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SLOT NUMBER 

REAR V I E W  OF 3 4 9 7 A  
W I T H  REAR COVER REMOVED 

COMPONENT 

ACTUATOR T E R M I N A L  
CARD CARD 

/ 
SLOT NUMBER 

FOR I S T  3 4 9 8 A  ONLY. 2ND 3 4 9 8 A  
HAS SLOT * 2 0 - 2 9 ,  ETC.  

4 r 

COMPONENT 
S I D E  

r 

ACTUATOR T E R M I N A L  
CARD CARD 

Figure 60. Installing Plug-In Assemblies (Example) 

LOCKING - 
KEY 

TO USER 
SYSTEM 
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INSTALLATION 

This part of the chapter shows how to connect the 3497A to an HP-IB bus and pro- 
vides guidelines for designing an HP-IB system. This information applies only to 

3497As with HP-IB capability. See RS232C Installation or RS4491423 Installation 
for a 3497A with RS232C or RS 4491423 capability. 

MOTE 

The Hewlett-Packard Interface Bus (HP-15) is the Hewlett- 
Packard implementation of /EEE Standard 488- 19 78, "Stan- 
dard Digital Interface for Programmable Instrumentation" and 
ANSI Standard MC 1. 1.  

Configuring the HP-IB 

As factory configured, the 3497A is set for HP-IB address 09, TALK ONLY mode 
disabled and no POWER ON SRQ capability. If your operation requires a different ad- 
dress for the 3497A or if you need to set power-on interrupt (SRQ) or set the 3497A 
for TALK ONLY mode, see Changing HP-IB Addresses in the MAINFRAME CON- 
FIGURATION part of this chapter before connecting the 3497A to  the HP-IB inter- 
face bus. 

After you have set the HP-IB address, TALK ONLY and POWER ON SRQ ENABLE 
switches as required for your operation, the next step is t o  connect the 3497A to 
the HP-IB. To do this, first decide how many instruments are going to be on the bus 
and their locations. 

A total of 15 HP-IB compatible instruments can be connected to  the bus. HP-IB 
cables have identical "piggy-back" connectors on both ends so that several cables 
can be connected to  a single source. A typical HP-IB system interconnection and 
sample system setup is shown in Figure 61. 

A good rule to  follow is not t o  stack more than t w o  cables on any one connector. 
If the stack is too large, any force on the stack can break connectors and affect HP- 
IB operation. 

For best HP-IB performance, total cable length for the system must be less than or 
equal t o  20  meters (65 feet). Total cable length must be less than or equal t o  2 
meters (6  feet) times the total number of devices connected to the HP-IB (i.e., 4 

0 
meters total for 2 instruments). 
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H P - I B  
B U S  C O M P A T I B L E  

D E V I C E S  

D E V I C E  I- 
D E V I C E  m 

u 
H E W L E T T  

0 P A C K A R D  

0 
I N T E R F A C E  

B U S  

I D E V I C E  1- 

--- - 
A V A I L A B L E  
COMPUTER 

P E R I P H E R A L S  

- 1 P E R I P H E R A L  I 
T 

, 1 P E R I P H E R A L  I 
I I 

1 4  COMPUTER 

Figure 61. Typical HP-IB System Interconnection 3054A-2-1  
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HP-IB Worksheet 

As you are setting up your HP-IB system, you may want to  use the HP-IB Worksheet 
shown t o  record the capability of each of the devices on your system. In the 

worksheet shown, the capabilities o f  the 3497A are already filled in. Refer t o  your 
controller manual(s) and device manuals for their bus message capabilities. When this 
worksheet is filled out, you'll have a permanent record of  the device capabilities of 
your HP-IB system. 

( HP-IB WORKSHEET ( 

S = SEND ONLY R = RECEIVE ONLY S&R = SEND & RECEIVE 
N = NOT IMPLEMENTED T&L = TALK & LISTEN 

MODEL 

ADDRESS 

TALKILISTEN 

3497A 

0 9 

T&L 
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Connecting the 3497A t o  the HP-IB 

To interface the 3497A to  the HP-IB, connect an appropriate HP-IB interfac:e cable 
t o  the HP-IB connector on the 3497A rear panel, as shown in Figure 62. See your 
controller I10 manual for the interface cable to  use. 

CONNECT HP-I6 
CABLE HERE 

LONG MOUNTING STUD 
0380 -0643  

Figure 62. Connecting the 3497A to the HP-IB 

3497A Device Capability 

SHORT MOUNTING STUD 
0380-0644 

The 3497A interfaces t o  the HP-IB as defined by IEEE Standard 488-1978. Figure 
63  shows the HP-IB connector and pin designations. The interface functional subset 
which the 3497A implements follows. 
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3497A DEVICE CAPABILITY 

SH 1 
AH 1 
T 5 

L4 
SR 1 
RLI 
PPO 

DC 1 
DT 1 
CO 
E I 

Source Handshake complete capability 
Acceptor Handshake complete capability 
Basic Talker with serial poll, talk only mode 
and unaddress with MLA 

Basic listener, unaddress when MTA 
Service Request complete capability 
Remote-Local complete capability 
No parallel poll capability 

Device Clear complete capability 
Device Trigger complete capability 
No controller capability 
Open Collector Drivers 

SHOULD BE GROUNDED 
NEAR TERMINATION OF 
OTHER WIRE OF TWISTED 
PAlR 

\ SIGNAL GROUND 

PI0  TWISTED PAlR WlTH 11 

Y PI0 TWISTED PAlR WlTH 10 

PI0 TWISTED PAlR WlTH 9 

PI0 TWISTED PAlR WlTH 8 

PI0 TWISTED PAlR WlTH 7 

PI0 TWISTED PAlR WlTH 6 

REN 

THE HP-IB LOGIC LEVELS D l 0 5  
ARE TTL COMPATIBLE, i .e . .  
TRUE STATE i 0.8 V DC. 
FALSE STATE > +2.0 V DC 
FOR A POWER SOURCE 
THAT DOES NOT EXCEED 
+5.25 V DC AND REFERENC- 
ED TO LOGIC GROUND. 

TYPE 57 MICRORIBBON CONNECTOR 

SHIELD 

ATN 

SRO 

IFC 

NDAC 

NRFD 

DAV 

E01 

D l04  

D l03  

D l02  

D lO l  

PIN 

1 
2 
3 
4 

13 
14 
15 
16 

5 
17  
6 
7 
8 
9 

10 
11 
12 

Figure 63. HP-IB Connector Pin Designators 

- CONNECTTO 
EARTH GROUND. 

LINE 

D l O l  
D l 0 2  
D l  03 
D l 0 4  
D l 0 5  
D l 0 6  
D l  07 
D l  08 
E0 1 
REN 
DAV 
NRFD 
NDAC 
IFC 
SRQ 
ATN 
SHIELD-CHASSIS GROUND 
PI0 TWISTED PAlR WlTH PIN 6 
PI0 TWISTED PAlR WlTH PIN 7 
PI0 TWISTED PAlR WlTH PIN 8 
P I 0  TWISTED PAlR WlTH PIN 9 
PIP TWISTED PAlR WlTH PIN 10 
P I0  TWISTED PAlR WlTH PIN 11 
ISOLATED DIGITAL GROUND 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



342  lnstallation and Mainframe Configuration 

Checking the 3497A the HP-IB System 

After the 3497A has been connected to  the HP-IB, t o  check its performance con- 
nect the AC power plug to the AC line and press the LINE key ON. ALLOW AT 

LEAST ONE HOUR OF WARM-UP TIME and then send a self-test command from 
your controller. A sample program in extended BASIC (applicable to  -hp- 85 and 
similar controllers) is shown. 

Following command execution, the 3497A front panel display should be as shown 
in Figure 59 and 8E8 (or equivalent format) should be displayed at the cor~troller. 
If the self-test fails, an error message is returned and you should consult the 3497A 
Mainframe Installation and Service Manual for further information. 

1 EXAMPLE - HP-IB OPERATION SELF-TEST] 

Program Lines Description 

10 OUTPUT 709; "ST1 " 10 Turns self-test ON. 
20 ENTER 709; A 
30 DlSP A 20-30 Enters and displays 8E8 if self-test 
40 WAIT 1000 passes. 
50 OUTPUT 709; "STO" 
60 END 40-50 Waits 10 seconds and turns self-test 

OFF. 

When the 3497A passes the self-test, it is ready for operation and can be connected 
to  your system. When you connect your 3497A for your specific application, you 

may want t o  see Chapter 9 for example ways t o  make voltage, resistance, ther- 
mocouple, frequency or pressure measurements or t o  do control applications such 
as interrupts, switching and control sources. 

To connect your system to the 3497A, inputs must be connected to appropriate ter- 
minals on the plug-in assemblies (Options 0 1 0  through 140). Before attaching any 
system inputs to the assemblies, see Chapter 8 which shows how to configure each 
assembly for various modes of operation and operating precautions. 

3497A System Log 

When you are connecting your system inputs to  the assemblies, you may want t o  
complete a 3497A System Log similar to  the example which follows so that you 
will have a permanent record of the inputs connected to each channel of the 3497A. 
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A blank 3497A  System Log is located in Appendix B so that  you can copy i t  if 
desired. For ease o f  reference, w e  suggest that  you complete a separate form for 

each plug-in assembly at  initial installation and that  all forms be filed in a folder t o  

accompany the 3497A.  

3497A SYSTEM LOG 

SAMPLE 

3497A SIN? 2 2 2 2 ~ 5 6 4 0 1  I ASSEMBLY O P T I O ~  # 

DATE RECEIVED: 311 2/83 INSTALLED IN SLOT# 

Enter the 3497A serial number and the date the instrument was 
received. 

CHAN 

f 

List the option number (010 through 140) of the plug-in assembly for 
this log and show the 3497A13498A slot number that the assembly is 
installed in. 

For each channel used, enter the channel number and terminal connec- 
tors to which the transducer is connected. For example, with an Option 
010 assembly in slot 1, channel numbers are 0 to 19. For an Option 01 0 
assembly in any slot, terminal connectors range from A0 (H, L and G) 
to B9 (H, L and G). Note: CHANNEL NUMBER column not applicable for 
Options 050, 060, 1 10, 1 1 5 and 140. 

CARD 

w 
CHAN 

For each transducer connected to a channel, list the transducer type, 
function and date installed. Then, list a typical measurement value for 
that transducer. If action is required when limits are exceeded, enter 
measurement limits under MAX and MIN. 

N 

TRANSDUCER CONNECTED 

rC, 

VALUES/LIMITS 
TYPE 

N N 

MIN 

N N N N N 

FUNCTION TYP DATE MAX 
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RS232C INSTALLATION 

This part of the chapter provides installation guidelines for the 3497A for RS232C 
Serial Data operation. With Option 232, the 3497A is compatible with Electronic In- 
dustries Association (EIA) standard RS-232C and with RS449 (RS423 subset). I t  is 
also compatible with CClTT (Comite Consultatif International Telephoniclue et 
Telegraphique) standards CClTT V.24 (for RS232C) and CClTT V.10 (for 

RS4491423). 

The 3497A can be operated from a controller in one of t w o  ways: (1 1 directly con- 
nected to  a controller via RS-232C or RS-4491423 or (2)  connected to an asyn- 
chronous, full duplex MODEM via RS-232C or RS-4491423 for remote site opera- 

tion using dedicated telephone lines, as shown. 

( 3497A SERIAL DATA CONFIGURATIONS I 

DIRECT CONNECTION 

CONTROLLER 1 

MODEM OPERATION 

TELEPHONE -1 

LINE 

The 3497A can operate only with asynchronous, full duplex MODEMS (data sets). 

The instrument has been functionally tested to  operate with the following (or 
equivalent) MODEMS: 

CONTROLLER MODEM 

. Bell 103A, 21 2A, 103J 

. Vadic 3400, 3451 

. U.D.S. 103JLP 

. -hp- Model 82950A MODEM Interface for the -hp- 85A 

MODEM 3497A 

1 RS,,2C t 
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The 3497A can be configured for a wide variety of operating conditions, depending 
on controller and speed requirements. The following chart shows operating condi- 
tions for the 3497A with factory preset conditions outlined. If you need to reset the 
3497A for operating conditions other than factory configuration, see MAINFRAME 
CONFIGURATION in this chapter for details. 

1 3497A OPERATING CONFIGURATIONS I 

Type of 
Operation 

Type of 
Connection 

Type of 
Handshake 

Speed of 
Operation1 
# Stop Bits 

Word Length 
& Parity 

3s-4491423 Operation 

3s-232C Operation* 

Direct Connection to  Controller* 

Connect t o  MODEM 
- -- 

ENQIACK 

DC1 ON 

DC1 OFF* 

Speed #Bits 

8-bit ASCll wlodd parity 

7-bit ASCll wlodd parity* 

8-bit ASCll wlno parity 

7-bit ASCll wleven parity 

* = Factory Setting 

RS232C Pre-Installation Checks 

Before connecting the 3497A to your controller, review the following checklist to 
ensure that the 3497A configuration is compatible with your controller operation. 
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[ RS232C PRE-INSTALLATION CHECKLIST 1 

Are the 3497A character length, parity bit, speed of operation and 
number of stop bits compatible with your controller? 

Will ENQIACK or DC1 handshake be used? ENQIACK is implemented by 
software (see Chapter 41, while DC1 is set by placing the DC1 Hand- 
shake switch (S1, position #4) to the "1" position (see MAINFRAME 
CONFIGURATION). 

Will MODEMs be used? If used, MODEMs must be asynchronous and 
full-duplex (preferably one of the MODEMs listed earlier in this chapter). 

Is S2 set for RS232? (see MAINFRAME CONFIGURATION). 

If your controller has an ECHO function, is this turned OFF? Does the 
controller accept CR (only) as a terminator? 

Connecting the 3497A Controller 

When the 3497A has been set for desired operation, the next step is t o  connect 

it to  your controller, either by direct connection or via MODEMS. 

Supplied wi th each 3497A Option 232 is a US MODEM cable 13222N (-hp- part 

number 13222-60001) for interface between the 3497A and your controller or 

MODEM. This cable consists of a 50-pin male connector t o  connect t o  the 3497A 

and a standard 25-pin RS233C male connector for connection to  a MODEM or t o  

a controller. Figure 64 shows the pin definitions for the 13222N cable. 
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Name on Hood: U.S. MODEM CABLE 

Cable Length: 5 meters, 16.7 feet 

Uses: 262X Terminal connection to HP 1000, 2000, 3000 Multiplexors; 103A; 
202C, D, S, T; 21 2A and VADlC 3400 modems; Acoustic Couplers 
(signal compatible only). Shielded. 

For HP 1000, 2000, 3000 Systems 

A 

(MALE) 

Pin to Pin Wiring & 
Signal Direction B 

(MALE) 

To Controller 
or Modem 

Figure 64. 132221 Pin Definitions 

In general, RS232C operation limits cable length to  a maximum of 5 0  feet (1 5.24 
meters), depending on total load capacitance. Also, load capacitance at the inter- 

face point should not exceed 2500 pF. Longer cables may be used if total load 
capacitance does not exceed 2500 pF. 

For any interface used, certain lines are required for connection between the 3497A 
and a controller (direct connection) or between the 3497A and a MODEM (MODEM 
Operation), as shown. Other pins, even if connected, are not monitored or controlled 
by the 3497A. 

0 
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RS232C OPERATION - LINES REQUIRED 

r 

LINES REQUIRED WHEN DIRECTLY CONNECTED TO A CONTROLLER 

Transmitted Data 
Received Data 
Signal Ground 

I LINES REQUIRED WHEN CONNECTED TO A MODEM 

Transmitted Data 
Received Data 
Signal Ground 
Data Terminal Ready 

Data Carrier Detect 
Request t o  Send 
Clear t o  Send 
Data Set Ready 

To connect the interface cable to  the 3497A, see Figure 65. Plug the 50-pin male 
connector into the female connector on the rear of the 3497A and snap the t w o  
wire clips in place to secure the connector. Then, connect the 25-pin male connector 
t o  your controller or MODEM as required. This completes the installation for RS232C 

operation. 

NOTE 

When connecting the l3222N cable, ensure that the pin con- 
nectors are correct. Pin 2 (TX Line) from the cable is an out- 
put and Pin 3 (RX Line) is an input line. At the controfler or 
MODEM, however, pins 2 and 3 may be inputs or outputs, 
depending on interface specifications. These connections are 
shown in Figure 65. 
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D I R E C T  C O N N E C T I O N  

3 4 9 7 A  

L L L L L  
L L L L L  
L L L L L 

C O N T R O L L E R  
L L L L L  

L I N E S  2 & 3  OF MALE FEMALE 

1 3 2 2 2 N  B ( M A L E 1  CONNECTOR CONNECTOR 

CONNECTOR 

3 4 9 7 A  

L L L L L  C O N T R O L L E R  

L I N E S  2 8 3  OF 
MALE MALE 

1 3 2 2 2 N  B I M A L E l  
MODEM CONNECTOR 

CONNECTOR 
E L I M I N A T O R  

C A B L E  

MODEM C O N N E C T I O N  

3 4 9 7 A  
I TELEPHONE 

3 4 9 7 - R S 2 3 2 - 3 - 1  

Figure 65. Connecting the 13222N Cable 

Checking the 3497A For RS232C Operation 

After the 3497A has been connected to your controller, perform a self-test of the 
3497A to check for proper operation and to  ensure that data is transferred across 
the interface. To do this, turn on the 3497A and enter the following program if you 
use a BASIC language controller or an equivalent program for other types of 
controllers. 

A t  the completion of the program, if the 3497A returns 8E8 it passes the self-test 
and is ready for operation. If another reading is returned, refer t o  the 3497A Main- 

frame Installation and Service Manual. 
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1 EXAMPLE - RS232C OPERATION SELF-TEST I 
Program Lines Description 

1 0  RESET 1 0  1 0  Clears interface wi th ISC of 10. 
2 0  OUTPUT 10; "ST1 " 
3 0  ENTER USING "#,K"; A 2 0  Turns self-test ON. 
4 0  DlSP A 
5 0  OUTPUT 10; "STO" 30-40 Displays result of self-test. 8E8 
6 0  END returned if self-test passes. 

5 0  Turns self-test OFF. 

Connecting the 3497A to  Your System 

When the 3497A passes the self-test, it is ready for operation and can be connected 
to  your system. When connecting the 3497A to  your system, you may want to see 

Chapter 9 for example ways to  make voltage, resistance, thermocouple, frequency 
or pressure measurements or to  do control applications such as interrupts, switching 
and control sources. 

To connect your system to the 3497A, inputs must be connected to appropriate ter- 
minals on the plug-in assemblies (Options 0 1 0  through 140). Before attaching any 
system inputs to  the assemblies, see Chapter 8 which shows how to configure each 
assembly for various modes of operation. 

r system inputs to the 
lete a 3497A System Log 

HP-IB INSTALLA TION in this 
nent record of the inputs 
349 7A. 

located in Appendix B so that 
ease of reference, we suggest 

form for each plug-in assembly 
I1 forms be filed in a folder to 
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This part of the chapter provides installation guidelines for the 3497A for RS4491423 
Serial Data operation. With Option 232, the 3497A is compatible wi th  Electronic In- 

dustries Association (EIA) standard RS232C and w i th  RS449 (RS423 subset). I t  is 
also compatible w i t h  CClTT (Comite Consultatif International Telephonique et  
Telegraphic) standards CClTT V.24 (for RS232C) and CClTT V. 1 0  (for RS4491423). 

Operation for RS4491423 is very similar to  that for RS232C. So, for information on 
3497A  capabilities, operating configurations and compatible MODEMS and pre- 
installation checks, see RS232C INSTALLATION earlier in this chapter. 

RS449 encompasses t w o  standards for standards for voltage requirements: RS422 
and RS423. RS423 is implemented by the 3497A  and specifies the electrical 
characteristics for unbalanced voltage digital interface circuits. RS449 designates a 
standard 37-pin connector or an optional 9-pin connector for "reverse channel" or 

"backward channel" operation. 

For RS-4491423 operation, the 13222N cable supplied w i th  the 3497A  cannot be 
used. Contact your nearest -hp- Sales and Service office if you need t o  order an in- 

terface cable for RS-4491423 operation. 

NOTE 

An overlap in values of certain parameters of RS423C and 
RS232C has been established so that it is possible to achieve 
satisfactory interoperation of RS232C and RS423 equipment. 
Interface circuits implemented with RS422 drivers will not 
directly interoperate with RS232C receivers. An important 
point to keep in mind when operating with RS423 and 
RS232C is that performance is limited to that associated with 
RS232C. 

Connecting the a Controller 

After you have set switches S1 and S2 in the 3497A for desired operation as shown 
in the RS232C Pre-Installation Checklist, the next step is t o  determine appropriate 
cable connections and cable lengths for proper operation. The following chart shows 
the lines required for RS-4491423 operation for direct connection t o  your controller 
and for MODEM connection. 
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RS4491423 OPERATION - LINES REQUIRED 

LINES REQUIRED FOR DIRECT CONNECTION 

Send Data 
Ground for Send Data 
Received Data 
Ground for Received Data 
Signal Ground 

LINES REQUIRED FOR MODEM OPERATION 

Send Data 
Ground for Send Data 
Received Data 
Ground for Received Data 
Signal Ground 

Terminal Ready 
Ground for Terminal Ready 
Receiver Ready 
Ground for Receiver Ready 
Request t o  Send 
Ground for Request t o  Send 
Clear t o  Send 
Ground for Clear t o  Send 
Data Mode 
Ground for Data Mode 

Cable length limits imposed by RS4491423 operation depend on the speed of opera- 
tion, as shown in Figure 66. For example, with a cable length of 4000 feet (1 220  
meters), maximum operating speed is 1000 bits per second. After the cable has been 
selected, connect the cable to the 3497A rear panel connector. This completes the 

installation for RS4491423 operation. 
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Figure 66. RS4491423 Cable Length Restrictions 

Checking the 3497A For RS4491423 Operation 

After the 3497A  has been connected t o  your controller, perform a self-test o f  the 
3497A  t o  check for proper operation and to  ensure that data is transferred across 
the interface. To do this, turn on the 3497A and enter the following program if you 
use a BASIC language controller or an equivalent program for other types of 
controllers. 

A t  the completion of the program, i f  the 3497A returns 8E8 i t  passes the self-test 
and is ready for operation. If another reading is returned, refer t o  the 3497A  Main- 
frame Installation and Service Manual. 
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I EXAMPLE - RS4491423 OPERATION SELF-TEST I 

RESET 

Program Lines Description 

10 10 Clears interface with 
OUTPUT 10; "ST1 " 
ENTER USING "#,K"; A 20 Turns self-test ON 
DlSP A 
OUTPUT 10; "STO" 30-40 Displays result of 
END 

ISC of 10. 

self-test. 8E8 
returned if self-test passes. 

50 Turns self-test OFF. 

Connecting the 3497A to  Your System 

When the 3497A passes the self-test, it is ready for operation and can be connected 
t o  your system. When connecting the 3497A t o  your system, you may want t o  see 

Chapter 9 for example ways t o  make voltage, resistance, thermocouple, frequency 
or pressure measurements or t o  do control applications such as interrupts, switching 
and control sources. 

To connect your system t o  the 3497A, inputs must be connected t o  appropriate ter- 
minals on  the plug-in assemblies (Options 0 1 0  through 140) .  Before attaching any 
system inputs t o  the assemblies, see Chapter 8 which shows how  t o  configure each 
assembly for various modes of  operation and operating precautions. 

NOT 

When you are connecting your system inputs to the 
assemblies, you may want to complete a 3497A System Log 
similar to the one shown in HP-I6 INSTALLATION in this 
chapter so that you'll have a permane 
connected to each channel of the 34 

A blank 3497A System Log is located in Appendix 6 so that 
you can copy it if desired. For ease of referccnce, we suggest 
that you complete a separate form for each plug-in assembly 
at initial installation and that a1 forms be filed in a folder to 
accompany the 349 7A. 
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MAINFRAME CONFIGURATION 

When you received your new 3497A, it was factory preset for the configuration you 
specified. In many cases, factory settings will be correct for your application. If, 
however, you need to change the configuration of the 3497A mainframe, see this 
part of the chapter for details. If you need to change the configuration of the plug- 
in assemblies or the 3498A, see Chapter 8. 

This part of the chapter shows how to make hardware changes to the 3497A main- 
frame, but does not show how to make alignments or adjustments. See the 3497A 
Mainframe Installation and Service Manual for this information. See the following 
chart to locate the specific configuration function required 

FUNCTION 

Change Analog 
Addresses 

Set Clock 
Format 

Clock Battery 
Back-up 

Change Line Volts 

Change HP-IB 
Address Switch 

Set Serial Data 
Operating Condi- 
tions 

1 3497A MAINFRAME CONFIGURATION I 

DESCRIPTION 

Change analog addressing scheme so that up to 1 0  
channels (l ldecade, 21slot) can be closed wi th a 
single command. 

Set real-time clock for Option 230  or 231 format. 

Reset the 3497A so that battery back-up for the 
real-time clock is supplied whenever the AC power 
is disconnected. 

Set the 3497A for AC line input of IOOV, 120V, 
220V or 240V. 

For a 3497A with HP-IB capability, reset the HP-IB 
address and set TALK ONLY and POWER ON SRQ 
capabilities. 

For a 3497A with Serial Data (RS-232 or RS4491 
4231, set RS-233 or SS-4491423 operation, direct 
or MODEM connection to  controller, handshake, 
speed of operationlnumber of stop bits, word length 
and parity for desired operation. 

PAGE 
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Change Analog Addresses 

As factory preset, a maximum of four channels can be closed simultaneously by us- 
ing the AC chan#,chan#,chan#,chan# command, as long as only one channelldecade 
is closed (i.e. AC3,13,23,33 is a valid command, but AC3,4,5,6 is not).-However, 
by reconfiguring the 3497A, up to 10 channels (one per decade, two per slot)_can 
2__ -- -- --- - 

be simultaneously closed with a single AC command. 
--. - -  -- 

For applications which require that more than four channels be closed simultaneously, 
the 3497A can be reconfigured so that the two decades (A and B) in each slot can 

- .  

contain any century or decade addresses from 000 to 999. 

For factory configuration, the 5 slots in the 3497A are assigned addresses as shown, 

where the first number is the "century address" and the second number is the 
"decade" address. Each slot is assigned 20 numbers, with the first 10 assigned to 
the A decade within the slot and the second ten numbers assigned to the B decade 
within the slot. 

1 3497A FACTORY-SET ADDRESSES I 

I SLOT DECADE ADDRESSES I 

To reconfigure the analog addresses, it is necessary to remove the lnguard - .  Controller 

Board from the 3497A, as shown in Figure 67. 
L-- - 
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To remove the lnguard Controller Board, first remove the protective safety cover and 
loosen the t w o  fasteners on the left rear panel (as viewed from the rear of the in- 

strument). Then pull out the lnguard Controller Board by using the plastic pull ring 
and position the assembly as shown in Figure 67. 

As factory configured, the century address for the 3497A is set t o  0 since decades 
AO, BO, A l ,  ..., 8 4  are all tied to  the "0" point. To change the century address 
for a decade or a slot, disconnect existing jumpers to  those slots and connect 
jumpers from decades to  desired century number. 

0 SET FOR C 

For example, t o  set slot 0 for century address "8", configure the board 

as shown below. Then, t o  address decades A and B in slot 0, the corn- 
mand is AC800 through AC819 (rather than ACO through AC19 as fac- 
tory preset). 

SLOT 

I I 
B4 A 4  B3 A3  8 2  A 2  B1 A 1 BO A0  

0 . - 

9 8 7 6 5 4 3 2 1 0 

CENTURY ADDRESS 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



358 Insidlation and Mainframe Configuration 

REMOVE COVER BY 
C o o s E N I N G  THESE T w o  

REAR PANELICOVER 

a LOOSEN THESE SCREWS SCREWS 

REAR PANEL W/O COVER 

- - 

REMOVE CONTROLLER 
INGUARD CONTROLLER BY PULLING ON THE RING 

POSITION THE INGUARD 
CONTROLLER 

H I  C O M  

LO C O M  

GUARD C O M  

84 A 1  83 A3 81 A t  81 A 1  B O A  

HI 

LO 

Figure 67. Century and Decade Address Jumpers 
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To set the decade addresses, follow the same procedure as setting the cen- 
tury addresses. See Figure 67 for location of the decade address jumpers. 
For example, as factory preset, slot 2 has addresses 040 through 059. To 
reconfigure slot 2 for addresses 320 through 339, set the DECADE AD- 
DRESS jumpers and the CENTURY ADDRESS jumpers as shown. 

DECADE 
ADDRESS SLOT 

SLOT 

CENTURY ADDRESS 

With this configuration, a single AC command can close up to six chan- 
nels simultaneously. For example, AC0,10,320,330 closes six channels 
simultaneously, as shown. 

ACO, 10,320,330 

0 closes 81.82 
closes A1 ,A2 

closes BO 

Note that the 3497A can simultaneously close a maximum of 10 channels, regardless 
of type of reconfiguration used. When you have reconfigured the jumpers, replace 
the lnguard Controller Board and replace the protective cover. 
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Set Clock Format 

As specified, the 3497A real-time clock is configured for Option 230 format 
(Month:Day:Hour:Minute:Second) or for  Opt ion 2 3 1  fo rmat  
(Day:Month:Hour:Minute:Second). To reconfigure from Option 230 to 231, it is 
necessary to install a jumper ( W I )  on the Timer Board which is connected to  the 
Outguard Controller Board in the 3497A. To install the jumper (or t o  remove the 
jumper to convert from Option 231 to 230 format), see Figure 68 and use the follow- 
ing procedure: 

* Remove all power sources from the 3497A and 3498A and remove the AC line 

plug from the 3497A. 

* Remove the protective cover from the 3497A rear panel. Then loosen the fasten- 
ing screw on the Outguard Controller Board and remove the board by pulling on the 
plastic pull ring. 

* Remove the Timer Board from the Outguard Controller Board by loosening the 
screw in the middle of the Outguard Controller Board. 

* Install a jumper at W1 (for Option 231 format) or remove the jumper at W1 (for 

Option 230 format) on the Timer Board. See Figure 68  for W1 location. 

* Reconnect the Timer Board to  the Outguard Controller Board. Reinstall the 
Outguard Controller Board in the 3497A and replace the protective cover on the rear 
panel. 
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SCREWS 
@ LOOSEN THESE SCREWS 

I\ REAR PANEL WIO COVER 

- --- 

REMOVE CONTROLLER 
BY PULLING ON THE RING 

INSTALL JUMPER AT  W1 
FOR EUROPEAN FORMAT. 

REMOVE JUMPER AT  W 2  
FOR U.S. FORMAT. 

Figure 68. Setting the Clock Format 
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Clock Battery Back-up Modes 

When AC power is removed from the 3497A, a 6V lead-acid battery supplies back-up 
power to  the real-time clock. There are t w o  modes of operation, depending on the 
setting of the Continuous Clock Select Plug, located on the Power Supply Board in- 
side the 3497A behind the front panel. The t w o  modes are: 

[ BATTERY BACK-UP MODES I 
- 

Mode 1 : Plug in OFF position 

Battery back-up is supplied ONLY when the LlNE switch is in the ON position (fac- 
tory setting). 

Mode 2: Plug in ON position 

Battery back-up supplied ANYTIME the AC power is disconnected, regardless of 
the setting of the LlNE switch. 

The real time clock can remain on battery power for periods greater than 2 4  hours. 
The battery is automatically on charge whenever the 3497A is operating on line 
power. However, i f  the battery is allowed to  completely discharge, it will take 1 4  
to  1 6  hours to  fully recharge. 

To change the mode of operation of battery back-up, use the following procedure: 

* Remove all power sources from the 3497A and 3498A and remove the AC line 
plug on the 3497A. 

* Loosen the screw on the right side of the 3497A front panel and swing the front 
panel open. 

* Set the Continuous Clock Select Plug for desired operation: OFF = back-up ONLY 

when the LlNE switch is ON; ON = back-up always. See Figure 57  for location of 

the plug. 

* Close the front panel and tighten the screw fastener. 
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Change Line Voltage Settings 

The 3497A can operate from AC line voltages of 110 volts, 120 volts, 220  volts 
or 240 volts (-10% to  + 5 % )  at 48  - 66  Hz, 150  VA (3497A) 150  VA (3498A). 

To set the 3497A for one of four voltage settings, use the Line Voltage Select 
Switches located behind the front panel of the 3497A. To set these switches, use 
the following procedure: 

* Remove all voltage sources from the 3497A and 3498A and remove the AC line 

plug from the 3497A. 

* Loosen the screw on the right side of the 3497A front panel and swing the front 

panel open. 

* Set the switches for line voltage required, as shown in Figure 57. 

* Close the front panel and tighten the screw fastener. 

Change HP-IB Address Select Swi tch 

As factory preset, the 3497A with HP-IB option is set to  HP-IB address of 09.  If 
required for your application, the address of the 3497A can be changed by setting 
the INSTRUMENT ADDRESS switches on the 7-section HP-IB ADDRESS SELECT 
switch. 

The HP-I6 ADDRESS SELECT switch also contains the POWER ON SRQ SWITCH and 
the TALK ONLY switch. This part shows how to set the HP-IB addresses, how to 
set POWER ON SRQ and how to set the 3497A for TALK ONLY mode. 

(a) Changing the HP-IB Address 

The 3497A is factory preset to  address setting of decimal "09" which corresponds 
to ASCII listen address of "("  and talk address of "I". The 3497A may be left at 
its factory setting or may be changed to alternate address setting as shown in Figure 
69. 
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To change the address of the 3497A from 0 9  to another value, i t  is necessary to  
remove the Outguard Controller Board. To do this, refer t o  Figures 6 9  and 7 0  and 

the following steps. 

* Remove all power sources from the 3497A and 3498A and remove the AC line 
plug from the 3497A. 

* Remove the safety cover and loosen the screw holding the Outguard Controller 
Board. Then, use the plastic pull ring to  remove the board, as shown in Figure 70. 

* From Figure 69, locate the HP-IB ADDRESS SELECT switch and set switches A1 
through A 5  for address required. For example, t o  set decimal address 1 0  (ASCII * 
and J), set A5, A 3  and A1 to  the "0" position and set A 4  and A 2  to  the "1" 
position. 
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* If you want t o  set the 3497A for TALK ONLY mode and/or set POWER ON SRQ, 
see following paragraphs. If not, replace the Outguard Controller Board and the pro- 
tective cover. 

SCREWS 
@ LOOSEN THESE SCREWS 

\ \  

REAR PANELICOVER 

REAR PANEL WIO COVER 

Figure 70. Removing the Outguard Controller (HP-IB) 
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(b) Setting TALK ONLY Mode 

Position 6 of the HP-IB ADDRESS SELECT switch is the TALK ONLY switch (see 
Figure 69).  When the TALK ONLY switch is placed in the "1" position, the 3497A 
cannot be controlled from a controller and commands must be entered from the front 
panel. 

As factory set, the TALK ONLY switch is in the "0" position (mode disabled). To 
enable the TALK ONLY function, follow the instructions above to  remove the 
Outguard Controller Board. Set the TALK ONLY switch to  the "1" position and 
replace the Outguard Controller Board and replace the protective cover. 

(c) Setting POWER ON SRQ 

If you want the 3497A to  send a Service Request (SRQ) to  the controller at power 
on, set the POWER ON SRQ ENABLE switch (postion 7 on the HP-IB ADDRESS 
SELECT switch - see Figure 69)  t o  the "1" position. As factory set, the POWER 
ON SRQ function is disabled (switch position 7 set t o  "0"). 

To do this, remove the Outguard Controller as shown in Figure 70, and set switch 
position 7 to  the "1" position. Then replace the Outguard Controller Board and the 
protective cover. 

Set Serial Data Operating Conditions 

For a 3497A with Serial Data capabilities, (Option 232), the instrument can be con- 
figured for a wide variety of operating conditions, depending on controller and speed 

requirements. See RS232C INSTALLATION for 3497A operating conditions and fac- 
tory preset conditions. 

If your application requires a setup different from the factory configuration, you can 
change the configuration by setting switches S1 and S2 which are located on the 
Outguard Controller Board inside the 3497A. Figure 71 shows the functions of each 
of the positions for S1 and S2. 

S2 is used only for setting RS232C or RS4491423 operation. With all S2 switches 
set t o  the "1" position, the 3497A is enabled for RS4491423 operation. With S2 
switches set t o  the "0" position (factory configuration), the 3497A is set for 
RS232C operation. 

S1 sets DirectIMODEM connection; 7 or 8-bit operation; even, odd or no parity bit; 
DC1 handshake on or off; speed of operation and number of stop bits. See Figure 
71 for definitions. 
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D O N ' T  CARE 

FACTORY S E T T I N G S  

1 STOP B I T  

7 B I T  W I T H  ODD P A R I T Y  

D I R E C T  C O N N E C T I O N  

FACTORY S E T T I N G S  

Figure 71. S1 and S2 Settings 

To change the settings of S1 and S2, it is necessary to  remove the Outguard Con- 
troller Board. To do this, see Figure 72 and the following steps. 

* Remove all power sources from the 3497A and 3498A and disconnect the AC 
power cord from the 3497A. 

* Remove the safety cover from the rear panel. Loosen the screw holding the 
Outguard Controller Board and use the plastic pull ring to remove the board, as 
shown in Figure 72. 

* From Figure 71, locate switches S1 and S2 on the Outguard Controller Board. 
Note that the "0" and "1" switch positions are not shown on'the board, so orient 
the Outguard Controller Board as shown in Figure 71 to  set the switches. A "0" 
is set when the switch is in the right-hand position and a "1" is set when the switch 
is in the left-hand position. 

* Using the configuration settings in Figure 72, set S1 and S2 for desired opera- 
tion. Then, replace the Outguard Controller Board and the safety cover. 
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SCREWS 

@ LOOSEN THESE SCREWS 

I \  

REAR PANELICOVER 

REAR PANEL WIO COVER 

- .  - 

Figure 72. Removing the Outguard Controller (Serial Data) 
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Chapter 8 
PLUG-IN ASSEMBLY CONFIGU 

This chapter shows how to initially inspect, install and hardware configure each of 
the 11 plug-in assemblies for the 3497A (Options 010 through 140) and how to 
inspect and install the 3498A Extender (Option 298). Information is presented by 
assembly option number, beginning with Option 010. For each assembly, informa- 
tion is divided into three parts: INTRODUCTION, INSTALLING THE ASSEMBLY and 
CONFIGURING THE ASSEMBLY. 

0 INTRODUCTION includes a description of the assembly, assembly 

specifications and applicable documentation for the assembly. 

0 INSTALLING THE ASSEMBLY shows how to initially inspect and in- 
stall the assembly in the 3497A or 3498A. 

0 CONFIGURING THE ASSEMBLY shows hardware settings (switch 
and jumper settings) to configure the assembly for various operating 
modes. 

Each assembly is factory-preset for specified operating conditions. In many cases, 
the factory settings will be appropriate for your application. If you need to recon- 
figure an assembly, see the following chart to find configuration information for 
specific assemblies. 
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PLUG-IN ASSEMBLY CONFIGURATION 

MODEL ASSEMBLY TITLE I SEE PAGE I I OPTION 

2 0  Channel Relay Multiplexer 

Relay Multiplexer/Thermocouple 
Compensation 

16  Channel Isolated Digital lnputllnterrupt 1 399  1 
100  kHz Reciprocal Counter 

1 2 0  Ohm Strain GaugelBridge Completion 1 433  I 
3 5 0  Ohm Strain GaugelBridge Completion 1 433  1 
ActuatorIDigital Output 

8 Channel High Voltage Actuator 

Dual Output, k 10V Voltage DIA Converter 1 491 I 
Dual Output, 0-20 mA14-20 mA Current 
DIA Converter 1 1 
Breadboard Card 

3498A Extender 533 
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1 OPTION 01 0 1  

20 Channel Relay Multiplexer 
Assembly 

INTRODUCTION 

Option 0 1 0  is a 2 0  channel analog signal multiplexer assembly which is used t o  
switch (multiplex) signals f rom up t o  2 0  channels t o  the 3497A  DVM or t o  other 
assemblies or instruments. 

Each of  the 2 0  channels consists of three reed-actuated relays, one each for High, 
Low and Guard lines. The channels are organized into t w o  decades of 1 0  channels 
and one channel can be closed in each decade. Relays can be closed in a random 
fashion or can be incremented between programmable limits. 

Because the 2 0  channel relay multiplexer has low thermal offset characteristics, this 

a assembly is ideal for precise low-level measurements of transducers and temperature 
measuring devices. Since t w o  channels (one per decade) can be closed at a time, 
one Option 0 1 0  assembly can be used t o  make four-terminal resistance 

measurements. 

Simplified Operation 

As shown in Figure 73, the relay multiplexer assembly consists o f  a relay card and 
a terminal card. Inputs f rom system sensors, such as voltage sources, etc., are in- 
put t o  the terminal card connectors on channels A 0  through B9 and are sent t o  the 
relays on  the relay card. Each channel consists of a HIGH, LOW and GUARD line. 
Relays are divided into t w o  groups (decades): A decade and B decade. 

In normal operation, a close channel (AC chan#) command from the 3497A  closes 
the relay in  the channel selected and simultaneously closes the tree switch relay. 
When this happens, the input signal is sent t o  four places: the A COMMON and B 
COMMON connectors on the terminal card and (through the tree switch relay) t o  
the 3497A  D V M  and t o  the rear panel (HI COM, LO COM and GUARD COM) 
terminals. 
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For example, for an assembly in slot 0, the channel A 0  address is 0, channel A1 
address is 1, ... and channel 69  address is 19. Thus, the command ACO closes the 
relay in channel A 0  (and the tree switch) and the voltage at channel A 0  is sent to  
the A COMMON and B COMMON terminals on the terminal card, t o  the rear panel 
connectors on the 3497A and to  the DVM. 

Four optional configurations are available by removing jumpers JMP1 through JMPG. 
For example, by removing JMP1, JMP2 and JMP3, channel inputs are not sent t o  
the 3497A. Or, by removing JMP4, JMP5 and JMPG, the A decade outputs can be 
separated from the B decade outputs for four-wire ohms measurements. 

I H I  LO GUARD REAR PANEL I / .OM CO. .OM ::;;;::; I 

I H 

COMMON 
BUS TO 

VOLTMETER 

3 4 9 7 A  
M A I N F R A M E  

R E L A Y  CARD I O P T I O N  0 1 0 , 0 2 0 )  

TREE 

ONE OF TEN 
RELAYS I N  DECADE B 

O P T I O N  0 1 0  

> 1 FC 
COMM 

Figure 73. Option 010 - Simplified Schematic 
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Specifications 

Specifications for the 20 channel relay multiplexer assembly follow. Specifications 
are performance standards, or limits, against which the assembly may be tested. 

OPTIOY 010 
20 CHAWWEL RELAY MULTIPLEXER ASSEMBLY Operating Charaneristics 

Input Charactariniu 

Maximum Input Voltage: <170V peak be tween any t w o  input 
terminals 

Maximum Current: 5 0  m A  per channel non-inductive 

Maximum Power: 1 VA per channel 

Thermal O M :  Direct Switched: < l rV Differential 

' \.A Tree Switched: <2  pV Differential 

Closed Channel Rsristasnce: 
, 7 I n  Series: 100 R + 10% i n  High. Lo and Guard Relays 

Contacts Only: < 1 R per contact  

25'C. ~ 8 6 %  R.H. 

>lolOn >109n 

>107n 

Guard t o  Chassis > l0'OR >109n 

Maximum Switch Rate: Random Channels; 
Using Hardware Increments: 475lsecond 

Rated Switch Life at 1 VA: lo7  operations 

All Relays are Break Before Make 

AC Performance 

Hiuh to Low Capacitance: Channel Open: < 10 pF/per channel 
Channel Closed: <220 pF/per channel 

Intarchannel Capecitancs: < 10 pF 

100 kHz 1 MHz 

Frequuncv Response 
(1 MR Termination, 
10 kHz Reference) + 3 dB + .5  d B  

Cross Telk 
Channel t o  Common 

50 Ohm Termination - 70 dB - 50 dB 
1 M O h m  Termination - 50 dB -40 dB 

Channel t o  Channel 
50 Ohm Termination - 60 dB -40 dB 
1 M Ohm Termination -40 dB - 30 dB 

Manual Information 

This manual contains configuration and control information for this assembly. For 
repair and/or service information, see 3497A Plug-In Assembliesl3498A Extender Ser- 
vice Manual (-hp- part number 03497-90021 1. Assemblies manufactured after the 
publication date of this manual may have changes incorporated. In this case, a yellow 
MANUAL CHANGES sheet will accompany this manual. See Appendix B for details. 

Application Note 

As an aid to using the Option 01 0 assembly, you may want to order -hp- Applica- 
tion Note 123 "Floating Measurements and Guarding" (-hp- part number 5952-21 53) 
from your nearest -hp- Sales and Service office. 
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Initial Inspection 

If you ordered the relay multiplexer assembly as Option 010, the assembly is already 
installed in the 3497A. If you ordered the assembly as Field Installation Kit 44421 A, 

the shipping container should contain the relay card and a terminal card without ther- 
mocouple compensation networks. 

For the field installation kit, if either card is missing or if there is mechanical damage 
or defect to the cards, contact your nearest -hp- SalesIService office. They will ar- 
range for replacement or repair at -hp- option. 

If there is any damage to the shipping carton, keep the carton and notify the car- 

rier as well as -hp-. If you return a relay card or 
shipping guidelines in Appendix B. 

How t o  Install the Relay Mult  

terminal card to -hp-, follow the 

plexer Assembly 
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Figure 7 4  shows how to install the assembly in the 3497A and 3498A. After tak- 
ing the steps shown in the WARNING and CAUTION notes above, plug the assembly 
into an unused slot in the 3497A or 3498A. To minimize thermal offsets (voltage 
errors), it is good practice to install the assembly in slot 0 (or the leftmost slot 
available). 

Note from Figure 74  that the temperature shield must be removed if the assembly 
is installed in slot 4 of a 3497A or slot 4 or 9 of a 3498A. 

INSTALLATION IN 3498A INSTALLATION IN 3497A 

SLOT NUmBER . - FOR > S T  34981  ONLY. SECOND 3498A HAS 
SLOTS 2 0 - 2 3 .  ETC. i i - ---- 

R E L A Y  
C A R D  T E R M I N A L  C A R D  

1 REUOVE SCREWS 1 

N O T E ,  REMOVE H A N D L E  1 FOR 1 N S T A L L A 1 1 0 N  I N  S L O T  1 4  OR 11 OF 141.1  O N L Y  

\ 0 1 2 3 4  

S L O I  NUHBERS 

COnPONENT SIDE 
S Y S I E U  

. -- .- ~- 

R E L A Y  
C A R D  T E R M I N A L  C A R D  

- . - - - --- - - - -- - . - - - - - 
1 

REMOVE SCREWS 

: R E L A Y  : CARD 

N O T E ,  R E n O V E  H A N D L E  
FOR I N S T A L L A T I O N  I N  S L O T  4 OF 3 4 9 7 8  O N L Y  I 

Figure 74. Option 010 - Installation in 3497Al3498A 

Assembly configuration is divided into two parts: relay card configuration and ter- 
minal card configuration. This section shows the functions of the jumpers and 
resistors on the cards and their locations. See Chapter 9 for example ways that the 
assembly can be configured for voltage and resistance measurements. 
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Relay Card Configuration 

By using jumpers JMPl through JMP6 you can configure the assembly for four 

modes of operation. In addition, by removing resistors R27, 28, 29 and/or R30, 31, 
32 you can make accurate two-wire ohms measurements. The following chart shows 

the function of these components and Figure 75 shows their locations. REF refers 

t o  the numbers in  Figure 75. 

RELAY CARD - FUNCTIONS 

REF 

1 

2 

3 

4 

5 

TITLE I FUNCTION 

TIC COMP JUMPER 1 Leave set to NO TIC COMP position. 

TREE SWITCH JUMPERS 
(JMP1,2,3) 

Enables signals from the A decade and B 
decade relays to be passed to the tree 
switch relay. Remove these jumpers when 
you don't want signals input to the 3497A 
mainframe. 

DECADE A TO DECADE B 
JUMPERS 
(JMP4,5,6) 

These jumpers connect decade A relays 
output to decade B relay outputs. Remove 
these jumpers for four-wire ohms 
measurements. With jumpers removed, A 
decade output ONLY is available to the 
DVM (when tree switch is closed). 

A DECADE SERIES 
RESISTORS 
(R27,28,29) 

Provide current limiting protection for A 
decade. Short the resistors (by soldering 
across the shorting pins) when making two- 
wire ohms measurements on the A decade. 

B DECADE SERIES 
RESISTORS 
(R30,31,32) 

Provide current limiting protection for B 
decade. Short the resistors (by soldering 
across the shorting pins) when making two- 
wire ohms measurements on the B decade. 

Shorting the Series Resistors 

As factory configured, there are three 100 ohm resistors in series wi th  the A decade 

common output (R27, R28 and R29) and three 100 ohm resistors in series wi th  the 

B decade common output (R30, R31 and R32). For more accurate two-wire 
# 

resistance measurements, these resistors can be shorted out. 
-- -- 
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B DECADE @ SERIES RESISTORS 

@ TREE SWITCH JUMPERS 
NO TIC COMP TIC COMP JM1,2,3 

A DECADE SERIES 
DECADE A TO 

RESISTORS 
DECADE B JUMPERS 

(JM4.5.6) 
%nl 

-RZ6- -",- ej -c9- 

a 
1 - 1  

0- a a a 77- 0 
I n t - I - I - I - I - I - I - 1 1 1 1 1 1 0  

0 
0 0 
0 1 1  8 

I I 
I I 

I  I  

3497-OPC-82 = S H O R T I N G  P I N  

Figure 75. Option 010 - Relay Card Jumpers, Resistors 

For two-wire ohms measurements on A decade channels, short out R27, R28 and 
R29, using the shorting pins on the relay card. For two-wire ohms measurements 
on B decade channels, short out R30, R31 and R32 using the shorting pins. See 
Figure 75  for resistor and pin locations. If the assembly is t o  be used in a 3498A 
Extender, see the following WARNING note. 
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\ / 
3498A 

HlGH 
loOD I COMMON 

4 w 
I 

> 
LOW 

loOD I COMMON - --+A urT- -- 
I GUARD 

HlGH VOLTAGE HlGH POWER SOURCE 

Figure 76. Option 010 - Fusing the Relay Card 

Setting Jumpers J M P l  through JMP6 

By removing jumpers JMP1, JMP2, JMP3 and/or JMP4, JMP5, JMP6 on the relay 
card, you can configure the assembly for four modes of operation. Figure 77 shows 
the four operating modes for the assembly and a truth table for these modes. With 
JMP4, JMP5 and JMP6 OUT (removed from the board), only the A decde inputs can 
be sent to the 3497A (i.e., an input on channel 60 through B9 can be output ONLY 
at the B COM terminal on the terminal card). 
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J M l . J M 2 . J M 3  O U T  
J f l 4 . J M 5 . J N 6  O U T  ------------ 

J M l . J M Z . J M 3  I N  J M I , J M 2 , J M 3  I N  
J M 4 . J M 5 .  J M 6  I N  T E R M I N A L  J M 4 . J M 5 . J N 6  O U T  T E R M I N A L  

--------------- C A R D  

I 
------ 

I R E L A Y  C A R D  I I R E L A Y  C A R D  
l A . 8 1  

I 
I 1 I 
I 1 I 
I I I I I I 
I 0 B  I I r DECADE l o  B I N P U T S  1HIGH.LOW. 

I I 
DECADE 1 0  B I N P U T S  1HIGH.LOW. 

I 
I 

C O N D I T I O N  

- 

J M l . J M Z . J M 3  O U T  
T E R M I N A L  J M 4 , J M 5 , J M 6  O U T  

C A R D  - - - - - - , - - - - - - - - - - - - 

I I 

T E R M I N A L  
C A R D  

7 r - - - - - I  

I 
GUARD, I I - RELAYS 8 GUARD1 1 

I 
IA .81  TREE 1 -01 

I I 1 I I I I TREE A 
SWITCH / I SWITCH I I 1 A 

I I I I I I I 
I I I I I 

I'A,",':," - DECADE 1 0  A INPUTSJIHIGH.LDW. DECADE O D - A ~  IHIGH~LOW 1 
GUARD, I I 2:: RELAYS 

I I 
GUARD1 

I I 1 I 1 
I - I I 

, , 
I I I I I 

I I 1  \ * I 
I C O N D I T I O N  1= F A C T O R Y  C O N F .  I I 1 1  C O N D I T I O N  2 I 
L -------------- I 1  ----- J 1 --------------- I 1  ----- A 

DECAOE 1 0  B I N P U T S  IH IGH.LOW 
GUARD, RELAYS 

IA.El  
1 I R E L A Y  C A R D  

1 I 
I I 
I I 
I I N 0  
I I"":' RELAYS GUARD1 I 

, I SWITCH I I 
I 
I 

C O N D I T I O N  4 

Relay Multiplexer Assembly Truth Table 

Jumper Position Output To: 

3497A 

(A  + B) 

" ( A +  B) = either A decade or B decade output (one of 2 0  channels). 
A = One of 1 0  A inputs; B = One of 1 0  B inputs. 

* * Condition 1 is factory configuration. I * *  

Figure 77. Option 010 - Card Configurations and Truth Table 
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Terminal Card Configuration 

The terminal card provides the interface between the relay card and your system 
transducers. To connect your system inputs to the terminal card, see Figure 78. Note 

that each channel has a separate set of three connectors (HI, LO and GUARD), so 
three wires must be connected for each channel. 

To connect your inputs, remove the terminal card cover by loosening the four screws 

and route wires as shown in Figure 78 to provide strain relief for the wires. 

A COMM 
TERM ' 

I 
2 .  ROUTE WIRES FOR 

CHANNEL I N P U T S  

Figure 78. Option 010 - Connecting Inputs to the Assembly 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Plug-In Assembly Configuration 38'1 

0 
lnput Signal Conditioning 

You can also reconfigure the terminal card by adding customer-supplied signal con- 
ditioning elements. Figure 79 shows some example current shunt and low pass filter 
circuits added for input signal conditioning. 

3 ; ---JL-@ LO 
L 

E q-@ GUARD 
NORMAL lNPUTS 

1-@ GUARD 

LOW PASS F I L T E R  

1-@ GUARD 
CURRENT SHUNT 

H L G  
JUWER 

PC LINE 

REMOVE JMP. 
INSERT R U I  C .. - - 

ADD C & PC %f-+?- 1q+q 
' S ~ L ~ E R '  

HERE 

'miom 
HERE 

Figure 79. Option 010 - lnput Signal Conditioning 
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1 OPTION 0201 
I 1 - 

@ 

Relay Multiplexer Assembly 
With Thermocouple 
Compensation 

d 

, The relay multiplexer assembly with thermocouple compensation can be used for 
voltage, temperature and resistance measurements, but is primarily used with ther- 

mocouples for temperature measurements. The assembly consists of a relay card and 
a terminal card. The terminal card, which can be disconnected from the relay card, 
has temperature compensation circuits for thermocouple measurements. 

Description 

The Option 020  assembly uses the same relay multiplexer card as the Option 010  
assembly, but adds a special isothermal connector block on the terminal card to 
eliminate unwanted measurement errors when measuring thermocouple voltages. 

Both hardware and software thermocouple compensation techniques are available. 
Hardware compensation can be used to measure the inputs of up to 20 ther- 

mocouples per assembly, but is limited to one thermocouple type per assembly. Soft- 
ware compensation can be used to measure the outputs of up to 19 thermocouples, 
with any mixture of thermocouples. 

You can use the Option 020 assembly with hardware compensation to measure the 
output of up to 20 B, E, J, K, R, S or T type thermocouples (one type per assembly). 
You can use the assembly with software compensation to measure the output of 

up to 19 thermocouples (any mixture of these types). 

In addition, with appropriate computer programs, you can use software compensa- 
tion to determine the temperature measured by specially designed thermocouples. 
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Operation 

As shown in Figure 80, the assembly consists of a relay card and a terminal card. 
Inputs from system sensors, such as thermocouples, etc. are input to the terminals 
on channels A0 through B9 and sent to the relay card relays. Each channel consists 
of a HIGH, LOW and GUARD line. Relays are divided into two groups (decades): A 
Decade and B Decade. 

In normal operation, an AC chan# command from the 3497A closes the relay in one 
of the channels and also closes the tree switch relay. When this happens, the in- 
put signal is sent through the closed relay to four places: the A COMMON and B 
COMMON connectors on the terminal board and (through the tree switch) to the 
3497A DVM and to the rear panel (HI COM, LO COM and GUARD COM) terminals. 

For example, for an assembly in slot 0, channel A0 address is 0, channel A1 ad- 
dress is 1, and channel B9 address is 19. Thus, ACO closes the relay in channel A0 
and the channel A0  voltage is sent to the A COMMON and B COMMON connec- 
tors on the terminal board, to the rear panel connectors on the 3497A and to the 
DVM. 

Several optional configurations are available by removing jumpers JMPl through 
JMP6. For example, by removing JM1, JM2 and JM3, channel inputs are not sent 
to the 3497A. Or, by removing JMP4, JMP5 and JMP6, the A Decade outputs can 
be separated from the B Decade outputs for 4-wire ohms measurements. 

Thermocouple Compensation 

Since a primary function of the assembly is temperature measurements using ther- 
mocouples, the thermocouple compensation circuits require a word of explanation. 
The 3497A does not directly measure temperature, but rather measures voltage 

generated by thermocouples. This measured voltage, which is proportional to 
temperature, can then be converted to an equivalent temperature by reference to 
standard tables or through a computer program. 

The problem with this approach is that the voltage measured by the 3497A is dif- 

ferent than the actual thermocouple voltage (due to junction voltages) unless some 
compensating technique is used. The Option 020  assembly has two types of ther- 
mocouple compensation techniques: software and hardware. 
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I &, A", 'FZD R : ~ ~ T ~ : ~ ~ k  1 
T E R M I N A L S  

I 
I - - - - - - - - - - 

- - - - - - - - 
I R E L A Y  CARD ( O P T I O N  0 1 0 , 0 2 0 1  I T E R M I N A L  CARD I 

T R E E  
S W I T C H  I O P T I O N  OPO 

I = w } i:;. I 
I I-N I 

I I r - - - - - - - - - - - 8  I I I I 

COMMON I 

B U S  T O  I I 

VDLTMETER > 1 8  I :} A 0  

> I 
I 

I G 

I 
I I 

RELAYS IN DECADE B 

ONE OF TEN 
RELAYS IN DECADE B 

I I S O T H E R M A L  BLOCK I 
! - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - J  

I 

I _ _ L - - - - -_I-- - - -- 
3 4 9 7 - O P C - 1 7  

Figure 80. Option 020 - Simplified Schematic 
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Software Compensation 

As factory configured, the assembly is set for software compensation. With soft- 
ware compensation, a reference junction transducer measures the voltage of an 
isothermal block. The voltage measured is a function of the temperature of the block 
and is connected to channel B9 (channel 191 as shown in Figure 80. 

Thus, with software compensation, only 19 channels are available for inputs, since 
the 20th channel (B9) is dedicted to the reference junction transducer circuits. 
However, you can use a mix of thermocouples on a single assembly. 

Hardware Compensation 

Software compensation has the advantage of being able to mix various types of ther- 
mocouples on a single assembly. However, the measurement process is rather slow, 
since the reference voltage on channel 19 should be measured frequently to avoid 
isothermal block temperature drift errors. 

If you have only one type of thermocouple to measure, the assembly can be con- 
figured for hardware compensation and thermocouple voltages can be measured 
directly. With hardware compensation, the reference junction transducer is remov- 
ed from the circuit and 20 channels can be used for input. 

For hardware compensation, the compensation voltage is determined by two resistors 
installed on the terminal card, whose value is dependent on the type of thermocouple 
being measured. Thus, the voltage displayed on the front panel or at the controller 
is the true (compensated) thermocouple voltage and can be directly used with a stan- 
dard look up table to determine equivalent temperature. 

Specifications 

Specifications for the 20 channel relay multiplexer assembly with thermocouple com- 
pensation follow. Specifications are performance standards, or limits, against which 

the assembly may be tested. 

OPTION 020  
RELAY MULTIPLEXER ASSEMBLY WITH 

THERMOCOUPLE COMPENSATION 

Reference Junction Compensation Comparison 

Compensation Type 
Softwere Hardware 

Compatible 
Thermocouples Following Types: 

B.E.J.K.R.S.T 

Measurement Chnnnels 
Available per Assembly 

Reference Junction 
Compensation Accuracy 1 "C 
(23OC + 5OCI 

Valid for thermocouple compensation only. The tota l  accuracy o f  
349 7A based temperature measurement systems including com- 
pensation accuracy, 3497A scanner offsets. DVM accuracy and  
software accuracy is  shown below. 

Temperature Oifference 
Across Isothermal < .ZoC I 

Temperature Coefficient 
(O°C - 18OC. 
28OC - 55°C) 

Stability 

Block: 1 

.009°C/oC 

.075°C11000 Hours 

1 Software Com~ensation I I I 

Additional In Series 
~esistance: 1 1 IOQ 1 
(Hardware Cornpensa- 
sation only). 

Output: 
(Channel B9) 

1 OOrnVlOC 
2.5V@25"C 
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Temperature Measurement Accuracy Open Channel Isolation: 

For a 3497A based temperature measurement system. 
Includes all errors Introduced by the 3497A and the HP 3054AlC 
Data AcquisitionlControl System Software. 

lnput Characteristics 

Maximum lnput Voltage: < 170  V peak between any t w o  input 
terminals 

Maximum Current: 50  mA per channel non-~nduct~ve 

Maximum Power: 1 VA per channel 

Thermal Offset: Direct Sw~tched:  < 1 pV Differential 
Tree Switched: < 2 pV D~fferential 

Closed Channel Resistance: 
In Series: 1 0 0  R + 1 0 %  In H~gh, Lo and Guard 
Relays Contacts Only: < 1 R per contact 

25°C. < 85% R.H. 
40°C. < 60% R.H. 40YC. > 95% R.H. 

I Hi to I o 1 opt ion 020 c;!;; ;;:? ;;;;; - 1 
Lo to Guard < l o 8  R >IO'R 

Guard to Chass~s > 1 OlOR >lo9n 

Operating Characteristics 

Maximum Switch Rate: Random Channels: 
Using Hardware Increments: 4751second 

Rated Switch Life at 1 VA: 10' operations 

All Relays are Break Before Make 

AC Performance 

High to Low Capacitance: Channel Open: < 1 0  pf lper  channel 
Channel Closed: < 2 2 0  pF/per channel 

Interchannel Capacitance: < 1 0  pF 

I 0 0  kHz 

Frequency Response 
( 1  MR Term~nat~on.  
1 0  kHz Reference) t . 3  dB 

Cross Talk 
Channel t o  Common 

50  Ohm Termination - 7 0  dB 
1 M Ohm Termination - 50  dB 

Channel to Channel 
5 0  Ohm Termination - 6 0  dB 
1 M Ohm Termination - 4 0  dB 

1 MHz 

+ .5  dB 

- 5 0  dB 
- 4 0  dB 

- 4 0  dB 
- 3 0  dB 

Manual Information 

This manual contains configuration and control information for this assembly. For 
repair and/or service information, see 3497A Plug-In Assembliesl3498A Extender Ser- 
vice Manual (-hp- part number 03497-90021 ). Assemblies manufactured after the 
publication date of this manual may have changes incorporated. In this case, a yellow 
MANUAL CHANGES sheet will accompany this manual. See Appendix B for details. 

Application Notes 

As an aid to using the Option 020 assembly, you may want to order -hp- Applica- 
tion Note 123 "Floating Measurements and Guarding" (-hp- part number 5952-21 53) 
and -hp- Application Note 290 "Practical Temperature Measurements" (-hp- part 
number 5952-8801) from your nearest -hp- Sales and Service office. 
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INSTALLING THE ASS 

Initial Inspection 

If you ordered the relay multiplexer assembly as Option 020, the assembly is already 
installed in the 3497A.  If you ordered the assembly as Field Installation Kit 44422A, 
the shipping container should contain a relay card and a terminal card wi th  ther- 
mocouple compensation networks (see Figure 80) .  

For the field installation kit, if either card is missing or if there is mechanical damage 

or defect t o  the cards, contact your nearest -hp- SaleslService office. They wil l  ar- 
range for replacement or repair at -hp- option. 

If there is any damage t o  the shipping carton, keep the carton and notify the car- 
rier as well as -hp-. If you return a relay card or terminal card t o  -hp-, fol low the 
shipping guidelines in  Appendix 6. 

How to  Install the Relay Multiplexer Assembly 
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Figure 8 1  shows how to install the assembly in the 3497A and 3498A. After tak- 

ing the steps shown in the WARNING and CAUTION notes above, plug the assembly 
into an unused slot in the 3497A or 3498A and turn the locking key clockwise to 
lock the assembly in place. 

To minimize thermal offsets (voltage errors), it is good practice to install the assembly 
in slot 0 (or the leftmost slot available). Note that the temperature shield rnust be 
removed if the assembly is installed in slot 4 of a 3497A or slot 4 or 9 of a 3498A. 

INSTALLATION IN 3498A 

SLOT NUHBER - FOR LST 1 1 9 8 1  DNLI. SECOND 
SLOTS 2 0 - 2 9 .  E I C .  

3 4 9 8 1  HAS 

INSTALLATION IN 3497A 

I \ 0 , 2 3 4  

SLOT NUNBERS 

I n - -  - 
" - 

RELAY TERUINAL 
\ ' i - II 

CARD CARD RELAY 
CARD 1ER l l lNAL  CARD 

1 
I RENOYE SCREWS 1 I 8 ~- 

REMOVE 
HANDLE 

RELAY 

NOTE% REnOVE HANDLE / FOR I N S l A L L A T I O N  I N  SLOT 14 OR 1 9  OF 3 4 9 U  ONLY 

REMOVE SCRFhS 

NOTES REMOVE HANDLE 
FOR I N S l A L L A l I O N  I N  SLOT 4 OF 3437A  ONLY 

Figure 81. Option 020 - Installation in 3497A13498A 

CONFIGURING THE ASSEMBLY 

Assembly configuration is divided into t w o  parts: relay card configuration and ter- 
minal card configuration. This section shows the functions of the jumpers and 
resistors on the cards and their locations. See Chapter 9 for some ways that the 
assembly can be configured for voltage, temperature and resistance measurements. 
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Relay Card Configuration 

By  using jumpers J M P l  th rough JMPG, the  TIC COMP jumper and resistors R27 
through R32, the  relay card can be  configured for  a w ide variety o f  operating modes. 

The fo l lowing chart shows  the  funct ion o f  each o f  these components and Figure 82 
s h o w s  their locat ions. 

I RELAY CARD - FUNCTIONS I 

REF TITLE 

TIC COMP JUMPER 

TREE SWITCH JUMPERS 
(JMPI ,2,3) 

DECADE A TO DECADE B 
JUMPERS 
(JMP4,5,6) 

A DECADE SERIES 
RESISTORS 
(R27,28,29) 

B DECADE SERIES 
RESISTORS 
(R30,31,32) 

FUNCTION 

Sets the assembly for hardware or software 
thermocouple compensation. Set t o  NO TIC 
COMP position for software compensation. 
Set t o  TIC COMP position for hardware 
compensation. 

Enables signals from the A decade and 
B decade relays to  be passed to  the tree 
switch relay. Remove these jumpers when 
you don't want signals input t o  the 3497A 
mainframe. 

These jumpers connect decade A relay 
outputs t o  decade B relay outputs. Remove 
these jumpers for  four-wire ohms 
measurements. With jumpers removed, A 
decade output ONLY is available to  the 
DVM (when tree switch is closed). 

Provide current  l imi t ing protect ion 
for A decade. Short these resistors (by 
soldering the shorting pins) when making 
two-wire ohms measurements on the A 
decade. 

-- 

Provide current limiting protection for B 
decade. Short these resistors (by soldering 
the shorting pins) when making two-wire 
ohms measurements on the B decade. 
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NO TIC 

B DECADE @ SERIES RESISTORS 

@ TREE SWITCH JUMPERS 
COMP TIC COMP JM1,2,3 

A DECADE SERIES 
DECADE A TO 

DECADE B JUMPERS 
RESISTORS (JM4,5,6) 

-R26- -CB- 

a a 0 . -  - . n T  

I 
3497-OPC-82 = S H O R T I N G  P I N  

Figure 82. Option 0 2 0  - Relay Card Jurnpers/Resistors 

Shorting the Series Resistors 

As factory configured, there are three 100 ohm resistors in series with the A decade 
COMMON output (R27, R28 and R29) and three 100 ohm resistors in series with 
the B decade COMMON output (R30, R31 and R32). For more accurate two-wire 
resistance measurements, these resistors can be shorted out. 

For two-wire ohms measurements on A decade channels, short out R27, R28 and 
R29, using the shorting pins on the relay card. For two-wire ohms measurements 
on B channels, short out R30, R31 and R32, using the shorting pins. See Figure 82 
for resistor and pin locations. If the assembly is t o  be used in the 3498A, see the 
WARNING note which follows. 
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3497A 

A COMMON 
RELAY CARD TERMINAL CARD OR 

B COMMON CONNECTOR 

f 

3498A A HlGH 
loon I COMMON 
'+A 

1 
* 

LOW 
loon 1 COMMON - '+A v- -- 

I GUARD 

HlGH VOLTAGE HIGH POWER SOURCE 

R27 OR R30 

Figure 83. Option 020 - Fusing the Relay Card 
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Setting Jumpers JMPl  through JMPG 

By removing jumpers JMP1, JMP2, JMP3 and/or JMP4, JMP5, JMP6 on the relay 
card, you can configure the assembly for four modes of operation. In addition, by 
repositioning the TIC COMP jumper on this card, you can select hardware or soft- 
ware thermocouple compensation. 

Figure 8 4  shows the four operating modes for the assembly and a truth table for 
these modes. Note that with JMP4, JMP5 and JMPG OUT (removed from the board), 
only the A decade inputs are sent to the 3497A (i.e., an input on channel BO through 
B9 can be output ONLY at the B COM terminal on the terminal board). 

I RELAY CARD 

SWITCH r 
, , 

IAtBI 

T 
I 
I 

I I I 
I I 

1 0  B INPUTS [HIGH.LOW. 
I 

I I I GUARD1 I 
I I I 
I I I 
I I I 
I I I 

10 A IN PUTS^ (HIGH.LOW. I 
I I 

GUARD1 
I 

I I 
'2 A*0' 0 8 

I 
I 

I C O N D I T I O N  I=  FACTORY CONF. I I 1 

J M l , J M Z , J M 3  OUT TERMINAL 
J M 4 . J f l 5 . J M 6  OUT CARD 
r - - - - - - - - - - -  -I r - - - - -  

I RELAY CARD IA.01 

I 
I in  I I 

DECADE 1 0  B INPUTS 1HIGH.LDW. 
GUARD1 RELAYS 

I I 
I I 

A I I 
\_ DECADE 1 0  A INPUTS1 1HIGH.LDW. 

RELAYS I I GUARD1 

I I 

, I I 

J M l . J M 2 . J M 3  I N  
J M 4 , J M 5 , J M 6  OUT TERMINAL 

.TARn 

I RELAY CAR[ 

I 
I 
I 
I 
I 
I 

; 
I 

I I 
I 
I C O N D I T I O N  2 I I 

J M l , J M Z , J M 3  OUT 
J M 4 . J M 5 . J M 6  OUT TERMINAL 

I RELAY CARD 

I 
I 
I 

RELAYS 

I I 

TIA 10 A I INPUTS]  I 
[HIGH.LDW 

I I GUARD1 

. . 

I 
I C O N D I T I O N  4 

Figure 84. Option 020 - Card Configurations and Truth Table 
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Relay Multiplexer Assembly Truth Table 

Jumper Position Output To: 

Oper 
Cond 

1 3  1 OUT I IN I I A + B )  I ( A + B l  I - I 

2 

JM1,JMZ 
JM3 

( A  + B) = either A decade or B decade output lone of 2 0  channels). 
A = One of 1 0  A inputs; B = One of 10 B inputs. 1 * * *  Condition 1 is factory configuration. 

I I I I I 

IN 

4 

Figure 84. Option 020 - Card Configurations and Truth Table (Cont'd) 

JM4.JM5 
JM6 

Terminal Card Configuration 

OUT 

OUT 

The terminal card provides the interface between the relay card and your system 

transducers. This section shows how to set the terminal card for hardware and soft- 

ware compensation, how to connect signal conditioning inputs to the card and how 
to connect voltage and thermocouple inputs to the card. 

Term Card 
A Common 

Configuring for Hardware Compensation 

A * "  

OUT 

As factory configured, the Option 020 assembly is set for software thermocouple 

compensation. Hardware compensation is available for J, K, T, E, R and S type ther- 

mocouples. However, only one type of thermocouple can be used per assembly. To 
configure the terminal card for hardware compensation, it is necessary to reconfigure 

terminal block J 1 . 

Term Card 
B Common 

As shown in Figure 85, resistors Rl00 and R120 must be added on J1 and the shor- 
t ing jumper wire removed from J1. The value of R100 and R120 for each type of 

thermocouple is shown in the following table. For example, to  configure the terminal 

card for J-type thermocouples, add R l O O  = 3.650 Kohm and R120 = 619 ohms 

and remove the shorting jumper. Note that for hardware compensation, the TIC 

COMP JUMPER on the relay card must be set t o  the T/C COMP position. 

3497A 
DVM+Panel 

B *  * 

A 

A 

B - 
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J, K, T, E, R and S type thermocouples is available from -hp- 
(-hp- part number 0349 7-6954 1). 

Thermocouple Compensation Resistors 
(All values * 1 %) 

Type I R120 

SET TO TEMP/COMP 
I T / C I  P O S I T I O N  

R E L A Y  

o S E T T I N G  
0 

3.650 Kohms 
3.400 Kohms 
8.210 Kohms 

435 ohms 
149.625 Kohms 
149.635 Kohms 

I N S T A L L  REMOVE 
R 1 2 0  8 R l O O  JUMPER 

RlOO 

691 ohms 
357 ohms 
1.24 Kohms 

909 ohms 
2.55 Kohms 
2.1 Kohms 

I NO T/C COHP - T I C  CORP 1 

DO NOT REMOVE 
THESE R E S I S T O R S  

. - -  

LO. 1 
GUARD 

P 
A A A A A A A A A A B B B B B B B B B B  
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9  

T E R M I N A L  CARD M O D I F I C A T I O N S  

Figure 85. Option 020 . Hardware Compensation 

B COM 
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Configuring for Software Compensation 

With hardware compensation, only one type of thermocouple can be used per 
assembly. If you want t o  mix thermocouple types on an assembly, it is necessary 
to  use software compensation. In software compensation, channel B9 is NOT 
available as an input, as the voltage measured on this channel is used as the 

reference voltage. The assembly is factory configured for software compensation. 

To reconfigure the terminal card for software compensation, see Figure 86. If 
resistors RlOO and R120 are installed on J1, remove them and add the shorting 
jumper in the position shown. Also, for software compensation the TIC COMP jumper 
on the relay card must be set t o  the NO TIC COMP position. 

REMOVE I N S T A L L  DO NOT REHOVE 
R 1 2 0  8 RlOO JUMPER THESE RESISTORS 

SET TO NO T/C COMP 
P O S I T I O N  

A A A A A A A A A A B B B B B B B B B B  
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9  

TERMINAL CARD M O D I F I C A T I O N S  

Figure 86. Option 020 - Software Compensation 

- B  COH 
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lnput Signal Conditioning 

You can also reconfigure the terminal card by adding customer-supplied signal con- 
ditioning elements. Figure 8 7  shows some example current shunt and low pass filter 
circuits which can be added for input signal conditioning. - LO 

--@ GUARD 
NORMAL lNPUTS 

--@ GUARD 
LOW PASS FILTER 

I-@ GUARD 
CURRENT SHUNT 

JUWCR 

PC L I N E  

REMOVE J W .  
lNSERI R H L C  

Figure 87. Option 020 - lnput Signal Conditioning 

Other Modifications to the Terminal Card 

By adding shorting jumpers at various parts of the J1 terminal block, you can 

measure portions of the terminal junction temperature reference circuits on channels 
indicated. For example, by connecting a jumper at the right side of J1 (closest to 

the B COM terminal), you can use channel B8 to measure the -8V TIC reference 
voltage 

CALIBRATE OUTPUT OF TERMINAL JUNCTION UNCALlBRATED OUTPUT OF TERMINAL 
TEMPERATURE ON B9 \ JUNCTION TEMPERATURE DEVICE ON 66 

/ 

FACTORY ~NSTALLED Measure -8V  TC REFERENCE ON 88 

Figure 88. Option 020 - Other Terminal Card Modifications 
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Connecting Thermocouples 

To connect thermocouples to  the terminal card, first remove the terminal card cover 
by loosening the four screws and then route wires as shown in Figure 89. Note that 
the - metal (red) lead is connected to  the GUARD (G) terminal on the terminal card. 
Three alternate wiring possibilities are shown in Figure 8 9  for different types of 
thermocouples. 

When connecting thermocouples to the terminal card, for best results consider the 
following suggestions. For further information on using thermocouples, see -hp- Ap- 
plication Note 290 "Practical Temperature Measurements". 

GUIDELINES FOR CONNECTING THERMOCOUPLES 

1. Use the largest wire possible which will not shunt heat away from 
the thermocouple area. 

1 2. Use thermocouple wire which is well within its rating. 

1 3. Avoid mechanical stress and vibration which could strain the wires. 

4. For long runs, connect the shield t o  the GUARD terminal of the card 
and use twisted pair connector cables. 

1 5. Avoid steep temperature gradients. 

6. In hostile environments, use proper sheathing material t o  reduce 
adverse effects on thermocouple wires. 
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COMMON 1 / 0  COMMON 1 / 0  . - . . - . -. . 

T E R M I N A L S  
FOR " A "  
DECADE 

-. 

T / C  TEMP SENSOR TERMINACS 
AND ISOTHERMAL FOR " 8 "  

BLOCK DECADE 

ALTERNATE 
W A Y S  TO 

CONNECT 
THERMOCOUPLE GUARD d-l 

SHIELD* 

Figure 89. Option 020 - Connectmg Thermocouples 
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1 OPTION 0501 

16 Channel Isolated Digital 
Input/lnterrupt Assembly 

INTRODUCTION 

The Option 050 assembly has two functional modes: Digital Input Mode and Inter- 
rupt Mode. In digital input mode, up to 16 digital inputs (ON, OFF; OPEN, CLOSE; 
etc.) can be input to the assembly. The assembly can also listen to digital data buses. 

In the interrupt mode, up to eight inputs (channels 0 - 7 in the assembly) can be 
monitored and, when specified system conditions occur, the assembly can send a 
signal via the 3497A to the controller to "interrupt" its program and take specified 
action. 

You can use the digital input mode to sense up to 16 lines of digital data such as 
the outputs of limit switches and position indicators. Use the interrupt mode to in- 
terrupt and take corrective action when immediate reaction to a level change is re- 
quired or when the signal is transient (as in a momentary switch closure). 

In addition, you can use the Option 050 assembly with the ActuatorIDigital Output 
assembly (Option 110) to form an independent digital inputloutput port. 

Description 

As shown in Figure 90, the Option 050 assembly consists of a digital input card 
and a terminal card. The digital input card consists of 16 optically isolated input chan- 
nels. Eight of the channels (0  through 7) may be used to sense interrupt conditions. 
In addition, optically isolated handshaking is available for each of the 16 channels 
to synchronize data transfer between the 3497A and an external peripheral. 

The terminal card provides connectors for user inputs on each of the 16 channels 
and for GATE and FLAG signals used for handshaking. Each channel has a jumper 
to set logic levels of + 5V (factory setting), + 12V or + 24V and the logic level net- 
work has protection against reversed connections. 
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Figure 90. Option 050 - Digital Inputllnterrupt Assembly 

Interrupt Mode 

With interrupt mode, only the first eight channels (0-7) can be used. Refer to Figure 
91 which shows sample input connections to trace the sequence of operation for 
interrupt mode. For the inputs shown, assume that we want to interrupt the con- 
troller when the switch in channel 0 closes, but not interrupt when a switch closes 
in any other channel. 

In the circuit of Figure 91, a switch closure causes a high-to-low transition (can be 
configured for low-to-high) which causes the channel bit in the input byte to be set 

true ("1 "1. In Figure 91, transitions have occurred on channels 0 and 7, so bits 0 
and 7 in the input byte are set to 1. 

Since interrupt is desired only for channel 0, we've set the assembly mask (not the 
same as the SRQ or interrupt mask in the 3497A) with a DE slot#,O command. Since 
the mask bit 0 and the input byte bit 0 are both true, channel 0 of the interrupt byte 
is set. Note that even though bit 7 of the input byte is set by the transition of chan- 
nel 7 input, bit 7 of the interrupt byte is NOT set, since the mask bit 7 is not set. 
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Since a bit in the interrupt byte is set, an interrupt is sent to the 3497A mainframe 
and sets bit 1 in the 3497A status register. However, unless the SRQ mask (inter- @ rupt mask for Serial Data) is set for digital interrupt with an SEZ (SElO2) command, 
an interrupt is not sent to the controller. 

Thus, for an input to interrupt the controller, a two-level hierarchy of commands is 
required: (1 set the Option 050 assembly mask with a DE slot#,n command and 
(2) set the 3497A SRQ or interrupt mask with an SE2 or SE102 command. 

You can monitor the status of the interrupt byte at any time (whether or not an in- 
terrupt occurs) by sending the Dl slot# command. The value returned to the con- 
troller is the octal value of the true bits in the interrupt byte. 

S E T  W I T H  
S E 2  ( S E 1 0 2 1  

COMMAND 

MASK 

I N T E R R U P T  

T R A N S I T I O N S  

Figure 91. Option 050 - Interrupt Mode 
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Digital Input Mode 

The Option 050 assembly can also be used in the digital input mode to communicate 
with an 8-bit or 16-bit digital source at a typical maximum read rate of 400 Hz. For 
digital input mode operation, refer to Figure 92. As shipped from the factory, hand- 
shaking on the assembly is disabled. This means that the controller must be pro- 
grammed to read input data at the appropriate time to ensure that data is valid. 

By setting a jumper on the digital input card, handshaking can be enabled. Hand- 
shaking is used to verify that the 3497A responds to each data transmission, thereby 
synchronizing the data source with the digital input assembly. 

When handshaking is enabled, the sequence is as shown in Figure 92. The 3497A 
initiates the sequence by signaling a READY condition on the GATE output to the 
data source. The READY condition occurs when a DR slot# or DL slot# command 
is sent and tells the source that the 3497A is ready to accept data. 

When the data source has data ready (DATA STABLE), the FLAG signal transitions 
from low to high on the FLAG line. This action, in turn, causes the GATE output 
to return to the BUSY condition and data transfer occurs. 

After data has been entered into the 3497A, the condition of the input byte can be 
read with the DR slot# or DL slot# commands. DR returns a continuous reading while 
DL returns a single readinglcommand. Note that the DR and DL commands check 
the status of the input byte while the Dl command checks the status of the inter- 
rupt byte. 
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I N P U T  
B Y T E  

DATA M T A  S T l l L E  I 
BUS" BUS" 

F L A G  , DATA VALID 

GATE 

FACTORY SET HANDSHAKE S I G N A L S  

Figure 92. Option 050 - Digital lnput Mode 

I 
READY I 

Specifications 

DATA TRANSFER 
WERE 

Specifications for the 16 Channel Isolated Digital Input/lnterrupt assembly fol low. 
Specifications are performance standards, or limits, against which the assembly may 
be tested. 

OPTION 050 
18 CHANNEL ISOLATED DIGITAL INPUTIINTERRUPT ASSEMBLY 

lnput Signal Characteristics 

Input Max. Input Min. Input 
Level V&ax.I VMllmin.) Voltage Currant 

15 volt level is standard, 12 and 24 volt levels are 
jumper selectable. Other voltage levels can be ac- 
cepted using customer supplied resistors). 

Maximum Isolation Voltage: 4 170V peak between any input 
terminal and ground. 

Digital lnput Moda IBits 0.151 

Logic Polarity: Positive True 
(Negative True is jumper selectable) 

Handshaking: Gate and Flag Lines are optically isolated. Gate 
output is open collector. Flag input is identical to input 
lines. Polarity of gatelflag is jumper selectable. The assembly 
may be configured to operate with no handshaking. 

Interrupt Moda IBits 0.7) 

Triggering: Each interrupt line is individually programmable for 
positive or negative edge triggering. 

Masking: Each interupt line may be enabled or disabled using a 
programmable mask. 

Multipla Interrupts: Multiple interrupts are latched and are dealt 
with at a computer dependent rate. 

Interrupt Timing: The Option 050 assembly will respond to an 
interrupt within 1 millisecond of a programmed interrupt 
condition change. 

Five Volt Supply: Source up to 20 mA per assembly. 

Minimum Pulse Width: 100 microseconds 
Operating Consideration: Digital lnterrupt (SRQ) is not 

available in the 3498A Extender. 
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Manual Information 

This manual contains configuration and control information for this assembly. For 
repair and/or service information, see 3497A Plug-In Assembliesl3498A Extender Ser- 
vice Manual (-hp- Part number 03497-90021 ). Assemblies manufactured after the 
publication date of this manual may have changes incorporated. In this case, a yellow 

MANUAL CHANGES sheet will accompany this manual. See Appendix B for details. 

INSTALLING 

Initial Inspection 

If you ordered the Digital Input/lnterrupt assembly as Option 050, the assembly is 
already installed in the 3497A. If you ordered the assembly as Field Installation Kit 
44425A, the shipping container should contain a digital input card and a terminal 
card (see Figure 90). 

For the field installation kit, if either card is missing or if there is mechanical damage 
or defect to the cards, contact your nearest -hp- Sales/Service office. They will ar- 
range for replacement or repair at -hp- option. 

If there is any damage to the shipping carton, keep the carton and notify the car- 
rier as well as -hp-. If you return a relay card or terminal card to -hp-, follow the 
shipping guidelines in Appendix B. 

How to Install the Digital Inputllnterrupt Assembly 
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Figure 9 3  shows how t o  install the assembly in the 3497A and 3498A. After tak- 
ing the steps shown in the WARNING note above, plug the assembly into an unus- 
ed slot in the 3497A or 3498A and turn the locking key clockwise t o  lock the 
assembly in place. 

Figure 93. Option 050 - Installation in 3497Al3498A 
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CONFIGURING THE ASSEMBLY 

Assembly configuration is divided into two parts: digital input card configuration and 
terminal card configuration. This section shows the functions of the jumpers on the 
cards and their locations. See Chapter 9 for some ways that the assembly can be 
configured for interrupt applications. 

Digital Input Card Configuration 

By changing jumper positions and adding resistors to the digital input card, you can 
configure the assembly for a wide variety of operating conditions. In addition, by 

using the DS slot#,n (n = 0 to 377 octal) command, you can set the assembly to 
generate interrupts for positive (low to high) or negative (high to low) transitions from 
your input circuits. 

To configure the digital input card for your requirements, refer to the following chart 
which shows the function and factory configuration for the card and see Figure 94 
for location of the jumpers. 

I DIGITAL INPUT CARD - JUMPER FUNCTIONS 1 

TITLE 1 DESCRIPTION 

Sense FLAG input on high to  low 
transition. 

Sense FLAG input on low to high 
transition (FACTORY SETTING). 

2 INVERT LOGIC I INVT 

Inverts data logic to  low true (ap- 
plies to DR slot# and DL slot# 
commands). 

3 ENABLE 
HANDSHAKE 

4 OPEN COLLECTOR 
PULLUPS 

5 GATE SENSE 

6 GATE, FLAG 
PULLUPS 

Must connect system grounds between data source and 3497A. 

HS 

O.C. PULLUPS 

HGT 

LGT 

GPU 

FPU 

Enables Handshake (FACTORY 
SETTING = NOT ENABLED). 

Install a 2 Kohm resistor for each 
channel which uses an input circuit 

with an open collector.* 

High GATE: BUSY = Low, READY 
= High. 

Low GATE: BUSY = High, READY 
= Low. (FACTORY SETTING) 

GATE Pullup: Install 2 Kohm resistor 
if data source does not have pull 
up. 

FLAG Pullup: Install 2 Kohm resistor 
if data source does not have pull 
up. 
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HANDSHAKE 

~~~~E @ I N V E R T E R  

GATE ,FLAG 
PULLUPS 

w LGT 0' 8- 
GATE SENSE 

Figure 94. Option 050 - Digital Input Card Jumper Locations 

Terminal Card Configuration 

Each digital channel requires t w o  inputs (HI and LO) to complete the optical isolator 
circuit. With this connection, each channel is isolated from the other input channels, 
unless common connections are made between SYSTEM GROUND on the terminal 
card and user SYSTEM GROUND. 

When the data source or input system uses open collectors, you must connect 
SYSTEM GROUNDS between your system and the SYSTEM GROUND on the ter- 
minal card (as well as connecting 2 Kohm resistors). 

You can select + 5V (Factory Set), + 12V or + 24V logic level for each channel in- 
put by changing the position of the jumpers as shown in Figure 95. Note that the 

C 
Chassis and Earth Ground terminals on the card are tied together t o  form a SYSTEM 
GROUND. 
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..ggggggggmgggsngn 
L E V E L  

1 1  1 1  1 1  ~ 1 1 1 1 1 1 1 1 1 1 1 1 I I I I I I I I I I I I I  
" * n ~ p m m O ~ N m . ~ w r O m 0 4 N " * m L D C m m O O * m L D  =~~~~=~zzzzzz;zzz:::::t::::r:r:pr:p 
I I I I I I I I I I I I I I I I I I I 1 1 1 1 1 1 1 1 1 1 1 1 1  

I I I I I I I I I I I I I I I I I I I  
CONNECT H I  I N P U T S  I > SYSTEM GROUND 

[Chassis a n d  Earth G r o u n d 1  

Figure 95. Option 050  - Terminal Card Connections 

To connect inputs to  the terminal card, remove the cover by loosening the four 
screws and route the wires as shown in Figure 96. Note that the FLAG and GATE 

connections are the same as channel inputs and must have HIGH and LOW connec- 
tions. (The assembly does have protection against reversed connections). Aft.er the 
connections are made, replace the terminal card cover. 

L 
a a E  E  a  E  E  E  

"7 * u7 -,- & ; D , ; D $ ~ ^ z _ 4 _ & ,  
" Y U "  " L ?  " L ?  L a  E L  E E a  

u u u  u u u u  

Figure 96. Option 0 5 0  - Routing Terminal Card Wiring 
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Contact Closure t o  Ground 

Another configuration which requires that SYSTEM GROUNDS be connected is for 
contact closure to ground. As shown in Figure 97, a contact connected to the LOW 
terminal of a channel is used for interrupt. Note that the SYSTEM GROUNDS are 
tied together at the GND terminal on the terminal board and that a 2 Kohm resistor 
is installed in the 0. C. PULLUP block. 

NOTE 

To enable interrupts on channels 0-7, input signal pulse width 

must be greater than 100 psec. 

I D I G I T A L  I N P U T  CARD I 

OC P U L L - U P  

L I G H T  

I S O L A T O R  

TERMINAL CARD 

L O  CHANNEL 

/ 

I I GND I 

Figure 97. Option 050 - Contact Closure to Ground 
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Option 060 is a 100 kHz reciprocal counter which can measure the period of input 
signals up to 100 kHz and the pulse width of signals down to 18 usec. In addition, 
the counter can count up or down from a programmable start point and can out- 
put a programmable number of square wave pulses for control applications.. 

The counter can accept a wide variety of input signals including CMOS, open col- 
lector TTL and passive contact closures. All counter functions, interrupts and trig- 
ger modes are fully programmable. The counter can be read during a measurement 
or can be programmed to respond when a measurement is complete. 

Description 

As shown in Figure 98, the assembly consists of a counter board with connector 
terminals for INPUT HIGH, INPUT LOW, OUTPUT HlGH and OUTPUT LOW connec- 
tions. User signals are input to the INPUT HlGH and INPUT LOW connectors. 

The counter can accurately measure a wide variety of input signals, as long as the 
signal parameters are within the limits shown in the specification table. Although 

square wave inputs are used for the examples in the manual, you can use other in- 
puts such as triangle or sine wave and still achieve accurate results. 

The OUTPUT HlGH and OUTPUT LOW terminals on the counter card provide a means 

to output a level change (programmable for high to low or low to high) whenever 
the counter overflows or a measurement is complete. This level change is output 
whenever these conditions occur and can be used to drive or control external circuits. 

For example, when the counter measures more than 999999 counts (an overflow 
condition), a level change pulse is available at the OUTPUT HlGH terminal which can 
be used to signal the error to an external circuit. (Note: the terms "overflow" and 
"measurement complete" have different interpretations, depending on the mode of 
operation for the counter. See Simplified Operation for details) 
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OVERFLOW 
3497A-OPC-25 

Q 

USER I N P U T  

I N P U T  H I  l-ul-nn 

I N P U T  LO 0 

I INPUTIOUTPUT TERMINALS I 

OUTPUT H I  

OUTPUT LO 

Use the INPUT HlGH and INPUT LOW terminals to  input your system 
signals for count up (totalize), count down and period or pulse width 
measurements. 

Use the OUTPUT HlGH and OUTPUT LOW terminals for input t o  
an external system. A level change is output at these terminals when 
a measurement is complete or when the counter overflows. 

COMPLETE OR 

0 

You can also use the OUTPUT HlGH and OUTPUT LOW terminals 
to  output a programmable number (0 t o  499999) of square wave 
pulses to  drive external circuitry. 

O R n  

L E V E L  CHANGE 
FOR MEASUREMENT 

- - -- 

Figure 98. Option 060 - 100 kHz Reciprocal Counter 

NOTE 

The OPTION ROM shown in Figure 9 8  MUST be installed in 
the 3497A if HP-IB option is used and the counter is ordered 
as a Model 44426A Field Installation Kit. See INSTALLING 
THE ASSEMBL Y for details. 
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Simplified Operation 

The 100 kHz reciprocal counter has five main operational modes: count up, count 
down, period measurement, pulse width measurement and pulse output. Each opera- 

tion is summarized, with the counter at factory settings. By using the switch and 
jumpers on the counter card, you can set the counter for a wide variety of configura- 
tions for each of these operations. See Figure 99 for a summary of the five modes. 

Count Up 

In count up, the counter counts up (totalizes) a number of input pulses (up to 
999999) from a programmable start point (0  to 999999). At  any time after the 

counter starts counting up, the totalized counts can be displayed on the front panel 
or sent to the controller. 

If the total count in the counter exceeds 999999 counts, an overflow condition oc- 
curs and the counter generates a level change output at the OUTPUT HlGH terminal. 
If interrupt on overflow has been enabled, the counter sends an interrupt to the 
3497A status register to set bit 1 (digital interrupt). 

Count D o w n  

In count down, the counter counts down a number of input pulses (999999 counts 
max) from a programmable start point (0  to 999999). The counter stops at 0 unless 

start point is 000000. If the start point is 0, counter "wraps around" and counts 
down from 999999 (million counts maximum). 

After the counter has started the count down operation, you can display the ndmber 

of remaining counts on the front panel or send this data to a controller. The counter 
can be programmed to send an interrupt to the 3497A when zero count is reach- 
ed. Also, when a zero count is reached, a level change output is available at the 
OUTPUT HlGH terminal. 

Period Measurement 

In period measurement, the counter can measure one period or average 100 or 1000 
periods of input signals which have frequencies up to 100 kHz. Input signal triggering 

can be selected from rising edge to rising edge or falling edge to falling edge. With 
appropriate settings of the counter, you can measure the periods of input signals 
with frequencies from 0.0001 Hz to 100 kHz (periods from 0.00001 sec to 10,000 

sec). 
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You can program the counter to send an interrupt to the 3497A when a measure- 
ment is complete and/or when the input signal period cannot be measured (an 
overflow condition). In addition, a level change is available at the OUTPUT HlGH ter- 
minal when either of these two conditions occur and (if enabled), an interrupt is sent 

to the 3497A status register to set bit 1 (digital interrupt). 

If the input signal period can't be measured because the period is too long for the 
measurement range selected, a counter overflow condition occurs and a level change 
output and interrupt (when enabled) occurs. For example, if you tried to measure 
the period of 1 MHz input, an overflow condition occurs since the input period ex- 
ceeds the counter limits. 

Pulse Width  Measurement 

In pulse width measurement, the counter can measure one pulse width or average 
100 or 1000 pulse widths of an input signal with pulse widths which are 18 psec 

or wider. You can select input signal triggering from rising edge to falling edge or 
falling edge to rising edge. 

You can program the counter to send an interrupt to the 3497A when a pulse width 

measurement is complete or when the pulse width cannot be measured by the 
counter (overflow condition). In addition, a level change pulse is available at the OUT- 
PUT HlGH terminal when either of these two conditions occur and (if enabled), an 

interrupt is sent to the 3497A status register to set bit 1 (digital interrupt). 

If the input signal period can't be measured because the pulse width is too short 
for the measurement range selected, a counter overflow condition occurs and a level 
change output and interrupt (when enabled) occurs. For example, if you tried to 
measure the pulse width of a 1 MHz input, an overflow condition occurs since the 

input pulse width exceeds the counter limits. 

Pulse Output 

The pulse output mode is a variation of the count down operation. In pulse output, 
the counter outputs a programmable number of square wave pulses ( 0  to 499999) 
at a specified frequency (0 to 1 kHz). The frequency of output pulses is half the in- 
put signal frequency. The input signal must be between 0 and 2 kHz with a pulse 
width greater than 5 psec. 
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T O T A L I Z E D  
COUNTS 

TO 3 4 9 7 A  

I N T E R R U P T  
TO 3 4 9 7 A  

WHEN > 9 9 9 9 9 9  
COUNTS REACHED 

rFxE-iq 
USER I N P U T  

I N P U T  H I  

I N P U T  LO 

COUNTS 
R E i l A I N I N G  @ 

TO 3 4 9 7 A  

OUTPUT H I  

OUTPUT LO 

I N T E R R U P T  TO 
3 4 9 7 A  WHEN 

ZERO COUNT 
REACHEO 

1 C O U N T  DOWN J 
USER I N P U T  

L E V E L  CHANGE OUTPUT 
WHEN > 9 9 9 9 9 9  COUNTS 

COUNTER CARD REACHED 

- 
f 

f - 

I N T E R R U P T  TO 
3 4 9 7 A  WHEN 

ZERO COUNT 
REACHED 

-- -, } OR 

I N P U T  H I  dl 
I N P U T  LO 

OUTPUT H I  

OUTPUT LO 
J 

L E V E L  CHANGE 
OUTPUT WHEN ZERO 

COUNTER CARO COUNT REACHEO 

I N P U T  H I  

I N P U T  LO 

OUTPUT H I  

OUTPUT LO 

I 1 1  RANGES: 
O < f I N < 2 k H z  
P . W . > 5 u s e c  

OUTPUT P U L S E S  
n-nn . . .  n 
1 - x P U L S E S  

COUNTER CARD x=*OUTPUT P U L S E S  
= 1 / 2 * S E T  BY CS S L 0 T a . N  

Figure 99. Option 060 - Counter Modes of Operation 
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[ PERIOD M E A S U R E M E N T I  
USER I N P U T  

P E R I O D  
MEASUREMENTS 

TO 3 4 9 7 A  

I N T E R R U P T  
TO 3 4 9 7 A  ON 

'MEASUREMENT }TOR, 
COMPLETED 

'OVERFLOW L E V E L  CHANGE OUTPUT 
'MEASUREMENT 

COUNTER CARD COMPLETE 
'OVERFLOW 

I PULSE WIDTH M E A S U R E M E N T S /  
USER I N P U T  

PULSE W I D T H  
MEASUREMENT 

TO 3 4 9 7 A  I-'"""" 
I I I N P U T  H I  1 

Figure 99. Option 060 - Counter Modes of Operation (Cont'd) 

I N T E R R U P T  
TO 3 4 9 7 A  ON 

Specifications and General Information 

Specifications and general information for the counter follow. Specifications are per- 
formance standard or limits against which the counter is tested. General informa- 
tion is supplied as additional information. 

OPTION 060 
100 kHz RECIPROCAL COUNTER ASSEMBLY 

-I I N P U T  LO 

OUTPUT H I  

Period Mode: 

-- ' } ~ r o R n  

I 

f - 
< 

'MEASUREMENT OUTPUT L o  
COMPLETED 

lnput Signal Characteristics: 
Max imum lnput Frequency: 100 kHz 
Min imum On Time: 5 ps 
Min imum Off Time: 5 ps 

- + - 

Ranga Charactristics: 

'OVERFLOW 

Least Significant Digit ILSOI Periods 

L E V E L  CHANGE OUTPUT 

Rangs HP4B Oisplay Averaged 

1 9999.999 s 1 m s  1 0  rns 1 I 

'MEASUREMENT 
COUNTER CARD COMPLETE 

'OVERFLOW 

Input Signal Characteristics: 

lnput Levels: 

Input VlLol VlHi) Max 
Level lmaximuml IminimumJ Input 
Range Isolated Nomiso Isolated Nomiso Voltage 

5V 1.OV 1.OV 4.2V 4.2V + 12  OV 

12V 1.8V 2.7V 10.3V 8.0V +21.OV 

24V 2.6V 6.0V 18.4V 16.5V t 3 2 . O V  

lnput Circuit: Swi tch selection of optically isolated or non-isolated 
input. Non-isolated Input has 19.5 kn mlnkmum Input 
Impedance. Non-isolated mode is standard. 

Minimum Currant: 
Isolated: (all ranoesl 8 m A  
Non-~solated: 5V range: 3 0  pA 

12V range: 250 BA 
24V range: 750 

lnput Fuse: 125 mA 

Maximum Isolation Voltage: 170  V peak between any terminal and 
ground. Frequency s 6 0  Hz. 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



41 6 Plug-In Assembly Configufation 

Accuracy: t 1.01 % of read~ng + 2 LSDs + Tr~gger Error) 

Trigger Error: Maximum Transition Time for input voltage to go 
from VfLol to VfHil or VlHil to VfLol 

Pulse Width: 

lnput Signal Characteristics: 
M~nimum Start to Stop Time [Pulse Width): 18 ps 
M~nimum Stop to Start Time: 18 p 

Range Characteristics: 

Least Significant Digit IlSDl Periods 
Range HP-IB Display Averaged 

Accuracy: k 1.01 % of reading + Trlgger Error + 2 LSDs or 
18 ps, whichever is greater) 

Trigger Error: Maximum Transit~on Tlme for input voltage to go 
from VlLol to  VIHII + VfHlI to VlLol 

TotalizelDown Count Mode: 

lnput Signal Characteristics: 
Maximum lnput Frequency 100  kHz 
Minlmum Pulse Wldth: 5 as 

Range: 0 to 999.999 

Preset Value Range: 0 to 999.999 

General Information 

Level Change Output: Level change occurs on measurement compleie. 
overflow and zero count Idown count mode only). 
Output Circuit: Open Collector 

Isolated mode is standard: non-isolated IS  jumper 
selectable. Interrupt mode IS standard; square wave 
output is jumper selectable. Negatlve true logic is 
standard: positlve true is jumper selectable. 

Maximum Current: 1.6 mA 
Max~mum Voltage: 12 volts 
Maximum Low Level Voltage: .65 V at 1.6 mA 

Square Wave Output Operation: The output line can be configured to 
act as a square wave output with a frequency equal to  % 
of the counter Input signal. When used in the count down 
funct~on with the counter input connected to the 3497A Tirrter 
output lor other external source), the counter output lhqe 
can be used to output a programmable number of squzre 
wave pulses. This feature may be useful in driving devices 
controlled by square wave pulse trains like stepper motor 
controllers. 
Maxlmum lnput Frequency: 2 kHz 
Maximum Output Frequency: 1 kHz 1% of Input frequenc:yl 
Output Range: 0-439.999 pulses programmable 

+ 5 Volt Supply: Jumper selectable to sense contact closures 
and open collector outputs on the non-isolated input. May 
also be used to supply open collector level change output. 
Connected through supplied pull up resistors. 

Operating consideration: Digital Interrupt ISRQ) is not available in the 
3498A Extender. 

Manual lnformation 

This manual contains configuration and control information for this assembly. For 
repair and/or service information, see 3497A Plug-In Assemblied3498A Extender Ser- 
vice Manual (-hp- part number 03497-90021 1. Assemblies manufactured after the 
publication date of this manual may have changes incorporated. In this case, a yellow 

MANUAL CHANGES sheet will accompany the manual. See Appendix B for details. 

As shown in Figure 100, each counter has a revision letter in the upper right-hand 
corner of the component side of the board. This manual does NOT apply to REV A 

counters. If you have a REV A counter, see -hp- Model 44426A 100 kHz Reciprocal 
Counter Assembly Operating and Service Manual (-hp- part number 44426-90000). 

- REVISION LETTER 

LOCKING RING 

- - 
CC 

Figure 100. Option 060 - Revision Letter Location 
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Initial Inspection 

If you ordered the 100 kHz reciprocal counter assembly as Option 060, the assembly 
is already installed in the 3497A. If you ordered the assembly as Field Installation 
Kit 44426A, the shipping container should contain a counter card and an option ROM 
(see Figure 98).  

For the Field Installation Kit, if either item is missing or if there is mechanical damage 
or defect t o  the items, contact your nearest -hp- SalesIService office. They will ar- 
range for replacement or repair at -hp- option. 

If there is any damage to the shipping carton, keep the carton and notify the car- 

@ rier as well as -hp-. If you return a counter card or option ROM to -hp-, follow the 
shipping guidelines in Appendix B. 

Installing the Option ROM 

If you ordered the counter as Model 44426A (Field Installation Kit 44426A) AND 
you have a 3497A with HP-IB option, it is necessary to install the Option ROM 
(-hp- part number 181 8-1 61  5) onto the Outguard Controller Board in the 3497A 
before the counter can be operated. 

If you purchased the counter as Option 0 6 0  to  the 3497A (HP-IB version), the 

counter card and associated Option ROM are already installed. If you purchased the 
3497A with Option 232 (Serial Data), an option ROM is not necessary for counter 
operation. 
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41 8 Plug-In Assembly Configuration 

To install the Option ROM on the 3497A Outguard Controller Board. first remove 

all power from the 3497A and 3498A, including LINE and voltage sources connected 

to any installed option cards. 

Next, remove the protective cover from the rear panel of the 3497A and loosen the 

fastener on the Outguard Controller Board (right rear panel of the 3497A as seen 
from the rear). Then pull out the Outguard Controller using the plastic pull ring. 

Finally, position the circuit board assembly with the component side up and install 

the Option ROM in location U12, as shown in Figure 101. Then replace the Outguard 

Controller Board and the protective cover. 
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I 
3 4 9 7 A  OUTGUARD C O N T R O L L E R  

IHP-18 V E R S I O N 1  

rn 
O P T I O N  R O N  

[HP P A R T  a 1 8 1 8 - 1 6 1 5 1  
lNOlCATOR5 ~ 0 d ' k ' h  ORIENTATION. 
a NOTCH POINTED TOUARO TOP OF 

rn"AD" 

b .  '"0'' INDICATES P I N  NUMBER 1 
[HAY BE CIRCLE1 ~ 

Figure 101.  Option 0 6 0  - Option ROM Installation 

How to Install the Counter 
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420 Plug-In Assembly Configuration 

NOTE 

To comply with Electromagnetic Interference standards, it is 
good practice to use shielded cable or twisted pair leads for 

all input and output connections to the counter. Connect 
shields to local earth grounds via low impedance paths. 

After taking the precautions shown in the WARNING, CAUTION and NOTE above, 

you can install the assembly into any of the 5 slots in the 3497A or any of the 10 
slots in a 3498A. To install the assembly, see Figure 102. After the assembly is in- 
stalled, turn the locking key clockwise to lock the assembly into the slot. 

I \ 0 1 2 3 4  

OPTION CARO SLOT NUMBERS 

INSTALLATION IN 3497A 

i i OPTION CARO SLOT NUMBER 

I 
INSTALLATION IN 3498A 

Figure 102. Option 060 - Installation in 3497A13498A 
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CONFIGURING THE ASSEMBLY 

To configure the counter for your application, first determine the operation you want 
the counter to  perform (count up, count down, period measurement, pulse width 
measurement or pulse output). Then, determine the parameters (voltage, current and 
frequency) of the input signal to the counter and the current and voltage requirements 
of the circuitry to  be connected to the counter output terminals. 

After these parameters are decided, the counter can be set for desired operation by 
setting ?witch S1 and jumpers J1 through J8. To see how this is done, we'll first 
cover counter configurations and show the functions of the switch and jumper func- 
tions. Then, we'll show how to set the counter input and output circuits for some 

sample applications. 

Counter Configurations 

As shown in Figure 103, we'll divide counter configurations into input circuit and 
output circuit configurations. For the input circuits, switch S1 selects isolated or 
nonisolated mode of operation. For isolated mode, jumper J4  selects + 5V, + 12V 
or + 24V logic level. For nonisolated mode, jumper J3 connects an internal voltage 
source (called a pullup) into the counter circuits and jumper J4  selects + 5V, + 12V 
or +24V logic level. 

For the output circuits, jumper J7 selects interrupt mode or pulse output mode. In 

the interrupt mode, an internal pullup can be added to the counter circuits by jumpers 
J1 and J2. The output from the OUTPUT HI terminal is a level change from high 
to  low or low to high, as set by J8. 

In pulse output mode, jumpers J1 and J2 are used to  add an internal pullup (as for 
interrupt mode), but the output from the OUTPUT HI terminal is a pulse train with 
polarity set by J8. 
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I C O U N T E R  C O N F I G U R A T I O N S  I 

4 

C I R C U I T  I I M O D E  1 I N T E R N A L  P U L L  U P  I j TLOGIC/ 
I I I I 

I 
I 
I O U T  

I 
I 

I 
I I 

I I I 

Figure 103. Option 060 - Counter Configurations 

C I R C U I T  

Counter SwitchIJumper Settings 

As mentioned, counter configuration is set by switch S1 and jumpers J1 through 
J8. Figure 104 shows switch and jumper locations and factory settings and the 
following table describes their functions. 

For example, to set the counter input circuits to nonisolated mode, interna: pullup 
and + 12v logic level, set S1 to NONISOLATED, J3 to ON and J5  to 12V. To set 
the output circuits for interrupt mode, isolated pullup and positive true logic, set J7 
to INTR, J1 and J2  to ISOLATED and J8 to POS TRUE. 

I [ I N T E R N A L  P U L L  U P  ] i I O U T P U T  
I 

I 
M O D E  
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COUNTER SWITCHIJUMPER FUNCTIONS 

I JUMPERISWITCH 1 POSITION I FUNCTION I 

ISOLATED 
NONISOLATED 

Sets Isolated Mode. 
Sets Nonisolated Mode. 

ON (S1 NONISOLATED) 1 ow 

1 '4 

1 :I5 S l  ISOLATED) 

5V (S1 NONISOLATED) 
1 2 v  
24V 

Adds + 5V pullup. 

Sets + 5V logic level. 
Sets + 12V logic level. 
Sets + 24V logic level. 

Sets + 5V logic level. 
Sets + 12V logic level. 
Sets + 24V logic level. 

OUTPUT CIRCUITS 

J6 * 

ISOLATED 
NONISOLATED 

ISOLATED 

1 NONISOLATED 

IN 
OUT 

Connector for input circuits. 
Can add signal conditioners. 

I I POS TRUE I 

J7 

Removes + 5V pullup. 
Adds + 5 V  pullup. 

INTERRUPT 
PULSE OUTPUT 

NIA 
Provides ground path for 
+ 5 v  pullup. 

Sets level change output. 
Sets pulse train output. 

Output starts and stops in 
high state. 

Output starts and stops in 
low state. 

* When J 6  is removed, can add one series and/or one shunt input signal condition 
ing element. 

* *  J1 and J2  must be set t o  same position. 
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Setting the Counter Input Circuits 

As shown in the preceeding table, S1 and jumpers J3, J4  and J5 set the counter 
input circuits. Figure 105 is a simplified block diagram of the counter input circuits 

(for isolated mode or nonisolated mode) and associated user input signal 
requirements. 

Switch S1 sets the mode of operation for the counter. With S1 in the ISOL.ATED 

position, the counter is in isolated mode. This means that you can use floating 
voltage inputs to the counter, as long as the more positive voltage is connected to 
INPUT HI, the voltage difference between the inputs does not exceed 32V and the 
low input does not exceed 170V. 

With S1 in NONISOLATED position, the counter is in nonisolated mode. In this mode, 
the INPUT LO terminal is the same as chassis ground for all practical purposes, so 
you can't use floating voltages as inputs. However, your signal input current can 
be much smaller than for isolated mode (30 to 750 as opposed to 8 mA for 
isolated mode). 

In nonisolated mode, you can use either the internal +5V voltage source on the 
counter (referred to as an internal pullup) or an external source voltage to drive your 
circuit. Jumper J3 in the ON position puts the internal pullup in the circuit and J3 
in the OFF position removes it from the circuit. 

For either isolated or nonisolated mode, you can select + 5V, + 12V or + 24V logic 

levels for your input circuits by using J4  when S1 is in the ISOLATED position or 
J5  when S1 is in the NONISOLATED position. 

FACTORY SETTINGS 

S1 NON-ISOLATED 
J1 ISOLATED 
J2 ISOLATED 
J3 OFF 
J4 5V 
J5 5V 
J6 IN 
J7 INTR 
J8 NEG TRUE 

J 1 J2 ~8 

Figure 104. Option 060 - SwitchIJumper Positions 
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I INPUT SIGNAL LEVELS I 

I ISOLATED MODE 1 

Logic V(Lo) V(Hi) Minimum Maximum 
Level (max) (min) Current Input V 

INPUT SIGNAL LEVELS 

NON ISOLATED MODE 

+ 5v n 
C O N D I T I O N E D  S I G N A L  

TO C O U N T E R  

5V 1 .OV 4.2V 8 mA k 12.0V 
12V 1.8V 10.3V 8 mA + 21 .OV 
24V 2.5V 18.4V 8 mA ? 32.0V 

I N P U T  C I R C U I T S - I S O L A T E D  M O D E  

$1 T O  
I S O L A T E D  

---P I N P U T  HI d----- J 
J 6 

I N P U T  L O  d----- > 

S I G N A L  
C O N D I T I O N I N G  
(OPTIONAL1 

J4 S E L E C T S  
L D G I C  L E V E L  

Logic V(Lo) V(Hi) Minimum Maximum 
Level (max) (rnin) Current Input V 

I N P U T  CIRCUITS-NON-ISOLATED MODE i 

S 1  T O  
NON-ISOLATED 

P O S I T I O N  

S I G N A L  
C O N D I T I O N I N G  
IOPTIONALI 

C O N N E C T S  
P U L L U P  

5v n 
C O N D I T I O N E D  S I G N A L  

T O  C O U N T E R  ---B 

J5 S E L E C T S  
L O G I C  LEVEL 

- - - - -  
S 1  

Figure 105. Option 060 - lnput Circuit Signal Flow 

- 
I N P U T  HI - 
I N P U T  L O  

- +----- 
d- 

? 
J 6 - - - -  - b d - - r  
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Isolated versus Nonisolated Inputs 

Since the counter can be set for either isolated or nonisolated input mode, \ ~ h i c h  
is best for your application? Naturally, the choice depends on your input signal 
characteristics. However, some advantages and disadvantages for each mode are 
summarized as guidelines for your application. 

1 ISOLATED VS NONISOLATED INPUT MODE 1 

ISOLATED MODE 

Advantages 

Uses its own pullup, so external pullup not required. Floating voltages 
can be input and optical isolator reduces ground loops and common 
mode noise. 

Disadvantages 

I Requires higher input current (8 mA minimum) than nonisolated mode. 

NONlSOLATED MODE 

Advantages 

Can use either internal or external pullup. Because of low (30-750 PA) 
input current requirements, may be able to use a "totem-pole" input and 
thus not require an external pullup. 

Disadvantages 

Uses chassis ground as low input, so floating voltages can't be input. 
May have higher common mode noise than isolated mode. 

Input Circuit Signal Conditioning 

By removing jumper J6, you can add one series and/or one shunt input signal con- 
ditioning element, as shown in Figure 106. Some applications include mechanical con- 
tact debouncing (series R, shunt C); rectification (series diode, shunt C) or adding 
a series resistor so that logic levels other than + 5v, + 12v or + 24v can be used. 
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REMOVE J6 - INSTALL 1 

SHUNT ELEMENT 

INSTALL 1 
SERIES ELEMENT 

Figure 106. Option 0 6 0  - Signal Conditioning Connections 

To illustrate a way that the counter input circuits can be configured, this 
example shows typical connections for an open collecter transistor circuit 
and a relay input with the counter set for nonisolated input mode (S1 in 
NONISOLATED position) with internal pullup (J3 in the ON position) and 
a + 5v logic level (J5 in 5V position). 

Since nonisolated input mode is used, the INPUT LO terminal is at chassis 
ground and floating voltages can't be input. Also, since the internal pullup 
is used, no external power source is required for the transistor. Finally, since 
+ 5v logic level and nonisolated mode are used, the input voltage and limits 
are as shown. 

.*- 

OPEN COLLECTOR INPUT 
OPEN -+ COLLECTOR;' ~ N ~ u ~  H~ 

INPUT 13 

; OUTPUT H I  --- TO USER CKT 

; L o  
> OUTPUT ON o v E w L o w  

OR UEASUREMENT COMPLETE 

l O . 3 V  I M I N .  I . - .-----------.- 
l . B V l M A X . 1  m+ ,- 

, INPUT H I  t 5 V  

RELAY INPUT RELAY SWITCH ' USER SUPPLIED PULLUP 

CONTACTS ICURRENT SOURCE1 

; OUTPUT H I  -- 
: OUTPUT LO CDNPLETE 

US, U<Z&-Z.T COUNTER CARD 
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Setting the Output Circuits 

As noted, the counter output circuits are configured with jumpers J1 ,J2,J7 and J8. 
Figure 107 shows a simplified signal flow diagram for the counter output circuits. 
J7 selects either interrupt mode or pulse output mode, J7 selects positive true or 
negative true logic and JI,J2 allow the internal pullup to be connected into the 
circuit. 

With J8 in the NEG TRUE position, the output starts and stops in the high state. 
With J8 in the POS TRUE position, the output starts and stops in the low state. The 
output for the interrupt mode (J7 in INTR position) is a level change for counter 
overflow or measurement complete conditions. The output for the pulse output mode 
(J7 in PULSE position) is a square wave pulse train with frequency equal to half the 
input frequency. 

OUTPUT C I R C U I T S - S I G N A L  FLOW 

LEVEL CHANGE 
FROU COUNTER 
ON MEASUREMENT 1 
COMPLETE OR OVERFLOW - 

I INTERRUPT UODE I J1 . JZ  I N  NON- 
ISOLATED POSIT ION 
CONNECTS INTERNAL 

+ 5 v  PULLUP 

NEG TRUE 

7-r J l "  

- OUTPUT H I  
OPTO- 

ISOLATOR OUTPUT LO 

J 7  TO I N T R  J 2 - ,  
POS TRUE 1 1 1  

-EXTERNAL PULLUP REQUIRED WHEN J 1 . J Z . I N  ISOLATED IOPENI POSIT ION.  

I PULSE OUTPUT MODE ( 

U 

' L"JJ-m 
J7 TO PULSE 

J I , J 2  I N  NON- 
ISOLATED POSIT ION 
CONNECTS INTERNAL 

'5V PULLUP 

OUTPUT H I  
OPTO- 

ISOLATOR OUTPUT LO 

- - 

POS TRUE 

Figure 107. Option 060 - Output Circuit Signal Flow 

Internal Versus External Pullup 

TO USER 
OR 

C IRCUIT  

A special consideration for the output circuits is whether to use the internal pullup 
or to use an external pullup. With J1 and J2 in the NONISOLATED position, the in- 
ternal pullup is connected and supplies a 5 volt signal with 1.6 mA of current (max- 
imum) to an external circuit. 
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If your application requires a different logic level or more than 1.6 mA of current, 
you can set J1 and J2 to the ISOLATED position which removes the internal pullup 
from the circuit. However, you must supply a current source to the optoisolator on 
the card. A sample connection is shown in Figure 108. Connect + to OUTPUT HI 

and - to OUTPUT LO for proper operation. 

J 1 , J Z  NON I S O L A T E D  

4 ~ = 1 . 6 m A  ( M A X I  
USER 

I S O L A T O R  OUTPUT L O  C I R C U I T  

& COUNTER CARD 

J 1 , J Z  I S O L A T E D  

1 15v 1 USER S U P P L I E D  
CURRENT SOURCE 

OUTPUT H I  

I S O L A T O R  USER C I R C U I T  

COUNTER CARD I O P T I O N A L I  

Figure 108. Option 060 - Output Circuit Pullup Configurations 

To illustrate some ways that the counter can be configured, two examples follow. 
The first example uses an open collector input to produce a level change output for 
measurement complete or overflow. The second example uses a square wave input 
to produce a pulse train output. Although both examples show a square wave in- 

put, the counter can accurately handle a wide variety of inputs, including sine waves. 

For this example, a 5v square wave signal is to be input to the counter 

through an open collector NPN transistor. From Figure 105, limits for a 5v 
input signal range are V(Hi) = 4 . 2 ~  minimum and V(Lo) = 1 . 0 ~  max for 
either isolated or nonisolated input mode. Since the input meets these 
criteria, select nonisolated input mode by setting S1 to NONISOLATED 
position. 
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With nonisolated mode, either an internal or external pullup can be used, 
so set J3 to ON to connect the counter internal pullup. For the input signal 
used, select + 5v logic level by setting J5 to 5V position. 

For the output circuits, assume that a level change output from high to low 
is required when measurement is complete or on overflow. For this logic 

level change, set the output circuits to interrupt mode by setting J7 to IN'TR 
position. 

We'll use the counter internal pullup for the output network and set J1 and 
J2 to NONISOLATED position to connect the internal pullup. For a logic 
level change from high to low, set J8 to NEG TRUE position. See the 
following diagram for a sample connection diagram and switchljumper 
settings. 

COUNTER SETUP 

I Circuit To Select Set 

Nonisolated mode S1 to  NONISOLATED 
Input Internal pullup J3 to ON 

-t 5v Logic Level J5 to 5V 

Interrupt mode J7 to INTR 
Output Internal pullup J1 ,J2 to NONISOLATED 

Negative True logic J8 t o  NEG TRUE 

SWITCHIJUMPER SETTINGS 

N = NONISOLATED 
X = DON'T CARE 

CONNECTION DIAGRAM 

J 8 

NEG TRUE 

SOURCE 
OUTPUT H I  TO USER CKT 

OUTPUT ON OVERFLOW 
OR MEASUREMENT COMPLE'E 

J5 

5V 

S 1 

N 

J2 

N 

J 1 

N 

J6 

IN 

J 7 

INTR 

J3 

ON 

J4 

X 
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For this example, we'll use a 12v square wave input to produce 100 square 

wave output pulses at 500 Hz. We'll set the input circuits to nonisolated 
mode, internal pullup and + 12v logic level and set the output circuits for 
pulse output mode, external pullup and positive true logic. 

For nonisolated mode, input signal limits for 12v logic level are V(Lo) = 

2 . 7 ~  maximum, V(Hi) = 8 . 0 ~  minimum with 250 pA minimum current. To 
produce 500 Hz output pulses, the input frequency must be 1 kHz since 

output pulse frequency is half the input frequency. Note that for any opera- 
tion with Pulse Output mode, input signal limits are f s 2 kHz and pulse 
width r 5 psec. 

Set the output circuits for pulse output (square wave) mode by setting J7 
to PULSE position. For external output pullup, set J1 and J2 to ISOLATED 
position. For positive true logic (output starts and stops in the low state), 
set J8 to POS TRUE. 

Since the number of output pulses is programmed using the CS slot#,n 
command, for 100 pulses use CS slot#,200. A sample connection diagram 
and jumperlswitch settings follow. 

COUNTER SETTINGS 

Circuit To Select Set 

Nonisolated mode S1 to  NONISOLATED 
Input Internal pullup J3 to ON 

+ 12v Logic Level J5 to  12V 

Pulse Output mode J7 to PULSE 
Output Isolated pullup J1 ,J2 to  ISOLATED 

Positive True logic J8 to  POS TRUE 

SWITCHIJUMPER SETTINGS 

N = NONISOLATED 
I = ISOLATED 
X = DON'T CARE 

J6 

IN 

S 1 

N 

J3 

ON 

J7 

PULSE 

J 1 

I 

J8 

POS TRUE 

J4 

X 

J2 

I 

J5 

12V 
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CONNECTION DIAGRAM 

S I G N A L  
SOURCE f r e q = F  

OUTPUT H I  

OUTPUT LO 
$191-44116-2-8 

COUNTER CARD - 

8 .  OV I R I N .  I 
2 . 7 V l n A X . I  n- 

1 \ I * I N P U T  H I  1 
USER S U P P L I E D  P U L L U P  

ICURRENT SOURCE1 
+SV / 
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1 OPTIONS 0701071 1 

-hp- Model 44427A  1 2 0  Ohm Strain GaugeIBridge Completion assembly and -hp- 
Model 4 4 4 2 7 6  3 5 0  Ohm Strain GaugeIBridge Completion assembly provide bridge 
completion for resistance strain gauges and other resistive transducers such as RTD's 
and pressure sensors. You can use the assemblies to  provide termination for any mix- 
ture of %,  % or full bridges and can use 2 or 3-wire (plus shield) transducer 
connections. 

Each strain gaugelbridge assembly can measure up t o  1 0  transducers (strain gauges, 
RTD's, etc.) when using the internal half bridge shared by all transducers. Each 
3497A can hold up t o  five 44427A and/or 44427B assemblies and each 3498A Ex- 
tender (Option 298) can hold up t o  1 0  assemblies. 

Thus, using the 5 slots in a 3497A  and 4 5  slots in 3498As (maximum which can 
be used for these assemblies), you can provide up t o  5 0 0  channels for transducer 
measurements or up t o  1 3 3  three element strain gauge rosettes. Of course, the 
44427AlB can be used in the same 3497A mainframe wi th  other 3497A assemblies 

for mixed measurements. For example, you could use the Option 0 2 0  thermocou- 
ple compensation assembly in one slot and an Option 0 7 0  or 0 7 1  in another slot 
t o  generate apparent strain curves. 

Description 

As shown in Figure 109, the 44427AlB  assemblies consist of a 2 0  channel relay 
card and a terminal card. The relay card is identical t o  that used in Options 0 1 0  and 
020 .  The terminal card for the 1 2 0  ohm assembly (Option 070 )  is identical t o  the 
3 5 0  ohm assembly (Option 071 )  except that Option 0 7 0  uses 1 2 0  ohm bridge ter- 
mination resistors while Option 0 7 1  uses 3 5 0  ohm resistors. 
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The assemblies require an external power supply for bridge excitation and a DVM 
(such as the internal 3497A DVM, -hp- 3456A voltmeter or equivalent DVM). In- 
itial voltmeter readings for bridge excitation and bridge unbalance are used to solve 
the bridge equation, eliminating the need for any span and offset adjustments. To 

compute strain, the assembly should be used with a controller. Data acquisition and 
strain calculation can be done manually, however. 

The excitation voltage, Vs, is always applied, never switched, so there are no er- 
rors due to  dynamic heating and cooling of the transducer. Since the excitation 
voltage is measured on each assembly, measurement accuracy is independent of long 
term power supply voltage changes and an inexpensive supply (such as the -hp- 
Model 6214A or 62005A) is adequate to achieve listed specifications. The Model 
6214A can provide power for 5 0  channels (5 assemblies) while the 62005A can 
power up t o  8 0  channels. 

RELAY CARD TERMINAL CARD 

Figure 109. Options 0701071 - Strain GaugeIBridge Assemblies 

Diagnostic Tests 

Several diagnostic tests are available on the 44427AiB assemblies to  check circuit 
integrity or enhance measurement accuracy. Each assembly consists of 2 0  channels 
with the first 10 channels reserved for strain gauge inputs. The remaining 1 0  chan- 
nels (60  through 69)  can be used for measuring the excitation voltage and for 
diagnostic tests. 
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The following chart shows the channel numbers associated wi th the 44427AlB 
assembly for each 3497A slot (for 3498A slots, add 100  to  each number shown 
for the first 3498A, 200  to  each number for the 2nd 3498A, etc). Note that for 
each slot, the 1 0  lowest numbers (the A decade) are for strain gauge measurements, 
channel BO is used to  measure the excitation voltage and the rest of the B decade 
channels are for bridge diagnostics, excitation measurements, etc. 

On the terminal card, the strain gauge inputs [+(H) SIG,-(L) SIG and (G) SHLDI have 
designators A 0  through A9, left t o  right. Thus, for example, a strain gauge input 
t o  terminal A 0  (leftmost terminal) has channel number 0 for an assembly in slot 0, 
1 0  for an assembly in slot 1, etc. See CONFIGURING THE ASSEMBLY for details. 

STRAIN GAUGE ASSEMBLY - DIAGNOSTIC TESTS 

Terminal 
Card 

Designator Function 

Reserved for Strain 
Gauge Inputs. 

Measure Excitation 
Voltage. 

Tension Shunt 
Calibration * 

Compression Shunt 
Calibration * 

Guard to  Low Resis- 
tance (channel AO)* 

Guard Voltage* 

Internal Half- 
Bridge Ratio* 

Lead Wire Resis- 
tance (channels A7 
through A9)*  

3497A Slot Number 

1 Channel Numbeds) I 

* See CONFIGURING THE ASSEMBLY, Measurement Accuracy 
Considerations. 
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Strain Gauge Measurements 

The Option 0701071 assemblies allow you t o  determine strain of bonded resistance 
strain gauges by  measuring voltage changes which occur between the unstrained 

and the strained state of the gauge. To indicate how the assemblies accomplish this, 
we'll summarize strain gauge measurements. 

This discussion is not  a comprehensive tutorial on strain gauge or bridge 
measurements, but is intended t o  show how the assemblies may be used t o  make 
these measurements. See -hp- Application Note 290-1, "Practical Strain Gauge 
Measurements" for general information on strain gauge measurements. 

Strain 

We'll use the term strain (E) t o  mean the ratio o f  a fractional change in  length t o  
the unstrained length: ALIL. Since the magnitude of AL is usually less than 1 % of 

L, the Model 44427AlB assemblies use a Wheatstone Bridge circuit for measurement. 
The Gauge Factor, GF, relates a change in resistance of the gauge (AR) t o  the strain: 

where ARIR is the ratio o f  the change in resistance (AR) caused by the strain t o  the 
original resistance (R) of the gauge in the unstrained state. 

Unbalanced Wheatstone Bridges 

As mentioned, the strain gauge assemblies use an unbalanced Wheatstone Bridge 
arrangement t o  measure voltage changes between the strained and unstrained states 
of  strain gauges. For the (balanced) Wheatstone bridge shown in  Figure 11  0, Vin 
is the input voltage t o  the bridge, Rg is the resistance of  the strain gauge, R1, R2 

and R 3  are the resistances of the bridge completion resistors and Vout is the bridge 
output voltage. 
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W H E A T S T O N E  B R I D G E  
C I R C U I T  

- 
V i n  - 

B R I D G E  C I R C U I T  W I T H  
P R O V I S I O N  F O R  

BALANCING T H E  B R I D G E  

Figure 110.  Options 0701071 - Wheatstone Bridge Circuit 

A 1/4 bridge configuration is shown since one arm of  the bridge is an active gauge 
and the other arms are fixed value resistors or unstrained gauges. Ideally, the strain 
gauge resistance, Rg, is the only resistor in the circuit which varies. We can relate 
the ratio o f  the input voltage t o  the output voltage by: 

1 2  
12 a 

Vout . l J  . < 

- -- R3 

R2 I - 
r' 1 ? 0 - 4 ! / ~  (2 )  "(h 

Vin R3 '+ Rg R1 + R2 
. >  C! 

/ '  

Equation (2) applies t o  both strained and unstrained states. To measure strain, t w o  

measurements must be taken: (1  measure Vout w i th  the gauge in the unstrained 
state and then (2)  measure Vout w i th  the gauge in the strained state. By combin- 
ing the strained and unstrained cases, we  can define a new term, Vr. 

VR = [ strained - (?) unstrained] 

From equation (1 1, since strain (€1 = (AR/Rg)/GF, w e  can write an equation for strain 

in  terms of the gauge factor (GF) and Vr (which is derived from Vin and Vout) as 
follows: 

Since the actual strain figure is quite small (on the order o f  0.000200),  w e  wil l  ex- 
press the results in PE (E x lo6).  In addition we'll assume a Gauge Factor GF = 2. 
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Multichannel Bridge Measurements 

The strain gauge assemblies use a bridge circuit called a "Chevron Bridge" for 
multichannel bridge measurements. Figure 11 1 shows the circuit setup which 

switches a DVM between gauges. One channel is shown as a % bridge and the other 
as a ?h bridge ( two active gauges). Resistors R1, R2 and R3 form three sides of the 
bridge and the excitation voltage (Vin) to  the gauges is continuously applied. 

>tween To make strain gauge measurements with this circuit, the DVM is switched bt. 
points C-D, D-E, etc. and measures Vout for each channel. Although not shown in 
Figure 11  1, the DVM can also be switched to  measure Vin. The procedure to  
measure strain w i th  this circuit is (assuming that the Gauge Factor is known): 

STRAIN GAUGE MEASUREMENTS 

(1) measure Vin and store the value. 

(2) measure Vout for channel #1 ( %  bridge in Figure 11 1) with the gauge 
unstrained. 

(3) measure Vout for channel #I with the gauge strained. 

(4) compute strain from E = -4Vr/GF(1 + 2Vr). [ %  bridge] 

(5) switch the DVM to channel #2 (shown as a % bridge in Figure 11 1) and 
repeat steps (2) through (4). 

CONSTANT 
VOLTAGE [V i n 1  E 

POWER SUPPLY 

Figure 1 1 1. Option 070107 1 - Bridge Circuits for Assemblies 
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Specifications 

Specifications for the 120/350 ohm strain gaugetbridge completion assemblies follow. 

Specifications are performance standards, or limits, against which the assemblies may 
be tested. 

OPTION 0701071 Sensitivity vs. Supply Voltage 
1201350 OHM. STRAIN GAUGEIBRIOGE COMPLETION ASSEMBLIES 

Bridae Tvlle V. = 100 mV V. = 1 volt V. = 5 volts 

. .  . 
3497A voltmeter or an external 3456A voltmeter The initial 2 0.2 pr 0.04 pc I 
voltmeter readings for bridge excitation and brldge unbalance (GF = 2. System Voltmeter -. 3456A. For 34978  
are used by the system computer to solve the bridge equation. Voltmeter. multiply numbers by 101. 
eliminating the need for any span and offset adjustments. To 

No Manual Adjustmenta 
The assemblv is used with an external suoolv and e~ther the 

compute straln, this assembly must be used in conjunct~on Accuracy 
wlth a system computer These specifications include all system-related errors: bridge 

Full 0.5 pr 0.05 pr 0.01 pr 

% 1 Cf 0.1 pc 0.02 pr 

Bridge Excitation 
The excitation voltage Vs IS always applied, never sw~tched, so 
there are no errors due to the dynamic heating and cooling of 
the gauge. Slnce the exc~tation voltage is measured on each 
strain gaugelbr~dge card, the strain accuracy is independent 
of long-term supply voltage changes. An Inexpensive power 
supply. such as the HP 6214A. is adequate to achieve the 
accuracy specification shown. It also has enough current 
capability to provide power for up to 50 channels 15 cards). 

Excitation Supply Requ~rements: 
15 bridge conf~gurat~onl 
Vs max: i 5.4 volts DC 

Is: 250 mA per 10 channels 1120 ohm gaugesl 
8 0  mA per 10 channels 1350 ohm gaugesl 

General Information: 

Isolation Voltage: L 170 V peak between any termlnal and chassls 

reslstor tolerance and drift. thermal offsets of bridge scanner 
and voltmeter, voltmeter accuracy, ~njected currents, self- 
heatlng of bridge rewtors and system noise. The only exceptions 
are lead wire mlsmatch and the accuracy of the gauge itself. 
Specifications are valld for either the 3497A or the 3456A volt- 
meter with integration time set to one power line cycle. 

Accuracy at VS = 5 volts 

Temperature 
Bridge 24 Hr. 90 Day 590 Days Coefficient 
Type f l'C 23 + 5'C 23 f 5'C 10-18,28.55°Cl 

Full 1 pc 1 p< 0.04 pcIMo. 0.025 r< l °C  

% 4 pr 5 p< 0.4 p I M o .  0.3 p11'C 

X 7 pc 25 pt 1.8 p<IMo. 1.8 p i ° C  

Accuracy A1 Y1 = 1 Volt 

Full 3 pc 3.5 pr 0.04 rc/Mo. 0.1 pcIoC 

K 5 pc 1 0  pc 0 .9  p</Mo. 0.4 ,t<loC 

X 10 pt 35 pc 6.8 ptlMo. 1.8 pcI°C 

Accwacv At Vr = 100 mV 

Full 20 p, 35 pr 0.04 pr/MO. 0 .8  pcIoC 

K 40  p, 75 pr 0.9 pr1Mo. 1.7 pcIoC 

X 8 0  pt 150 pc 6.8 pc'Mo 3.5 pcl°C 

All Spec~flcat~ons Are ? 

These f~gures assume a gauge factor of 2 

Maxlmum self-heatmg offset due to change in the number 
of gauges on one assembly: 0 . 3  p, per gauge lVs ; + 5. 
R, -- 120 R. % bridge) 

Maximum self-heating offset due to .I V change in supply 
voltage: 0.38 pr IV, = + 5. R, - 120 R. % bridgel. 

Manual Information 

This manual contains configuration and installation information for these assemblies. 
For repair and/or service information, see 3497A Plug-In Assemblies/3498A Extender 
Service Manual (-hp- part number 03497-90021 ). Assemblies manufactured after the 
publication date of this manual may have changes incorporated. In this case, a yellow 
MANUAL CHANGES sheet will accompany the manual. See Appendix B for details. 
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Application Note 

When using the Option 070/071 assemblies, you may want to refer to -hp- Applica- 
tion Note 290-1 "Practical Strain Gauge Measurements" (-hp- part number 
5952-21 53) which is available from your nearest -hp- Sales and Service office. 

Ordering the Terminal Card Separately 

If you already have a relay assembly (such as from Option 010  or 020) or if you 
want to have several strain gauge terminal cards, you may order terminal cards 
separately by using the following part numbers: 

Option 070  (1 20 Ohm). . . . . . . . . . .-hp- part number 03497-64109 
Option 071 (350 Ohm). . . . . . . . . . .-hp- part number 03497-641 10 

Initial Inspection 

If you ordered a strain gauge assembly as Option 070  or 071, the assembly is 
already installed in the 3497A. If you ordered the assembly as Field Installation Kit 
44427A or 44427B, the shipping container should contain a relay card and a ter- 
minal card with 120 ohm or 350 ohm bridge completion networks. 

For the Field Installation Kit, if either card is missing or if there is mechanical damage 

or defect to the cards, contact your nearest -hp- Sales/Service office. They will ar- 
range for replacement or repair at -hp- option. 

If there is any damage to the shipping carton, keep the carton and notify the car- 
rier as well as -hp-. If you return a relay card or terminal card to -hp-, follow the 
shipping guidelines in Appendix B. 
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How t o  Install the Strain Gauge Assemblies 

Figure 112 shows how to install the assembly in the 3497A and 3498A. After taking 
the steps shown in the WARNING and CAUTION notes above, plug the assembly 
into an unused slot in the 3497A or 3498A. 

CONFIGURING THE ASSEMBLY 

As noted, the strain gauge assemblies consist of a relay card and a terminal card. 
The relay card acts as a multiple channel switcher to  connect the DVM to a specified 

channel. The terminal card provides the connections to provide excitation voltage 
to the strain gauges and form the bridge completion networks for voltage 
measurement. 

To make strain gauge measurements, the relay card must be set for no thermocouple 
compensation. As shown in Figure 113, the jumper in the upper left-hand corner of 
the relay card should be set to  the NO TIC COMP position. 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



442 Plug-in Assembly Configuration 

/ / 1 I I / 3 4 9 7 A  REAR l I E W  

LOCKINC 
TO I SYSTEM 

SLOT NUMBER . - FOR 1ST 3498A ONLY. SECOND 3498A HAS 
SLOTS 20-23. ETC. I 0 1 2 3 4  

SLOT NURBERS 

RELAY 
CARD TERMINAL CARD 

COMPONENT 

I REMOVE SCREWS 

I 
- 

-- -- 

REMOVE SCREWS 

REMOVE 
HANOLE 

RELAY 

SIDE 
LocKIN]To SYbrEM * - COMPONENT SIDE 

: CARD i 

! 

I 

NOTEI REMOVE HANDLE I FOR I N 1 T A L L A T I O N  I N  SLOT I 4  OR 1 9  OF 343.8 ONLY 

--x 

IOTE, REMOVE HANDLE 
FOR INSTALLATION I N  SLOT 4 OF 3 4 9 7 A  ONLY 

RELAY 
CAR0 

TERMlNIsL 
CARD 

1 

Figure 112. Options 0701071 - Installation in 3497Al3498A 

/ SET TO NO TIC COMP POSITION 
I )...I 

o .5R 
e GND R 

3497-OPC-82 =SHORTING PIN 

Figure 113. Options 0701071 - Relay Card TIC COMP Jumper Setting 
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The assembly can be configured for '/4 bridge, ?4 bridge or full bridge operation. 
Figure 114 shows the terminal card connections and describes the functions of the 
connectors. Before you begin connecting strain gauges to  the terminal card, you 
should consider three items: shielding the measurement leads; excitation supply re- 

quirements and connecting an external voltmeter. 

@ Excitation Power Supply Connections. These six connectors 
(three for positive and three for negative) are used for connecting 
the excitation supply to the terminal card. The extra connectors 
may be used to "Daisy Chair" the supply to other terminal cards. 

@Common Bus Connections. High, Low, and Guard common 
lcommon to all channels after relay closure) may be accessed on 
these terminals. An external DVM may be connected to these ter- 
minals or to the High Common, Low Common, and Guard Com- 
mon on the back panel of the 3497A. 

@Bridge Signal Connections. The output voltage from the 
bridge is measured here. The relays connected to  these terminals 
are used to switch the DVM from one bridge to the next. 

@ Bridge Shield Connections. The shield connections (Guard 
potential) are made on these terminals. 

@ Full Brldge Modification Jumpers. These jumpers are to be 
cut when usmg a full bridge configuration. Be sure the appropriate 
114 bridge jumpers are in place. 

@ Excitation Connections. The excitation supply connections 
to the stram gage is made here. Note that the negative s u ~ p l y  ter- 
minals are to the right of the positive terminals and have bridge 
label numbers below the 114 bridge jumpers. 

@ 114 Bridge Modification Jumpers. To configure a bridge for 
114 bridge operation, cut the appropriate jumper. Be sure the ap- 
propriate Full bridge jumper is in place. 

Figure 114. Options 0701071 - Terminal Card Identification 

Shielding the Measurement Leads 

In some cases, strain gauges are located some distance from the instrument which 
may cause desensitization errors due to lead resistance. For this reason, we recom- 

mend that a three-wire connection be used for bridge and ?4 bridge measurements 
as shown in Figure 11 5. 
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V A L N E R  G N D .  S H I k L D  
/ 

S H I E L D  C O N N L C T k l l  
T O  D E V I C E  U N U k R  
T E S T  I F  I T  IS 
A C O N D U C T O R  

S t t  M E A S U H t M E N T  A C C U R A C Y  
C O N S I D E R A T I O N S "  F O R  D I S C U S S I O N  

0 L O  U V M O F  W A G N k R  CHUUNU. ' 
G U A R D  

-- ~ - 

Figure 115. Options 0701071 . Connecting the Shield 

Excitation Supply Requirements 

The strain gauge assemblies require that an external excitation voltage source be sup- 
plied. The excitation supply (Vs) should have enough output capability to  drive all 

connected gauges, since the assemblies switch the bridge measuring device and not 
the gauges. This means that the gauges are connected t o  Vs at all times. See the 

specifications table for more information. 

For best common mode noise rejection, the excitation supply should drive only one 

assembly (10 channels) and should have floating output and low noise characteristics. 

One supply may be used for several assemblies if the strain gauges are mounted 
close to each other on the specimen being tested. If gauges are mounted some 

distance apart, use separate supplies. 

For best results, the excitation supply voltage output should be between 0.1 V and 

5.4V, wi th less than 1 mV of noise. The supply should be linear regulated, not a 

switching supply. 

Using an External DVM 
If desired, an external voltmeter such as the -hp- Model 3456A, can be used as the 

DVM in place of the internal 3497A DVM. The external DVM can be connected t o  
the HI COM, LO COM and GUARD COM terminals on the rear panel of the 3497A 

or t o  the HIGH. LOW and GUARD terminals. 
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Sample Bridge Configurations 

The following paragraphs describe how to configure the terminal card for sample '/4 
bridge, ?h bridge, full bridge and combined bridge applications and show the 
equivalent circuit when the connections are made. The diagrams show Option 070 
(1 20 ohms) but are identical for Option 071 (350 ohms). 

Although the figures show only one channel connection, up to 10 bridge connec- 
tions (1 per channel) can be made, and you can mix '/4 bridge, '/z bridge and full 
bridge arrangements on a single assembly. 

% Bridge Configuration 

Figure 11 6 shows a sample connection diagram and equivalent circuit for a % bridge 
configuration with a strain gauge tied to channel 0. Note that jumpers JO through 
J9 must be cut for the channels to be used for '/4 bridge circuits (i. e., cut JO for 
'/4 bridge on channel 0, JO and J1 for '/4 bridge on channels 0 and 1, etc.). Be sure 
to leave full bridge jumpers J10 through J19 intact. 

When a relay (AOH and AOL, for example) is closed on the relay card, the DVM 
measures the bridge output voltage. The excitation supply, Vs, is connected inter- 
nally on the terminal card to the + EXC and -EXC terminal blocks for all channels 
in parallel. 

% Bridge Configuration 

Figure 11 7 shows a sample connection diagram and equivalent circuit for a '/z bridge 
configuration with strain gauges tied to channel 0. Note that jumpers JO through 
J9 and jumpers J10 through J19 remain in place. Bridge completion resistors RO 
through R9 are shorted by jumpers J O  through J9 (respectively) and are replaced 

by strain gauges RGOl (for channel 0)  through RG91 (for channel 9). 

Full Bridge Configuration 

Figure 11 8 shows a sample connection diagram and equivalent circuit for a full bridge 
configuration with strain gauges tied to channel 0. Note that jumper J10 is cut to 
isolate the ?h bridge resistor R10 and RO is shorted by jumper JO. 
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CONNECT S H I E L D  L I N E  I F  
S P E C I M E N  I S  CONDUCTOR 

GAUGE -1 

1 / 4  B R I D G E  CONNECTIONS 

; P E C I M E N  
I L E A V E  J10-J19 

vs. 
8 

hri 
G L H  

hdId 
It. 

SUPPL: SUPPLY 

EXCITATION I+) 

E X C I T A T l O N  1-1 

Figure 116. Options 0701071 - Sample % Bridge Connections 
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I GAUGE - . I  

CONNECT S H I E L D  L I N E  I F  
S P E C I M E N  I S  CONDUCTOR " SYPPL" SUPPLY 

S P E C I M E N  

CONNECT S H I E L D  L I N E  I F  
I I S  CONDUCTOR 

ClYCE] 

I 
S P E C I M E N  

U L E A V E  J 1 0 - J 1 9  I N T A C T  

Figure 117. Options 0701071 - Sample '/2 Bridge Connections 
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, . -- ~ - CONNECT S H I E L D  L I N E  I F  
- ] --- S P E C I M E N  I S  CONDUCTOR "r 

+ .  
GAUGE RG2 . GAUGE RG1  . + '  1 F U L L  B R I D G E  CONNECTIONS 

[CHANNEL 0 SHOWN1 

Figure 11 8. Options 0701071 - Sample Full Bridge Connections 

Combining Bridge Configurations 

You can also configure the terminal card for any combination of %, % and full bridge 
measurements (up to 10  bridges per assembly). Figure 11 9 shows an example con- 
nection with a % bridge in channel 0, a % bridge in channel 1 and a full bridge in 
channel 2. The Option 070  assembly (1 20 ohm) is shown, but the connections are 

the same for the Option 071 (350 ohm) assembly. Refer to Figures 11 6, 11 7 and 
1 18 for connection details. 
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P o  
H I  S I G .  120, 

W 0 R 
LO S I G .  350 

-EXC.  

P A I R  MUST BE 
/ MATCHED. 

I 
L 

SHORTED FOR F U L L  B R .  

Figure 119. Options 0701071 - Combined Bridge Configurations 

Strain Gauge Equations 

Recall that we developed an equation for strain in terms of the input and output 
voltages of a '/4 bridge circuit. The assemblies can, of course, be used for '/z and 

full bridge measurements and a combination of bridges (10 maximum) can be input 
t o  a single assembly. 

Although the assemblies are specifically designed for use with bonded resistance 
strain gauges, they can also be used with any resistive transducer, such as RTDs 
and 3-element rosettes. For these reasons, Figure 123 (at the end of this section) 
shows equations for determining strain for strain gauge bridges, biaxial stress state 

equations, rosette equations, wire resistances and selected materials properties. 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



450 Plug-In Assembly Configuration 

Measurement Accuracy Considerations 

In our previous discussions, we assumed that no errors were introduced into the 
measurement by the instrumentation (i.e., no lead wire resistance, no heating or 
power line effects, etc.). However, for practical measurements, errors may be in- 
troduced by the measurement system. The following discussion summarizes how to 

minimize some of these errors. See -hp- Application Note 290-1 for detail:;. 

Self-Heating 

The 44427A/B uses a shared half bridge when the terminal card is set for '/4 or '/2 
bridge operation. This means that half the bridge is common to all bridges on the 
card. Also, all gauges connected to the card remain powered by the excitation supply 
even though only one bridge is being measured. This setup minimizes thermal drift 

due to gauge self-heating and maintains constant power dissipation of the gauges. 

If self-heating is a concern, use a 350 ohm gauge with the Option 071 (350 ohms) 
assembly. Another method is to reduce the excitation supply voltage. This, however, 
may increase noise level and impair accurate readings. 

Power Line Noise 

If power line interference may be a problem, use an integrating type DVM. The DVM 
error is significantly reduced if the voltmeter integrates the input for a period equal 
to  an integer number of power line cycles (1, 10, 100, etc.). Exact amount of er- 
ror reduction is determined by the DVM's Normal Mode Rejection. For example, the 

3456A DVM has 60 dB rejection at one power line cycle integration and up to 80  
dB at 100 power line cycles. 

Voltage Offsets 

When calculating strain, you can ignore voltage offsets if the offsets do not change 
between unstrained and strained measurements. If, however, changing offsets may 
be a problem (for example, thermally induced offsets), two compensation techniques 
may be used: 

a. First, take an unstrained reading. Then disconnect the excitation supply and take 
a second measurement. Subtract the second (offset) reading from the unstrained 
reading. This calculated value can then be used as Voutu in equation (3). Similarly, 
take a strained measurement and an offset strained measurement. The difference can 
then be used as Vouts in equation (3). 
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b. The second method uses a reversible excitation supply. For each unstrained and 
strained measurement, reverse the supply polarity and take a second measurement. 

Average each pair of measurements and use these values in equation (3). In this 
method, offsets are cancelled and there is no waiting for the gauges to  cool. 

Lead Wire Resistance 

The equations previously used do not include compensation terms for lead wire 
resistance (see Figure 123 at the end of this section for bridge equations which in- 
clude lead resistance). Although the bridges can be connected with t w o  wire con- 
figurations, we highly recommend a three-wire arrangement (with shielding) to  reduce 
the effects of lead wire resistance. 

If lead wire resistance is a critical factor for your application, choose a 350  ohm 
gauge and use the 44427B assembly, since this gauge is less susceptible to lead 
wire resistance effects. If you are using ?4 bridge configuration, you can measure 
the lead wire resistance on channels A7, A8 and A9, as follows. 

As shown in Figure 120, the lead wire resistance (Rd can be computed from the 
following equation. Since R3 is specified to + 0.12%, this is the overall accuracy 
of the measurement. 

[(voltage A-B) 
Ra 1 (R3) [ &  .I2961 

- - V e x  

Figure 120. Options 0701071 - Lead Wire Resistance 
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For example, t o  compute lead wire resistance for channel A9, use the 
following steps. Remember, only channel A7, A8 or A9 lead resistance (:an 
be determined. 

1. Close channel A9 and record the voltage as VA9. 
2. Close channel B9 and record the voltage as VB9. 
3. Close channel B6 and record the voltage as VB6. 
4. Compute Ra from: 

% Bridge Resistor Ratio 

The ratio of the common ?h bridge resistors (R10) on the terminal card should be 
1 ( k  0.024%) since this ratio is used as a reference for ten bridges. If the ratio is 

outside this range, replace R10. To determine the ratio, first close channel B5 and 
record the voltage as VB5. Then close channel B6 and record the voltage as VB6. 
The ratio is then VB5lVB6. 

A good integrating DVM (such as the -hp- 3456A) should be used for the test. The 
3456A has accuracy greater than + 10 ppm when set t o  10 power line cycles 

integration. 

Shunt Verification 

To verify that the measured values for strain are close to  the theoretical values, you 
can add a shunt resistor t o  one leg of the bridge to  simulate either a tension strain 

or a compression strain measurement. Channel B1 is used to  simulate tension strain 
and channel B2 is used to  simulate compression strain. See Figure 121. 

s\ 
COMPRESSION 

44421-3-4 
T E N S I O N  

Figure 121.  Options 0701071 - Shunt Verification 
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For either type of  simulation, the procedure is t o  first calculate the theoretical strain 
f rom the fol lowing equation: 

where: Rg = resistance of  paralleled gauge 
Rs = 79.81K (tension) or 59.41K (compression) 
GF = Gauge Factor 

n = 1 for 1/4 bridge, 2 for '/2 bridge or 4 for full bridge. 

The second step is t o  make an unstrained measurement of the gauge under test and 
record this voltage as Voutu and then measure the excitation voltage and record it 
as Vs. 

The third step is t o  use the AC chan#,chan# command t o  close channel B1 (for ten- 
sion strain) or channel B2 (for compression strain) AND the channel for the gauge 
under test. This wil l  simulate a strained measurement. Record the voltage as Vouts. 

For example, wi th  an assembly in slot 0 and a gauge connected t o  channel A3, the 
command for tension strain measurement is AC3,11 and the command for compres- 
sion strain is AC3,12. 

The final step is t o  compute the simulated strain using the fol lowing equations and 
compare it w i th  the theoretical strain calculated wi th  equation (7).  

Gauge Leakage Resistance 

A properly mounted gauge wi th  fully cured adhesive usually has 1000  Megohms or 
more isolation resistance between the gauge and the specimen. A measured value 
of  5 0 0  Megohms or less usually indicates some type of surface contamination and 
resultant gauge leakage. A t  least 1 5 0  Megohms should be maintained, as gauge 
leakage resistance appears as a high impedance in parallel w i th  the gauge which 
causes measurement errors. 

To measure the gauge t o  specimen resistance, use a high resolution DVM:Do not  
use a high voltage insulation tester as damage t o  the gauge may result. Turn the 
excitation supply OFF before making the measurement. Connect the DVM OHMS ter- 
minals t o  the 3497A  HI COM and LO COM terminals and close channel B3 t o  make 
the measurement. 
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Vex 

One way to  reduce undesirable offsets due to  gauge leakage is t o  use a Wagner 
Ground as shown in Figure 122. The Wagner Ground uses a guard shield whose 

voltage is approximately the same as the signal leads (excitation voltage). 

The Wagner Ground is formed by dividing the excitation supply in half by using t w o  
equal value resistors. This ground is connected to  the shield lead to  establish a 

voltage reference. To check the Wagner Ground, close relay B4. The measured 
voltage should be within + 4% of one-half the excitation voltage. 

WAGNER GND. SY I E L D  

Figure 122. 

ovn 

Options 0701071 - Wagner Ground 

SHIELD CONNECTED 
TO DEVICE UNDER 
TEST I F  I T  I S  
4 CONDUCTOR 
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WIRE RESISTANCE 
Solid Copper Wire 

AWG Ohrns/Foot (ZS°C) Diameter (in.) 

18 0.0065 0.040 
20 0.01 04 0.032 
22 0.01 65 0.0253 
24 0.0262 0.0201 
26 0.041 6 0.01 59 
28 0.0662 0.01 26 

I AVERAGE PROPERTIES OF SELECTED ENGINEERING MATERIALS 
Exact values may vary widely 

Poisson's 
Material Ratio. v 

ABS (unfilled) - 
Aluminum (2024-T4) 0.32 
Aluminum (7075-T6) 0.32 
Red Brass, soft 0.33 
Iron-Gray Cast - 
Polycarbonate 0.285 
Steel-1 01 8 0.285 
Steel-41 30/434O 0.28-0.29 
Steel-304 SS 0.25 

1 Steel-410 SS 0.27-0.29 
Titanium alloy 0.34 

I 

Modulus of 
Elasticity. E 

psi x 106 

0.2-0.4 
10.6 
10.4 
15 
13-14 
0.3-0.38 

30 
30 
28 
29 
14 

Elastic 
Strength (a) 
Tension (psi) 

4500-7500 
48000 
72000 
15000 - 
8000-9500 
32000 
45000 
35000 
40000 

135000 

(a) Elast~c strength may be represented by proportional limit. y~e ld  point, or yield 
strength at 0.2 percent offset. 

STRAIN GAGE BRIDGE CIRCUITS AND EQUATIONS 

Eauations comoute strain from unbalanced bridae voltages: 
sign is correct for VIN and VoUT as shown 

d 

GF= Gage Factor: v =  Poisson's ratio: 
V, = [(VouT/VIN)strained - (VouT/VIN)unstrained]: 
6 =Stram: Multiply by lo6 for micro-strain: 

tensile is (+)  and compressive is ( - )  

Quarter Bridge Configurations: 

Half Bridge Configurations: 

R o  

Full Bridge Configurations: 

- zv, 6 =- 
GF(v + 1) 

Figure 123. Options 0701071 - Strain GaugeIRosette Equations 
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BlAXlAL STRESS STATE EQUATIONS 

ROSETTE EQUATIONS 

Rectangular Rosette: 

Delta Rosette: 

WHERE: Ep,q = Principal strains: up,q = 
Princ~pal stresses: and f&q = the acute angle 
from the axis of gage 1 to the nearest prin- 
cipal axis. When positive, the direction IS the 
same as that of the gage numbering and 

Figure 123. Options 0701071 - Strain GaugeIRosette 

when negative, opposite 

NOTE: Corrections may be necessary for 
transverse sensitivity. refer t o  gage manufac- 
turers literature. 

Equations (Cont'd) 
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1 OPTION 1 101 

The Option 1 10 assembly consists of 16 mercury-wetted form C (single-pole double- 
throw) relays. The assembly has two  functional modes: Actuator Mode and Digital 
Output Mode. In the actuator mode, each channel relay can be closed to switch 
power to (actuate) multiple external devices. Each relay can safely switch up to 1 

amp at 100 volts (peak). 

In the digital output mode, each relay can be set to the Normal Open (NO) position 
(logical 1) or to the Normal Closed (NC) position (logical 0) to provide an 8-bit or 
16-bit wide digital output. The assembly uses "bounceless" relays, isolated GateIFlag 
Handshake lines and + 5V nonisolated internal excitation. The assembly has capa- 

bility for up to + 100V external excitation and can be configured for open collector 
operation. 

The actuator can be configured as a 4 x 4 point matrix scanner and additional 
assemblies can be added to construct larger matrices. Since the actuator assembly 
can switch one amp at 100 volts, it can be used to switch test fixture power or 
to actuate alarm bells. In addition, the assembly can be used with the 16 Channel 

Isolated Digital Inputllnterrupt Assembly (Option 050) to provide an independent 
digital inputloutput port. 

Description 

As shown in Figure 124, the Option 1 10 assembly consists of a relay card and a 
terminal card. The relay card consists of 16 mercury-wetted, Form C (single-pole 
double-throw) relays. Each relay can be individually closed (set to the Normal Open 
position) or opened (set to the Normal Closed position). 

In addition, the relay card contains a jumper to select a positive-going (LGT) or 
negative-going (HGT) gate pulse, a jumper to select a positive-going (LFL) or negative- 
going (HFL) flag pulse, and a jumper to enable or disable the handshake function for 
the assembly. 
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The terminal card contains input connectors for 16 channel relays (NORM OPEN, 
COMMON and NORM CLOSED) plus connectors for gate and flag lines and DIP con- 
nectors for pull-up resistors as required. In addition, you can use four optional 
jumpers on the terminal card to change gate and flag handshake lines from optically 
isolated (standard TTL logic) to nonoptically isolated. 

Actuator 

Figure 124. Option 110 - ActuatorlDigital Output Assembly 

(Switching) Mode 

As shown in Figure 125, when the assembly is used in actuator mode, each of the 
16 channel relays (KO through K15) can be switched from the Normal Open posi- 
tion to  the Normal Closed position and thus switch power to  or from loads. When 
a relay is deenergized, the NORMAL CLOSED contact is connected to COMMON. 
When a relay is energized, the NORMAL OPEN contact is connected to COMMON. 

By using DC slot#, chan#,chan#,.. and DW slot#,octal value, from one to 16 relays 
can be closed and each relay can be individually closed or opened. By using a DR 
slot# or DL slot# command, you can read the status (open or closed) of each relay. 
In addition, by using the SR slot#,O command, you can verify that the assembly in 
the slot addressed is an Option 110 (or Option 11 5) assembly if 000041 OCT is 
returned. 

In some cases (highly inductive loads, for example), contact protection may be re- 
quired to  prevent switch contact damage. Note that contact protection is required 
across BOTH the Normal Open and Normal Closed lines if loads are to be switched 
on each line. 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Plug-In Assembly Configuration 459 

NORMAL OPEN 

K 1 5  

CHANNEL  1 5  
E= I 1 0 0  V A )  

I 1 A  M A X I  

CONTACT * 0 
P R O T E C T I O N  0 

0 0 
0 

CHANNEL  0  

3497-OPC-38 

CONTACT + 

P R O T E C T I O N  

* C A U T I O N  
FOR L O A D S  > 1 2 V  OR CURRENT > 6 5 m A ,  
CONTACT P R O T E C T I O N  MAY BE R E Q U I R E D  

Figure 125. Option 11 0 - Actuator (Switching) Mode 

The assembly is very versatile and can be used in many applications, as long as the 
load circuits are fused for 1A or less and for less than 100  VA. To indicate some 
of the ways that the assembly can be used in the actuator mode, Figure 126 shows 
examples of a relay actuated alarm circuit, voltage switching and matrix switching. 

In the alarm circuit, closing the relay applies power to activate the alarm device. For 

example, the relay c l ~ s u r e  could be computer-controlled and generated as a result 
of an interrupt from the Option 0 5 0  assembly. For the voltage switching applica- 
tion shown, closing the relay switches + 5V from load #1  to load #2.  

As a specialized application of the actuator mode, the assembly can be configured 
as a 4 x 4 matrix switch. For example, as shown in Figure 126, signal sources S1 
through S4 can be connected to  measuring instruments I1 through 14 by closing 
relays KO through K15 as required (i. e., to connect source S3 to instrument 12, close 

relay K6, etc.). 
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TRANSFORMER 

CLOSED 
CONTACT 
PROTECTION 

RELAY ACTUATED ALARM CIRCUIT 

- 
VOLTAGE SWITCHING 

- .  

MARTRIX SWITCHING n.w-opc-as 

Figure 126. Option 1 10 - Actuator Mode Examples 

Digital Output Mode 

The actuator assembly can also be used in digital output mode to communicate with 
an 8-bit or 16-bit digital receiver at a typical maximum read rate of 400 Hz. As 

shown in Figure 127, a 16-bit wide digital word is input to the relays (channels 0 
through 15) and the word is transferred to a digital receiver. In addition (as with the 
actuator mode), relay status (open or closed) can be read with a DR slot# or DL slot# 
command. 

As factory configured, handshaking is disabled. If desired, you can set a jumper on 
the relay assembly to enable handshaking and (with other jumpers) can select either 
High Gate, High Flag or Low Gate, Low Flag handshaking. Also, as factory con- 
figured, the handshake lines are optically isolated. You can select nonisolated mode 

by connecting pullups across four terminal card jumpers (see CONFIGURING THE 
ASSEMBLY for details). 
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R E L A Y  S T A T E  L O G I C  

O P E N I N . C . P O S 1  

O P T I O N  1 1 0  

Handshake Timing ~ i h r a m s  

High Flag ;DATA V A L I D  AT T H I S  T I M E .  
I I F I R S T  HALF OF HANDSHAKE1 

High Gate I I I O A T A  TRANSFER C O M P L E T E  
I 
I 1 [SECOND HALF  OF 
I !HANDSHAKE I N T l A T E D  
! I A T  T H I S  T IME1  

I I I 1  I I 
I I I 1  I I 
I I I 1  I I 
I I 1 1  I I 
I I 1 1  I I 

H I G H  

HIGH 
I' 

GATE I I 1  I I 
I 1  I I 

HGTl I I 

I I 
I I . . I .  . I 

I I 
I I 

FLAG I I 

F L G l  f f , I  I 

T I  . . . . 16  bit wide data word transferred to  actuator 
card relays 

T I  -T2 . . Settling time for relays and drive circuits 
( r 3 m s . )  

T2 . . . . Data Valid, ready for transfer to external device 
T2-T3 . . Data transfer executed during this time period 
T3 . . . . Data transfer complete. Actuator card and 

3497A wait until positive going flag pulse re- 
ceived 

; D A T A  V A L I D  AT T H I S  T I M E .  
LOW Flag I I F I R S T  HALF OF HANDSHAKE1 

Low Gate I I ; D A T A  TRANSFER COMPLETE 
I 
I I ; ISECOND HALF  OF 
I I ;HANDSHAKE I N T l A T E D  
I : , A T  T H I S  T IME1  

LOW GATE 
I L G T l  

I I I I 1  I I I 1  

L O W  FLAG I I 1 1  I I I I  
I I 

l L F L G l  ; I I 
I I 

I I I I 
I I I I 1  I 

T I  . . . . 16  bit wide data word transfered to actuator card 
relays 

T I  -T2 . . Settling time for relays and drive circuits (=3ms.) 
T2 . . . . Data valid, ready for transfer to external device 

(first half of handshake) 
T2-T3 . . Data transfer executed duing this time period 
T3 . . . . Data transfer complete. External device 

transmits flag pulse 
T4 . . . . Positive going (trailing edge) transition occurs to  

complete handshake 

Figure 127. Option 110 Digital Output Mode 
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When handshaking is enabled, the handshake sequence for either High Gate, High 
Flag or Low Gate, Low Flag operation is as shown in Figure 127. When a 16-bit 
wide word is entered into the assembly and settling time has occured, the assembly 
sends a Gate output to  the receiver t o  signal Data Valid condition. Then, after the 
word is transferred to the receiver, the receiver returns a Flag message to show that 

data transfer is complete and the receiver is ready for more data. 

Specifications 

Specifications for the ActuatorIDigital Output assembly follow. Specifications are per- 
formance standards, or limits, against which the assembly may be tested. 

OPTION 110 
ACTUATORlOlGlTAL OUTPUT 

Input Charactaristics 

Contact Ratings: Voltage: i 100  V peak 
Current: 1 amperelchannel 
Power: 100  volt ampereslchannel 

ASSEMBLY 

CAUTION: For use only in  circuits fused at 1 ampere or less 
and less than 100  VA. 

Thermal Offset: < 2 0  pV 

Contaa Resistance: < 400  milliohms. 

Isolation: > lo6  R common to open 

Isolation Voltage: 170V peak any terminal t o  chassis 

General Information 

Single Channel Closure Rate: > 27lsecond (Using 9835A) 

Operating Considerations: Should not be used in a position greater 
than 30"  above horizontal 

Handshake Lines: Optically isolated. TTL compatible, open collector 
output 

Contact Capacitance: < 15 pF 

Interchannel Capacitance: < 3 0  pF 

Fraquancy Response 

(10  kHz Reference) 1 c100 kHz 1 < 1  MHz 

5 0  Ohm Termination i .3 dB i .5 dB 

1 M Ohm Termination + .3 dB + .5 dB 

Cross Talk 

1 M  Ohm Termination < 3 0  dB < 3 0  dB 

Switch Life: > l o T 0  wi th Contact protectton 

+ 5V Supply: Source up to  5 0  m A  per assembly 

Manual Information 

This manual contains configuration and control information for this assembly. For 
repair and/or service information, see 3497A Plug-In Assembliesl3498A Extender Ser- 
vice Manual. Assemblies manufactured after the publication date of this manual may 
have changes incorporated. In this case, a yellow MANUAL CHANGES sheet will ac- 
company the manual. See Appendix B for details. 
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Initial Inspection 

If you ordered the ActuatorIDigital Output assembly as Option 110, the assembly 

is already installed in the 3497A. If you ordered the assembly as Field Installation 
Kit 44428A, the shipping container should contain a relay card and a terminal card 
(see Figure 124).  

For the Field Installation Kit, if either card is missing or if there is mechanical damage 

or defect t o  the cards, contact your nearest -hp- SalesIService office. They will ar- 
range for replacement or repair at -hp- option. 

If there is any damage to the shipping carton, keep the carton and notify the car- 

rier as well as h p - .  If you return a relay card or terminal card to -hp-, follow the 
shipping guidelines in Appendix B. 

How to Install the ActuatorIDigital Output Assembly 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



464 Plug-In Assembly Configuration 

NOTE 

Since mercury-wetted relays are used in the assembly, the 
arrows on the relay card must always point upward to the 
12 o'clock position. Do not operate the assembly with the 
relays more than 30 degrees from the vertical position. After 
installing the assembly in the 3497A or 3498A, gently tap 
the assembly to settle the mercury to the bottom of the 
relays. 

Figure 128 shows how to install the assembly in the 3497A and 3498A. After taking 
the steps shown in the WARNING, CAUTION and NOTE above, plug the assembly 
into an unused slot in the 3497A or 3498A and turn the locking key clockwise to 
lock the assembly in place. 

SLOTS ZO-29.  E I C .  

DIGITAL 
INPUT CARD T E R M I N A L  CARD 

DIGITAL I E R H I N P L  
INPUT CARD ChRD 

Figure 128. Option 110 - Installation in 3497Al3498A 
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C Q \ 1 ! ~ ~ G ~ L 3 ~ \ ~ ~  ' L ' :  irL: ASsELv3rL,Y 

As mentioned, the assembly can be configured for actuator (switching) mode or for 
digital output mode. The paragraphs which follow show how to configure the 
assembly for these two modes and provide guidelines for relay contact protection. 

Actuator Mode Configuration 

Previously, we showed that the assembly can be used in applications such as voltage 
switching, alarm circuit actuation and matrix switching. To configure the assembly 

for actuator mode, refer to Figure 129 which shows the jumper connections on the 
relay card and the terminal card. 

Relay Contact Protection 

Loads which may cause relay contact arcing can cause contact failure unless con- 
tact protection is provided. The nomograph in Figure 130 provides guidelines for R-C 
network design which is suitable for most loads. For the actuator assembly, you 
should provide relay contact protection if the load to be switched is greater than 12 
volts at 65 mA. 

For example, if the load to be switched is 50 volts at 300 mA, from the 

nomograph R = 500 ohms and C = 0.009 pF (remember that for the ac- 
tuator assembly, E = 100 volts max). This R-C network should be mounted 
as close to the relay contacts as possible. Note from the nomograph that 
for 70 < E < 100 volts, R can be & 50% of nominal chart value. 
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H S Y  HANDSHAKE 
j 1 ON ENABLE 

3 3 OFF 
FACTORY SETTING 
I 

RELAY CARD JUMPERS 

P U L L - U P  R E S I S T O R  SOCKETS 

P 7 J1 NORM CLOSED - CHAN 0 - 7  
J2 NORM OPENED - CHAN 0 - 7  

1 1 1 7 9  71 

r G A T E ,  F L A G  NON I S O L A T E D  MODE 

JUPR I 

+ G A T E  
0- +5v 

3 

- F L A G  'I- 
- '"' $ 

Figure 129. Option 110 - Relay and Terminal Card Jumpers 
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ONTACT PROTECTION No protection is required for voltages below 12 volts or currents 
below 65ma. 

:ontact loads that can cause arcing may result in contact failure 
~nless contact protection is provided. It should be wired close to The resistor may be eliminated for voltages below 50  volts with 
he relay terminals. currents below 0.5A. The capacitor should not exceed the chart 

value. 
'he R-C network shown is suitable for most loads. Component 
,slues may be obtained from the nomograph. Capacitance may be Highly capacitize loads do not require protection. 
icreased (up to 10 times) to minimize inductive load transients. 
Jse peak values for ac circuits. 

CONTACT PROTECTION NOMOGRAPH 
tw 7OV 6 0 1  1OV ZOV IOV 6V 

C YIUIYUY = W1 MFO 

6V IOV 1 0 1  3 0 1  6OV 1 0 1  

02 OJ M 0.1 - 0 7  0)  1 15 2 3 4 5 6 ? 8 9 I0  11) 2 0  30 40 30 

CURRENT - AMPERES 
( IYYEMATELV PRIOR TOCOWTACT OPEWINO) 

IOW TO USE THE NOMOGRAPH 

.o determine C, the load current value is found on the CURRENT axis. Reading directly up to the sloping capacitance line, the C value is 
letermined from the right hand CAPACITANCE scale. To determine R, read directly up from the load current value to its intersection with 
he appropriate load voltage line. The value of R is then read from the left hand RESISTANCE scale. For ac loads, peak current and voltage 
ralues must be used. 

Figure 130. Option 110  - Contact Protection Nomograph 

After determining the values for R and C from the nomograph, place the protection 
networks as close to the relays as possible. Also, use R-C networks on both the NO 
and NC contacts are switching power levels which require protection. See Figure 
131. 
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NORM. NORM. p q ~ a " i  j~-LOADII1 

3 4 9 7 ~ - 0 ~ ~ - 1 4 <  

Figure 131. Option 1 10 - Relay Contact Protection Networks 

Configuring the Assembly for Actuator Mode 

To configure the assembly for actuator mode, check the relay card t o  ensure that 
the handshake enable (HSM) jumper is in the OFF position (handshake disabled). 
Then, to  connect your inputs to the assembly, remove the cover on the terminal card 
and route the wires as shown in Figure 132  t o  the appropriate terminals - NORM 
OPEN, NORM CLOSED and COMMON. Replace the cover and install the assembly 
in a slot in the 3497A or 3498A. Then, connect relay contact protection (if required) 
as shown in Figure 131. 

@ 

REMOVE COVER 
BY L O O S E N I N G  

SCREWS 

@ ROUTE W I R E S  FOR CHANNEL  I N P U T S  

Figure 132. Option 110 - Wiring the Terminal Card 
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This example shows a configuration in which load voltage E is switched 
from load # I  to load #2 when the relay in that channel is closed (E does 
not have to have the same value for both loads). 

When the relay is open, the NC contact is connected to COMMON and 
when the relay is closed, the NO contact is connected to COMMON. If con- 
tact protection is required, it should be connected across both the NO and 
NC contacts, as close to the relay as possible. 

NORMAL OPEh 
i 

-- 

KO I 

CHANNEL 
100VA MAX 
@ 1A MAX 

u - 3497-OPC-38 

CONTACT 
P R O T E C T I O N  

* C A U T I O N  
FOR L O A D S  >12V OR CURRENT > 6 5 m A ,  
CONTACT P R O T E C T I O N  NAY B E  R E O U I R E O  

Previously, we noted that the assembly could be wired as a 4 X 4 matrix 
switch to switch source inputs to measuring instruments. This example 
shows a setup in which the common terminals of relays KO-K3 are con- 
nected to I1 common, etc., and the NO contacts of relays KO, K4, K8 and 
K12 are connected together, etc. 

To connect any source to any instrument, merely send DC slot#,chan# to 
close the appropriate relay. For example, to connect source S2 to instru- 
ment 13, send DC slot#,9 to  close Kg. 

K 4  1 N . O .  4 K5 / N .O .  

p p q Lsq 
N . D .  N . O .  N . O .  N ~ O .  
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Digital Output Mode 

To configure the assembly for digital output mode, first decide whether t o  use the 
internal + 5V pullup on the assembly or an external pullup. Figure 133 shows Sam- 
ple configurations for both internal and external pullup with 4.7K resistors used. You 
can select other values, but don't use less than 2K resistors. 

With either internal or external pullup (assuming a + 5V supply), the bit output is 

high ( +  5V) when the relay is closed (NO contact connected to  COMMON) and low 
(OV) when the relay is opened (NC contact connected to  COMMON). To connect 
internal pullup resistors, see Figure 129. For example, t o  connect + 5V to channel 
0 NO contact, connect a 4.7K resistor across the top contacts of J1, etc. 

I N T E R N A L  SUPPLY 

NORM. r 
( A l  U S I N G  1 

I N T E R N A L  
P U L L - U P  B I T  1 5  

EXTERNAL SUPPLY 

0 RELAY OUTPUT 

[B) U S I N G  1 
EXTERNAL 
P U L L - U P  B I T  1 5  

3497A-OPC-145 

Figure 133. Option 110 - Digital Output Mode Example 
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Handshake Modes 

As factory configured, handshake mode is disabled for the actuator assembly. To 
set the handshake .mode, set the handshake enable (HSM) jumper on the relay card 

to ON (see Figure 129). Then decide whether you want to use High Gate, High Flag 
or Low Gate, Low Flag operation and set the Gate and Flag jumpers as required. 
The jumpers are factory preset for High Gate (HGT), High Flag (HFL) operation. 

A typical application may have the Gate negative (-) terminal connected to external 
circuit common and the Gate positive ( + )  terminal connected to a TTL input (via 
a 10K min value pullup resistor). The same application may have the Flag positive 
( + )  line connected to external circuitry + 5V supply and the Flag negative (-1 line 

driven by a TTL device. 

The Gate and Flag handshake lines operate with standard TTL logic levels and diode 
protection is used with both lines. When jumpers J1 through J4 on the terminal card 
are open, the lines are optically isolated from the relay card. 

Gate, Flag Nonisolated Mode 

As factory configured, the handshake lines are optically isolated. If you desire to have 
nonisolated operation, you can install appropriate pullups in positions J1 through J4 
on the terminal card. See Figure 129 for location. 

For example, connect a 10K ohm resistor across J1 and a short across J2 for 
nonisolated Gate line operation. Or, connect a short across J3 and a switch across 
J4 to activate Flag handshake when the switch is closed. 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



472 Plug-In Assembly Configuration 

Option 115 is an 8 channel high voltage actuator which can be used to  switch 
voltages up to  252 volts RMS and currents up to  2 amperes peak. Each channel con- 
sists of an individually fused and protected normally open dry relay. Contacts are 
opened only on command or on loss of power. 

Each channel can be closed individually or any combination of channels can be closed 
simultaneously. In addition, the assembly contains a readback circuit so that the 
status of each channel can be determined. Because of its high voltage capability, 
you can use the high voltage actuator to  switch power line voltages to small motors, 
alarm bells and lights, motor starters and solenoids. 

Description 

As shown in Figure 134, the high voltage actuator consists of an actuator card, a 
terminal card and a grounding strap for connecting the assembly to customer (earth) 
ground. 

The actuator card consists of 8 identical channels. Each channel can be closed in- 
dividually or any combination of channels on an assembly can be closed 
simultaneously. Each channel is individually fused (at 5 amps) and contains an RC 
network for relay contact protection. 

A t  power on, all relays are open. After relays are closed, contacts are opened only 
on command or on loss of power. A maximum of 680  channels can be attached to  
actuator outputs using 3498A Extenders (five cards in the 3497A plus 1 0  cards in 
each of eight extenders). 
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ACTUATOR CARD TERMINAL CARD 

GROUNDING STRAP 

Figure 134. Option 115 - High Voltage Actuator Assembly 

Simplified Operation 

In typical applications (see Figure 135), actuator channels are connected to  exter- 
nal circuits at the terminal card outputs. At power on, relays are opened which opens 
the load circuit. When a command is sent from the 3497A to  the actuator, relays 
are closed for desired channels, closing the circuits for these loads. 

Relay status (open or closed) is sent to the 3497A via readback circuits for front 
panel display and/or to the interface bus. The readback circuits are actuated in parallel 
with the load contacts, but are electrically separate. Thus, no load current flows 
through the readback contacts and they have no effect on load operation. 

The actuator card has an RC relay contact protection circuit in each channel (R = 

47 ohms, C = 0.047 pF). With the protection network, maximum leakage current 
at 250V and 60Hz is 6 mA RMS. The protection network can be removed from in- 
dividual channels by removing appropriate jumpers on the actuator card. With no pro- 

tection network, maximum leakage current is 1mA RMS at 250V and 60Hz. See 
RELAY CONTACT PROTECTION GUIDELINES for conditions under which the protec- 
tion network may be removed. 

Any combination of channels can be closed simultaneously. Programming and ex- 
ecution of a single or multiple channel closure or open requires 40  ms. Repetitive 
changes of the same actuator assembly require a minimum of 1.5 sec. Changes of 
the same assembly up to 25 per second can be jumper enabled (see CONFIGURING 
THE ASSEMBLY) but will result in decreased relay lifetime when switching full loads. 
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CHANNEL 7 

CHANNEL 0 

RELAY Kt l  I I 0 

CHANNEL 9 
S E A D B A i Y  

CP= CONTP.CT PROTECTION 
SEE TEXT 

+ 
Figure 135. Option 115 - Typical Applications 

Specifications 

Specifications for the high voltage actuator assembly follow. Specifications are per- 
formance standards, or limits, against which the assembly may be tested. 

OPTION 115 
8 CHANNEL HIGH VOLTAGE ACTUATOR ASSEMBLY 

Maximum Contact Ratings: 

Voltage AC 252 VRMS DC 48 VDC 
Current AC 2 amps RMS DC 2 ADC 
Power AC 500 VA per chan. DC 60 VA per chan 
Peak Surge Current: 10 Amps RMS 
Thermal Offset: <20rV 
Series Res~stance: c 500 mR 

Isolation Impedance: > lo6 ohms, input to output w ~ t h  no protection 
network 

Isolation Voltage: >400 V peak input to output 
> 1500 VRMS to chassis 

Relay Lifetime: > lo8 at m~nimum load. > lo5 at full load 

Switchinn Seeed: Anv combmailon of channels can be clost?d ~ -~ - 

simuitaneously. ~ r o g r a r n m ~ n ~  and execution of a single or 
multiple channel closure or ooen reauires 40 ms. Reoetitive 

7~ - 

changes of the same Option i15 assembly are limited to one 
every 1.5 seconds. Changes of the same assembly up to 25 
a second can be jumper enabled but will result in decreased 
lifetime at full load. 

Maximum Leakage Current: 
(at 250 VRMS and 60 Hz) 
-1 mA RMS with no protection network 
6 mA RMS with protection network 

Protection Network R = 47 Ohms t 20%. 
C = ,047 r F  t 10% 

Minimum Input: 100 pA. 100 mV DC (for contact cleansing) 
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Manual Information 

This manual contains configuration and control information for this assembly. For 
repair andior service information, see 3497A Plug-In Assembliesl3498A Extender Ser- 

vice Manual. Assemblies manufactured after the publication date of this manual may 
have changes incorporated. In this case, a yellow MANUAL CHANGES sheet will ac- 

company the manual. See Appendix B for details. 

INSTALLING THE ASSEMBLY 

Initial Inspection 

If you ordered the high voltage actuator assembly as Option 11 5, the assembly is 
already installed in the 3497A. If you ordered the assembly as Field Installation Kit 
44431A. the shipping container should contain an actuator card, a terminal card and 
a grounding strap (see Figure 134). 

For the Field Installation Kit, i f  either card is missing or if there is mechanical damage 

or defect to  the cards, contact your nearest -hp- SalesIService office. They will ar- 
range for replacement or repair at -hp- option. 

If there is any damage to the shipping carton, keep the carton and notify the car- 

rier as well as -hp-. If you return a relay card or terminal card t o  -hp-, follow the 
shipping guidelines in Appendix B. 
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How to Install the High Voltage Actuator Assembly 

Figure 136 shows how to install the assembly in the 3497A and 3498A. After taking 
the steps shown in the WARNING and CAUTION notes above, plug the assembly 
into an unused slot in the 3497A or 3498A and turn the locking key clockwise to 
lock the assembly in place. 

Before connecting loads to the actuator, you should consider three configuration re- 
quirements for the assembly: (1  ) Peak Voltage, Current and Volt-Amps; (2) Switching 
Speed and (3) Contact Protection. 

Peak Voltage, Current and Volt-Amps 

Do not connect loads which exceed the maximum ratings in the following table. 

I HIGH VOLTAGE ACTUATOR MAXIMUM RATINGS ( 

I Voltage Current Volt-Amps I 
AC 250  VRMS 2A RMS 500 VAIChannel 
DC 48V 2A 6 0  VAIChannel 
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SLOT NUMBER 

REAR V IEW OF 3 4 9 7 A  
W I T H  REAR COVER REMOVED 

- FOR I S 1  3 4 9 8 1  ONLY. I N 0  349111 
HAS SLOT -20-19.  ETC. 

C [ r N  COnPONENi SIDE KEY SYSTEM 0 U S  y;;rk * E l  1 SYSTEM TO 

25 2 

ACTUATOR TERMINAL 

TERn lNAL  
CARD CAR0 

ACTUATOR 
CARD CARD 

Figure 136. Option 115  - Installation in 3497Al3498A 

Switching Speed 

As factory configured, the actuator has a restriction on repetitive switching. Program- 
ming and execution of a single or multiple channel closure or open requires 40ms. 
However, repetitive changes of the same actuator assembly requires 1.5 sec between 
commands. 

For example, if a command is sent at t = O  to an actuator in slot n (n = 0 to 71, 
the 3497A delays a subsequent command to this actuator for a minimum of 1.5 
seconds. This restriction does not affect other assemblies and a command can be 
sent to an another slot immediately after the command to the slot n actuator. 

If required for proper load operation, card operation can be changed to 25 opera- 
tionslsecond (40 msec delay) by removing jumper JMP 9 on the actuator card. See 
Figure 137 for JMP 9 location. This change will allow high speed switching for all 
channels on the assembly. 
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Relay Contact Protection 

An RC relay contact protection network (R = 47 ohms, C = 0 .047 pF) is installed 
on each channel of the actuator for t w o  reasons. First, when an inductive load is 
switched, i f  contact protection is not used, an arc can form across the contacts. 
This arc ionizes some of the contact material and reduces relay lifetime. Second, the 
arc generates RF interference which could cause the 3497A logic to malfunction. 

For these reasons, do NOT remove the internal RC contact protection network unless 
the load meets ALL the following requirements: (1  I load is resistive (noninductive); 
(2) load draws less than 400rnA (the minimum arcing current of the high voltage 
actuator relays) and (3)  load uses a supply voltage less than 300  V peak (212 V 
RMS). 

With the contact protection network installed, maximum leakage current at 250V 
RMS and 6 0  Hz is 6 rnA. If this current is too high AND the load meets the criteria 
above, the RC network can be removed by removing jumpers (JMP1-JMP8) for the 
channel(s) desired. Note that jumper JMP1 is associated with channel 0, JMP 2 with 

channel 1. etc. See Figure 137 for JMP1-JMP8 locations. 

Connecting Loads to the Actuator 
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1 SWITCHING SPEED JUMPER I RELAY CONTACT PROTECTION JUMPERS 

REMOVE TO ENABLE 25 OPERATIONSISEC (MAX) REMOVE JMP TO REMOVE CONTACT PROTEC- - - - - -  

TlON (SNUBBER) NETWORK FROM CHANNEL. (I.E., 
REMOVE JMP1 TO REMOVE SNUBBER FROM 

LOGIC a 
GROUND 
.RELAY 

GROUND 

-RI2- 
- 6 7 2 2 - 0 0 7  

-CR7- 

RATE -CR6- 

-RZI- 0 06 

- R Z O - 0 0 5  

-CR4- 
TPI BUSY -CR3-- 

ACTUATOR CARD / 
CHANNEL FUSES 

REPLACE ONLY WITH 250V. 5A NORMAL BLOW FUSES 

Figure 137. Option 115 - Relay Contact ProtectionISpeed Jumpers 

After you have tested the actuator for proper operation and have established the 
assembly configuration for each load, connect the load lead-in wires t o  the terminal 
card connectors using the following steps. (The terminals can accommodate wire up 
t o  12 gauge). 
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- 

CONNECTING LOADS TO TERMINAL CARD 

1. Turn off power to  the 3497A and 3498A. If there are other assemblies in 
the 3497A or 3498A, disconnect all voltage sources before touching ANY 
assemblies. Remove all voltage and current sources from the 3497A and 3498A 
inputloutput terminals. 

2. If the actuator assembly is installed in the 3497A or 3498A, remove the pro- 
tective cover from the rear panel and turn the locking key counterclockwise t o  
unlock the actuator assembly. 

3. Remove the actuator assembly from the 3497A or 3498A. Separate the i3c- 
tuator and terminal card and remove the terminal card cover by loosening the 4 
screws at the corners of the terminal card. 

4. If any load requires higher switching speeds, disconnect jumper JMP9 on the 
actuator card to  allow higher speed switching to  all channels of the actuator 
assembly. 

5. If any load requires that the internal contact protection be removed, remove 
the appropriate jumper(s) for the channel(s1 involved. A jumper must be removed 
for each channel involved. (i.e., if loads to  be connected to  channels 0 and 4 re- 
quire that the RC network be removed, remove jumpers JMPI  and JMP5 only). 

6. If loads require additional contact protection, connect the network across the 
load, as close to  the load terminals as possible. 

7.  Disconnect all voltage sources from the lead-in wires. Then, connect leads 
to desired terminal card channels and connect the ground strap from the CONNECT 
TO EARTH terminal t o  the customer ground as shown in Figure 138. 

8. Reconnect the actuator and terminal cards and reinsert the actuator assembly 
into the 3497A or 3498A and replace the protective cover. Then connect your user 
inputs t o  lead-in wires. 

As discussed, the high voltage actuator assembly has an internal RC relay contact 
protection network (snubber) across the relay contacts in each of the eight chan- 
nels. For many loads, this snubber network provides adequate relay protection. 

However, for inductive loads or loads wi th high inrush currents (such as lamps, 
motors and capacitive loads), additional protection across the load may be required. 
These guidelines show how to determine the type of contact protection required and 
some sample protection networks. 
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- 

T O 
H I G H  

VOLTAGE 
ACTUATOR 

CARD 

C A U T I O N  

EXTERNAL RELAY CONTACT P R O T E C T I O N  
MAY B E  R E Q U I R E D  FOR I N D U C T I V E  LOADS 

SEE TEXT FOR G U I D E L I N E S .  

L E A D - I N  W I R E  
12  GAGE MAX 

ACTUATOR 
T E R M I N A L  CARD 

(COVER REMOVE01 

- - 
: GROUNDING STRAP 

TO CUSTOMER 
EARTH GROUND 

Figure 138. Option 115 - Connecting loads to the Assembly 

Contact Protection Fundamentals 

Whenever relay contacts open or close, electrical breakdown can occur between the 
contacts which can cause high frequency radiation, voltage and current surges and 

physical contact damage. Two types of breakdown are important in switching con- 
tacts: glow discharge and metal-vapor or arc discharge. 

Glow discharge occurs when the gas between the contacts is ionized. The voltage 

required to  start a glow discharge between contacts depends on the gas, the gas 
pressure and the space between the contacts. After a glow discharge has been 
started, a slightly smaller voltage (about 300V in air) will keep the gas ionized. This 
voltage is approximately constant, regardless of the separation of the contacts. 

An arc discharge starts whenever an energized contact is opened or closed. The 
minimum arcing voltage (Va) and arcing current (la) necessary to  start an arc 
discharge depend on the type of relay contact material. Typical values range from 
Va = 9V, la = 400mA for gold alloy up to Va = 17.5V, la = 700 mA for platinum 

contacts. For the high voltage actuator, la = 400  mA. 

After an arc discharge has been started, the arc must be broken as quickly as possi- 
ble to  minimize damage to  the contacts. If it is not broken quickly, some material 
transfers from one contact t o  the other. 

0 
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To minimize arc and glow discharge damage, certain loads may require tha.t exter- 

nal (customer-supplied) contact protection networks be added. For the high voltage 
actuator, two  parameters are important in determining if a load requires external pro- 
tection networks: contact voltage (Vc) and contact current (lo). 

For the high voltage actuator, the relay manufacturer has specified that acceptable 

relay lifetime can be achieved by keeping the contact voltage below 353V peak 
(252V RMS) and limiting contact current t o  4 amps. Using these parameters, relay 
lifetime will be shortened from 108 operations down to  105 operations when heavy 
loads are switched, but this is still considered acceptable lifetime for normal 

operation. 

Although peak contact current is specified as 4 amps, do not 
connect Ioads for which the steady-state current exceeds 2 
amps RMS 12.82 amps peak) 

How to  Determine Contact Protection Requirements 

To determine if a proposed load requires external contact protection, it is first 
necessary to  calculate Vc and lo. Then, if Vc > 353V peak OD if lo > 4 amps, 
external networks wil l  usually be required for inductive loads. 

To determine Vc and lo for a proposed load, refer t o  the circuit in Figure 139 which 
shows a typical inductive load connected to  a battery through a switch S. lo is the 
current flowing just as the switch is opened and C is the total circuit capacitance. 
Vc is the contact voltage which would be produced across the switch if no arc 
discharge or glow discharge breakdown occurs. 

The total circuit capacitance C is composed of the parallel capacitances of the snub- 
ber (Cact) and the wiring (Cwiring). Because the wiring capacitance is usually dif- 
ficult t o  accurately determine, we'll use Cwiring - 0.053 pF. Since the capacitance 
of the snubber is Cact = 0.047 pF, C = 0.1 pF is assumed for this analysis. 

Since lo is the peak current flowing with the contact closed (which shunts Ract), 

w e  can compute lo from: 

lo = V/RL where V = peak value of source voltage 
RL = load resistance 

Once w e  know lo, w e  can calculate the contact voltage Vc from: 

I Vc = lo ,/x where L = load inductance I 
1 

C = total circuit capacitance 
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3497-HV-A-2 

Figure 139. Option 115 - Contact Controlling Inductive Load 

When lo and Vc are known, we can then determine load contact protection re- 

quirements, as summarized in the following chart where the types of loads are ar- 
bitrarily categorized as type 1, 2 or 3. Note that ONLY type 3 loads in which Vc 
> 353V peak OR lo > 4 amps require external contact protection (in addition to  
the snubber network). 

If the proposed load meets type 3 requirements, see Designing External Contact Pro- 
tection Networks for design samples. If the proposed load meets type 1 or 2 criteria, 
you don't have to add any networks and the actuator can be used as factory con- 
figured. To indicate the analysis method, some example solutions are shown for type 
1, 2 and 3 loads. After you determine the type of load, refer to the appropriate sec- 
tion for details. 

I LOAD CONTACT PROTECTION CRITERIA I 

Note: lo = V(peak)/RL and Vc = lo where C = total circuit capacitance 
= 0.1 CLF (assumed). 

COMMENTS 

Can remove the snubber 
network if required. 

LOAD 
TYPE 

1 

2 

3 

PROTECTION 
REQUIRED 

N O N E  

SNUBBER 
ONLY 

SNUBBER AND 
EXTERNAL NET- 
W O R K  

CRITERIA FOR LOAD 

Load is resistive, Vc 
< 353V peak AND lo 
< 400  mA. 

Load is inductive, Vc 
< 353V peak AND lo 
< 4 A. 

Load is inductive, Vc 
> 353V peak OR lo 
> 4 A. 

All three conditions must 
be met. 

If either Vc or lo exceed 
limits, external network 
is required. 
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Type 1 Load - No  Contact Protection Required 

No contact protection is required if the load is resistive (noninductive) and contact 
current lo is less than the minimum arcing current (la) of the relay contacts. For the 
high voltage actuator, since la = 400mA. no contact protection is required for 
resistive loads in which lo < 0.4A. 

To compute lo, use lo = VIRL (since L = 0 for a purely resistive circuit, Vc = 01. 
If lo < 400 mA, the load is type 1 and the internal snubber network can be removed 
if required. Note that lo is the peak current BEFORE the relay is opened, which shunts 
Ract so Ract is not used to calculate lo. 

I EXAMPLE - TYPE 1 LOAD 

This example shows a load which meets the criteria for a type 1 load. A 
purely resistive load of 100 ohms is connected to a channel of the actuator 
and a 3 0  volt DC power supply is used as the source voltage. 

To determine that this a type 1 load, compute lo = V/RL = 301100 = 

300 mA. For a resistive load, since L = 0, Vc = lo fi - 0. Since 
lo = 300  mA is less than la = 400 mA, the load meets the criteria for 
type 1 and no contact protection is required. However. leave the snubber 
network in unless absolutely necessary t o  remove it. 

SNUBBER CAN BE 
REMOVED I F  REQUIRED 

VDC=JOV PEAK 

3497-OPC-152 

v c = a  

TYPE 1 LOAD CONNECTED TO THE ACTUATOR 

VDC=JOV PEAK 
LMKU ' ' - ' --lit--. 

3 
:: R L = l O O n  

3497-OPC-152 

TO THE ACTUATOR 
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Type 2 Load - Snubber Network Only Required 

The majority of loads fall into type 2 where the snubber network in the actuator pro- 
vides adequate contact protection. To determine if a proposed load meets the criteria 
for type 2, compute lo from lo = V/RL. The total circuit capacitance C = Cact + 
Cwiring. Since we assumed Cwiring - 0.05 pF and since Cact = 0.047 pF, we'll 
use C = 0.1 pF and compute Vc from: 

For an inductive load if lo < 4 A AND Vc < 353V peak, the snubber network pro- 
vides adequate contact protection and no external network is required. 

This example shows a load with RL = 500 ohms, L = 0.05H and V = 

1 15 volts (1 62 volts peak). For C = 0.1 pF, 

lo = V/RL = 162 V1500 ohms = 0.32 A =  320 rnA 
111 

Vc = lo PC = (0.32) ~0 .0510 .1  x = 226 v peak 
111 

Since this load meets all three criteria for type 2 loads (inductive, lo < 4 
A and Vc < 353 V peak), the snubber network provides adequate protec- 
tion and an external contact protection network is not needed. 

SNUBBER 
REQUIRED 

\ I I 

V,=226V PEAK [FOR C = .  I u F I  
TYPE 2 LOAD CONNECTED TO THE ACTUATOR 
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Type 3 Load - External Contact Protection Required. 

As mentioned, the vast majority of loads require no external contact protection net- 
work. However, for an inductive load if lo > 4 Amps OR Vc > 353V peak., con- 

tact protection across the load - in addition to the snubber network - is necessary. 

To determine if a load requires additional contact protection, first compute lo from 
lo = VIRL and compute Vc = lo p. As with type 1 or 2 loads, we'll assume 

a total circuit capacitance of 0.1 pF.  

1 EXAMPLE - TYPE 3 LOAD I 

This example shows a load with 0.1 H inductance and 400 ohms resistance 
which is operated from a 120V AC line (1 70 volts peak). For this load, lo 
= V/RL = 1701400 = 0.425 A. With C = 0.1 pF assumed: 

Vc = (0.425) 4, = -= 425 V - peak. 

Since lo > 400 mA and Vc > 353 volts peak, this is a type 3 load arid 
requires contact protection across the load contacts in addition to the snub- 
ber network. The next step is to design an appropriate contact protection 
network as shown in the following section. 

SNUBBER AND EXTERNAL C/P REQUIRED 
( T Y P I C A L  RC EXT NETWORK SHOWN1 

C I R C U I T  PARAMETERS I F  EXTERNAL 
C/P NOT ADDED: 

10 =. 4ZSA 
Vc=425V  PEAK 

L=.  1 H  

LOAD 

RL = 4 O M  

TYPE 3 L O A D  CONNECTED TO ACTUATOR 
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Designing External Contact Protection Networks 

After establishing that the load is type 3 and thus requires additional contact pro- 
tection, the next step is t o  design an appropriate contact protection network. 
Although many types of networks can be used, guidelines for design of  RC, diode 
and Zener diode protection networks are described. 

RC Network 

In designing RC networks, the protection resistor Rp is selected as a compromise 
between t w o  values. The minimum value of Rp is determined by the maximum ac- 
ceptable relay contact current ( lo) o f  4 amps. Thus, the mimimum value of Rp is 
Vl4, where V is the peak value of the supply voltage. The maximum value is Rp is 

usually made equal t o  the load resistance, RL. So, the limits on Rp are: Vl4 < Rp 
< RL. 

To select a value for the protection network capacitor, Cp, first compute the total 

circuit capacitance C desired when the protection network is added. Then, Cp can 
be computed from C = Cact + Cwiring + Cp. For the high voltage actuator, C must 
be such that the peak voltage across the relay contacts does not exceed 353 V. 
To compute the value of C required, use: 

where L = load inductance, lo is the current through L just before the relay con- 
tacts open and C is the total circuit capacitance. 

For example, let's take another look at the type 3 load example discussed 
previously and see what the values of a typical RC protection network 
might be. The original circuit wi thout contact protection is shown as (a). 
Recall that even w i th  the snubber network the peak contact voltage Vc of 
425 V exceeded 353V and thus additional contact protection was required. 

To keep the maximum contact current below 4 amps, set Rp fmin) = V/4 
= 17014 = 42.5 ohms. Set Rp (max) equal t o  the load resistance of 400 

ohms. To  keep the peak contact voltage below 353V peak, the total cir- 
cuit capacitance C is calculated from: 
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If we assume that the wiring capacitance is about 0.05 pF, we can com- 
pute the required value of Cp from: 

Cp = C - (Cact + Cwiring) = 0.144 40.047 + 0.05) = 0.047 pF 

Since Rp can vary between 42.5 ohms and 400 ohms, an appropriate net- 
work to be connected across the load is Rp = 200 ohms, Cp = 0.047pF 
as shown in (b). Naturally, other combinations within these ranges can be 
used as long as the peak current and contact voltage limits for the actuator 
are not exceeded. 

ACTUATOR TERM , 
CARD I CARD I 

I ! V=170V PEAK 
(a) WITHOUT 

WITH EXT C/P 

ACTUATOR TERM, 
CARD 1 CARD I 

LOAD 

L = .  1H 

LOAD 

WITHOUT EXT C/P 
WITH EXT C/P 

. 4 2 5 A  
1.3A 

425V PEAK 
353V PEAK 
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Diode Protection 

The RC contact protection network can be used for both AC and DC sources. If a 
DC voltage source is used, diode protection as shown in Figure 140 can also be 
used. When the switch is closed, no current flows through the diode. When the con- 
tact opens, the inductor voltage polarity is opposite to the DC source polarity. 

This forward biases the diode and limits the transient voltage across the inductor 

to a very low value (the forward voltage drop of the diode plus any IR drop in the 
diode). Therefore, the voltage drop across the opening contact is approximately equal 
to the supply voltage. 

The diode circuit is very effective in suppressing transient voltages, but the time re- 
quired for the inductor voltage - to decay is longer than with the RC circuit, which 
may cause operational problems. For example, if the inductor is a relay, its release 
time is increased. A small resistor can be added in series with the diode which will 
decrease the release time but will give a higher transient voltage. 

The diode used must have a voltage rating greater than the maximum supply voltage 
and the diode current rating must be greater than the maximum load current. If the 
relay contacts operate only occasionally, the peak current rating can be used. If the 
contacts operate several times per minute, use the continuous current rating of the 
diode. 

Zener Diode Protection 

Another protection network which can be used in the Zener Diode arrangement is 
also shown in Figure 140. The Zener network is useful for an AC supply or for cir- 

cuits which must operate from two DC polarities, especially when the load current, 
lo, exceeds the minimum relay arcing current of 0.4 amps. 

Each Zener must have a voltage breakdown rating greater than the peak value of 
the supply voltage and a current rating equal to or greater than the maximum load 
current. For example in the sample load described for RC contact protection networks 
above, if Zener Diodes were used instead of the RC network, the Zeners must have 
voltage ratings greater than 170 volts and current ratings greater than 0.5 amps. 
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Diode Protection 

Note: For DC Source E only. 

3437-HV-lb-5 
Zener Diode 

Note: For AC or DC Source. 

Figure 140. Option 115 - DiodeIZener Diode Protection Networks 

For a summary of the three load types and definitions of circuit parameters, see 
Figure 141 . 

I 
HV ACTUATOR ASSEMBLY I F I E L D  W I R I N G  

I 
I 

I I 

' TERM; 
ACTUATOR I 

I CARD1 
v 

CARD I - 
I 

- - 
I 15 

LOAD 

SNUBBER NETWORK 
C=CACT +C W I R I N G  

LOAD TYPES 

Circuit Parameters 
Vc = 1 Protect ion Required 

y , p e  l o a d  1 I0 

Resistive lo< la= AND Vc<353V None 
0.4A peak 

Comments 

All three conditions must be met 
for Snubber t o  be removed. 

Figure 141. Option 11 5 - Relay Contact Protection Summary 

2 

3 

Reference: H. W .  Ott: "Noise Reduction Techniques in Electronic Systems", John 
Wiley & Sons, Inc., New York, 1976. 

Inductive 

Inductive 

l o<4A  AND Vc<353V 
peak 

l o>4A  OR Vc>353V 
peak 

Snubber Only 

Snubber plus external 
network 

BOTH lo, Vc condition must be 
met for Snubber only. 

If EITHER lo>4A ,Vc>  3 5 3  
peak, external network required. 
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)OPTION 1201 

ut, 0 t o  f 10 V 
DIA Converter 

UCYIO 

The Option 120 assembly consists of t w o  0 to + 1 0  volt programmable voltage 
sources ( two channels). Each channel outputs a DC voltage with programmable range 
from -1 0.2375 volts t o  + 10.2375 volts in increments of 2.5 millivolts. 

Each voltage source is isolated from the other and from ground which breaks possible 
ground loops and permits control of devices floated up to  170 volts above ground. 
You can use the Option 120  assembly to provide a programmable test stimulus or 
t o  control voltage programmed devices like power supplies and VCOs. 

Description 

As shown in Figure 142, the Option 120 Voltage D/A Converter consists of a single 
board with a voltage source terminal block and a piggy-back board. The voltage 

source terminal block has connectors for HI, LO, +SENSE and - SENSE for each of 

t w o  channels (channel 0 and channel 1). 

The assembly is a programmable constant-voltage source which has an output range 

from -10.2375 V to + 10.2375 V in 2.5 mV increments. This means that (for ex- 
ample), if you program the assembly to output + 5.0000 V to  your load, + 5.0000 
V will be available at the load, regardless of lead resistance or other voltage drops 
between the assembly and the load when the SENSE feature of the assembly is used. 

Remote Sensing 

The remote sensing feature of the voltage D/A converter is especially valuable when 
a constant, accurate voltage is required at the load. To see why this is so, consider 
the simplified circuit in Figure 143 (a) which does not use sense leads. 

In this circuit, we've programmed the Option 120 assembly (which we'll call the 
VDAC from now on) t o  output + 1.0000 V to  a load resistance RI. However, 
because of lead resistance RI, the actual voltage to  RL is less than 1.0000 V 
because of the voltage drop across the leads. 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



492 Plug-In Assembly Configuration 

VOLTAGE SOURCE 

/ 
TERfl INAL BLOCK 

I 
S T R A I N  R E L I E F  

T I E  P O I N T S  

Figure 142. Option 1 0  - Dual Output, 0 to f 1 0  V Voltage DIA Converter (VDACI 

Now, if we add remote sensing ( +  SENSE and - SENSE leads) as shown in Figure 
143 (b), we can measure the actual voltage across RL. With remote sensing, the 
VDAC automatically adjusts the output to compensate for the IR drop in the leads. 
Thus, for example, if you now program the VDAC for a + 1.0000V output and the 
IR drop in the leads is 0.1000 V, the VDAC will output + 1.1000V so that the load 
voltage remains constant at + 1.0000V. 

Monotonicity 

Another important feature of the VDAC is monotonicity. The VDAC has monotonicity 
over its operating range which guarantees that the output will never change in a 
direction different than that programmed. For example, if the VDAC is set for a 5 
mV output and is then programmed for a 10 mV output, the actual output will not 
be less than 5 mV. Or, if the VDAC is set for 5 mV and is then programmed for 
a 2.5 mV output, the actual output will not be greater than 5 mV. 
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( C H A N  1 OR 0 1  
VDAC L O A D  

VDAC 

L O  
Load Voltage < Programmed 
Voltage due to  IR drop in leads. 

[ C H A N  1 OR 0 1  
VDAC L O A D  

- 
VR= PROGRAMMED V O L T A G E  
/ 

With Remote Sensing, Load 
Voltage = Programmed Voltage, 
regardless of IR drop (for Hi lead 
drop < 1.5V, Lo lead drop 

I < 0.5V).  

Figure 143. Option 120 . VDAC Remote Sensing 

Simplified Operation 

To operate the VDAC, only one command A 0  slot#,chan#,value is required. In this 
command, slot# refers to the slot in which the assembly is located, chan# refers 
to the channel to be output (0 or 1) and value is a digital value which programs the 
VDAC for a specific output. For example, A 0  3,0,160 programs a VDAC in slot 3 
to output +0.160 V from channel 0. 
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dards, or limits, against which the assembly may be tested. 

OPTION 120 
DUAL OUTPUT. 0 TO t 10V VOLTAGE DIA CONVERTER 

Output: 13  bits including polarity 

Least Significant Bits: 2.5 m V  

Onput Range: -10.2375 V to  + 10.2375 V 

Accuracy: (Using remote sense) 
24  Hours. 

23OC i 1 'C: t .024% of programmed value i 2.8 m V  
9 0  Days. 

23°C i 5°C: 2 .070% of programmed value t 4.0 mV 

Temperature Coefficient: (0-18°C. 28-50°C) + .0045% of pro- 
grammed valueIoC * 100  +VIoC 

Ripple and Noise: 2.5 mV rms. 2 0  Hz to 250 kHz into 1 kO 

Load Repulation: 6 0 0  pVIO-15 mA1 

Maximum Output Current: 15 rnA (output within specificationsl 

Short Circuit Current: (rnax~mum) 5 0  m A  

Maximum Voltage Drop in Source Leads Using Remote Sense: 
Low Lead: .5 V 
High Lead: 1.5 V 

Monotonicity: Over operating range (Monotonicity guarantees that 
the output will never change in a direction different than 
that programmed) 

Senling and Programming Time: (Using 9835A Computer, 3497A 
DVM in Trigger Hold. R(L) = 1 kR. CIL) = 1000 pFI 
To within + 1.0 rnV of final value: 100  ms 

Isolation: > 170  V peak between any terminal and chassis 

Protection: Can withstand indeflnite open or short c i rcu~t  

Manual Information 

This manual contains configuration and control information for this assembly. For 
repair and/or service information, see 3497A Plug-In Assembliesl3498A Extender Ser- 
vice Manual. Assemblies manufactured after the publication date of this manual may 
have changes incorporated. In this case, a yellow MANUAL CHANGES sheet will ac- 

company this manual. See Appendix B for details. 

INSTALLING 

Initial Inspection 

If you ordered the Voltage D/A Converter assembly as Option 120, the assembly 
is already installed in the 3497A. If you ordered the assembly as Field Installation 
Kit 44429A, the shipping container should contain a converter card wi th a piggy- 
back card attached (see Figure 142). 

For the Field Installation Kit, i f  either card is missing or if there is mechanical damage 
or defect t o  the cards, contact your nearest -hp- Sales/Service office. They will ar- 
range for replacement or repair at -hp- option. 
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If there is any damage to the shipping carton, keep the carton and notify the car- 
rier as well as -hp-. If you return an assembly t o  -hp-, follow the shipping guidelines 
in Appendix B. 

How  t o  Install the Voltage D/A Converter Assembly 

Figure 144 shows how to install the assembly in the 3497A and 3498A. After taking 
the steps shown in the WARNING and CAUTION notes above, plug the assembly 
into an unused slot in the 3497A or 3498A and turn the locking key clockwise t o  
lock the assembly in place. 
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INSTALLATION IN 3497A 

I 
INSTALLATION IN 3498A 

Figure 144. Option 120 - Installation in 3497Al3498A 

To configure the assembly for operation, simply connect the HI and LO load con- 

nectors and the +SENSE and - SENSE connectors (if desired) on the assembly to 
your load. The VDAC has connectors for two optically isolated channels, so you can 
provide inputs to two  separate loads simultaneously. 

This section shows how to connect the assembly to a typical resistive load. Since 
the channels are optically isolated, you can control devices which are floated up to 
170 volts above ground. To begin, we'll list some connection considerations. 

Connection Considerations 
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Before connecting loads to  the assembly, it is important t o  select proper wire type, 
size and length for your application and to  properly connect the SENSE lines for ac- 
curate load voltages. Even the shortest leads can degrade the VDAC performance 
because of the IR drop in the leads. 

For example, approximately 15 feet of 22 AWG wire has a resistance of 0.242 
ohms. A t  the full (1  5 mA) output of the VDAC, this results in a 3.63 mV voltage 
drop which is more than 1 LSB. If this drop is not compensated, it results in an er- 
ror in the load voltage. 

For this reason, it is important to  connect the SENSE leads to  the load so that the 
VDAC output can be automatically adjusted to  compensate for errors due to lead 
resistance. Some considerations for connecting the SENSE leads and a wire chart 
are shown in Figure 145. 

The SENSE leads (+SENSE and - SENSE) should be applied as close as possible to  
the point where the voltage is t o  be measured. Also, the voltage drop in the HI 
source line should not exceed 1.5V and the voltage drop in the LO source line should 
not exceed 0.5V. To achieve specified voltage regulation, the HI lead resistance 

should not exceed 100 ohms and the LO lead resistance should not exceed 50 ohms. 

Although the load leads are shown as straight lines (for clarity), some immunity from 
stray magnetic field pickup can be achieved by twisting each pair of HI ( + )  and LO 

(-1 leads. 

NOTE 

If sensing is not used, +SENSE should be connected to HI 
and -SENSE should be connected to LO at the terminal block. 
If this is not done, voltage output errors may occur. 

If a shield is used for the SENSE lines, do not use the shield as one of the sensing 
conductors. Also, one end of the shield should be tied to  the low side of the load 
and the other end left unconnected. In general, it is desirable to  connect the shield 
as close as posssible to  the low side of the load, as shown in Figure 145. 
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I Single Conductor in Free Air at 30°C with rubber or 
therrno~lastic insulation. 

AWG (B&S) 
Wire Size 

2 2 
20 
18 
16 
14 
12 
10 

8 
6 
4 
2 
0 

0 0  

WIRE CHART 

POWER 
SUPPLY Annealed Copper 

Resistence at 20°C 
milliohmdft. 

16.1 
10.2 
6.39 
4.02 
2.53 
1.59 
0.999 
0.626 
0.395 
0.249 
0.1 56 
0.0993 
0.0779 

LOAD 

Nominal Current 
Rating (amps)' 

5 
7 

10 
13 
2 0 
2 5 
40 
55 
8 0 

105 
140 
195 
260 

Remote Sensing Connnections. 

One end of the shield should be connected to  a ground 
reference and the other end should be left unconnected. In 
nearly all cases this method of connecting the sensing 
shield will minimize ripple at the load terminisls. However, in 
rare cases a different ground return point of this shield is 
preferable - it is important in such cases to  experimentally 
verify that this relative advantage applies uider all possible 
combinations of load and line. 

Figure 145. Option 120 - Connection Considerations 

Connecting Loads t o  the VDAC 

After deciding on the wire size, type and length, to  connect loads to the VDAC, route 
the wires as shown in Figure 146 which shows connections for both channel 0 and 
channel 1. Then, install the assembly in a desired slot in the 3497A or 3498A. If 
strain relief for lead wires is needed, use a tie wrap to  secure the wires to  the board 

at the strain relief points (see Figure 146). 
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CHANNEL 

CHANNEL 

Figure 146. Option 120 - Connecting Loads to the VDAC 
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The Option 130 assembly provides two 0 - 20 mA or 4 - 20 mA programmable cur- 
rent sources. Each channel outputs a DC current with programmable range from 0 
to 20.475 mA in 5 pA increments (for the 0-20 mA range) or from 4 to 20.380 
mA in 4 pA increments (for the 4-20 mA range). 

Each current source is isolated from the other and from ground which breaks possible 

ground loops and permits control of devices floated up to 170 volts above ground. 
Each source can be configured to operate in the 0-20 mA or 4-20 mA range. 

Option 130 assemblies, especially when the 4 - 20 mA range is used, can be used 
as transmitters in an industrial current loops. Each output will drive an industrial cur- 
rent loop with up to 600 ohms of total loop resistance. 

Description 

As shown in Figure 147, the Option 130 Current D/A Converter consists of a single 
board with a current source terminal block and a piggy-back board. The current 

source terminal block has connectors for a current source (SOURCE) and current sink 

(SINK) for each of two channels (channel 0 and channel 1). 

The assembly is a programmable constant current source which has an output range 
from 0 to 20.475 mA (in the 0-20 mA range) or from 4 to 20.380 mA (for the 4-20 
mA range). For example, if you program the assembly to output 10.000 mA to  the 
load, 10.000 mA will be available at the load (regardless of load voltage drop) as 
long as the assembly compliance voltage of 12V is not exceeded. 
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CHAN O ( e::rE 
CHAN 1 {rE 

LOCATION OF I D A C  

TO CHAN 0 L O A D  
/ TERMINAL BLOCK 

& k 4  FROM CHAN 0 L O A D  

p T O  CHAN 1 L O A D  

&k FROM CHAN 1 L O A D  

3497-OPC-48 

Figure 147. Option 130 - Current DIA Converter (IDACI 

I 

S T R A I N  R E L I E F  
T I E  P O I N T S  

Compliance Voltage 

The Option 130 assembly (which we'll call the IDAC from now on) is a constant 
current source for 0-20 mA range, as long as the compliance voltage of 12  volts 
is not exceeded. As shown in Figure 148, this means that the total voltage between 
the SOURCE and SINK terminals must not exceed 1 2  volts for the IDAC to  supply 
constant current in the 0 - 2 0  mA range. 

Since the compliance voltage equals the total circuit resistance times the output cur- 
rent, for a 2 0  mA output the maximum load resistance for the IDAC is 600  ohms 

and may be less if lead resistance is relatively high. 

For example, in Figure 148 if RI = lead resistance = 0.5 ohms in each lead and 
load resistance RL = 600  ohms, the total circuit resistance = 601 ohms. Thus, 
compliance voltage for 2 0  mA is 12.2V which exceeds the IDAC limit. 
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Figure 148. Option 130 - IDAC Compliance Voltage 

I D A C  
V c  [ M A X I  = 1 2 .  OV.  I ( M A X I  = 2 0 m A  

Monotonicity 

Another important feature of the IDAC is rnonotonicity. The IDAC has monotonicity 
over its operating range which guarantees that the output will never change in a 

direction different than that programmed. For example, if the IDAC is set for a 5 
mA output and is then programmed for a 10  mA output, the actual output will not 
be less than 5 mA. Or, if the IDAC is set for 5 mA and is then programmed for a 
2 mA output, the actual output will not be greater than 5 mA. 

R~ R, ( M A X I  = 6 0 O i l  FOR 2 0 m A  OUTPUT 

V c  = C O M P L I A N C E  V O L T A G E  = 
V O L T A G E  BETWEEN SOURCE 

RL? 34.97-DPC-49 AND S I N K  T E R M I N A L S  

SOURCE 

v c 

% 
SINK 

Simplified 

- 
4 B t  
- 

B 
- 

Operation 
To operate the IDAC, only one command [A0  slot#,chan#,valuel is required. In this 
command, slot# refers to the slot in which the assembly is located, chan# refers 

to the channel to be output (0 or 1) and value is a digital value which programs the 
IDAC for a specific output, depending on the range (0-20 mA or 4 - 20 mA) selected. 

For example, A 0  slot#,chan#,160 sets the IDAC for a constant current output of 

4.256 mA for the 4-20 mA range, but sets the IDAC for an output of 0.1 60  mA 
in the 0-20 mA range. The IDAC is factory-set for the 0-20 mA range but can be 
jumper-enabled for 4-20 mA range on either or both channel 0 or 1. 

Specifications 

Specifications for the IDAC assembly follow. Specifications are performance stan- 
dards, or limits, against which the assembly may be tested. 

OPTION 130 
DUAL OUTPUT. 0.10 mAl4.20 mA CURRENT DlA CORVERTER Tanpenturn CoaMciant.lO.1B0C. 28.50'Cl: 

i .0075%I0C of programmed value * 650 nAIoC 

Ripple and Noise: 5 ,LA rms, 20  Hz to 250 kHz into 100 ohms 

Analog Output: 12 bits 
Compliance Voltngs: 12.0 volts 

Lust Slgnlficant Bit 5 pA 10-20 mA range) 
4 pA 14-20 mA range) Load Regulation: * 2.0 pA (2.0 V to 12.0 V) 

Output Currant Range: 0 t o  20.475 mA or 4 to 20.380 mA (each Monmonicity: Over operating range (Monotonicity guarantees that 

source jumper selectable1 the output will never change in a direction different than that 
programmedl 

Aceuncy: Senling and Programming Tims: (Usmg 9635A Computer, 3497A 
24  Hours, OVM in Trigger Hold. RIL) = 100 n) 

23'C * 1°C: i .03% of programmed value * 6.5 pA To within L 3.0 #A of final vlaue: 100 ms 
nn nnv= - - - - , - , 

23°C * 5'C: + 0.07% of programmed value * 10.0 pA Isolation Voltage: > 170 V peak between any terminal and chassis 

Protection: Can withstand indefinite open or short circuit 
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Manual Information 

This manual contains configuration and control information for this assembly. For 

repair andior service information, see 3497A Plug-In Assembliesi3498A Extender Ser- 
vice Manual. Assemblies manufactured after the publication date of this manual may 
have changes incorporated. In this case, a yellow MANUAL CHANGES sheet will ac- 

company this manual. See Appendix B for details. 

INSTALLING THE ASSEMBLY 

Initial Inspection 

If you ordered the Current DIA Converter assembly as Option 130, the assembly is 

already installed in the 3497A. If you ordered the assembly as Field Installation Kit 
44430A, the shipping container should contain a converter card with a piggy-back 
card attached (see Figure 147).  

For the Field Installation Kit, i f  either card is missing or if there is mechanical damage 

or defect to  the cards, contact your nearest -hp- SalesiService office. They will ar- 
range for replacement or repair at -hp- option. 

If there is any damage t o  the shipping carton, keep the carton and notify the car- 
rier as well as -hp-. If you return an assembly to -hp-, follow the shipping guidelines 
in Appendix B. 
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How t o  Install the Current D/A Converter Assembly 

Figure 149 shows how to install the assembly in the 3497A and 3498A. After taking 

the steps shown in the WARNING and CAUTION notes above, plug the assembly 

into an unused slot in the 3497A or 3498A and turn the locking key clockwise t o  

lock the assembly in place. 

CONFIGURING THE ASSEMBLY 

To configure the IDAC for operation, simply connect the SOURCE and SINK connec- 

tors on the assembly to your load. The IDAC has connectors for t w o  optically 

isolated channels, so you can provide inputs to t w o  separate loads simultaneously. 

This section shows how to connect the assembly to a typical resistive load. Since 

the channels are optically isolated, you can control devices which are floated up t o  

170 volts above ground. To begin, let's discuss some load considerations. 
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I \ 
0 1 2 3 4  

OPTION CAR0 SLOT NUIIBERS 

INSTALLATION IN 3497A  

1 / OPTION CAR0 SLOT NUMBER 

I 
INSTALLATION IN 3498A  

Figure 149. Option 130 - Installation in 3497Al3498A 

Before connecting loads to  the IDAC, it is important to  select proper wire type, size 
and length for your application. Even the shortest leads can degrade the IDAC per- 
formance because of the IR drop in the leads. 

For example, approximately 15  feet of 22 AWG wire has a resistance of 0.242 
ohms. A t  the full (20  mA) output of the IDAC, this results in a 4.84 mV voltage 
drop. If the load resistance is at or very close to  6 0 0  ohms, this added resistance 
could cause the compliance voltage in the IDAC to exceed 1 2  volts. Figure 150  is 
a wire chart showing nominal current ratings and resistances of various sizes of An- 
nealed Copper wire. 
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I Single Conductor in Free Air at 30°C with rubber or 
thermo~lastic insulation. 

I 

AWG (BBS) 
W i n  Size 

2 2 
20 
18 
16 
14 
12 
10 
8 
6 
4 
2 
0 

00 

Figure 150. Option 130  - Wire Chart 

Also, some immunity from stray magnetic field pickup can be achieved by twisting 
each pair of SOURCE and SINK leads together before connecting to the load. 

Annaalsd Coppsr 
Resistance st 20°C 

milliohmdft. 

16.1 
10.2 
6.39 
4.02 
2.53 
1.59 
0.999 
0.626 
0.395 
0.249 
0.1 56 
0.0993 
0.0779 

After deciding on the wire size, type and length, to connect loads to the assembly 
route the wires as shown in Figure 151, which shows connections for channel 0 
and channel 1. Then install the assembly in a desired slot in the 3497A or 3498A. 

Nominal Currant 
Rating (amps)' 

5 
7 
10 
13 
2 0 
2 5 
40 
55 
8 0 
105 
140 
195 
260 

CHANNEL 

CHANNEL 
1 S I N K  

I 
I O A C  STRAIN RELIEF  

T I E  POINTS 

T O  CHAN 0 L O A D  

T O  CHAN 1 L O A D  

3497-OPC-167 I 
S T R A I N  R E L I E F  

Figure 151. Option 130  - Connecting Loads to the IDAC 
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Reconfiguring the IDAC for 4-20 mA Output 

The IDAC is factory set for the 0 - 20  mA output range. You can reconfigure channel 
0 or channel 1 or both for 4-20 mA output by jumper selection. However, when the 
IDAC is reconfigured for 4-20 mA output, the IDAC requires recalibration for out- 
put accuracy. A qualified, service-trained technician should perform this recalibra- 

tion using the procedures outlined in the 3497A Plug-In Assemblies/3498A Extender 
Service Manual. 
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In contrast to the other plug-in assemblies, Option 140 provides a "breadboard" for 
the design engineer or technician to custom design circuits for use with the 3497A 

or 3498A. 

You can use Option 140 when you have a specialized measurement or control ap- 
plication which can't be satisfied by using the other option card assemblies. Possi- 

ble applications include matrix and RF switches; multichannel totalizers and stepper 
motor controllers. 

Instructions can be sent to the Breadboard Card assembly and data read from the 
assembly at a rate of 20 individual operations per second using the -hp- 85 and 90  
operations per second using the -hp- 9826 computer. 

Description 

The breadboard card assembly is shown in Figure 152. The board has three grid net- 
works to mount components (ICs, resistors, capacitors, etc.). Two of the grids are 

labeled ANALOG SECTION and DIGITAL SECTION. Either grid, however, can be used 
for either type of circuit depending on requirements. The third grid can be used as 
an extension of the Analog and/or Digital grids, or (if a terminal card is used) can 
be cut off and removed. 

Interconnected holes across both the top and bottom of each grid form buses for 
power supply and ground connections. The analog grid has two power supply and 
two ground buses which can be used to connect two power supplies. Or, by using 
two  jumpers, a single power supply bus can be configured. 

Analog Section 

The analog section of the assembly pertains to 3497A backplane signals which are 
controlled by the ANALOG command group (e.g., AC chan#,chan#,..). The control 
signals themselves are digital in nature. The result of executing an analog command, 
however, may return an analog result, such as a voltmeter reading using the HI COM, 
LO COM and GUARD COM lines. The analog section also contains two  different 
power supply references. 
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Analog 

Analog Bus 3rd Grid 
Ground Break Power Supply 

Bus 

Cutoff Guide 
Analog 3rd Grid 

Power Supply 
Bus I 

Digital 

Digital 

~ i ~ i t a l  

\ 
Digital Reset Line 

Write Register Buffer Location 
Location 

Digital 
Ground 

Bus 

Digital Digital 
Read Register Grid 

Location 

Digital 
Power Supply 

Bus 

Figure 152. Option 140 - Breadboard Card 

Section 

Edge cdnnector 3rd- rid 
For Terminal Ground 

Card (3rd Grid Bus 
Removed) 

Assembly 

The digital section of the breadboard card assembly pertains to 3497A backplane 
signals which are controlled by one of three SYSTEM commands: SI; SR 
slot#,register or SW slot#,register#,octal value. DIGITAL commands or other SYSTEM 
commands will not be recognized by the digital section because, except for the three 
SYSTEMS commands mentioned, the 3497A software requires an identifying 
response from a digital assembly when a DIGITAL or SYSTEM command is executed. 

Specifications 
Specifications are performance standards, or limits, against which the assembly may 
be tested. Figure 153 shows the overall dimensions of the card and component 
heightlprotrusion restrictions. The component heightlprotrusion restrictions assume 
that other assemblies will be installed in slots on either side of the assembly or that 
the assembly will occupy the far left or far right slot. 

OPTION 140 
BREADBOARD CARD 

Component Area: (consisting of plated thru .l 168 cm. 1.046") inside 
diameter holes spaced ,254 cm. (.100"1 apart 

Analog Supplies Ilsolatedl: 

Maximum 
Current 

Low Related Supplies 

2 watts General Communication Rate: Instructions can be sent to the 3497A 

Power Supply Rating: S: (supplied by the 3497A, maximum per card, 
breadboard card and data read from the 3497A breadboard 

up to 5 cards per 3497A cardcage) 
card at a rate of 2 0  individual operations per second using the 
HP 85. and 9 0  operations per second using the HP 9826 

+ 5 V 50  mA 
+ 15 V 2 mA 
- 8 V  1 0 0 u A  

368 cm.2 57.13 in.2 

Maximum Component Height: 1.4 cm. (.55 in.) 

Digital Supplies INonirolatedl: + 5 V @ 400  mA max. computer 

To avoid design difficulty and possible damage to the 
Maximum Component Leed Length: .51 cm. (.2 in.) 3497A, analog (isolated) and digital Inonisolated) sup- 

plies should not be interconnected. 
Maximum Power Diraipetion: (total per assembly from all supplies): 

Guard Related Supplies 
+ 1 9 V  2 0 m A  
- 1 g  20  mA 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Plug-In Assembly Configuration 51 1 

268.9mm(10.59in) 131.9mm(5.2in)- 
Finish Dimension 
with 3rd Grid - 
Removed 

Grid Hole Spacing 
2.54mm(.l in) 7 

7 
14mm 
(.55in) 

(.4in) , C, lo:"' m a x i y m  

A 
5mm (.2in) 

Side view of 
Grid Hole 

maximum 
mounted components. 

Inside See Section IV for 
Diameter details 
1 .17mm(.046in) 4 4 4 3 2 - 4 - 1  

T 

Figure 153. Option 140 . Dimensions and Component HeightIProtrusion Restrictions 

Manual Information 

This manual contains configuration and control information for this assembly. 
Assemblies manufactured after the publication date of this manual may have changes 

incorporated. In this case, a yellow MANUAL CHANGES sheet will accompany this 
manual. See Appendix B for details. 

Warranty 

The Breadboard Card assembly warranty (shown in Appendix B) is different than the 
standard -hp- warranty for the 3497A and associated assemblies. While -hp- is 

responsible for defects in materials and workmanship of the blank board and sup- 
plied hardware, -hp- is not responsible for the performance of the customer's circuit. 

In addition, -hp- is not responsible for damage or improper operation of the 3497A, 
3498A or plug-in assemblies when the Breadboard Card assembly is installed in either 
the 3497A or the 3498A. See Appendix B for a complete warranty statement for 
the breadboard card assembly. 
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INSTALLING T ASS 

Initial Inspection 

If you ordered the breadboard card assembly as Option 140, the assembly is already 
installed in the 3497A. If you ordered the assembly as Field Installation Kit 44432A, 
the shipping container should contain a breadboard card assembly. Figure 154 shows 
the replaceable parts on the assembly. 

For the Field Installation Kit, if the card is missing or if there is mechanical damage 

or defect to the card, contact your nearest -hp- SalesIService office. They will ar- 
range for replacement or repair at -hp- option. 

If there is any damage to the shipping carton, keep the carton and notify the car- 
rier as well as -hp-. If you return a breadboard card assembly to -hp-, follow the ship- 
ping guidelines in Appendix B. 

How to  Install the Breadboard Card Assembly 

Figure 155 shows how to install the assembly in the 3497A and 3498A. After taking 

the steps shown in the WARNING above, plug the assembly into an unused slot in 
the 3497A or 3498A and turn the locking key clockwise to lock the assembly in 

place. 
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PIN 0 5 1  5-0381 SCR M 3 . 5 ~ 1 6  PIN 5041  -3044, HANDLE 
FLT HEAD LK 

PIN 03497-002  13, PNL 
QTY 1, CD 8 PIN 0 5 1  5-021 8, SCR M3.  

FLAT HEAD LK 
QTY 1, CD 5 

PIN 5041-3043, BAR LATCH 
QTY 1, CD 0 

PIN 5041-3036, C RING 
QTY 1, CD 1 

PIN 1531-01 99, GUIDE SPACER 
QTY 1, CD 6 

PIN 0360-1 9 9 3  
BARRIER BLOCK 

PIN 03497-66538  
PC ASSY BREAD BD 

QTY 1, CD 8 

Suggested Parts For Custom Circuit Design 

Description 

3-to-8 Line DecodersIMultiplexers 

HEX Schmitt-Trigger 

Octal Buffers 

Octal Latch 

Barrier Block (Terminal Strip), 
1 0  Connections 

Optoisolator 

Mfg PIN 

SN74LS138 

SN74LS14 

SN74LS240 
SN74LS241 
SN74LS244 
DM81 LS97 

SN74LS273 

- 

- 

-hp- PIN 

1820-1216 

1820-1416 

1820-191 7 
1820-191 8 
1820-2024 
1820-1 759 

1820-1 720  

0360-1 993 

1990-0577 

Figure 154.  Option 1 4 0  - Replaceable Parts 
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INSTALLATION IN 3497A 

1 I 
INSTALLATION IN 3498A 

Figure 155. Option 140  - Installation in 3497A13498A 

CONFIGURING THE ASSEMBLY 

Since the breadboard card assembly consists of an analog and a digital section, we'll 
divide assembly configuration into digital command signals and divide assembly con- 
figuration into digital command signals and analog command signals. For each sec- 
tion, some suggestions and examples are provided to aid you in designing your cir- 

cuits. Also, some precautions to avoid damage to the 3497A or your system are 
listed. 

Before designing or mounting any circuit, familiarize yourself with the 3497A analog 
and digital backplane signals available from the 3497A. Some precautions and helpful 
hints are: 
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I DESIGN PRECAUTIONS I 

0 Observe all WARNING and CAUTION notes in the manual. 
0 Do NOT interconnect the analog and digital sections. 
0 Observe all power supply limitations. 

1 0 Observe component heightiprotrusion restrictions. 1 
0 Don't mount components along the top or bottom edges of the 

board. 

0 Remember that other assemblies installed in the 3497A or 3498A 
will share the same analog or digital lines as your custom circuit. 

3497A Digital Command Signals 

The 3497A backplane signals are divided into analog and digital signals. For the 

breadboard card assembly, the digital signals which are available from the 3497A 
backplane and a description of the signals are shown in Figure 156. Remember, 
however, that the breadboard card digital section is controlled ONLY by the SI, SF3 

or SW commands. 

The 3497A backplane connector which supplies analog and digital signals to the 

assembly is also shown in Figure 156. The digital signals appear on pins 1 6  through 

25 and T through CC (pins 15 and S are not  used). Analog signals appear on the 

remaining pins and are discussed in the 3497A Analog Command Signals section. 
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HCOM 
HCOM BOOT 
GUARD GND 

T.C. GND 
-8V T.C. 
+ 1 5 V  L 

(L) LATCH 
BREAK 
MAKE 

+ 5V LOGIC 
LOGIC GND 

GUARD GND 
-1  9V  G 

GUARD GND 

O.C. GND 
IG. INTERRUPT 

BDO 
BD 1 
ED2 
BD3 
BD4 
8 0 5  
BD6 
BD7 

Component Side 

LCOM 
LCOM BOOT 
GUARD GND 
UN3 
UN2 
DECAl 
DECBl 
UN 1 
UNO 
+ 5V  RELAY 
RELAY GND 
GUARD GND 
+ l 9 V  G 
GUARD GND 

O.C. GND 
DIG. RESET 
SLOT ENABLE 
DIG. READ 
DIG. WRITE 
BA2 
BA 1 
BAO 
+ 5 v  O.C. 
- 5 v  O.C. 

/ DIGITAL LINE DESCRIPTION 

Circuit Side 

Signal Name 

DIG READ __+_ 

Pin No 

DIG WRITE 

I 

DIG RESET 

BDO - BD7 1 8 -  25 ! 
SLOT ENABLE l- 

Description and/or Use 

Ground for + 5V digital supply. 
Referenced to  Outguard (earth) 
GND. 

+ 5 V  Digi ta l  Powe!r Supp ly .  
Referenced t o  Outguard (earth) 
GND. Tolerance + 5%) (4.75V t o  
5 .25V) .  Filter and bypass 
capacitors recommended. 

Register Address Select Lines. BA2 
Example: t o  select register 6, these 
lines would have the following logic 
states: 

BA2 B A l  BAO 
1 1 0  

Digital Read. A 500  nS low signal 
activated by executing the "SR" 
command. 

Digital Write. A 5 0 0  nS low signal 
activated by executing the "SW" 
command. 

Digital Reset. A 500  nS low signal 
activated by executing the "SI" 
command or when the 3497A is 
reset. 

Interrupt line t o  3497A pP. This line 
is not to  be used by the breadboard 
card. This line is reserved for use by 
digital input and counter cards t o  in- 
terrupt the 3497A pP. 

Bi-directional Data Bus Lines. 
Transfers data between 3497A and 
option cards. 

Slot Enable. A 7 5 0  nS low signal 
that is activated when a "SR" or 
"SW" command is being executed. 
This line is used t o  enable the slot 
that is being addressed by the "SR" 
or "SW" commands. 

Figure 156. Option 140 - 3497A Digital Backplane Signals 
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Design Suggestions for the Digital Section 

The following paragraphs provide some suggestions and precautions for designing 
custom circuits using the digital section. See Chapter 6 for commands to control the 
digital section. 

+ 5V Digital Power Supply 

There is only one + 5V ( &  .25V) power supply provided for the digital section. It is 
referenced to the outguard section of the 3497A mainframe and appears on the 
backplane edge connector as follows: + 5V at pins BB and CC and GND at pins 16 
and T. 

Maximum power dissipation allowed by a card is 2 watts, including when both 
analog and digital section power supplies are used. Circuit traces bring the + 5V and 
GND close to their respective buses so that only short jumpers are needed to the 
buses. Take care not to mount a component on a bus. IC power supply connections 

should be as shown in Figure 157. 

I t  is recommended that bypass and filter capacitors always be used between + 5V 
and ground. A good rule to follow is to use one 1pF tantalum filter capacitor and 

two  .O1 pF ceramic bypass capacitors for every eight (or less) ICs. 

Buffering the Digital Reset Line 

A location is provided on the breadboard card to mount a SN74LS14 IC to buffer 
the Digital Reset Line (pin U on the backplane connector). This IC provides a high 

true and low true version of the Digital Reset Line, as shown in Figure 158. 

Buffering the Data Bus 

The data bus drive capability is limited and may require buffering depending on your 
application. If the data direction is always from the 3497A to the breadboard card 

(write only), data latches can be placed directly on the data bus as shown in Figure 
159 (a). 

Whenever the data direction is from the breadboard card to the 3497A (read), the 
data bus must be buffered with a tri-state device(s1. The buffering device must be 
able to drive 20 LS loads (20 Low Power Schottky inputs) such as the SN74LS24X 
SERIES or 81LS97. A typical data bus configuration for read operation is shown in 
Figure 159 (b). 
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Digital 
+ 5V Power Supply 

Jumpers to Bus \ 
Power 

Supply Jumper 
to IC 

Digital Ground Jumper 
Gnd Jumpers to lC 

to Bus 

Figure 157. Option 140  - Digital Power Supply Connections 

D I G I T A L  RESET D I G I T A L  RESET 

Figure 158. Option 140  - Buffering the Digital Reset Line 
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(a) WRITE ONLY DATA BUS CONNECTIONS (b) DATA BUS CONFIGURATION FOR READ OPERATION 

Figure 159. Option 140 - Rear and Write Data Bus Connections 

Controlling Noise on the Signal Lines 

DATA 
L A T C H  

DATA 
L A T C H  

Because of the distributed nature of the 3497A backplane signals, noise may be pre- 
sent on the control and data bus lines. The noise can be controlled somewhat by 
filtering. The preferred method is to buffer the lines with Schmitt Triggers, using ICs 
such as an SN74LS14. 

/-'- + 
- 
- 

Regardless of the method used to control noise, it will introduce some signal delay. 
Be sure to account for these delays so that timing requirements are not violated. 

READ 
BUFFER 

OR 
L A T C H  

Typically, an oscilloscope is used to check signal lines for proper levels, noise, etc. 

When doing these measurements, make the measurement at the signal source and 
keep the ground lead of the scope as short as possible. An effective way to minimize 
ground lead length is to use a probe tip ground spring. 

Power Switching 

Two terminal blocks are provided on the board which permit up to 20 external con- 
nections. These terminal blocks are rated at 100 VA or 170V peak betwen any two 

terminals or any input to chassis and must be fused accordingly. 

Inductive loads may require contact protection (arc suppression). If your application 
requires switching inductive loads, see the discussion on contact protection in the 
Option 11 5 (High Voltage Actuator) part of this chapter. 

To minimize interference caused by high voltage switching, maintain maximum isola- 
tion between the switched voltages and the 3497A logic circuitry and choose relays 
which have a low contact-to-coil capacitance. 
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V A R I S T O R ,  
TRANSIENT/SURGE ABSORBER 

OR BACK-TO-BACK ZENER D I O D E S .  

Figure 160. Option 140 - Transient Protection Circuit 

To ensure compliance with applicable standards for Electromagnetic Interference, cir- 
cuits should be constructed using good RF practice, such as ensuring that all inter- 

connections are enclosed by shields connected to  local earth grounds via low im- 
pedance paths. 

When your application involves bringing the power line onto the board, the power 

line may require a transient suppression circuit t o  minimize interference with 3497A 
operation. A typical transient protection circuit is shown in Figure 160. 

Read and Write Registers 

Locations are provided on the card for t w o  SN74LS138 ICs which can be used to  
implement a read and write register circuit. Figure 161 shows how these ICs are 
used in the circuit. In this circuit only three read and three write registers are shown. 
You can, however, have as many as eight read and eight write registers. 

Direct Digital Backplane Interfacing 

Direct interface to the digital backplane signals can be made without using Read and 
Write Registers. This type of configuration, as shown in Figure 162, can be used 
for counting, interval timing, interfacing UARTs, programmable peripheral interface, 
etc. 
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FOR W R I T E  R E G I S T E R S  
USE ANY OF THE 

NG L A T C H E S : 7 4 L S 2 7 3  
7 4 L S 3 7 3  
7 4 L S 3 7 4  

SLOT ENABLE 

B I D I R E C T I O N A  
FOR REAO R E G I S T E R S  
USE 3 - S T A T E  B U F F E R  
8 1 L S 9 7  OR 7 4 L S 5 2 4 X  

14432-2-7 

Figure 161. Option 140  - Typical Read and Write Register Circuit 

D A T A  BUS + 
L S I  
CHIP 

BAO OA0 
DIG R E A D  RO 

D I G  WRT WRT 

S L O T  E N A B L E  C S 

Figure 162. Option 140  - Direct Digital Backplane Interfacing 
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Design Suggestions for the Analog Section 

The following paragraphs provide some suggestions and precautions for designing 
custom circuits using the analog section. See Chapter 6 for commands t o  control 

the analog section. 

lnguard Low Referenced Power Supplies 

There are t w o  power supply references associated with the analog section (the 
reference is that point from which the power supply voltage(s) is measured). One 
reference is lnguard "LOW" and the other is "GUARD". There are four power sup- 

plies which are referenced to lnguard LOW: + 5V Relay, + 5 V  Logic, + 15V L and 

-8V TC. Total circuit dissipation allowed is 2 watts per assembly even if both the 
analog and digital sections are used. 

The + 5V Relay, +5V Logic and + 15V and -8V TC supplies are referenced t o  In- 

guard LOW. The + 5V Relay and + 5V Logic supplies have the same origin, but the 

ground returns keep any noise generated by switching relays from entering the logic 
circuitry. 

Maximum total current which can be drawn from these supplies is 50 mA. The range 
of both supplies is 4.85V t o  5.25V and will typically be about 5.1V. The supplies 
appear on the backplane connector as follows: +5V Relay at pin L; Relay Gnd at 

pin M: +5V Logic at pin 10  and Logic Gnd at pin 11. 
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The + 15V L and -8V TC supplies are used by the Option 020 thermocouple com- 
pensated terminal cards to generate hardware compensation voltages for several 
types of thermocouples. 

Drawing excessive current from either supply could cause large compensation errors 
on Option 020 assemblies. Maximum current allowed from these supplies is: + 15V 
L = 2 mA; -8V TC = 100 /.LA. The + 15V and -8V TC supplies appear on the 
backplane connector as follows: + 15V L at pin 6; -8V TC at pin 5 and + '1 5V L 
and -8V TC GND at pin 4. 

Guard Referenced Power Supplies 

There are two  power supplies, the + 19V and -19V supplies, which are referenced 
to GUARD. These supplies have a tolerance of 5% ( +  18V to + 20V and -1 8V to 
-20V). Maximum current which can be drawn per assembly from each supply is 20 
mA. The + 19V and -1 9V supplies appear on the backplane connector as follows: 

+ 19V G at pin P; -1 9V G at pin 13 and Guard at pins 3, 12, 14, C, N and R. 

Guarded Measurements 

By using the HCOM (High Common), LCOM (Low Common) and GCOM (Guard) con- 
nectors, you can make guarded voltage measurements. A brief discussion of guarded 

measurements follows. See -hp- Application Note 123, "Floating Measurements and 
Guarding" (-hp- part number 5952-21 53) for a full explanation. 

Figure 164 shows typical connections for guarded measurements from two input 

channels. When a channel relay is closed, the voltage appears on the HCOM, LCOM 
and GCOM lines and is simultaneously passed to the internal DVM, to the HI COM, 
LO COM and GUARD COM terminals on the rear panel of the 3497A and to other 
slots. 
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For this reason, when making voltage measurements, NEVER input voltage 
simultaneously into the rear panel terminals and the backplane connectors. This can 
happen since the 3497A will support multiple channel closures in the Latch Mode. 

GCOM is the reference for the + 19V and -1 9V  Analog Power Supplies. I t  can also 
serve as a common mode current if it is properly connected. Common mode voltages 
are those signals which appear on both the HlGH and LOW voltmeter terminals 
simultaneously and can cause reading errors if not properly handled. These voltages 

are shown as Vcm in Figure 164. 

GUARDED MEASUREMENTS GUIDELINES 

0 Always know the potential of GCOM with respect to Earth ground. 

0 Always connect GCOM so that no common mode current flows 
through any resistance which determines the input voltage he., the 
HlGH and LOW DVM input leads). 

0 Never exceed 170 V peak input between any two  input terminals. 

Interconnecting Circuitry Using Both Supply References 

If your application requires that you use one or more of the lnguard Referenced 
Power Supplies ( +  5V Relay, + 5V Logic, + 15V L or -8V TC) with either of the 
Guard Referenced Power Supplies ( +  19V or -1 9V), the t w o  references must be 
isolated from each other. The degree of isolation is 170  V minimum. A good way 
to  do this is t o  use optoisolators as shown in Figure 165. The inputs to  the op- 
toisolators should be referenced to the lnguard section and the outputs referenced 
to  GUARD COMMON. 
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T 0 
INTERNAL 

ovn 

I L con (TO OTHER 
SLOTS 

I LOW RELATED i i 

Figure 164. Option 140 - Guarded Measurements 

INGUARD REFERENCE 7 GUARD REFERENCE 

Figure 165. Option 140 - Analog Section Power Supply Isolation 
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Mounting Components on the Breadboard Card 

So that the breadboard card assembly will fit into the 3497A when components are 
loaded onto the board, the maximum component heightlprotrusion requirements 
shown in Figure 166 must be observed. The restrictions shown in Figure 166 assume 
that the breadboard will be used in a slot with other plug-in assemblies on either 
side or that the breadboard will be placed in slot 0 or 4 of a 3497A. 

Absolute maximum component height allowed is 14  mm (.55 inches). However, if 
the height of any component exceeds 10 mm (.4 inches), the conductive surface 
of the component must be insulated. On the circuit side of the breadboard, the lead 
lengths are limited to 5 mm (.2 inches) or 4 mm ( . I 6  inches) from the adjacent con- 
ductive surface. If the card is not adjacent to a conductive surface (i.e., no 
assemblies in adjacent slots or card is not in either of the end slots), these limita- 

tions can be exceeded. 

Most wire wrapped components, such as IC sockets, will protrude through the bread- 
board further than the restrictions allow. When using such components, and the cir- 

cuit side of the breadboard is adjacent to another card or in the far right slot, make 
sure to cut the lead lengths to meet the restrictions shown in Figure 166. 

Never mount components where they will occupy space along the extreme top and 
bottom edges of the breadboard. This space is needed to slide the breadboard into 
the grooves of the slot and is labeled "NO COMPONENTS ALONG THIS EDGE". 
When soldering components on the breadboard, use a soldering iron with a 25 watt 
(or less) rating and rosin core solder. 

Be careful to mount components so they are not across the power supply or ground 
buses. Also, remember that the analog section has two power supply and two 
ground buses to accommodate both analog power supply references. The recom- 
mended way to connect power supply and ground for a 14-pin IC, where the supply 
connection is pin 14  and ground is pin 7 is shown in Figure 157. Although Figure 
157 shows connections on the digital section, it is applicable for the analog sec- 

tion andlor the third grid as well. 

NOTE 

If component height is greater than lOmm (4in.) the conductive surface of components 
must be insulated. Lead length protrusion is limited to 5mm 1.2 in.), or 4mrn 1.16 in.) 
from the adjacent conductive surface. 

Figure 166. Option 140 - Component HeightIProtrusion Requirements 
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Using Terminal StripsICards 

The breadboard assembly also contains a third section (grid) which has a terminal 
strip to allow up to 20 inputs (see Figure 152). If your application requires more than 
20 inputs, you can remove the third grid and replace it with one of four manufac- 
tured terminal cards: 

20 Channel Uncompensated Terminal Card (used with Option 01  01, 
16 Channel Digital Input Terminal Card (used with Option 050).  
16 Channel Digital Output Terminal Card (used with Option 110). 

8 Channel High Voltage Terminal Card (used with Option 11 5). 

The third grid can be removed by one of several methods. A saw, PC board cutter 
or a paper cutter can be used. If you use a paper cutter, be aware that some paper 
cutters are not strong enough to cut PC boards. The notches on the board provide 
a guide to cut off the third grid. When the grid has been removed, approximately 
0.64 mm (.025 inches) should remain between the end of the edge connector and 
the edge connector fingers (see Figure 152). 

After the grid has been cut off, remove all rough edges with a file or the edges may 

not make contact with the terminal card. File the edge connector to look like the 
edge connector which plugs into the mainframe. 

Terminal Card Descriptions 

As mentioned, four manufactured terminal cards can be used with the breadboard 
card assembly when the third grid is removed. The following chart briefly describes 
these terminal cards. For more information, refer to the appropriate option discus- 
sion in this chapter. 
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I TERMINAL CARDS USED WITH THE BREADBOARD CARD I 

20 CHANNEL UNCOMPENSATED TERMINAL CARD 

Used with the 20 Channel Relay Multiplexer (Option 010). Provides straight through 
connections from the input terminals on the terminal card to the edge connector 
you have prepared on the breadboard card. Capability to  add serieslshunt com- 
ponents is provided. -hp- part number is 03497-69542. See Figure 167 for 
schematic. 

16 CHANNEL DIGITAL INPUT TERMINAL CARD 

Used with the Digital Inputllnterrupt Assembly (Option 050). Provides two-wire 
connections for each of 16 input channels plus FLAG, GATE and GND. The logic 
levels are determined by placing jumpers in designated positions to allow portions 
of resistive networks to attenuate the signal. -hp- part number is 03497-69543. 
See Figure 168 for schematic. 

16 CHANNEL DIGITAL OUTPUT TERMINAL CARD 

Used with the Digital Output Assembly (Option 110). Each output channel has 
three terminals labeled NO (normally open), NC (normally closed) and C (common). 
Terminals are also provided for GATE+, GATE-, FLAG + and FLAG-. 16-pin DIP 
IC sockets (JI,J3,J4 and J6) provide a means of limiting current to the N0,NC 
contacts to +5V. DIP sockets J2 and J5 can be used to jumper relay common 
terminal to GND. -hp- part number is 03497-69544. See Figure 169 for schematic. 

8 CHANNEL HIGH VOLTAGE TERMINAL CARD 

Used with the High Voltage Actuator Assembly (Option 11 5). This card has pro- 
visions for 8 high voltage channels. The terminal strip connections are rated at 
252V RMS (AC) at 2 amps or 48V DC at 2 amps. A terminal is provided to ground 
the terminal card to  the 3497A chassis. -hp- part number is 03497-641 11. See 
Figure 170 for schematic. 
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Figure 167. Option 140 - Uncomp Terminal Card (Option 010) 
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COPIRLGHT 1980 BY HEWEIT-PICKLRD C U P A N Y  

Figure 169. Option 140 . Dig Output Terminal Card (Option 1101 
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Figure 170. Option 140 - HV Actuator Terminal Card (Option 115) 
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The Model 3498A Extender allows you to add additional plug-in assemblies for ex- 
pansion of system capability. Each 3498A can hold up to 10 plug-in assemblies. You 
can add a maximum of thirteen 3498As to each 3497A for a total capability of 135 
assemblies (5  in the 3497A and 10 in each 3498A). 

The maximum number of analog assemblies (Options 010, 020, 070 and 071) which 
can be added is 45. The maximum number of digital assemblies (Options 050, 060, 
110, 11 5, 120 or 130) which can be added is 85. Thus, maximum capability is 
1000 analog channels or 1360 digital channels. Use of one or more 3498As requires 
a 3497A for control. 

Description 

As shown in Figure 171, the 3498A Extender has a blank front panel with only a 
LINE switch and an indicator light for power-on conditions. The rear view shows that 

the extender has space for up to 10  plug-in assemblies and interconnections for 
analog and digital interface cables. The 3498A also includes decoding circuitry to 
allow the unit to operate with control signals from the 3497A and it contains power 
supplies for instrument devices using system ground or floating voltages. 

Since the 3498A provides only POWER ON SRQ, Option 050 or Option 060 
assemblies do not cause interrupt when placed in the 3498A although this capability 
is available when these assemblies are placed in the 3497A. Also, the DVM (Op- 
tion 001) cannot be used in the 3498A. 

Manual Information 

This manual contains configuration and control information for the 3498A. For repair 
and/or service information, see 3497A Plug-In Assembliesl3498A Extender Service 
Manual. Instruments manufactured after the publication date of this manual may have 
changes incorporated. In this case, a yellow MANUAL CHANGES sheet will accom- 
pany the manual. See Appendix B for details. 
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\\ \ 1 J 
14181-i-2 

INGUARD 
DECODER PLUG-IN 

CONNECTORS ASSEMBLIES 
OUTGUARD DECODER FUSE HOLDER 

CONNECTOR 

REAR VIEW SHOWN WITH SAFETY COVER REMOVED 

Figure 171. Option 298  - Model 3498A Extender 

Specifications 

Specifications for the Model 3498A Extender follow. Specifications are performance 
standards or limits against which the instrument may be tested. 
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OPTION 298 
ADO 3498 EXTENDER Isolation: 

Number of Slots per 34981: 10  

Maximum Number of Added Analog Multiploxar Channels (Options 010. 
0201: 900  channels (45 assembl~esl 

Maximum Number of Added Nan-analog Acquisition Assemblies (Options 050. 
060.  1 10, 1 15. 120. 1401: 85  assemblies 

Maximum Separation From the 34971: 
34988  with analog cards (Options 010, 020, 070. 0711: 
100  meters 
3498A with digital assemblies (all other options): 25 meters 
12 meter cables are supplied standard) 

Maximum Number of 34981'a por 34971: 13 

25T. >85% R.H. 
40"C.>60% R.H. 40°C.>95% R.H 

Hi to Lo > 1 0 ' ~ O h m s  > 1 0 ~ O h m s  

Lo to  Guard > l o 8  Ohms > l o 7  Ohms 

Guard to Chassls > 10' Ohms > lo7  Ohms 

Operating Considerations 

Digital Interrupt IS not passed between the 3498A and the parent 
3497A. Digital interrupt is found on the Option 0 5 0  Digital 
Inputllnterrupt Assembly and on the Option 060  Counter 
Assembly. 
The.DVM assembly cannot be used in the 3498A. 
Power and Environmental Information: see 3497A data. 

Initial Inspection 

Whether you ordered the 3498A Extender as Option 298 to the 3 4 9 7 A  or as a 
separate item, the shipping container should contain the items shown in Figure 172. 
If any item is missing or if there is mechanical damage or defect to  the instrument, 
contact your nearest -hp- SaleslService office. They will arrange for replacement or 
repair at -hp- option. 

If there is any damage to  the shipping carton, keep the carton and notify the car- 
rier as well as -hp-. If you return a 3498A or accessory to  -hp-, follow the shipping 
guidelines in Appendix B. 

Line Voltage and Fuse Selection 

The 3498A can be operated from any power source which supplies IOOV, 120V, 
220V or 240VAC (-10% to  + 5%), 48-66 Hz, single phase. Power consumption 

is 150VA. The 3498A requires a 1 hour warm-up time. When you receive the 
3498A, check to see that the Line Voltage Selector Switches and fuse size are pro- 
per for the power option you specified by doing the following: 
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I CHECKING FUSE AND LINE VOLTAGE SWITCHES I 

Loosen the screw on the right side of the front panel and swing 
the panel open. 

Compare the line voltage selector switch positions wi th those 
shown in Figure 173. If not correct, set the switches t o  proper 
setting. 

Check the fuse for proper type (1.25A for 100V or 120V opera- 
tion; 2.5A for 220V or 240V operation). The fuse is located in the 
fuseholder on the right rear panel of the instrument as shown in 
Figure 172. 

ANALOG INTERFACE 
( 3  CONDUCTOR) 
(03498-61 602) 

FUSE 
'LOCATION 

INGUARD INTERFACE CABLE O U T G U A ~ D  INTERFACE 
(BLUE COVERING) (WHITE COVERING) 

(03498-61 607) (03498-61 608) 

INTERFACING PLUGS 
(TO BE INSTALLED IN 3497A) 

(81 20-31 86)  

Figure 172. Option 2 9 8  - 3498A Extender and Accessories Supplied 
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\ 
LINE SWITCH 

SELECT 
SWITCHES 

I \ 

1 OOV 120V 220V 240V 

Figure 173. Option 298 - Line Voltage Switch and Fuse 

FUSE.1.25A 

locations 

Power Cable and Grounding Requirements 

sw-cu-ln 

m m m m  

m m m m  
FUSE-2.5A 

The 3498A is equipped with a three-conductor power cord which, when plugged 
into an appropriate receptacle, grounds the instrument. The type of power cord ship- 

ped wi th the 3498A depends on the country of destination. See Figure 174 which 
shows the power cables available to  ensure that you have the proper cord for your 
line voltage. 

FUSE.1.25A FUSE-2.5A 
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250 V 
OPERATION 

'LUG': CEE7-VI 1 
:ABLEa: HP 8120-1692 

'LUG.: NEMA 1-1 5P 
:ABLEe: HP 81  20-0664 

250 V 
OPERATION 

'LUG.: CEE22-V1 
:ABLEs: HP 8120.1660 

250 V 
OPERATION 

PLUG': NZSS 196IAS C112 
CABLE': HP 81  20-0696 

250 V 

OPERATION 

I 

PLUG': OHCR 107 
CABLE': HP 81  20-2956 

250 V 
OPERATION 

PLUG': BS l 363A  
CABLE': HP 8120-1703 

PLUG': SEV 101 1.1959-24507 
TYPE 12 
CABLE.: HP 81  20-2104 

PLUG': NEMA G-15P 
CABLE': HP 81 20-0698 

PLUG': NEMA 5.1 5P 
CABLE': HP 8120.1 521 

'The number shown for the plug is the industry identifier for the plug only. 
The number shown for the cable is an HP part number for a complete cable including the plug. 
"UL listed for use in the United States of America 

Figure 174. Option 298 - Power Cables for the 3498A 

Environmental Considerations 

The 3498A can be used either as a bench instrument or can be mounted in a stan- 
dard 19" rack. When the 3498A is used as a bench instrument, the plastic feet 
under the instrument are shaped so that the 3498A may be mounted on top of other 
-hp- equipment. 

To meet its specifications, the 3498A should be operated within + 5 OC (k 9 OF) 

of the calibration (or reference) temperature. The 3498A should be operated within 
an ambient temperature range of 23 OC & 5 OC (73 OF k 9 OF). The instrument 
may also be operated within an ambient temperature range of 0 OC to 55 OC ( +  32 
OF to 131 OF), but with reduced efficiency. 
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1 3498A ENVIRONMENTAL REQUIREMENTS 1 

Warm Up Time 

Operating Temperature 

Non-Operating Temperature 

Humidity 

Shock 

Vibration 

Operating Power 

1 Hour 

0 OC to 55 OC 

-40 OC to 75 OC 

To 95% except as noted in Specifications. 

30 G, 11 msec, sine wave on each of six 
sides. 

10 Hz to 55 Hz at .010 inch peak to peak 
excursion. 

Switch selection of 1 10 volts, 120 volts, 220 
volts, 240 volts ( -  10% to + 5%); 48-66 Hz, 
150 VA (3497A3, 150 VA (3498A). 

Bench Installation 

When the 3498A  is used as a bench instrument, choose a location which provides 
at least 3 inches ( 8  cm) of clearance at the rear of the instrument and at  least 1 

inch (3 cm) on each side. I f  adequate clearance is not provided, excessive 
temperatures may be generated inside the 3498A  and reduce instrument reliability. 
Clearances provided by the plastic feet in bench stacking allow adequate air passage 
across the top and bottom cabinet surfaces. 

Rack Mount Installation 

Options 907, 9 0 8  and 9 0 9  (Rack Mounting Kits) enable the 3498A  t o  be mounted 
in a standard EIA (19" wide) rack. Installation instructions are included with the Rack 
Mount  Kit ordered. For further information on -hp- rack mounting kits, see -hp- 
SYSTEM II Rack Mounting Kits & Accessories Manual (-hp- Part Number 5952-0095) 
which may be ordered from your nearest -hp- Sales and Service Office. 

Installing Plug-In Assemblies 

To install plug-in assemblies (Options 0 1 0  through 140)  in  the 3498A,  select the 
slot desired for the assembly and insert the assembly as shown in Figure 175, which 
shows a sample installation for the Relay Multiplexer assembly (Option 010) .  
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INSTALLATION IN 3498A 

Figure 175. Option 298 - Installing Plugln Assemblies 
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Interfacing the  3498A with the  3497A 

As noted, you can use up to 13 3498As per 3497A. If you ordered the 3498A as 
Option 298, you can directly connect the three cables supplied with the 3498A (see 
Figure 172) to interface the 3498A with the 3497A, as shown in Figure 176. 

NOTE 

To avoid interference effects between 3497A systems and 
their installation environment, due regard should be paid to 

considerations of Electromagnetic Compatibility. Wiring should 
follow good RF practice, such as ensuring that all intercon- 
nections are enclosed by shields connected or bypassed to 
local earth grounds via low impedance paths. 

The 3497A and 3498A outer frames should be intercon- 
nected either via heavy metallic braid or by installation in the 
same rack. Between the 3497A and 3498A(s), the (small 
white) High-Low-Guard signal cable should be arranged ad- 
jacent to the blue extender cable. 

If You Ordered 3498A(s) Separately 

If you ordered the 3498A as a separate instrument AND did not order the 3497A 
with Option 298, you will need to install the two interfacing plugs shipped with the 
3498A (see Figure 172) into the 3497A before you can follow the interconnection 
sequence shown previously. 

Figure 177 (a) shows how to install an interface plug on the outguard controller of 
the 3497A (right side of the 3497A as viewed from the rear of the instrument) and 
Figure 177 (b) shows how to install the other interface plug on the inguard controller 
(left side of the instrument). 
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SMALL WHITE 
CONNECTOR 

BLUE CABLE 
I 

WHITE CABLE 

NOT 

1. For rack connection, instait 3497d and 349  
2. Arrange small white connector next t 
3. Interconnect 3497A and 3488.4 outer nnector. 

Figure 176. Option 298  - Interconnecting 3498A and 3497A 

To install the interface plugs, first verify that all power is removed from the 3497A. 
Then remove the protective cover, loosen the retaining screw on the outguard con- 
troller board and remove the board using the plastic pull ring. 

Remove the filler plate from the rear panel of the board and install the connector 
plug of one of the interface plugs in its place. Then insert the pigtail DIP plug into 
socket J2  on the outguard controller board. Reinstall the board in the 3497A and 
replace the protective cover. 

To install the other interface plug on the inguard controller, follow the instructions 
for the outguard controller, except insert the pigtail DIP plug into J7 on the inguard 
controller. 
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(b) INGUARD CONTROLLER (3497A) 

.caL - 1 ~ 2  

INSTALL IN DIP J7  pLuCiG2, 
** I D  

- R 1 5 -  
R P I  

Figure 177. Option 298 - Installing Interface Connector Plugs 

Installing Several 3498As 

To install more than one 3498A, connections must be made from each successive 
extender to a previously connected extender, as shown in Figure 178. Note that the 
3497A must have only one 3498A connected to it. A 3498A may have either a 
3497A or t w o  3498As connected to  it. This is necessary so that the required safety 
covers can be placed over the rear panels. 
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Figure 178. Option 298 - Multiple 3498A Interconnections 

In general, it is not necessary 
However, if you use more than 

to  make configuration changes to the 3498A. 
one 3498A with your 3497A, you will have to 

modify the factory set analog addresses and slot numbers. As factory preset, each 
3498A is configured for analog addresses 100 through 1 99 and slot numbers 10  
through 19. 

A suggested slot and channel number addressing scheme follows. Naturally, you can 
configure the slot numbers and channel addresses as required for your application. 
For example, each decade can have any decade address from 0 to 999. Therefore, 
it is possible for all 20  decades (10 slots) in a 3498A to have the same 10  chan- 

nel addresses. 
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I SUGGESTED SLOT # AND CHANNEL ADDRESSES I 

3498A SLOT [ I 1  DECADE A [21 DECADE B [21 
NUMBER NUMBER ADDRESSES ADDRESSES 

111 The maximum number of slots which can be addressed is 89 
(i.e., slots 0-4 in a 3497A plus slots 10-89 in 8 added 
3498As). Note that slots 5 through 9 do not exist for digital 
assemblies. 

121 The maximum number of analog channels is 1000 (0-999). 
Thus, the maximum number of analog assemblies (Options 
010,020,070, 071 which can be used is 50 (i.e., 5 slots in 
the 3497A and 45 slots in five 3498As added). 

Channel and Slot Capacity 

With this suggested addressing scheme, you can input 20 analog channels (0-1 9) 
or 16 digital channels (0-1 5) into each slot. With a 3497A alone, total system capaci- 
ty is 100 analog channels or 80 digital channels. By using 3498A Extenders, you 
can expand total system capacity to 1000 analog channels and 1360 digital chan- 
nels, as shown. 
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1 3497Al3498A CHANNEL CAPACITY 1 

I ASSEMBLY 1 3497A ONLY 1 3497A + 3498As I 

For example,to achieve maximum channel capacity, you could configure 
your system as shown, wi th analog assemblies in the 3497A and in the 
first 4 5  slots of 3498As and digital assemblies in the remaining 8 5  slots. 

T 5 ANALOG 
- 

ANALOG 
DIGITAL 

1 ( 1 0  ANALOG 1 
50 

MAX # 
3498As 

5 
8 

ANALOG I 

# SLOTS 

5 
5 

10  ANALOG 

#CHANNELS 

100 
8 0  

#SLOTS 

50  
85  

ASSEMBLIES 
I 10  ANALOG 

1000 
1360 

5 ANALOG 5 DIGITAL 

I 1 0  DIGITAL I 

I 10  DIGITAL 1 3 4 9 8 A # 1 3  

8'5 
DIGITAL 

ASSEMBLIES 

Changing Analog Addresses 

If you need to change the analog addresses in a 3498A, use the procedures which 
follow and see Figure 179. Jumpers to modify the analog addresses are located on 
the Power Supply-lnguard Decoder board which is located behind the front panel of 
the 3498A. 

To gain access to  this board, first verify that all power sources are removed from 

the 3497Al3498A. Then loosen the fastener on the front panel and swing the panel 
out. Remove the t w o  screws holding the shield over the board and remove the shield. 
Then locate the CENTURY and DECADE ADDRESS jumpers as shown in Figure 179. 
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CENTURY A ~ D  DECADE 
JUHPERS FOR S L S T  5 -9  

Figure 179. Option 298 . Analog Address CenturylDecade Jumpers 

As shown in Figure 179, each slot (shown as 0 - 9 in the figure) has CENTURY AD- 

DRESS jumpers and DECADE ADDRESS jumpers. As factory preset, the jumpers are 

connected so that analog addresses are 100-199 and slot numbers are 10-19. For 
clarity we'll assume that the slot numbers remain 10-19 and show how to change 

the analog addresses. See Changing Slot Numbers for procedures t o  change slot 
numbers. 

To change the analog addresses, you may need to cut and/or solder jumpers. Some 
examples follow t o  illustrate the method. When you have finished modifying the 
board, replace the shield and secure the front panel. 
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SSES 300-499 1 --_- 
For this example, we'll change only the CENTURY jumpers, as shown 
below. Since the DECADE address jumpers are not changed, with CENTlJRY 
address jumpers for slots 0-4 tied to pin 3, these slots have addresses 
300-399 and with CENTURY address jumpers for slots 5-9 tied to  pin 4, 
these slots have addresses 400-499. Since the DECADE address jumpers 
are not modified, they are not shown. 

CENTURY ADDRESS 

SLOT 5 5  6 6 7 7 8 8  9 9  
DECADE A 8 A 8 A B A B A B 

0 1  2 3 4 5 6 7  8 9  

CENTURY ADDRESS 

I EXAMPLE - SET SLOT 0 TO A D D R E S S ~ ~ O ~ ~  

In this example, we'll set the address of slot 0 (decades A and B) to  
980-999 (as factory preset, slot 0 has addresses of 100-1 19). This will 
require that the CENTURY jumpers be set for "9" and that the DECADE 
jumpers be set for "8" for the A decade and or "9" for the B decade, 
as shown. Since the settings for slots 5 through 9 do not change, they 
are not shown. 

CENTURY ADDRESS 
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DECADE ADDRESS 

Changing Slot Numbers 

_Asf a c t o r y f i g u r e c h  3498A has slot numbers 10-19. To change the slot __-__-- =- ________ & _-- -- ------- 
numbers for a 3498A, it - is necessary -__ to  remove - the Outguard Decoder circuit board --- - C__~I---  - - - 
located G t h e  right rear panel of the 3 4 9 8 A s  sezn  fro^ the rear).<hthis - p- _---- d _-- -- --- -- 
board, first verify that all Po= has been removed f r o i t h e  3498A. Then remove 
the safety cover, loosen the retaining fastener and remove the Outguard Decoder 
(see Figure 180).  

Next, locate the box address selector jumper block (see Figure 180 for location). To 
change a slot address, simply cut the appropriate jumper(s) according to the following 
equation, where a jumper in place = a "1" in the equation (only the first digit can 
be modified). 

BEGINNING SLOT NUMBER = 1 O [ 8  - (A  + 2B + 4C)I 

For example, t o  change the beginning address of the slots t o  20  (i. e., slots 20-29 
are available for this 3498A), cut jumper A. Then, BEGINNING SLOT NUMBER = 

1 0  [ 8 - ( 0  + 2  + 4) ]  = 20. 

NOTE 

Slot numbers for each 3498A MUST be unique to avoid 
spurious data which may occur if two 3498As have the same 
slot numbers. 

When the modifications have been made, replace the Outguard Decoder and replace 
the protective safety cover. 
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---- .- ---- - 

igure 180.  Option 2 9 8  - 3498A Outguard Decoder 

00 I 

d o w e r  On Interrupts wi th  the 3498A 

NOTE 

The following discussion applies only to 3497As with HP-IB 
capability. For a 3497A with Serial Data (Option 232), 
POWER ON SRQ is automatically set. 

Although both the digital inputlinterrupt assembly (Option 050) and the 100 kHz 
counter (Option 060) can cause a digital interrupt when they are placed in a 3497A, 

they have no interrupt capability when placed in a 3498A. The only interrupt which 
can be generated by the 3498A is POWER ON SRQ. 

The purpose of the POWER ON SRQ is to provide an indication (when power is 

returned) that power has been lost to the 3498A. When the 3498A recovers from 
a low power cmdition, it sends an interrupt to the 3497A. If the 3497A has 
previously been enabled for POWER ON SRQ, the 3497A will then send an inter- 
rupt to the controller. 
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Once POWER ON SRQ is enabled, a low power condition in either the 3497A OR 
the 3498A will cause an interrupt and there is no way to tell if the interrupt resulted 
from power loss in the 3497A, 3498A or both. If the 3497A is not set for POWER 
ON SRQ, interrupt is NOT sent t o  the controller, even if either or both instruments 
experienced a power failure. Also, note that POWER ON SRQ occurs when power 
is regained, NOT when it is lost. 

To enable the 3497A for POWER ON SRQ, it is necessary to  set the POWER ON 
SRQ switch (position #7) on the 3497A Outguard Controller to  the "1" position. 
To do this, see Figure 181 and use the following sequence. 

First verify that all power is removed from the 3497A and 3498As connected. Then, 

remove the safety cover, loosen the retaining screws holding the outguard controller 
and remove the outguard controller. Locate the 7-position DIP switch and set switch 
position #7  to  the "1" position (see Figure 181 1. Replace the outguard controller 
and the safety cover. 

0 0 0 1 1  ADDRESS SELECT 
0 0 1 0 0  

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

OUTGUARO CONTROLLER 

Figure 181. Option 298 - Setting 3497A Power On SRQ 
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Chapter 9 
EXAMPLE 3497A CONFIGURATIONS 

INTRODUCTION 

As shown in Chapter 1, when the 3497A is used in a Data Acquisition/Control 
System, the instrument can be used to perform two primary functions: data acquisi- 

tion measurements and control applications. In this chapter, we'll show some typical 
ways that the 3497A can be used for data acquisition measurements and control 
applications. 

Chapter 9 consists of 17 example applications divided into eight functional categories: 
voltage, resistance, thermocouple, frequency and pressure measurements and inter- 
rupts, switching and control sources. No attempt is made to define a specific type 
of user system to be connected to the 3497A. Rather, the emphasis is on the 3497A 

response to typical user input signals and how to configure and program the 3497A 
for these signals. 

\- 
The examples shown apply specifically to the 3497A. If you ordered the 3497A as 

part of the 3054AlC or 3054DL system, consult the appropriate system manual for 
a wide variety of examples and programs which use the 3497A as part of the 
system. 

All example configurations have the format shown. Examples are in summary form 
and assume that you are familiar with the operation and function of the 3497A and 
the plug-in assemblies used. The sample programs use extended BASIC language and 
may require conversion if you use a controller which is not compatible with this 

language. 
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I EXAMPLE CONFIGURATIONS - FORMAT ( 

DESCRIPTION 

Describes the purpose and typical applications for the example. 

PROCEDURE 

Shows a block diagram operation and/or shows specific settings and slot/channel 
numbers used. 

CONFIGURATION 

Shows how t o  connect inputs t o  the assemblies and/or the 3497A and how to  
reconfigure the 3497A and assemblies as required. 

SAMPLE PROGRAM 

A sample program in Extended BASIC for the example. 

TYPICAL PRINTOUT 

A printout (on the -hp- 85A printer) of typical values (when applicable). 

COMMENTS 

Precautions and/or conditions for the example. 

The following table summarizes the example configurations in this chapter and is 

divided into the eight categories previously identified. Since the examples are grouped 
into functional categories, if you want t o  make voltage measurements, see voltage 
measurements. If you want t o  totalize events, see frequency measurements, etc. 
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VOLTAGE MEASUREMENTS 

-- 

DESCRIPTION 
EXAMPLE 
NUMBER TITLE PAGE 

GUARDED 
VOLTAGE 
MEASUREMENTS 

Shows how to  use the Option 0 1 0  
assembly t o  make sequential DC 
voltage measurements from 10  electro- 
mechanical transducers which produce 
voltages in the millivolt range. 

SINGLE 
ENDED 
VOLTAGE 
MEASUREMENT 

Shows how to  use the Option 0 1 0  
assembly to  make sequential DC 
voltage measurements for up to  277 
single-ended inputs. This application is 
useful when you don't require the ac- 
curacy of three-wire techniques. 

DATA LOGGING Shows how to  use the time of day 
function of the 3497A and the Option 
0 1 0  assembly for data logging of se- 
quentially measured DC voltages. 

FAST SCAN 
VOLTAGE 
MEASUREMENT 

Shows h o w  t o  use the internal 
storage capability of the 3497A 
and the Option 010 assembly t o  make 
up to  6 0  sequential channel voltage 
measurements at scan rates up to  125 
channels/second. 

RESISTANCE MEASUREMENTS 

Shows how to  use the Option 0 1 0  
assembly and DVM current source 
for 2-wire ohms measurements. 

@ 

4-WIRE 
RESISTANCE 
MEASUREMENTS 

2-WIRE 
RESISTANCE 
MEASUREMENTS 

Shows how to  use the Option 0 1 0  
assembly and DVM current source 
for 4-wire ohms measurements. This 
technique is useful when highly ac- 
curate (milliohm range) measurements 
are required. 
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1 THERMOCOUPLE MEASUREMENTS I 

HARDWARE 
COMP T-COUPLE 
MEASUREMENTS 

SOFTWARE 
COMP T-COUPLE 
MEASUREMENTS 

Shows how to use the Option 020  
assembly with hardware compensation 
to determine the temperature of a J- 
type thermocouple. 

Shows how to  use the Option 020  
assembly with software compensation 
to  determine the temperatures of a 
mixture of J, K, T and S type ther- 
mocouples on the same assembly. 

FREQUENCY MEASUREMENTS 

COUNT UP/ 
DOWN 
MEASUREMENTS 

PERIOD 
MEASUREMENTS 

Shows how to  use the Option 060  
assembly t o  count up (totalize) 
from a programmable start point and 
how to  count down to  zero from a 
programmable start point. 

Shows how to  use the Option 060  
assembly to measure the period of an 
input frequency. 

I PRESSURE MEASUREMENTS I 

to  determine the strain of 120 ohm 
strain gauges. 
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CONTROL APPLICATIONS - INTERRUPTS 

COUNTER 
INTERRUPTS 

EVENT SENSING 

USING THE 
COUNTER IN 
THE 3498A 

Shows how to  use the Option 060 
assembly to  generate an interrupt 
signal to the controller on counter 
overflow andlor measurement com- 
plete conditions. 

Shows how to use the Option 050 
assembly to interrupt the controller 
when an external event, such as clos- 
ing water valves or the end of motion 
by a mechanical arm, is sensed by the 
assembly. 

Shows how to use the Option 060 
and Option 050 assemblies to  detect 
interrupts measurement complete or 
overf low when the Option 060 
assembly is in the 3498A Extender. 

I CONTROL APPLICATIONS - SWITCHING I 

VOLTAGE 
SWITCHING1 
ALARM 
ACTUATION 

HIGH 
VOLTAGE 
SWITCHING 

-- 

Shows how to  use the Option I 10 
assembly to switch power from one 
user device to another and how to 
close relays to actuate an alarm. 

Shows how to use the Option 115 
assembly t o  sequentially swi tch 
power to activate motor starters. 

CONTROL APPLICATIONS - CONTROL SOURCES I 

VOLTAGE AND 
CURRENT 
SOURCES 

Shows how to  use the Option 120 
and 130 assemblies to provide a 
programmable voltage source and a 
programmable current source for con- 
trol applications. 

620 
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EXAMPLE 1 
GUARDED VOLTAGE 

MEASUREMENTS 

DESCRIPTION 

One of the primary functions of the 3497A is to make DC voltage measurements. 
Usually DC voltage measurements are made using the 20 Channel Relay Multiplex- 

er assembly (Option 010). DC voltage measurements can also be made using the 
Relay Multiplexer assembly with Thermocouple Compensation (Option 020). This ex- 
ample shows how to make guarded DC voltage measurements from electro- 
mechanical transducers which produce positive millivolt level outputs. 

PROCEDURE 

Figure 182 shows a simplified block diagram configuration and connection diagram 
using the Option 010  assembly to measure the voltages from sources V1 through 
V10. For this example, we'll place the assembly in slot 2 and connect the sources 
(transducers) to the 10  relay inputs in the A Decade. Thus, the channel numbers 
for the transducers are 40-49. 

CONFIGURATION 

To configure the Option 010 assembly, see Figure 182. Connect V1 high to A0 HIGH 
and connect V1 low to A0 LOW on the terminal card connectors. Since we are mak- 

ing guarded (3-wire) measurements, connect one end of the guard lead to the A0 
GUARD connector and tie the other end to V1 low, as close to the V1 source as 

possible. Then repeat the procedure to connect V2 to  A l ,  etc. 

When the terminal card is connected, check to see that the TIC jumper on the relay 
card is set to the NO TIC COMP position. After verifying that all power sources are 
removed from the 3497A, when the assembly is configured, insert it into slot 2 of 
the 3497A. Then press the LINE switch on and enter the program shown to measure 
the channel voltages. 
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TREE 

H L G  

C O M M O N  
BUS T O  

VOLTMETER 

349714 
HAINFRAHE 

ONE OF TEN 
RELAYS I N  DECADE A 

> - @ I  L BB 

- G  

RELAYS I N  DECADE A 
Y 'Y -r 

ONE OF TEN ' 
RELAYS I N  DECADE A I 

.ECTROMECHANICAL 

CHANNEL 4 0  

FLECTROHECHANlCAL 
D E V I C E  . l o  
CHANNEL 4 9  

Figure 182. Example 1 - DC Voltage Measurements 
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SAMPLE PROGRAM 

A sample program is shown to sequentially scan channels 40  through 49, by using 
the AC chan# command, to measure the voltage of sources V1 through V'IO and 

print the results (in millivolts) on an -hp-85 printer. If you want to place the assembly 
in a slot other than slot 2, modify lines 60 and 9 0  for the appropriate addresses. 

SET INITIAL CONDITIONS 

10 PRINT "DC VOLTAGE MEASUREMENTS" 
20 PRINT 
3 0  PRINT "SOURCE";TAB(13);"MILLIVOLTS" 
4 0  PRINT 
50 CLEAR 709 

MEASURE VOLTAGES ON CHANNELS 40-49 

6 0  FOR I = 4 0  TO 49 
70  OUTPUT 709;"AC",I 
8 0  ENTER 709;A 
90 PRINT TAB (3);l-39;TAB(15);A* 1000 

100 NEXT I 
110 END 

TYPICAL PRINTOUT 

DC VOLTAGE MEASUREMENTS 

SOURCE MILLIVOLTS 

COMMENTS 

For a detailed explanation of guarded voltage measurements, see -hp- Application 
Note 123 "Floating Measurements and Guarding" (-hp- part number 5952-21 53). 
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EXAMPLE 2 
SINGLE-ENDED MEASUREMENTS 

DESCRIPTPO 

As factory configured, the 3497A is set to measure input voltages using 3-wire 
(guarded) measurement techniques. If your application doesn't require the accuracy 

of 3-wire measurements and if the LOW sides of all your voltage sources can be 
tied together, you can use 20 channnel relay multiplexer assemblies (Option 010) 
in the 5 slots of a 3497A to measure the inputs of up to 277 single-ended voltage 
inputs. 

One way to do this is to use channels BO, 61 and B2 on a relay multiplexer in slot 
4 to form a second level of multiplexing and then use the AC chan#,chan# com- 
mand to simultaneously close a channel in slot 0, 1, 2 or 3 and the BO, B1 or 82 
channel in slot 4 to measure the voltage from a specified input. 

PROCEDURE 

Figures 183 and 184 show the setup for single-ended measurements used in this 
example. Figure 183 shows the setup for an assembly in slot 0 and Figure 184 

shows the configuration for an assembly in slot 4. Configurations for assemblies in 
slots 1 through 3 are identical to that in slot 0. 

As shown in Figure 183, voltages V1 through V60 are input to relays A0 through 

B9. The HIGH outputs of each relay are connected to relay BO of the assembly in 
slot 4 (channel 90), the LOW outputs to relay B1 (channel 91) and the GUARD out- 

puts to relay B2 (channel 92). Similarly, V61 - V90 are input to slot 1, V91 - V120 
are input to slot 2, etc. 

As shown in Figure 184, for the assembly in slot 4 ONLY, channels BO, B1 and B2 
(channels 90, 91 and 92) are reserved for secondary multiplexing, so only 37 
voltages can be input to the slot 4 card. Total channel capacity is thus 60  x 4 = 

240 + 37 = 277 single-ended inputs. 

To measure a voltage, use the AC chan#,chan# command to simultaneously close 
the relay connected to the desired input AND relay BO, 61 o r  B2 of the assembly 
in slot 4. For example, in Figure 183, V1, V2 and V3 are connected to relay A0 
(channel 0) .  Thus, to measure V1, use AC0,90 to simultaneously close relay A0 in 
slot 0 and relay BO in slot 4. To measure V2, use AC0,91 and to measure V3, use 
AC0,92. 
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SINGLE-ENDED 
MEASUREMENTS 

SLOTS 0-3 
CONFIGURATION 

. . 
4 1  e 
% 3 4 9 7 A  

REAR 
PANEL 

DVM 
r ERMINALS 

SLOT 4 RELAYS 

A 

(CHAN 901  BO 

(CHAN 911  B 1  

[CHAN 9 2 )  8 2  - 

SLOT 0 RELAYS 

A A L L  SOURCE LOWS 

A0 (CHAN 01 

I I A 1  ICHAN 1 )  I 

T I E D  TOGETHER 

I 8 0  ICHAN 1 0 1  1 

8 9  (CHAN 1 9 1  

30 A 
DECADE 
INPUTS 
[H,L,GI  

3 0  B 
DECADE 
INPUTS 
(H,L,GI  

3497-OPC-199 

Figure 183. Example 2 - Single-Ended Measurements (Slots 0-3). 
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SINGLE-ENDED 
MEASUREMENTS 

SLOT 4 
CONFIGURATION 

i 
COM C 

t 
3497A 
REAR 

PANEL 
DV M 

TERMINALS 

SLOT 4 RELAYS 

ALL  SOURCE LOWS 
T I E D  TOGETHER 

(CHAN 901  BO 
m 

(CHAN 911  B l  

ICHAN 921  BZ 

A0 (CHAN 801  

A 1  ICHAN 8 1 1  

I I A9  ICHAN 8 9 )  
0 

0 , 

8 3  [CHAN 9 3 1  

6 9  [CHAN 991  - 

3 0  A 
DECADE 
INPUTS 
(H,L,G) 

7 B 
DECADE 
INPUTS 
[H ONLY1 

3497-OPC-200 

Figure 184. Example 2 - Single-Ended Measurements (Slot 4) 
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CONFIGURATION 

To set up the 3497A for single ended measurements, it is necessary to  reconfigure 
both the 3497A inguard controller and the Option 010 assembly which is to  be in- 
stalled in slot 4 ONLY. I t  is not necessary to  modify the other 4 assemblies. 

To configure the 3497A, see Figure 185. Ensure that all voltage sources are removed 
from the 3497A then remove the protective cover and the inguard controller. Open 
jumpers JMPl and JMP2 on the inguard controller board and replace the inguard con- 
troller and protective cover. 

To configure the Option 010 assembly to be placed in slot 4, see Figure 186. For 
this assembly ONLY, the seven B Decade inputs (V271 - V277) are connected to  
the HIGH connectors for relays 83 through B9 respectively, and BO, B1 and 82 are 
used for secondary multiplexing. 

To configure the other four Option 010 assemblies, follow the connection diagram 
shown for the A Decade in Figure 186 for both the A Decade and B decade inputs. 

Figure 185. Example 2 - Configuring 3497A for Single-Ended Measurements 

OPtiN J M P l  
AN[] JMP2 ON 
INLUARD 
CO!lTROLLER 
90ARD 
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J"' r ' - t r r  349, REAR PANEL OVM TEF3 l I vALS 
p*FJT4+ - 

/ OPTION 0 1 0  TERMINAL CARD I 

YT= RELAY 

IECAOE B COMM 
I / O  TERM 

I I 
DECADE A 

COMMON I / O  
TERMINAL. 

/' Figure 186. Example 2 - Configuring Option 010 Assembly (Slot 4) 

SAMPLE PROGRAM 

3 0  A 
DECADE 
INPUTS 
IH,L.GI 

An example program is shown which sequentially measures the input voltages from 
277 sources, assuming that the assembly with secondary multiplexing is in slot 4 
and thus the BO relay has address 90, the B1 relay has address 91 and the 82 relay 
has address 92. 

Although the voltage source designations are arbitrary, for this program V1 is con- 

nected to relay A0  HIGH, V2 to relay A0 LOW and V3 to relay A0  GUARD, etc. 
The assembly with V1 through V60 connected is in slot 0, etc., as shown. 
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I I I I 
* Channels 90-92 reserved for secondary 

multiplexing. 

SLOT 

0 

1 

* * Can only input 7 voltage sources on B decade 
in slot 4. 

The program sequences through V1 through V270 by using an AC chan#,90; AC 
chan#,91 or AC chan#,92 command. Since secondary multiplexing is not used for 
inputs V271 through V277, the program sequences through these inputs with an 

AC chan# (chart# = 93-99] command. 

DECADE 

A 
B 

A 
B 

SET INITIAL CONDITIONS 

10 J = l  
20  DIM A(90,3) 
3 0  PRINT "SINGLE ENDED MEASUREMENTS" 
4 0  PRINT 
50 PRINT "SOURCE";TAB(I 7);"VOLTS" 
6 0  PRINT 
7 0  CLEAR 709 

CHANNELS 

0-9 
10-19 

20-29 
30-39 

MEASURE VOLTAGES V1 THROUGH V270 

SOURCE (V) 

1 -  30 
31 - 6 0  

61 - 9 0  
91 - 120 

-+-80 FOR I = 0 TO 89 
-+90 FOR N = 90 TO 92, 

100 OUTPUT 709; "AC",I;",";N 
1 I 0  ENTER 709; A(1.N-89) 

! 120 PRINT J;TAB(I 5);A(I,N-89) 
; 130 J = J + I  
L. 140 NEXT N 

150 NEXT I 

MEASURE VOLTAGES V271 THROUGH V277 
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I60 FOR K = 93 TO 99 
170 OUTPUT 709; "AC",K 
180 ENTER 709; B 
190 PRINT K +  178; TAB ( 1  5); B 
200 NEXT K 
210 END 

TYPICAL PRINTOUT 

SINGLE ENDED MEASUREMENTS 

SOURCE VOLTS 

COMMENTS 

For the program to work properly, you must have 20 channel relay multiplexer 
assemblies in slots 0 through 4 and the assembly which is modified for secondary 

multiplexing (on relays BO, B1 and B2) must be in slot 4. If a voltage source (V1 
through V277) is not connected, the number printed out will be of random 
background voltage. 
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EXAMPLE 3 
DATA LOGGING 

DESCRIPTION 

In the GUARDED VOLTAGE MEASUREMENTS example (EXAMPLE I), we showed 
how to make guarded DC voltage measurements from electro-mechanical transducers 

which produce positive millivolt output levels. In this example, we'll add the time 

of day to the printout so that the 3497A can act as a Data Logger for DC voltage 
measurements. 

PROCEDURE 

Figure 187 shows a simplified block diagram configuration and connection diagram 
using the Option 010 assembly to  measure the voltages from sources V1 through 
V10. For this example, we'll place the assembly in slot 2 and connect the sources 
(transducers) to the 10 relay inputs in the A Decade. Thus, the channel numbers 
for the transducers are 40-49. 

CONFIGURATION 

To configure the Option 010 assembly, see Figure 187. Connect V1 high to A0 HIGH 
and connect V1 low to A0 LOW on the terminal card connectors. Since we are mak- 

ing guarded (3-wire) measurements, connect one end of the guard lead to the A0 
GUARD connector and tie the other end to V1 low, as close to the V1 source as 

possible. Then repeat the procedure to connect V2 to A l ,  etc. 

When the terminal card is connected, check to see that the TIC jumper on the relay 
card is set to the NO TIC COMP position. When the assembly is configured, after 
verifying that all power sources are removed from the 3497A, insert the assembly 
into slot 2 of the 3497A. Then press the LINE key ON and enter the program shown 
to measure the channel voltages. 
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------- 

COMMON 
BUS TO 

VOLTMETER 

11 lyk&*l RELAYS I N  DECADE A 

M L  

I ONE OF TEN ' H c  
RELAYS I N  DECADE A I 

I 

ELECTROflECHANICAL 

CHANNEL 4 1  

ELECTROI lECHANlCAL 

CHANNEL 4 0  

FLECTROMECHANI 
D E V I C E  - 1 0  
CHANNEL 4 9  

Figure 187. Example 3 - Data Logging - DC Voltages 
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SAMPLE PROGRAM 

A sample program is shown to sequentially scan channels 40  through 49 (by using 
the AC chan# command), to measure the voltage of sources V1 through V10 and 
print the time of day and source voltage (in millivolts) for each channel. 

If you want to place the Option 010 assembly in a slot other than slot 2, modify 
line 8 0  for the appropriate addresses. Also, for this program, the time of day is set 

for 1 :00:00 PM (1 3:00:00 on the 24-hour clock). For real-time data logging, set line 
70  for the appropriate time of day. 

SET INITIAL CONDITIONS 

1 0  PRlNT "DATA LOGGING - DC VOLTS" 
20 PRlNT 
3 0  PRlNT "CHANW;TAB(1 O);"TIME";TAB(23);"MILLIVOLTS" 
4 0  PRlNT 
50 DIM A$[161 
60 CLEAR 709 
70  OUTPUT 709; "VT4VF3TD07 1 5 1 30000'' 

MEASURE VOLTAGES ON CHANNELS 40-49 AND INPUT TlME 

FOR I = 4 0  TO 49 
OUTPUT 709;"AC",I 
ENTER 709;A$,B 
PRlNT I;TAB!7);A$;TAB(23);B* 1000 
NEXT I 
END 

TYPICAL PRINTOUT 
DATA LOGGING - DC VOLTAGE MEASUREMENTS 

CHAN TIME MILLIVOLTS 

COMMENTS 

For a detailed explanation of guarded voltage measurements, see -hp- Application 
Note 123 "Floating Measurements and Guarding" (-hp- part number 5952-21 53). 
If desired, a wait statement (i. e., 11 5 WAIT 1000 for a 1 second delay) can be 
added between 1 10  and 120. 
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EXAMPLE 4 
FAST SCAN VOLTAGE 

MEASUREMENTS 

DESCRIPTION 

A useful application for the 3497A is high-speed voltage measurements on sequential 
channels. In this example, we'll show how to  use the 3497A to scan 6 0  channels 
at an approximate 125 channellsecond rate and store the measured DC voltages in 
the -hp- 8 5  for future printout. With this method, you can take nearly simultaneous 
measurements of up to  6 0  channel inputs. 

PROCEDURE 

For this example, we'll assume that a DC voltage source is connected to  each of 
channels 0-59 (Option 0 1 0  assemblies in slots 0, 1 and 2) and that it is required 
to sequentially scan all 6 0  channel inputs after the occurrence of a specified system 
event, such as a switch closure. 

To initiate the 6 0  readings, connect an external input capable of generating a high- 
to-low TTL pulse to  the EXT TRlG port. When the specified event (switch closure) 
occurs, the TTL pulse to  the EXT TRlG port causes the DVM to  take and store a 
reading from each of the 6 0  channels. After all 6 0  readings are stored in the 3497A, 
they are transferred to the controller for printout. 

To indicate speed of measurement for different 3497A resolutions, the chart shows 
the approximate time required to  make a measurement with 3%,  4% and 5 %  digit 
resolution. The times shown are times to make the measurements and do not in- 
clude transfer time to the controller. 

Thus, for example, with 3 %  digit resolution about 8 ms is required to measure each 
channel (a 125 channellsecond measurement rate) so less than a half second is re- 
quired to  scan 6 0  channels (the maximum number of ASCII readings which can be 
stored). 
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( APPROXIMATE SCAN RATES AND MEASUREMENT TIMES - FAST SCAN 1 

CONFIGURATION 

NUMBER 
DIGITS 

Figure 188 shows a simplified block diagram configuration and connection diagram 
using the Option 0 1 0  assembly to  measure the voltages from sources V1 through 
V60. For this example, we'll place the assemblies in slots 0,l and 2 so the chan- 
nel numbers are 0-59. 

For fast scan, it is necessary to  enable the EXT INCR port on the rear panel of the 
3497A (by using an AEI  command) and to connect a BNC cable between the VM 
COMPLETE port and the EXT INCR port (see Figure 189).  Then, when the DVM 
finishes taking a reading, the pulse out of the VM COMPLETE port causes the 3497A 
to  increment t o  the next channel. 

TIME TO MEASURE 
ONE CHANNEL (MS) 

To configure the Option 01  0 assembly, see Figure 188. Connect V1 high to A 0  HIGH 
and connect V1 low to  A 0  LOW on the terminal card connectors. Since we are mak- 

ing guarded (3-wire) measurements, connect one end of the guard lead to  the A 0  
GUARD connector and tie the other end to V1 low, as close to  the V1 source as 
possible. Then repeat the procedure to  connect V2  to  A l ,  etc. 

SCAN RATE 
(CHANISEC) 

When the terminal card is connected, check to  see that the TIC jumper on the relay 
card is set t o  the NO TIC COMP position. When the assembly is configured, after 
verifying that all power sources are removed from the 3497A, insert the assembly 
into slot 0 of the 3497A. Repeat the procedure for the next t w o  assemblies and in- 

sert them in slots 1 and 2, respectively. 

The next step is t o  connect a BNC connector from the V M  COMPLETE port t o  the 
EXT lNCR port and connect an external trigger source to  the EXT TRIG port wi th 
a BNC cable as shown in Figure 189. Then, press the LINE switch on and enter the 
program shown into the -hp- 85. 
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Figure 188. Example 4 - Fast Scan - Option 010 Connections 
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VM COMPLETE BNC TO EXT 
INCR BNC 

OPTION 0 1 0  ASSY IN BNC TO EXT TRIG (SWITCH CLOSURE TO GND.) 
SLOT 0.1.2 

-u 
PULSE MUST BE TTL -L =4.5 'd 

/r OV TO .6V 

TRIGGERING ON HIGH-LOW 
EDGE 

Figure 189. Example 4 - Fast Scan - Rear Panel Connections 

SAMPLE PROGRAM 

A sample program is shown which sequentially scans channels 0 through 59 to 
measure the voltage of sources V1 through V60 and print the voltage measured for 
each channel. If you place the Option 010 assemblies in slots other than 0, 1 and 
2, modify line 70  for the appropriate addresses. 

The main program is executed until an external trigger is input to the EXT TRlG port 
at which time the program jumps to line 1000 and the 60  readings stored in the 
3497A are transferred to the controller and printed out. Line 90  sets the initial con- 
ditions for the 3497A, to await the specified event occurrence (trigger input). The 
conditions are: 

VT4 - - 

VD3 = 

VAO = 

SE1 - - 
AFO - - 

AF59 = 
VN60 = 

VT2 - - 

VS 1 - - 

ACO = 

AE 1 - - 

DVM Trigger Hold 
3% Digit Resolution 
Voltmeter Autozero OFF 
Set 3497A for DATA READY SRQ 
First Channel is 0 
Last Channel is 59  
DVM t o  take 6 0  readingsltrigger input 
DVM t o  External Trigger 
Internal DVM storage (in ASCII format) 
Close channel 0 
Enable EXT INCR port 
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SET INITIAL CONDITIONS 

1 0  PRlNT "FAST SCAN MEASUREMENTS" 
20  PRlNT 
3 0  PRlNT "CHANNELM;TAB(l 2);"VOLTS" 
40 PRlNT 
50 DIM A(60) 
60 CLEAR 709 
7 0  ON INTR 7 GOSUB 1000 
8 0  ENABLE INTR 7;8 
9 0  OUTPUT 709; "VT4VD3VAOSEI AFOAL59VN60VT2VS1 ACOAEI " 

100 !Main Program 
110 GOT0 110 
120 END 

INTERRUPT SUBROUTINE 

1000 P = SPOLL (709) 
1010 IF P < >65 THEN RETURN 
1020 OUTPUT 709; "VT4AEOVS" 
1030 FOR I = 1 TO 60 
1040 ENTER 709 USING "#,KU;A(I) 
1050 PRlNT TAB (3);l-1 ;TAB(l O);A(I) 
1060 NEXT I 
1070 STATUS 7,l;A 
1080 RETURN 

TYPICAL PRINTOUT (3% DIGIT RESOLUTION) 

FAST SCAN MEASUREMENTS 

CHANNEL VOLTS 

COMMENTS 

1. The program shown is for 3% digit resolution which provides the highest 
reading speed. For 4% digit or 5% digit resolution with lower reading speed, change 
"VD3" in line 90 to "VD4" or "VD5" as required. 

a 2. For a detailed explanation of guarded voltage measurements, see -hp- Applica- 
tion Note 123 "Floating Measurements and Guarding" (-hp- part number 
5952-21 53). 
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EXAMPLE 5 
2-WIRE RESISTANCE 

MEASUREMENTS 

DESCRIPTION 

In the VOLTAGE MEASUREMENTS examples, w e  showed some ways that the 2 0  
Channel Relay Multiplexer assembly (Option 010)  can be used to  measure voltages 

input t o  the 3497A. The Option 0 1 0  assembly can also be combined with the cur- 
rent source in the 3497A internal DVM (Option 001)  to make resistance 
measurements. In this example, we'll show a way to  make 2-wire ohms 
measurements. If your application requires highly accurate measurements, see the 
4-WIRE RESISTANCE MEASUREMENTS example (EXAMPLE 6).  

PROCEDURE 

Figure 190 illustrates the procedure for making 2-wire resistance measurements and 
shows the connection diagram for the Option 010  assembly. The current source -- out- 
put from the 3497A is connected to  the Decade B COMMON connector. Note that - 
measurement errors will occur if the current source is placed on the Decade A COM- -- 
-ause - - - - - - - - - - . - - ~ ~ ~  of t f n s e  pa-G. 

When the current source is set for a specified output (10  PA, 100 pA or 1 mA) and 
a channel relay is closed, the voltage drop across the channel resistance can be 
measured and, since I is known, the resistance computed from R = Ell. 

CONFIGURATION 

You can measure the resistance of up to 2 0  resistors with a single Option 0 1 0  
assembly or up to  100 resistances per 3497A. See Figure 190 which shows con- 
nections for resistors tied to  channels A 0  and A9. 

Note that the current source from the 3497A rear panel CURRENT SOURCE terminals 
is connected to  the B COM connector on the Option 0 1 0  terminal card by a shield- 
ed twisted pair (for better measurement accuracy). 

When the terminal card is configured, check the relay card to  insure that the TIC 
jumper is in the NO TIC COMP position before installing the assembly in the 3497A. 
To use the program shown, install the assembly in slot 3. 
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SHIELDED 
TUISTED 

I SOURCE 

BACKPLANE ANALOG BUS 1 
COMMON I / O  
CONNECTOR 

0 0  I 

RESISTORS 1 

DECADE B DECADE A 

OPTION 0 1 0  ASSEMBLY 

NOTElDVH CONNECTED INTERNALLY 
TO BACKPLANE ANALOG BUS 

Figure 190. Example 5 - 2-Wire Resistance Measurements 
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SAMPLE PROGRAM 

A sample program is shown to measure the resistances of 1 0  resistors with R1 con- 
nected to  channel AO, R2 to  channel A l ,  etc. Since the Option 0 1 0  assembly is in 
slot 3, channel addresses are 60-69. The program sets a 1 mA output from the cur- 
rent source with the VC3 command. Thus, resistances R1 - R10 can be computed 

from Rx = Vx * 1000, where Vx is the channel voltage measured. 

SET INITIAL CONDITIONS 

1 0  PRlNT "2-WIRE RESISTANCE MEASUREMENTS" 
20  PRlNT 
3 0  PRlNT "RESISTOR";TAB(20);"0HMS" 
4 0  PRlNT 
50 CLEAR 709 
6 0  OUTPUT 709;"VC3" ~ u r f r n t  souTe iraa 

MEASURE VOLTAGES ON CHANNELS 60-69 AND COMPUTE RESISTANCE 

7 0  FOR I = 6 0  TO 69 S 
8 0  OUTPUT 709; "AC",I -+-- kC 
9 0  ENTER 709;A 

100 PRlNT TABIZ)A@TAB(I 8 ) @ q  E e -- V/Z 

110 NEXT I = Y / . O O I  

120 END =r \ I%lao o 

TYPICAL PRINTOUT 

2-WIRE RESISTANCE MEASUREMENTS 

RESISTOR OHMS 

COMMENTS 

If your application requires using the A Decade COMMON terminal t o  input current 
for A Decade (or B Decade) 2-wire resistance measurements, you can short out the 
100  ohm series resistors for more accuracy. However, see Chapter 8, Option 0 1 0  
description before doing this procedure. 
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EXAMPLE 6 
4-WIRE RESISTANCE 

MEASUREMENTS 

DESCRIPTION 

The VOLTAGE MEASUREMENTS examples showed some ways that the 2 0  Chan- 
nel Relay Multiplexer assembly (Option 010) can be used to measure voltages in- 

put t o  the 3497A. The Option 0 1 0  assembly can also be combined with the cur- 
rent source in the 3497A internal DVM (Option 001)  t o  make resistance 
measurements. In this example, we'll show a way to  make 4-wire ohms 
measurements. If your application does not require highly accurate measurements, 

see the 2-WIRE RESISTANCE MEASUREMENTS example (EXAMPLE 5). 

PROCEDURE 

Figure 191 illustrates the procedure for making 4-wire resistance measurements and 
shows a connection diagram for the Option 010  assembly. J-he current source out- 
put from the 3497A is connected to  the Decade B COMMON connector. Jumpers -- - _  _ _  . --L_- -- 
J4, J5  and J 6  must be opened since it is necessary to  close t w o  channels - -  -- - 

simultaneously (by using the k- chan#,chan# command). 
& - 

When the current source is set for a specified output (10  PA, 100 pA or 1 mA) and 
a channel relay is closed, the voltage drop across the channel resistance can be 
measured and, since the current I is known, the resistance computed from R = Ell. 

CONFIGURATION 

With 4-wire ohms techniques, you can measure the resistance of up to 1 0  resistors 
with a single Option 0 1 0  assembly or up to 5 0  resistances per 3497A. See Figure 
191 which shows connections for a resistor tied to channels A 0  and BO. 

that the current source from the 3497A rear panel CURRENT SOURCE terminals 
is connected to  the B COM connector on the Option 0 1 0  terminal card by a shield- 
ed twisted pair (for better measurement accuracy). L 
When the terminal card is configured, check the relay card to  ensure that the TIC e jumper is in the NO TIC COMP position before installing the assembly in the 3497A. 
To use the program shown, install the assembly in slot 3. 
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DECADE A 89 DECADE 8 

OPTION 0 1 0  ASSEMBLY - - - - - 
I4rn-P(-1OI 

B DECADE COMM CONNECTOR 

Figure 191. Example 6 - 4-Wire Resistance Measurements 
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SAMPLE PROGRAM 

A sample program is shown t o  measure the resistances of 1 0  resistors wi th  R1 con- 
nected t o  channel AO, R2 t o  channel A l ,  etc. Since the Option 0 1 0  assembly is in 
slot 3, channel addresses are 60-69. The program sets a 1 m A  output from the cur- 
rent source w i th  the VC3 command. Thus, the resistances R1 - R10 can be com- 

puted from Rx = V x  * 1000, where Vx  is the channel voltage measured. 

SET INITIAL CONDITIONS 

PRINT "4-WIRE RESISTANCE MEASUREMENTS" 
PRINT 
PRINT "RESISTOR";TAB(20);"0HMS" 
PRINT 
CLEAR 709 
OUTPUT 709;"VC3" 

MEASURE VOLTAGES ON CHANNELS 60-69 AND COMPUTE RESISTANCE 

70 FOR I = 60 TO 69 g$. 
80 OUTPUT 709; "AC",I;",";I + 10 -=e--- c, 6 .T * 
90 ENTER 709;A 

100 PRINT TAB(~)@TAB(I 81;~*.1000\ R F V/I 
110 NEXT I = v/.ao I 
120 END 

=- \/* looo 

TYPICAL PRINTOUT 

4-WIRE RESISTANCE MEASUREMENTS 

RESISTOR OHMS 

COMMENTS 

If your application does not  require highly accurate results and you want  a lower 
cost/measurement, you may want  t o  use the 2-wire ohms measurement technique 
shown in the 2-WIRE RESISTANCE MEASUREMENTS example (EXAMPLE 5). 
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EXAMPLE 7 
HARDWARE COMPENSATED 

THERMOCOUPLE MEASUREMENTS 

DESCRIPTION 

The 20-Channel Relay Multiplexer with Thermocouple Compensation assembly (Op- 
tion 020)  can be used to  determine the temperature of B,E,J,K,R,S and T type ther- 

mocouples. The assembly can be configured for hardware compensation or software 
compensation. This example shows how the temperatures of up to  20  J-type ther- 
mocouples can be determined by using the Option 0 2 0  assembly and standard look- 
up (N.B.S.) voltage-to-temperature tables. 

PROCEDURE 

Figure 192 shows a simplified block diagram and connection diagram to  measure the 

voltage outputs from up to  20  thermocouples connected to  an Option 0 2 0  assembly 
in slot 0. Since hardware compensation is to be used, only ONE type of thermocouple 
can be used per assembly (i. e., you can't mix J and K types on an assembly, etc.). 

For this example, we'll scan the 20  channels and measure the voltage on each chan- 

nel. Since the assembly is in slot 0, channel numbers are 0 to  19. Then, we can 
use a standard lookup table to convert the measured voltages to  equivalent 
temperatures in degrees F. 

CONFIGURATION 

Figure 193 shows how to  configure the Option 020  terminal card for hardware com- 
pensation of J-type thermocouples. Since the Option 0 2 0  assembly is factory con- 
figured for software compensation, the jumper shown in Figure 193 must be removed 
when R120 and RlOO are installed. 

After configuring the terminal card, check to  make sure that the TIC COMP jumper 
on the relay card is in the TIC COMP position. Then, connect thermocouples as 
shown in Figure 193. Note the various ways to  connect thermocouples, depending 
on the type. 
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3497A 

CHANNEL 0  

- 

CHANNEL 1 

- 

CHANNEL 2 

- 

CHANNEL 3 

- 

CHANNEL 4 

CHANNEL 19 I 

I /SCREW T E R M I N A L S  

TYPE J 

THERMOCOUPLE S H I E L D I N G  

TYPE J 

THERMOCOUPLE S H I E L D I N G  

ISOTHERMAL 

j TYPE J 

<. . . . . . . . . . . . . . . . . . . . -. . . . . . . . . . . . . . . . . . . . . . . . . . . , 
TREE S W I T C H  S L O T  0  

3497A BACK P A N E L  

Figure 192. Example 7 - Hardware Compensation J-Type Thermocouples 

\ 

SAMPLE PROGRAM 

The sample program shown measures the voltage from thermocouples T1 - T20, 
where T1 is connected to A 0  (channel 0), T2 to A1 (channel 1 ), etc. and prints the 

voltage measureed in absolute millivolts. Note that the values received are valid ONLY 
for J-type thermocouples. 

Since the voltages printed out are already referenced to  ice-point, you can directly 
use them to  find the equivalent temperature in a standard lookup table without any 
need for further conversion. The program does not, however, convert voltage to  
temperature. See SOFTWARE COMPENSATED TEMPERATURE MEASUREMENTS 
(EXAMPLE 8 )  for a way to  do this. 
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SET INITIAL CONDITIONS 

1 0  PRlNT "J-TYPE THERMOCOUPLE MEASUREMENTS" 
20  PRlNT 
3 0  PRlNT "T-COUPLE";TAB(12);"ABS MV" 
4 0  PRlNT 
50 CLEAR 709 

MEASURE 20 THERMOCOUPLE VOLTAGES 

6 0  FOR I = 0 TO 19 
7 0  OUTPUT 709; "AC",I 
8 0  ENTER 709; A 
9 0  PRlNT 1 + 1 ;TAB( 1 O);A* 1000 

100 NEXT I 
110 END 

TYPICAL PRINTOUT 

J-TYPE THERMOCOUPLE MEASUREMENTS 

T-COUPLE ABS MV 

Note: Temperature associated with each ABS MV reading can be directly derived 
from standard (N.B.S.) conversion tables. 

COMMENTS 

As noted, the Option 020  assembly can be configured for software compensation 
of thermocouple measurements so that the manual conversion method shown in this 
example is not required. See SOFTWARE COMPENSATED THERMOCOUPLE 
MEASUREMENTS (EXAMPLE 8). 

You can also use the Option 020  assembly for thermistor or RTD measurements. 
For a full discussion of temperature measurements, see -hp- Application Note 290, 
"Practical Temperature Measurements" (-hp- Part Number 5952-8801 ). 
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Figure 193. Example 7 - Option 020 Hardware Compensation 
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EXAMPLE 8 
SOFTWARE COMPENSATED 

THERMOCOUPLE MEASUREMENT'S 

DESCRIPTION 

The 2 0  Channel Relay Multiplexer assembly with Thermocouple Compensation (Op- 
tion 020)  can be used to determine the temperature of B,E,J,K,R,S and T type ther- 
mocouples. The assembly can be configured for hardware compensation or software 
compensation. This example shows how the temperatures of up t o  1 9  J, K, E, R 
and/or S-type thermocouples can be directly measured by using the Option 0 2 0  
assembly. 

PROCEDURE 

Figure 194  shows a simplified block diagram and connection diagram to measure the 
voltage outputs from up to 19  thermocouples connected to  an Option 0 2 0  assembly 

in slot 0. Since software compensation is to  be used, any mixture of thermocouples 
can be used per assembly (i. e., you can mix J and K types on an assembly, etc.). 

For this example, we'll scan the 1 9  channels and measure the voltage on each chan- 
nel. Since the assembly is in slot 0, channel numbers are 0 to  19. Between each 
channel measurement, we'll measure the reference voltage on channel 1 9  (B9). The 
procedure is as follows: 

1. Measure the temperature transducer voltage from channel 19  (channel B9) and 
compute the terminal junction's temperature in deg C (2.5V at 25  deg C wi th 100 
mV/deg C.). 

2. Convert the terminal junction's temperature to a thermocouple voltage. The con- 
verted temperature is dependent on the type of thermocouple being measured. 

3. Measure the voltage produced on a channel by the thermocouple. 

4. Add the reference voltage of step 2 to the voltage in step 3 for an icepoint 
reference voltage and then convert this to  degrees C and degrees F. 
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/ 3497A SCREW T E R M I N A L S  
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Figure 194. Example 8 - Software Compensation - J-Type Thermocouples 
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T E R M I N A L  CARD M O D I F I C A T I O N S  
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Figure 195. Example 8 - Option 020 Software Compensation 

CONFIGURATION 

Figure 195 shows how to configure the Option 020 terminal card for software ther- 
mocouple compensation. Since the Option 020 assembly is factory-configured for 
software compensation, the jumper shown must be installed and (if they are installed) 
R120 and R l  00 must be removed. 

After configuring the terminal card, check to make sure that the TIC COMP jumper 
on the relay card is in the TIC COMP position. Then, connect thermocouples as 
shown in Figure 195. Note the various ways to connect thermocouples, depending 
on the type. 
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TABLE - POLYNOMIAL CONVERSION AND REFERENCE COEFFICIENTS 

THERMOCOUPLE TYPE 
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EXAMPLE 9 
COUNT UPIDOWN MEASUREMENTS 

DESCRIPTION 

The 100 kHz Reciprocal Counter assembly (Option 060) can be used for two primary 
functions: counting operations (count upldown) and periodlpulse width measurements 
of input signals. In this example, we'll show how to use the counter assembly to  
count down a number of input pulses of an oscillator and how to count up (totalize) 
input pulses from a measurement system. 

PROCEDURE 

To illustrate the count up procedure, we'll totalize the number of input signals from 
the circuit in Figure 196 (a) for 5 seconds and print the results. In this circuit, a pulse 
is input whenever the conveyer belt interrupts the light source. By totalizing the 
number of counts in 5 seconds, we can (for example) determine if the conveyer belt 
speed is correct. 

To illustrate count down, we'll preset the counter to 5000 counts, input a 1 kHz 
signal from an oscillator as shown in Figure 196 (b) and, after a 2 second wait, print 
the counts remaining. Since the period of a 1 kHz signal is 1 msec, after 2 seconds 
2000 pulses should have been input to the counter and 3000 counts should be re- 
maining. We can then use the remaining counts to determine actual oscillator 
frequency. 

CONFIGURAT 

Figure 196 shows hov 

ION 

v to  configure the Option 060 assembly using Isolated Input- 
mode so that an external pullup is not required. 

SAMPLE PROGRAMS 

A sample COUNT UP program for an assembly in slot 4 is shown which starts count- 
ing up at t = O .  After a 5 second delay to  allow about 5000 counts to accumulate 
in the counter, data is transferred to the controller by the CR4,l command and the 
actual number of counts printed out. 
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S1 ISOLATED 
J5@ + 5V 

L I G H T  

Bi 

S1 ISOLATED 
J5@ + 5V 

1 
OUTPUT 

I 
-_I 

(a) COUNT U P  ( T O T A L I Z I N G 1  

I N P U T  I 

1 - 1  I 5V S I G N A L  
OUTPUT 
AT 1 K H z  

(b) COUNT DOWN 

Figure 1 96. Example 9 - Count UpIDown with Option 060 Assembly 

If, for example, we assume that the input pulses from the conveyer belt have a 1 
kHz frequency, after 5 seconds 5 0 0 0  counts should have accumulated in the 
counter. The printout shows the actual number, so the actual input pulse frequency 
can be determined. 

( COUNT UP FROM ZERO I 
1 0  CLEAR 709 
20  OUTPUT i'Og;"CF4,1" 
3 0  WAIT 
4 0  OUTPUT 7Og;"CR4,1 " 
50 ENTER 709;A 
60 PRINT "NUMBER OF COUNTS = ";A 
70  END 

The sample COUNT DOWN program shown presets a counter in slot 3 to 5 0 0 0  

counts and then starts the countdown process. After a 2 second delay to allow 2000 
counts to be counted down (for a 1 kHz input from the oscillator), the counts remain- 
ing is printed out and can be used to determine the actual oscillator input frequen- 
cy. For example, if counts remaining = 3002,  actual oscillator frequency = 

(5000-3002)  = 1 9 9 8  counts12 sec = 9 9 9  Hz. 
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I COUNT DOWN FROM 5000 COUNTS I 
1 0  CLEAR 709 
2 0  OUTPUT 709;"CS3,5000CF3,2" 
3 0  WAIT 2000 
4 0  OUTPUT 709;"CR3,IH 
5 0  ENTER 709;A 
6 0  PRINT "COUNTS REMAINING = ";A 
7 0  END 

TYPICAL PRINTOUTS 

NUMBER OF COUNTS = 5007 (Totalize Mode) 
COUNTS REMAINING = 3002 (Count Down Mode) 

COMMENTS 

The Option 060  assembly can also be used to measure input periods and/or pulse 
widths of inputs with frequencies from 0.0001 Hz to 100 kHz. See PERIOD 
MEASUREMENTS (EXAMPLE 10). 

The Option 060 can also be used to interrupt the 3497A and a user external cir- 
cuit when measurement complete and/or counter overflow conditions occur. See 
COUNTER INTERRUPTS (EXAMPLE 12). 
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EXAMPLE 10 
PERIOD MEASUREMENTS 

DESCRIPTION 

The 100 kHz Reciprocal Counter assembly (Option 060) can be used for two primary 
functions: counting operations (count upldown) and periodlpulse width measurements 
of input signals. In this example, we'll show how to use the counter assembly to 
measure the period of a 100 Hz square wave input using a read without wait 
technique. 

PROCEDURE 

To illustrate period measurements with the Option 060 assembly, we'll input a 100 
Hz square wave signal and use an open collector input as shown in Figure 197. We'll 
average 1000 periods of the input (for greater accuracy) and then show how par- 
tial results can be displayed by using the read without wait command. 

CONFIGURATION 

Figure 197 shows how to configure the Option 060 assembly using an open col- 
lector input and a user-supplied pullup on the output. Note that a level change (pro- 
grammable from high to low or low to high) is always available at the OUTPUT HI 
terminal of the assembly whenever measurement complete occurs. 
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PERIOD MODE 

CONNECTION DIAGRAM 

I Circuit I To Select I Set I 

1 0 0 H z  

~~vm 4 OPEN COLLECTOR 

Non Isolated Mode S l  to  NON ISOLATED 
Internal Pullup 1 11 to  
+ 12V Logic Level J5 to  12V ON 1 

USER NPN 

Figure 197. Example 10 - Option 060 Connection Diagram (Period Mode) 

Output 

SAMPLE 

I N P U T  L O  

PROGRAM 

S I G N A L  
SOURCE 

Interrupt Mode 
Isolated Pullup 
Positive True Logic 

When the read without wait (CR slot#,l) command is used, the counter can be read 
without disturbing data flow into the counter and thus interim answers can be 

displayed. This is useful when you are making a long measurement and want to 
know how far the measurement has progressed. 

OUTPUT H I  -- 
L E V E L  CHANGE ON OVERFLOW 

J7 to INTR 
J 1 ,J2 to ISOLATED 

J8 to POS TRUE 

A sample program is shown to average 1000 periods of a 100 Hz input to a counter 
in slot 4 and read the results without wait. Since the counter requires over 10 
seconds to  average 1000 periods of the input, the program prints out the current 
data after 5 seconds to show interim results. In the printout, the minus (-1 sign in 
front of the PARTIAL MEASUREMENT result indicates an incomplete measurement. 

OUTPUT L O  OR MEASUREMENT COMPLETE 

COUNTER CARD 

- - 

CLEAR 709 
OUTPUT 709;"CF4,3" 
WAlT 5000 
OUTPUT 709;"CR4,1" 
ENTER 709;A 
PRlNT "PARTIAL MEASUREMENT" 
PRlNT "PERIOD = ";A;"SEC" 
WAlT 6000 
OUTPUT 709;"CR4,1" 
ENTER 709;A 
PRlNT 
PRlNT "COMPLETED MEASUREMENT" 
PRlNT "PERIOD = ";A;"SECH 
END 
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TYPICAL PRINTOUT 

PARTIAL MEASUREMENT 
PERIOD = - .00488705 SEC 

COMPLETED MEASUREMENT 
PERIOD = .01006823 SEC 

COMMENTS 

In contrast to the read without wait command, the read with wait command (CR 
slot#,2) will return results ONLY after the measurement is complete. For count 

upldown applications, the measurement is always "complete", so the CR slot#,l 
and CR slot#,2 commands produce the same results. 

However, for period (and pulse width) measurements, sending the read with wait 
command causes the 3497A to wait until all data is accumulated and (if required) 
averaged and the measurement is complete. Thus, for period measurements, the in- 
terim results available with the CR slot#,l command are not available with CR 
slot#,2. 

The Option 060 assembly can also be used to count up to 999999 counts or count 
down to zero from a programmable start point). See COUNT UPIDOWN 
MEASUREMENTS (EXAMPLE 9). 

The Option 060 assembly can also be used for interrupts to the 3497A and to a 
user external circuit when measurement complete and/or counter overflow conditions 

occur. See COUNTER INTERRUPTS (EXAMPLE 12). 
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EXAMPLE 11 
STRAIN GAUGE MEASUREMENTS 

DESCRIPTION 

The 1201350 Ohm Strain GaugelBridge Completion assemblies (Options 0701071) 
can be used to measure the strain from 120 ohm or 350 ohms strain gauges. This 

example shows how to measure the strain from up to ten 120 ohm strain gauges 
by using an Option 070  assembly configured for ?h bridge completion on each of 
the 10  channels. 

PROCEDURE 

To make strain gauge measurements using the Option 070 (or 071 ), a four-step pro- 
cedure is used: 

1. Measure the excitation voltage, Vs. 

2. Measure bridge output voltage (Voutu) with gauge unstrained. 

3. Measure bridge output voltage (Vouts) with gauge strained. 

4. Compute strain from E = -4VrlGF(1 + 2Vr) where GF = Gauge Factor of the 

strain gauge and Vr = [(Vout/Vs)strained - (Vout1Vs)unstrainedl. 

CONFIGURATION 

Figure 198 shows a connection diagram and equivalent circuit for '/4 bridge configura- 
tion of a strain gauge connected to  channel A0 of a terminal card. To connect up 
to 10  strain gauges, connect a gauge to A l ,  A2, .. A9 and cut jumpers JO-J9 for 
channels used. Note that only one excitation voltage supply (Vs) is required, whether 
1, 2, ..., or 10  gauges are connected to the assembly. 
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1 / 4  B R I D G E  C O N N E C T I O N S  

CONNECT S H I E L D  L I N E  I F  
S P E C I M E N  I S  CONDUCTOR 

\ 
" SUPPLY SUPPLY 

R i  R3 R5 R7 

I L E A V E  J 1 0 - J 1 9  I N T A C T  
i P E C I M E N  

1 2 3 4 5 6 7 8 9  

CUT 

vs. 
8 

J O -  

I )  SASE E X C l T A T l O n  1.1 

CASE E X C I T A T I O N  1-1 

Figure 198. Example 11 - % Bridge Strain Gauge Measurements 
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SAMPLE PROGRAM 

The sample program shown computes the strain for  each 

t o  an Option 070 assembly in  slot 0 (channels 0 through 

ed. The printout shown is in  uni ts o f  microstrain. 

Program 

CLEAR 709 1 0-50 
PRlNT "STRAIN GAUGE MEASUREMENTS" 
PRlNT 
OUTPUT 709; "AFOAL9AC 10" 
ENTER 709; V 

FOR I = 0 TO 9 
OUTPUT 709;"AS" 
ENTER 709; A([)  
U(I) = A(I)/V 
NEXT I 

DlSP "ADD STRAIN TO GAUGES. THEN," 
DlSP "WHEN READY PRESS CONT KEY" 
DlSP "TO RESUME PROGRAM" 
PAUSE 
PRlNT "GAUGEH;TAB(l 5); "MICROSTRAIN" 150-200 
PRlNT 
FOR I = 0 TO 9 
OUTPUT 709;"AS" 
ENTER 709; B(I) 
T(I) = B(I)lV 

X(l) = T(l) - U(l) 2 10-230 
S(I) = -(4*X(1)1(2*(1 +2*X(I)) )  
PRlNT I+ 1; TAB(15);S(l)* 10. * 6  
NEXT I 
END 

TYPICAL PRINTOUT 

STRAIN GAUGE MEASUREMENTS 

GAUGE MICROSTRAIN 

o f  10 gauges connected 

9), w i t h  GF = 2 assum- 

Description 

Sets first channel to  0, 
last channel to  9 and 
measures excitation 'volt- 
age (Vs) on channel 1 0  
(channel BO) 

Measures unstrained 
voltage on channels 0 
through 9 and computes 
VoutlVin unstrained. 

Program halts to  allow 
strain to  be applied to  
gauges. 

Measures strained volt- 
ages on chans 0 through 
9 and computes Voutl 
Vin when gauges are 
strained. 

Computes strain and 
prints results in micro- 
strain. 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



Example 3497A Configurations 601 

a COMMENTS 

Use the Option 070 assembly for 120 ohm strain gauges and the Option 071 
assembly for 350 ohm strain gauges. You can also use these assemblies in ?h bridge 
or full-bridge configuration or with mixed bridge configuration for an assembly. 
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EXAMPLE 12 
COUNTER INTERRUPTS 

DESCRIPTION 

There are two plug-in assemblies which can be used to generate interrupts to the 
3497A when specified system conditions occur: the Digital Inputllnterrupt assembly 
(Option 050) and the 100 kHz Reciprocal Counter assembly (Option 060). In this 
example, we'll show how the counter assembly can be used to generate an inter- 
rupt to the 3497A and, in turn, to the controller for measurement complete and/or 
counter overflow conditions. 

PROCEDURE 

The counter can generate an interrupt signal to the 3497A on measurement com- 
plete or overflow ONLY if the counter has previously been enabled for interrupts. 

The 3497A, in turn, can send an interrupt (SRQ or BREAK message) to the controller 
ONLY if the 3497A has previously been enabled for interrupt. 

To enable the 3497A for interrupts from the counter, send "SE2" ("SE102" for 
Serial Data). To enable the counter to send an interrupt to the 3497A, send "CE 
slot#,lH to enable measurement complete interrupts or send "CE slot#,2" to enable 
overflow interrupts. 

After the counter assembly and the 3497A have been enabled for interrupts, you 
can determine the reason for the interrupt by sending a Dl slot# command. The 
return to the controller following a Dl command is either a 1 or a 3, but has four 
different interpretations, depending on the mode of operation of the counter, since 
the terms "Measurement Complete" and "Overflow" have different meanings for 
different operational modes. See the following chart. 
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COUNTER ASSEMBLY INTERRUPT CONDITIONS 

MEASUREMENT COMPLETE 
(CE slot#,l set) 

Return after a Dl slot# command = 1 

Count Down Zero Counts Reached. 

PeriodIPulse Width Completed Measurement Available. 
(CF slot#,3 thru 6) 

OVERFLOW 
(CE slot#,2 set) 

Return after a Dl slot# command = 3 

Count Up >999999 Counts in Counter. 
(CF slot#, 1 ) 

PeriodIPulse Width Input period exceeds maximum 
(CF slot#,3 thru 6) measurement time for range used. 

Also, for each mode of operation, a level change output is available at the OUTPUT 
HI terminal of the counter assembly for Measurement Complete or Overflow, whether 
or not the counter is enabled for interrupts to  the 3497A. 

CONFIGURATION 

To illustrate interrupt examples, the counter is configured as shown in Figure 199 
with an open collector input. Note that the level change output shown is available 
whenever Measurement Complete or Overflow conditions occur. 
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INTERRUPT MODE 

CONNECTION DIAGRAM 

COLLECTOR 

I N P U T  LO 

SIGNAL 
SOURCE OUTPUT H I  

OUTPUT LO 

SAMPLE 

COUNTER CARD 

L E V E L  CHANGE ON OVERFLOW 
OR MEASUREMENT COMPLETE 

1 Circuit 1 To Select 1 Set I 
Non Isolated Mode S l  to NON ISOLATED 

+ 5V Logic Level 

Interrupt Mode J7 to 

Negative True Logic J8 to NEG TRUE 

Figure 199. Example 12 - Counter Configuration 

PROGRAMS 

Four sample programs are shown to  illustrate interrupts with the counter assembly: 

(a) lnterrupt on Measurement Complete - Count Down 
(b) lnterrupt on Measurement Complete - PeriodIPulse Width 
(c) lnterrupt on Overflow - Count Up 
(d) lnterrupt on Overflow - PeriodIPulse Width 

For each program, the procedure is the same, so we'll describe the program for the 
first example, lnterrupt on Measurement Complete - Count Down. The counter is 
assumed t o  be in slot 4 for all examples. 

In this program, line 2 0  tells the controller to  go to  an interrupt subroutine (starting 
at line 1000) ONLY when an interrupt occurs on the remote interface (HP-IB). Line 
3 0  enables the interface for interrupts. Note that the main program continues until 
an interrupt occurs (in this case, when zero counts are reached in the counter). 

In line 40, SE2 enables the 3497A for digital interrupts, CE4,l enables the counter 
t o  interrupt the 3497A when Measurement Complete occurs and CF4,2 sets the 
counter t o  the Count Down mode. For this set of conditions, when zero counts are 
reached, the counter sends an interrupt to  the 3497A and the 3497A, in turn, sends 
an interrupt t o  the controller. 
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When the controller receives the interrupt, it goes to  line 1000 and does an SPOLL 
to determine the cause of the interrupt. If digital 66 is returned, interrupt is due to 
a Digital Interrupt and "D14" is sent to slot 4 to determine whether the counter in- 
terrupted due to Measurement Complete or Overflow. 

For this example, since the counter was enabled only for Measurement Complete 
(with the CE4,l command), the return after a Dl4 command is A = 1 (see the chart 
above) and the program prints SLOT 4 - ZERO COUNTS REACHED. 

If the controller does not receive an interrupt, the sample program loops continuously 

from line 50 to line 980 and back if no Main Program statements are entered. If Main 
Program statements are entered, the computer can continue with Main Program ex- 
ecution and be interrupted only when zero counts are reached. 

The other programs shown are identical to the Count Down Interrupts program ex- 
cept for lines 40 and 1040. Typical printouts for all programs follow the program 
listings. 

CLEAR 709 
ON INTR 7 GOSUB 1000 
ENABLE INTR 7;8 
OUTPUT 709; "SE2CE4,l CF4,2" 
!Main Program 

(a) 

GOT0 50 
END 
P = SPOLL (709) 
IF P c >66 RETURN 
OUTPUT 709;"D14" 
ENTER 709;A 
IF A = 1 PRINT "SLOT 4 
STATUS 7,l ;A 
RETURN 

INTERRUPT ON MEASUREMENT COMPLETE - COUNT DOWN MODE 

ZERO COUNT REACHED" 
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I PERIODIPULSE WIDTH MODE I 

1 0  CLEAR 709 
20 ON INTR 7 GOSUB 1000 
3 0  ENABLE INTR 7;8 
4 0  OUTPUT 709; "SE2CE4,I CF4,3" 
50 !Main Program 

980  GOT0 50 
990 END 

1000 P = SPOLL (709) 
1010 IF P < >66 RETURN 
1020 OUTPUT 709;"D14" 
1030 ENTER 709;A 
1040 IF A = 1 PRINT "SLOT 4 - MEASUREMENT COMPLETE" 
1050 STATUS 7, l  ;A 
1060 RETURN 

INTERRUPT ON OVERFLOW - COUNT UP MODE 

10 CLEAR 709 
20 ON INTR 7 GOSUB 1000 
3 0  ENABLE lNTR 7;8 
4 0  OUTPUT 709; "SE2CE4.2CF4,I " 
50 !Main Program 

980 GOT0 50 
990 END 

1000 P = SPOLL (709) 
1010 IF P <>66 RETURN 
1 020  OUTPUT 709;"D14" 
1030 ENTER 709;A 
1040 IF A = 3 PRINT "SLOT 4 - OVERFLOW - >999999 COUNTS" 
1050 STATUS 7 , l  ;A 
1060 RETURN 
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I INTERRUPT ON OVERFLOW - PERIODIPULSE WIDTH MODE I 

10 CLEAR 709 
ON INTR 7 GOSUB 1000 
ENABLE INTR 7;8 
OUTPUT 709; "SE2CE4,2CF4,3" 
!Main Program 

GOT0 50 
END 
P = SPOLL (709) 
IF P < >66 RETURN 
OUTPUT 709;"D14" 
ENTER 709;A 
IF A = 3 PRINT "SLOT 4 - OVERFLOW - RANGE EXCEEDED" 
STATUS 7,l;A 
RETURN 

TYPICAL PRINTOUTS 

Program Printout 1 

(a) SLOT 4 - ZERO COUNTS REACHED 
(b) SLOT 4 - MEASUREMENT COMPLETE 
(c) SLOT 4 - OVERFLOW - >999999 COUNTS 
(dl SLOT 4 - OVERFLOW - RANGE EXCEEDED 

COMMENTS 

Note that the return from a Dl slot# command for the counter card is different from 

the return for an Option 0 5 0  (Digital Input/lnterrupt) assembly. That is, for an Op- 

tion 0 5 0  assembly, the return shows the true (high) bits in  the 1 6  channels of the 
assembly, but the counter assembly returns only t w o  values (1 or 3 )  when an in- 
terrupt occurs. 

If you send a Dl slot# command to  a-counter card which did not interrupt, a value 
of 0 is returned. 
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EXAMPLE 13 
EVENT SENSING 

DESCRIPTION 

An important application for the 3497A is to provide an interrupt to the controller 
when an event (valve open, mechanical movement completed, etc.) occurs. You can 
use the Digital Inputllnterrupt assembly (Option 050) to sense specified interrupt con- 
ditions for up to eight inputslassembly or up to 40  inputsl3497A. 

You can use the first eight channels (CHO-CH7) for interrupt when the assembly is 

placed in a slot of the 3497A. The Option 050 does not have interrupt capability 
when placed in the 3498A Extender. 

This example shows how to use the interrupt capability of the Option 050 assembly 
to sense when a mechanical system control (such as a water valve, for example) 
is activated. 

PROCEDURE 

One way to sense when a specified condition occurs is shown in Figure 200. In this 
figure, a relay coil is connected in parallel with a mechanical system control, such 
as a water valve. When the valve is open, the relay is closed and sets the channel 
bit high (a " 1 " condition). 

To enable an interrupt when the valve is open (relay closed), we will enable the chan- 
nel to  send an interrupt to  the 3497A by using DE slot#,octal where the octal 
number represents the channel(s) to  be enabled. For example, to  enable channels 
2 and 5 in slot 4, the command is DE4,44 since octal 44  = 0 0  100 100. 

When interrupt channels have been enabled and an interrupt occurs on one or more 
of the channels, an interrupt will be sent to the 3497A. If the 3497A has previously 
been enabled for Digital Interrupt by sending an SE2 command (SE102 for Serial 
Data), the 3497A will send an interrupt to the controller for further action. 

CONFIGURATION 

Figure 200 shows a sample connection for relays connected to channels 2 and 5 
of the terminal card of an Option 050 assembly and shows the equivalent circuit 
for each channel. For the contact closure to ground setup shown, note that the LO 
terminal is connected to one side of the relay and the GND terminal to the other 
side. Also note that the 2K pull-up resistor to connect the internal power supply on 
the assembly to  the relay is user-supplied. 
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- - -  
D I G I T A L  INPUT I T E ~ ~ ~ ~ A L ~  

CARD 
I I 

LUW 1 N r U 1 5  

NOTE 

ONLY CHANNELS 0-7 CAN BE USED FOR 
INTERRUPT. 

CH1 

CHI 

CH9 

\ SYSTEII GROUND 
LJ 

[CHASSIS AND EARTH GROUND1 

Figure 200. Example 13 - Digital Input Assembly Configuration 
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SAMPLE PROGRAM 

A n  example program is shown which enables channels 2 and 5 of an assernbly in  
slot 3 t o  generate an interrupt whenever the channel relay(s) close (i.e., the water 
valve in that channel opens). When the interrupt occurs, the controller shift<- .> t o  an 
interrupt subroutine (starting at line 1000)  and does an SPOLL t o  determine the cause 

of  the interrupt. 

If :he interrupt comes from the assembly, DIGITAL 66 is returned (Digital Interrupt) 
and thc controller sends Dl3 t o  determine which channel causes interrupt. If OCTAL 

4 is returned, channel 2 caused interrupt. If OCTAL 4 0  is returned, channel 5 caused 
interrupt. If OCTAL 4 4  is returned, both channels interrupted simultaneously. 

1 0  CLEAR 709 
20  ON INTR 7 GOSUB 1000 
3 0  ENABLE INTR 7;8 
4 0  OUTPUT 709; "DE3,44SE2" 
50 !Main Program 

980 GOT0 50 
990 END 

1000 P = SPOLL (709) 
1010 IF P < > 66 RETURN 
1020 OUTPUT 709; "D13" 
1030 ENTER 709; A 
1040 IF A = 0 PRINT "NO SLOT 3 INTERRUPT" 
1050 IF A = 4 PRINT "VALVE 2 OPEN 
1060 IF A = 4 0  PRINT "VALVE 5 OPEN" 
1070 IF A = 4 4  PRINT "VALVES 2 AND 5 OPEN" 
1080 STATUS 7,l;A 
1090 RETURN 

TYPICAL PRINTOUT 

COMMENTS 

Valve(sl Open Printout 

2 VALVE 2 OPEN 
5 VALVE 5 OPEN 

2 & 5  VALVES 2 AND 5 OPEN 

Only channels 0 -7  can be used for interrupt and interrupt capability can't be used 
for an Option 0 5 0  assembly in the 3498A.  Both the Option 0 5 0  assembly AND the 
3497A  must be enabled for specified system input t o  cause an interrupt. 
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EXAMPLE 14 
USING THE COUNTER IN THE 3498A 

DESCRIPTION 

The previous examples on interrupts (COUNTER INTERRUPTS and EVENT SENSING) 
stated that interrupt capability for the Digital Inputllnterrupt assembly (Option 050) 
or the Counter assembly (Option 060) is not available when either assembly is placed 
in a slot in the 3498A. 

However, you can combine the two assemblies to provide a limited interrupt capabili- 
ty  when the counter assembly is placed in the 3498A. This example shows how 
to enable the counter assembly for measurement complete or overflow interrupts by 
placing the counter assembly in the 3498A and sending the interrupt signal to an 
Option 050 assembly in the 3497A. 

0 
PROCEDURE 

For this example, a counter assembly is placed in slot 12 of a 3498A and a Digital 
Inputllnterrupt assembly in slot 2 of a 3497A, as shown in Figure 201. When an 
interrupt condition occurs (Measurement Complete or Overflow - see the COUNTER 
INTERRUPTS example for definitions), the counter sends an interrupt signal to channel 
1 of the Digital lnput assembly. 

Then, as shown in the EVENT SENSING example, if the Digital lnput assembly has 
been enabled for channel 1 interrupts (with a DE 2,2 command) AND the 3497A 
has been enabled for digital interrupts (with an SE2 or SE102 command), an inter- 
rupt signal is sent to the controller for further action. 

CONFIGURATION 

See Figure 201 for configuration and interconnections of the two plug-in assemblies. 

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



61 2 Example 3497A Configurations 

TO SLOT 12  
OF 3 4 9 8 A  

\ COUNTER 

3190h REAR V I E W  

3 4 9 1 A  R E A R  V I E W  

O P l l O N  tN lD  SLOT NUMBER 'b 
D I G I T A L  I N P U T  

0 ~ 1 3 4  OF 3 4 9 7 A  

Figure 201. Example 14 - Interrupts With Counter in 3498A 

SAMPLE PROGRAM 

In the sample program shown, the counter is in slot 12 of a 3498A and the digital 
input assembly is in slot 2 of a 3497A. Whenever a Measurement Complete or 
Overflow condition occurs, a level change is output from the OUTPUT HI, OUTPUT 
LO terminals of the counter which sets channel 1 bit true in the Digital Input 
assembly. 

Since channel 1 of the digital input assembly has been enabled for interrupt by the 
DE2,2 command and since the 3497A has been enabled for digital interrupt by the 

SE2 command, when a counter interrupt occurs, the program jumps to an interrupt 

subroutine (starting at line 1000) and sends a Dl2 command to determine the cause 
of the interrupt. 

If the interrupt was due to digital interrupt on channel 1, octal 1 is returned and the 
program prints "INTERRUPT ON MEASUREMENT COMPLETE OR OVERFLOW". 
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10 CLEAR 709 
20  ON INTR 7 GOSUB 1000 
30 ENABLE INTR 7;8 
4 0  OUTPUT 709; "SE2DE2,2" 
50 !Main Program 

980 GOT0 50 
990 END 

1000 P = SPOLL (709) 
101 0 IF P< >66 RETURN 
1020 OUTPUT 709; "D12" 
1030 ENTER 709; A 
1040 IF A = 1 PRINT "SLOT 12 - INTERRUPT ON MEASUREMENT 

COMPLETE OR OVERFLOW" 
1050 STATUS 7,l;A 
1060 RETURN 

TYPICAL PRINTOUT 

After an interrupt occurs, the printout is: 

SLOT 12 - INTERRUPT ON MEASUREMENT COMPLETE OR OVERFLOW 

COMMENTS 

The setup shown will only provide an indication that a counter interrupt occurred, 
and not the specific reason (i.e., zero counts reached, measurement complete, etc.) 

as can be obtained when the counter is in the 3497A (see the COUNTER INTER- 
RUPTS example). However, if you can only place your counter assemblies in a 
3498A, this procedure does at least give an interrupt indication. 

Note that it is not necessary to enable the counter for interrupts with a CE slot#,l 
or CE slot#,2 command as the level change at the OUTPUT HI AND OUTPUT LO 
terminals is output whenever Measurement Complete or Overflow occurs, regardless 
of the CE slot#,n command setting. 
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EXAMPLE 15 
VOLTAGE SWITCHING AND 

ALARM ACTUATION 

DESCRIPTION 

A primary purpose of the ActuatorIDigital Output assembly (Option 110) is voltage 
switching for applications with 100VA or less. This example shows how to use the 
Option 110 assembly for three voltage switching applications: alarm actuation; 
voltage switching and motor reversal. 

PROCEDURE 

Figure 202 shows a sample connection diagram with inputs.connected to channels 
0 through 3 of an Option 110 assembly in slot 1. The three applications are: 

Alarm Actuation 

When channel 0 is open, the NC contact of the relay is connected to common. To 
sound the alarm, send DC 1,O which closes channel 0 and connects the NO con- 
tact of the relay to common. This completes the circuit and sounds the alarm. To 
turn off the alarm, send D01,O to open channel 0. 

Voltage Switching 

When channel 1 is open, the NC contact is connected to common and +5V is ap- 
plied to Device B. To switch power to Device A, send DC1 , I  to close channel 1 
and connect the NO contact to common. 

Motor Reversal 

With the relays in the position shown in Figure 202 (both with NC contact:s con- 
nected to common), the motor will rotate in one direction. By sending DC1,2,3, both 
relays are closed (NC contacts to common) and the motor will reverse direction of 
rotation. Note that opening or closing one relay but not the other will stop motor 
rotation. 
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CONFIGURATION 

See Figure 202 to  configure the Option 110 assembly for alarm actuation, voltage 

switching and motor reversal. 

R E L A Y  CARD 'TERMINAL CARD'  I I 
CHANNEL 0 U S T E P  DOWN 

O P T I O N A L  

COM 

COMMON I 
I 

COMMON I 
I 

CHANNEL 1 O E V I C E  
A  

B 

N  C  

+ 5 v  
POWER 

COMMON I 
I  

CHANNEL 2 

R 

i 
ALARM A C T U A T I O N  

) V O L T A G E  S W I T C H I N G  

c H ~ ~ j ; - ~ ~ + l z $  

I I  

I 

MOTOR R E V E R S A L  

K 3 

con 

cOfl i SLOT 1 

J 
Figure 202. Example 15 - Actuator Assembly Configuration 

COMMENTS 

You can connect up to 1 6  inputs to  an Option 110 assembly or up to  8 0  in- 
putsl3497A. If 3498A Extenders are used, you can connect up to  1360 inputs (85 
total slots x 1 6  channels/slot). Remember that slots 5 through 9 do not exist for 

digital assemblies and should NEVER be addressed in DIGITAL commands. 
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EXAMPLE 16 
HIGH VOLTAGE SWITCHING 

DESCRIPTION 

A primary application for the High Voltage Actuator assembly (Option 11 5) is to 
switch high voltage loads. Since the actuator can handle voltages up to 250V RMS 

at 2 amps, it is ideally suited for switching line voltages to items such as air 
solenoids, pilot lights and motor starters. With the Option 11 5 assembly, you can 
connect up to eight inputs per assembly or 40  inputs per 3497A. This example 
shows how to use the high voltage actuator to control (turn on) motor starters. 

PROCEDURE 

A typical application for the high voltage actuator is to control (turn on) motor 
starters. Although the actuator can directly switch motors up to 34 horsepower, the 

range of motors it can handle can be greatly increased by using motor starters. The 
actuator can be used to control the motor starter, essentially supplying the signals 
to turn the starter on. 

For this example, an assembly process requires that three 80  horsepower rnotors 
be turned on by using motor starters, according to the following sequence. Motor 
A is started at time t = 0 (by motor starter A), runs for 5 minutes and is then turned 
off by an external circuit. At  t +  5 minutes, motor B is started, runs for 6 minutes 
and is then shut off. Then, at t +  11 minutes, motor C is started, runs for 4 minutes 
and is stopped, completing the cycle. 

I MOTOR CHANNEL MOTOR RUN SEQUENCE 
I STARTER NUMBER TIME (MINUTES) NUMBER 

CONFIGURATION 

Figure 203 shows a simplified block diagram and typical connection diagram. For 
this example, motor starters are connected to channels 0, 1 and 2 of an assembly 
in slot 2. Although a specific contact protection network is not shown, you should 
consult Chapter 8, Option 11 5 , Contact Protection Guidelines, before running the 
program shown to ensure that appropriate contact protection is provided. 
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HOTOR STARTER CONTROL IHOTOR ;TARTER 
CONTRO VOLTAGE 

HOTOR 

ACTUATOR 
A N 0  

TERMINAL C.4RD 

TO 
H I G H  

VOLTAGE 
ACTUATOR 

CARO 

D n CAUTION 
E X T E R N A L  R E L A Y  CONTACT P R O T E C T I O N  

MAY B E  R E O U I R E D  F O R  I N D U C T I V E  L O A D S .  
SEE T E X T  FOR G U I D E L I N E S .  

A N N E L  0 

MOTOR 
S T A R T E R  A 

ACTUATOR 
T E R M I N A L  CARO 

[COVER REMOVE01 

- CROUNDING STRAP 

TO CUSTOMER 
E A R T H  GROUND 

3497-OPC-203 

Figure 203. Example 16 - Motor Starter Configuration 

SAMPLE PROGRAM 

An example program for the motor starter sequence is shown. In th  e program, chan- 
nel 0 relay is closed, supplying voltage to  motor starter A which starts motor A. 
Three seconds later, channel 0 relay is opened to  disconnect motor starter A. 

After a 5 minute run time, motor A is turned off (by an external system) and chan- 
nel 1 relay then closes. After a three second delay, channel 1 opens. Following a 

6 minute run time for motor B, channel 2 relay is closed for 3 seconds and is then 
opened. After a 4 minute run time, motor C stops, completing the cycle. 

If the optional DR command is used, relay status is displayed on the 3497A front 
panel. If the relays do not open or close as required, the program prints a "RELAY 
FAILED" message and halts the operation. 
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SET INITIAL CONDITIONS 

10  PRINT "MOTOR STARTER" 
20 PRINT 
30  PRINT 
40  CLEAR 709 
5 0 1 =  1 

CLOSE THEN OPEN CHAN 0, WAlT 5 MIN FOR MOTOR A RUN TIME 

60  OUTPUT 709; "DC2,ODR2" 
70  ENTER 709;A 
80  IF A < > 1 THEN 330 
90  WAlT 3000 

100 OUTPUT 709; "D02,O" 
1 10 ENTER 709;B 
120 IF B <  >O THEN 340 
130 1 = 2 
140 WAlT 300000 

CLOSE THEN OPEN CHAN 1, WAlT 6 MIN FOR MOTOR B RUN TIME 

1 50 OUTPUT 709; "DC2,lW 
160 ENTER 709;C 
170 IF C < > 2 THEN 330 
180 WAlT 3000 
190 OUTPUT 709; "D02,I " 
200 ENTER 709;D 
210 IF D<>O THEN 340 
220 1 = 3 
230 WAIT 360000 

CLOSE THEN OPEN CHAN 2, WAlT 4 MIN FOR MOTOR C RUN TIME 

240 OUTPUT 709; "DC2,2" 
250 ENTER 709;E 
260 IF E < > 4  THEN 330 
270 WAIT 3000 
280 OUTPUT 709; "D02,2" 
290 ENTER 709;F 
300 IF F < >O THEN 340 
31 0 WAIT 240000 

PRINT FAILURE NOTICE IF RELAY DOES NOT OPEN OR CLOSE 

320 GOT0 350 
330 PRINT "CHANNELU;I; "RELAY DID NOT CLOSE" 
340 PRINT "CHANNEL";I; "RELAY DID NOT OPEN" 
350 END 
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TYPICAL PRINTOUT 

If channel 1 relay did not open, the printout is: 

CHANNEL 1 RELAY DID NOT OPEN 

COMMENTS 

Although motor starters do not have standard control inputs, the high voltage ac- 
tuator will control common motor starters up to NEMA class 5. This starter, in turn, 
will handle motors up to 100 horsepower (220V) or 200 horsepower (440-550V). 
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EXAMPLE 17 
VOLTAGE AND CURRENT SOURCES 

DESCRIPTION 

The Dual Output, 0 to + 10V Voltage D/A Converter [VDACl(Option 120) provides 
programmable sources for applications such as programmable test stimulus or to con- 
trol voltage programmed devices such as power supplies and VCO1s. The Dual Out- 
put, 0-20 mA/4-20 mA Current D/A Converter IIDACI (Option 130) provides two 
0-20 mA or 4-20 mA programmable current sources. 

PROCEDURE 

This example shows how to program the Option 120 and 130 assemblies to pro- 
vide desired voltage and current outputs. In the example, the voltage DIA converter 

is in slot 2 and the current D/A converter is in slot 3. In addition, the current D/A 
converter is set for the 0-20 mA range. 

Both assemblies are controlled by the A 0  slot#,chan#,value. To program a desired 
current or voltage output, the "value" part of the command must be specified (i.e., 
a value of "40" outputs 0.0400 volts from a VDAC or 0.080 mA from an IDAC 
set to the 0-20 mA range). 

VDAC Programming 

For the VDAC, the value can be programmed from 0 to f 10238 in uni,ts of 

millivolts. However, the voltage output is in units of 2.5 mV. Thus, for programmed 
values other than integer multiples of 2.5 mV, the 3497A will round off the value 
to the nearest integer multiple of 2.5 mV. To program a negative voltage output, 
the form is A 0  slot#, chan#, -value (i.e., A03,1,-40 causes the VDAC to output 
-0.040 volts on channel 1 ) .  

IDAC Programming 

The IDAC is programmed in units of 0.01 % of the "span" where the span is 20 
mA for the 0-20 mA range and 16 mA for the 4-20 mA range. However, the out- 
put can change only in increments of 0.025% of span. The 3497A will round off 
the A 0  command value to the nearest integer multiple of 0.025% of span. If the 
4-20 mA range is selected, the minimum output is 4.000 mA. 
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For example, if the IDAC is configured for the 0 - 20 mA range, the span is 20 mA. 
Thus, a program value of 5000 ( A 0  slot#,chan#,5000) is 50% of span and gives 
an output of 10.00 mA. If the IDAC is configured for the 4 - 20 mA range, the span 
is 16 mA. Thus, a program value of 5000 ( A 0  slot#,chan#,5000) which is 50% of 
span gives an output of 12 mA (50% of 16 mA = 8 mA + 4 mA minimum). 

CONFIGURATION 

Figure 204 shows sample connection diagrams for the Option 120 and 130 
assemblies, with voltage sensing connections made for the Option 120 assembly. 
Note that with the Option 130 assembly, conventional current flow is out the 
SOURCE terminal and into the SINK terminal. 

SAMPLE PROGRAM 

As mentioned, the voltage D/A converter is in slot 2 and the current D/A converter 
is in slot 3. To program a desired current or voltage output, the "value" part of the 
command must be specified. For example, a value of "40" outputs 0.0400 volts 
from a VDAC or 0.080 mA from an IDAC set to the 0-20 mA range). 

An example program is shown to  output 0.320 volts from channel 0 of a VDAC in 
slot 2 and to output 0.160 mA from channel 1 of an IDAC in slot 3 which is set 
for the 0-20 mA range. 

10 CLEAR 709 
20  OUTPUT 709; "A02,0,320" 
30 OUTPUT 709; "AO3,1,8O" 
40 LOCAL 709 
50 END 

!Sets VDAC output to  0.320 V 
!Sets IDAC output t o  0.160 mA 
!Returns control t o  front panel 

COMMENTS 

Slots 5 through 9 do not exist for the 3497A or 3498A. Do not attempt to use these 
slot numbers as spurious voltages may be input or output. 

The IDAC is factory set to the 0 to 20 mA range. Reconfiguring the assembly to 
the 4-20 mA range requires recalibration for output current accuracy. 
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0 

CHANNEL 

CHANNEL 

VOLTAGE SOURCE I 
TERHINAL BLOCK S T R A I N  R E L I E F  

T I E  P O I N T S  

TO CHAN 0 LOAO 

TO CHAN 1 LOAD 

CHANNEL 0 
S I N K  

IOAC STRAIN  R E L I E F  
T I E  P O I N T S  

HAN 0 LOAO 

TO CHAN 1 L O A D  

3497-OPC-167 

S T R A I N  R E L I E F  

Figure 204. Example 17 - VDAC and IDAC Configurations 
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INTERFACE CONCEPTS 

This appendix introduces concepts for HP-IB and Serial Data (RS232C and 
RS4491423) interfaces used wi th  the 3497A.  It is divided into 3 parts: INTRODUC- 
TION TO THE HP-IB; SERIAL I10 CONCEPTS AND THE 3497A; and INTRODUCTION 
TO RS232ClRS449. 

INTRODUCT ION TO THE HP-I6 

This part of Appendix A summarizes the major functions of the HP-IB. If you need 
more information on HP-IB, refer t o  the HP-IB Abbreviated Description Manual (-hp- 

part number 5955-2903). A condensed description is also available in the Condensed 
Description of the Hewlett-Packard lnterface Bus Manual (-hp- part number 
59401-90030).  These manuals are available through your local -hp- Sales and Ser- 
vice Office. 

The Hewlett-Packard lnterface Bus (HP-IB) is Hewlet-Packard's implementation of IEEE 
Standard 488-1 978, "Standard Digital lnterface for Programmable Instrumentation". 
HP-IB is an interface system which uses a party-line bus structure so that up t o  15  
devices can be placed on a single bus. 

One controller can control up t o  1 4  devices on a bus. For example, as shown in 
Figure A-1, an -hp- 85A  Desktop Computer, acting as system controller, can con- 
trol up t o  1 4  devices over the HP-IB interface bus. Of course, more than one con- 
troller can be placed on the bus, if one of the controllers is designated as System 

Controller. 
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H P - I B  
BUS C O M P A T I B L E  

D E V I C E S  

m 
D E V I C E  

D E V I C E  

D E V I C E  E l= 
0 

HEWLETT 
0 PACKARO 

0 
I N T E R F A C E  

BUS 

A V A I L A B L E  
COMPUTER 

P E R I P H E R A L S  

I 
P E R I P H E R A L  - I 1  

P E R I P H E R A L  

f I I I 

HP-IB 

Figure A-1. Typical HP-IB System 

Structure 

As shown in Figure A-2, the HP-IB is a parallel bus of 16 active signal lines, grouped 
into 3 functional sets, t o  interconnect up to  15 instruments. 

Eight signal lines, called the DATA lines, are used to  transmit data in the form of 
coded messages. These messages are used to  program the instrument function, 
transfer measurement data, coordinate instrument operation and to  manage the 
system. Input and output of messages, in bit parallel-byte serial format, are also 

transferred in the DATA lines. A 7-bit ASCII code normally represents each piece 
of data. 

The three DATA BYTE TRANSFER CONTROL lines coordinate and control transfer 
of data by means of an interlocking "handshake" technique which permits asyn- 
chronous data transfer at the rate of the slowest active device used in that transfer. 
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The remaining five GENERAL INTERFACE MANAGEMENT lines are used to  manage 
the devices on the HP-IB. This includes activating all connected devices at once, 
clearing the interface and others. 

ABLE TO TALK. 
L ISTEN AND CONTROC 

ABLE TO TALK 
AND LISTEN 

(HANDSHAKE1 L I N E S  

ONLY ABLE TO LISTEN 

MANAGEMENT (CONTROL1 L I N E S  

ONLY ABLE TO TALK 

I 1 
( 0 . 9 .  TAPE R E A M R I  D l 0  1-8 

NDAC 

I FC 
ATN 

Figure A-2. Structure of the HP-IB 

Device Communication Capabilities 

Each device on the HP-IB is classified into one of three categories: TALKERS, 
LISTENERS or CONTROLLERS. The 3497A is classified as a TALKER since it can 
send data to the controller and a LISTENER since it can receive instructions from 
the controller. 
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( HP-IB DEVICE CAPABILITIES I 

LISTENER 

TALKER 

CONTROLLER 

A device which is capable of receiving data over the interface 
bus when addressed. A LISTENER becomes an ACTIVE 
LISTENER when it is addressed by the controller. 

There can be up to 14 active listeners simultaneously on the in- 
terface. Some examples of listeners are printers, display devices, 
programmable power supplies, etc. 

A device which is capable of transmitting data over the interface 
bus when addressed. A TALKER becomes an ACTIVE TALKER 
when it is addressed by the controller. 

There can be only one active talker on the bus at a time. Ex- 
amples of talkers are tape readers, voltmeters and counters that 
are outputting data, etc. 

A device which is capable of specifying talker and listener(s) for 
an information transfer. There can be two types of controllers, 
ACTIVE CONTROLLERS and a SYSTEM CONTROLLER. The ac- 
tive controller is the current controlling device. The system con- 
troller can take control of the HP-IB even if it is not the active 
controller. 

There can only be one active controller on the interface at a 
time. If there is more than one controller on the HP-IB, only one 
can be the system controller. A computer with an inputloutput 
card is an example of a controller. 

HP-IB Messages 

Different types of  information can be passed over the HP-IB t o  one or more devices. 

One type o f  information is called a BUS MESSAGE. There are 1 2  bus messages for 

the HP-IB and each bus message can be divided into three parts: ( 1  an operation 

port ion (2)  the address specified b y  the controller and (3) the information in the 

message. 

The operation mnemonic portion of a bus message tells what  action t o  take (CLEAR, 

LOCAL, etc.). Each HP-IB compatible controller has an equivalent syntax (which is 

controller-dependent) for the operation mnemonic. The address port ion o f  a bus 

message consists o f  an interface select code (ISC) and a device selector. The in- 

formation port ion consists o f  the commands or data. 
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HP-IB BUS MESSAGES 

BUS MESSAGE 

ABORT 

CLEAR 

DATA 

LOCAL 

LOCAL LOCKOUT 

CLEAR LOCKOUT 
AND SET LOCAL 

PASS CONTROL 

REMOTE 

REQUIRE SERVICE 

STATUS BIT 

STATUS BYTE 

TRIGGER 

DESCRIPTION 

System controller sends this message to  unconditionally 
assume control of the HP-IB from the active controller. 
Message terminates all bus communication but does not im- 
plement the CLEAR message. 

Sets all devices on the interface to pre-defined device depen- 
dent states. 

Information (binary bytes) sent from a talker t o  a listener. 
The information (data) can be numeric or characters. 

Clears the REMOTE message from listening device(s) and 
returns device(s) t o  front panel control. 

Prevents manually affecting remote program control. 

Clears LOCAL LOCKOUT and REMOTE messages and reverts 
all devices to  local front panel control. 

This message transfers bus management responsibility from 
one controller t o  another. 

Causes listening device(s) t o  switch from local front panel 
control t o  remote program control when addressed to  listen. 

A device can send this message at any time to  signify that 
the device needs some type of interaction with the controller. 
Message cleared by the device's STATUS BYTE message 
when the device no longer requires service. 

A byte that represents the operational conditions of a group 
of devices on the HP-IB. Each device responds on a particular 
bit of the byte thus identifying a device dependent condition. 
This bit is typically sent by devices in response to  a Parallel 
Poll operation. 

A byte that represents the current status of a single device 
on the HP- IB. One bit indicates whether the device sent the 
REQUIRE SERVICE message and the remaining seven bits in- 
dicate optional conditions defined by the device. This byte 
is sent from the talking device in response to  a Serial Poll 
operation performed by the controller. 

Causes listening device(s) t o  perform a device-dependent ac- 
tion when addressed. 
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ASCll Table 

For convenient reference, an ASCll table showing ASCll character, equivalent binary, 
octal, hexadecimal and decimal values and (where applicable) HP-I6 character follows. 

ASCll  TABLE 
- 
LSCI 
:h., - 
IUL, 

Em 

STX 

ETX 

EOT 

ENC 

hCK 

lELl 

B5 

HT 

LF 

VT 

FF 

CR 

SO 

SI 

DLE 

3C I 

3C2 

3C3 

X 4  

YAK 

YNC 

ST8 

:AN 

EM 

IUB 

.SC 

FS 

3s  

4s 

JS - 

EOUIVALE 

Oh.." OC 

o o m m o  W( 

OaXWMOl W l  

OWOWlO W i  

000000l1 W2 

WOO0100 W1 

OWmlOf W! 

WWOllO W l  

WWO111 W i  

OOWlWO 01c 

OOW1001 011 

O O ~ ~ O ~ O  0 l1 

WWIOII  01: 

WDDllW 01, 

OOWllOl 01: 

MaOIllO Olt 

OWOllIl 011 

OWIWOO 02C 

OWIOWI 021 

OWlWlO 021 

W010011 023 

OWIOIW 024 

- 

IP.11 

- 

STL 

jDC 

'PC 

iET 

rcT 

LLO 

3CL 

'PU 

SPE 

>PO 

- 

- 
UP-11 

- 
LAO 

LA1 

LA2 

LA3 

LA4 

LA5 

LA6 

LA7 

LA8 

LA9 

LA10 

LA,, 

lA l2  

TA13 

TI14 

7A15 

TA16 

TAl l  

?At6 

7119 

TI20 

7121 

7A22 

7123 

TA24 

TA25 

1126 

TA27 

TA28 

TA29 

TA3c 

UNT - 

I 
001G1101 055 20 45 1 LA!? 

~1011101  056 2E 46 L l f 4  

W l O l l l l  i 057 2F I7 LA15 

LA21 

LA2: 

LA?< 

LUL 

LA2t 

LA21 

LA2@ 

LUS 

LA31 

UNL - 

Y 

I 

I 

I 

DEI - 
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SERIAL I10 CONCEPTS 

COMPARING SERIAL I10 TO PARALLEL I10 

What do these t w o  terms mean? Simply stated, serial I10 is the transfer of data, 
one bit after another in  succession, over a line. Parallel 110, o n  the other hand, 

transfers a whole word simultaneously (usually eight or more bits) but requires a 
separate wire (or line) for each bit. Parallel I10 is usually faster, but not  in all cases. 
Data transfer speeds primarily depend upon the functional capability of the devices. 

Parallel 110 has dedicated lines t o  handshake each word transferred whereas serial 
I t 0  doesn't. In  fact, serial I10 doesn't necessarily require a handshake at all. If the 
3497A handshakes a transfer, it does so with either the ENQIACK or DC1 messages. 
These should no t  be confused w i t h  a hardware handshake. Strictly speaking, these 
are protocols where message bytes are sent t o  implement the handshake function. 

Perhaps the most important distinction that can be made between serial and parallel 
I10 transfers, are the respective distances allowed between devices. Since parallel 

I10 has a separate wire for each bit, there are prohibitive cost and logistic considera- 
tions when long distances exist between devices. Serial 110, however, permits data 
transfers via telephone lines when the appropriate modems are used. Even in a point 
t o  point hookup, serial I10 usually permits greater distances. 

STANDARDS AND LINE PROTOCOLS 

Confusion often accompanies the distinction between line protocols and standards. 
Line protocols are disciplines used for orderly information transfers over a communica- 

t ion channel. In other words, they establish the grammar by which devices com- 
municate. Furthermore, some of the synchronous protocols are quite complex in 
structure. 

A standard will usually define a protocol, but not always. RS-232C and RS-4491423 
are examples of standards where protocols aren't defined, but they are the excep- 
t ion rather than the rule. A standard, however, will always define the electrical and 
mechanical requirements devices must adhere t o  for them t o  interoperate wi th  other 

devices. 
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SYNCHRONOUS ASYNCHRONOUS 

This manual makes several references to both synchronous and asynchronous opera- 
tion. Since the 3497A is asynchronous, it will be discussed thoroughly. However, 
to compare the two, a brief description of synchronous is given first. 

Synchronous 

Synchronous transmission involves a continuous bit-by-bit serial stream of characters 
to make up a message block, with no time interval between the characters. The 
transmitting and receiving station clocks must be precisely synchronized with each 
other so that each bit time is properly marked. Synchronous operation eliminates the 
need for start and stop bits to frame characters. Instead, start and stop indicators 
frame entire message blocks. This type of transmission requires that the transmit- 
ting station have the next character ready to transmit in the first bit time following 
the end of the preceding character. If it isn't ready, it must fill in with some pre- 
defined sync character to ensure that the transmitting and receiving stations do not 
get out of step with each other. 

There are a number of synchronous line protocols in use today, such as Binary Syn- 
chronous Communications (BSC) and High Level Data Link Control (HDLC) to name 
only a couple. Some of the synchronous protocols are quite complex. 

Asynchronous 

Perhaps the first thing that should be noted about this type of operation is that you 
don't have to be concerned about a complex line protocol. With asynchronous, the 

character generation is random, thereby making the arrival of an asynchronous 
character unpredictable. For example, the interval between characters that are typed 
in from a keyboard will be determined by the operator's skill. This makes it necessary 
to provide built in character synchronization, which is done with start and stop bits. 

The asynchronous character structure is shown in Figure A-3. 

Characters are transmitted using two voltage levels to represent the two  possible 
states of a binary digit as shown in the following table. 

Binary States 

+ 3 V  to  + 2 5 V  High Space 
- 3 V  to  - 2 5 V  I I Mark 

Voltage Level Logic State Line State Level Name 
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START 
B I T  
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P A R I T Y  B I T  
f O P T I O N A L l  

\ J 
F I R S T  
STOP \ 
B I T  

CHARACTER 
ILENGTH=7 OR 8 B I T S 1  SECOND 

STOP B I T  
[USED ONLY FOR l l O b p s l  

DATA D I R E C T l O N  

Figure A-3. Asynchronous Character Structure 

When data is not being transmitted, the line is idle (low or mark). The transmitting 
device drives the line high (space) for one bit time when it has a character to send, 
hence the name start bit. The actual character is then transmitted, followed by a 
parity bit (optional when the 3497A is configured for 8-bit ASCII). The stop bit(s) 
is then sent which involves the transmitting device holding the line low (mark) for 
one or two bit times. The actual character transmission is shown in Figure A-4, 
which, in this instance, is the 7-bit ASCII representation of the letter "E". A more 
detailed explanation for each part of the character transmission follows Figure A-4. 

+ [ L S B I  

I D L E  STATE 

START PAR1 TY 
B I T  B I T  

SPACE (H IGH1 I 

D A T A  D I R E C T I O N -  

- 

Figure A-4. Asynchronous Character Transmission 

Idle State 

I 

1 0 1 0 0 0 1  

The line is held at this low voltage level (mark) when no character is being 
transmitted. 

MARK ILOWl - - 

- 

- 

STOP 
B I T  (SI 

----  
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Start Bit 

The start bit is inserted at the beginning of the character by the transmitting device. 
This is done by driving the line high (space) for one bit time. The start bit signals 
the receiving device that a character is starting so it can turn on its internal clock 

and input the character. 

Character Bits 

The 7-bit ASCll representation of the character "E" is 1000101. Notice that the 
character itself is seven bits in length without the start, stop or parity bits. These 

are the bits you have to consider when you are setting up a character length 
specification. The 3497A can be configured for 7 or 8 bit ASCII. Also, it is impor- 
tant that the computer has the same character length specification as the 3497A. 

Parity Bit 

The parity bit provides a means of checking a received character for errors. When 
used, it is computed and inserted after the character bits by the transmitting device. 
The receiving device then does a computation on the received character bits to deter- 
mine what the parity bit should be and compares that with what it received. 

Parity can be specified as odd or even. Odd parity simply means that the total 

number of 1's contained in the character bit pattern, including the parity bit, is an 
odd number. For even parity, there is an even number of 1's. For example, note that 
the 7-bit ASCll "E" has three l 's ,  an odd number. In this instance, if odd parity 
is specified, the parity bit would be a 0 making the total number of 1's an odd 
number. For even parity, it would be a 1 making the total number of 1's an even 
number. The following table shows how parity bits are determined. 

Parity Specification 

Parity Specified 

Odd 
Odd 
Even 
Even 
None 

The parity bit is optional when the 3497A is configured for 8-bit ASCII. If parity isn't 
specified, a parity bit isn't sent and no error checking is performed. Also, the length 
of time it takes to send an 8-bit ASCll character with a parity bit is reduced by one 
bit time. 

Number o f  " 1 " Bits 
In Character 

Odd 
Even 
Odd 
Even 
Odd or Even 

Parity 
Bit Sent 

0 
1 
1 
0 

None 
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Stop Bit(s) 

One stop bit is added following the parity bit for all operating speeds except 110 
bps, which uses t w o  stop bits. This involves the transmitting device allowing the 

line to stay idle (low) for one or t w o  bit times. This gives the receiving device enough 
time to 

Bits 

process the character before the next one is sent. 

and Bauds 

The term "bit" is a contraction of binary digit. Bits are perhaps best represented 
by the square waves that were previously shown to transmit the ASCII "E". "Baud" 

refers to the speed of signal units and is the yardstick for measuring modems in bits 
per second (bps). If one bit is used as the signal unit, which is quite common, then 
baud speed and bps are the same. When t w o  bits form the signal unit (double bit 
or dibit) then the baud rate is half the bps. When three bits form the signal unit (triple 
bit or tribit) then the baud rate is one third the bps. Most modems handle t w o  state 
bits making baud and bps the same. 

Modems (Data Sets) 

The modem name is derived from the modulation and demodulation functions the 
device performs. Modems, also called data sets, are required when communication 

is performed over telephone lines. The 3497A can operate with asynchronous full 
duplex modems, and has been tested to  operate with those models listed in Chapter 
7. 

Modulation is the process of converting the RS-232C or RS-4491423 level digital 
signals to  analog waveforms for transmission over telephone lines. It follows then 
that demodulation is the process of reconverting the analog signals back to RS-232C 
or RS-4491423 digital signals. This is illustrated in Figure A-5. 

TELEPHONE 

3497A MODEM MODEM CONTROLLER 

D I G I T A L  
WAVEFORM 

ANALOG 
WAVEFORM 

D I G I T A L  
WAVEFORH 

Figure A-5. Modem Functions in a System 
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An asynchronous modem simply means that it operates at random speeds. That is, 
the character generation is random and the arrival of a character is unpredictable. 
This is illustrated in the Figure A-6. 

RANDOH T I M E  
BETWEEN CHARACTERS 

S T A R T  
B I T  

S T A R T  / B I T  

STOP 
B I T  

STOP 
B I T  

Figure A-6. Asynchronous Bit Flow 

A full duplex modem is capable of transmitting and receiving data simultaneously. 
A half duplex modem can transmit and receive data, but it can't do both at thc, same 
time. You may wonder why full duplex operation is required in a data acquisition 
system since, typically, the 3497A will be instructed to perform some specified task 

and then transmit the results back to the computer. However, two-way simultaneous 
transmission is required when the 3497A sends a break. That is, when the 3497A 
sends a break, it may do so while the computer is still sending commands. 

Echo 

The 3497A does not support echo, and any computer used in the system should 
have this feature turned off. Where echo is supported, the receiving device transmits 
each character it receives back to the transmitting device. The returned character 
is usually then displayed on a CRT or printed on a printer, permitting a visual check 
to be made of the character transmission. However, characters echoed back to the 
3497A will be interpreted as commands. Since they will not be understood, the 

3497A will set the "Message Not Executed" Bit in its status register and, if enabl- 
ed to do so, send a break. Another likely occurrence will be an input buffer overflow. 
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INTRODUCTION TO RS232ClRS449 

In 1963  the Electronic Industry Association (EIA) established a standard for the In- 
terface between Data Terminal Equipment (DTE) and Data Communication Equipment 

(DCE) that use serial binary data interchange. The latest revision of this standard, 
which has been in effect since 1969 is known as RS232C. This standard covers 
the following: 

Mechanical characteristics o f  the interface. 

Electrical characteristics of the interface. 

A number o f  interchange circuits w i th  descriptions of their functions. 

The relationship of  interchange circuits t o  standard interface types. 

The Comite Consultatif International Telephonique et  Telegraphique (CCITT) has 
established standard that correspond t o  RS232C. While these standards, CClTT V.24 

and CClTT V.28, are very similar t o  RS232C, they are not identical. 

Mechanical Characteristics lnterface 

The standard gives definitions t o  2 2  pins and designates three pins as unassigned, 
but does not  specify a 2 5  pin connector. Although a particular 2 5  pin connector is 
no t  defined, the industry has accepted the connector shown in  Figure A-7 as a de 
facto standard. The male connector is used wi th  Data Terminal Equipment (e.g. 

desktop computer) and the female connector is used w i th  Data Communications 
Equipment (the modem). 

The length of  the cable used by Data Terminal Equipment t o  connect t o  Data Com- 
munications Equipment should not  be longer than 15.24 metres ( f i f ty feet). This is 
assuming that the load capacitance at the interface point is the worst  case value 
of  2 5 0 0  picofarads. Longer cables are often used, especially in point-to-point con- 
figurations when the user knows that the total load capacitance wil l  not  exceed the 
2500pF maximum. 
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' 
Figure A-7 25 Pin Connector 

Electrical Characteristics 

A number of  electrical parameters and limitations are defined by  RS232C for each 
interchange circuit. They refer t o  the Equivalent'lnterchange Circuit shown in  Figure 

A-8. 

The following electrical characteristics measurements are made at the interface point 
w i th  reference t o  signal ground. 

- n 

Open circuit voltage from the driver shall not be greater than k 2 5  volts. 

The open circuit voltage of the terminator shall not exceed k 2 volts. 

The total capacitance of  the terminator shall not  exceed 2 5 0 0  picofarads. 

The driver output voltage must be between 5 and 1 5  volts when the total 
terminator input resistance is between 3 0 0 0  Q and 7 0 0 0  Q. 

The output impedance of the driver circuit, when the driver power is off, 
shall not  exceed 3 0 0  Q .  

The rate of  change of the driver output voltage (slew rate) shall not  ex- 
ceed 3 0  volts per microsecond. 

CIRCUIT AB. CIRCUIT AB. 
SIGNAL GROUND SIGNAL GROUND 

Figure A-8 Interchange Equivalent Circuit 
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In addition, the following rules define the logic state indicated by the voltage levels 

of the circuit (see Figure A-9). 

A logical "1" (MARK) is indicated when the voltage at the interface point 
is more negative than - 3 volts. 

A logical "0" (SPACE) is indicated when the voltage at the interface point 
is more positive than + 3 volts. 

To indicate a "1" signal condition (MARK), the driver shall assert a voltage 

between - 5 volts and - 15 volts. 

To indicate a "0" signal condition (SPACE), the driver shall assert a voltage 
between + 5 volts and + 15  volts. 

PERMISSIBLE OPEN-CIRCUIT 
VOLTAGE 

LOGICAL "0" 
"ON" CONDITION 

"SPACE" 

I NOISE MARGIN 

I NOISE MARGIN 

LOGICAL "1" I "OFF" CONDITION 
"MARK" 

I PERMISSIBLE OPEN-CIRCUIT 
VOLTAGE 

+25 VOLTS 

+ 15 VOLTS 

+5 VOLTS 

+3 VOLTS 

0 VOLTS - CIRCUIT AB 
REFERENCE VOLTAGE 

-3 VOLTS 

- 5 VOLTS 

- 1 5 VOLTS 

-25 VOLTS 

Figure A-9. Circuit Voltage Levels 

Note that these standards allow for a 2 volt noise margin between the minimum 
driver voltage of 5 volts and the maximum undefined voltage of 3 volts. The follow- 
ing specifications govern the transition region. 

All interchange signals entering the transition region shall proceed to the 
opposite valid signal state. I t  shall not re-enter the transition region until 
the next significant change in signal state. 

While in the transition region, the direction of the voltage change must not 
reverse. 
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0 The t ime  required fo r  a contro l  signal t o  cross t h e  t ransi t ion region shall 

n o t  exceed one mill isecond. 

0 The  t ime  required fo r  a data or  t im ing signal t o  cross t h e  t ransi t ion region 

shall n o t  exceed one mil l isecond or  four  percent o f  t h e  nominal  signal 

period, whichever i s  t h e  lesser. 

The  fo l lowing table g ives a descript ion and a c i rcui t  reference fo r  all o f  t h e  assign- 

e d  p ins fo r  t h e  industry accepted connector  (see Figure A-7). 

RS232C Pin Identification 

'in 

Circuit Reference 

+ P 
- P 

SCF 
SCB 
S BA 
DB 

SBB 
DD 

SCA 
CD 
CG 
CE 

CHIC1 
D A 

Description 

EARTH or Frame Ground 
Transmitted Data 
Received Data 
Request t o  Send 
Clear t o  Send 
Data Set Ready 
Signal Ground 
Received Line Signal Detector 
Positive DC Test Voltage 
Negative DC Test Voltage 
Unassigned 
Secondary Received Line Detector 
Secondary Clear t o  Send 
Secondary Transmitted Data 
Transmitter Clock 
Secondary Received Data 
Received Clock 
Unassigned 
Secondary Request t o  Send 
Data Terminal Ready 
Signal Quality Detector 
Ring Indicator 
Data Rate Selector 
External Transmitter Clock 
Unassigned 
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Interchange Circuit Functions 

There are four categories of interchange circuits: Ground, Timing, Data, and Con- 
trol. With the exception of the grounds, they can originate either in the modem (Data 
Communications Equipment, or DCE) or in the computer (Data Terminal Equipment, 
or DTE). 

Ground Circuits 

Circuit A A  (CCITT 101)  

Protective Ground: Electrically connected t o  the frame of the 
equipment and t o  earth ground as external regulations 
demand. 

Circuit AB (CCITT 102)  

Signal Ground: The zero-voltage reference point. Also acts 
as the common return for unbalanced interchange circuits. 

Timing Circuits 

The clock generated by the Data Terminal Equipment: 

Circuit DA (CCITT 1 13)  

Transmitter Signal Element Timing: Provides t iming for the 
transmitted data on Circuit BA (CCITT 103). A transition from 
ON t o  OFF (positive t o  negative) indicates the approximate 
center o f  each signal element. 

The clocks generated by Data Communications Equipment: 

Circuit DB (CCITT 1 14)  

Transmitter Signal Element Timing: Provides DTE wi th  a tim- 
ing signal t o  be used wi th  the transmitted data on Circuit BA 
(CCITT 103) .  A transition from OFF t o  ON (negative t o  
positive) indicates the transition between signal elements. 

Circuit DD (CCITT 1 15)  

Receiver Signal Element Timing: Provides t iming for the 
received data on Circuit BB (CCITT 104).  The transition from 
ON t o  OFF (positive t o  negative) indicates the approximate 
center of each signal element. 
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Data Circuits 

There are four Data Circuits, a primary circuit and a secondary circuit in each direc- 
tion. Each is named in reference to the Data Terminal Equipment. For example, 

Received Data is driven by the DCE, and Transmitted Data is driven by the DTE. 

Data circuits from the Data Terminal Equipment: 

Circuit BA (CCITT 103) 

Transmitted Data: The primary circuit for data originating at 
the DTE. Timing for data on this circuit can be provided either 
by circuit DA or DB. 

Circuit SBA (CCITT 1 18) 

Secondary Transmitted Data: The circuit for data originating 
at the DTE and transmitted via the secondary channel. 

Data circuits from the Data Communications Equipment: 

Circuit BB (CCITT 104) 

Received Data: The circuit for data signals which have been 

generated by the DCE in response to signals received on the 
primary data channel. If necessary, timing for data on this cir- 
cuit can be provided by circuit DD (CCITT 11 5). 

Circuit SBB (CCITT 11 9) 

Secondary Received Data: The circuit for data signals which 
have been generated by the DCE in response to signals 
received on the secondary data channel. 

Control Circuits 

These circuits are used to indicate to the receiving device the status or condition 
of the driving device. 

Control circuits from the Data Terminal Equipment: 

Circuit CA (CCITT 105) 

Request to Send: Used to indicate to  the DCE that data is 

ready to be sent, and also to control the direction of data 
transmission on a half duplex channel. 
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Circuit CD (CCITT 108.2) 

Data Terminal Ready: Used t o  control the switching of  the 

DCE t o  the communication channel. This means that it allows 
the modem t o  enter the data mode in preparation for data 
transfer, as compared t o  the standby mode. 

Circuit CH (CCITT 1 1 1) 

Data Signal Rate Selector: Used t o  select between t w o  data 
signalling rates when using dual rate synchronous modems. 
Also used t o  select between t w o  ranges when using dual 
range asynchronous modems. Use of this circuit is not  com- 
patible wi th  Circuit CI (CCITT 11  2) which performs a similar 
function, but  is driven by the DCE. 

Circuit SCA (CCITT 120)  

Secondary Request t o  Send: Functionally similar t o  Circuit 

CA (CCITT 105)  except that is requests establishment of the 
secondary data channel. 

Control circuits f rom the Data Communications Equipment: 

Circuit CB (CCITT 106)  

Clear t o  Send: lndicates whether the data set is condition- 

ed t o  transmit on the data channel or not. 

Circuit CC (CCITT 107)  

Data Set Ready: lndicates the status of the data set. It in- 

dicates only that the DCE is connected t o  the line, is in the 
data mode, and is ready t o  exchange further control signals 
w i th  the DTE. 

Circuit CE (CCITT 125)  

Ring Indicator: lndicates that a calling signal is being received 
on  the data channel. 

Circuit CF (CCITT 109)  

Received Line Signal Detector: lndicates that  the signal 
received on the data channel is wi thin specifications set by 
the DCE manufacturer and is therefore suitable for 
demodulation. 
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Circuit CG (CCITT 1 10) 

Signal Quality Detector: Indicates whether there is a pro- 
bability of an error in the received data. 

Circuit CI (CCITT 1 12) 

Data Signal Rate Selector: Used to  select between two  data 
signalling rates in the DTE so that it coincides with the rate 
used in a dual rate synchronous DCE. Also used to select bet- 
ween two ranges of rates in the DTE so that it coincides with 
the range of rates used in a dual range asynchronous DCE. 

Circuit SCB (CCITT 121 

Secondary Clear to  Send: Functionally similar to  Circuit CB 
(CCITT 106) except that it indicates the availability of the 
secondary channel. 

Circuit SCF (CCITT 122) 

Secondary Received Line Signal Detector: Functionally similar 
to  Circuit CF (CCITT 109) except that it indicates the 
suitability of the signal received on the secondary data 
channel. 

In 1977 EIA adopted the RS449 serial-interface standard. RS449 is a more capable 
standard than RS232C and when RS449 is implemented with an RS423 electrical 
subset, it is interoperable with RS232C. The European equivalency for this new stan- 
dard is CCITT V.lO. 

RS449 provides additional interchange circuits, reduces crosstalk between interchange 
circuits, and allows higher signaling rates and greater distances between equipments. 
RS449 will gradually replace RS232C. 

RS449 has a new set of mnemonics that are more descriptive and logical than those 
for RS232C. Like RS232C, RS449 references the digital side of the modem rather 
than the analog side. Three RS232C pin designations (pins 1, 9, and 10) are not 
included in RS449. The following 1 0  circuit functions were added that have no 
RS232C equivalent: 
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LL-local loopback 
RL- remote loopback 
TM -test mode 
SS-select standby 
SB-standby indicator 
IS-terminal in  service 
NS-new signal 
SF-select frequency 
SC-send common 
RC- receive common 

The following table lists the pin numbers and definitions for the 37-pin primary con- 
nector used with RS449. (Both primary and secondary channels are listed) and shows 
the relationships between RS449 and RS232C. 

RS4491232C Relationships 

- - - - 

RS449 And RS232C 
Equivalent Functions 

RS449 RS232C 

SG 
IC 
T R 
DM 
SD 
RD 
TT 
ST 
RT 
RS 
CS 
RR 
SQ 
SR 
SI 

SSD 
SRD 
SRS 
SCS 
SRR 

SBB Secondary 
SCA Circuits 
SCB 
SCF 

SC,RC,IS,NS,SF,LL,RL, 
TM,SS, and SB have no 
RS232C equivalents. 

EIA RS232C 

Pin Circuit Description 

AA 
B A 
B B 
C A 
CB 
CC 
AB 
CF 
- 

- 

- 

SCF 
SCB 
S BA 
DB 

SBB 
DD 
- 

SC A 
CD 
CG 
CE 

CHIC1 
D A 
- 

Protective Ground 
Transmitted Data 
Received Data 
Request t o  Send 
Clear t o  Send 
Data Set Ready 
Signal Ground 
Rec Line Sig Det 
(Data Set Testing) 
(Data Set Testing) 
Unassigned (OM-209) 
Sec Rec Line Sig Det 
Sec CTS 
Sec Tran Data 
Trans Sig Timing (DCE) 
Sec Rec Data (DCT-209) 
Rec Sig Timing (DCE) 
Unassigned (DCR-209) 
Sec RTS 
Data Term Rdy 
Sig Qual Det 
Ring Indicator 
Data Rate Sel (DTEIDCE) 
Trans Sig Timing (DTE) 
Unassigned (CR-202T) 
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RS449 Pin Identif ication 

Pin No. Mnemonic 

Dual- 
Function 

Pin 

- 

SI 
- 

SD 
ST 
RD 
R S 
RT 
CS 
L L 

D M  
T R 
R R 
RL 
I C 
SF 
SR 
TT 
T M  
SG 
R C 
- 

Same as 4 
Same as 5 
Same as 6 
Same as 7 
Same as 8 
Same as 9 

IS 
Same as 11  
Same as 1 2  
Same as 1 3  

S S 
SQ 
NS 

Same as 1 7  
SB 
SC 

Function 

Shield 
Signaling-Rate Indicator 
Spare 
Send Data 
Send Timing 
Receive Data 
Request t o  Send 
Receive Timing 
Clear t o  Send 
Local Loopback 
Data Mode 
Terminal Ready 
Receiver Ready 
Remote Loopback 
Incoming Call 
Select Frequency 
Signaling-Rate Selector 
Terminal Timing 
Test Mode 
Signal Ground 
Receive Common 
Spare 
Secondary 
Secondary 
Secondary 
Secondary 
Secondary 
Secondary 
Terminal in Service 
Secondary 
Secondary 
Secondary 
Select Standby 
Signal Quality 
N e w  Signal 
Secondary 
Standby Indicated 
Send Common 
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Appendix B 
SPECIFICATIONS AND GENERAL INFORMATION 

This appendix provides 3497Al3498A specifications and general information. 

SPECIFICATIONS shows overall system specifications for the 3497A and the 3498A 

Extender and for the 3497A  options (Options 0 0 1  through 140) .  GENERAL INFOR- 

MATION provides warranty information, shows how t o  obtain repair service, gives 

shipping guidelines and includes manual information. 

SPECIFICATIONS 

Specifications for the 3497Al3498A and plug-in assemblies are performance 

characteristics of the instruments which are certified. These specifications are the 

performance standards or limits against which the instrument is tested. 

Also included are some supplemental characteristics of the 3497A.  These should be 

considered as additional and general information. Because of the many operational 

capabilities of the 3497A,  exercise care when checking the instrument's 
specifications. 

Any changes in specifications due t o  manufacturing changes, design, or traceability 

t o  the National Bureau of Standards will be covered in a MANUAL CHANGE 

supplement. 
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SPECIFICATIONS TABLES 

SYSTEM ACCURACY SPECIFICATIONS 

These system specifications combine individual accuracy specifica- 
tions t o  result in a total measurement accuracy specification. For 
example, the resistance specifications combine the DVM, current 
source and acquisition assembly error terms. 

Voltage Measured Through Acquisition Assembly 

3497A Configuration: 
DVM: 5% digit, auto zero on 
Relays Switches: Tree Switched 

Accuracy: (% of reading + number of counts) 

9 0  Days 23OC + 5OC 

Voltmeter Digits Displayed 
Range 5% digits 4% digits 3% digits 

Resistance Measured Through an Acquisition Assembly 

3497A Configuration: 
DVM: 5 %  digit, auto zero on 
Current Source: As indicated 
Relay Switches: Configured for a 4-terminal resistance 

measurement 

Characteristics 

Effective Effective Current 
Resistance Resistance Source 

Range Resolution Range Range 

Accuracy: + ( %  of reading + number of counts) 

9 0  Davs 23OC + 5OC 

Range 
Relays Digits Displayed 

(Opt. 010) 5% digits 4% digits 3% digits 

1 1 0 0  R ,032 + 5 .035 + 2 0.125 + 1 i 

System Noise Rejection 

Normal Mode Rejection (NMR): ( 5 0  or 6 0  Hz + .09%) 

DVM Digits Displayed Rejection 

NMR is a function of the 3497A DVM configuration only and 
is not affected by the number of channels in the system. 

Effective Common Mode Rejection (ECMR): The ECMR of a 3497A 
based system is a combination of the ECMR of the 3497A 
DVM and the effects of adding multiplexer assemblies 
and 3498A extenders. 

ECMR: l ( k R  imbalance in low lead, using tree switching, 
ac at  5 0  or 6 0  Hz, 25OC, < 8 5 %  R.H.) 

Voltmeter Configuration 

Number of 
Acquisition Channels 

(Options 10.201 5% digits 4% digits 3% digits 

0 
AC 150  dB 9 0  dB 9 0  dB 

DC 1 2 0  dB 1 2 0  dl3 120  dB 
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Measurement Speeds 
For the 3497A DVM and the relay multiplexer. Speeds are given 
for measurements on random channels (using software channel 
selection) and sequential channels (using external hardware 
increment). Speeds include 110 times to the indicated computers. 

Number 
of Digits Computer 
Selected 85 9826' 1 0001 1000E.F 

Sequential 5% digits 39( 33)'" 39 39(25) 30(25) 
Channels using 
external 4 %  digits 97( 88) 103 108(79) 88(79) 

I increment 3 %  diaits 112(107) 123 l27 (99)  1 O7(99) 1 

I Random 5%dig i ts  13( 15) 2 7 21(16) 22(16)1 
Channels using 
software 4%dig i ts  1 4 ( 2 1 )  5 1 31 (28) 35(30) 

3 %  digits 14( 23) 5 5 33(29) 35(32) 

"9826 speeds for BASIC operating system 
" "50 Hz speeds in ( ) 

TlMERlREAL TIME CLOCK 

Clock Format 
Month:Day:Hours:Minutes:Seconds (Option 230) 
Day:Month:Hours:Minutes:Seconds (Option 231 ) 

Maximum 
Time Resolution Accuracy Output 

Real 1 year 1 second *(.005% of time Display 
Time + . I s )  and 
Mode HP-IB 

Elapsed l o 6  1 second +(.005% of time Display 
Time seconds + . I s )  and 
Mode HP-IB 

Time 24 hours 1 second + (.OO5% of time HP-IB 
Alarm + . I s )  SRQ 
Mode 

Time 24 hours 1 second +(.005% of time 50 pS 
Interval + . I s )  TTL 
Mode Pulse 

+ HP-IB 
SRQ 

Time 1 second 100 pS + (.02% of time) 16 pS 
Output TTL 
 ode Pulse 

Power Failure Protection: Battery back-up for > 24 hours 
for time and elapsed time only 

3497A MAINFRAME AUXILIARY INPUTSIOUTPUTS 

Ext Trig. Input: TTL Compatible 
Minimum pulse width: 50 n seconds 

Ext Incr. Input: TTL Compatible 
Minimum pulse width: 50 p seconds 

BBM Sync: TTL Compatible 
This terminal serves as a break before make synchronizing 
signal to the 3497A and other equipment. The terminal is 
both an input and output with a low level indicating a 
channel is closed. The 3497A will not close any addi- 
tional channels until the line is sensed high and the line 
will float high when all channels are open. 

VM Complete Output: TTL Compatible 
Pulse width = 500 n seconds 

Channel Closed Output: TTL Compatible 
Pulse width = 500 n seconds 

Timer Interval Output: TTL Compatible 
Output port for the t ime interval and t ime output 
functions. 

Physical Parameters 

Size (3497A or 3498A): 190.5 mm (7% in.) high 
428.6 mm (16 718 in.) wide 
520.7 mm (20% in.) deep 
An additional two inches in depth should be allowed for 
wiring. 

Net Weight: 

3497A 3498A 

Maximum 20.4 kg 20.4 kg 
(with assemblies in all slots) (45 Ibs.) (45 Ibs.) 
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Shipping Weight: 

3497A 3498A 

Maximum 26.3 kg 26.3 kg 
(with assemblies in all slots) (58 Ibs.) (58 Ibs.) 

Environmental (3497A or 3498A): 
Warm Up time: 1 hour 
Operating Temperature O°C to 55OC 
Non-operating Temperature: -40°C to 75OC 
Humidity: to 95% at 40°C except as noted 
Shock: 3 0  G, 11 Millisec. sine wave on each of six sides 
Vibration: 10 Z to 55 Hz at ,010 inch peak to peak excursion 
Operating Power: switch selection of 110 volts, 120 volts, 
220 volts, 240 volts, zt 10%. 48-66 Hz, 150 VA 3497A, 
150 VA 3498A 

OPTION 001 
5% DIGIT DVM AND CURRENT SOURCE 

Voltmeter RangesIResolution 

Maximum 5% Digit 4% Digit 3% Digit Max. Input 
Range Display Resolution Resolution Resolution Voltage 

Voltmeter Measurement Accuracy 
+ (% of reading + Number of Counts) 

(Auto Zero On) 

24 Hours: 23'C & 1°C 

1 Year: 23°C * 5°C 

Digits Displayed 
Range 5% Digits 4% Digits 3% Digits 

0 . 0 1 5 + 3  0 . 0 2 + 1  0.1 + 1  
Digits Displayed 

Range 5% Digits 4% Digits 3% Digits 

I .1OV ,003 + 3 .01 + 1 .1 + 1 

90 Days: 23'C * 5'C 

Digits Displayed 
Range 5% Digits 4% Digits 3% Digits 

Auto Zero off': Additional Error if Auto Zero is 
thermally stable environment (temperature 
than * 1 OC, up to 24 hours) 

Range Additional Error 

10  counts 

1O.OV 1 count 

I IOO.OOV 1 count I 

turned off in a 
deviations less 
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Temperature coefficient': + (% Reading + Number of Counts)IoC; 
0-18OC. 28-55OC 

Range 

1 .0ov .00020 + .02 

1Valid for 5% digit operation. 
Multiply counts by .1 for 4% 
dig i t  operat ion.  Mu l t i p l y  
counts by .O1 for 3 %  digit 
operation. 

Noise Rejection 
NMR = NORMAL MODE REJECTION (50  or 6 0  Hz. f .09%) 
ECMR = EFFECTIVE COMMON MODE REJECTION ( 1  kQ 

unbalance, low lead) 

Digits Displayad 
(Integration Pariod in ~ycles') 

5% Digits 4% Digits 3% Digits 
Rejection (1 cycle) (.I cycle) (.01 cycle) 

AC NMR (dB) 
( 5 0  or 6 0  Hz) 

AC ECMR (dB) 
(50  or 6 0  Hz) 

( DC ECMR (dB) 1 2 0  120  120  1 
' lntegration Period in line cycles 

1 cycle = 16.7 ms for 6 0  Hz operation 
1 cycle = 2 0  ms for 50  Hz operation 

lnput Impedance 

Hi to Low 
(in parallel with 25°C. < 85% R.H. 

120 pF at 1 MHz) 4OoC,<60% R.H. 40°C,<95% R.H. 

I . 1 V t o  10V  Ranae > 1 OlOn > lo9n I 
I 100V Range 10MQ * .5% 1 OMn + .5% 1 

Maximum Input Voltage 

High to Low: 1 2 0  V peak 
Low to Guard: 170  V peak 
Guard to Chassis: 170  V peak 

Current Source 

Temperature 
Coefficient 

Accuracy (per O C ;  

24 Hours 90 Days 1 Year 0°C-18°C; 
Range 23°Ci10C 23'C?5OC 23OC?5OC 28°C-550C) 

Compliance: > + 15 volts 
Isolation Voltaga: 170  volts peak 
Output Resistance: > 1 OlOQ 

General lnformation 

Maximum Reading Rate: (readingslsecond) 

60 Hz Operation 50 Hz Operation 
Auto Zero Diaits Disnlaved Diaits Disolaved 

Delay: 0 t o  99.9999 sec. in 100  gsec. steps 
Buffer size: Packed Format: 1 0 0  Readings 

ASCII Format: 6 0  Readings 
Number of readings per Trigger: 1 t o  9 9 9  

OFF 5 0  200  3 0 0  4 0  166 250  

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



650 Specifications and General Information 

OPTION 010 Open Channel Isolation: 
20 CHANNEL RELAY MULTIPLEXER ASSEMBLY 

25°C. <'85% R.H. 
40°C, <6O% R.H. 40°C. >95% R.H. 

Hi to  Lo 
Option 0 1  0 > I OlOn 

Option 0 2 0  Open < 1 OlOSl 
Closed > l o8  f l  

Lo t o  Guard < l o8  0 

Guard t o  Chassis > 1 OlOn 

lnput Characteristics 

Maximum lnput Voltage: < 170V peak between any t w o  input 
terminals 

Operating Characteristics 

Maximum Switch Rate: Random Channels; 
Using Hardware Increments: 475/second 

Rated Switch Life at 1 VA: 1 o7 operations 

All Relays are Break Before Make 

AC Performance 

High to Low Capacitance: Channel Open: < 1 0  pF/per channel 
Maximum Current: 5 0  m A  per channel non-inductive 

Maximum Power: 1 VA  per channel 

Thermal Offset: Direct Switched: < 1pV Differential 
Tree Switched: < 2  pV Differential 

Closed Channel Resistasnee: 
In Series: 1 0 0  CI * 1 0 %  in High, Lo and Guard Relays 
Contacts Only: < 1 Q per contact 

OPTION 020 
RELAY MULTIPLEXER ASSEMBLY WITH 

THERMOCOUPLE COMPENSATION 

Reference Junction Compensation Comparison 

I Measurement Channels 
Available oer Assemblv 1 1 9  1 2 0  I 

Compensation Type 
Software Hardware 

Channel closed: < 2 2 0  p ~ / ~ e ;  channel 

Compatible 
Thermocouples 

Interchannel Capacitance: < 1 0  pF 

Frequency Response 
(1  M n  Termination, 
1 0  kHz Reference) 

Any Mixture 

Cross Talk 
Channel t o  Common 

5 0  Ohm Termination 
1 M Ohm Termination 

One of the 
Following Types: 
B,E,J.K,R.S.T 

Channel t o  Channel 
5 0  Ohm Termination 
1 M Ohm Termination 

100 kHz 

* .3  dB 

- 7 0  dB 
- 5 0  dB 

- 6 0  dB 
- 4 0  dB 

1 MHz 

* .5 dB 

- 5 0  dB 
- 4 0  dB 

- 4 0  dB 
- 3 0  dB 

Reference Junction 
Compensation Accuracy 
(23OC * 5OC) 
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Valid for thermocouple compensation only. The total  accuracy o f  
349 7A based temperature measurement systems including com- 
pensation accuracy, 349 7A scanner offsets. D V M  accuracy and  
software accuracy is  shown below. 

Temperature Coefficient 
(O°C - 18OC, 
28OC - 55OC) 

Open Channel Isolation: 

Stability 

Temperature Difference 
Across Isothermal 
Block: 

25°C. < 85% R.H. 
40°C. < 60% R.H. 40°C, >95% R.H. 

I 

.075°C/1000 Hours 

< .Z°C 

Hi t o  Lo 
Option 0 1  0 > 1 0'On > lo9n 
Option 0 2 0  Open < 10'OCl > lo9n 

Closed > lo8 12 > 1 07n 

Lo t o  Guard < l o8  !I > 1o7n 

Guard t o  Chassis > 1 O'OQ > 1 09n 

Temperature Measurement Accuracy AC Performance 

Software Compensation 
Output: 
(Channel B91 

Additional In Series 
Resistance: 
(Hardware Compensa- 
sation only). 

For a 3497A  based temperature measurement system. High to LOW Capacitance: Channel Open: < 1 0  pFIper channel 
Includes all errors introduced by the 3497A and the HP 3054AlC Channel Closed: < 2 2 0  pF/per channel 
Data Acquisition/Control System Software. 

Interchannel Capacitance: < 1 0  pF 
lnput Characteristics 

100 kHz 1 MHz 
Maximum lnput Voltage: < 1 7 0  V peak between any t w o  input 

terminals Frequency Response 
( 1  MQ Termination, 

Maximum Current: 5 0  m A  Der channel non-inductive 1 0  kHz Reference) * .3 dB i . 5  dB 

Maximum Power: 1 VA  per channel 

100mVlOC 
2.5VQ25OC 

Thermal Offset: Direct Switched: < 1 pV Differential 
Tree Switched: < 2 pV Differential 

Closed Channel Resistance: 
In Series: 1 0 0  0 * 10% in High, Lo and Guard 
Relays Contacts Only: < 1 0 per contact 

1 OQ 

Cross Talk 
Channel t o  Common 

Operating Characteristics 

Maximum Switch Rate: Random Channels; 
Using Hardware Increments: 475lsecond 

Rated Switch Life at 1 VA: 1 o7 operations 

All Relays are Break Before Make 

5 0  Ohm Termination - 7 0  dB - 5 0  dB 
1 M Ohm Termination - 5 0  dB - 4 0  dB 

Channel t o  Channel 
5 0  Ohm Termination - 6 0  dB - 4 0  dB 
1 M Ohm Termination - 4 0  dB - 3 0  dB 
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OPTION 050 
16 CHANNEL ISOLATED DIGITAL INPUTIINTERRUPT ASSEMBLY 

lnput Signal Characteristics 

Input Max. Input Min. Input 
Level VLolmax.l VHl(min.) Voltage Current 

(5 volt level is standard, 12 and 24 volt levels are 
jumper selectable. Other voltage levels can be ac- 
cepted using customer supplied resistors). 

Maximum Isolation Voltage: < 170V peak between any input 
terminal and ground. 

Digital lnput Mode (Bits 0.15) 

Logic Polarity: Positive True 
(Negative True is jumper selectable) 

Handshaking: Gate and Flag Lines are optically isolated. Gate 
output is open collector. Flag input is identical t o  input 
lines. Polarity of gatelflag is jumper selectable. The assembly 
may be configured t o  operate w i th  no handshaking. 

lnterrupt Mode (Bits 0.71 

Minimum Pulse Width: 100  microseconds 

Period Mode: 

lnput Signal Characteristics: 
Maximum lnput Frequency: 100  kHz 
Minimum On Time: 5 ps 
Minimum Off Time: 5 ps 

Range Charactristics: 

Least Significant Digit (LSD) Periods 
Range HP-IB Display Averaged 

Triggering: Each interrupt line is individually programmable for 
positive or negative edge triggering. 

Masking: Each interupt line may be enabled or disabled using a 
programmable mask. 

Multiple Interrupts: Multiple interrupts are latched and are dealt 
w i th  at a computer dependent rate. 

lnterrupt Timing: The Option 0 5 0  assembly wil l  respond t o  an 
interrupt wi th in 1 millisecond of a programmed interrupt 
condition change. 

Five Volt Supply: Source up t o  2 0  m A  per assembly. 

Operating Consideration: Digital lnterrupt (SRQ) is not  
available in the 3498A Extender. 

OPTION 060 
100 kHz RECIPROCAL COUNTER ASSEMBLY 

lnput Signal Characteristics: 

lnput Levels: 

Input VILo) VIHi) Max 
Level (maximum) (minimum) Input 
Range Isolated Nonko Isolated Non-iso Voltage 

lnput Circuit: Switch selection of optically isolated or non-isolated 
input. Non-isolated input has 19.5 kQ minimum input 
impedance. Non-isolated mode is standard. 

Minimum Current: 
Isolated: (all ranges) 8 m A  
Non-isolated: 5V  range: 3 0  pA 

12V  range: 2 5 0  pA 
24V range: 7 5 0  pA 

lnput Fuse: 125  m A  

Maximum Isolation Voltage: 170  V peak between any terminal and 
ground. Frequency 5 6 0  Hz. 
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Accuracy: + (.01% of reading + 2 LSDs + Trigger Error) 

Trigger Error: Maximum Transition Time for input voltage to go 
from V(Lo) to V(Hi) or V(Hi) to V(Lo) 

Pulse Width: 

lnput Signal Characteristics: 
Minimum Start to Stop Time (Pulse Width): 18 ps 
Minimum Stop to Start Time: 18 ps 

Range Characteristics: 

Least Significant Digit (LSD) Periods 
Range HP4B Display Averaged 

Accuracy: k (.01% of reading + Trigger Error + 2 LSDs or 
18 ps, whichever is greater) 

Trigger Error: Maximum Transition Time for input voltage to go 
from V(Lo) to V(Hi) + V(Hi) to V(Lo) 

TotalizelDown Count Mode: 

lnput Signal Characteristics: 
Maximum lnput Frequency: 100 kHz 
Minimum Pulse Width: 5 ps 

OPTION 0701071 
1201350 OHM, STRAIN GAUGEIBRIDGE COMPLETION ASSEMBLIES 

No Manual Adjustments 
The assembly is used with an external supply and either the 
3497A voltmeter or an external 3456A voltmeter. The initial 
voltmeter readings for bridge excitation and bridge unbalance 
are used by the system computer to solve the bridge equation, 
eliminating the need for any span and offset adjustments. To 
compute strain, this assembly must be used in conjunction 
with a system computer. 

Bridge Excitation 
The excitation voltage Vs is always applied, never switched, so 
there are no errors due to the dynamic heating and cooling of 
the gauge. Since the excitation voltage is measured on each 
strain gaugelbridge card, the strain accuracy is independent 
of long-term supply voltage changes. An inexpensive power 
supply, such as the HP 6214A, is adequate to achieve the 
accuracy specification shown. It also has enough current 
capability to provide power for up to 50 channels (5  cards). 

Excitation Supply Requirements: 
( %  bridge configuration) 
Vs max: i 5.4 volts DC 
Is: 250 mA per 10  channels (120 ohm gauges) 

8 0  mA per 10  channels (350 ohm gauges) 

General Information: 

a Isolation Voltage: r 170 V peak between any terminal and chassis 

Range: 0 to 999,999 

Preset Value Range: 0 to 999,999 

General lnformation 

Level Change Output: Level change occurs on measurement complete, 
overflow and zero count (down count mode only). 
Output Circuit: Open Collector 

Isolated mode is standard; non-isolated is jumper 
selectable. lnterrupt mode is standard; square wave 
output is jumper selectable. Negative true logic is 
standard; positive true is jumper selectable. 

Maximum Current: 1.6 mA 
Maximum Voltage: 12 volts 
Maximum Low Level Voltage: .65 V at 1.6 mA 

Square Wave Output Operation: The output line can be configured to 
act as a square wave output with a frequency equal to % 
of the counter input signal. When used in the count down 
function with the counter input connected to the 3497A Timer 
output (or other external source), the counter output line 
can be used to output a programmable number of square 
wave pulses. This feature may be useful in driving devices 
controlled by square wave pulse trains like stepper motor 
controllers. 
Maximum lnput Frequency: 2 kHz 
Maximum Output Frequency: 1 kHz ( %  of input frequency) 
Output Range: 0-499.999 pulses programmable 

+ 5 Volt Supply: Jumper selectable to sense contact closures 
and open collector outputs on the non-isolated input. May 
also be used to supply open collector level change output. 
Connected through supplied pull up resistors. 

Operating consideration: Digital lnterrupt (SRQ) is not available in the 
3498A Extender. 

Sensitivity vs. Supply Voltage 

Bridge Type Vs = 100 mV Vs = 1 volt Vs = 5 volts 
I 

Full 0.5 p~ 0.05 BE 0.01 p~ 

% 2 pe 0.2 pe 0.04 pe 

(GF = 2, System Voltmeter = 3456A. For 3497A 
Voltmeter, multiply numbers by 10). 

Accuracy 
These specifications include all system-related errors: bridge 
resistor tolerance and drift, thermal offsets of bridge scanner 
and voltmeter, voltmeter accuracy, injected currents, self- 
heating of bridge resistors and system noise. The only exceptions 
are lead wire mismatch and the accuracy of the gauge itself. 
Specifications are valid for either the 3497A or the 3456A volt- 
meter with integration time set to one power line cycle. 
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Accuracy At V, = 100 mV Accuracy at Vs = 5 volts 

Temperature 
Bridge 24 Hr. 90 Day 590  Days Coefficient 
Type f 1°C 23 f 5'C 23 + 5'C (0.18.28-55°C) 

Full 1 pe 1 pe 0.04 peIMo. 0 .025 pel°C 

% 4 5 pe 0.4 pelMo. 0.3 peI0C 

'/4 7 25  pe 1.8 pelMo. 1.8 pcl°C 

Accuracv At V r  = 1 Volt 

1 Full 3 uc 3.5 ut  0 .04 uelMo. 0.1 ueI0C I 

AC Performance 

Contact Capacitance: < 1 5  pF 

Interchannel Capacitance: < 3 0  pF 

Frequency Response 

(1  0 kHz Reference) f < 100 kHz f < 1 MHz 

5 0  Ohm Termination * .3  dB + .5 dB 

I l M  Ohm Termination k . 3  dB +.5  dB I 
Cross Talk 

I 1 M  Ohm Termination < 3 0  dB < 3 0  dB 

Full 2 0  pe 3 5  yc 0 .04 

% 4 0  ue 75 uc 0.9 uc1Mo. 

All Specifications Are k 
These figures assume a gauge factor of 2. 

Maximum self-heating offset due t o  change in the number 
of gauges on one assembly: 0 . 3  pe per gauge (Vs = + 5, 
R, = 1 2 0  Q ,  % bridge) 

Maximum self-heating offset due t o  .1  V change in supply 
voltage: 0.38 pe (Vs = + 5, R, = 1 2 0  Q ,  % bridge). 

OPTION 11 0 
ACTUATORIDIGITAL- OUTPUT ASSEMBLY 

Input Characteristics 

Contact Ratings: Voltage: * 1 0 0  V peak 
Current: 1 amperelchannel 
Power: 100  volt ampereslchannel 

CAUTION: For use only in circuits fused at 1 ampere or less 
and less than 1 0 0  VA. 

Thermal Offset: < 2 0  pV 

Contact Resistance: < 4 0 0  milliohms 

Isolation: > 106 Q common t o  open 

Isolation Voltage: 170V peak any terminal to  chassis 

General Information 

Single Channel Closure Rate: > 27lsecond (Using 9835A)  

Switch Life: > 1010 wi th  contact ~ r o t e c t i o n  

+ 5V Supply: Source up t o  5 0  m A  per assembly 

Operating Considerations: Should not be used in a position greater 
than 30°  above horizontal 

Handshake Lines: Optically isolated, TTL compatible, open collector 
output 
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OPTION 115 
8 CHANNEL HIGH VOLTAGE ACTUATOR ASSEMBLY 

Maximum Contact Ratings: 

Voltage AC 252  VRMS DC 4 8  VDC 
Current AC 2 amps RMS DC 2 ADC 
Power AC 500 VA per chan. DC 6 0  VA  per chan. 
Peak Surge Current: 1 0  Amps RMS 
Thermal Offset: < 2OpV 
Series Resistance: < 500  mf l  

Isolation Impedance: > 106 ohms, input t o  output wi th no protection 
network 

Isolation Voltage: > 4 0 0  V peak input t o  output 
> 1500  VRMS t o  chassis 

Minimum Input: 1 0 0  FA, 100  mV DC (for contact cleansing) 

Relay Lifetime: > 108 at minimum load, > 105 at full load 
Maximum Leakage Current: 

(at 2 5 0  VRMS and 6 0  Hz) 

Switching Speed: Any combination of channels can be closed 
1 mA RMS wi th  no protection network 

simultaneously. Programming and execution of a single or 
6 mA RMS wi th  protection network 

multiple channel closure or open requires 4 0  ms. Repetitive 
changes of the same Option 1 1 5  assembly are limited t o  one 

Protection Network: R = 4 7  Ohms + 20%.  

every 1.5 seconds. Changes of the same assembly up t o  25  C = .047pF  i 10% 

a second can be jumper enabled but wil l  result in decreased 
lifetime at full load. 

OPTION 120 
DUAL OUTPUT, 0 TO * 10V VOLTAGE DIA CONVERTER 

8 Output: 1 3  bits including polarity 

Least Significant Bits: 2.5 mV - / 
6 Output Ranga: -10.2375 V t o  +10.2375 V 

Temperature Coefficient: (0-1 8OC. 28-50°C) * .0045% of pro- 
grammed valueIoC i 100  pVI0C 

Ripple and Noise: 2.5 mV rms, 2 0  Hz t o  2 5 0  kHz into 1 k f l  

Load Regulation: 6 0 0  pV(0-15 mA)  

Maximum Output Current: 1 5  mA (output within specifications) 

Short Circuit Current: (maximum) 5 0  mA 

Settling and Programming Time: (Using 9835A Computer, 3497A Maximum Voltage Drop in Source Leads Using Remote Sense: 
DVM in Trigger Hold, R(L) = 1 kfl, C(L) = 1000  pF) Low Lead: .5 V 
To within * 1.0 mV of final value: 100  ms High Lead: 1.5 V 

Isolation: > 1 7 0  V peak between any terminal and chassis Monotonicity: Over operating range (Monotonicity guarantees that 
the output wil l  never change in a direction different than 

Protection: Can withstand indefinite open or short circuit that programmed) 
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OPTION 130 
DUAL OUTPUT. 0.10 mAI4-20 mA CURRENT DIA CONVERTER 

Analog Output: 12 bits 

Least Significant Bit: 5 pA (0-20 mA range) 
4 pA (4-20 mA range) 

Output Current Range: 0 to  20.475 mA or 4 to 20.380 mA (each 
source jumper selectable) 

Accuracy: 
24  Hours, 

23OC i 1 OC: + .03% of programmed value * 6.5 pA 
9 0  Days, 

23OC * 5OC: * 0.07% of programmed value * 10.0 pA 

Temperature Coefficient (0-18'C. 28.50°C): 
i .0075%I0C of programmed value * 650 nAI0C 

Ripple and Noise: 5 pA rms, 20 Hz to 250 kHz into 100 ohms 

Compliance Voltage: 12.0 volts 

Load Regulation: + 2.0 pA (2.0 V to 12.0 V) 

Monotonicity: Over operating range (Monotonicity guarantees that 
the output will never change in a direction different than that 
programmed) 

Settling and Programming Time: (Using 9835A Computer, 3497A 
DVM in Trigger Hold, R(L) = 100 Q) 
To within * 3.0 pA of final vlaue: 100 ms 

Isolation Voltage: > 170 V peak between any terminal and chassis 

Protection: Can withstand indefinite open or short circuit 

OPTION 140 
BREADBOARD CARD 

Component Area: (consisting of plated thru .1 168 cm. (.046") inside 
diameter holes spaced ,254 cm. ( . l oo" )  apart 

Maximum Component Height: 1.4 cm. (.55 in.) 

Maximum Component Lead Length: .51 cm. (.2 in.) 

Maximum Power Dissipation: (total per assembly from all supplies): 
2 watts 

Power Supply Rating: S: (supplied by the 3497A. maximum per card, 
up to 5 cards per 3497A cardcage) 

Digital Supplies (Nonisolatedl: + 5 V @ 400 mA max. 

Analog Supplies (Isolated): 

General Communication Rate: Instructions can be sent to the 3497A 
breadboard card and data read from the 3497A breadboard 
card at a rate of 20 individual operations per second using the 
HP 85, and 9 0  operations per second using the HP 9826 
computer. 

Maximum 
Current 

I t 1 9 V  2 0 m ~ I  
Guard Related Supplies - 19 v 20 m~ 

Low Related Supplies 

I I I 
To avoid design difficulty and possible damaae to the 

+ 5 V 50 mA 
+ 15 V 2 mA 
- 8 V  100uA 

3497A, analog (isolatediand digital (nonisolaied) sup- 
dies should not be interconnected. 
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OPTION 232 
RS2321423 (CCITT V.241V.10) INTERFACE 

Specifications 

These specifications are particular t o  the 3497A Option 232 
operating at 60 Hz line frequency. For 50 Hz operation, multiply 
rates by 516. 

BPS Rate Vs. Distance 

RS232C (V.24) recommends a maximum cable length of 
50 feet or less than 2500 pF of total load capacitance. 

The distance specifications for RS423 (V.10) are: 

ASCII mode, display off, internal trigger: I BPS 110 300 600 1200 1 
Auto Zero Off 300 1200 9600 19200 

3 % 3 10 65 100 

4 % 3 10 60 86 

1200 m 1200m 1200 m 900 m 
Distance 

4000 f t  4000 f t  4000 f t  3000 f t  

BPS 2400 4800 9600 19200 

600 m 300 m 120 m 60 m 
Distance 

3000 f t  1000 f t  400 f t  200 f t  I Auto Zero On 300 1200 9600 192001 

Maximum Reading Rate For 85 Readings 

Packed mode, display off, reading storage on, single trigger burst, fixed channel: 

#Dioits Auto Zero On Auto Zero Off 
Minimum analog switching time for sequential scanning: 

280 channelsls (chis) 

Minimum analog switching time for random scanning 10 channels or less: 
120 channelsls (chis) 5 % 26 50 

BPS Vs. Reading Rate 

Readings transferred directly into the computer. 

Packed mode, display off, internal trigger, fixed range 

> 10 Channels: 

BPS 300 1200 9600 19200 

Switching Rate chls 7 2 6 83 95 

Minimum analog switching and reading time for sequential scanning: 

I BPS 300 1200 9600 192001 

Auto Zero Off 

3 % 

Switching Rate chls 10 40 120 130 

BPS 

300 1200 9600 19200 

10 38 190 210 Minimum analog switching and reading time for random scanning 10 channels 
or less: 

BPS 300 1200 9600 19200 

Switching Rate chls 5 18 60 6 5 

> 10 Channels: 

Auto Zero On 

3 % 

4 % 
BPS 300 1200 9600 19200 

Switching Rate chls 7 13 2 5 27 

Interrupt response: The length of time for BREAK t o  be sent to  the 
computer after an interrupt occurs: 150 ms. Includes HP 85A 
response time. 

300 1200 9600 19200 

10 38 140 160 

10 38 100 110 
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D to A output response vs. BPS: The length of time required to 
respond to a change in the output of the D to A card after 
the commands for change are received by the 3497A 

I BPS 300 1200 9600 192001 

Switching Rate ms 500 175 100 100 

Handshakes: ENQuireIACKnowledge and DC1 

Error Checking: Even, odd, or no parity. On detection of a parity error, 
the status register sets a bit for parity error. 

Accessories Supplied: Supplied standard with Option 232 is a 
13222-60001 5 meter, 50 pin connector to male RS232C 
connector, adapter cable. 

OPTION 298  
ADD 3 4 9 8  EXTENDER 

Number of Slots per 3498A: 10 

Maximum Number of Added Analog Multiplexer Channels (Options 010, 
020): 900 channels (45 assemblies) 

Maximum Number of Added Nowanalog Acquisition Assemblies (Options 050, 
060, 1 10, 11 5, 120, 140): 85 assemblies 

Maximum Separation From the 3497A: 
3498A with analog cards (Options 010, 020, 070, 071): 
100 meters 
3498A with digital assemblies (all other options): 25 meters 
(2 meter cables are supplied standard) 

Maximum Number of 3498Ars per 3497A: 13 

Isolation: 

25°C. >85% R.H. 
40°C. >60% R.H. 40°C, > 95% R.H. 

I Hi to Lo > 10" Ohms > lo9  ohms I 
I Lo to Guard > l o8  Ohms 1 o7 o h m s 1  

I Guard to Chassis > l o8  Ohms > 1 0 ~ 0 h m s  I 
Operating Considerations 

Digital lnterrupt is not passed between the 3498A and the parent 
3497A. Digital lnterrupt is found on the Option 050 Digital 
Inputllnterrupt Assembly and on the Option 060  Counter 
Assembly. 
The DVM assembly cannot be used in the 3498A. 
Power and Environmental Information: see 3497A data. 

Output Data Format 

The 3497 has the ability to send data in ASC:II or packed BCD. 
The output format for ASCII is: 

Measured Data 
Time of Day 
Elapsed Time 

Digital ReadILoad 
Digital lnterrupt 
Counter Totalize 
Counter Period 
Analog Channel 
System Read 
Status Read 

* D.DDDDDE k DC, 
DD:DD:DD:DD:DDC, 
DDDDDDDDDDC, 
1st 4 DIGITS ARE ZEROS 
OOOOOOCR 0-1 777'77" 
OOOOOOCR 0-377 
DDDDDDC, 
D.DDDDDDE + DC, (sec) 
+ DDDC, "-" is no channel closed 
OOOOOOCR 0-377 
OOOOOOCR 0-377 

*D = Decimal Digit 
"0 = Octal Digit 

The packed BCD is used only for voltage measurements. 
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WARRANTY INFORMATION 

The warranty statement for the -hp- Model 3497A, -hp- Model 3498A and for all 
plug-in assemblies to  the 3497A/3498A, EXCEPT for Option 140 (-hp- Model 
44432A, Breadboard Card assembly) is in Figure B-1. The warranty statement for 
the Option 140 assembly ONLY is in Figure B-2. 

HOW TO OBTAIN REPAIR SERVICE 

You may have your 3497A repaired at your local -hp- service center at any time, 
whether it is under warranty or not. There is, however, a charge for repairs after 
the one year warranty period. Contact your local Sales and Service Office for ship- 
ping instructions prior t o  returning the instrument. A list of Sales and Service Of- 
fices is located in the back of this manual. 

3497A SERIAL NUMBERS 

Each 3497A and 3498A has a serial number printed on a plate on the rear panel. 
The serial number has the form XXXXAYYYYY where the XXXX is the serial prefix, 
A is the country of origin (A = USA) and YYYYY is the serial suffix. 

We recommend that owners keep a separate record of this number. Should your in- 
strument be lost or stolen, the complete serial number is often necessary for trac- 
ing and recovery, as well as for insurance claims. 

GENERAL SHIPPING INSTRUCTIONS 

If you need to  ship your 3497A or a plug-in assembly back to -hp- , be sure the 

instrument is packaged in a protective package (use the original shipping container 

and cushioning material, i f  possible) t o  avoid transit damage. Such damage is not 
covered by the warranty. 

Hewlett-Packard suggests that you always insure shipments. Attach a tag to  the in- 
strument identifying the owner and indicating the service or repair needed. Include 
the model number and full serial number of the instrument. In any correspondence, 
identify the instrument by model number and full serial number. 
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WARRANTY FOR 3497Al3498A AND PLUG-IN ASSEMBLIES I (EXCEPT OPTION 1 4 0  - BREADBOARD CARD ASSEMBLY) 

CERTIFICATION 

Hewlett-Packard Company certifies that this product met its published specifications at the time clf shipment from 
the factory. Hewlett-Packard further certifies that its calibration measurements are traceable to the United States Na- 
tional Bureau of Standards, to the extent allowed by the Bureau's calibration facility, and to the calibrarion facilities 
of other International Standards Organization members. 

WARRANTY 

This Hewlett-Packard product is warranted against defects in material and workmanship for a period of one year 
from date of shipment. During the warranty period, Hewlett-Packard Company will, at its option, either repair or 
replace products which prove to be defective. 

For warranty service or repair, this product must be returned to a service facility designated by -hp-. B'uyer shall prepay 
shipping charges to -hp- and -hp- shall pay shipping charges to return the product to Buyer. However, Buyer shall 
pay all shipping charges, duties, and taxes for products returned to -hp- from another country. 

Hewlett-Packard warrants that its software and firmware designated by -hp- for use with an instrument will execute 
its programming instructions when properly installed on that instrument. Hewlett-Packard does not warrant that the 
operation of the instrument, or software, or firmware will be uninterrupted or error free. 

LIMITATION OF WARRANTY 

The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by Buyer, Buyer- 
supplied software or interfacing, unauthorized modification or misuse, operation outside of the environmental specifica- 
tions for the product, or improper site preparation or maintenance. 

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD SPECIFICALLY DISCLAIMS 
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. 

EXCLUSIVE REMEDIES 

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDlES. HEWLETT- 
PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSE- 
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LE,GAL THEORY. 

ASSISTANCE 

Product maintenance agreements and other customer assistance agreements are available for Hewlett-Packard 
products. 

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. Addresses are provided 
at the back of this manual. 

Figure B-1. Warranty for 3497Al3498A 
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WARRANTY FOR OPTION 140 - BREADBOARD CARD ASSEMBLY 

CERTIFICATION 

Hewlett-Packard Company certifies that this product met its published specifications at the time of 
shipment from the factory. 

WARRANTY 

This Hewlett-Packard product is warranted against defects in material and workmanship for a period 
of one year from the date of shipment. During the warranty period, Hewlett-Packard Company will, 
at its option, either repair or replace products which prove to  be defective. 

For warranty service or repair, this product must be returned to  a service facility designated by -hp-. 
Buyer shall prepay shipping charges to  -hp- and -hp- shall pay shipping charges to  return the product 
to  Buyer. However, Buyer shall pay all shipping charges, duties, and taxes for products returned to  
-hp- from another country. 

LIMITATION OF WARRANTY 

The foregoing warranty shall not apply to  defects resulting from improper or inadequate 
maintenance by Buyer, Buyer-supplied software or interfacing, unauthorized modification or 
misuse, operation outside of the environmental specifications for the product, or improper site 
preparation or maintenance. 

The design and implementation of any circuit used on this product is solely the responsibility of the 
Buyer. Hewlett-Packard Company does not warrant the Buyer's circuitry or malfunctions of the 
3497A, 3498A, or plug-in options that result from the Buyer's circuitry. In addition, -hp- does not 
warrant any damage that occurs as a result of the Buyer's circuit, including but not limited to  the 
following: 

1. Analog and digital sections are interconnected. 

2. 3497A/98A power supply limitations are exceeded. 

3. Component height/protrusion restrictions are violated. 

4. Guard and internal 3497A DVM voltage specifications are violated. 

5. Maximum input voltage on the digital lines is exceeded. 

6 .  The trace current specifications listed in this manual are exceeded. 

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED.  HEWLETT-PACKARD 
SPECIFICALLY DISCLAIMS THE IMPLIED WARRANTIES O F  MERCHANTABILITY AND 
FITNESS FOR A PARTICULAR PURPOSE. 

EXCLUSIVE REMEDIES 

T H E  REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES. 
HEWLETT-PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, 
INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, 
TORT, OR ANY LEGAL THEORY. 

ASSISTANCE 

Product maintenance agreements and other customer assistance agreements .are available for 
Hewlett-Packard products. 

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. Addresses are 
provided at the back of this manual. 

Figure B-2. Warranty for Option 140 
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MANUAL INFORMATION 

This 3497A Operating, Programming and C onfigur ation Manual applies to all 3497A 
Data Acquisition/Control Units with serial number prefixes 2222A and above and to 
3498A Extenders with serial number prefixes 2223A and above. 

It also applies to all plug-in assemblies (Options 010 through l4O), except for --hp- 
Model 44426A 100 kHz Counter, Revision A. For information on Revision A 

Counters, see -hp- Model 44426A, 100 kHz Reciprocal Counter Assembly Operating 
and Service Manual (-hp- part number 44426-90000). 

Instruments manufactured after the publication date of this manual may have changes 
incorporated. In this case, a yellow MANUAL CHANGES sheet will accomp4any the 
manual. MANUAL CHANGES may also contain information to correct manuaR errors. 

To keep this manual as accurate as possible, we suggest that you periodically re- 

quest the current MANUAL CHANGES supplement which is identified by the print 
date and part number on the title page of this manual. Complimentary copies are 
available from your nearest -hp- Sales and Service office. 

One copy of this manual is supplied with each 3497A ordered. Additional copies may 
be ordered from your nearest -hp- Sales and Service office. The part number is listed 
on the title page of this manual. 

You may also order 100 x 150 mm ( 4  x 6 inch) microfilm transparencies of this 
manual. The microfiche part number is listed on the manual title page below the 
manual part number. Each microfiche contains up to 96  photo-duplicates of the 
manual pages and includes the latest MANUAL CHANGES supplements. 

ORDERING AND CONFIGURATION GUIDE 

The 3497A has a wide variety of optional configurations. The Ordering and Con- 
figuration Guide (see Figure B-3) is provided for your convenience. If you want to 

order any of the configurations shown, contact your nearest -hp- Sales and Service 
Office for assistance. 
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3497A ORDERING AND CONFIGURATION GUIDE 

3497A Option 
Number Description 

STANDARD Data AcquisitionlControl Unit with Front Panel Keyboard and Display. Real Time clock 
and HP-IB Interface. 

Each 3497A can hold one DVM assembly (Option 001 and up to 5 plug-in assemblies. 
Each 3498A (Option 298) can hold 10  additional plug-ins. For plug-ins in excess of 
cardcage capacity, order as 444XXX field installation kits. 

REQUIRED ON EVERY ORDER: 
A Clock Format (Option 230 or 231) 
A Power Line Frequency and Voltage 
(Options 31 5 through 346) 
Suboptions for Option 020 (if ordered) 

0 0  1 5% Digit DVM and Current Source 
1 FV Sensitivity 
Fully Programmable 
300 ReadingsISecond in 3% Digit Mode 

To field install Option 001, order 44420A kit 

'LUG-IN ASSEMBLIES 

20 Channel Relay Multiplexer Assembly 
To field install Option 01 0, order 44421 A kit 

Relay Multiplexer Assembly with Thermocouple Compensation 

Must specifiy one of the following no charge sub-options for each of the assemblies 
ordered: 

A20 software compensation 
820 hardware compensation for type B thermocouples 
E20 hardware compensation for type E thermocouples 
J20 hardware compensation for type J thermocouples 
K20 hardware compensation for type K thermocouples 
R20 hardware compensation for type R thermocouples 
S20 hardware compensation for type S thermocouples 
T20 hardware compensation for type T thermocouples 

To field install Option 020, order 44422A kit 

16 channel Isolated Digital Inputllnterrupt Assembly 
To field install Option 050, order 44425A kit 

100 kHz, Reciprocal Counter Assembly 
To field install Option 060, order 44426A kit 

120 Ohm Strain GaugelBridge Completion Assembly 
To field install Option 070, order 44427A kit 

350 Ohm Strain GaugeIBridge Completion Assembly 
To field install Option 071, order 444278 kit 

16 Channel ActuatorIDigital Output Assembly 
To field install Option 110, order 44428A kit 

8 Channel High Voltage Actuator Assembly 
To field install Option 11 5, order 44431A kit 

Dual Output 0 to  +_ 10  Volt D/A Converter Assembly 
To field install Option 1.20, order 44429A kit 

Dual Output 0-20 mA or 4-20 mA DIA Converter Assembly 
To field install Option 130, order 44430A kit 

Breadboard Card 
To field install Option 140, order 44432A kit 

Figure 6-3. 3497A Ordering and Configuration Guide 
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3497A Option 
Number Description 

CONFIGURATION OPTIONS 

230 Clock Format 
(Month:Day:Hours:Min:Sec) 

23  1 Clock Format 
(Day:Month:Hours:Min:Sec) 

232 Delete HP-IB Interface 
Add RS232C (CCITT V.24VRS423 (CCITT V.10) lnterface 
Includes 13222-60001 Cable 

1 260  Delete Keyboard and Display on the 3497A 1 298 Add 3498A Extender and Connecting Cables 

I POWER AND FREQUENCY OPTIONS 

100  Volts, 5 0  Hz 
100  Volts, 6 0  Hz 
120  Volts, 5 0  Hz 
120  Volts, 6 0  Hz 
220  Volts, 5 0  Hz 
220  Volts, 6 0  Hz 
240  Volts, 5 0  Hz 
240  Volts, 6 0  Hz 

I RACK MOUNTINGIDOCUMENTATION OPTIONS 

907 Front Handle Kit 
(Part Number 5061-0090) 

I 908  Rack Flange Kit 
(Part Number 5061-0078) 

909 Rack Flange and Front Handle Kit 
(Part Number 5061 -0084) 

9 1 0  Extra Set of 3497A13498A Documentation 

ACCESSORIES 

Extender Board for Servicing: 03497-6791 3 
Verification Connector and Software for Options 

010, 020, 050, 070, 071, 110, 115 
85A Computer: 03497-6791 2 

9825A Computer: 03497-6791 1 
9835A Computer: 03497-67909 
9845A Computer: 03497-679 1 0  
Connector Only: 03497-67908 

Extra Terminal Assemblies for 2 0  Channel Multiplexer: 03497-69542 
Relay Multiplexer with Thermocouple Compensation: 03497-69540 
Digital Inputllnterrupt: 03497-69543 
120  Ohm Strain Gauge: 03497-641 0 9  
3 4 0  Ohm Strain Gauge: 03497-641 1 0  
1 6  Channel Actuator: 03497-69544 
8 Channel Actuator: 03497-641 11 

Kit t o  Convert Thermocouple Compensation: 03497-69541 

3 0  cm (12  in.) BNC to  BNC Cable 
6 0  cm (24  in.) BNC to  BNC Cable 
120  cm (48  in.) BNC to  BNC Cable 
1 meter (39.37 in.) HP-IB Cable 
2 meter (78.74 in.) HP-IB Cable 
4 meter (157.48 in.) HP-IB Cable 

Figure B-3. 3497A Ordering and Configuration Guide (Cont'd) 
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SALES & SUPPORT OFFICES 
Arranged alphabetically by country - Pa 

Product Line Saies/Support Key Wael Pharmacy 
P.O. Box 648 
BAHRAIN 
Tel: 54886, 56 123 
Telex: 8550 WAEL GJ 
M 

Ontario 
Hewlell-Packard (Canada) Lld. 
552 Newbold Slreel 
LONDON, Onlario N6E 2S5 
Tel: (519) 686-9181 
Telex: 610-352-1201 
A.CM.CS.E'.MS.P' 
Hewlett-Packard (Canada) Lld. 
6877 Goreway Drive 
MISSISSAUGA, Onlario L4V 1M8 
Tel: (416) 678-9430 
Teiex: 610-492-4246 
A.CM,CP.E,MP,P 
Hewlell-Packard (Canada) Ltd. 
1020 Morrison Drive 
OTTAWA, Ontario K2H 8K7 
Tel: (613) 820-6483 
Telex: 610-563- 1636 
A.CM,CP,E',MS,P' 

DENMARK 
Hewlell-Packard A 6  
Datavej 52 
DK-3460 BIRKEROD 
Tel: (02) 81-66-40 
Telex: 37409 hpas dk 
A,CM,CP,E.MS,P 
Hewlell-Packard U S  
Navervej 1 
DK-8600 SILKEBORG 
Tel: 106) 82-7 1-66 

Key Product Line 
A Analytical 
CM Components 
C Computer Systems 
CP Computer Systems Primary Service Responsible Office 
CS Computer Systems Secondary SRO 
E Electronic instruments 6 Measurement Systems 
M Medical Products 
MP Medical Products Primary SRO 
MS Medical Products Secondary SRO 
P Personal Computing Products 

Sales only lor specific product line 
" Support only for specific product line 

BELGIUM 
Hewlell-Packard Belgium S.A.1N.V. 
Blvd de la Woluwe, 100 
Woluwedal 
8-  1200 BRUSSELS 
Tel: (02) 762-32-00 
Telex: 23-494 paloben bru 
A.CM,CP,E,MP,P 

~ele;: 37409 hpas dk 
CM.CS,E 

ECUADOR 
CYEDE Cia. Llda. 
P. 0. Box 6423 CCI 
Avenida Eloy Allaro 1749 
QUITO 
Tel: 450-975. 243-052 
Telex: 2548 CYEDE ED 
Cable: CYEDE-Ouilo 
A. CM, E,P 
Hospilalar S.A. 
Casilla 3590 
Robles 625 
QUITO 
Tel: 545-250, 545- 122 
Cable: HOSPITALAR-Ouilo 
M 

BRAZIL 
Hewlell-Packard do Brasil 1.e.C. 
Llda. 
Alameda Rio Negro, 750 
ALPHAVILLE 06400 Barueri SP 
Tel: 421-1311 
Telex: 01 1 23602 HPBR-BR 
Cable: HEWPACK Sao Paulo 
A.CM,CP,E,MS 
Hewlell-Packard do Brasil 1.e.C. 
Llda. 
Avenida Epilacio Pessoa. 4664 
2247 1 RIO DE JANEIRO-RJ 
Tel: 286-0237 
Telex: 02 1-21905 HPBR-BR 
Cable: HEWPACK Rio de Janeiro 
A.CM,E,MS.P' 

IMPORTANT: These symbols designate general product line capability. They do not 
Insure sales or support availability for ail products within a line, at all locations. 
Contact your local sales office lor information regarding locations where HP 
support is available lor speclllc products. 

Quebec 
Hewlell-Packard (Canada) Lld 
17500 Soulh Service Road 
Trans-Canada Highway 
KIRKLAND, Ouebec H9J 2M5 
Tel: (514) 697-4232 
Telex: 610-422-3022 
A,CM,CP.E.MP,P' 

HP dislribulors are prinled in italics 

ANGOLA 
Teleclra 
Empresa T4cnica de Equipamenlos 
El4clricos, S.A.R.L. 
R. Barbosa Rodrigues, 4 1-1 DT. 
Caixa Poslal6487 
LUANDA 
Tel: 355 15,355 16 
A',E,M,P 

Canberra. Australia Capital 
Office 
Hewlell-Packard Auslralia Ply.Lld. 
121 Wollongong Slreel 
FYSHWICK, A.C.T. 2069 
Tel: 804244 
Telex: 62650 
Cable: HEWPARO Canberra 
A',CM,CS,E,MS,P 

CHILE 
Jorge Calcagni y Cia. L Ida 
Arluro Burhle 065 
Casilla 16475 
SANTlAGOg 
Tel: 220222 
Telex: JCAL CAGNl 
A, CM, E, M 
Olympia (Chile) L Id. 
Rodrico de Araya 1045 
Casilla 256- V 
SANTlAGO 21 
Tel: 25-50-44 
Telex: 40-565 
C. P 

EGYPT 
Samilro 
sami Amin Trading Office 
18 Abdel Aziz Gawish 
A BOlNECAlRO 
Tel: 24-932 
P 
hlernalional Engineering Associates 
24 Hussein Hegazi Slreel 
Kasr-el-Aini 
CAIRO 
Tel: 23-829 
Telex: 93830 
E. M 
hlormalic For Computer Syslems 
22 Talaal Harb Slreel 
CAIRO 
Tel: 759006 
Telex: 93938 FRANK UN 
C 

ARGENTINA Melbourne, Victoria Office 
Hewlelt-Packard S,A, Hewlell-Packard Auslralia Pty.Lld. 

Avenida Sanla Fe 2035 31-41 Joseph Slreel 

Martinez 1640 BUENOS AiRES BLACKBURN, 3130 
Tei: 798-5735. 792- 1293 Tel: 89-6351 

Telex: 122443 AR ClGY Telex: 31-024 

Cable: HEWPACKARG Cable: HEWPARD Melbourne 

A.E,CP,P A.CM,CP,E,MS,P 

BURUNDI 
Typomeca S. P. R. L 
B.P. 553 
BUJUMBURA 
Tel: 2659 
P 

Biolron S.A.C.1.y.M 
Avenida Paseo Colon 22 1 
9 Pis0 
1399 BUENOS ARES 
Tel: 30-4846, 30.185 1. 30-8384 
Telex: (33) 17595 BIONAR 
Cable: BIOTRON Argenlina 
M 
Fale S.A. Eleclronica 
Barlolomeu Mitre 833 
1036 BUENOS AlRES 
Tel: 74-4 10 11, 74-49277, 
74-43459 
Telex: 18 137, 22754 
P 

Perth, Western Austraiia 
Offlce 
Hewlell-Packard Auslalia P1y.Lld 
141 Slirling Highway 
NEDLANDS, W.A. 6009 
Tel: 386-5455 
Telex: 93859 
Cable: HEWPARD Perlh 
A,CM,CS,E,MS.P 

CANADA 

Alberta 
Hewlell-Packard (Canada) Lld. 
210, 7220 Fisher Slreel S.E. 
CALGARY. Alberla T2H 2H8 
Tel: (403) 253-2713 
Telex: 610-82 1-6141 
A,CM.CP.E'.MS,P' 

COLOMBIA 
Inslrumenlaci6n 
H. A. Langebaek & Kier S.A. 
Aparlado A4reo 6287 
BOGOTA 1. O.E. 
Carrera 7 No. 48-75 
BOGOTA, 2 D.E. 
Tel: 287-8877 
Telex: 44400 
Cable: AARlS Bogota 
A. CM, E, M, P 

Hewlell.Packard (Canada) Ltd. 
11620A-168th Slreel 
EDMONTON, Alberla T5M 3T9 
Tel: (403) 452-3670 
Telex: 6 10-831-2431 
A,CM,CP.E.MS.P' 

Sydney, New South Wales 
Office 
Hewlell-Packard Auslralia Pty.Lld. 
17-23 Talavera Road 
NORTH RYDE, N.S.W. 21 13 
P.O. Box 308 
Tel: 887-1611 
Telex: 21561 
Cable: HEWPARD Sydney 
A.CM,CP,E.MS,P 

EL SALVADOR 
IPESA 
Boulevard de 10s Heroes 
Edificio Sarah 1148 
SAN SAL VAOOR 
Tel: 252787 
A,C,CM, E,P 

British Columbia 
Hewlell-Packard (Canada) Lld. 
10691 Shellbridge Way 
RICHMOND, British Columbia 
V6X 2W7 
Tel: (604) 270-2277 
Telex: 610-922-5059 
A,CM,CP,E'.MS,P' 

AUSTRALIA COSTA RlCA 
Cientika Costarricense S.A. 
A venida 2, Calle 5 
San Pedro de Monles de Oca 
Aparlado, 10 159 
SAN JOSE 
Tel: 24-38-20, 24-08- 19 
Telex: 2367 GALGUR 
Cable: GALGUR 
CM, E,M 

Adeiaide, South Austraiia 
Ptv. Ltd. 
~ewlet t -~ackard Auslralia Ply.Lld 
153 Greenhill Road 
PARKSIDE, S.A. 5063 
Tel: 272-59 1 1 
Telex: 82536 
Cable: HEWPARO Adelaide 
A'.CM,CS.E,MS,P 

AUSTRIA 
Hewlell-Packard Ges.m.b.h. 
Grollenholslrasse 94 
Verkaufsburo Graz 
8052 GRAZ 
Tel: 21-5-66 
Telex: 32375 

FINLAND 
Hewlelt-Packard Oy 
Revontulentie 7 
SF-02100 ESP00 10 
Tel: (90) 455-021 1 
Telex: 12 1563 hewpa sf 
A.CM.CP.E,MS,P 

Manitoba 
Hewlett-Packard (Canada) Lld 
380-550 Century Slreel 
WINNIPEG, Manitoba R3H OY 1 
Tel: (204) 786-6701 
A.CM,CS.E,MS,P' 

CYPRUS 
Telerexa L Id. 
P. 0. Box 4809 
14C Slassinos Avenue 
NICOSIA 
Tel: 45628 
Telex: 2894 
EM' 

Brisbane, Queensiand CM.C'.E' 
FRANCE 
Hewlett-Packard France 
Le Ligoures 
Bureau de Venle de 
Aix-en-Provence 
Place Rom6e de Villeneuve 
F- 13090 AIX-EN-PROVENCE 
Tel: (42) 59-41-02 
Telex: 410770F 
A.CM.CS,E,MS.P' 

Office 
Hewlell-Packard Auslralia Pty.Lld 
5th Floor 
Teachers Union Building 
495-499 Boundary Slreel 
SPRING HILL, Oueensland 4000 
Tel: 229-1544 
Telex: 42133 

Hewlell-Packard Ges.m.b.h 
Wehlislrasse 29 
P.O. Box 7 
A- 1205 VIENNA 

Nova Scotia 
Hewlell-Packard (Canada) Lld. 
P.O. Box 931 
900 Windmill Road 
DARTMOUTH, Nova Scolia B2Y 326 
Tel: (902) 469-7820 
Telex: 610-27 1-4482 
CM.CP,E'.MS.P' 

Tel: (222) 35-16-210, 
Teiex: 1358231135066 
A,CM,CP,E,MS,P 

CZECHOSLOVAKIA 
Hewletl-Packard 
Obchodni Zastupitelslvi v CSSR 
Posl. schranka 27 
CS-118 01 PRAHAO11 
- .. ... 

Cable: HEWPARD Brisbane BAHRAIN 
A,CM.CS.E,MS,P Green Salon 

P. 0. Box 557 
BAHRAIN 
Tel: 5503 
Telex: 884 19 
P 

Jel: 66-296 
Telex: 12 1353 IHC 
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SALES & SUPPORT OFFICES 
Arranged alphabetically by country u K !  

ISRAEL 
Electronics Engineering Division 
Motorola Israel Ltd. 
16 Kremenetski Street 
P. 0. Box 250 16 
TEL-AVtV 67899 
Tel: 338973 
Telex: 33569 Motil lL 
Cable: BASTEL Tel-Aviv 
A, CM, C, E, M, P 

ITALY 
Hewlett-Packard llaliana S.p.A. 
Traversa 99C 
Giulio Pelrone. 19 
1-70124 BAR1 
Tel: (080) 4 1-07-44 
M 
Hewlell-Packard llaliana S.p.A. 
Via Marlin Luther King, 3811 1 1 
1-40132 BOLOGNA 
Tel: (05 1) 402394 
Telex: 51 1630 
CM,CS,E,MS 
Hewlett-Packard llaliana S.p.A. 
Via Principe Nicola 43GIC 
1-95126 CATANIA 
Tel: (095) 37-10-87 
Telex: 970291 
C.P 
Hewlell-Packard llaliana S.p.A. 
Via G. Di Villorio 9 
1-20063 CERNUSCO SUL NAVLlGLlO 
Tel: (2)  903691 
Telex: 334632 
A,CM.CP.E.MP.P 
Hewlell-Packard llaliana S.p.A. 
Via Nuova san Rocco A 
Capodimonle, 62lA 
1-80131 NAPOLI 
Tel: (081) 7413544 
A,CM,CS,E 
Hewlell-Packard llaliana S.p.A. 
Viale G. Modugno 33 
1-16156 GENOVA PEGLl 
Tel: (010) 68-37-07 E.C 
Hewlell-Packard llaliana S.p.A. 
Via Turazza 14 
1-35100 PADOVA 
Tel: (49) 664888 
Telex: 430315 
A,CM,CS,E,MS 
Hewlell-Packard llaliana S.p.A. 
Viale C. Pavese 340 
1-00144 ROMA 
Tel: (06) 5483 1 
Telex: 610514 
A,CM,CS,E.MS.P' 
Hewletl-Packard llaliana S.p.A. 
Corso Giovanni Lanza 94 
1- 10 133 TORINO 
Tel: (01 1)  682245, 659308 
Telex: 221079 
CM,CS,E 

JAPAN 
Yokogawa-Hewlell-Packard Lld. 
lnoue Building 
1348-3, Asahi-cho 
ATSUGI. Kanaaawa 243 
Tel: (0462) 2i-0451 
CM.C'.E 
Yokogawa-Hewlell-Packard Ltd. 
3-30-18 Tsuruya-cho 
Kanagawa-ku, Yokohama-Shi 
KANAGAWA, 221 - Tel: (045) 312-1252 
Telex: 382-3204 YHP YOK 
CM.CS,E 

Yokogawa-Hewlell-Packard Lld. 
Sannomiya-Daiichi Seimei-Bldg. 5F 
69 Kyo-Machi Ikula-Ku 
KOBE ClTY 650 Japan 
Tel: (078) 392-4791 
C,E 
Yokogawa-Hewletl-Packard Lld. 
Kumagaya Asahi Yasoji Bldg 4F 
4-3 Chome Tsukuba 
KUMAGAYA. Sailama 360 . ~ 

Tel: (0485j 24-6563 
CM.CS,E 
Yokogawa-Hewlelt-Packard Lld. 
Milo Milsui Building 
4-73. San-no-maru, 1-chome 
MITO, lbaragi 310 
Tel: (0292) 25-7470 
CM,CS,E 
Yokogawa-Hewlell-Packard Lld. 
Sumilomo Seimei Bldg. 
11-2 Shimo-sasajima-cho 
Nakamura-ku 
NAGOYA, Aichi 450 
Tel: (052) 581-1850 
CM.CS.E,MS 
Yokogawa-Hewletl-Packard Lld. 
Chuo Bldg., 4th Floor 
5-4-20 Nishinakajima, 5-chome 
Yodogawa-ku, Osaka-shi 
OSAKA, 532 
Tel: (06) 304-602 1 
Tehx: YHPOSA 523-3624 
A,CM,CP,E,MP,P' 
Yokogawa-Hewlell-Packard Lld. 
29-21 Takaido-Higashi 3-chome 
Suginami-ku TOKYO 168 
Tel: (03) 331-61 1 1 
Telex: 232-2024 YHPTOK 
A.CM.CP.E,MP,P' 

JORDAN 
Mouasher Cousins Company 
P.O. Box 1387 
AMMAN 
Tel: 24907, 39907 
Telex: 2 1456 SABCO JO 
E, M, P 

KOREA 
Samsung Electronics 
4759 Shinkil, 6 Dong 
Youngdeungpo-KO, 
SEOUL 
Tel: 83343 1 1. 83343 12 
Telex: SAMSAN 27364 
A,C,E,M,P 

KUWAIT 
Al.Khalidya T r a h g  & Contracting 
P. 0. Box 830 Salal 
KUWAIT 
Tel: 42-49 10, 4 1- 1726 
Telex: 248 1 Areeg kt 
A.E.M 
Photo 8 Cine Equipment 
P.O. Box 270 Salat 
KUWAIT 
Tel: 42-2846, 42-380 1 
Telex: 2247 Matin 
P 

LUXEMBOURG 
Hewletl-Packard Belgium S.A.1N.V. 
Blvd de la Woluwe. 100 
Woluwedal 
B- 1200 BRUSSELS 
Tel: (02) 762-32-00 
Telex: 23-494 paloben bru 
A,CM,CP,E,MP,P 

MALAYSIA 
Hewlell.Packard Sales (Malaysia) 
Sdn. Bhd. 
Suile 2.2112.22 
Bangunan Angkasa Raya 
Jalan Ampang 
KUALA LUMPUR 
Tel: 483544 
Telex: MA3101 1 
A,CP.E,M.P' 
Protel Engineering 
Lo1 319, Satok Rd. 
P.O. Box 1917 
KUCHING, SARAWAK 
Tel: 535-44 
Telex: MA 70904 Promal 
Cable: Proleleng 
A.EM 

MEXICO 
Hewlell-Packard Mexicana, S.A. de 
C.V. 
Avenida Periferico Sur No. 6501 
Tepepan, Xochimilco 
MEXICO CITY 23, D.F. 
Tel: (905) 676-4600 
Telex: 017-74-507 
A,CP.E,MS,P 
Hewlell-Packard Mexicana, S.A. de 
C.V. 
Rio Volga 600 
Colonia del Valle 
MONTERREY, N.L. 
Tel: 78-42-93, 78-42-40. 78-42-41 
Telex: 038-4 10 
CS 

MOROCCO 
Dolbeau 
8 1 rue Karatchi 
CASABLANCA 
Tel: 304 1-82, 3068-38 
Telex: 2305 1, 22822 
E 
Gerep 
2 rue ddgadir 
Boite Postale 156 
CASABLANCA 
Tel: 272093, 272095 
Telex: 2 3  739 
P 

NETHERLANDS 
Hewletl-Packard Nederland B.V 
Van Heuven Goedharllaan 12 1 
NL 1181KK AMSTELVEEN 
P.O. Box 667 
NL 1080 AR AMSTELVEEN 
Tel: (20) 47-20-21 
Telex: 13 216 
A,CM,CP.E.MP,P 
Hewlell-Packard Nederland B.V. 
Bongerd 2 
NL 2906VK CAPPELLE, A/D ljessel 
P.O. Box 41 
NL29OO AA CAPELLE, ljssel 
Tel: (10) 51-64-44 
Telex: 21261 HEPAC NL 
A,CM,CP 

NEW ZEALAND 
Hewlell-Packard (N.Z.) Lld. 
169 Manukau Road 
P.O. BOX 26-189 
Epsom, AUCKLAND 
Tel: 68-7159 
Cable: HEWPACK Auckland 
CM.CS,E,P' 

Hewletl-Packard (N.Z.) Lld. 
4-12 Cruickshank Slreel 
P.O. Box 9443 
Kilbirnie, WELLINGTON 3 
Tel: 877-199 
Cable: HEWPACK Wellington 
Ch4,CP.E.P 
Northrop Instruments 8 Systems 
Ltd. 
Eden House, 44 Khyber Pass Road 
P.O. Box 9682 
Ne wmarket, AUCKLAND 
Tel: 794-09 1 
AM 
Northrop Instruments & Systems 
L td. 
Terrace House, 4 Oxlord Terrace 
P. 0. Box 8388 
CHRISTCHURCH 
Tel: 64- 165 
AM 
Northrop Instruments 8 Systems 
L td. 
Sturdee House 
85-87 Ghuznee Street 
P.O. Box 2406 
WELLINGTON 
Tel: 850-09 1 
Telex: NZ 3380 
A N  

NIGERIA 
The Electronics Instrumentations 
L td. 
N6B/S70 Oyo Road 
Oluseun House 
P. M.B. 5402 
/BADAN 
Tel: 46 1577 
Telex: 3 123 1 TEIL NG 
A . E W  
The Electronics hstrumentations 
L td. 
144 Agege Motor Road, Mushin 
P. 0. Box 6645 
Mushin, LAGOS 
A,E.M,P 

NORTHERN IRELAND 
Cardiac Services Company 
95A Finaghy Road South 
BELFAST BT 10 OBY 
Tel: (0232) 625-566 
Telex: 747626 
M 

NORWAY 
Hewlell-Packard Norge A/S 
Folke Bernadollesvei 50 
P.O. Box 3558 
N-5033 FYLLINGSDALEN (BERGEN) 
Tel: (05) 16-55-40 
Telex: 16621 hpnas n 
CM.CS,E 
Hewlell-Packard Norge A/S 
Oeslerndalen 18 
P.O. Box 34 
N- 1345 OESTERAAS 
Tel: (02) 17-1 1-80 
Telex: 16621 hpnas n 
A',CM.CP,E,MS,P 

OMAN 
Khimjl Ramdas 
P.O. Box 19 
MUSCAT 
Tel: 72.22- 17, 72-22-25 
Telex: 3289 BROKER MB MUSCAT 
P 

PAKISTAN 
Mushko & Company Ltd. 
10, Bazar Road 
Sector G-614 
ISLAMABAD 
Tel: 28624 
Cable: FEMUS Rawalpindi 
A L M  
Mushko & Company Ltd. 
Oosman Chambers 
Abdullah Haroon Road 
KARACHI 0302 
Tel: 5 1 1027, 5 12927 
Telex: 2894 MUSHKO PW 
Cable: COOPERA TOR Karachi 
A,E,M,P* 

PANAMA 
Electr6nico Balboa, S. A. 
Apartado 4929 
Panama 5 
Calle Samuel Lewis 
Editicio "Alla" No. 2 
CIUDAD DE PANAMA 
Tel: 64-2700 
Telex: 3480380 
Cable: ELECTRON Panama 
A. CM, E, M, P 
Foto lnternacional, S.A. 
P. 0. Box 2068 
Free Zone 01 Colon 
COLON 3 
Tel: 45-2333 
Telex: 3485 126 
Cable: IMPORT COLONiPanama 
P 

PERU 
Wmpania Electro M6dica S.A. 
Los Flamencos 145, San lsidro 
Casilla 1030 
LIMA 1 
Tel: 4 1-4325 
Telex: Pub. Booth 25424 SlSlDRO 
Cable: ELMED Lima 
A, CM, E, M, P 

PHILIPPINES 
The Online Advanced Systems 
Corporation 
Rico House, Amorsolo Cor. Herrera 
Street 
Legaspi Village, Makati 
P.O. Box 15 10 
Metro MANILA 
Tel: 85-35-8 1, 85-34-9 1, 85-32-2 1 
Telex: 3274 ONLINE 
A,C.E.M 
Electronic Specialists and 
Proponents lnc. 
6 9 0 4  Epilanio de 10s Santos 
A venue 
Cubao. OUEZON CITY 
P. 0. Box 2649 Manila 
Tel: 98-96-81. 98-96-82 98-96-83 
Telex: 742-40287 
P 

POLAND 
Buro Inlormasji Technicznej 
Hewlett-Packard 
Ul Sta wki 2, 6P 
PLOO-950 WARS24 WA 
Tel: 39-59-62, 39-67-43 
Telex: 8 12453 hepa pl 
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SALES & SUPPORT OFFICES ' Arranged alphabetically by country Pis 
PORTUGAL 
Telectra-Empresa Tbcnica de 
Equipmentos Elktricos S.a.r.1. 
Rua Rodrigo da Fonseca 103 
P. 0. Box 253 1 
P-LISBON 1 
Tel: (19) 68-60-72 
Telex: 12598 
A.C,E,P 
Mundinter 
Intercambio Mundial de Combrcio 
S.a.r.1 
P. 0. Box 276 1 
Aven~da Antonio Augusto de Aguiar 
138 
P-LISBON 
Tel: (19) 53-2 1-3 1, 53-2 1-37 
Telex: 1669 1 munter p 
M 

PUERTO RlCO 
Hewlett-Packard Puerto Rico 
P.O. Box 4407 
CAROLINA, Puerto Rico 00630 
Calle 272 Edificio 203 
Urb, Country Club 
RIO PIEDRAS, Puerlo Rico 00924 
Tel: (809) 762-7255 
Telex: 345 05 14 
A,CP 

QATAR 
Nasser Trading 8 Contracting 
P.O. Box 1563 
DOHA 
Tel: 22 170 
Telex: 4439 NASSER 
M 
Scitecharabia 
P.O. Box 2750 
!DOHA 
Tel: 3295 15 
Telex: 4806 CMPARB 
P 

ROMANIA 
Hewlett-Packard Reprezentanta 
Boulevard Nicolae Balcescu 16 
BUCURESTI 
Tel: 130725 
Telex: 10440 

SAUDI ARABIA 
Modern Electronic Establishment 
P.O. Box 193 
ALXHOBAR 
Tel: 44-678, 44-813 
Telex: 670 136 
Cable: ELEC TA AL -KHOBAR 
C.E,M,P 
Modern Electronic Establishment 
P. 0. Box 1228, Baghdadiah Street 
JEDOAH 
Tel: 27-798 
Telex: 40 1035 
Cable: ELECTA JEDDAH 
C.E.M.P 
Modern Electronic Establishment 
P. 0. Box 2728 
RIYADH 
Tel: 62-596, 66-232 
Telex: 202049 
C.E.M,P 

Hewlett-Packard Ltd. 
SOUTH QUEENSFERRY 
West Lothian, EH30 9TG 
GB-Scotland 
Tel: (031) 331 1000 
Telex: 72682 
A,CM,E,M 

SINGAPORE 
Hewlett-Packard Singapore (Ply.) 
Ltd. 
P.O. Box 58 Alexandra Post Office 
SINGAPORE, 91 15 
6th Floor, lnchcape House 
450-452 Alexandra Road 
SINGAPORE 051 1 
Tel: 631788 
Telex: HPSGSO RS 34209 
Cable: HEWPACK, Singapore 
A,CP.E,MS.P 

SOUTH AFRICA 
Hewlett-Packard South Africa (Ply.) 
Ltd. 
P.O. Box 120 
Howard Place 
Pine Park Center. Forest Drive, 
Pinelands 
CAPE PROVINCE 7450 
Tel: 53-7955, 53-7956, 53-7957 
Telex: 57-0006 
A,CM,CS,E.MS.P 
Hewlett-Packard South Africa (Ply.) 
Ltd. 
P.O. Box 37066 
Overport 
DURBAN 4067 
Tel: 28-4178, 28-4179, 28-41 10 
CM.CS 
Hewlett-Packard South Africa (Ply.) 
Ltd. 
P.O. Box 33345 
Glenstantia 0010 TRANSVAAL 
1st Floor East 
Constantia Park Ridge Shopping 
Centre 
Constantia Park 
PRETORIA Tel: 98- 1 126 or 98- 1220 
Telex: 32163 
C.E 
Hewlett-Packard South Africa (Ply.) 
Ltd. 
Oaphny Street 
Private Bag Wendywood 
SANDTON 2 144 
Tel: 802-51 11, 802-5125 
Telex: 89-84782 
Cable: HEWPACK Johannesburg 
A.CM.CP,E,MS.P 

SPAIN 
Hewlett-Packard Espanola S.A. 
clEntenza. 321 
E-BARCELONA 29 
Tel: (3) 322-24-51, 321-73-54 
Telex: 52603 hpbee 
A,CM.CP.E,MS,P 
Hewlett-Packard Espanola S.A. 
clSan Vicente SIN 
Edificio Albia 11,7 B 
E-BILBAO 1 
Tel: (944) 423-8306. 423-8206 
A.CM.E,MS 

Hewlett-Packard Espanola S.A. 
Colonia Mirasierra 
Edificio Juban 
c/o Costa Brava 13, 2. 
E-MADRID 34 
Tel: 734-8061. 734-1 162 
CM.CP 
Hewlett-Packard Espanola S.A. 
Av Ram6n y Cajal 1-9 
Edificio Sevilla 1, 
E-SEVILLA 5 
Tel: 64-44-54, 64-44-58 
Telex: 72933 
A,CM,CS,MS,P 
Hewlett-Packard Espanola S.A. 
ClRamon Gordillo, 1 (Entlo.3) 
E-VALENCIA 10 
Tel: 361-1354. 361-1358 
CM,CS,P 

SWEDEN 
Hewlett-Packard Sverige AB 
EnighetsvBgen 3, Fack 
P.O. Box 20502 
S-16120 BROMMA 
Tel: (08) 730-0550 
Telex: (854) 10721 MESSAGES 
Cable: MEASUREMENTS 
STOCKHOLM 
A,CM.CP,E.MS.P 
Hewlett-Packard Sverige A0 
Sunnanvagen 14K 
S-22226 LUND 
Tel: (46) 13-69-79 
Telex: (854) 1072 1 (via BROMMA 
office) 
CM,CS 
Hewlett-Packard Sverige A0 
Vastra Vintergatan 9 
S-70344 OREBRO 
Tel: (19) 10-48-80 
Telex: (854) 1072 1 (via BROMMA 
office) 
CM,CS 
Hewlett-Packard Sverige AB 
FrMtallisgatan 30 
S-42 132 VASTRA.FROLUNDA 
Tel: (031) 49-09-50 
Telex: (854) 1072 1 (via BROMMA 
office) 
CM,CS,E.P 

SWITZERLAND 
Hewlett-Packard (Schweiz) AG 
Clarastrasse 12 
CH-4058 BASLE 
Tel: (61) 33-59-20 
A,CM 
Hewlett-Packard (Schweiz) AG 
47 Avenue Blanc 
CH-1202 GENEVA 
Tel: (022) 32-30-05. 32-48-00 
CM,CP 
Hewlett-Packard (Schweiz) AG 
29 Chemin Chateau Bloc 
CH- 1219 LE LIGNON-Geneva 
Tel: (022) 96-03-22 
Telex: 27333 hpag ch 
Cable: HEWPACKAG Geneva 
A,CM,E,MS,P 
Hewlett-Packard (Schweiz) AG 
ZUrcherstrasse 20 

SCOTLAND Hewlett-Packard Espanola S.A. Allmend 2 

Hewlett-Packard Ltd. Calle Jerez 3 CH-8967 WIDEN 

Royal Bank Buildings E-MADRID 16 Tel: (57) 50-1 11 
Swan Street Tel: 458-2600 Telex: 59933 hpag ch 

BRECHIN, Angus. Scotland Telex: 23515 hpe Cable: HPAG CH 

Tel: 3101.3102 A.CM,E.MP,P A,CM.CP.E,MS,P 

CM,CS 

SYRIA 
General Electronic hc. 
Nuri Basha-Ahnat Ebn Kays Street 
P. 0. Box 578 1 
DAMASCUS 
Tel: 33-24-87 
Telex: 1 12 15 ITIKAL 
Cable: ELECTROBOR DAMASCUS 
E 
Sawah 8 Co. 
Place Azmb 
Boite Postale 2308 
DAMASCUS 
Tel: 16-367, 19-697, 14-268 
Telex: 11304 SATACO SY 
Cable: SAWAH, DAMASCUS 
M 

TAIWAN 
Hewlett-Packard Far East Ltd. 
Kaohsiung Branch 
68-2. Chung Cheng 3rd Road 
Shin Shin, Chu 
KAOHSIUNG 
Tel: 24-2318, 26-3253 
CS,E,MS,P 
Hewlett-Packard Far East Ltd. 
Taiwan Branch 
5th Floor 
205 Tun Hwa North Road 
TAIPEI 
Tek(02) 751-0404 
Cab1e:HEWPACK Taipei 
A,CP.E,MS,P 
Hewlett-Packard Far East Ltd. 
Taichung Branch 
#33. Cheng Yih Street 
10th Floor, Room 5 
TAICHUNG 
Tel: 289274 
lng Lih Trading Co. 
3rd Floor 18, Po-la Road 
TAIPEI 
Tel: 
Telex: 
Cable: INGLIH TAIPEI 
A 

THAILAND 
UNIMESA Co. Ltd. 
Elcom Research Building 
2538 Sukhumvit Ave. 
Bangchak, BANGKOK 
Tel: 393-2387, 393-0338 
Telex: TH8 1 160, 82938, 8 1038 
Cable: UNIMESA Bangkok 
A.C.E.M 
Bangkok Business Equipment Ltd. 
5/5-6 Dejo Road 
BANGKOK 
Tel: 234-8670, 234-867 1, 
234-8672 
Cable: BUSIOUIPT Bangkok 
P 

TRINIDAD & TOBAGO 
Caribbean Telecoms Ltd. 
P.O. Box 732 
50/A Jerningham Avenue 
PORT-0F.SPAtN 
Tel: 624-42 13, 624-42 14 
A, CM, E, M, P 

TUNISIA 
Tunisie Electronique 
31 Avenue de la Liberte 
TUNIS 
Tel: 280- 144 
E. P 

Corema 
1 ter. Ar. de Carthage 
TUNS 
Tel: 253-82 1 
Telex: 1.?3 19 CABAM TN 
M 

TURKEY 
Teknim Company Ltd. 
Riza Sah Pehievi 
Caddesi No. 7 
Kavaklid,ere, ANKARA 
Tel: 275.000 
Telex: 4;? 155 
E 
EMA. Muhendislik Kollektif Sirketi 
Mediha [Idem 
Sokak 4 1/6 
YUksel Caddesi, ANKARA 
Tel: 17-56-22 
Cable: Ematrade 
M 

UNITED ARAB EMIRATES 
Emitac L Id. 
P.O. Box 164 1 
WRlAH 
Tel: 354 12 1. 354 123 
Telex: 611 136 
E.M,P,C 

UNITED KINGDOM 

see: GIREAT BRITAIN 
NORTHERN IRELAND 
SCOTLAND 

UNITED STATES 

Alabania 
Hewlett-F'ackard Co. 
700 Century Park South 
Suite 1213 
BIRMINGHAM, AL 35226 
Tel: (205) 822-6802 
CM,CS,MP 
Hewlett-F'ackard Co. 
P.O. Box 4207 
8290 Whitesburg Drive, S.E. 
HUNTSVILLE, AL 35802 
Tel: (205) 881.4591 
CM,CP,E,M' 

Alaska 
Hewlett-F'ackard Co. 
1577 "C'" Street. Suite 252 
ANCHORAGE, AK 99510 
Tel: (206) 454-3971 
CM.CS" 

Arizona 
Hewletl-Packard Co. 
2336 East Magnolia Street 
PHOENIX, AZ 85034 
Tel: (602) 273-8000 
A.CM.CP,E,MS 
Hewlett-Packard Co. 
2424 Eaet Aragon Road 
TUCSON, AZ 85702 
Tel: (602) 889-4631 
CM.CS,E,MS" 

Arkansas 
Hewlett-Packard Co. 
P.O. Box 5646 
Brady Station 
LITTLE ROCK, AR 722 15 
Tel: (501) 376- 1844. (501) 
664-8773 
CM.MS 
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COMMENT CARD 
3497A OPERATING, PROGRAMMING AND CONFIGURATION MANUAL 

YOURSELF 

1. Your Name: 
2. Company: 
3. Number of employees at your location: 

4. Check the industry classification best describing the product manufactured or service performed at your plant location: 

INDUSTRIES 0 Electronic Components (3670) ENGINEERING CONSTRUCTION 
0 Mining (1 100) 0 Engineering and Scientific FIRMS 
0 Food (2000) Instruments (3800) 0 Contract Construction (1 600) 
0 Textiles (2200) 0 Engineering Consultants & 

Paper & Pulp (2600) FABRICATED METAL & Architects (8910) 
0 Chemical and Allied Products MISCELLANEOUS 
(2800) 0 Fabricated Metal Products (3400) RESEARCH AND DEVELOPMENT 
Petroleum Refining (2900) 0 Household Appliances (3630) Research & Development Labs 

0 Rubber and Plastics (3000) 0 Electric Lighting & Wiring Equipment (7391) 
0 Cement and Glass (3200) (3640) 0 Non Profit Research Agents (89201 
0 Basic Metals (3300) 0 Radio and TV Receiving Equipment 
0 Machinery (3500) (3650) GOVERNMENT & MILITARY . 
0 Office and Computing Machinery 0 Medical Instruments & Supplies 0 Government, Federal, State, Local, 
(3570) (3840) International (9100) 

0 Communications Equipment (3660) 0 Photographic Equipment & Supplies 
(3860) 

TRANSPORTATION UTILITIES EDUCATION, UNIVERSITIES & 
0 Motor Vehicles & Equipment (3710) 0 Electric Gas & Sanitary Services SCHOOL LIBRARIES 
0 Aircraft & Parts (3720) (4900) 0 Education Service & Universities 
0 Railroad (4100) Electric Companies and Systems (8220) 

(4910) 

LNSTRUMENTATION AND CONTROL MANUFACTURERS REPRESENTATIVE 
EQUIPMENT MANUFACTURERS 0 Electrical Good (5-60) 
0 Electrical Measuring & Test (361 1 ) 0 Machinery. Equipn. ?nt & Supplies 
0 Industrial Controls (3622) (5080) 
0 Communications Equipment (3660) 

5. Your primary job junction (check one only): 

0 Product Design Engineering including applied R&D 0 Systems Design Engineering including applied R&D 

0 Production Engineering - process or manufacturing 0 Evaluation, Quality Control; Standards, Reliability, Test Engineering 

0 General or Corporate Management 0 Basic Research 0 Operations or Maintenance 0 Purchasing or Procurement 

Education Other (Please describe1 

6. Have you used computers or programmable instruments before? 0 Yes 0 No 

THE 3497A 

7. What is your major application for the 3497A? 

8. What computer are you using to control the 3497A? 

0 -hp- 85/87 0 -hp- 9825 0 -hp- 9826136 0 -hp- 1000 0 DEC 0 IBM 0 OTHER 

9. We want the 3497A to  fulfill most of your automation needs. What additional functions or capabilities would you like to see added 
to the 3497A? 

THE MANUAL 

10. How would you rate: 
depth of coverage 
examples 
graphic presentation 
indexing 
level of writing 
organization 
overall manual 
technical accuracy 

excellent good average fair poor 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

11. How would you rate the number of examples in the manual? 

0 more required 0 current number sufficient 0 fewer required 

12. Did you have difficulty in: 
understanding information in this manual? 
applying that information? 

13. General comments: 

December 1982 - 2. ,,f' . . . . . s  
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Specifications and General Information 665 

3497A SYSTEM LOG 
For your convenience in logging system inputs to  your 3497A/3498A, a 3497A 
SYSTEM LOG form is shown in Figure B-4. 

1 3497A SYSTEM LOG I 

3497A SIN: ASSEMBLY OPTION 

DATE RECEIVED: INSTALLED IN SLOT# 

CHAN CARD 
CHAN 

TRANSDUCER CONNECTED VALUESILIMITS 

Figure B-4. 3497A SYSTEM LOG Form 
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superior service and support. 
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Planning to upgrade your current 

equipment? Have surplus equipment taking 

up shelf space? We'll give it a new home. 

Learn more! 
Visit us at artisantg.com for more info 

on price quotes, drivers, technical 

specifications, manuals, and documentation. 

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, representative, or authorized distributor for any manufacturer listed herein. 

We're here to make your life easier. How can we help you today? 
(217) 352-9330 I sales@artisantg.com I artisantg.com 


