. Use antistatic solder suckers. 
6. Use grounded tip soldering irons. 
7. After devices are soldered or inserted into sockets they 

are protected and normal handling can resume. 

7.4 TROUBLESHOOTING 

Problems related to the Model 1923/1923A may be 
detected by observing the TALK, LISTEN and REMOTE in- 
dicators during operation. If error readings are observed. 
remove the top cover and unplug the Model 1923/1923A 
from the mother board. If the error is no longer present then 
the option is at fault. 

Due to the simplicity of the IEEE option direct IC replace- 
ment is recommended. If the problem cannot be isolated 
return the option to the factory. Table 7-2 lists spme basic 
checks to assist in troubleshooting the Model 192311923A. 

Table 7-2. Model 1923/1923A Troubleshooting 

Step Item/Component Required Condition Remarks 

1 PlOlO, pin 1 (+5V) +5v *lo% + 5V Digital 
referenced to pin 33 (Corn) 

2 5401 (all) In the “1” position the switch Primary Address 
reads + 5V * 10% 

3 U404 pin 6 (02) 1 MHz square wave at OV to 5V Clock to U404 
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SECTION 8 
REPLACEABLE PARTS 

8.1 INTRODUCTION 

This section contains replacement parts information, 
schematic diagrams and component location drawings for 
the Model 1923A. 

8.2 PARTS LIST 

The electrical parts are listed in Table 8-l in alphabetical 
order of their circuit designations. U406 and U407 bus 
transceivers are listed separately for the Model 1923A-1 
(PC-5711 and the Model 1923A-2 (PC-5611. The remaining 
parts are common to both models and are listed together. 
Figure 8-l and 8-2 show the pertinent mechanical parts. 

8.3 ORDERING INFORMATION 

To place an order, or to obtain information concerning 
replacement parts, contact your Keithley representative or 
the factory. See the inside front cover for addresses. When 
ordering include the following information: 
I. Instrument Model Number 
2. Instrument Serial Number 
3. Part Description 
4. Circuit Description (if applicable) 
5. Keithley Part Number 

* Remove IEEE option cover 

8.4 FACTORY SERVICE 

If the instrument is to be returned to the factory for service. 
please complete the service form which follows this section 
and return it with the instrument. 

8.5 SCHEMATIC DIAGRAMS AND COMPONENT 
LOCATION DRAWINGS 

Schematic diagrams and component location drawings 
follow the replaceable parts list information contained in this 
section. The drawinas are listed as follows: 

Figure 8-3-Component location drawing for Model 
1923A-1 (PC-571). 

Figure 8-4-Component location drawing for Model 
1923A-2 (PC-5611. 

Figure 8-5-Schematic diagram for Model 1923A-1 
(PC-571). 
Figure 8.6-Schematic diagram for Model 1923A~2 
(PC-561). 

*" Make sure pin 1 of the cable IPlOlOl 
is connected to pin 1 of the connector 
CJlOlO). 

Figure 6.1. Model 1923A Hardware 

8-l 



PP 

Figure 8-2. Model 1923A Installation 
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Table 8-l. Replaceable Parts PC-561 and PC-571 

Circuit Location Keithley 
Desig. Description Sch. Pcb. Part No. 

Keithley Internal P/N 1923-1 
PC-571 for use with T.I. 
IEEE IC's only. 

J406 
u407 

Bus Transceiver, 75160A F3 E2 IC-298 
Bus Transceiver 75161A F2 F3 IC-299 

Keithley Internal P/N 1923-2 
PC-561 for use with Motorola 
IEEE IC's only. 

U406 Bus Transceiver, MC3447 F3 E2 IC-229 
u407 Bus Transceiver, MC3447 F2 F3 IC-229 

Parts common to both Schematic PC561/ 
PC-571 or PC-561 30977/31441 PC571 

c403 .lPF, 50V. CerF F4/Fl F2/F3 C-237-.1 
c405 .li,F, 5OV, CerF El/El D3/D3 C-237-.1 
C406 .lPF, 5OV, CerF Fl/F4 F2/F2 C-237-.1 
c407 .lPF, 5OV, CerF A3lA3 D3/D3 c-237-.1 

51020 Connector G /G E4/E4 CS-377 

PlOlO Cable Assembly 1 I1 B2/B2 CA-12-l 

R401 Thick Film SEV/SEV D3/D3 TF-99 

s401 Switch Dip E5/E5 D3/D3 SW-377 

u401 Darlington Array, ULN2003A B4/B4 c3/c3 IC-206 
U402 Hex 3 State Buffer 74LS367 B3/B3 D3/D3 IC-251 
u403* PROM SEV/SEV D2/D2 PRO-112-C4 
u404 GPIA, 68488 E2/E2 E2/E2 LSI-14 
u405 Hex 3 State Buffer 74LS367 D4/D4 E3/E3 IC-161 

* Present on Model 1923 only. 
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Figure 8-4. Model 1923A-2, PC-561, Component 
Location Drawing, Dwg. No. 30841 
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Figure 8-6. Model 1923A-2. Schematic Diagram, 
Dwg. No. 30977 
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Addendum 
32424-A-2 

4185 

Instruction Manual Addendum 
Model 1923A IEEE-488 Interface 

The following change information is supplied as a supplement to the manual in order to provide th<, 
user with the latest improvements and corrections in the least possible time. It is recommended th.lt 
this information be incorporated into the appropriate places in the manual immediately. 

Replace the component location drawings (Figures 8-3 and 8-4) and schematic diagrams (Figures X-i 
and 8-6), located at the end of the Model 1923A Instruction Manual, with the following new compo 
nent layout and schematic diagram: 
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SERVICE FORM 

Model No. 

Name 

Serial No. 

Company 

Address 

City State 

List all control settings and describe problem. 

P.O. No. Date 

~ Phone 

- 

-Zip-~--~ 

(Attach additional sheets as necessary.) 

Show a block diagram of your measurement system including all instruments connected (whether power 
is turned on or not). Also describe signal source. 

Where is the measurement being performed? (facton/, controlled laboratory, out-of-doors, etc.) 

What power line voltage is used? Variation? 

Frequency? Ambient Temperature? 

Variation? OF. Rel. Humidity? Other? 

OF. 

Any additional information. (If special modifications have been made by the user, please describe below.) 

‘Be sure to include your name and phone number on this service form. 
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