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HP References in this Manual 
 
This manual may contain references to HP or Hewlett-Packard.  Please note that Hewlett-
Packard's former test and measurement, semiconductor products and chemical analysis 
businesses are now part of Agilent Technologies.  We have made no changes to this 
manual copy.  The HP XXXX referred to in this document is now the Agilent XXXX.  
For example, model number HP8648A is now model number Agilent 8648A. 
 

About this Manual 
 
We’ve added this manual to the Agilent website in an effort to help you support your 
product.  This manual provides the best information we could find.  It may be incomplete 
or contain dated information, and the scan quality may not be ideal.  If we find a better 
copy in the future, we will add it to the Agilent website. 
 
 

Support for Your Product 
 
Agilent no longer sells or supports this product.  You will find any other available 
product information on the Agilent Test & Measurement website: 

www.tm.agilent.com 
 
Search for the model number of this product, and the resulting product page will guide 
you to any available information.  Our service centers may be able to perform calibration 
if no repair parts are needed, but no other support from Agilent is available.   
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ANALOG CLOSE. 

Closes 1 to 4 channels lone per decade1 of analog assemblies. 

ANALOG EXTERNAL INCREMENT. 

Enables or disables the EXT INCR port. In FAST SCAN IAE21. 
multiframe BBM Sync is ignored. In AE1, external pulse into EXT 
INCR port increments channel closed to next channel. 

ANALOG FIRST CHANNEL. 

Selects first channel to be closed in an analog sequence but does 
not close channel. 

ANALOG INPUT. 

Closes channel and triggers DVM to take a measurement. 
than# -- 0 to 999 

A0 slot#,chan#.value OUTPUT. 
Sets the output voltage level for the VDAC and output current level 

slot# - 0 to 89 for the IDAC. VDAC output is - 10.2375V to + 10.2375V in 2.5 
chan# -: 0 or 1 mV increments. IDAC output is 0 -  20 mA 15pA increments) or 

1 AR 
ANALOG RESET. 

Opens analog assembly channels in 3497A and 3498A and sets 
VF1, VT l ,  VR5. VWO, VSO. AEO, AFO and AL999. 

AS I ANALOG STEP. 
Performs software channel advance from the presently closed chan- 
nel to next channel. Repeating the command sequences channels 
from AF to AL and back to AF. If AF<AL, channels increment. H 
AF >AL, channels decrement. 

L 

ANALOG VIEWED CHANNEL 

AL chan# ANALOG LAST CHANNEL Ded~cates d~splay to channel selected but does not close channel 
Selects last channel to be closed In an analog sequence but does and does not affect other 3497A operations D~splay IS updatec 

chant/ = 0 to 999 not close channel when channel closed and measurement taken 
- -------- - -----.--e----.- 

VOLTMETER AUTOZERO. 

With autozero on, DVM takes measurement between each reading. 
VAO = Autozcro OFF With autozero off, DVM makes autozero measurement before first 
VA1 -: Autozero ON reading and when DVM switched to new range. t 
VCn n --  0 to 3 VOLTMETER CURRENT SOURCE RANGE. 

Proorams outout of DVM current source to 1 of 3 values: 10  aA. 
10 OFF I 1 0 6 p ~ o r  l d m ~ .  

3 . -  3 112 digits 
4 . -  4 112 digits 
5 - 5 112 digits 

VOLTMETER DISPLAY. 

Selects number of digits to be displayed on front panel and sets 
voltmeter integration time. Max reading rate for 6 0  Hz operation 
is 300 readingslsec 1Autozero OFFI. Max rate for 50 Hz is 250 
readingslsec. 

VFn n =: 1 to 3 VOLTMETER FORMAT. 
Selects the output format for transmission of data over the bus, 
when voltmeter storage is off IVSOI. 

2 : -  Packcd BCD 
3 :: Time, ASCII, Chant/ 

VN,, 1 to 999 VOLTMETER NUMBER READINGSITRIGGER. 
Sets number of readings taken per trigger pulse input. Readings 
are taken sequentially and output over the bus in format set by VFn. 

VRn n 1 to 5 

1 = 0.1v 
2 = 1.ov 1 3 = 1 0 v  

VOLTMETER RANGE 

Sets range of DVM. Maximum overrange capability for each range 
is 120% of full-scale. In autorange, OVM upranges at 120% of full- 
scale and downranges at 11 % of full-scale. 

VOLTMETER STORAGE. 
Store up to 6 0  readings in ASCll (50 for Serial Data) or up to 100 
readings in Packed BCD (85 in Serial Datal. Use VS without number 

1 = Storc in ASCII to transfer readings to controller. 
2 = Packcd BCD 

VOLTMETER TRIGGER. 
Set one of four trigger modes. In internal, DVM automatically takes 
another readina when Dresent one comoleted. In external. triaaer 

2 - Extcrnal s~gnal input to ~ X T  T R ~ G  port causes D\JM to take n readings&- 1 3 :- Softwnrc I aer (as set bv VNn). In software. command causes DVM to triaaer 
4 7 -  Hold I and take n riadings as set by VNn. In hold, DVM pauses and does 

not take measurements. 

vwn .. 0 to 999999 1 VOLTMETER WAIT. 

Causes the DVM to wait n x 100 psec between each reading. Max- 
imum wait time is 99.9999 sec. 

DO slot#.chnn#.chan# .... DIGITAL OPEN. 

For Option 110 assembly, command connects NO contact to com- slot# :: 0 to 89 1 For Option 110 assembly, connects NC contact to common for 

mon. For Option 11 5 assembly. command closes channel relays. charm ; 0 to 15 
channels specified. For Opt~on 11 5 assembly, opens relays in chan- 

chan# - 0 to 15 Channels not specified remain in prevlous state. nels specified. Relays in channels not specified remain in previous 
state. 

DIGITAL INTERRUPT ENABLE. DR slot# DIGITAL READ. 

Enables the Option 050 assembly to send an interrupt to the 3497A For HP-18. DR returns same information as DL command. except 
when channel bits selected by the command are set true (by ex- slot# -. 0 to 89 that readings are continuously updated. For Serial Data, with SO1 
ternal input to the assembly). in effect returns continuously updated readings. With SO0 in ef- 

fect, returns one reading per command. 

DIGITAL INTERRUPT STATUS. DIGITAL INTERRUPT SENSE. 

Used to determine interrupt status of bits 0 -  7 in the Option 050 Sets edge transition sense w h c h  will cause channel 0 -  7 bits to 
assembly. Also used to determine cause of interrupt from the Op- 
tion 060  assembly. 

DIGITAL LOAD. DIGITAL VIEWED SLOT. 
For Option 050 assembly. returns octal value 10- 1777771 of con- 
tents of 16 input channels. For Option 110 assembly, returns oc- Dedicates the front panel display to slot specified. To exit this mode, 

tal value 10- 177777) of condition of 16 output channels. For Op- use DV without slot specifier. 

tion 11 5 assemblv. returns octal value 10 - 3771 of condition of 8 
channel relays 

value :: 0 to 177777 

DIGITAL WRITE. 

For Option 11 0 assembly, connects NO or NC contact to common 
as specified by octal value. For Option 11 5 assembly, opens 01 
closes relays as specified by octal value. All cham of assy in slot 
addressed are affected by DW command. 
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I SA SYSTEM ALARM. SYSTEM OUTPUT WAIT. 

Initiates an audible alarm (BEEP). When SO1 in effect, two  modes to return data to controller. With 

SC ISeriol Datal SYSTEM CLEAR. 

For Serial Data operation, the SC command is similar to BREAK 
message, except that SC does not clear the command buffer or SYSTEM SINGLEICONTINUOUS OUTPUT. 
return the 3497A tolocal mode. SC clears system errors but does 
not reset VF2. VF3 or clear voltmeter storage. 

SYSTEM DISPLAY. 

SDO turns off the 6-digit display and CHANNEL lights for faster SYSTEM READ. 
reading rates. With SDO, only data entered with SVn command af- 

SD l  = Display ON Use SR slot#,O to determine type of assembly in slot (except analog 
fects display. assemblies). Use SR slot#. 0 through 7 to read register n in slot 

SERVICE REOUEST ENABLE. 
SR slot#.O - Rcad sig 

SEn IHP-I81 SR sloW.0-7 :- Read 
SE sets the SRO mask bits which enables 3497A to send an inter- 

' -  O to 377 rupt to the controller when specified system conditions occur. 

SR [Serial Datal STATUS REGISTER READ. 
SERVICE REOUEST ENABLE. The SR command returns a six-bit octal value of the status register 
SE sets the interrupt mask bits which enables 3497A to send an true bits. 
interrupt to the controller when specified system conditions occur. 

SELF-TEST 

SI SYSTEM INITIALIZE. ST1 causes 3497A to perform internal self-test. BE8 returned if 

Sets the digital assemblies and the DVM to initial conditions but 
does not affect the analog assemblies. 

SLn IScrial Datal -1 
I SLO : Keyboard Enabled 

SLl  : Keyboard 
Disabled 

SYSTEM LOCK. 
Used to disable the front panel keys so that commands can't be 
entered from the front panel. With SL l .  3497A can't be returned 
to local mode unless SLO is sent or power is turned off. 

SYSTEM VIEW. 

When the display is turned off by an SDO command, the SV com- 
mand wr~tes data specifi~md by n to the display. 

SYSTEM WRITE. 
I 1 

- . . . -. , - . . , . -. - 
I Use SW to write data to any assembly d~rectly controlled by the 

data = 0 to 377 

I T I M E R  I 
TlME ALARM (SET). I TE ELAPSED TIME (READ). 
Sets 3497A timer. If SRO mask (HP-I81 or interrupt mask (Serial Use TE to read elapsed time I1 sec increments) since elapsed timer 
Data) has been set for time alarm, interrupt sent to controller when control started by TE2 command. Data returnsd has format 

Minutcs :: 0 to 59 time on real-time clock matches time set by TA. DDDDDD sec. 
Seconds - 0 to 59 

I 

TI HH MM SS TIME INTERVAL. 71 TIME OF DAY (SET). 
Use Tln to generate pulses from TIMER port wi th periods from 1 
sec to 24  hr. If SRO or interrupt mask set, 3497A sends interrupt 

TD DDMMHHMMSS Sets 3497A real-time clock to programmed time. for every pulse output. 

TIME OF DAY IREAD). Ton TlME OUTPUT. 
TD 

Reads time of day from real-time clock. Data returned has format _ to 9999 
Use Ton to generate pulses from TIMER port with periods from 100 

MM:DD:HH:MM:SS or (European) DD:MM:HH:MM:SS. psec to 0.9999 sec (in 100 psec increments). Period output is n 
x 100 psec. Interrupt not available with Ton  command. 

TE- I ELAPSED TIME (CONTROL). 
Use TEn to monitor elapsed time from,start of an operatibn. Use 

TEO .; RESET the TE command (without a number) to read time elapsed since 
TEl .: HALT TE2 command received. 
TE2 = START 

COUNTER ENABLE INTERRUPTS. COUNTER READ. 

Enables counter to send an interrupt to 3497A when specified in- 
Allows the results of counter measurements to be read in one of 

terrupt condition occurs. If 3497A is set for Digital Interrupt. inter- three ways. 
n = O t o 2  rupt is sent to controller. 

0 -; No interrupts 
1 - Read without wait 

enabled 
2 = Read with wait 

1 :: Intorrunt on mea- 
3 = Read continuously 

2 - lntcrrupt on 
overflow CS slot#.value COUNTER SET. 

Sets the start ooint I 0  to 999999) for the Count UD or Count Down 
slot# = 0 to 89 functions. Also sets number of pulses in Pulse Output mode (start 

COUNTER FUNCTION. value = 999999 point value = twice the number of pulses outputl. 

Sets mode of operation for the counter and starts the function. CT 
command MUST be set before CF command is executed. For n = 

n ;- 0 to 6 3 to 6, CT slot#. 1 and 2 set period measurements and CT slot#, 
COUNTER TRIGGER. 

3 and 4 set pulse width measurements. , 
Selects edgeof input signal on which to trigger counter. For Count 

0 - Counter Stop Up or Count Down, CT slot#, 1 and 3 perform same function as 
1 = Count Up n =  1 t o 4  do CT slot#, 2 and 4. 
2 :: Count Down 
3 = Avg 1000 Periods 1 = RisinglRising Edges 
4 = Avo 100 Periods 2 = FallingIFalling Edges " ~~ - -  

5 - Measure 1 Period 1 6 =: Measure 1 Period 1 1 3  = R i s i n i l ~ a l l ~ i   dies / 
4 = FallingIRismg Edges 
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Preface 
GETTING STARTED 

When you receive your new 3497A, the first question, of course, is "How do I get 
started"?. Hopefully this GETTING STARTED introduction will enable you to  quick- 
ly and efficiently set up and operate your 3497A in your data acquisition/control 
system. 

Although you are probably eager to  turn the instrument on and operate it, please 
take a few minutes to  examine this manual before you do so. The manual has been 
designed to  enable you to use the 3497A Data Acquisition/Control Unit in the most 
effective manner for your data acquisition measurements and control applications. 
Before we discuss how to  get started, let's see how to  use this manual. 

HOW TO USE THIS MANUAL 

When you ordered your new 3497A, you specified certain options and plug-in 
assemblies. In addition, you may have ordered the 3497A as part of the 3054AlC 
or 3054DL system. In this manual, information is presented in t w o  main categories, 
depending on the interface connection (HP-IB or Serial Data [RS-232 or RS44914231) 
you specified for your 3497A. This manual is divided into t w o  parts: 

PART I - OPERATING AND PROGRAMMING THE 3497A shows how to  send com- 
mands to  the 3497A by using the front panel or from a controller via either HP-IB 
or Serial Data interface and shows how to use these commands to program 3497A 
operation. 

Part II - CONFIGURING THE 3497A shows how to  hardware configure the 3497A, 
all plug-in assemblies (Options 010 through 140) and the 3498A Extender and shows 
sample ways to  connect the 3497A to  your system for data acquisition 
measurements or control applications. 

, In addition, APPENDIX A - INTERFACE CONCEPTS introduces HP-IB and Serial Data 
concepts and APPENDIX B - SPECIFICATIONS AND GENERAL INFORMATION shows 
3497A specifications and provides general information such as warranties and ship- 
ping guidelines. Now, let's take a closer look at the manual organization. 
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2 Getting Started 

CHAPTER 1 
MEET THE 3497A 

This chapter describes the 3497A and shows 

its capabilities in typical data acquisition and 
control systems. Read this chapter for an 
overall description of the 3497A and how it 
can be used to solve data acquisition measure- 

ment and control tasks. 

CHAPTER 3 
HP-IB PROGRAMMING 

This chapter shows how to send commands 
from a controller to the 3497A over an HP-IB 
interface. If you ordered a 3497A with Serial 
Data (Option 232), skip this chapter and see 
Chapter 4 for programming information. 

ENOIACK HANDSHAKE 

- 

D A T A  A C Q U I S I T I O N  
PROGRAMS * 

EN0 
* 

READY FOR NEW INSTRUCTIONS> 

CONTROLLER 

- 
C C N T R O L  

CHAPTER 2 
FRONT PANEL OPERATION 

ACK 

READY 

This chapter describes the command structure 
for the 3497A and shows how to enter com- 
mands from the front panel. If you are going to 
use the 3497A without a controller, you should 
study this chapter carefully. Even if you are go- 
ing to use a controller with the 3497A, this is 
the easiest way to learn the command struc- 
ture and addressing schemes used for the 
3497A. 

3497A 

EXAMPLE - DATA MESSAGE 

OUTPUT 7 0 9 ;  "VNIOACIO"  

- h ~ -  85A HP-IB 
t 
3 4 9 7 A  

Syntax Interface Devoce Command 
for DATA Select Select 

Code Code 
(Preset= 7 )  lPreset=09) 

CHAPTER 4 
SERIAL DATA PROGRAMMING 

Shows how to send commands from a con- 
troller to the 3497A over a Serial Data 
(RS232C or RS4491423) interface. If you 
ordered a 3497A with Option 232, see this 
chapter for programming information. 
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Getting Started 3 

CHAPTER 5 

a. CONTROLLING THE 3497A 

This chapter shows how to set up (control) the 
3497A for specified actions, such as setting an 
audible alarm, time of day, voltmeter settings, 
etc. See this chapter to set up the 3497A 
mainframe, timerheal-time clock, voltmeter, rear 
panel control ports and plug-in assemblies for 
your specific application. 

ANALOG CLOSE 

D e s c r i p t i o n  

CHAPTER 7 
INSTALLATION AND MAINFRAME 

CONFIGURATION 

This chapter shows how to initially inspect and 
install your new 3497A and how to configure 
the 3497A mainframe for different operating 
conditions. 

After initial installation, you will probably need 
to refer to this chapter only when your applica- 
tion requires a hardware configuration which is 
different from the 3497A factory settings. 

DATA FOLLOWING A SELF-TEST COMMAND 

Definition 

Cross Guard Fails 
2E2 Voltmeter Fails 
3E3 Timer Fails 

CHAPTER 6 
COMMAND DIRECTORY 

This chapter contains an alphabetical descrip- 

tion of the six command groups (ANALOG, 
COUNTER, DIGITAL, SYSTEM, TIMER and 
VOLTMETER) used to control the 3497A. The 
directory also includes a list of the command 
states at power on. To avoid undesired actions 
by the 3497A, you should ALWAYS consult 
this directory before entering a command into 
the 3497A. 

R 3497A SYSTEM LOG 

I \ 

3497A ~/N' .2222~56401 ASSEMBLY OPTION # 2 
DATE RECEIVED: 3/12/83 9 INSTALLED IN SLOT# 2 

VALUESILIMITS 1 MIN TYF' MAX 1 7::: 
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4 Getting Started 

CHAPTER 8 

I N S T A L L  REMOVE DO NOT REMOVE 
R 1 2 0  8 R l O O  J U M P E R  T H E S E  R E S I S T O R S  

PLUG-IN ASSEMBLY 
CONFIGURATION 

CHAPTER 9 
EXAMPLE 3497A 

CONFIGURATIONS 

This chapter shows some example configura- 
tions for typical user applications, divided by 
functional categories into data acquisition 

measurements and control applications. For ex- 
ample, to make a guarded (3-wire) DC voltage 
measurement, see the GUARDED VOLTAGE 
MEASUREMENTS example, etc. 

APPENDIX B 
SPECIFICATIONS AND GENERAL 

INFORMATION 

See this appendix for 3497A specifications, 
warranty information, shipping guidelines and 
manual information. 

This chapter shows how to initially inspect and 
install and how to configure plug-in assemblies 
(Options 010 to 140) and the 3498A Extender 
(Option 2981, including switchljumper settings 
and typical connections to your system. 

APPENDIX A 
INTERFACE CONCEPTS 

Refer to this appendix for introductory informa- 
tion on HP-16, RS-232C and RS-449 interface 
concepts. 

Maximum Input Vdta~l: < 170 V peak between any two mput 
termmals 

Mhmum Curr-nt: 50 mA per channel non-mductlve 

Maximum P o w c  1 VA per channel 

T b m d  O M  Direct Switched: < 1 pV Differential 
Tree Swmhed: < 2 LV D~fferent~al 

C l d  Cb.am.1 Rdrunn: 
In Sene*: 100 0 t 10% in Hlgh. Lo and Guard 
Relays Contacts Only: < 1 fl per contact 
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GETTING STARTED 

If you have just received your new 3497A, refer to the GETTING STARTED flowchart 
below for a suggested way to get started. The steps you should follow depend on 
the way that you are going to use the 3497A. If you are going to use the 3497A 
with a controller, see USING THE 3497A WITH A CONTROLLER which follows. If 
you are going to use the 3497A in stand-alone mode (without a controller), skip to 
USING THE 3497A IN STAND-ALONE. 
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6 Getting Started 

I GETTING STARTED FLOWCHART I 

RECEIVE 3497A 0 

PROGRAMMING 
INFORMATION HP-IB (GENERAL) i--, 

Chapter 3 9 
SERIAL DATA (3 

Chapter 4 9 
MAINFRAME AND 
ASSEMBLY 
CONFIGURATION 

STANDARD 

Chapter 7 + 
Chapter 8 
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USING THE 3497A WITH A CONTROLLER 

If you are using the 3497A with an HP-IB or Serial Data interface, the first step is 
t o  inspect the 3497A and then connect the instrument t o  your controller as shown 
in Chapter 7, BUT DON'T CONNECT THE 3497A TO YOUR SYSTEM YET. 

To become familiar with the 3497A, first see Chapter 1 for an overall description 
of the instrument. Then study Chapter 2 for the 3497A command structure and front 
panel features. Next, see Chapter 3 for HP-I6 programming guidelines or Chapter 4 
for Serial Data programming guidelines. The best way to  become familiar with the 
3497A is t o  enter the command sequences shown in the examples in Chapters 2 
through 4 and observe the display and/or printout. 

After you have become familiar with the command structure, see Chapter 5, Con- 
trolling the 3497A, t o  see how to  set up the 3497A mainframe, timer, DVM and 
the plug-in assemblies. 

The final step is to  connect the 3497A to  your system. To do this, first determine 
what function you want the 3497A to  perform (DC voltage measurements, resistance 
measurements, etc.). See Chapter 9, Example 3497A Configurations, for some ways 
that the 3497A can be used for measurements or control applications. 

If you don't find an example in Chapter 9 which can be used (or modified) for your 
application, see Chapter 7 or 8 for details on how to  configure the 3497A and its 
plug-in assemblies. After the 3497A is properly configured and connected to your 
system, it is ready for operation. 
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USING THE 3497A IN STAND-ALONE 

If you are using the 3497A without a controller, first inspect and check out the in- 
strument as shown in Chapter 7, BUT DON'T CONNECT IT TO YOUR SYSTEM YET. 
Then, see Chapter 1 for an introduction to  the features of the 3497A before you 
turn the instrument on. 

Next, see Chapter 2 to  see how to  control the 3497A using the front panel keys. 
The best way to do this is t o  actually enter the commands shown in the examples 

in the text and observe the display. And, don't worry, you can't hurt the 3497A 
by  entering commands, since the instrument isn't connected to  your system. 

After you have become familiar wi th how to  enter commands, you can go directly 
t o  Chapter 5, Controlling the 3497A, to  see how to  set up the 3497A mainframe, 
timer, DVM (if your 3497A has Option 001 ), and the plug-in assemblies (Options 
0 1  0 to  140)  you ordered. 

The next step is t o  connect the 3497A to your system. To do this, first determine 
what function you want the 3497A to perform (DC voltage measurements, resistance 
measurements, etc.). Then, see Chapter 9, Example Configurations, for some ways 
that the 3497A can be used for measurement or control applications. 

If you don't find an example in Chapter 9 which can be used (or modified) for your 
application, see Chapter 7 and/or Chapter 8 for details on configuring the 3497A 
or its plug-in assemblies. When the 3497A is properly configured and connected to  
your system, i t  is ready for operation. 
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* Chapter 1 
MEET THE 3497A 

DATA ACQUISITION/CONTROL OVERVIEW 

Congratulations on your selection of the Hewlett-Packard Model 3497A Data Acquisi- 
t ionlcontrol Unit! Since this is quite a long title, we'll refer t o  the instrument as the 
3497A.  Your new 3497A  is a precise, flexible and easy t o  use instrument which 
can make a wide variety of data acquisition measurements and provide precise con- 
trols for literally thousands of  applications. 

In this chapter, we'll introduce the 3497A and show how i t  can be used in data ac- 
quisition/control system applications. To better understand the capabilities of the 
3497A,  we'll first present a brief overview of data acquisition and control systems 
as used in this manual. 

A data acquisition and control system which uses the 3497A for measurement and 
control is shown in Figure 1. There are t w o  main tasks for this system: data acquisi- 

e-' t ion and control 

DATA ACQUISITION 
PROGRAMS 

- 
CONTROL 

Figure 1. A Data AcquisitionlControl System 

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



10 Meet The 3497A 

Data Acquisition 

The function of the data acquisition task is to measure data inputs from a user 
system. For the 3497A, data acquisition measurements are divided into five 
categories, depending on the user system parameter to be measured: voltage, 
temperature, resistance, frequency or pressure measurements. 

In the data acquisition/control system shown, a transducer such as a strain gauge 
or thermocouple is connected to an external system and samples a system parameter 
such as temperature, pressure, flow rates, etc. 

The transducer converts user system physical parameter inputs into an electrical 
signal (voltage) which can be measured by the 3497A. The controller sends com- 
mands to the 3497A (via the interface bus) to initiate measurements and transfer 
measurement data for processing. Processed data can then be displayed, printed out 
or stored. 

Control 

The function of the control task is to provide control signals from the 3497A to the 
user system, either in response to status inputs from the system or in response to 
commands issued from the controller. 

For the 3497A, the control task is divided into three categories: interrupts, switching 
and control sources. When the 3497A is set for interrupt, the controller can do other 
functions and be interrupted by predetermined system status conditions. 

Switching (multiplexing) refers to the capability of the 3497A to switch inputslout- 
puts from one channel to another. Control sources refer to voltage or current out- 
puts for controlling user system functions. 

For applications such as process control, external system status reports (openlclosed, 
onloff, presentlabsent, etc) are input to the 3497A. If a system condition occurs 
which requires action, the 3497A outputs a signal (called an interrupt) to the con- 
troller. The controller, in turn, sends a command to the 3497A to send a control 
signal to the user system for required action. 

In other applications, the 3497A can send a control signal to the external system 
in response to commands from the controller, regardless of user system status. For 
example, the controller can be programmed to initiate a control signal from the 
3497A at time t, regardless of system status input conditions. 
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THE DATA 
SYSTEMS 

Now, let's see how the 3497A can be used in a typical data acquisition/control 
system environment. Figure 2 shows a system in which a 3497A is interfaced to  
an -hp- 85A Desktop Computer which acts as system controller. There are four main 
functions in this system: data acquisition, control, communication and data 

processing. 

Data Acquisition 

For data acquisition, on command from the controller, the 3497A receives inputs 
from user system sensors, measures the input data and outputs the measurement 
over a communications interface to  the controller (an -hp- 85A Desktop Computer 
in this system). The controller then processes the data for display or storage. 

Data acquisition measurements are divided into five categories, depending on the user 
system parameter t o  be determined: voltage, temperature, resistance, frequency or 
pressure. With the 3497A, you can measure (or determine) DC voltage, temperature, 

resistance, frequency or pressure or totalize events from a wide variety of user 
systems. 

Control 

Control functions for the 3497A are divided into three categories: interrupts, switch- 
ing and control sources. For interrupts, the 3497A receives status inputs from user 
systems, from the 3497A timer or from the 100 kHz Counter Assembly (Option 060) 
and outputs interrupt signals to  the controller for action. 

For switching, the 3497A controls actuator relays to  sound alarms, switch voltages, 
etc. For control sources, the 3497A provides programmable voltage and current 
sources for applications such as 4-20 mA loops and VCOs. 
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Communication 

The 3497A can be used in stand-alone mode (without a controller) or can com- 
municate over compatible interfaces with controllers. With the 3497A, you have 
communications capability for direct connection or long distance communication over 
telephone lines. The 3497A is compatible with HP-IB or Serial Data (RS 232C or 

RS4491423) interfaces. 

With an HP-IB interface bus and compatible controller, you can simultaneously control 
up to fourteen 3497As. For long-distance communication between your controller 
and the 3497A, you can use the 3497A with RS 232 interface and compatible 
MODEMS for communication over telephone lines. 

Data Processing 

When an -hp- 85A or equivalent controller is used with the 3497A, you can pro- 
vide CRT display, data storage or make plots, graphs or strip charts of data measured 
by the 3497A. Since the 3497A is fully programmable, data acquisition and con- 
trol is easily accomplished by entering simple command sequences into the controller. 
See Figure 2 for some of the features of the 3497A in data acquisition/control 
applications. 
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THE 3497A DATA ACQUISITION/CONTROL SYSTEMS 
DiGiTAL 
INPUTS 

CONTROL /- 
I 

generate interrupt signals to a contmller. 

Uhe the 3497A TimedReai Time Clock to I I 
monitor elapsed time and provide interrupts at 
any prsrer time. 

Use the 100 kHz counter assembly to interrupt 
on rrmasuremem complete or counter overflow 
when counting events or measuring Input 
petiod.. 

Use the 3498A Enender and multiplexer p b g h  
SWITCHING 

assembiies to muhpkx up m 1000 analw chaw 
neb at switching rpssds up to 300 chan 
neUsec. 

Switch ~p m 277 singleended h w t s  per 3497A 
and switch an add~tionel 600 Shgle-ended inputs 
for earn 3498A Extender. n I 7 

Uw actuator asmb l ie r  10 consuun a highly 
flexible matrix swnch or prowide voltaga switch-\ CONTROL SIGNAL 
ing up to 357 valu peak. 

Provide 4-20mA or 0.20mA programmsble cur- 
rent sources or 0 +  1011 pogrammsble vettew I iNPUTS 

4-20 m A  
CONTROL SOURCE 

souroes for control aDplicationr. ,' 
of up to 1 second (inrawat model or up to 24 
hwrs lwtpul  mode) lor timinglcwml purposes. 

DATA PROCESSING 

- 

Meet The 3497A 13 

DATA ACQUISITION 

DATA ACOUlSlTlON MEASUREMENTS 

Measure DC voltages from IpV to l2OV with 
IsV sensitwily. Capabiliw for both guarded 
13.wire) and s w - e n d e d  voltage msawremem. 

Measure inpvts at up to 3OOlsecond and score 
up to 60 readings (ASCII) or 100 readings IRck- 
ed BCDI. Transfer data %wed in the 3497A lo 
eonmllers or printms in one of Ulree formaw 
ASCII; Packed BCD: Or Time of day. ASCII. 
Amlog Channel Number. 

Measure low-level o v l ~ u t r  from thermocauoles. 
thermistors. and RTO's. Hardware and software 

1) compensation techniques are avsilabls for 8, E. 
J. K. R. S and 1 type thermocouples. 

I 1 h i h  %%$: a%ati 
1wo.wire msistance measurements. 

FREQUENCY 
TOTALIZE 

Count up Itotallze) to 999999 counts, m u m  
down, measure p a r a  or pulse wldm of inpuls 

/with frequencies up to 100 kHz and generate 
programmable pulse train outputs (up to 499999 
pulses). 

M e w  tha output ot strain gauges [to 1 #e 
resoIUtiOnl. rosett~s, liow meters and load W s .  
can measure up to 500 suain gauge channels w 

/up  to 106 threeelement rosettes. Use I. W and 

PRESSURE fd-budge 350n atram completion gauger. nstwofks for lZOn and 

Use the 100 kHz Counter ahsambly lo pmvids 
lava! change OY~PYI on measurement com~iete 
and counter overtlow. 

Figure 2. The 349711 in Data AcquisitionlControl Systems 
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3497A MAINFRAME DESCRIPTION 

Now that we've seen how the 3497A can be used in data acquisition and control 
systems and some of its features, let's take a look at the hardware description of 
the instrument. In later chapters, we'll examine each of the items described in more 
detail. 

We'll divide the description of the 3497A into mainframe and options. The main- 
frame includes the front panel, clockltimer, alarm and rear panel. Options include the, 
11 plug-in assemblies, the DVM, US-232 interface and the 3498A Extender. 

A standard 3497A consists of a mainframe with a real-time clock and timer, an audi- 
ble alarm (BEEP) and connectors for interface with controllers and external instrumen- 
tation. Options which can be added to the 3497A are: 

Option 001 DVM with built-in current source 
Options 010 - 140 Eleven plug-in assemblies 
Option 232 Replace HP-IB with RS232C interface 
O ~ t i o n  298 3498A Extender 

Figure 3 summarizes the 3497A front panel features and Figure 4 shows the rear 
panel features. Although the DVM, clock, timer and alarm are shown as front panel 
features in Figure 3, they are physically located inside the 3497A mainframe. 

Keyboard 

A standard 3497A front panel consists of an alphanumeric keyboard and a display. 
The keyboard is used to enter command sequences into'the 3497A to control its 
operation. An optional blank front panel (Option 260) has only a power ONIOFF 
switch and a power ON indicator light. The optional front panel has no display and 
must be remotely programmed by a controller. 

In the standard keyboard, there are 12 alphanumeric keys and eight special purpose 
keys. Each of the special purpose keys has a single function, such as SELF-TEST, 
CLEAR ENTRY, etc. Each of the twelve alphanumeric keys, in contrast, has a dual 
function. 

By using the alphanumeric keys, you can enter some commands with a single 
keystroke or, if you prefer, enter the commands with a series of keystrokes. For ex- 
ample, the command to close channel 10  in an analog assembly is "AC10". This 
command can be entered by doing the following keystrokes. 
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Press: 

Data 
Entered: 

I ENTERING A COMMAND - PRIMARY MODE I 

GLOSS EXECUTE 

Enter 
AClO into 
3497A 

You can also enter the same AClO command by first pressing the SHIFT (blue) key 
and then entering the alpha and data characters individually, as shown below. Notice 
in this sequence that when the ANALOG CLOSE CHANNEL key (numeric 7) is press- 
ed, alpha A (rather than AC) is entered into the 3497A, since pressing the blue 
SHIFT key shifts the alphanumeric keys to  the shifted (Alpha) mode. See Chapter 
2, Front Panel Operation, for details. 

ENTERING A COMMAND - SHIFTED MODE 

CLOSE 

Press: 

Data Shift Enter 
Entered: to A C 1 0 AC1O 

Alpha into 
Mode 3497A 

Display 

The front panel display can be divided into three functional groups: lnterface Bus 
Status Displays; SlotIChannel Displays; and Function Displays. The four lnterface Bus 
Status displays (SRQ, TALK, LISTEN and REMOTE) indicate activity on the interface 
bus. 

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



16 Meet The 3497A 

The SlotIChannel Display Indicators have dual functions. When analog assemblies 
are addressed, this display shows the analog channel addressed. When digital 

assemblies are addressed, this display shows the digital slot and channel(s) within 
the slot which are addressed. The VIEWED indicator is ON when a specific analog 
channel or digital slot is selected for monitoring. 

The Function Display shows measurement data results from read statements. 
Measurement results are shown on the six-digit display ( + .8.8.8.8.8.8 in Figure 3) 
and the type of measurement is shown by the LEDs to the right of the display (DCV, 
SEC, etc.). 

Displays include voltmeter readings (DCV); digital data (OCT); time (SEC); totalized 
counts (TOT); or data entered from the front panel or from a controller (ENT). When 
the DVM current source is on, one of the three LEDs at the bottom of the display 

(10 PA, 100 pA or 1 mA) is ON to show the value of the current output. 

TimerIReal Time Clock 

The 3497A includes a real time clock to provide a time base for measurement 
systems (such as data logging, for example). The timerlclock has 5 different modes 
of operation and has 24 hour battery back-up for all modes except Timer Output. 

You can use the clock to provide real time printout of time of measurements. In ad- 
dition, you can use the timer like a stop watch to monitor elapsed time or like an 
alarm clock to interrupt a process at any preset time. 

Alarm 

The 3497A has a built-in audible alarm (BEEP) which can be programmed to sound 
when system conditions (alarm conditions) require. The alarm also sounds when il- 
legal commands are entered into the 3497A. 

Rear Panel 

Figure 4 shows rear panel features of a 3497A with HP-IB interface and summarizes 
their functions. If you have the Serial Data (Option 232) version of the 3497A, the 
rear panel is identical to  the one shown except that a Serial Data connector is used 
as the communication interface. 
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I Display I 
Three types of displays: Interface Bus Status; 
SlotIChannel display and Function display. Func- 
t ion display includes voltmeter readings, digital 
data, time, totalized counts, or data entered from 
front panel or from a controller. 

I 

I DVM 

Keyboard 

Use the keyboard to  enter command sequences 
into the 3497A or t o  debug your system and 
check out your software. The keyboard consists 
of 12  alphanumeric keys (numerics 0 through 9 
plus , and - ); eight additional keys and a power 
ONIOFF switch. 

Optional DVM has 5% digit resolution and 1 pV 
sensitivity. The DVM includes a programmable 
three-level ( 10  pA, 1 0 0  pA or 1 mA)  current 
source. 

I 

Alarm 

If programmed, an audible alarm can be sound- 
ed for system alarm conditions. Alarm (BEEP) 
also sounds for illegal command entries. \ 

Clock 

A standard real-time clock provides a time base 
for your measurements. Month:Day:Hour: 
Minutes:Seconds or Day:Month:Hours:Minutes: 
Seconds formats are available. 

Figure 3. 3497A Front Panel Features 

Timer 1 
Use the timer like a stop watch to  monitor elaps- 
ed time or like an alarm clock t o  interrupt at any 
preset time. Timer can generate pulse trains wi th 
programmable periods up t o  1 sec (interval 

1 mode) or up t o  2 4  hours (output mode). 
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Plug-In Assemblies 

Connect your system outputs t o  plug-in 
assemblies. Eleven different assemblies are 
available. The 3497A has slots for up  to  five 
cards and each 3498A Extender can hold up t o  
1 0  cards. 

Card Cage I 
\ Each 3497A has slots for 5 plug-in assemblies. 

Slots are numbered from 0 to  4 (left t o  right). 

\ 

I BNC Input Ports I 
analog channels wi th an external pulse. Use t h  

that only one 3497A has channel closure at an 
one time. 

BNC Output Ports I 
The V M  COMPLETE port outputs a TTL pulse 
when the D V M  completes a measurement. The 
CHANNEL CLOSED port outputs a TTL pulse 
when an analog channel is closed. The TIMER 
port outputs pulse trains w i th  programmable 

\ 
Voltmeter Connections 1 \ 

Use the HI COM, LO COM and GUARD COM 
terminals t o  input voltages t o  the DVM. Use the 
HI and LO CURRENT SOURCE terminals to  out- 
put  a programmable current ( 1  0 pA, 1 0 0  pA or 
1mA) t o  an external circuit. \ \ \  

3498A Extenders I \ 
Connect up t o  1 3  3498A Extenders to  expand 
maximum system capability t o  1000  analog 
channels or 1360  digital channels. \ 

Figure 4. 3497A Rear Panel Features 

- 

Communications 
Interface 

I HP-IB is the standard interface. RS-232 (which 
meets RS232ClRS423) is optional interface. I 
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3497A OPTIONS DESCRIPTIONS 

As mentioned, options for the 3497A include the DVM (Option 001 ), plug-in 
assemblies (Options 010 through 1401, an US-232 interface (Option 232) and a 
3498A Extender (Option 298). There are 11 plug-in assemblies which can be used 
with the 3497A to increase its capability for your data acquisition measurement or 
control application. Plug-in assemblies provide a connection interface between your 
system transducer outputs and the 3497A. 

Plug-in assemblies are defined as analog or digital assemblies. Each plug-in assembly 
is identified by an assembly title and option number (010, 020, etc) or model number 
(44421A, 44422A, etc.). Descriptions of the plug-in assemblies plus the DVM (Op- 
tion 001 ), the US-232 interface (Option 232) and the 3498A Extender (Option 298) 

follow. See Appendix 6, Specifications and General Information, for detailed specifica- 
tions on these options. 

1 OPTION 0011 

Digit D V M  and Current 
Source 

Description 

The 3497A DVM assembly is a systems quality, 5% digit, 1 microvolt sensitive DC 
voltmeter which can measure voltages up to 119.9999 volts. The DVM assembly 
is fully guarded and uses an integrating AID conversion technique which provides 
excellent common and normal mode noise reduction. The DVM includes a program- 

mable three-level current source. 
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Features 

The DVM is a very versatile instrument which has a wide range of features to 
measure DC voltages and (with its built-in current source) to make resistance 
measurements in the milliohm range. DVM operating features are shown below. 

I Ranges I 4 DC voltage ranges (.10V, 1 .OV, 10.OV and 100.OV) plus autorange and 
20% overrange. 

Display Select 3%. 4%. or 5% digit display. 

Autozero Select autozero for more accurate readings or turn autozero off for faster 
reading rates. 

Trigger Modes Select internal, external, software or hold trigger modes. 

Trigger Rates 

I 

Program the DVM to take 1-999 readingsltrigger andlor to pause between 
readings or after a reading. Pause intervals range from 0-99.9999 sec in 
100 psec intervals. 

Reading Rates Read a maximum of 50 readingslsec in 5% digit mode or a maximum of 
300 readingslsec in 3 %  digit mode. 

Reading Storage 

Applications 

Store up to 100 readings in the 3497A internal buffer and transfer the 
stored readings to  a controller in one of three formats. 

Current Source 

Measure low level outputs of thermocouples, strain gauges and other transducers. 
For high level signals, the DVM can measure a maximum of 11 9.999 volts. Use the 
DVM simultaneously with its internal current source to  make high accuracy four- 
terminal resistance measurements with 1 milliohm resolution. 

The DVM contains a built-in current source which can be programmed to 
output a 10pA. 100 pA or 1 mA constant current. 

The DVM can be programmed to delay before taking a reading, to  take a number 
of readings per trigger and to store up to a hundred (5% digit) readings. 
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1 OPTION 01 01 

20 Channel Relay Multi- 
plexer Assembly 

Description 

Option 0 1 0  is a 2 0  channel analog signal multiplexer assembly which is used t o  
swi tch (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 relays, one each for High, Low and Guard 
lines. The channels are organized into t w o  groups of 1 0  channels and one channel 
can be closed in each decade. In addition, relays can be closed in a random fashion 
or can be incremented between programmable limits. 

Applications 

Because the 2 0  Channel Relay Multiplexer has low thermal offset characteristics, this 
option 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. 
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Relay Multiplexer Assemb 
with Thermocouple 
Compensation 

Description 

The Option 0 2 0  Assembly uses the same relay multiplexer assembly as the Option 
0 1  0, but adds a special isothermal connector block for thermocouple compensation 

to  eliminate unwanted measurement errors when measuring thermocouple voltages. 

The Option 0 2 0  assembly uses both hardware or software compensation techniques. 
Hardware compensation is limited to one thermocouple type per assembly. Software 

compensation can be used with any mixture of thermocouples, but requires a com- 
puter program to  convert voltages measured to  the associated temperatures. 

Applications 

Use the Option 0 2 0  assembly wi th hardware compensation to  measure the output 
of up to  2 0  B,E,J,K,R,S or T type thermocouples (one type per assembly). Use the 
Option 0 2 0  assembly wi th software compensation to  measure the output of up to  
1 9  thermocouples (any mixture of these types). 
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16 Channel Isolated Digital 
Inputllnterrupt Assembly 

Description 

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 interrupt mode, up to eight inputs (bits 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 pre-programmed 
action. 

Applications 

Use the digital input mode to sense up to 16 lines of digital data such as the out- 
puts of limit switches and position indicators. Use the interrupt mode to interrupt 

and take corrective action when immediate reaction to a level change is required 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. 
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100 kHz Reciprocal Counter 
Assembly 

Description 

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 psec. 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. 

Applications 

Use the Option 060 assembly to measure mechanical and low frequency electronic 
signals. Use the programmable square wave output pulse feature to control exter- 
nal circuits. 
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OPTIONS 0701071 

1 201350 Strain GaugelBridge 
Completion Assemblies 

Description 

The Strain GaugelBridge Completion assemblies provide bridge completion for strain 

gauges and other transducers, such as RTDs, pressure sensors and load cells. Each 
assembly can measure up t o  1 0  bridges. You can measure up t o  5 0 0  strain gauge 
channels or up  t o  1 6 6  three-element rosettes. 

You can terminate any mixture of %,  ?h or full-bridge circuits on the assembly. 
However, t o  compute strain, this assembly must be used w i th  a controller. 

Applications 

Use the Option 0701071 assemblies t o  measure the outputs of strain gauges and 
three-element rosettes. Since these assemblies can be used in  the same mainframe 
as other plug-in assemblies, you can mix strain measurements w i th  other 3497A  
functions. For example, you can generate apparent strain curves by measuring 

temperature w i th  one assembly and strain w i th  another. 
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Actuator/Digital Output 
Assembly 

Description 

The Option 110 assembly consists of 16 channels of single-pole, double-throw relays. 
The assembly has two different modes: actuator mode and digital output mode. In 
the actuator mode, each channel relay can be closed to switch power to (actuate) 
an external device. The relays can switch up to 1 Amp at 100 volts (peak). 

In the digital output mode, each relay can be set open (logical 0) or closed (logical 
1) to provide a 16-bit wide digital output. 

Applications 

Since the Option 1 1 0  assembly can switch one amp at 100 volts, it can be used 
to switch test fixture power or to actuate alarm bells. The assembly can be used 
with the 16 Channel Isolated Digital Inputllnterrupt assembly (Option 050) to pro- 
vide an independent digital inputloutput port. 
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8 Channel High Voltage 
Actuator Assembly 

Description 

Option 11 5 is an eight channel high voltage actuator which can be used to switch 
voltages up to 357 volts peak and currents up to 2 amps peak. Each channel con- 
sists of a normally open dry relay. 

Each channel can be closed individually or any combination of channels can be closed 
simultaneously. The assembly contains a readback circuit so that the status of each 
channel can be determined. 

Applications 

Use the Option 11 5 Assembly to switch power line voltages to small motors, alarm 
bells and lights, motor starters and solenoids. 
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1 OPTION 1201 

Dual Output, 0 to  + 10  V 
Voltage DIA Converter 

Description 

The Option 120 assembly consists of two 0 to f 10V programmable voltage sources 

(two channels). Each channel outputs a DC voltage with programmable range from 
-10.2375 volts to + 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. 

Applications 

Use the Option 120 assembly to control voltage programmed devices such as power 
s u ~ ~ l i e s  and VCOs. 
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Dual Output, 0-20mA/ 
4-20 mA Current 
D/A Converter 

Description 

The Option 130 assembly provides two 0- 20 mA or 4 - 20 mA programmable cur- 
rent sources. Each source can be configured to operate in a 0-20 mA range or a 

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. 

Applications 

The Option 130 assembly, especially when the 4 - 20 mA range is used, can be 
used as a transmitter in an industrial current loop. Each output will drive an industrial 
current loop with up to 600 ohms of total loop resistance. 
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Breadboard Card Assembly 

Description 

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. 

The board has three grid networks to  mount components and power supply and 
ground buses. Two of the grids are labeled ANALOG SECTION and DIGITAL SEC- 

TION. The ANALOG SECTION grid contains two power supply buses and two ground 
buses. The DIGITAL SECTION grid contains a power supply bus and a ground bus. 

Applications 

Use Option 140  when you have a specialized measurement or control application 
which can't be satisfied by using manufactured plug-in assemblies. 
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1 OPTION 2321 

RS2321423 (CCITT 
V.24IV. 10) Interface 

Description 

Option 232 to the 3497A deletes the standard HP-IB interface and adds an EIA 

RS232C (CCITT V.24) compatible serial interface. Option 232 is also compatible with 
the EIA version of the RS449 serial data interface standard. 

Option 232 offers transmission rates of 110, 330, 600, 1200, 4800, 9600 and 
19200 bits per second. You can choose even or odd parity, 7 or 8 bit character 
length and two handshake protocols (ENQuireIACKnowledge or DC1). 

Option 232 is compatible with computers that support RS232C or RS423 full duplex 
asynchronous operation and allow echo suppression. 

Applications 

Option 232 is especially valuable when operating the 3497A in remote locations. 
Use the RS232C version with MODEMS and telephone lines to control a 3497A from 
a computer hundreds of miles away. Use the RS423 version for point to point direct 
communication from the computer to a 3497A located up to 1200 meters (4000 

feet) from the computer. 
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3498A Extender 

Description 

The 3498A Extender allows you to add additional plug-in assemblies for expansion 
of system capability. Each 3498A can hold up to 10  plug-in assemblies, and you 

can add a maximum of thirteen 3498As to each 3497A for a total capability of 135 
cards (5  in the 3497A and 10 in each 3498A). 

The maximum number of analog assemblies (Options 010, 020, 070, 071) is 50  
while the maximum number of digital assemblies (Options 050, 060, 110, 11 5, 120, 
130 and 140) is 85. Maximum capability is 1000 analog channels(with 20 analog 
channels/assembly) and 1360 digital channels (with 16 digital channels/assembly). 

Applications 

Use the 3498A Extender to provide low cost expansion of 3497A based systems. 
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Chapter 2 
FRONT PANEL OPERATION 

Chapter 1 shows some ways that the 3497A can be used in data acquisition and 
control system applications and briefly describes the features of the instrument. In 
this chapter, we'll show how to control the 3497A operation by entering commands 
from the front panel keyboard. This chapter is divided into five parts: TURNING THE 
3497A ON, COMMANDS, ADDRESSING, DISPLAY and KEYBOARD. 

TURNING THE 3497A ON shows you how to turn the instrument 
on and how to do the self-test to check the instrument for proper 
operation. 

COMMANDS describes the instruction set used to control the opera- 
tion of the 3497A and shows command format and a command 
summary. 

ADDRESSING shows the 3497Al3498A slot and channel number- 
ing system and shows how to address analog and digital assemblies. 

DISPLAY describes the functions of the front panel display and 
shows some sample analog and digital displays. 

KEYBOARD describes the keys on the front panel keyboard and 
shows sample keystroke sequences to enter commands. 

TURNING THE 3497A ON 

Before we begin the discussion on commands and front panel operation, let's turn 
the 3497A on to make sure that it is operating properly. For this chapter, we'll 
assume that the 3497A has been initially inspected and that the instrument is NOT 
connected to your system. 

If the 3497A is connected to your system, you may want to have a service-trained 
person temporarily disconnect the instrument so that you can enter command se- 
quences without possible damage to your equipment. 
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Power. On Sequence 

To start the discussion on front panel operation, let's cycle the 3497A through its 
power-on sequence and then do the self-test. The 3497A is very easy to  operate 
by using front panel control (or by using a controller). And don't worry, you can't 
hurt the 3497A by pressing any of the front panel keys as long as the instrument 
is not connected to  your system. 

To turn the 3497A on, press the LlNE key ON (see Figure 5 for location) and care- 
fully observe the 6-digit display on the front panel as it cycles through sequences 
(a) through (el as shown in Figure 5. Since the display cycles very quickly, you may 
want to  press the LlNE key ON and OFF a few times to better observe the sequence. 

You should also hear an audible BEEP when you first press the LlNE switch ON. If 
POWER-ON SRQ has been set, the SRQ indicator will also turn ON. (POWER-ON SRQ 
is set t o  OFF at the factory). If the display does not match that shown, an error 
message is displayed. 
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SRQ 

6-DIGIT DISPLAY LINE KEY 

&Digit Display Meaning 

+.8.8.8.8.8.8 

-Add 009 Shows that the 3497A is set to address of 09 (HP-IB version). 

The 3497A goes through a complete self-test at power-on. 

HP 3497 Identifies the instrument as the -hp- 3497A. 

DCV 

...... 

This is the final step of the sequence for a 3497A with a DVM. 
+. I12702 The blinking light shows internal triggering of the DVM and the + 

shows completed measurement. 

This is the final step of the power-on sequence for a 3497A without 

Blinking 
Light L The six-digit display shows the background DC voltage measured by the DVM 

and changes continuously as the DVM is triggered. The DCV light shows a 
DC Voltage measurement. 

the optional DVM (Option 001). 

Figure 5. Power On Sequence 
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Self-Test 

Next, let's do the self-test of the 3497A by pressing the SELF-TEST key (see Figure 
6 for location). At  the completion of the self-test, the display should be as shown 
in Figure 6. If the self-test fails, the 3497A will display an error message. 

After you press the SELF-TEST key, note that the light in the center of the SHIFT 
(blue) key is on. If your 3497A has a DVM, the light at the upper left-hand corner 
of the six-digit display is blinking, indicating internal triggering of the DVM. This com- 
pletes the self-test procedure. Now turn the 3497A off by pressing the LINE switch 
OFF while we discuss the commands for the 3497A. 

DISPLAY 
AFTER 

SELF-TEST 
KEY PRESSED 

Figure 6. Self-Test Display 

COMMANDS 

SELF-TEST 
KEY 

Recall from Chapter 1 that the 3497A can be controlled by entering commands from 
the front panel keyboard or by sending commands from a controller via a communica- 
tions (HP-IB or Serial Data) interface. In this part of the chapter, we'll show how 
to enter commands from the front panel. Before we see how to enter commands, 
we'll describe the command set for the 3497A. 
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Command Format 

The 3497A is controlled by a command set which consists of six command groups: 
ANALOG, COUNTER, DIGITAL, SYSTEM, TIMER and VOLTMETER. The first letter 
of each command identifies the command group (i. e. A = ANALOG, C = 

COUNTER, D = DIGITAL, S = SYSTEM, T = TIMER and V = VOLTMETER). The 
3497A recognizes binary code command sequences based on ASCII (American Stan- 
dard Code for Information Interchange) standards. 

In general, commands for the 3497A consist of two  alpha characters (letters) follow- 
ed by one or more data characters (numbers). However, some commands consist 
of only the t w o  alpha characters. The first letter of a command identifies the com- 
mand group, the second letter identifies the subgroup in the group and the data 
characters are parameters which act as qualifiers. 

Command ~ r o u ~ -  
Command Subgroup 
Data Characters (Parameters) 

The data characters ( n l  ,n2, etc.) can refer to  addresses, values or conditions. They 
specify addresses for slot and channel numbers in plug-in assemblies; values for 
voltage or current level output; or conditions such as on or off. 

I EXAMPLE - ADDRESS PARAMETER I 
For example, AClO is the command t o  close analog channel 10. In this 
command, A shows that the command belongs to  the ANALOG command 
group, AC tells the 3497A to  close an analog channel and data characters 
1 0  define an address (analog channel 10) for the action t o  take place. 

AC 1 0  

AC = Close Analog Channel Analog Channel 1 0  
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I EXAMPLE - VALUE PARAMETER I 
As a second example, VC2 is the command to  set the current source in 
the DVM t o  100pA output. VC specifies that the current source is t o  be 
turned on and 2 specifies the value of the current as 1 0 0  PA. 

VC = Turn Current Source on 2 t---- 100pA output 

Command Directory 

For convenience, a Command Directory is located in Chapter 6 which summarizes 
the command format, shows typical programming examples and gives special 
operating notes for each command. Commands are listed alphabetically by command 
group and commands within each group. 

The table which follows summarizes the commands shown in the Command Direc- 
tory so that you can become familiar with the command format and functions. You 
may want to  take a few minutes to  examine the table before proceeding to the next 
section on addressing. 

The format of each command remains the same whether you are entering the com- 
mand from the front panel or from a controller. For example, we saw that AClO was 
the command to  close analog channel 1 0  from the front panel. To enter this same 
command from an -hp- 85 Desktop Computer via an HP-IB interface, the command 
is OUTPUT 709; "AC10". Thus, the AClO command remains the same and only 
the controller mnemonics change. 

Chapter 3 shows how to  enter commands from a controller i f  your 3497A has HP- 
IB interface, while Chapter 4 shows how to enter commands for a 3497A with Serial 
Data (RS-232 or RS-4491423) interface. 
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3497A COMMANDS 

ANALOG CLOSE. 

Closes 1 to  4 channels (one per decade) of analog assemblies. 
chant/ = 0 t o  999  

AEn, n = 0 t o  2 ANALOG EXTERNAL INCREMENT. 

Enables or disables the EXT INCR port. In FAST SCAN (AE2), 
AEO = EXT lNCR OFF multiframe BBM Sync is ignored. In AE1, external pulse into EXT 
AE1 = EXT lNCR ON INCR port increments channel closed t o  next channel. 
AE2 = FAST SCAN 1 

ANALOG FIRST CHANNEL. 

Selects first channel t o  be closed in an analog sequence but does 
chan# = 0 to  999  not close channel. 

ANALOG LAST CHANNEL. 

Selects last channel t o  be closed in an analog sequence but does 
chan# = 0 t o  999  not  close channel. 

slot# = 0 to  8 9  
chan# = 0 or 1 
value = 
0 t o  * 10238 (VDAC) 
0 t o  10238  (IDAC) 

ANALOG OUTPUT 

Sets the output voltage level for the VDAC and output current level 
for the IDAC. VDAC output is - 10.2375V to  + 10.2375V in 2.5 
m V  increments. IDAC output is 0 - 2 0  mA (5wA increments) or 
4 - 2 0  m A  ( 4  increments). 

A R I ANALOG RESET 
I I 

Opens analog assembly channels in  3497A and 3498A and sets 
VF1, VT1, VR5, VWO, VSO, AEO, AFO and AL999. 

AS I ANALOG STEP. 
Performs software channel advance from the presently closed chan- 
nel to  next channel. Repeating the command sequences channels 
from AF t o  AL and back t o  AF. If AF<AL, channels increment. If 
AF > AL, channels decrement. 

1 AV chan# I ANALOG VIEWED CHANNEL. 
Dedicates display t o  channel selected but does not close channel 

chan# = 0 t o  9 9 9  and does not affect other 3497A operations. Display is updated 
when channel closed and measurement taken. 
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0 = No interrupts 
enabled 

1 = lnterrupt on mea- 
surement complete 

2 = lnterrupt on 
overflow 

0 = Counter Stop 
1 = Count Up 
2 = Count Down 
3 = Avg 1000 Periods 
4 = Avg 100 Periods 
5 = Measure 1 Period 
6 = Measure 1 Period 

1 = Read without wait 
2 = Read with wait 

slot# = 0 to 89  
value = 0 to 999999 

COUNTER ENABLE INTERRUPTS. 

Enables counter to send an interrupt to 3497A when specified in- 
terrupt condition occurs. If 3497A is set for Digital Interrupt, inter- 
rupt is sent to controller. 

COUNTER FUNCTION. 

Sets mode of operation for the counter and starts the function. CT 
command MUST be set before CF command is executed. For n = 
3 to 6, CT slot#, 1 and 2 set period measurements and CT slot#, 
3 and 4 set pulse width measurements. 

COUNTER READ. 

Allows the results of counter measurements to be read in one of 
three ways. 

COUNTER SET. 

Sets the start point ( 0  to 999999) for the Count Up or Count Down 
functions. Also sets number of pulses in Pulse Output mode (start 
point value = twice the number of pulses output). 

COUNTER TRIGGER. 
Selects edge of input signal on which to trigger counter. For Count 
Up or Count Down, CT slot#, 1 and 3 perform same function as 
do CT slot#, 2 and 4. 

1 = RisingIRising Edges 
2 = FallingIFalling Edges 
3 = RisingIFalling Edges 
4 = FallingIRising Edges 
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For Option 1 1 0  assembly, command connects NO contact t o  com- 
slot# = 0 t o  8 9  mon. For Option 11 5 assembly, command closes channel relays. 

Channels not specified remain in previous state. 

DIGITAL INTERRUPT ENABLE. 

Enables the Option 0 5 0  assembly to  send an interrupt to the 3497A 
slot# = 0 t o  4 when channel bits selected by the command are set true (by ex- 

ternal input t o  the assembly). 

Dl slot# DIGITAL INTERRUPT STATUS. 
Used t o  determine interrupt status of bits 0 - 7 in the Option 0 5 0  

slot# = 0 t o  4 1 assembly. Also used t o  determine cause of interrupt from the Op- 
tion 0 6 0  assembly. 

DIGITAL LOAD. 

For Option 0 5 0  assembly, returns octal value ( 0 -  177777)  of con- 
slot# = 0 t o  8 9  tents of 1 6  input channels. For Option 1 1 0  assembly, returns oc- 

tal value (0- 177777)  of condition of 16  output channels. For Op- 
tion 1 1 5  assembly, returns octal value ( 0  - 377)  of condition of 8 
channel relays. 

For Option 1 1 0  assembly, connects NC contact t o  common for 
slot# = 0 t o  8 9  channels specified. For Option 1 15 assembly, opens relays in chan- 
chan# = 0 t o  1 5  nels specified. Relays in channels not specified remain in previous 

state. 

I DR slot# I DIGITAL READ. 

1 DS slot# I DIGITAL INTERRUPT SENSE. 

slot# = 0 t o  8 9  

Sets edge transition sense which will cause channel 0 - 7 bits t o  
slot# = 0 t o  4 be set in an Option 0 5 0  assembly. Polarity sense set by octal value. 

Polarity sense 1 = chan bit set by low-to-high transition. 

For HP-IB, DR returns same information as DL command, except 
that readings are continuously updated. For Serial Data, w i th  SO1 

DV slot# DIGITAL VIEWED SLOT. 
Dedicates the front panel display to  slot specified. To exit this mode, 

slot# = 0 t o  8 9  1 use DV without slot specifier. 

in effect returns continuously updated readings. With SO0 in ef- 
fect, returns one reading per command. 

slot# = 0 t o  8 9  
value = 0 t o  177777 

DIGITAL WRITE. 

For Option 1 1 0  assembly, connects NO or NC contact t o  common 
as specified by octal value. For Option 1 1  5 assembly, opens or 
closes relays as specified by octal value. All chans of assy in slot 
addressed are affected by DW command. 
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S A 

1 SDn ( SYSTEM DISPLAY 

SYSTEM ALARM. 

SC [Serial Data1 

SDO turns off  the 6-digit display and CHANNEL lights for faster 
SDO = Display OFF reading rates. With SDO, only data entered wi th  SVn command af- 

fects display. 

Initiates an audible alarm (BEEP). 

SYSTEM CLEAR. 

SERVICE REQUEST ENABLE. 

SE sets the SRQ mask bits which enables 3497A t o  send an inter- 
rupt t o  the controller when specified system conditions occur. 

For Serial Data operation, the SC command is similar t o  BREAK 
message, except that SC does not clear the command buffer or 
return the 3497A t o  local mode. SC clears system errors but  does 
not  reset VF2, VF3 or clear voltmeter storage. 

SERVICE REQUEST ENABLE. 

SE sets the interrupt mask bits which enables 3497A t o  send an 
interrupt to  the controller when specified system conditions occur. 

SLn [Serial Datal SYSTEM LOCK. 

Used t o  disable the front panel keys so that commands can't be 
SLO = Keyboard Enabled entered from the front panel. With SLI ,  3497A can't be returned 
SL1 = Keyboard t o  local mode unless SLO is sent or power is turned off .  

Disabled 1 
I S I 

SYSTEM OUTPUT WAIT. 

When SO1 in  effect, t w o  modes t o  return data t o  controller. With 
VSO, 3497A takes measurement and waits for controller request 
t o  transfer data. With VS1 or VS2, 3497A takes n readings (as set 
by VNn) and waits for controller request t o  transfer. 

SYSTEM INITIALIZE. 

SYSTEM SINGLEICONTINUOUS OUTPUT. 

SO1 enables 3497A t o  send a single readinglcommand for com- 
SO0 = Cont output continuous data, such as ST, VT1, 

Sets the digital assemblies and the D V M  t o  initial conditions but  
does not affect the analog assemblies. 

SR slot#,O = Read sig 
SR slot#,O - 7 = Read 

SYSTEM READ. 
Use SR slot#,O to  determine type of assembly in slot (except analog 
assemblies). Use SR slot#, 0 through 7 t o  read register n in  slot 
addressed (Option 1 4 0  only). 

SR [Serial Data] STATUS REGISTER READ. 

The SR command returns a six-bit octal value of the status register 
true bits. 
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SELF-TEST 

ST1 causes 3497A to perform internal self-test. 8E8 returned if 
self-test passes, 

SYSTEM VIEW. 

When the display is turned off by an SDO command, the SV com- 
n = kg99999 mand writes data specified by n to the display. 

SYSTEM WRITE. 
Use SW to write data to any assembly directly controlled by the 

slot# = 0 to 89 main processor (i.e. digital assemblies). 
register# = 0 to 7 

I data = 0 to 377 1 

1 TIMER 1 

TlME ALARM (SET). 

Sets 3497A timer. If SRQ mask (HP-IB) or interrupt mask (Serial 
Hours = 0 to 24 Data) has been set for time alarm, interrupt sent to controller when 
Minutes = 0 to 59 time on real-time clock matches time set by TA. 
Seconds = 0 to  59 

TIME OF DAY (SET). 
Sets 3497A real-time clock to programmed time. 

ELAPSED TlME (CONTROL). 
Use TEn to monitor elapsed time from start of an operation. Use 

TEO = RESET the TE command (without a number) to read time elapsed since 
TEI = HALT TE2 command received. 
TE2 = START 

TD TIME OF DAY (READ). 

control started by TE2 command. Data returned has format 
DDDDDD sec. 

Reads time of day from real-time clock. Data returned has format 
MM:DD:HH:MM:SS or (European) DD:MM:HH:MM:SS. 

TE ELAPSED TIME (READ). 

1 Ton 1 TIME OUTPUT. 

Use TE to read elapsed time (1 sec increments) since elapsed timer 

TI HH MM SS 

Use Ton to generate pulses from TIMER port with periods from 100 
n = 0 to 9999 psec to 0.9999 sec (in 100 psec increments). Period output is n 

x 100 fisec. Interrupt not available with T o n  command. 

TIME INTERVAL. 

Use Tln to generate pulses from TIMER port with periods from 1 
sec to 24 hr. If SRQ or interrupt mask set, 3497A sends interrupt 
for every pulse output. 
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VAn 

VAO = Autozero OFF 

VOLTMETER AUTOZERO. 

With autozero on, DVM takes measurement between each reading. 
With autozero off, DVM makes autozero measurement before first 
reading and when DVM switched to new range. 

VCn n = 0 to 3 I 
0 = OFF 
1 = l O p A  
2 = 100pA 
3 = 10 rnA  

VOLTMETER CURRENT SOURCE RANGE. 
Programs output of DVM current source to 1 of 3 values: 10  FA, 
100 FA or 1 0  mA. 

3 = 3 112 digits 
4 = 4 1 12 digits 
5 = 5 112 digits 

VOLTMETER DISPLAY. 

Selects number of digits to  be displayed on front panel and sets 
voltmeter integration time. Max reading rate for 60  Hz operation 
is 300 readingslsec (Autozero OFF). Max rate for 50 Hz is 250 
readingslsec. 

1 = ASCll 
2 = Packed BCD 
3 = Time, ASCII, Chan# 

VNn n = 1 to 999 

VRn n = 1 to 5 

1 = 0 .1v  
2 = 1 .OV 
3 =  1 o v  
4 = 100v 
5 = Autorange 

0 = Storage OFF 
1 = Store in ASCll 
2 = Packed BCD 

VTn n = 1 to 4 

1 = Internal 
2 = External 
3 = Software 
4 = Hold 

VOLTMETER FORMAT. 

Selects the output format for transmission of data over the bus, 
when voltmeter storage is off (VSO). 

VOLTMETER NUMBER READINGSITRIGGER. 

Sets number of readings 'taken per trigger pulse input. Readings 
are taken sequentially and output over the bus in format set by VFn. 

VOLTMETER RANGE. 

Sets range of DVM. Maximum overrange capability for each range 
is 120% of full-scale. In autorange, DVM upranges at 120% of full- 
scale and downranges at 11 % of full-scale. 

VOLTMETER STORAGE. 

Store up to  6 0  readings in ASCll (50 for Serial Data) or up to 100 
readings in Packed BCD (85 in Serial Data). Use VS without number 
to transfer readings to controller. 

VOLTMETER TRIGGER. 
Set one of four trigger modes. In internal, DVM automatically takes 
another reading when present one completed. In external, trigger 
signal input to  EXT TRIG port causes DVM to take n readingsltrig- 
ger (as set by VNn). In software, command causes DVM to trigger 
and take n readings as set by VNn. In hold, DVM pauses and does 
not take measurements. 

VOLTMETER WAIT. 

Causes the DVM to wait n x 100 psec between each reading. Max- 
imum wait time is 99.9999 sec. 
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ADDRESSING 

Previously, we said that the data characters in a command can specify addresses, 
values or conditions. When the data characters specify addresses, the addressing 
scheme used depends on whether analog or digital assemblies are to  be address- 
ed. As shown in Chapter 1, plug-in assemblies are defined as analog or digital 
assemblies, depending on the type of command(s) which the assembly recognizes. 

For the 3497A, plug-in assemblies Options 010, 020, 0 7 0  and 071 are defined as 
analog assemblies. The remaining plug-in assemblies (Options 050, 060, 110, 11 5, 
120, 130 and 140)  are defined as digital assemblies. The formats for addressing 
plug-in assemblies are shown below. In this part of the chapter, we'll show how to 
address analog and then digital assemblies. 

I PLUG-IN ASSEMBLY ADDRESSING I 

I Type Option(s) Command Format 
- -  

Analog Assemblies 

Multiplexers 010, 020  AX chan#, chan#, ... 
Strain Gauge 070, 071 AX chan#, chan#, ... 

Digital Assemblies 

Digital Input 0 5 0  DX slot#, chan#, chan#, ... 
Actuators 1 10,115 DX slot#, chan#, chan# ,... 
Counter 0 6 0  CX slot#, function 
DIA Converters 120, 130 A 0  slot#, chan#, value 
Breadboard 140  SX slot#, register, value 

Analog Assembly Addressing 

Analog assemblies are addressed by channel number, with channel numbers from 
0-999. Recall that the 3497A has five slot numbers (0-4) and each 3498A Extender 
has 1 0  slots. Each slot in a 3497A and 3498A is assigned 2 0  analog channel 
numbers, starting with channels 0-1 9 in slot 0. Slot 1 has channel addresses 20-39, 
slot 2 has addresses 40-59, etc. 

This table shows the addresses for analog assemblies, by slot number, in the 3497A 
and 3498A. Since slot numbers 5 through 9 do not exist, slot number 1 0  (the left 
slot in the first 3498A) has channel addresses 100-1 19. Although you can add up 
to  thirteen 3498As to a 3497A, the 3497A can only address a maximum of 1000 
analog channels (channels 0-999). 
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1 3497A13498A ANALOG ASSEMBLY ADDRESSES I 

Slot 

0 
1 
2 
3 
4 

3497A 

Channel Numbers 

0 -  1 9  
20  - 3 9  
4 0  - 59  
6 0  - 7 9  
8 0  - 9 9  

Slot Channel Numbers 

" For first 3498A only. The second 3498A has slot 
numbers 2 0  - 29  and channel numbers 3 0 0  - 499, etc. 
up to  channel 999. Slots 5 - 9 do not exist. 

I EXAMPLE - CLOSE ANALOG CHANNELS I 

To close a channel of an analog assembly in slot 2, the command is AC40 
through AC59, depending on the channel t o  be closed in the assembly. To 
close a channel of the same assembly placed in slot 4, the command is 
AC80 through AC99. Note that the slot number is not a part of the analog 
assembly addressing scheme. 

Closes channel of an Closes same channel 
analog assembly i n  of an analog assembly 
slot 2. in slot 4. 
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Digital Assembly Addressing 

In contrast to analog assembly addressing, the slot number in which a digital 
assembly is placed is a part of the addressing scheme. Commands for digital 
assemblies have the form XY slot#, chan#,chan#, ... with slot numbers from 0-4 and 
10-89 and channel numbers 0-1 5 for each slot. That is, slot 1 has channel numbers 
0-1 5, slot 2 has channel numbers 0-1 5, etc. Since slots 5-9 do not exist, the first 
3498A has slots 10-1 9, as shown in the table. 

Although you can add a maximum of thirteen 3498As to a 3497A, the 3497A can 
only address a maximum of 90  slots (slots 0-89). Since each slot has 16 channels 
(channel 0-1 5), a maximum of 1360 digital channels can be addressed. 

The command group does not necessarily specify whether analog or digital 
assemblies are to  be addressed. For example, the 100 kHz counter (Option 060) 
responds to the COUNTER command group, but is a digital assembly since the 
COUNTER command group has the form CX slot#, function. Also, the two DIA con- 
verter assemblies (Options 120 and 130) respond to a single ANALOG command (A0  
slot#,chan#,value) but they too are digital assemblies since the command has the 
form XY slot#, ... 

1 3497Al3498A DIGITAL ASSEMBLY ADDRESSING I 

I CHANNELS 0-15 0-1 5 0-1 5 0-1 5 0-1 5 1 

SLOT # 
I+' . . . 

CHANNELS 0-1 5 0-1 5 0-1 5 0-1 5 

* First 3498A only. The second 3498A has slot 
numbers 20-29, up to a maximum of 89 slots. 
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EXAMPLE - CLOSE DIGITAL CHANNELS 

To close a channel of a digital assembly in slot 1, the command is DC1,O 
through DC1,I 5. To close a channel of the same digital assembly in slot 
4, the command is DC4,O through DC4,15. 

Closes channel 5 of a Closes same channel 
d ig i ta l  assembly in of a digital assembly 
slot 1. in slot 3. 

DISPLAY 

Now that we have introduced the commands for the 3497A and discussed the ad- 
dressing scheme, let's take a closer look at the front panel of the 3497A, begin- 
ning with the display. 

For convenience, we'll divide the display into three functional groups: lnterface Bus 
Status display; Slot/Channel display and Function display. Figure 7 shows the display 
after a self-test of the 3497A. As you read the description, you may want to  do 
the self-test again so that the display on your 3497A matches that in Figure 7. 

lnterface Bus Status Display 

The interface bus status indicators show the status of activity on the interface bus. 
Figure 7 summarizes the functions of each of the four LEDs. The SRQ and REMOTE 
indications are the same for HP-IB or Serial Data operation. For the conditions describ- 
ed in Figure 7, the TALK and LISTEN lights flash on and off for Serial Data opera- 
tion but remain on for HP-IB operation. See Chapter 3 (HP-IB) or Chapter 4 (Serial 
Data) for further information on these indicators. 
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INTERFACE BUS STATUS DISPLAY 

The interface bus status d~splaf  shows the status of act~iwty on 
the HP '0  cr Ser~al Data ~nter face bus Thare are four LEO annun 
clator l~ghts.  F ' x  HP~IB  operatton, each LED 1s on lor  the condltlon 
shown For Ser~al Data lRS232C or RS449 4231 operation h e  
TALK and LISTEN LEDs flask on and of f  for the cond t~ons  shown \ 

LED 

SRQ 

TALK 

LISTEN 

REMOTE 

The l 
ment 
valuc 
dara 

!ion as prevously spec~ fed .  I 

Makes a Serv~ce Request tSROI to the con 
tri~ller If rhe controller is programmed ro res 
pond t o  Ihe SRO, a Service Request l n te r~  
rupts current cantroller ac t l v t y  !o take ac- 

Sends inlormation l o  the controller i i e the 
3497A is an actlve TALKER w e r  the HP-IBI 
This i n f o ~ m a t ~ o n  can be data or control In 

Receives informaton from !he controller 11  e 
rhe 3 4 9 i A  1s an actlve LISTENER on the 
bus1 W t e n  the 3497A is in the LISTEN 

Is externallv co r t ro led  by a controller over 
the interface bus In REMOTE mode, the 
f ront  panel keyboard, except for the 
ANALOG AND DIGITAL VIEWED keys, the 
SRO key and the LOCAL key, IS d~sablcd 

FUNCTION DISPLAY 

unctlon d~splay shows tbe dzc~mal value of an analog measure- 
or theocta l  ralue o f  dgl ta ldata returned from achannel. The 

, of the dara is shown on the s ix~dig i t  display and the t ypeo f  
IS shown on the 5 LED nd~ca to rs  to  !he right ot the display. 

LED ON 

DCV 

SEC 

TOT 

OCT 

ENT 

CURRENT 
SOURCE 
110 r A  
1 OOpA 
1mA LEDsi 

TYPE OF DISPLAY 

DC voltage measured by the D V M  

Period or pulse width l ~ n  seconds! 01 an n 
put s~gnal 

Totalized n ~ m b e r  of counts of I npA  
1999999 counts max~muml  

Display IS octal value o f  d~ai ta l  data entered 

Valueof data entered (up l o  SIX d~glts! i r o n  
front panel or f rom controller 

These LEDs are ON when rhe DVM cul 
rent source outputs a current f rom the 
3497A LED w h ~ c h  1s ON s h o w  the 
value of !he current  ou tpu t  IIOICA 
100pA or 1 rnAi  

SLO- CHANNEL DISPLAt 

The slot c tannel  dsl;tay shows informat~on on s o t  or channel ad- 
dressed T h ~ s  display has t w o  dt terent  t o m s  analog display when 
analog assembles are addressed or d ~ g t a l  j lsplay when d ~ g ~ t a l  

/assembles are addressed 

3-DIGIT 
DISPLAY 

CHANNEL 

CHANNEL 

VIEWED 

ON when a digital assembly is addressed 

When the SLOT ~ r d ~ c a t o r  IS ON, d~splays 
the number o f  the d ~ g t a  slot addressed. 
When the CHANNE. mdicator 8s on, d~splays 
t h e  number  o f  t he  analog channe l  
addressed 

lnd~cates analog chsnnel when analog 
assembles are addressed Indicates cham 
n e  w ~ t h i n  a digital slot when d ~ g ~ t a l  

The LEDs ON show the channel i j i  bits true 
(set to 11 rv~th in a digital slot 

ON when ANALOG LEWED or DIGITAL 
VlEVvED command is Jsed 

Figure 7. Front Panel Display 
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S Display 

The slotlchannel display consists of 5 indicators: SLOT, 3-DIGIT DISPLAY, CHAN- 

NEL, CHANNEL LEDs and VIEWED. The slotlchannel display has a dual purpose, 

depending on whether analog or digital assemblies are addressed. 

The SLOT indicator is ON only when digital assemblies are addressed. The 3-digit 

display (shown as 888 in Figure 7) shows the digital assembly slot addressed or the 
analog assembly channel addressed. 

The CHANNEL indicator also has t w o  functions. For analog assemblies, the CHAN- 

NEL (0,1,. . ., 1 5) LEDs are OFF and the 3-DIGIT DISPLAY shows the analog chan- 

nel addressed. For digital assemblies, the CHANNEL LEDs ON show the channel bits 

which are true (set t o  digital 1 ) .  

1 EXAMPLE - SLOTICHANNEL INDICATORS I 

Let's compare the SLOT and CHANNEL indicator displays for an analog 

assembly vs a digital assembly in slot 2, where channel 0 (address 20)  is 

closed for the analog assembly and channel 0 (address 2,O) is closed for 
a digital assembly. 

SLOT 

CHANNEL CHANNEL 

Function Display 

The function display displays the decimal value of an analog measurement or the 

octal value of digital data returned from a channel. The function display has three 

parts: the six-digit LED display (+8.8.8.8.8.8 in  Figure 71, f ive display indicators 

(DCV, SEC, TOT, OCT and ENT) and three current source indicators (1  OpA, 100 pA 

and 1 0  mA) .  
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The si: 
measur 
value c 
to  the 

When I 
display 
SEC mi 
means 

OCT rr 
channe 
is bein 

Now, l 
Later ( 

shown 

x-digit display shows the results of frequency, voltage or period (time) 
,ements, indicates time of day, shows totalized events or displays the octal 
if digital data inputs. The type of display is shown by the display indicators 
right of the six-digit display. 

DCV is ON, the value of the DVM measurement is displayed on the six-digit 
. SEC and TOT are used with the 100 kHz Reciprocal Counter (Option 060). 
eans that the input signal period or pulse width (in seconds) is displayed. TOT 
that the display is the totalized number of events. 

leans that the 6-digit display shows the octal value of the true bits in digital 
!Is. ENT shows that the 3497A is ready to  accept new inputs or that data 
g input from the front panel or from a controller. 

et's look at a couple 6f examples to show typical analog and digital displays. 
In, we'll show some sample command sequences t o  produce the displays 

EXAMPLE - ANALOG DISPLAY 

ssume that an analog assembly such as the 20-Channel Relay Multiplex- 
assembly (Option 010) is placed in slot 2 of a 3497A and the DVM 

easures a voltage from channel 42 of the assembly. (Recall that an analog 
;sembly in slot 2 has channel addresses 40-59). 

nce the multiplexer is an analog assembly, the SLOT light is OFF, the 
.DIGIT DISPLAY shows the number of the channel measured by the DVM 
I42 in this case) and the 6-digit display shows the decimal value of the 
C voltage measured. The DCV indicator shows that a DC voltage is 
easured. 

SRQ TALK LISTEN REMOTE I 

CHANNEL I 
- Analog Channel 

Closed 

- DC Voltage 

Measured 

- Value of 
DC Voltage 
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For this example, a digital assembly such as the 16 Channel Isolated Digital 
Inputllnterrupt assembly (Option 050) is placed in slot 1 and the channel 
0, 2 and 4 bits are true (a "1" condition). 

The SLOT indicator ON shows that a digital assembly is addressed. The 
3-DIGIT DISPLAY shows that slot 1 was addressed and CHANNEL in- 
dicators 0, 2 and 4 ON show that channel bits 0,2 and 4 are true. The 
six-digit display shows 25 OCT, where 25 is the octal value of bits 0,2 and 
4 true (see Binary-to-Octal Conversion). 

SRQ TALK LISTEN REMOTE 
SLOT ON for 
digital 

SLOT assembly. 

Slot 1 -3 addressed 

I CHANNEL I - channels 
0,2 and 4 
bits true. 

- 25 is Octal 
value (OCT) 
of 00 010 101 
(bits 0,2 
and 4 true) 

Conversion 

As shown, for digital displays the 6-digit display gives the octal value of the digital 
data. In the example above, bits 0, 2 and 4 are high or true, and the equivalent octal 
value is 000025. To clarify this, let's look at binary-to-octal conversion. 

For the 3497A, digital data is transmitted in digital bytes, with 8 bits per byte. The 
least significant digit (LSD) is bit 0 and the most significant digit (MSD) is bit 7. A 
weighted value of 1 is assigned t o  bits 0,3 and 6; a weighted value of 2 to  bits 
1,4 and 7 and a weighted value of 4 to  bits 2 and 5. 
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The combined value of bits 6 and 7 which are true forms the MSD of the octal 
number. The combined value of true bits 3, 4 and 5 forms the second octal digit 
and the combined value of true bits 0, 1 and 2 forms the LSD of the octal number, 
as shown. 

BINARY TO OCTAL CONVERSION 

Bit # 7 bit 5 1 bit 4 1 bit 31 [ bit 2 bit 1 bit 0 

Combined MSD 2ND DIGIT LSD 
Values of 
True Bits. L m l  

OCTAL NUMBER 

EXAMPLE - BINARY-TO-OCTAL CONVERSION 

Value 2 

For example, for an 8-bit byte wi th bits 1, 3, 5 and 7 true (digital I), the 
digital representation is 10 101 010. Since bit 7 is 1 ,  its value is 2. 
However, since bit 6 is 0, its value is 0. The combined value of bits 6 and 
7 is thus 2 + 0 = 2 and the MSD of the octal number is 2. Similarly, the 
second digit of the octal number is 5, the LSD is 2 and the octal represen- 

if Bit 
1 4 

tation of digital 10 101 010 is 252. 

Bit # 

Digital 
Value 

Bit 
Value 

Combined 
Value 

Octal 
Number 

2 1 
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KEYBOARD 

Now, let's examine the 3497A front panel keyboard and see how to enter com- 
mands. Figure 8 shows the features of the keyboard and summarizes the functions 
of each key. For convenience, the keyboard is divided into five groups of keys: 
SPECIAL PURPOSE, CONTROL, ANALOG, DIGITAL and VOLTMETER. This section 
shows how to  enter commands from the keyboard, describes the function of each 

key and shows some typical command entries. 

How to Enter Commands From the Keyboard 

Recall that commands consist of t w o  alpha characters (letters) generally followed 
by one or more data characters (numbers). Although commands are entered into the 
3497A one character at a time, the 3497A recognizes the first t w o  entries as alpha 
characters and the remaining entries as data characters or delimiters (comma or -). 

Also recall that you can enter some commands from the keyboard in t w o  ways. The 
first way is to  enter the t w o  alpha characters with a single keystroke and then enter 
the data characters. The second way is to  first press the (blue) SHlFT key and then 
enter the alpha characters and data characters one at a time. Let's see how this is 
done. 

On the keyboard, there are 1 2  keys called alpha-numeric keys (numerics 0-9 plus 
the , and -)  (see Figure 8).  Each of these keys has a function description (CLOSE 
CHANNEL, TRIGGER, etc.) above it; a number or punctuation mark (0 through 9 plus 
, and -1 in the center and an alpha character (A, C, D, etc) at the lower right-hand 
corner. (In addition, alpha L is at the lower right-hand corner of the self-test key). 

Alpha-numeric keys have three modes for entering data: a primary mode for com- 
mand function; a numeric mode for data characters; and a shifted mode (A,C,D, etc.) 
which is entered when the blue SHlFT key is pressed to start a keystroke sequence. 

Thus, with the alpha-numeric keys and SHlFT key, you can enter some commands 
in t w o  different ways: (1 use the primary function of the alpha-numeric key or (2) 

press the SHlFT key first and then enter the command by using the shifted mode. 
The 3497A automatically interprets whether alpha or data characters are to  be 
entered. 

For example, the ANALOG CLOSE CHANNEL key (numeric 7 )  has the three modes 
shown. When the keyboard is in primary mode (SHIFT key not pressed), pressing 
this key enters AC. Pressing this key a second time then enters the number 7. 

However, i f  the SHlFT key is pressed first, pressing the ANALOG CLOSE CHANNEL 
key now enters alpha A. Pressing the key again enters another A rather than the 
number 7 and an invalid command (AA) signal will occur (the 3497A will BEEP at 
you) and the command sequence will be cancelled. 
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ANALOG I 

These 5 kevs control analos assemblv operation. Each I 
k e ~  snec i f l k  the actton to be taken bv the 3497A 1 - ,  ~7 
(open or close channels, Increment or dedrement c h a n ~  
nels or vlew a speclfled channel1 h DIGITAL 

These 4 keys control digital assembly operatlon. Each 
key spec~ f~es  the actlon to  be taken by  the 3497A 
lapen or close dlgital channels wlthin slotlsi ad- 
dressed, read a deslgnated slot or view a designated 1 VOLTMETER 

Use these keys to set somefunct~onsof the DVM and 
~ t s  current source. A Close selected analog channellsi. 

From one to  four channels can be 
closed at a tlme 

..,"o." Set DVM to  lnternal trlgger, trip 

ger on external mput, software 
trlgger or hold. \ Close selected channellsl ~n slot 

addressed. 
Sets f ~ r s t  channel to  be closed In 
an analog sequence. 

\ Open selected channel(s) ~n slot 
addressed. 

Set number of readingdtrtgger 
input. 

Sets last channel to  be closed in 
an analog sequence 

I 
Set the DVM current source to  
one of three outputs. 

Ded~cates display to designated 
analog channel 

\ Ded~cates display to  selected slot. 
Steps (increments or decrements) 
the 3497A to  the next analog 

SPECIAL PURPOSE 

JFP rnpse 5 lo sn fr rnr  *e\ ooaro lo  A pna mooe 
sr. I tc.at tnc 3497A c r a r  enrr c i ,  c ~ e c ~ l c  ~olnmmrus 
enterca ano Fer rne 3497A c o;* ro a spcc f ~ c o  r n Q  

CONTROL 

These keys control the mode of operatlon o f  the 
3497A and allow manual SRO t o  be sent to  the 
controller. Shlfts Alpha~Numer~c portton of 

keyboard to  Alpha (A, C, D, etc.) 

Returns control of the 3497A t o  
the front panel unless LOCAL 
LOCKOUT was prev~ously sent 
from controller 

Tests the  3 4 9 7 A  ~ n t e r n a l  
functions 

Use this key to send a manual Ser- 
wce Request ISRQl t o  the  
controller. 

Clears entrles ~f pressed before 
the EXECUTE kev. 

Implements commands entered 
and prepares 3497A for next 
command 

Cycles the 3497A through a 
pawerwx sequence except for 
return to LOCAL control and 
Power-On SRO. 

Set Real T ~ m e  clock to  speclfled 
tlme. 

rn OFF - 

0 
POWER ONIOFF SWITCH 

press onipress off switch to  apply AC - 
to  the 3497A. Figure 8. Front Panel Keyboard 
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( ALPHA-NUMERIC KEY MODES 

I ANALOG I 

CLOSE Primary Mode: Close Channel 1 EHANNEL I *  (Ac )  

I -I Numeric Mode: Data Entry 

I - I (Number 7 )  

Shifted Mode: If the SHIFT 
key is pressed first, when this 
key is pressed, "A" is entered. 

EXAMPLE - CLOSE AhALOG CHANNEL 

The command t o  close channel 3 in an analog assembly is AC3. Let's enter 
this command in t w o  ways by using different keystroke sequences. You 
may want to  practice entering commands by pressing the LINE key ON and 
following the sequences shown. 

I Sequence 1: Use the ANALOG CLOSE CHANNEL key1 

To Enter AC3, Press: 

Keystroke 
Sequence: 

'LOSE 
CHANNEL 

Data Entered: AC 3 
AC3 Command 
Into 3497A 

Pressing the ANALOG CLOSE CHANNEL key enters AC. Since the t w o  
alpha characters in the command (AC) were entered w i th  the ANALOG 
CLOSE CHANNEL key, the 3497A interprets the next entry as a data 
character (number). Pressing the CURRENT SOURCE key enters the number 
3. 

As with all commands entered from the keyboard, you must press the EX- 
ECUTE key t o  actually enter commands. If you press a key in  error, you 
can delete the entire command sequence and start over by pressing the 
CLEAR ENTRY key BEFORE you press the EXECUTE key. 
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Note that the EXECUTE key also acts as a delimiter. That is, it tells the 
3497A that this is the end of this command and sets the 3497A for the 
next command. If you enter an illegal command, the audible BEEP sounds 
and the entire (correct) command must be re-entered. 

I Sequence (2): Use the SHIFT key I 

When the SHIFT key is pressed first, the keyboard is shifted to alpha mode. 
Now, when the ANALOG CLOSE CHANNEL key is pressed, the data 
entered is alpha A, rather than AC entered in the previous sequence. Press- 
ing the DIGITAL CLOSE key enters C (rather than 8) since the 3497A in- 
terprets the first two  entries as alpha characters. 

To Enter AC3, Press: 

Keystroke 
Sequence: 

Shifts 
Data to Alpha AC3 Command 
Entered: Mode A C 3 into 3497A 

Special Purpose Keys 

Now, let's examine each of the five keyboard groups and define the function of each 
of the keys, beginning with the special purpose key group. As mentioned, we've 
divided the keyboard into five functional groups. 

Some typical keystroke sequences are shown to illustrate the function of the keys. 
In these examples, only the primary mode is shown. However, many of the com- 
mands can be entered in shifted mode as well. You may want to practice entering 
commands by using both methods. 

The special purpose keys are used to shift the keyboard to the Alpha mode, self- 
test the 3497A, clear an undesired entry, execute commands entered and set the 
real-time clock to a desired time. This key group includes the SHIFT (blue) key, the 
SELF-TEST key, the CLEAR ENTRY key, the EXECUTE key and the TIMER DAY key. 
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The SHIFT (blue) key shifts the keyboard from the primary mode to a shifted Alpha 
mode so that you can enter some commands in two different ways. When the SHIFT 
key is pressed, the light in the center of the key is ON, indicating that the keyboard 
is in the shifted (alpha) mode. 

~ . _ 2 .,_,_ - 
and 

SELF CLEAR 
TEST ENTRY EXECUTE 

Use the SELF TEST key to test internal 3497A operation. When the SELF TEST key 
is pressed the display is as shown in Figure 8 if the 3497A is operating properly. 

Use the CLEAR ENTRY key to cancel undesired command sequences entered before 
the EXECUTE key is pressed. This cancels the entire sequence and you must reenter 
the entire command. For example, if you wanted to  enter DC3, but entered DC2, 
pressing the CLEAR ENTRY key will require that you enter DC3, rather than 3 only. 

Use the EXECUTE key to  actually enter the command sequences into the 3497A. 
The EXECUTE key also acts as a delimiter for the keyboard to end the numeric por- 
tion of the previous command and prepare the keyboard for a new command. 

TIMER 
DAY 

Use the TIMER DAY key to  enter a desired time of day into the real-time clock in 
one of two  formats: Month:Day:Hours:Minutes:Seconds or Day:Month:Hours: 
Minutes:Seconds. The clock then provides a real time data base for your 
measurements. 

I EXAMPLE - SETTING THE CLOCK 1 

We'll set the clock to  Oct 15, 6:24:53 PM. The command to  do this is 
TDn, where n = MM:DD:HH:MM:SS (US format). Press the LINE key on 

and enter the data as shown. 

1. To enter TD, press: 

Notice that the display is blank except for ENT to 
: the right of the 6-digit display, showing that data is about 

to be entered. 
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2. To enter Oct 15, 6:24:53 PM, press: 

Keystroke 
Sequence 

Data 1 0  15 18 24  5 3 
Entered 

10th 15th 6PM 24  5 3  
Month day (24-hr min sec 
(Oct) clock) 

A t  the end of this sequence, the 6-digit display shows 18.24.53. Next, 
press the EXECUTE key t o  set the clock. Now that the time has been 
entered into the 3497A, to  show the time of day on the display, enter the 
following sequence. 

3. To read the time of day, press: 

Keystrokes 

Data Shifts T 
Entered to Alpha 

Entries 

D Executes 
TD command 
to display. 

The display shows some time after 18.24.53 (depending on the time that 
you entered the last keystroke sequence). Notice that the display acts as 
a digital clock, updating each second. 
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Control Keys 

This group consists of the LOCAL, SRQ and RESET keys. You can use these keys 
to return control to the front panel, send an interrupt signal to your controller or reset 
the 3497A. 

The LOCAL key returns control to the front panel keyboard by taking the 3497A out 
of the remote operating mode. If the 3497A was previously placed in remote mode 
by a controller, the REMOTE light on the display is ON and most of the keyboard 
is disabled. 

The only keys which are not disabled in remote mode are the ANALOG VIEWED 
CHANNEL, DIGITAL VIEWED SLOT, SRQ and LOCAL keys. When the LOCAL key 
is pressed, all front panel keys are enabled and, if the 3497A was previously in 
remote mode, the REMOTE display light goes OFF. 

SRQ 

SRQ stands for Service Request. The purpose of the SRQ key is to send a service 
request to the controller from the front panel. Service requests are discussed in 
Chapters 3 and 4. However, to  see how the front panel SRQ key works, let's per- 
form the example keystroke sequence shown to enable and send the SRQ message. 

1 EXAMPLE - SETTING FRONT PANEL SRQ 1 
To send an SRQ mesage to  a controller by using the front panel SRQ, the 
first step is to  program the 3497A to  acknowledge an input from the SRQ 
key. As described later in Chapter 5, you can do this by entering an SE200 
command. 

To enter SE200, press: 
y l W E O  

Keystroke 
Sequence: 

Shifts Enters 
Data to S E 2 0 0 Command 
Entered Alpha into 

Mode 3497A 
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Now that the 3497A has been set to acknowledge Front Panel SRQ, simply 
press the SRQ key and note that the SRQ light goes on, showing that a 
Service Request has been sent to the controller. To clear SRQ, press the 
RESET key and note that the SRQ indicator on the display goes OFF. 

Pressing the RESET key causes the 3497A to go through a complete power-on se- 
quence, except for resetting the interface and POWER ON SRQ. If the 3497A was 
in REMOTE mode before pressing the RESET key, the RESET key is disabled and the 
3497A remains in REMOTE. 

The RESET key also returns the 3497A to its power on condition. Press the RESET 
key and observe that the display goes through the same sequence as when the LINE 
key is pressed ON, except that "HP 3497" is not displayed and the audible alarm 
(BEEP) is not sounded. 

Analog Keys 

This key group consists of the ANALOG STEP key and four alpha-numeric keys 
(CLOSE CHANNEL, FIRST CHANNEL, LAST CHANNEL and VIEWED CHANNEL). This 
group controls the operation of the analog plug-in assemblies (Options 010, 020, 
070 and 071 ). 

CLOSE 

CLOSE 
CHANNEL 

Use the CLOSE CHANNEL key to close from one to four analog assembly channels 
simultaneously. If more than one channel is to be closed at a time, only one chan- 
nelldecade can be closed. For example, you can close only one channel at a time 
in channels 0-9, channels 10-1 9, etc. up to a maximum of four channels per 3497A. 
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A sample sequence t o  close channels 2 and 1 2  simultaneously is shown. 
The command sequence to  do this is AC2,12. Note that the channels are 
in different decades and that a comma is required t o  separate the channel 
numbers in the command sequence. 

To enter AC2,12, press: 

CLOSE BEAa YlEWED 

Keystroke CHANNEL SLOT BtaT  

Sequence: 

Data AC 2 
Entered: 

Analog Closes 
Close Chan 2 

FIRST 
C~~ANNEL 

FIRST 
CHANNEL 

. - 

Closes Chan 12 

LAST ANALOG STEP 
C ~ N N E L  

LAST 
CHANNEL 

ANALOG 
STEP 

The FIRST CHANNEL key sets the first channel t o  be closed in an analog sequence 
and the LAST CHANNEL key sets the last channel t o  be closed in  an analog se- 
quence. These t w o  keys do NOT close channels, but merely set the limits of the 
sequence. When the 3497A is reset or at power on the first analog channel is set 
t o  000 and the last analog channel is set t o  999. 

The ANALOG STEP key closes channels in increasing or decreasing sequence, 
depending on the first and last channels set. If the first channel is less than the last 
channel (AF<AL), the sequence is increasing. If the first channel is greater than the 
last channel (AF>AL), the sequence is decreasing. 

For example, i f  AF = 2 0  and AL = 30, repeatedly pressing the ANALOG STEP key 
causes the 3497A to  sequence from channel 2 0  to  21, 22, ..., 30, 20, 21, ... If 
AF = 2 0  and AL = 10, the sequence is 20, 19, 18, ..., 10, 20, 19, ... Since the 
3497A uses BBM (Break-Before-Make) synchronization, the channel presently closed 
is opened before the next channel is closed, so only one channel is closed at a time. 
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I EXAMPLE - STEP ANALOG CHANNELS I 

For this example, we'll set the first and last analog channels to  be closed 
in a sequence and then use the ANALOG STEP key t o  close channels in 
an increasing sequence for an analog assembly in slot 1 (channel addresses 
20-39). 

Set the first channel to  be closed as 2 0  and the last channel to  be closed 
as 3 0  by entering the keystrokes below. Note that the FIRST CHANNEL 
key and LAST CHANNEL key do NOT close the channels but merely define 
the limits on the sequence. The ANALOG STEP key first opens, then closes 
the channels. 

To set AF = 2 0  and AL = 30, press: 
flRST 

Keystroke 
Sequence: 

Data 

a Entered: 

Sets First 
Channel to 20 

Sets Last 
Channel to 30 

Now, press the ANALOG STEP key to  close channel 2 0  and note that 020  
is displayed on the 3-digit display. Press the ANALOG STEP key again and 
note that the display is 021, showing that channel 2 0  has been opened 
and channel 21  closed. 

Repeatedly press the ANALOG STEP key until the display reaches 030. 
Then, with the next press of the key, note that the display goes back t o  
020. Thus, the channel closure sequence is 20, 21, ..., 30, 20, .... 

This key allows you to  dedicate the display to  a specified analog channel. Since the 
ANALOG VIEWED mode does not affect scan sequences, this mode is useful if you 
want to  scan through a number of channels but only want to  display the input on 
a certain channel. 
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1 EXAMPLE - VIEWED ANALOG CHANNEL I 
To set channel 20 as the dedicated channel, the command is AV20. To 
clear a channel from the viewed mode, the command is AV, without a data 
character. 

After you press the EXECUTE key, the 3-digit display shows 020, the 
VIEWED indicator is ON and the 6-digit display shows six dashes (- - - - 
- -). As with the FIRST and LAST CHANNEL keys, the VIEWED CHANNEL 
key does not close the channel. 

When channel 20  is closed with an appropriate command, the input to the 
channel will be updated on channel closure and displayed on the six-digit 
display. To clear the 3497A from this mode, press the ANALOG VIEWED 
key and then the EXECUTE key. 

To set channel 20  as the dedicated channel, press: 

VEWED 

Keystroke 
Sequence: 

Data 
Entered 

Digital Keys 

Dedicates channel 20 
to Viewed mode. 

This group of keys controls the operation of some of the digital assemblies (Options 
050, 1 10 and 1 15). This group consists of the DIGITAL CLOSE, DIGITAL OPEN, 
READ SLOT and VIEWED SLOT keys. 

Addresses for digital assemblies have the form (slot,channel) with slot numbers from 
0-89 (except slots 5-91 and channels 0-15 in each slot. In contrast to ANALOG com- 
mands in which a maximum of four channels can be closed simultaneously, with 
DIGITAL commands, any combination of channels can be closed in a slot. 

OPEN 
READ 
SLOT 
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The CLOSE and OPEN keys are used with the t w o  actuator assemblies (Options 110 
and 11 5). These keys are not used with the Option 0 5 0  (digital inputlinterrupt) 
assembly. Use the CLOSE key to  simultaneously close from one to  16  channels of 
an actuator assembly. Use the OPEN key t o  open from desired channels of an ac- 
tuator assembly. 

In contrast to  the CLOSE and OPEN keys, the READ SLOT key can be used with 
all three digital assemblies. When the READ SLOT key is used, the octal value of 
the digital data on each channel of the slot addressed is displayed. 

For example, for an actuator assembly (Option 110 or 11 5) with channels 0, 2 and 
4 closed, the front panel display shows CHANNEL 0,2 and 4 indicators ON (indicating 
that the relays in channels 0, 2 and 4 are closed) and the six-digit display shows 
000025, which is the octal representation of bits 0, 2 and 4 true (logic 1 ). 

I EXAMPLE - CLOSE AND READ DIGITAL CHANNELS I 
Let's take an example to  see how digital channels of an actuator assembly 
in slot 3 can be closed and read. We'll reset the 3497A, close channels 
2 and 4 and read the slot. This example is for an actuator assembly in slot 
3. If an actuator assembly in not in slot 3, when keystrokes shown are 
entered the 3497A will BEEP to  show invalid entries. 

To close more than one channel in a slot, the command is DC 
slot#,chan#, ... Note that commas must be inserted between the slot 
number and the first channel number and between each channel number. 
Thus, to  close channels 2 and 4 in slot 3, the command is DC3,2,4 (or 
DC3,4,2). 

1. To close channels 2 and 4 in slot 3, press: 
CURRENT 

Keystroke 
Sequence: 

Data DC 3 2 I 

- - 
4 

Entered: 

Digital Slot 3 Close 
Close Addressed Chan 2 

Close 
Chan 4 

The command t o  read a slot of the 3497A is DR slot#. So, t o  read the 
status of slot 3, the command is DR3. Now that channels 2 and 4 have 
been closed, t o  display this information enter the keystroke sequence 
shown. Following this, the the six-digit display shows 000024 OCT and 
CHANNEL indicators 2 and 4 are ON. 
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2. To read slot 3, press: 

Keystroke 
Sequence 

Data Entered: 

Heads Slot 3 Status 

Use the DIGITAL VIEWED SLOT to  dedicate the front panel display to  a specified 
slot. The display is updated after a channel is changed (open t o  closed or closed 
t o  open) or when a Digital Read or Digital Load command is sent t o  that slot. As 
with VIEWED CHANNEL for analog assemblies, DIGITAL VIEWED SLOT causes the 
VIEWED light on the display to  turn on. The command is DV slot#. To clear the 
3497A from this mode, use DV without a slot #. 

I EXAMPLE - DEDICATE DISPLAY TO SLOT I 

To dedicate the display t o  slot 3, press: 

Keystroke 
Sequence: 

Data Entered: DV 3 

Dedicates Front Panel 
Display to Slot 3. 

After the EXECUTE key is pressed, the display is as shown. Whenever 
channels are closed in slot 3, the display will show channels closed and 
the corresponding octal value. 
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Voltmeter Keys 

This group consists of three keys (TRIGGER, N READITRIGGER and CURRENT 

SOURCE) which can be used t o  set some of the functions of the optional voltmeter 
and current source. However, to  set other functions of the voltmeter, such as Auto- 
Zero and Voltmeter Wait, you must use the Alpha-Numeric keys in shifted mode to  
enter commands. See Chapter 5 for details. 

TRIGGER 
- 

M m & w  
N READ1 

i%tmcx~ : 

TRIGGER 

Use the TRIGGER key to  set the method of triggering the voltmeter to  one of four 
modes: internal, external, software or hold. Use the N READITRIGGER key to  set 
the voltmeter to  take from 1-999 readingsitrigger. 

WWIJT, 
3cs.t~~ 

CURRENT 
SOURCE 

Use the CURRENT SOURCE key t o  set the current source in the voltmeter to  one 
of three constant-current outputs: 1 0  PA, 100 PA or 1 mA. The command for this 
is VCn (n = 0 to  3).  When this command is executed, one of the Current Source 
Display Indicators is turned ON. 

I EXAMPLE - SET CURRENT SOURCE TO 1 ~ A I  

The command to  set the current source to  1 mA output is VC3. The 
keystroke sequence is shown below. After the EXECUTE key is pressed, 
the 1 mA display indicator is ON. 

To set the current source t o  1mA output, press: 

Keystroke 
Sequence: 

Data Entered: VC 3 

Sets current source to 1 mA 
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Chapter 3 
HP-IB PROGRAMMING 

Chapter 2 showed how to enter commands using the 3497A front panel keyboard. 
In this chapter, we'll show how to enter the same commands from a controller using 
an HP-IB interface bus. Since this chapter concerns HP-IB programming, if you have 
a 3497A with Option 232 (Serial Data), refer to Chapter 4. If you are not familiar 
with HP-IB or some of the terms used in this chapter, see Appendix A for a sum- 
mary description of HP-IB. 

This chapter is primarily devoted to programming considerations for communication 
between the 3497A and an HP-IB compatible controller. For command sequences 
to program the 3497A and its plug-in assemblies, see Chapter 5, Controlling the 
3497A. 

HP-IB (Hewlett-Packard lnterface Bus) is Hewlett-Packard's implementation of IEEE 
Standard 488-1 978, "Standard Digital lnterface for Programmable Instrumentation". 
Since HP-IB is a standard interface, the 3497A can be used with a wide variety of 
controllers/computers. 

However, unless indicated, all sample programs used in this manual are written in 
an enhanced BASIC (Beginners All-Purpose Symbolic Instruction Code) language used 
by the -hp- 85 Desktop Computer and similar controllers. 

Before beginning this chapter, you should be familiar with the material in Chapter 
2 on 3497A commands. For further information on 3497A commands, see the Com- 
mand Directory in Chapter 6. 

HP-IB BUS MESSAGES 

The purpose of the HP-IB interface is to allow the 3497A and controller to com- 
municate with each other. Although several types of information can be transmit- 
ted over the bus, information is usually transmitted in the form of Bus Messages. 
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There are 12 HP-I6 bus messages (see Appendix A). However, only nine of these 
are directly applicable to the 3497A. Later on, the 3497A response to these bus 
messages is summarized. First, let's take a look at the structure of bus messages. 

Bus messages generally perform one of three functions: (1) send instructions to the 
3497A (2) cause the 3497A to output data to the controller (or other device on the 
bus) or (3) transfer control from the controller to the 3497A or from the 3497A to 
the controller. 

Format 

Each bus mesage is divided into three parts: Operation, Address and Information. 
The format of bus messages is shown below. 

HP-IB BUS MESSAGE FORMAT 

or Transfer Control Communicates With 

OPERATION 

The operation portion of a bus message specifies the type of bus message (CLEAR, 
DATA, etc., see Appendix A for definitions). Each HP-IB compatible controller has 
an equivalent syntax which is controller dependent for the operation portion of bus 
messages. For example, the syntax for the -hp- 85A is OUTPUT for sending instruc- 
tions and ENTER for returning data. 

ADDRESS I INFORMATION 

Each instrument connected to  the HP-IB bus has a unique "address" which provides 
a way for the controller to communicate with only one instrument at a time even 
though all instruments are connected together. The address portion of a bus message 
consists of the interface select code (ISC) and the device select code. 

As factory preset, the 3497A is addressed at 709, where 7 is the interface select 
code and 09  is the 3497A device select code (address). All examples in this manual 
use address 709 for the 3497A. 
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1 3497A ADDRESS I 

HP-IB Interface 1 3497A Device 
Select Code 
(Preset = 7)  

Select Code 
(Preset = 09) 

The information portion of the message consists of 3497A commands and/or data 
to  be returned from the 3497A. For bus messages which send instructions to  the 
3497A, the information portion consists of 3497A commands (see the Command 
Directory in Chapter 6 for a list of 3497A commands). 

For bus messages which require that data be returned from the 3497A, the infor- 
mation portion consists of measurement or status data. For bus messages which 
transfer control between the 3497A and the controller, the information portion is 
not used. Some typical HP-IB messages for the 3497A using typical -hp- controllers 
are shown below. 

TYPICAL HP-IB BUS MESSAGES 

MESSAGE TYPE OPERATION ADDRESS INFORMATION 

Send instruct ions 
to  the 3497A. 

OUTPUT 709; "DC1" 

w r t  709, "DCI"  

Require numeric 
data return f r o m  
the 3497A. 

ENTER 709; A 

red 709, A 

Transfer cont ro l  
from the 3497A t o  

Note: OUTPUT, ENTER and REMOTE syntax is for -hp- 85A, 
9826A, 9836A, etc. controllers. wrt,red,rem syntax is for -hp- 
9825A. 

REMOTE 709 

the controller. 

The bus messages must include any delimiters required by the computer language 
syntax. A delimiter is a character that is used to  separate one expression from 
another or to  terminate a list. Delimiters for the 3497A include semicolons, quota- 
tion marks, commas and minus (-) signs. The 3497A ignores LF as an input 
command. 

rem 709 
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When commands are included in bus messages, more than one command can be 
used per message. Delimiters should not be used between commands in a bus 
message (i.e. for commands AClOVN10, do not use delimiters between "0" and 
"V"). 

I EXAMPLE - DATA MESSAGE 1 

A common bus message is the DATA message (see Appendix A). When 
a controller such as the -hp- 85A sends a DATA message to the 3497A, 
the syntax for the operation portion of the message is OUTPUT, the ad- 
dress portion is 709 and the information portion contains instructions for 
the 3497A. 

In the example bus message shown, the controller tells the 3497A to  set 
the DVM for 10 readingsitrigger (VN10) and then close channel 10 (AC10). 
Since the information portion contains instructions to change the state of 
the 3497A, it consists of 3497A commands. 

OUTPUT 709; "VNIOACIO" 

-hp- 85A HP-IB 2 L 3497A 3497A 
Syntax Interface Device Command 
for DATA Select Select 

Code Code 
(Preset = 7)  (Preset = 09) 

Syntax and Programming Hints 

As shown in the sample bus message above, you can send more than one command 
in a message. In general, you can send as many commands as required in a single 
message. Some other considerations in designing bus messages and programs are 
listed below. 

1. The Bus Message must include delimiters, such as semicolons, quotation marks, 
commas and spaces which are required by the controller syntax. When linking com- 
mands (such as AClOVNlO), it is not necessary to separate commands with 
delimiters. See the Command Directory for examples. 

2. Characters in received commands must be upper case letters, since the 3497A 
ignores lower case letters. Numeric inputs must be between 0 and 9,999,999,999. 
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The 3497A ignores spaces, Line Feed (LF), colon and + .  I t  recognizes the decimal 
point with the SV (System Viewed) command. 

3. The 3497A recognizes the minus (-1 sign only as the first character following 
an "AO" (Analog Output) or an "SV" (System Viewed) command. If a numeric is 
required but none is supplied in the command, the 3497A assumes that "0" is in- 
tended (i.e., if DC2,l is intended but DC2 is sent, DC2,O is the action initiated). 

4. When illegal characters are received over the interface, the 3497A sounds an 

audible alarm (BEEP) and the command is not executed. In this case, the bus 
message must be re-transmitted. 

5. When commands are "strung together" in a bus message, commands are acted 
upon sequentially as they are received. For example, in the bus message OUTPUT 

709; "VNlOAClO", the DVM is first set for 1 0  readingsltrigger and then channel 
1 0  is closed. For bus message OUTPUT 709;"AClOVNl O", the order of actions is 
reversed. 

6. Certain commands such as AE2 or AR may take a relatively long time to  ex- 
ecute. If you place this type of command at the beginning of a string of commands, 

the HP-IB interface is "locked in" to  this message until the command string is com- 
pleted. However, i f  you place long-time commands at the END of the command 
string, the HP-IB is cleared as soon as the last command is entered into the 3497A, 
even though the command is still being executed by the 3497A. 

7. Since up to  1 4  devices can be controlled simultaneously on an HP-I6 network, 
it is essential that each device have a unique address. If you have more than one 
3497A on the HP-IB interface, only one of the instruments should have address 0 9  
and each of the other 3497As should be set t o  a different address. 

8. For applications such as data logging, it may be required to  send data direct- 
ly from the 3497A to  an external printer and not use a controller for this operation. 
For these applications, the 3497A can function as an active talker or listener or it 
can be set t o  the TALK ONLY mode. In the TALK ONLY mode, the 3497A does not 
respond to  bus messages from the controller and commands must be entered from 
the front panel. 

COMMUNICATING WITH THE 

As mentioned, bus messages have three primary functions: sending instructions to  
the 3497A, requiring data returns from the 3497A or transferring control from the 
controller to  the 3497A or vice versa. In this part, we'll provide some guidelines for 
forming bus messages to  send instructions to  the 3497A, to  receive data from the 
3497A and to transfer control from the controller to  the 3497A and back to  the con- 
troller. We'll begin wi th sending instructions to  the 3497A. 
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Sending Instructions the 

A bus message which sends instructions to the 3497A includes one or more com- 
mands. Recall from Chapter 2 that the 3497A recognizes two  letter command 
mnemonics usually followed by one or more numeric characters (i. e. AC10, ST1, 
etc.). Thus, a bus message to send instructions to  the 3497A has the form OUT- 
PUT 709; "AC10". 

To send instructions to the 3497A, first decide what you want the instrument to 
do and determine the appropriate command(s) from the Command Directory in 
Chapter 6 (also see Chapter 2 for a command summary). Then, form a bus message, 
enter the message into your controller and press the RUN (or equivalent) key on the 
controller to initiate the desired action. Let's take a couple of examples to show how 
instructions can be sent to the 3497A with bus messages. 

EXAMPLE - TURN FRONT PANEL DISPLAY OFF 

In certain applications, it's convenient to  turn the front panel display off 
for faster reading rates. To do this, enter OUTPUT 709; "SDO" into the 
85A and press the END LINE key. When this command is executed, the 
front panel 6-digit display is turned off. 

The REMOTE indicator LED shows that the OUTPUT operation transferred 
control to the controller and the LISTEN indicator shows that the 3497A 
is ready to  accept further inputs from the controller. Thus, the OUTPUT 
operation of the bus message transferred control to the controller, the 709 
addressed the 3497A and the information portion was the SDO command. 
To turn the front panel display back on, send OUTPUT 709; "SD1". 

I EXAMPLE - SET FIRST AND LAST ANALOG CHANNELS I 

As required, you can send any number of commands in a single bus 
message. For this example, we'll set the channel 5 as the first analog chan- 
nel to be closed in a sequence and set channel 10 as the last channel to  
be closed in the sequence. The following bus message shows this. 

Notice that there are no delimiters (punctuation marks such as commas) 
between the two  commands. This is a general rule for the 3497A, as 
delimiters between commands may cause erronous action by the 3497A 
or cause commands not to  be executed. 

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



HP-IB Programming 75  

Interface 3497A ,- 2 commands 
Select Code 1 linked together 

OUTPUT 709; "AF5 AL10" 

Operation port ion 
syntax depends on 
computer used. 

Receiving Data 

f 
Sets f i rst  Sets last 
channel to channel to 
be closed be closed 
to  5. to 10. 

From the  3497A 

The 3497A can talk to  the controller (or to  other instruments such as printers) to  
provide results of measurements or status information. Naturally, the controller must 
tell (address) the 3497A to  talk for the instrument to  send data. Let's take an ex- 
ample to  show how data is sent from the 3497A to  an -hp- 85A. 

EXAMPLE - ENTERING VOLTAGE MEASUREMENT DATA 

In this example, we'll use the A l l 0  (Analog Input) command to close analog 
channel 1 0  and trigger the DVM to  take a measurement of the voltage on 
channel 10. Then, we'll transfer the voltage measurment to  the controller 
(called a READ operation). A program to  do this is shown. You may want 
to  enter and run this program and observe the front panel display as the 
program is executed. 

Program Line Description 

10  CLEAR 709 10  Resets 3497A to  Power-On 
20 OUTPUT 709; "A110" State (See CLEAR command). 
30  ENTER 709; A 
40  PRINT A 20 Closes Channel 1 0  and 
50 END Triggers DVM t o  take a 

measurement. 

30  Transfers voltage measurement 
to controller and stores value 
in A. 

40  Prints voltage value on 85A 
printer. 
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In this program, the 3497A is set to its power-on state by the CLEAR 709 
statement. Then channel 1 0  is closed and the DVM takes a voltage 
measurement and stores it in the 3497A. The ENTER 709; A statement 
transfers the result to  the controller and stores it in a variable called A. The 
value is then printed on the -hp- 85A printer and the program ends. 

A t  the end of the program, the 3497A Front Panel TALK LED is ON, in- 
dicating that the 3497A transferred data to  the controller and the REMOTE 
LED is ON showing that the 3497A is in the remote mode of operation. 

Transferring Control 

The third function for bus messages is to transfer control from the 3497A t o  the 
controller or from the controller to the 3497A. These commands are LOCAL, LOCAL 
LOCKOUT, CLEAR LOCKOUT & SET LOCAL and REMOTE. The DATA (OUTPUT) 
command also transfers control from the 3497A to  the controller. Note that these 
commands, except for OUTPUT, do not cause the 3497A to change state or to send 
data to  the controller. 

I EXAMPLE - TRANSFER CONTROL USING LOCAL AND REMOTE MESSAGES1 

When the REMOTE 709 command is sent, all the front panel keys of the 
3497A, except for the SRQ, LOCAL, ANALOG VIEWED CHANNEL and 
DIGITAL VIEWED SLOT are disabled and commands can't be entered from 
the front panel unless the LOCAL key is pressed. 

To put the 3497A in the REMOTE mode, send REMOTE 709  (note that 
there is no information portion in the message). After message execution, 
the REMOTE LED is ON. I f  you press any of the front panel keys except 
the four mentioned above, the 3497A will BEEP and the entries cannot be 
made. 

To put the 3497A back in LOCAL (front panel) operation, you can either 
press the front panel LOCAL key or send a LOCAL 709 command. In either 
case, the REMOTE LED goes OFF and the keyboard is once again enabled. 
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3497A DATA OUTPUT FORMATS 

In response to  ENTER messages, the 3497A can output data to  a controller in one 
of three formats: (1) ASCll (2) Packed Binary Coded Decimal (BCD) or (3) Time of 
Day, ASCII, Analog Channel Number. The output formats for ASCll (American Stan- 
dard Code for Information Interchange), Packed BCD (Binary Coded Decimal) and 
Voltmeter Format 3 are described below. 

ASCll Format 

The output format for ASCll data from the 3497A is as follows, where D = Decimal 
digit, 0 = Octal Digit, 0 = Zeros, E = Exponent, CR = Carriage Return and LF = 

Line Feed. 

I ASCll DATA OUTPUT FORMATS I 

I Voltage Measurement: k D.DDDDD E+D CRLF 

Time of Day: DD:DD:DD:DD:DD CRLF 

Elapsed Time: DDDDDDDDDD CRLF (First 4 Digits are Zeroes) 

Digital Read or 000000 CRLF (0-1 77777 Octal) 
Digital Load: 

1 Digital Interrupt: 000000 CRLF (Last 3 digits are 0-377 Octal) 

Counter Totalize: DDDDDD CRLF 

Counter Period D.DDDDDD E+D CRLF (Seconds) 
or Pulse Width: 

Analog Channel: + DDD CRLF (- = No Chan Closed) 

System Read: 000000 CRLF (last 3 digits are 0-377 Octal) 

Packed BCD Format 

Packed BCD Format is used for voltage measurements to  increase transfer (reading) 
speed from the 3497A to the controller. In Packed BCD, data is transmitted in three 
8-bit bytes, in contrast t o  normal ASCll format which requires eleven or more bytes 
to  transmit each voltage measurement. When packed BCD data is received by the 
controller, it must be "unpacked" to  arrive at the reading. 
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The format for Packed BCD is shown below. In this format, the Most Significant Digit 
(MSD), 2nd, 3rd, 4th and Least Significant Digit (LSD) are in Binary Coded Decimal 
(8,4,2,1) format. 

PACKED BCD FORMAT 

Range Sign Overrange MSD 

1- 1 R I G  1 RNG I SGN I OR I D D D D 

BCD value 8 4 2 1 

2nd Digit 3rd Digit 

- 1 I D I  D D D D D D D 

BCD value 8 4 2 1 8 4 2 1 

In packed BCD, three bytes are always returned. Bits 6 and 7 of the first byte show 
the range selected and also select the multiplier for the digits. Data is returned in 
the form .DDDDD Ed, where d is determined by the decimal value of bits 6 and 7 
(i. e. 00 = 0; 0 1  = 1; 1 0  = 2 and 11 = 3). 

4th Digit LSD 

D 

Bit 7 

0 
0 

For example, suppose the five digits to  be transferred are all 1s (disregard the sign 
and overrange bits for this example) and the 10V range is specified. The data return- 
ed is . I 1 1  11 Ed, where d = 2, since bit 7 = 1 and bit 6 = 0 for the 10V range. 
Thus, the reading is .11111 x l o2  = 11.111V. 

BCD value 8 4 2 1 8 4 2 1 

D 

1 
1 

Bit 5 of the first byte is the sign of the measurement. It is 1 for negative voltages 
and 0 for positive voltages. Bit 4 of the first byte is the overrange indicator and is 
1 when the voltage is greater than the range selected. An overload is a voltage which 
cannot be read and is indicated by 199999. 

Bit 6 

0 
1 

D D 

0 
1 

Range Selected 

. l v  
1 v  

D 

Multiplier 

0 
1 

1 ov 
1 OOV 

2 
3 

D D 
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In packed BCD format, a readinxajway-has five digits. If you are transferring a four 
digit reading, the MSD will be 0. For three-digit readings, the MSD and the 2nd digit 
are both 0s. Data input to the computer in packed BCD must be "unpackedf' (return- 
ed to  normal ASCII format) to  be viewed or processed. 

I EXAMPLE - PACKED BCD FORMAT 1 

Assume that the 3497A voltmeter is set to to  the lOV range and a voltage 
of 8.3456V is measured. When the voltmeter is set for format VF2 (see 
the Command Directory) the three data bytes output from the 3497A are 
as shown. 

The data returned for this measurement is + .083456 x 102 = 8.3456V. 
The multiplier is derived from the range bits (bit 7 = 1 and bit 6 = 0) for 
a decimal value of 2. 

10V Range Not Overrange 

I st Byte: 

t 
MSD = Decimal 

L Multiplier is lo2, since lo2 = 

IT 
2nd Digit = 3 3rd Digit = 4 

2nd Byte: 

3rd Byte: 

0 0 1 1 1 0  1 0  01 

8 (1 000) 

decimal 2 

4th Digit = 5 5th Digit = 6 
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Voltmeter Format 3 

When the voltmeter format is set to VF3 (see the Command Directory), the output 
from the 3497A is Time of Day, ASCII, Analog Channel Number, as shown below 
where D = decimal digit. Let's take an example for a typical voltage measurement. 

DD:DD:DD:DD:DD, k D.DDDDD E* D, -t DDD CRLF 

t t t  
Time of Day ASCII Format Analog 

Measurement Channel 
Number 

1 EXAMPLE - VF3 FORMAT1 

For this example, we'll set the 3497A to output a voltage measurement 
in Voltmeter Format 3 (with a VF3 command) and then take a voltage 
measurement on channel 10  (with an A l l 0  command). A sample program 
to  do this is shown. Note that you must use I = 1 to  2 to  get the time 
of day reading followed by the voltage reading and the channel number. 

10  CLEAR 709 
2 0  DIM A$[201 
3 0  OUTPUT 709 ;"VF3AI10" 
4 0  FOR I = 1 TO 2 
5 0  ENTER 709 ; AS 
6 0  PRINT AS 
7 0  NEXT l 
8 0  END 

After the program is executed, a typical printout is: 

The first line gives the month, day and time of day. The second line gives 
the voltage measured (+.054751 volts in this example) and the channel 
measured (channel 10). The + sign in front of the 010 shows that chan- 
nel 10  actually closed and thus the measurement is not of background 
noise. If the channel does not close, a - sign appears in front of the channel 
number. 
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3497A BUS CAPABILITIES 

So far, we've seen how to  use bus messages to send instructions to  the 3497A, 
receive data from the 3497A or transfer control from the controller t o  the 3497A 
or vice versa. Now, we'll discuss the response of the 3497A to  the nine applicable 
bus commands. First, however, let's introduce the TALK ONLY mode and review the 
lnterface Bus Display Indicators. 

TALK ONLY Mode 

Certain applications, such as data logging for example, may require that the 3497A 
take measurements (readings) and output them to  a device such as a printer. In this 
case, the controller is not required and the 3497A can be placed in the TALK ONLY 
mode (by setting the TALK ONLY switch in the 1 position). In TALK ONLY mode, 
commands cannot be entered from the controller and must be entered from the front 
panel. 

lnterface Bus Status Displays 

In Chapter 2 (see Figure 71, we outlined the functions of the four lnterface Bus 
Status Displays (SRQ, TALK, LISTEN and REMOTE). Since the rest of this section 
describes the 3497A response to  bus messages, you may want to  enter the 
messages from your controller and observe the lnterface Bus Status Displays as the 
messages are executed. 

The following table shows the LEDs which are ON (starting from a 3497A power- 
on state) after the bus message listed is executed. Note that more than one LED 
can be ON. For example, when the DATA Message OUTPUT 709 is executed, the 
LISTEN and REMOTE LEDs turn ON. 
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BUS STATUS DISPLAYS 

"SRQ is ON when OUTPUT 709; "SE200" is sent and 
front panel SRQ key is then pressed. 

3497A Response to  Bus Messages 

Earlier, we noted that nine of the 12 HP-IB bus messages apply to the 3497A. This 
table summarizes these messages and shows the -hp-85A syntax for the bus 
message. The examples shown in the descriptions following the table apply to the 
-hp- 85, 9836, 9845 and similar computers. For other controllers, refer to the 110 
programming manual. 

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



HP-IB Programming 83 

HP-IB BUS MESSAGES FOR THE 3497A 

Bus 
Message 

CLEAR 

DATA 

LOCAL 

LOCAL 
LOCKOUT 

CLEAR 
LOCKOUT 
AND SET 
LOCAL 

REMOTE 

REQUIRE 
SERVICE 

STATUS 
BYTE 

TRIGGER 

85A 
Svntax 

CLEAR 

OUTPUT 

-------..------- 

ENTER 

LOCAL 

LOCAL 
LOCKOUT 

LOCAL 

REMOTE 

3497A Response t o  Message 

Reset t o  power-on state, wi th t w o  exceptions: 

1. If previously set for REMOTE, remains in 
REMOTE after CLEAR message. 

2. If POWER ON SRQ bit (Bit 5 in Status Register) 
set, bit remains set after CLEAR message (See RE- 
QUIRE SERVICE). 

An OUTPUT message causes the 3497A t o  take ac- 
t ion specified by the command(s) in the message. 

An ENTER message transfers data from the 3497A to  
the controller. 

Removes the 3497A from REMOTE operation and 
restores control t o  the front panel keyboard. 

When the 3497A is in REMOTE mode, sending 
the LOCAL LOCKOUT message disables all the front 
panel keyboard except for Power ONIOFF. 

Clears the LOCAL LOCKOUT and REMOTE modes 
and returns the 3497A t o  front panel control. 

Switches control of the 3497A from the front panel 
to  the controller. All front panel keys, except LOCAL, 
SRQ, ANALOG VIEWED CHANNEL and DIGITAL 
VIEWED SLOT are disabled. 

If programmed t o  do so, the 3497A sends a 
REQUIRE SERVICE (SRQ) message when it requires 
action by the controller. 

If the controller is programmed to  respond to  the SRQ, 
it generates a SERIAL POLL operation and the 3497A 
returns a STATUS BYTE message to  the controller. 

When the controller sends a SERIAL POLL message, 
the 3497A returns a STATUS BYTE message t o  the 
controller. Many controllers display the value of the 
STATUS BYTE as the decimal sum of the true bits in 
the byte. 

Causes the 3497A t o  increment t o  the next analog 
channel and take a voltage measurement. If a reading 
is in progress, the TRIGGER message is delayed until 
the current reading is complete. 
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CLEAR 

EXAMPLES 

100  CLEAR 7 (Clears all devices on the interface) 

250  CLEAR 709 (Clears 3497A set t o  address 09 )  

COMMENTS 

When the CLEAR message is received, the 3497A is reset t o  its power-on condi- 
tion, with t w o  exceptions: 

1. If the 3497A was previously set for remote operation (see REMOTE message), 
it remains in REMOTE after the CLEAR message. 

2. If the POWER ON SRQ bit (Bit 5 in the Status Register) was previously set (see 
SERVICE REQUESTS), this bit remains set after a CLEAR message. 

The CLEAR message initiates the same action pressing the front panel RESET key. 
The 3497A state after the CLEAR message is executed is: 

3497A CONDITIONS AFTER CLEAR (OR RESET) ACTIONS 

CLEAR (OR RESET) ACTIONS 

1)  Stops all task execution. 
2) Clears all 3497A buffers and any other results. 
3)  Stops all data transmission from the 3497A. 

4) Opens all analog and digital assembly channels. 
5) Clears all interrupt capability. 
6) Clears the STATUS BYTE. 

7) Initializes analog and digital assemblies. 
8) Initializes voltmeter t o  pre-defined state. 
9)  Sets first chan = 000 and last chan = 999. 
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DATA (ENTER & OUTPUT) 

EXAMPLES 

110 OUTPUT 709 (Send Data to 3497A) 
220 ENTER 709 (Receive Data from 3497A) 

COMMENTS 

The DATA Messages (ENTER and OUTPUT) are used to transfer command informa- 
tion to the 3497A (OUTPUT) and to receive data from the 3497A (ENTER). Naturally, 
the syntax terms ENTER and OUTPUT are controller-dependent. 

When the OUTPUT message is sent, commands are executed in the order receiv- 
ed. For example, in the message OUTPUT 709;"AC40VN10", the action is to first 
close analog channel 40  then set the voltmeter to take 10 readingsltrigger. For the 
message OUTPUT 709; "VN 1 OAC4OU, the action is reversed. 

LOCAL 

EXAMPLES 

100 LOCAL 7 
120 LOCAL 709 

COMMENTS 

The LOCAL 709 message clears the 3497A from the REMOTE operation mode (con- 
troller operation) and restores control to the front panel. Unless LOCAL LOCKOUT 
was previously established, this can also be accomplished by pressing the LOCAL 
key on the front panel. LOCAL 7 removes all instruments on the bus from the 
REMOTE mode. 

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



86 HP-IB Programming 

LOCAL LOCKOUT 

EXAMPLE 

1 1 0  LOCAL LOCKOUT 7 

COMMENTS 

If the 3497A is in REMOTE mode and LOCAL LOCKOUT is set, all the front panel 
keys are disabled and the only way to  return to  front panel control is t o  either turn 
the power off and then on or t o  execute a CLEAR LOCKOUTISET LOCAL message. 
For many controllers, this is the same as a LOCAL message (i.e. LOCAL 7). 

If LOCAL LOCKOUT is set, the message LOCAL 709 returns front panel control t o  
the 3497A, but the next REMOTE message (or OUTPUT 709) will return operation 
to  the LOCAL LOCKOUT mode. 

CLEAR LOCKOUT AND SET LOCAL 

EXAMPLES 

1 1 0  LOCAL 7 
240 LOCAL 709  

COMMENTS 

The CLEAR LOCKOUT AND SET L AL message clears the 34 
REMOTE mode and clears the LOCAL LOCKOUT message. 

REMOTE 

EXAMPLES 

.97A from the 

1 1 0  REMOTE 7 
240  REMOTE 709  

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



HP-IB Programming 87 

COMMENTS 

The REMOTE message switches control of the 3497A from the front panel to a con- 
troller. In REMOTE mode, all front panel keys on the 3497A are disabled, except 
for the ANALOG VIEWED CHANNEL, DIGITAL VIEWED SLOT, LOCAL and SRQ keys. 
The 3497A must be addressed (by sending a REMOTE 709 message) before it will 
go to REMOTE mode (a REMOTE 7 message will NOT put the 3497A in REMOTE 
mode). 

When the 3497A is in REMOTE mode, the REMOTE indicator on the front panel 
display is ON. I t  is generally not necessary to use the REMOTE message, since the 
3497A goes to REMOTE mode when it is first addressed (with an OUTPUT 709 
message, for example). 

REQUIRE SERVICE (SRQ) 

COMMENTS 

An important feature of the 3497A is that you can program it to interrupt the con- 
troller whenever a pre-determined condition occurs in your system. This means that 
the controller can do other tasks until these conditions occur and then take necessary 
action. Of course, the controller must also be programmed to respond to the 
interrupt. 

For the 3497A, the interrupt message is a REQUIRE SERVICE (SRQ) message. Since 
SRQ is sent from the 3497A over the SRQ line of the HP-IB, SRQ activity is totally 
independent of other HP-IB activity. 

An SRQ message is sent from the 3497A whenever certain system conditions oc- 
cur, provided that the 3497A has previously been programmed to respond to these 
conditions. If the 3497A has not been programmed, when the conditions occur no 
SRQ (interrupt) is generated. To see why this happens, let's examine the Status 
Register and SRQ Mask in the 3497A. 

Status Register 

The 3497A contains an 8-bit Status Register which constantly monitors several possi- 
ble interrupt (SRQ) conditions. Whenever an interrupt condition occurs, the ap- 
propriate bit in the Status Register is set true (a 1 condition). The following table 
defines the conditions which set the bits in the Status Register true. 
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For example, when the voltmeter completes a measurement, a DATA READY con- 
dition occurs and bit 0 of the Status Register is set to 1. When a message is not 
executed (for any of six reasons), a MESSAGE NOT EXECUTED condition occurs and 
bit 4 is set to 1. 

It is important to note, however, that an SRQ message is NOT sent when these con- 
ditions occur, unless the 3497A is programmed to respond to the interrupt condi- 
t i on (~ ) .  This is done by setting the SRQ Mask. 

I STATUS REGISTER - DEFINITIONS ( 

Octal C 
- 

Bit 

7 

6 

5 

4 

3 

2 

1 

0 

Bit 7 

Man 
SRQ 

Title 

2 1 4 2 1 4 2 1 

Bit 5 

Pon 
SRQ 

Bit 6 

SRQ 

Manual SRQ 

SRQ 

Bit 4 

Msg Not 
Exec 

Power On 
SRQ 

Message Not 
Executed 

Bit 3 

Time 
lnterv 

Time Interval 

Time Alarm 

Bit 2 

Time 
Alarm 

Digital 
Interrupt 

Data Ready 
SRQ 

Bit 1 

Dig 
lntr 

Condition Which Sets The Bit t o  1 (true) 

Pressing the front panel SRQ key. 

Bit 6 is 1 when SRQ Mask true bit(s) match 
Status Register true bit(s.1. 

A t  3497A Power On, IF the POWER ON 
SRQ ENABLE switch is set t o  1 position. 

Set by one of six conditions (see STATUS 
BYTE) 

Set when a pre-established time interval has 
elapsed from a t = O  reference. 

Set when the time of day matches a pre-set 
time. 

Set  when  the  d ig i ta l  input l in terrupt  
counter assembly sends an interrupt t o  the 
status register. 

Set when the voltmeter completes a 
measurement. 

Bit 0 

Data 
Ready 
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Setting the SRQ Mask 

The SRQ Mask permits the 3497A t o  generate an SRQ message ONLY for the in- 
terrupt conditions specified. Whenever an interrupt condition occurs, the Status 
Register bit(s) are set as shown previously. However, to  send an SRQ to  the con- 
troller, the SRQ Mask bits must previously have been set. 

The SRQ Mask bits and the ways in which the bits are set are shown below. Note 
that the SRQ Mask is identical to  the Status Register, except that bit 6 is missing 
(we'll cover this later). 

Bits 0 through 4 and bit 7 are set to  1 by SEn commands, where n = 0 to  377 
is the octal value of the bit. Bit 5 is set to  1 ONLY when the POWER ON SRQ 
ENABLE switch is set to  the 1 position and cannot be set with an SEn command. 

The chart below also shows the SE command to  set each of the bits true (i.e. send 
SE2 to  set the SRQ Mask for Digital Interrupt - bit 1 true). Any combination of bits 
0 through 4 and/or bit 7 can be set by an appropriate SEn command. For example, 
t o  set b i ts  4 and 0 true, the  command is SE21 (SE20 + SE1). 

SRQ MASK - BIT DEFINITIONS AND BIT SET COMMANDS 

Bit 7 

SE200 

L POWER ON SRQ ENABLE SWITCH IN 
THE 1 POSITION SETS BIT 5 TRUE 

Bit 5 

Pon 
SRQ 

Sending SRQ 

To send SRQ to  the controller, set the SRQ Mask for the interrupt conditions desired 
by sending an SEn command and/or setting the POWER ON SRQ ENABLE SWITCH 
to  the 1 position. When the specified interrupt conditions occur, the Status Register 
bit(s) will be set. Since the SRQ Mask bits are also set, bit 6 of the Status Register 
is set and an SRQ occurs. 

A 
SE20 SE10 SE4 SE2 SE1 

B i t 0  

Data 
Ready 

Bit 4 

Msg Not 
Exec 

Bit 3 

Time 
lnterv 

Bit 2 

Time 
Alarm 

Bit 1 

Dig 
lntr 
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1 EXAMPLE - POWER ON S R Q ~  

To send SRQ when the 3497A is turned on, set bit 5 of the SRQ Mask 
by placing the POWER ON SRQ ENABLE switch in the 3497A to  the 1 posi- 
tion. Then, at power-on bit 5 of the Status Register is set and SRQ is 
generated. If the POWER ON SRQ ENABLE switch is in the 0 position, 
Status Register bit 5 is NOT set at power on and SRQ is not generated. 

1 EXAMPLE - FRONT PANEL SRQ I 
To generate an SRQ from the front panel, first set the SRQ Mask bit 7 true 
by sending OUTPUT 709; "SE200". Then, when the front panel SRQ key 
is pressed, an SRQ is generated and the SRQ LED on the display turns ON, 
indicating that the SRQ has been sent. 

To generate an SRQ for Data Ready conditions, set bit 0 of the SRQ Mask 
by sending OUTPUT 709; "SE1". When a DATA READY condition occurs 
(see STATUS BYTE), bit 0 of the Status Register is set and the combina- 
tion of SRQ Mask bit 0 true and Status Register bit 0 true generates an 
SRQ. 

m 0 0 0 0 0 1 SRQ Mask 

1 r u t s  since 1 / SRQ Mask and 
SRQ Mask bits not Status Register 

bit 0 BOTH Is .  

1 Status 
h Register 

1 SRQ sent since 

1 1 0 1 1 0 0 
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STATUS BYTE 

EXAMPLES 

P = SPOLL 709 (-hp- 85A) 
STATUS 709;P (-hp- 9845 AIB) 

COMMENTS 

When the 3497A sends an SRQ (see REQUIRE SERVICE), if the controller has been 
programmed to  respond to  the SRQ, the controller sends a SERIAL POLL message 
to  determine the source of the SRQ. 

After the 3497A receives the SERIAL POLL message, it outputs a STATUS BYTE 
message which contains information on the condition of the bits in the status 
register. The sequence of actions is shown below, assuming that the controller has 
been programmed to  respond to  SRQ. 

SERIAL POLL SEQUENCE 

STEP CONTROLLER MESSAGE 3 4 9 7 A  

Many controllers display the condition of the STATUS BYTE as the decimal sum of 
the individual true bits. For example, i f  bits 0 and 7 of the Status Register are true, 
the decimal value of the status byte is 129 (1 28  + 1 ). This chart shows the bits 
in the status register and their equivalent decimal value. See REQUIRE SERVICE 
(SRQ) for a description of the bits. 
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1 STATUS REGISTER - DECIMAL VALUES I 

Bit 7 

In most cases, when the STATUS BYTE message is sent to  the controller in response 
to  a SERIAL POLL message, all bits in the Status Register are cleared to 0. However, 
there some exceptions for bit 4 (Message Not Executed) and bit 0 (Data Ready). 

Decimal 
Value 

The following table shows conditions for which the bits in the Status Register are 
set and cleared, assuming that the SRQ Mask is set for these conditions (see RE- 
QUIRE SERVICE). The SRQ Mask is NOT reset by  a SERIAL POLL. The SRQ Mask 
is changed only when power is turned off, by a RESET or when new mask condi- 
tions are entered. 

Bit 6 

TRIGGER 

EXAMPLES 

Bit 5 

Man 
SRQ 

128 

1 0 0  TRIGGER 7 
290  TRIGGER 709 

SRQ 

64 

P On 
SRQ 

3 2 

COMMENTS 

Bit 4 

If the 3497A has been addressed to  listen, the TRIGGER message (also known as 
GET for Group Execute Trigger) causes the 3497A to  increment t o  the next analog 
channel and take a single voltage measurement with the DVM (if installed). If a 
reading is in  progress, execution of the TRIGGER message is delayed until the cur- 
rent measurement is complete. 

Msg 
Not 
Exec 

16 

For example, at power-on, sending TRIGGER 709 causes the 3497A to  close analog 
channel 000 and take a voltage measurement c f  the channel 0 voltage. Sending 
TRIGGER 709 again causes the 3497A to  close channel 001  and measure the 
voltage on channel 1. 

Bit 3 

Time 
Inter- 
val 

8 

Bit 2 

Time 
Alarm 

4 

Bit 1 Bit 0 

Dig 
lntr 

2 

Data 
Ready 

1 
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STATUS REGISTER - BIT SET AND CLEAR CONDITIONS 
(IN RESPONSE TO A SERIAL POLL) 

CLEAR AFTER 
SERIAL POLL 

(YESINO) 

YES 

BIT SET 

When Front Panel SRQ key is pressed. 

When Status Register Bit 0,1,2,3,4,5 
and/or 7 = 1. 

Manual SRQ 

SRQ YES* 

Power-On SRQ A t  power-on i f  POWER ON SRQ ENABLE 
switch set to  1 position. 

YES 

Message * * 
Not Executed 

When one of the six conditions shown 
occurs. 

1) Voltmeter receives an external trigger 
but has not completed measurement. 

2)  New data is requested before the pre- 
vious data completely transferred t o  the 
controller. 

3 )  An illegal command is sent to  the 
3497A. 

4 )  A parameter sent exceeds limits of 
of the 3497A. 

5)  The internal 3497A buffer storage is 
full. 

6 )  A digital assembly is not present in the 
slot addressed. 

YES 

N 0 

YES 

N 0 

N 0 

N 0 

Time Interval When time interval set by Tln command 
is reached. 

When time of day set by TAn command 
is reached. 

Set by signal from digital input/interrupt 
or counter assembly when pre-set condi- 
tions occur. 

1)  When voltmeter storage is OFF, bit  is 
set after each measurement is sent t o  the 
controller. 

2)  When voltmeter storage is ON, bit is 
set after n measurements (set by the VNn 
command) are stored. 

YES 

Time Alarm YES 

YES Digital 
Interrupt 

YES 

N 0 

Data Ready 
SRQ 

* Also cleared at Power On or RESET. 

* * Can't determine which condition caused SRQ, since bit 4 true is only 
information returned. 
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SERIAL DATA PROGRAMMING 

INTRODUCTION 

In Chapter 2, we showed how to  enter commands from the front panel. In this 
chapter, we'll show how to  enter these same commands using a controller and an 
RS-232C or RS-4491423 interface and provide some programming hints to help your 
controller communicate more effectively with the 3497A. 

If you are not familiar with RS-232C or RS-4491423, see Appendix A for a sum- 
mary of these interfaces. Now, let's take a look at the capabilities of the 3497A 
for Serial Data communication. 

With Option 232, the 3497A is compatible with Electronic Industries Association 
(EIA) standards RS-232C and RS-449 with the RS-423 electrical subset. I t  is also 
compatible with CClTT (Comite Consultatif International Telephonique et Telegraphi- 
que) standards CClTT V.24 (for RS-232C) and CClTT V.10 (for RS-4491423). 

The 3497A can be operated from a controller in one of two  ways: (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. 

With RS-232 operation, the 3497A can be located a maximum of 50 feet (1 5.24 
meters) from the controller. With RS-4491423 operation, the maximum separation 
depends on the speed of operation. For example, for data rates up to 1000 bits per 
second, maximum cable length between the controller and the 3497A is 4000 feet 
(1 200 meters). 

The 3497A can operate only with asynchronous, full duplex MODEMS (data sets) 
and has been functionally tested to operate with the following (or equivalent) 
MODEMS: 

Bell 103A, 21 2A, 103J 
Vadic 3400, 3451 
U.D.S. 1 . 0 3 ~ ~ ~  
-hp- Model 82950A MODEM Interface for the -hp- 85A 

e The 3497A can be configured for a wide variety of operating conditions, depending 
on controller and speed requirements. The following table shows the possible 
operating conditions for the 3497A with factory preset conditions outlined. 
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3497A SERIAL DATA CONFIGURATIONS 

DIRECT CONNECTION 

MODEM OPERATION 

TELEPHONE 
LINE 7 

t 
CONTROLLER MODEM w MODEM 3497A 

SERIAL DATA MESSAGES 

Naturally, communication between your controller and the 3497A is a two-way 
street. However, for simplicity, we'll break the discussion into three parts: ( 1 )  send- 
ing commands to the 3497A (2) receiving data from the 3497A and (3) handshake 
techniques. To begin, however, let's take a look at the format and syntax rules of 
messages used to send information across the interface. 
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1 3497A OPERATING CONFIGURATIONS I 

Type of RS-4491423 Operation 
Operation 

RS-232C Operation 

Type of Direct Connection to Controller 
Connection 

Connect to MODEM 

Type of ENQIACK 
Handshake 

DC1 ON 

DC1 OFF 

Speed of Speed# 
Operation1 
# Stop Bits 19,200 

9,600 
4,800 
2,400 
1,200 

600 
300 
110 

Stop Bits 

1 
1 
1 
1 
1 
1 
1 
2 

Word Length 8-bit ASCll wlodd parity 
& Parity 

7-bit ASCll wlodd parity 

8-bit ASCll wlno parity 

7-bit ASCll wleven parity 

= Factory Setting 

Message Format 

Recall from Chapter 2 that commands for the 3497A consist of two  alpha characters 
usually followed by one or more numerics (i. e., AC10, ST1, etc). To send these 
commands from your controller to the 3497A, it is necessary t o  add the controller 
transmit protocol and the interface select code (ISC). We'll call the combination a 
message. Thus, a message consists of three parts: protocol, ISC and command(s). 

For BASIC language controllers such as the -hp- 85A, the protocol to  send a com- 
mand from the controller to  the 3497A is OUTPUT. As factory preset, the ISC on 
the -hp- 85A Serial Data interface is 10, so a typical message would have the follow- 
ing form. For proper communication between your controller and the 3497A, you 
must use the protocol appropriate for your controller and the proper ISC for the in- 
terface used. 
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OUTPUT 1 0; "AC 1 OVD4" 

Protocol ISC Commands 

Message Syntax 

Before a command can be accepted b y  the 3497A, it must  f irst get  across the in- 

terface and then be accepted as valid by  the 3497A. We'll talk later about gett ing 

the message across the interface. First, let's list some punctuation (syntax) rules for 

commands t o  be accepted as valid by  the 3497A. 

1 3497A COMMAND SYNTAX RULES I 

1. Each command must begin with two upper case letters and may be followed by 
one or more numerics. The 3497A ignores lower case letters, LF (Line Feed), colon (:I ,  
the plus ( + )  sign, spaces, nulls and ASCII characters between 18 and 31 (decimal). 

2. The 3497A recognizes the minus (-1 sign only as the first character following an 
A 0  (Analog Output) or System View (SV) command. The 3497A recognizes the decimal 
point as the first character following the SV command. 

3. When numbers are used in a command, they must be free field integers from 0 
to 9999999999. When numbers are required in a command but are not specified, a "0" 
is assumed, except for the AC, AV, DV, SR, TD and TE commands. For example, if 
the command DC2,3 (close digital channel 3 in slot 2) is intended, but DC2 is sent, the 
action is DC2,O (close digital channel 0 in slot 2). 

4. If more than one number is used in a command, comma(s) must be used between 
numbers (i.e. AC3,13). DON'T use commas anywhere else in the commands, such as 
between two  commands in a message (AClOVD4 shown previously). In some com- 
mands, a comma as the last character is interpreted as a 0. In other commands, a com- 
ma as the last character causes any previous commands to  be executed and generates 
an error message. 

5. Several commands can be grouped together and sent in a single message. The 
3497A executes the commands in the order received by use of the "CR" (Command 
Terminator) sent with each message. The command string should not exceed 42 
characters (excluding the CR terminator). If a command string exceeds 42 characters, 
execution of commands begins with the 42nd character and all characters after the 
42nd are ignored. 
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BUS 

As mentioned, communication between your controller and the 3497A takes place 
over the Serial Data interface bus. Also, as mentioned, we'll divide the discussion 
on transmitting messages over the bus into three parts: (1 sending commands to  
the 3497A (2) receiving data from the 3497A and (3) handshake techniques. We'll 
begin wi th sending commands to  the 3497A. 

Sending Commands the 

When the controller sends commands to  the 3497A, the 3497A is in the receive 
mode of operation. In this mode, the front panel LISTEN light flashes to  indicate 
information (commands) input t o  the 3497A. In receive mode, characters are input 
to  a 42-character command buffer until either a CR (command terminator) is received 
or until the buffer is full (42  characters entered). 

After it receives CR, the 3497A executes commands in the order that they are 
received. If the command string does not exceed 4 2  characters, the LISTEN light 
remains on but execution of commands does not start until the CR is received. 
However, i f  the command string exceeds 4 2  characters, execution starts after the 
buffer is full, even if CR is not sent. 

This means that the 43rd and all following command characters will be ignored by 
the 3497A. Also, command strings exceeding 4 2  characters will cause the input buf- 
fer overflow bit t o  be set in the 3497A status register (see BREAKS, SERVICE RE- 
QUESTS and INTERRUPTS). 

Also, if the 3497A is busy executing a command when another is received, the new 
command will be ignored and the system overrun bit will be set in the status register. 
Some programming notes for receive mode follow. 

Receiving Data From the 

Certain types of commands require that data be sent from the 3497A to  the con- 
troller (or other requesting device). When the 3497A sends data to  the controller, 
it is in the transmit mode. When the 3497A is in transmit mode, the front panel 
TALK light is flashing, indicating that data is being output. 

For BASIC language controllers such as the -hp- 85A, the protocol for messages 
which require data returns is ENTER (i.e., ENTER 10; A)  which tells the 3497A to  
send data to  the controller and store in A. In response to  ENTER messages, the 
3497A outputs data in one of three formats (1)  ASCII (2) Packed BCD or (3) Time 
of Day, ASCII, Analog Channel Number. 
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PROGRAMMING NOTES FOR RECEIVE MODE 

1. The 3497A does NOT support ECHO. If your controller has this feature, turn the 
ECHO function OFF before communicating with the 3497A. 

2. The 3497A is compatible with even, odd or no parity operation (7-bit ASCII wlodd 
parity is preset). If parity is not specified, a parity bit is NOT sent and character 
transmission time is reduced by one bit time. 

3. If the front panel LISTEN light does not turn OFF after messages are sent to the 
3497A, the controller is probably not sending the CR terminator and CR must be add- 
ed to  each message. 

4. To avoid command (input) buffer overflow, do not send messages with command 
strings which exceed 42 characters. 

1 5. To avoid a system overrun (commands being ignored): 

a. slow the speed of operation to give the 3497A time to execute commands 
before sending another command. 

b. Use WAIT statements in programs to give the 3497A time to  execute 
commands before sending another. 

c. If the speed of operation can't be slowed down, use a handshake techni- 
que. The 3497A is compatible with either DC1 or ENQIACK handshakes (see 
HANDSHAKE TECHNIQUES). 

1 Thus, if your controller normally requires CR LF, you must 1 reconfigure it to eliminate this requirement for proper opera- 
1 tion with the 3497A. 

I 1 A sample way to eliminate the requirement for an LF 
' chamcter is ENTER 10 USING "#,Kt? ... By using this type I 
I of ENTER statement, the -hp- 85A requires only the CR 
i character sent by the 3497A. 
I- - - - .. --- -- 
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3497A DATA OUTPUT FORMATS 

As mentioned, the 3497A, outputs data in one of three formats. The formats for 
ASCll data and Time of Day, ASCII, Analog Channel Number are outlined as follows. 

ASCll Format 

The output format for ASCll data from the 3497A is as follows, where D = Decimal 
digit, 0 = Octal Digit, 0 = Zeros, E = Exponent and CR is the command terminator 
(LF is not sent). 

I ASCll DATA OUTPUT FORMATS I 

I Voltage Measurement: k D.DDDDD E k D  CR 

Time of Day: DD:DD:DD:DD:DD CR 

Elapsed Time: DDDDDDDDDD CR (First 4 Digits are Zeroes) 

Digital Read or 000000 CR (0-1 77777 Octal) 
Digital Load: 

Digital Interrupt: 000000 CR (Last 3 digits are 0-377 Octal) 

Counter Totalize: DDDDDD CR 

Counter Period D.DDDDDD E+ D CR (Seconds) 
or Pulse Width: 

Analog Channel: + DDD CR (- = No Chan Closed) 

System Read: 0 0 0 0 0 0  CR (last 3 digits are 0-377 Octal) 

Packed BCD Format 

Packed BCD is used to increase transfer (reading) speed from the 3497A to the con- 
troller. In packed BCD, data is transmitted in three 8-bit bytes, in contrast t o  ASCll 
format which requires eleven or more bytes to  transmit each measurement t o  the 
controller. Option 232 has a storage capacity of 85  readings using packed BCD for- 
mat. See Chapter 3, HP-IB Programming, for Packed BCD format and example. 
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Voltmeter Format 3 

When the voltmeter format is set t o  VF3 (see the Command Directory), the output 
from the 3497A is Time of Day, ASCII, Analog Channel Number, as shown where 
D = decimal digit. See Chapter 3 for an example. 

DD:DD:DD:DD:DD, + D.DDDDD E + D, + DDD CR 

Time of Day Measurement Analog Channel 
ASCII Format Number and Sign 

HANDSHAKE TECHNIQUES 

A handshake is a means to  insure a complete and orderly transfer of information be- 
tween the 3497A and the controller. As shown in the section on sending commands 
t o  the 3497A, difficulties can arise if the controller tries to  send messages to  the 
3497A when the 3497A is not ready to  accept them. The same problem occurs if 
the 3497A tries to  return data to  the controller when the controller is not ready to  

accept the data. 

To prevent these occurrences, the 3497A is compatible with t w o  types of hand- 
shakes: EnquireIAcknowledge (ENQIACK) and DC1. In addition, t o  avoid computer 
overflow, the 3497A can operate in single or continuous output mode. Finally, you 
can use LocalIRemote operation to control the 3497A from the front panel or from 
your controller. 

EnquirelAcknowledge (ENQIACK) 

The purpose of the ENQuireIACKnowledge handshake is t o  ensure that the controller 

does not send messages to the 3497A before the 3497A is ready to receive them. 
The controller sends an ENQ (ASCII character 5) message to  the 3497A to  see if 

the command (input) buffer is ready to  accept new commands. When the 3497A 
receives the ENQ message, it does one of t w o  things: 

1. If the 3497A is busy executing a previous command, it completes execution 
of the command and then sends an ACK (ASCII character 6) message which tells 
the controller that the 3497A is ready. 

2. If the 3497A is not busy, it returns the ACK message immediately 
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I ENQIACK HANDSHAKE I 

CONTROLLER 

ENQ 

READY FOR NEW INSTRUCTIONS? 

ACK 

READY 

The ENQ message can be sent at any time. Usually, however, ENQ is sent as 
last character of a message, following the CR terminator. Regardless of when 

the 
the 

ENQ is received, the 3497A will not return ACK until all data requested is returned 
or, in general, until all command execution is complete. 

Note that the ENQIACK handshake is executed entirely by software (in contrast t o  
the DC1 handshake which is set by a switch inside the 3497A). A sample program 
to  set the ENQIACK handshake using the -hp- 85A is shown which sets Control 
Registers 1 1, 15, 1 6  and 1 9  to  implement the ENQIACK handshake. The -hp- 85A 
is defined as the host and an interface select code (ISC) of 1 0  is used. 

EXAMPLE - ENQIACK HANDSHAKE TECHNIQUE 

Program Lines 

10 RESET 10 10 
20 CONTROL 10,11; 128 20 
30 CONTROL 10,15; 6 30 
40 CONTROL 10,16; 66 40 
50 CONTROL 10,18; 5 50 
60 * 60 
70 * 

DC1 Handshake 

Description 

Sets Interface to Power On 
Allow XMlT FLAG Enable 
ACK enables XMlT FLAG 
2 char EOL & disable XMlT 
ENQ is 2nd EOL character 
- Main Program 

When the 3497A is set for DC1 mode (by setting the DC1 HANDSHAKE switch in 
the 3497A to the "1" position), the 3497A will not return any data to the controller 
until it receives a DC1 (ASCII 17) character from the controller. A sample program 
line to  send DC1 is: OUTPUT 1 0  USING "#,K"; CHRS(17). 
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DC1 should only be used when your controller is not capable of receiving data from 
the 3497A at any time. Many computers send the DC1 character just prior to a read 
(ENTER) statement so that they will be ready to  receive the data specified by the 
command. Some rules for DC1 operation follow. 

I DC1 OPERATION I 
- 

I. DC1 must be sent for each reading requested unless it follows a read buffer com- 
mand. For example, if the command VT3DL2 is sent, 2 "DCls" must be sent to receive 
both pieces of data. 

2. If a read buffer command is sent, DC1 following the command initiates transfer 
of all stored readings. A DC1 following a command for multiple readingsttrigger initiates 
transfer of all readings. 

3. If a command does not require data to be returned and a DC1 is sent with the 
command, the 3497A remembers the DC1 and uses it to  transmit the next data 
requested. 

4. If the 3497A is NOT set for DC1 mode, any DC1 characters will be ignored and 
data requested will be returned as soon as the 3497A has processed it. 

5. Do NOT use external trigger (VT2) mode when in the DC1 mode. With external 
trigger, the 3497A will continuously take readings and try to output them to the con- 
troller. However, the DC1 mode requires that the 3497A wait for a DC1 command 
before outputting data. Thus, the 3497A is dependent on two  conflicting mode re- 
quirements and data errors could result. 

Output Modes 

When certain commands are sent to  the 3497A, it will return data continuously. 
These commands include Internal Voltmeter Trigger (VT1); Counter Internal Trigger 
(CR slot#,3); Self-Test (ST1 ); Read Time of Day (TD); Read Elapsed Time (TE) and 
Digital Read (DR slot#) [see the Command Directory]. 

Because of this, the controller could overflow. To avoid controller overflow, the com- 
mand Son (n = 0 or 1 ) can be sent to establish the output mode of the 3497A. 
When SO0 is sent, the 3497A outputs data in the continuous mode. When SO1 is 
sent, the 3497A outputs a single reading for each command. 

LocalIRemote Operation 

When the 3497A is in local mode, commands can be entered from the front panel. 
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Remote operation means that commands can only be entered from a controller via 
the serial interface. In remote operation, the front panel keyboard is disabled, ex- 
cept for the LOCAL, SRQ, ANALOG VIEWED CHANNEL and DIGITAL VIEWED SLOT 
keys. In local operation, the 3497A will not output data to the controller. 

At power on, the 3497A is in local mode, but changes to remote mode after ex- 
ecuting the first command sent to it (except for ENQ and DC1 messages). If the front 
panel LOCAL key is pressed, the 3497A goes from remote to local mode and data 
can't be output to the controller. 

Also, at power on the 3497A is set to continuous output mode, but the mode is 
changed to single output whenever a local-to-remote mode transition occurs (i. e., 
whenever a command is sent to the 3497A). When the 3497A goes from remote 
to local mode, it will remain in the output mode programmed while in remote. If no 
output mode was programmed while in remote, the 3497A assumes the output mode 
it was in while in local. 

For example, at power on the 3497A is in local operation with continuous output 

mode (SOO). When a command is sent, the 3497A goes to remote operation with 
single output mode (So l ) .  If the Son command is NOT sent, when the 3497A goes 
to local operation it reverts back to continuous output mode (SOO). On the other 
hand, if the SO1 command IS sent while the 3497A is in remote mode, when the 
3497A goes to local operation it stays in single output (SOO) mode. 

BREAKS, SERVICE REQUESTS AND INTERRUPTS 

In most cases, once communication is established between the 3497A and the con- 
troller, operation continues on a blissful course. However, there are times when the 
3497A requires service from the controller or a glitch occurs when the message sent 
by the controller is not received or accepted by the 3497A (or vice versa). In these 

cases, special action is required. We'll next discuss the BREAK message and the 
SYSTEM CLEAR command and show how to program the controller and 3497A to 
respond to interrupt conditions. 

BREAK Message 

A BREAK message is sent by holding the transmitted data line in the space condi- 
tion for about 250 msec. A BREAK message can be sent from the 3497A to the 

controller or from the controller to the 3497A. When the 3497A sends a BREAK 
message to the controller, it is requesting service from the controller. 

When the controller sends a BREAK message to the 3497A, it causes the 3497A 
to revert to a power on condition (except for resetting the UART and reading the 

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



106 Serial Data Programming 

configuration switches). When the controller sends the BREAK message, the following 

actions occur. 

( 3497A ACTIONS FOLLOWING A BREAK MESSAGE 1 

1) All command execution is terminated. 
2) All buffers are cleared. 
3) All data transmission stops. 

4) All analog and digital channels are opened. 
5) The interrupt mask and status register are cleared. 
6 )  Initializes all analog and digital assemblies and DVM. 

7) Sets the DVM to  internal trigger (VT1). 
8) Sets analog first channel = 000 and analog last channel = 999. 
9)  Returns the 3497A to  local mode. 

System Clear 

The SYSTEM CLEAR (SC) command is similar t o  the BREAK message, except that 
SC does not clear the command (input) buffer or return the 3497A to  local mode. 
You can use the SC command if your controller cannot generate a BREAK message. 
Since SC clears the status register, data transmission errors, buffer overflow and 
system overrun information are lost when the SC command is executed. 

Also, SC clears all system errors. Therefore, i f  an I10 error occurs prior t o  the ex- 
ecution of the SC, it may not be reported. You can avoid this by sending SC as a 
separate command and not in a string of commands. If SC is entered from the front 
panel, its effect is the same as pressing the front panel RESET key. The 3497A ac- 
tions following an SC command are: 
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3497A ACTIONS FOLLOWING AN SC COMMAND I 

1) All command execution is terminated. 
2) All data transmission stops. 
3) All analog and digital channels are opened. 

4 )  The interrupt mask and status registers are cleared. 
5) Initializes all analog and digital assemblies. 
6) Sets the DVM for internal trigger (VT I  1. 
7) Sets first analog channel = 000 and last analog channel = 999. 

PROGRAMMING NOTE 

The SC command does not reset VF2 or VF3 (see Command 
Directory) or clear the voltmeter storage regjster. To com- 
pletely reset the 3497A, the controfler should send the 
BREAK message. If the controfler can't send BRE/JK, send SC 
and reset the the voltmeter format to ASCll by sending VFI 
and turn the voltmeter storage to OFF by sending VSO. 

Require Service (SRQ) 

When the 3497A requires service from the controller, it sends a BREAK message 
to  the controller. When this BREAK message is sent t o  the controller, it is called a 
service request (SRQ). If the controller has been programmed to  respond to the SRQ, 
it takes action as previously programmed. However, if the 3497A is executing a data 
request command, the BREAK message will not be sent until after the data has been 
sent. 

An SRQ is generated in response to  one or more system interrupt conditions. For 
example, it may be required to  send an SRQ message when an I10 error occurs, for 
a time alarm, for message not executed, etc. 

However, for the 3497A to  send the BREAK (SRQ) message to  the controller, the 
3497A must first be programmed to  respond when system interrupt conditions oc- 
cur. To see how to  do this, let's examine the status register and interrupt mask. 

Status Register 

The status register in the 3497A Option 232 is a 16-bit register which is constantly 
updated as events occur. The following table defines the conditions for which each 
bit is set t o  a 1 condition (i. e., bit 2 is set t o  1 when a time alarm condition oc- 

curs). MSD, 5th digit, ... LSD under the-bits represent the digits of the octal number 
returned t o  the controller in response to an SR (status register read) command. 
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I STATUS REGISTER - SERIAL D A T A  1 
Bit 
15 14 13 12 11 10  9 

5th digit - 4th digit - 
0 

- MSD (Always Zero) 

Data 
rcdlno 

MODEM 

Bit Condition(s) Which Set the Bit True 

15 Always 0. 

8 7 6 5 4 3 2 1 0 

1 4  1 Data is received when MODEM not connected. This bit is set if either of two conditions occur: 

(CD) 
Recvr 
Ready 

1) False transitions occur on the Received Data line before a MODEM connect sequence is complete or after a disconnect 
sequence is complete. 

2) If the 3497A is configured for MODEM operation, but is directly connected to the controller. 

13 Data Carrier Detect (RS-232C); Receiver Ready (RS-449). When this MODEM line is ON, bit is set. When this MODEM 
line is OFF, bit is 0. 

12 No or Lost Carrier. This bit is set if an attempt is made to connect the MODEM but no connect occurs within 20 seconds 
after the attempt. Bit is also set if connection is lost after connect sequence. 

Buffer 
Over- 
Flow 

11 Clear to Send. Bit is set when the Clear to Send line (CTS) is ON. When this line is OFF, bit is 0. 

1 0  Data Set Ready (RS-232C); Data Mode (RS-449). Bit is set when the MODEM turns this handshake line ON. Bit is 0 when 
this line is OFF. 

9 System Overrun. Set if a command is received when the 3497A is executing a previous command. If a system overrun 
condition occurs, bit 4 (message not executed) is also set. 

nollost 
carrier 

disconn 

- 3rd digit - 2nd digit - - LSD - 

8 Buffer Overflow. Set if a command string exceeds 42 characters. If a buffer overflow occurs, bit 4 (message not executed) 
is also set. 

7 Manual Service Request. Set when the front panel SRQ key is pressed. 

- 

Man 
SRQ 

Pon 
SRQ 

-- -- 

Service Request. This bit is set when bit(s) 0-5 and/or bit 7 in the status register is set AND the corresponding b i t M  
in the interrupt mask is set. 

(CTS) 
Clear 

To Send 

Time 
lntrv 

SRQ Msg 
Not 

Exec 

I For example, if bit 1 is set in the interrupt mask, when bit 1 in the status register is set, bit 6 of the status register is 
also set. 

5 Power On SRQ. Bit is set at 3497A power-on and/or when the 3498A Extender experiences a power return. 

4 Message Not Executed. This bit is set when any of the following 8 conditions exist: 

(DSR) 
Data Set 

Ready 

Time 
Alarm 

1 ) Illegal commands received. 
21 Trigger too fast when DVM in external trigger (VT2) mode. 
3)  Numeric parameter is out of limits. 
4) Voltmeter storage buffer is full. 
5) Digital assembly not present in slot addressed. 
6) Packed BCD format (VF2) specified when the 3497A is configured for 7-bit ASCII. 
7) Command (Input) buffer overflow. 
8) System overrun. 

Time Interval. Set when a time interval interrupt occurs. 

System 
Over- 
Run 

2 1 Time Alarm. Set when a time alarm (match) condition occurs. 

Dig 
lntr 

1 1 Digital Interrupt. Set when an interrupt is sent from a digital input or counter assembly. 

110 
Error 

0 I10 Error. Set when any of the following three conditions occur: 
1) Parity error detected by UART. 
2) Overrun detected by UART. 
3) Framing error detected by UART. 
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To determine the condition of the bits in the status register, use the SR (Status 
Register Read) command followed by an ENTER command. The data returned is a 
6-digit octal number which gives the values of the true bits. An example sequence 
for the -hp- 85A is: 

1 0  OUTPUT 10; "SR" 
2 0  ENTER USING "#,Kg'; A 

Following the ENTER statement, a 6-digit octal number representing the true bits in 

the status register is input t o  the controller. Suppose that bits 1, 4, 10, and 1 4  are 
true (representing a theoretically disastrous situation). Then, the digital bit pattern 
is 0 100 01 0 000 010  010  and the octal number is 042022 (see Chapter 2, Binary- 
to-Octal Conversion). 

Interrupt Mask 

As shown, the status register bits are set to  1 by a variety of system conditions 
and the contents of the status register can be read at any time by using the SR com- 
mand. I t  is convenient t o  have a means of interrupting the controller when certain 
system conditions occur. This is the purpose of the interrupt mask. 

The status register is updated as events occur, and thus is constantly changing 
status. However, to  allow ONLY those conditions desired to send a break message 
to  the controller, it is necessary to  program the interrupt mask. 

To set the interrupt mask for the conditions you want to  cause interrupt, send an 

SEn command, where n is an octal number corresponding to the bits t o  be set in 
the interrupt mask. The interrupt mask is a bit-by-bit replica of bits 0-7 of the status 
register. 

Bit 6 (the SRQ bit) of the interrupt mask MUST be set to  send the BREAK message 
to the controller. For example, suppose you want the 3497A to  send a BREAK 
message if a parity, framing or overrun error occurs. Since these are I/O errors, bit 
0 and bit 6 must BOTH be set t o  enable a BREAK message for I10 errors (and only 
I10 errors). 

Note that even if any other system conditions, such as time alarm, message not ex- 
ecuted, etc. occur, no BREAK message will be generated, since the interrupt mask 

is not set for these conditions. 
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INTERRUPT MASK 

SEn * 

300 

L ~ c t a l  MSDL 2nd Digit - LSD 2 

Man 
SRQ 

Manual Service Request. When bit 7 and bit 6 are set, pressing the front 
panel SRQ key sends the BREAK message. 

Bit 6 MUST be set to enable the BREAK message when specified interrupt 
condition(s) occur. 

Power On SRQ. When bit 5 and bit 6 are set, a BREAK is sent when the 
3497A powers on or when the 3498A Extender recovers from a power loss. 

SRQ 

Message Not Executed. If bit 4 and bit 6 are set, a BREAK is sent when 
any of the following 8 conditions occur: 

1) Illegal command sent. 

2) Trigger too fast when the DVM is set for external trigger (VT2) mode. 

3) Numeric input is out of limits. 

4) Voltmeter storage buffer is full. 

5) Digital assembly not present in slot addressed. 

6) Packed BCD format (VF2) programmed when the 3497A is configured 
for 7-bit ASCII. 

7) Command (input) buffer overflow. 

8) System overrun. 
- -- -- 

Time Interval. If bit 3 and bit 6 are set, a BREAK is sent when a specified 
time interval (set by the Tln command) has elapsed. 

Time Alarm. If bit 2 and bit 6 are set, a BREAK is sent when a time alarm 
(time of day) match occurs. 

Pon 
SRQ 

Digital Interrupt. If bit 1 and bit 6 are set, a BREAK is sent when a digital 
input or counter assembly sends an interrupt signal to  the 3497A. 

I10 Error. If bit 0 and bit 6 are set, a BREAK is sent when any of the follow- 
ing 3 conditions occur: 

1) parity error detected by UART. 
2) overrun error detected by UART. 
3) framing error detected by UART. 

Msg 
Not 
Exec 

The number shown sets this bit and bit 6 (i.e., SE102  sets bit 1 and bit 6 ) .  For other combinations, 
he SEn command must be set for interrupt mask bits to be set. 

Time 
lntrv 

Time 
Alarm 

Dig 
lntr 

I10 
Error 
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To set the interrupt mask for desired interrupt conditions, send an SEn command, 
where n = 0 to 377 is an octal number corresponding to the bits to be set. 
(Remember, bit 6 must be set in addition to any other bits set for BREAK to 
occur.) For example, to set bits 6 and 0 in the interrupt mask, send OUTPUT 
10; "SE101". Then, whenever a parity, overrun or framing error occurs, a 
BREAK message occurs and the controller can take action (if it has been 
previously programmed to do so!). 

Interrupts in MODEM Operation 

All of the interrupt capabilities for direct connection are applicable to MODEM 
operation. In addition, MODEM operation adds some interrupt sequences during 
connect and disconnect sequences. As noted, the 3497A is compatible with 
asynchronous, full duplex MODEMS. In MODEM operation, there are two se- 
quences in which a BREAK message will be generated to the controller (in ad- 
dition to the conditions for direct connection). 

At power on, when the 3497A is set for MODEM operation, the 3497A turns 
on Data Terminal Ready (Terminal Ready for RS-449) and Request to Send. The 
MODEM connected to the 3497A turns on Clear to Send and Data Set Ready 
(Data Mode) when a call is received from the distant MODEM. When the receiv- 
ing MODEM detects the carrier from the remote MODEM, it turns on Data Carrier 
Detect (Receiver Ready). 

The 3497A will wait for up to 20, seconds for its MODEM to assert Data Carrier 
Detect (Receiver Ready), Clear to Send and Data Set Ready (Data Mode) after 
which the 3497A starts a MODEM disconnect sequence. When the 3497A starts 
the disconnect sequence, it drops Data Terminal Ready (Terminal Ready) for 6 
seconds to allow the MODEM to disconnect from its telephone line. During this 
6 seconds, commands cannot be entered from the controller or the front panel. 

The second condition for which MODEM interrupts can occur is after the 3497A 
has established a MODEM connection. After the 3497A has established a 
MODEM connection, loss of Data Carrier Detect (Receiver Ready), Data Set 
Ready (Data Mode) or Data Terminal Ready (Terminal Ready) for 300 msec or 
longer will cause the MODEM disconnect sequence previously described to occur. 

- -- -. -- 

PROGRAMMING NOTE 

When the 3497A is in the MODEM mode, it always 
operates as a Data Terminal and will handle automatic call 
answering, if an appropriate MODEM is used. However, 

: the 3497A wiff not initiate a ca// sequence (;.em, "Auto 
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1 12 Serial Data Programming 

EXAMPLE PROGRAMMING SEQUENCES 

Now, let's take a look at some example program sequences to see how to enter 
commands using a controller. All examples shown are written in enhanced BASIC 
language applicable to controllers such as the -hp- 85A. If necessary, change 
the protocol shown to fit your controller. 

I EXAMPLE - SETTING THE CLOCK 1 

To set the real-time clock in the 3497A to a desired time of day, use 
the TDn command, where n = MM:DD:HH:MM:SS or (European) 
DD:MM:HH:MM:SS. To set the clock to  October 15, 6:24:53 PM (US 
format) and then print the time of day, run the following program. The 
printout will be the time of day. 

Program Line Description 

10 RESET 10 10 Clears Serial Interface 
20 OUTPUT 10; "TD1015182453" 20 Sets time to Oct 15, 
30 OUTPUT 10; "TD" 6:24:53 PM. 
40 ENTER USING "#,K"; A 30 Reads time of day. 
50 PRINT A 40 Stores time of day in 
60 END variable A. 

50 Prints time of day. 

I EXAMPLE - SETTING AND DETERMINING INTERRUPTS I 

For this example, assume that the 3497A is directly connected to the con- 
troller and we want a BREAK Message (SRQ) to be generated for an 110 
error or if a time alarm occurs. Then, when the BREAK occurs, we want 
to be able to determine which of these two conditions caused the interrupt. 

Step 1. Set the Interrupt Mask. 

To enable the 3497A to  send a BREAK due to an I10 error, we must set 
bits 0 and 6 in the interrupt mask. For a BREAK due to time alarm, we 
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must set bits 2 and 6. Thus, the interrupt mask bits t o  be set are 0, 2 and 
6 and the command t o  set these bits is SE105. 

Step 2. Read the Status Register. 

The next step is t o  tell the controller what t o  do when the BREAK message 
arrives. In this case, we'll transfer the program to line 1000, read the status 
register and then return to the main program. An example program follows. 

Program Lines Description 

1 0  
2 0  
3 0  
4 0  
5 0  

980  
990  

1000 
101 0 
1020 
1030 
1040 

Step 

Let's 

RESET 1 0  1 0  Clears Serial Interface. 
OUTPUT 10;"SE105" 2 0  Sets the Interrupt Mask. 
ENABLE INTR 10; 128 3 0  Enables Serial Interface 
ON INTR 1 0  GOSUB 1000 4 0  Transfers program t o  1000 
! Main Program when break occurs. 

GOT0 5 0  
END 
OUTPUT 10; "SR" 1000 
ENTER 1 0  USING "#,K"; A 1010 
PRINT A 
STATUS 10,l  ;B 
RETURN 1020 

1030 

Reads status register 
Puts octal value of true 
bits in status register in 
variable A. 
Prints octal value. 
Clears the 85A StatusKon- 
trol register so it can accept 
next BREAK. 
Returns program control to  
where program was 
interrupted. 

3. Determining the Cause of the lnterrupt 

assume that the octal value returned after reading the status register 
is 00104 (leading zero for Bit 15  is suppressed). The digits have the mean- 
ings shown in the status register chart. 

From the LSD of the number returned, the interrupt (BREAK) resulted from 
a time alarm and not from an I10 error, since bit 2 = 1, bit 1 = 0 and 
bit 0 = 0 (i. e. LSD is octal 4 = 100 digital). 

Note that even if bits 1, 3, 4, 5 or 7 in the status register are true, the 
BREAK message is not sent, since the interrupt mask "allows" the BREAK 
message to  be generated ONLY for time alarm and I10 error conditions. 
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1 1 4  Serial Data Programming 

Octal 
Digit 

MSD 

4th 
Digit 

3rd 
Digit 

2nd 
Digit 

(LSD) 

I 

Value Meaning 

All MODEM lines OFF. 
All MODEM lines OFF. 
All MODEM lines OFF. 

CTS MODEM line OFF. 
DSR MODEM line OFF. 
No system overrun. 

No buffer overflow. 
No manual SRQ. 
BREAK due to interrupt. 

No Power-On SRQ. 
No msg not exec cond. 
No time interval intr. 

Time alarm interrupt. 
No digital interrupt. 
No I10 errors. 

1 EXAMPLE - READ ANALOG CHANNELS I 

For this example, we'll use an analog assembly in slot 1 (addresses 20-39) 
and close analog channels in sequence from channel 2 0  through channel 
39. To sequentially close analog channels, enter and run the following pro- 
gram. As you run the program, watch the front panel and note that the 
3-digit display goes from 20, 21, ..., 3 9  as the program closes channels 
2 0  through 3 9  in sequence. A typical printout for this program follow the 
program listing. 

Program Line Description 

10  RESET 10  30  Closes channel I and 
20  FOR I= 1 TO 20 measures volts on channel 
3 0  OUTPUT 10 ; "A1";I + 1 9 
50  PRINT 1 + 19,A 40-60 Enters and prints chan 1 
6 0  NEXT I voltage 
70 END 

A typical printout for this program is: 
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Chapter 5 
CONTROLLING THE 3497A 

INTRODUCTION 

Chapter 2, Front Panel Operation, showed how to  enter commands from the front 
panel of the 3497A and Chapters 3 and 4 showed how to  program the 3497A us- 
ing a controller with HP-IB or Serial Data interface. In this chapter, we'll show how 
to  set up and control the 3497A for desired operation. The chapter is divided into 
five parts: MAINFRAME CONTROL, TIMER CONTROL, VOLTMETER CONTROL, REAR 
PANEL PORT CONTROL and PLUG-IN ASSEMBLY CONTROL. 

MAINFRAME CONTROL shows how to use the SYSTEM commands 

to  control the 3497A mainframe. 

TIMER CONTROL shows how to use the TIMER commands to  set 
the timerlreal time clock. 

VOLTMETER CONTROL shows how to  use the VOLTMETER com- 
mands to  program the DVM for desired operation. 

REAR PANEL PORT CONTROL shows how to use the six ports on 
the rear panel of the 3497A. 

PLUG-IN ASSEMBLY CONTROL shows how to  control operation of 
plug-in assemblies (Options 0 1  0 through 140). 

In general, for any data acquisition/control system application, you will need to setup 

(program) the 3497A mainframe, timer and plug-in assemblies for the operation re- 
quired. In addition, if you are using external instrumentation to  interface with the 
3497A, you should refer t o  the section on using the rear panel ports. 

As wi th chapters 1 through 4, w e  suggest that you study this chapter carefully 
before connecting the 3497A to  your system. Again, the best way to  become 
familiar with the operation of the 3497A is t o  enter the example programs and 
observe the display and/or printout. Remember, you can't hurt your controller or 
3497A by entering any of the commands shown as long as the 3497A is not con- 
nected to  your system. 
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MAINFRAME CONTROL 

The 3497A mainframe can be set for a wide variety of operating conditions by using 
the SYSTEM commands. In this chapter, the SYSTEM command descriptions are 
listed alphabetically. To see how t o  use a command for a specific function, refer t o  
the SYSTEM COMMANDS table. 

In this table, each command is associated wi th specific functions, such as turning 
the front panel off  or setting the 3497A for digital interrupt SRQ. Thus, t o  use this 
chapter first decide what function you want the 3497A to  perform and then refer 
t o  the command and page number listed in the table. For example, i f  you have an 
HP-IB interface and want t o  enable the 3497A for a Service Request, see the SE 
command, etc. 

Since some commands have the same mnemonics but different interpretations for 
HP-IB and Serial Data, commands are shown for both interfaces. If an entry shows 
[HP-IB], the command applies ONLY to  HP-IB while entries with [Serial Data1 apply 
ONLY to  Serial Data operation. Entries without qualifiers apply to both interfaces. 
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1 3497A SYSTEM COMMANDS I 

PAGE TITLE FUNCTION 

System Alarm Set the 3497A to  produce an audible alarm, for 
3pplications such as interrupts. 

System Clear 
[Serial Datal 

Reset the 3497A from a controller (Serial Data 
ONLY). 

System Display 

Service Reques 
Enable [HP-IBI 

Turn the front panel display ON or OFF. 1 120  

Enable the 3497A for Service Request t o  inter- 
rupt the controller (HP-IB ONLY). 

Service Reques. 
Enable 
[Serial Datal 

System 
Initialize 

Enable the 3497A for Service Request t o  inter- 
rupt the controller (Serial Data ONLY). 

Reset digital assemblies and the DVM t o  
power-on condition. 

System Lock 
[Serial Datal 

Disable the keyboard so that commands cannot 
be entered from the front panel (Serial Data 
ONLY). 

Set the 3497A so that measurements are not 
output t o  the controller until the controller 
requests them (HP-IB ONLY). 

System Output 
Wait [HP-IBI 

System Single1 
Continuous 
Output 
[Serial Datal 

Set the 3497A to  send one readingtcommand 
for commands which normally produce contin- 
uous output (Serial Data-ONLY). 

System Read 

Status Register 
Read 
[Serial Datal 

Determine the type of assembly in a slot or (for 
Option 140) read the contents of a specified 
register. 

Read the contents of the 3497A status register 
(Serial Data ONLY). 

135 

Self Test Set the 3497A to  perform an internal self-test. 1 139  

Svstem View Set the 3497A for front panel display of value 
sent from the controller. 

System Write Write data to  a digital input or digital output 
assembly or t o  the Option 140  assembly. 
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1 18 Controlling The 3497A 

SYSTEM ALARM (SA) 

Description 

Certain applications, such as interrupts or completed measurements, may require that 
the operator be notified by an audible signal when the specified conditions occur. 
You can set the 3497A for this type of audible alarm by using the System Alarm 
(SA) command. When the SA command is executed, the 3497A sounds an alarm 
(BEEP). 

EXAMPLES - SYSTEM ALARM 

10 OUTPUT 709; "SAM !Cause 3497A to BEEP (HP-IB) 

2 0  OUTPUT 10; "SAW !Cause 3497A to BEEP (Serial Data) 

Operating Note 

1. Power On State: "SA" - one BEEP. 

SYSTEM CLEAR (SC) 

Description 

If you are using a controller which does not generate a BREAK message, you can 
use the System Clear (SC) command to  reset the 3497A to specific conditions (NOT 
power on state). 

The SC command is used wi th Serial Data (RS232CIRS423) operation to  reset the 
3497A to  specified conditions. The command does not set the 3497A to  a power- 
on condition. System Clear is similar t o  the BREAK message except that SC does 
not return the 3497A to  local operation, clear the command (input) buffer or 
voltmeter storage buffer or reset VF2 or VF3 voltmeter settings. 

You can use the SC command if your controller can't generate a BREAK message. 
Since the SC command does not reset the VF2 or VF3 voltmeter settings or clear 
the voltmeter storage buffer, to  completely reset the 3497A to power-on conditions 
you must also send VF1 to  set the voltmeter to  ASCII format and send VSO to  turn 
the voltmeter storage OFF. (See Chapter 4, Serial Data Programming for details). Ac- 
tions after the SC command follow. 
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Controlling The 3497A  11 9 

SYSTEM CLEAR (Cont'd) 

1 3497A ACTIONS FOLLOWING SC COMMAND I 

1 )  All command execution is terminated. 
2) All data transmission stops. 
3) All analog and digital channels are opened. 
4) The interrupt mask and status registers are cleared. 
5) Initializes all analog and digital assemblies. 
6) Sets the DVM for internal trigger (VT1). 
7) Sets first analog channel = 000 and last analog channel = 999. 

Since SC clears the status register, data transmission errors, buffer overf low and 

system overrun information is lost when the SC command is executed. Also, SC 
clears all system errors. Therefore, if an I10 error occurs prior t o  execution of  an 
SC command, it may not  be reported. You can avoid this by sending the SC com- 
mand separately (not in  a command string). If SC is entered from the front panel 

the effect is the same as pressing the RESET key. 

EXAMPLE - SYSTEM CLEAR 

1 0  OUTPUT 10;"SC" !Sends System Clear t o  the 3497A. 

Operating Notes 

1. SC command does not reset VF2 or VF3 or clear the voltmeter storage buffer. 

2. SC command does not  return the 3497A t o  local mode or clear the 3497A  
command (input) buffer. 

3. Power On State: System Clear disabled. 

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



120  Controlling The 3497A 

SYSTEM DISPLAY 

Description 

For applications such as high-speed scanning, it may be desirable to  turn the front 
panel display OFF for faster reading rates. The front panel display can be turned OFF 
with the System Display (SDO) command. 

The SDO command has t w o  functions: (1 it turns the 6-digit display and the CHAN- 
NEL annunciator lights OFF for higher reading rates or (2) it allows only data entered 
with a SYSTEM VIEWED (SV) command to  affect the data display. Note that the 
rest of the front panel display is not turned off by the SDO command. To turn the 
display back on, send SD1. The format for the SD command is: 

I SDO = OFF SD1 = ON] 

I EXAMPLE - TURN DISPLAY OFF FOR SV DATA I 
As shown in the SYSTEM VIEW command explanation, you can display 
data sent from the controller on the front panel of the 3497A by using an 
SV command. For example, i f  you are measuring voltage on a channel and 
want t o  continuously monitor the voltage, you can send the data input to  
the 3497A for front panel display by using an SV command. 

However, t o  do this you must first turn off the front panel display with an 
SDO command. For this example, we'll turn the display OFF so that 
+ 123456 can be displayed by using the SV command. Following line 1 0  
execution, + 123456 is shown on the 6-digit display for 5 seconds and 
then SD1 (line 30) restores the display to  normal. 

1 0  OUTPUT 709; "SDOSVl23456" !SDO turns display OFF 
20  WAIT 5000 
3 0  OUTPUT 709; "SDI" !SD1 turns display ON 
4 0  END 

Operating Note 

1. Power On State: "SD1" - Display ON 
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SERVICE REQUEST ENABLE [HP-IB] 

Description 

An important feature of the 3497A is that you can program it to interrupt the con- 
troller whenever a pre-determined condition occurs in your system. This means that 
the controller can do other tasks until these conditions occur and then take necessary 
action. Of course, the controller must be programmed to  respond to the interrupt. 

A Service Request (SRQ) message is sent from the 3497A when specified interrupt 
conditions occur, if the 3497A has been programmed to respond to these conditions. 
If the 3497A has not been programmed, no SRQ (interrupt) is generated even when 
these conditions occur. In Chapter 3, we defined the status register and SRQ mask 
and showed how to set the SRQ Mask (see REQUIRE SERVICE (SRQ)), so we'll just 
review this material here. See Chapter 3 for further information. 

What's the Status Register? 

The 3497A has an 8-bit status register which constantly monitors several possible 
interrupt (SRQ) conditions. Whenever a defined interrupt condition occurs, a cor- 
responding bit in the status register is set true (a 1 condition). The following chart 
defines conditions which set status register bits true. 

For example, when the voltmeter completes a measurement, a "data ready" con- 
dition occurs and bit 0 of the status register is set to  1. When a message is not 
executed (for any of six reasons), a "message not executed" condition occurs and 
bit 4 is set to 1. However, unless the 3497A is programmed to respond to these 
interrupt condition(s), SRQ is NOT sent to the controller. The 3497A is programmed 
to  respond by setting the SRQ mask. 

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



122 Controlling The 3497A  

SERVICE REQUEST ENABLE (SE) [HP-IBI (Cont'd) 

Bit 

SRQ 

Title 

Manual SRQ 

SRQ 

Power On 
SRQ 

Message Not 
Executed 

Time Interval 

Time Alarm 

Digital Interrupt 

Data Ready 
SRQ 

Condition Which Sets The Bit to  1 (true). 

Pressing the front panel SRQ key. 

Bit 6 is 1 when SRQ mask true bit(s) match status 
register true bit(s). 

At 3497A power on, IF the POWER ON SRQ ENABLE 
switch is set to 1 position. 

Set by one of six conditions (see STATUS BYTE in 
Chapter 3). 

Set when a pre-established time interval has elapsed 
from a t = 0 reference. 

Set when the time of day matches a pre-established 
time. 

Set when a digital input or counter assembly sends an 
interrupt signal to  the 3497A status register. 

Set when: (1) voltmeter reading complete (single trigger) 
(2) "n" voltmeter readings complete (when VNn and 
VS1 or VS2 commands used) or (3) DR, DL, Dl, CR or 
TD commands have been executed. 

How Set the SRQ Mask? 

The SRQ mask al lows the 3 4 9 7 A  t o  send SRQ ONLY for interrupt conditions 

specified. Whenever an  interrupt condition occurs, the status register bit(s) are set 

as shown in the previous table. However, t o  send an SRQ t o  the controller, the SRQ 

mask bi ts mus t  be set. 

The SRQ mask bits are identical t o  the status register bits, except that  b i t  6 is miss- 

ing. Bits 0 through 4 and b i t  7 are set b y  the Service Request Enable (SEn) com- 
mand where n = 0 t o  377 is the octal value o f  the bit(s) t o  be set. Bit 5 can be 

set ONLY when the POWER ON SRQ ENABLE swi tch is set and can't be set w i t h  

an SEn command. The format for  the SEn command is: 

I SEn n = 0 to  377 (octal) 1 
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The following chart shows the SEn command to set each of the SRQ mask bits true 
(i.e., send SE2 to  set the SRQ mask for digital interrupt - bit 1 true). Any combina- 
tion of bits 0 through 4 and/or bit 7 can be set by an appropriate SEn command. 
For example, to  set bits 4 and 0 true, the command is SE21 (SE20 + SE1). 

Bit 7 

Man 
SRQ 

BIT 5 CAN'T BE SET WITH SEn COMD. 
POWER ON SRQ ENABLE SWITCH IN 
THE 1 POSITION SETS BIT 5 TRUE 

Bit 5 

Pon 
SRQ 

When is SRQ sent t o  the Controller? 

To program the 3497A to send SRQ to  the controller, set the SRQ mask for the in- 
terrupt conditions desired by using an SEn command and/or setting the POWER ON 
SRQ ENABLE switch. Then, since the SRQ mask bits are set, SRQ is sent when in- 
terrupt conditions set the corresponding status register bits true. 

A 

SE20 SElO SE4 SE2 SE1 

Bit 4 

Msg Not 
Exec 

To send SRQ when the 3497A is turned on, set bit 5 of the SRQ mask 
by placing the POWER ON SRQ ENABLE switch in the 3497A to the 1 posi- 
tion. Then, at power on, bit 5 of the status register is set and SRQ is 
generated. If the POWER ON SRQ ENABLE switch is in the 0 position, 
status register bit 5 is not set at power on and SRQ is not generated. 
Again, note that bit 5 of the SRQ mask cannot be set with an SEn 
command. 

EXAMPLE - FRONT PANEL SRQ 

Bit 3 

Time 
lnterv 

To generate a manual (front panel) SRQ, set SRQ mask bit 7 by sending 
SE200. Then, SRQ is generated when the front panel SRQ key is pressed 
and the SRQ LED on the display turns ON, indicating that the SRQ has been 
sent to  the controller. 

Bit 2 

Time 
Alarm 

Bit 1 

Dig 
lntr 

Bit 0 

Data 
Ready 
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SERVICE REQUEST ENABLE (SE) [HP-IBI (Cont'd) 

I EXAMPLE - DATA READY S,RQ I 
For this example, we'll set the 3497A to  send SRQ whenever a "data 
ready" condition occurs. To enable the 3497A to send SRQ for data ready, 
bit 0 of the SRQ mask must be set by sending SE1. 

Note that even if bit 7 or bits 1 through 4 in the status register go true, 
SRQ will not be sent since the SRQ mask is not set for these conditions. 
A sample program for data ready SRQ follows. The value returned by the 
program is the DECIMAL value of the status register true bits. 

Program Lines Description 

10  CLEAR 709 20  Sets the SRQ mask for data ready 
20  OUTPUT 709; "SE1" (sets bit 0). 
30  ON INTR 7 GOSUB 1000 
40 ENABLE INTR 7;8 3 0  Instructs controller to  go to  line 1000 
50 !Main Program when SRQ occurs on interface 7. 

980 GOT0 50  40 ENABLE INTR 7;8 actually enables the 
990 END -hp- 85  interface to  respond to  the 

1000 P= SPOLL (709) SRQ (octal code "8" in 85  control 
1010 STATUS 7,l;A register). 
1020 ENTER 709;B 
1030 DlSP B 
1040 RETURN 50-990 Main body of program. 

1000 Start of interrupt subroutine. SPOLL 
returns the 3497A status byte to  
variable "P" and resets bit 6 of the 
status register (if it was set). 

1010 Reads and clears the -hp- 8 5  
Status/Control register so that it can 
respond to  the next interrupt. 

1020 Line 1020 reads the data and resets 
bit 0 of the status register. Line 1030 
displays the decimal value (1 for data 
ready) of the true bits in the status 
register. Line 1040 returns program 
control to the line where program was 
interrupted. 
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Operating Notes 

1. Once the status register is set (as a result of an interrupt), it must be read (poll- 
ed) to  reset the SRQ function and enable another interrupt. However, the SRQ mask 
is not reset by the polling function. It is reset only by RESET, power-on or another 
SEn command. 

2. To read the contents of the status register, send a serial poll (SPOLL) command. 
The value returned is the DECIMAL equivalent of the true bits in the status register. 

3. Setting the SRQ mask also sets registers in the interface which must be cleared 
after each SRQ in order t o  re-enable SRQ interrupt (as shown in line 1010 of the 
example program above). 

4. Power On State: "SE000" - SRQ disabled. 
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SERVICE REQUEST ENABLE [SERIAL DATA] 

Description 

For Serial Data operation, when the 3497A requires service from the controller, it 

sends a BREAK message called a Service Request (SRQ) to  the controller. If the con- 
troller has been programmed to  respond to  the SRQ, it takes action as previously 
programmed. However, if the 3497A is executing a data request command, the 
BREAK message will not be sent until after the data has been sent. 

An SRQ is generated in response t o  one or more system interrupt conditions. For 
example, it may be required t o  send an SRQ message when an I10 error occurs, for 
a time alarm, for message not executed, etc. However, for the 3497A t o  send the 
BREAK (SRQ) message t o  the controller, the 3497A must first be programmed to  
respond when system interrupt conditions occur. In Chapter 4, we described the 
status register and interrupt mask, so we'll just review them here. See Chapter 4 
for further information. 

What's the Status Register? 

The status register in the 3497A Option 232 is a 16-bit register which is constantly 
updated as events occur. The following table defines the conditions for which each 
bit is set to  a true ("1 ") condition (i. e. bit 2 is set true when a time alarm condi- 
tion occurs). MSD, 5th digit, ... LSD under the bits represent the digits of the oc- 
tal number returned to  the controller in  response to  an SR (Status Register Read) 
command. See Chapter 4 for the conditions which set the status register bits true. 

STATUS REGISTER 

1 1 5th digit 4th digit ---2 I 

Data 
rcdlno 

MODEM 

I - MSD (Always Zero) I 

(CD) 
Recvr 
Ready 

8 7 6 5 4 3 2 1 0 

no1 lost 
carrier 

disconn 

Buffer 
Over- 
Flow 

(CTS) 
Clear 

To Send 

3rd digit - 2nd digit w v LSD t 

Man 
SRQ 

(DSR) 
Data Set 

Ready 

SRQ 

System 
Over- 
Run 

Pon 
SRQ 

Msg 
Not 
Exec 

Time 
lntrv 

Dig 
lntr 

Time 
Alarm 

110 
Error 
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How do I set the Interrupt Mask? 

Since the status register bits are set true by a variety of system conditions, it is con- 
venient to have a means of interrupting the controller only when specified system 
conditions occur. This is the purpose of the interrupt mask. 

To set the interrupt mask for the conditions you want to cause interrupt, send a Ser- 
vice Request Enable (SEn) command where n is an octal number corresponding to  
the bits to be set in the interrupt mask. The interrupt mask bits are a bit-by-bit replica 
of bits 0-7 of the status register. The format for the SEn command is: 

FSE~ n = O t o  377 (octal) l 

Bit 6 (SRQ bit) of the interrupt mask MUST be set to send the BREAK message to 
the controller. For example, suppose you want the 3497A to send a BREAK message 
if a parity, framing or overrun error occurs. Since these are I10 errors, bits 0 and 
bit 6 must BOTH be set (by sending an SE101 command) to enable a BREAK 
message for I10 errors. 

Note that even if other system conditions, such as time alarm, message not ex- 
ecuted, etc. occur, a BREAK message will not be generated, since the interrupt mask 

is not set for these conditions. 
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SERVICE REQUEST ENABLE (SE) 
[SERIAL DATA] (Cont'd) 

( INTERRUPT MASK I 

SEn * - - 
300 

Man SRQ Pon Msg Time Time 110 1 SRQ I 1 S 1 Not 1 I t  1 Alarm 1 2 1 Error, 1 
Exec 

SE200 SElOO SE40 SE20 SE10 SE4 SE2 SE1 

Description 

Manual Service Request. When bit 7 and bit 6 are set, pressing the front 
panel SRQ key sends the BREAK message. 

Bit 6 MUST be set to enable the BREAK message when specified interrupt 
condition(s) occur. 

Power On SRQ. When bit 5 and bit 6 are set, a BREAK is sent when the 
3497A powers on or when the 3498A Extender recovers from a power loss. 

-- - - - - 

Message Not Executed. If bit 4 and bit 6 are set, a BREAK is sent when 
any of the following 8 conditions occur: 

1) Illegal command sent. 

2) Trigger too fast when the DVM is set for external trigger (VT2) mode. 

3) Numeric input is out of limits. 

4) Voltmeter storage buffer is full. 

5) Digital assembly not present in slot addressed. 

6) Packed BCD format (VF2) programmed when the 3497A is configured 
for 7-bit ASCII. 

7) Command (input) buffer overflow. 

8) System overrun. 

Time Interval. If bit 3 and bit 6 are set, a BREAK is sent when a specified 
time interval (set by the Tln command) has elapsed. 

Time Alarm. If bit 2 and bit 6 are set, a BREAK is sent when a time alarm 
(time of day) match occurs. 

Digital Interrupt. If bit 1 and bit 6 are set, a BREAK is sent when a digital 
input or counter assembly sends an interrupt signal to the 3497A. 

110 Error. If bit 0 and bit 6 are set, a BREAK is sent when any of the follow- 
ing 3 conditions occur: 

1) parity error detected by UART. 
2) overrun error detected by UART. 
3) framing error detected by UART. 

" The number shown sets this bit and bit 6 (i.e., SE102 sets bit 1 and bit 6 ) .  For other combinations, 
the SEn command must be set for interrupt mask bits to be set. 

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



Controlling The 3497A 129 

1 EXAMPLE - SET MASK FOR SRQ ON I10 ERROR1 

For this example, we'll set the 3497A t o  send SRQ whenever an I/O er- 
ror (parity, overrun or framing error) condition occurs. To enable SRQ on 
I10 Error, bit 6 and bit 0 of the interrupt mask must be set by  sending 
"SE 1 0 1  ". A sample program follows. 

In this program, the 3497A is set for I/O error by the SE 101 command. 
When the controller receives an I10 interrupt (bit 0 of the status register 
true), the program goes t o  a subroutine which reads and displays the oc- 
tal value of the true bits in the status register. 

Program Lines Description 

10 RESET 10 20 Sets the Interrupt Mask for I10 Error 
20 OUTPUT 10;"SElOl" (only). 
30 ON INTR 10 GOSUB 1000 
40 !Main Program 30 Instructs controller to go to line 1000 

when SRQ occurs on interface 10. 

980 GOT0 40 
990 END 40-990 Main body of the program 
1000 OUTPUT 10;"SR" 
1010 ENTER USING "#,KH;A 1000 Start of interrupt subroutine. The SR 
1020 DISP A command reads the condition of the 
1030 RETURN status register true bits. 

1010 Enters octal value of the true bits in 
the status register ("1" for an I10 
Error). 

1020 Displays octal value entered at line 
101 0. 

1030 Returns program control to the line 
where program was interrupted. 

Operating Notes 

1. Once the status register is set (as a result of an interrupt), it must be read (poll- 
ed) t o  reset the SRQ function and enable another interrupt. The interrupt mask is 
not reset by the polling function. I t  is reset only by RESET, power on or another SEn 
command. 

2. To read the status register, send an SR command (see STATUS REGISTER 
READ command). The value returned (0 to 377) is the octal value of the true bits 
in the status register. 

3. Power On State: "SE000" - SRQ disabled. 
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SYSTEM INITIALIZE (SI) 

Description 

For some applications, it may be required to  initialize digital assemblies in a 3497A 
without changing the state of analog assemblies in the same 3497A. You can in- 
itialize the digital assemblies and the DVM by using the System Initialize (SI) 
command. 

The SI command sets the digital assemblies and the DVM to  the state shown in the 
following table. The SI command does not affect the analog assemblies (Options 010, 
020, 0 7 0  and 071 ). A 3 msec wait is included so that the relays in the Option 110 
assembly can connect the Normal Closed position to  common and the relay contacts 
in the Option 1 1 5  Assembly can open. 

- 

DIGITAL ASSEMBLY AND DVM STATES AFTER SI COMMAND 

Option 

00 1 
050  
060  
110 

1 I 5  
120 
1 3 0  
1 4 0  

Title 

DVM 
Digital Input 
Counter 
Actuator 

HV Actuator 
D/A Converter 
D/A Converter 
Breadboard 

State 

VAO,VCO,VFl ,VN1 ,VR5,VSO,VT1 ,VWO 
Handshake and Interrupts disabled. 
All counter functions disabled. 
All relays NC connected to common. 

All relays opened. 
No voltage output. 
No current output. 
Activates the digital reset line. 

1 0  OUTPUT 709; "SI" !Initializes digital assemblies 
and DVM (HP-IB) 

20  OUTPUT 10; "SI" !See HP-IB example (Serial 
Data) 

Operating Notes 

1. A 3 msec wait is included to  allow actuator relays to  connect Normal Closed 
position t o  common (Option 110) or to  allow relays t o  open (Option 11 5). 

2. Power On State: "SI" for one system initialization. 
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SYSTEM LOCK (SL) [SERIAL DATA] 

Description 

For Serial Data operation, the System Lock (SL1) command is used to  disable the 
front panel keyboard of the 3497A (including LOCAL, RESET and SRQ keys) so that 
entries cannot be made by pressing the keys. Use SLO or a power off, power on 
sequence t o  re-enable the keyboard. With SL1, all keys are disabled and the 3497A 
cannot be returned to  local mode unless SLO is sent or the power is turned off. The 
format for the SL command is: 

1 SLO = kevboard enabled SLl  = keyboard disabledl 

1 0  OUTPUT 

Operating Note 

EXAMPLE - SYSTEM LOCK 

10; "SL1" !Disables front panel keyboard. 

1. Power On State: "SLO" - Front Panel Keyboard enabled. 
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SYSTEM OUTPUT WAIT [HP-IB] 

Description 

When making a series of measurements, it is essential that the controller can ac- 
cept and store data on each measurement before the 3497A sends another reading 
so that data is not lost. 

For HP-IB operation, the System Output With Wait ( S o l )  command is used to  en- 
sure that readings made by the 3497A are not sent to  the controller until the con- 
troller requests them. With SO1 in effect, a reading taken by the 3497A is not output 
over the HP-IB until the controller requests it (by using an ENTER 709 type 
command). 

The SO1 command is primarily used with the VNn (number of readingsltrigger) com- 
mand to  ensure that data is not output faster than the controller can accept it. The 
format for the Son  command is: 

SO0 = Output reading t o  bus immediately after measurement. 
SO1 = Output reading to  bus when requested by controller. 

With SO1 in effect, there are t w o  modes of operation, depending on the VNn 
(Number ReadingsITrigger) and VSn (Voltmeter Storage) commands. 

Mode 1: With VSO (Voltmeter Storage OFF), the 3497A takes the number of 
readingsltrigger specified by the VNn command and outputs the readings (one at a 
time) as requested by the controller. The sequence is read-wait-output, read-wait- 

output, ...... for n readings. 

Mode 2: With VS1 or VS2, the 3497A takes the number of readingsltrigger specified 

by the VNn command and stores all n readings in internal storage, without wait be- 
tween readings (unless the VWn command is in effect). Then, all n readings are out- 
put on request by the controller. 
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I EXAMPLE - SET SYSTEM TO WAIT FOR CONTROLLER I 

For example, set VN5 t o  take 5 readingsltrigger, VT2 for external trigger 
and VSO (Storage OFF) and SO1 with the following program line: 1 0  OUT- 
PUT 709; "VN5VT2VSOSOl". 

Then, when the 3497A receives an external trigger, it takes a measurement 
and waits until the controller requests an output. If the 3497A doesn't 
receive an ENTER request, it waits (and waits) and the 2nd (and 3rd, 4 th  
and 5th) measurements are never taken and subsequent triggers are 
ignored. 

Now, change the VSO t o  a VS1 (store up to  6 0  ASCII readings) command. 
For the same external trigger, the 3497A takes all 5 readings (without wait 
between readings i f  VWO is assumed) and waits for an ENTER statement 
from the controller to  output the readings. 

With VS1 in effect, each external trigger received before the ENTER state- 
ment causes n readings t o  be stored. So, i f  more thsn 6 0  readingsltrigger 
are programmed t o  be stored, data will be lost (100 readings for Packed 
BCD format). 

Operating Notes 

1. Any device dependent (OUTPUT) command to  the 3497A will abort the pre- 
sent wait (and existing measurement will be lost), but will NOT change the SO mode 
set. 

2. Power On State: "SOO" - No system wait. 
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SYSTEM SINGLEICONTINUOUS OUTPUT (SO) 
[SERIAL DATA] 

Description 

In Serial Data operation, certain commands sent to the 3497A, such as ST1, VT1, 
DR slot#, TD and CR slot#,3 normally require that data be returned continuously for 
the command. This is the mode of operation when the System Continuous Output 
(SO01 command is in effect. 

However, by sending the Single Output Mode 6 0 1 )  command, the 3497A returns 
a single readinglcommand for these commands. For example, with S o l ,  the TD com- 
mand returns a single time of day reading. 

The 3497A powers on in continuous output (SO01 mode, but changes to  single out- 
put (Sol) mode when the first command is received over the interface. To revert 
back to  the continuous mode, send SOO. The command format is: 

- 

SO0 = Continuous Output to Controller 
SO1 = Single Output/Command to Controller 

EXAMPLE - SINGLE READINGICOMMAND 

10  OUTPUT 10; "SO1 V T I  " !Normally, VT1 returns data to the 
controller continuously. With SO1 in 
effect, a single reading is returned 
for the VT1 command. 

Operating Notes 

1. The 3497A powers on in continuous (SOO) mode, but goes to single output 
( S o l )  mode when the first command is received over the interface. To return to con- 
tinuous mode, transmit SO0 command. 

2. Power On State: "SOO" - Continuous Output Mode. 
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SYSTEM READ (SR) 

Description 

With the System Read (SR) command, you can determine the type of assembly (ex- 
cept analog assemblies) in any slot of the 3497A or the 3498A. In addition, for the 
breadboard card (Option 140), you can use a modified version of the SR command 
to  read the condition of registers in a slot addressed. 

System Read (SR) has t w o  different functions. For digital input, digital output, 
counter and DIA converter assemblies (Options 050, 060, 1 10, 1 15, 120 and 130), 
the SR slot#,O command allows you to  determine what type of assembly is in the 
slot addressed. 

When the SR slot#,O command is sent, a six-digit octal value is returned. The Least 
Significant Digit (LSD) of this number identifies the type of assembly in the slot, as 
shown. 

For the breadboard card assembly (Option 140), use the SR slot#,n (n = 0 to  7)  
command to  read the contents of register n in the slot addressed. The value returned 
after this command is a 3-digit octal number (0 to  377) which shows the condition 
of the bits in register n. The formats for the SR command are: 

SR slot#,O = Reads "signature" of assembly in slot (0-89) 
SR slot#,O-7 = Reads register (0-7) in slot (0-89) [Option 1401 

VALUE RETURNED AFTER SR slot#,O COMMAND 

Assembly 

Digital Input 
Actuator or HV Actuator 
DIA Converter 
Counter 
Empty or Analog Assembly 

Option 140 returns 0-377 (octal), depending 
on register true bits. 

* Value returned is XXXXXC, where C iden- 

tifies assembly. 
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SYSTEM READ 

From the chart, note that 

(SR) (Cont'd) 

analog assemblies (Options 010, 020, 0 7 0  and 071)  and 
empty slots both return "7" as the LSD, the D/A Converters (Options 120 and 130) 
both return "2", and the actuators (Options 110  and 11  5 )  both return "1" as the 
LSD so other means must be used to  determine the type of analog, actuator or con- 
verter assembly in the slot (such as looking at the slot). 

EXAMPLES - SYSTEM READ COMMANDS 

10 OUTPUT 709; "SR3,O" !Requests identity of assembly in 
slot 3. If, for example, 000363 (oc- 
tal) was returned, the "3" in the 
LSD shows that a counter is in slot 
3 (HP-IB). 

20 OUTPUT 10; "SR3,lH !For an Option 140 card in slot 3, 
reads contents of register # 1 . 

Operating Note 

1. Power On State: "SR" disabled. 
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STATUS REGISTER READ [SERIAL DATA] 

Description 

For Serial Data operation, the Status Register Read (SR) command is used to  read 
the contents of the status register in the 3497A. When the SR command is sent, 
a six-digit octal value (0 to  177777) is returned. The value of the number returned 
identifies the true bits in the status register. 

You can use the SR command for t w o  purposes: (1 )  check the condition of the 
status register at any time or (2) read the status register t o  determine the cause of 
a BREAK message. The status register in the 3497A Option 232 is a 16-bit register 
which is constantly updated as events occur. The following table shows the condi- 
tions for which each bit is set true ("1 "1. 

For example, bit 2 is set to  1 when a time alarm condition occurs. MSD, 5th digit, 
... LSD under the bits represent the digits of the octal number returned to  the con- 
troller in response to  the SR command. See Chapter 4 for details on the status 
register. 

STATUS REGISTER - BIT DEFINITIONS 

Bit 
15 14  13 12 11 10  9 - 5th digit A 4th digit 

0 

MSD (Always Zero) 

Data 
rcdlno 

MODEM 

Buffer 
Over- 
Flow 

7 

(CD) 
Recvr 
Ready 

+---- 3rd digit -- 2nd digit LSD F 

Man 
SRQ 

nollost 
carrier 

disconn 

SRQ 

(CTS) 
Clear 

To Send 

Pon 
SRQ 

(DSR) 
Data Set 

Ready 

System 
Over- 
Run 

Msg 
Not 
Exec 

Time 
lntrv 

Time 
Alarm 

Dig 
lntr 

I10 
Error 

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



138 Controlling The 3497A 

STATUS REGISTER READ 
[SERIAL DATA] (Cont'd) 

To determine the condition of the bits in the status register, use the SR 
command followed by an ENTER command. The data returned is a 6-digit 
octal number which gives the value of the true bits. For example, to  deter- 
mine the condition of the status register use: 

10 OUTPUT 10; "SR" 
20 ENTER USING "#,KW; A 

Following the ENTER statement, a 6-digit octal number representing the true 
("1 ") bits in the status register is input to the controller. Suppose that bits 
14, 10, 4 and 2 are true (representing a theoretically disastrous situation). 
Then, the digital bit pattern is 0 100 01 0 000 01 0 010 and octal number 

042022 is returned to  the controller. 

Operating Note 

1. Power On State: "SR" disabled. 

Bit# 

Value 

Octal 

15 

0  

0  

8 7 6  

0 0 0  

0  

5 4 3  

0 1 0  

2  

1 4 1 3 1 2  

1 0  0  

4  

2 1 0  

0 1 0  

2  

11 1 0 9  

0  1 0  

2  
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SELF-TEST (ST) 

Description 

The Self-Test (ST11 command causes the 3497A to  perform an internal self-test 
(identical t o  the self-test performed at power on). Data returned after the self-test 
indicates the results of the test. I f  8E8 is returned, the self-test passes. 

Use ST1 t o  turn the self-test ON and ST0 to  turn the self-test OFF. Following the 
ST0 command, the 3497A reverts t o  the state it was in before the self-test was 
initiated. Data returned following a self-test is: 

1 DATA FOLLOWING A SELF-TEST COMMAND 1 

Data Definition 

8E8 Self Test Passes 
1 E l  Cross Guard Fails 
2E2 Voltmeter Fails 
3E3 Timer Fails 

I EXAMPLES - SELF-TESTI 

10 OUTPUT 709; "STI"  !Initiates 3497A Self Test. If 8E8 
20 ENTER 709; A is returned after ENTER command, 
30 DlSP A the self test passes. (HP-IB) 
40 END 

10 OUTPUT 10; "STO" !Turns Self Test off. (Serial Data) 

Operating Notes 

1. When ST0 is sent, the 3497A reverts to  the state it was in before ST1 
initiated. 

2. Pressing any front panel key (other than SELF TEST) exits the self-test mode. 

3. For Serial Data ONLY, continuous output mode for SO0 and ST1. Single out- 
put mode for SO1 and ST1. 

4. Power On State: "ST1" - one test. 
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SYSTEM VIEW 

Description 

The System View (SVn) command allows you to  display a value from -999999 to  
+999999 on the front panel display by sending data from the controller. However, 
to  use SV, the front panel display MUST first be turned off by using the SDO com- 
mand (see the SYSTEM DISPLAY command). The format for the SV command is: 

SVn n = -999999 to +999999  

For instance, you may want to  monitor a measurement by displaying the value on 
the 3497A front panel display. You can do this with the System View (SV) com- 
mand. Suppose you are measuring thermocouple voltages and converting them to  
temperatures with the controller. If a temperature is 23.67 deg C, then outputting 
"SV23.6700" displays this value on the 3497A front panel. 

I EXAMPLES - SYSTEM VIEW COMMAND1 

1 0  OUTPUT 709; "SDOSV23.6700" !Turns front panel display 
off ,  then displays 
+ 23.6700.  (HP-IB) 

2 0  OUTPUT 10; "SDOSV-23.7502" !Turns front panel display 
off, then displays -23.7502. 
(Serial Data) 

Operating Notes 

1. A decimal point may be placed after the V in the command or between any 
t w o  digits. If no sign is used, + is displayed. The minus (-1 sign can be used only 
after the V in the command. 

2. SDO must be sent before SV is valid. 

3. Power On State: "SV" disabled. 
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SYSTEM WRITE (SW) 

Description 

When you are using the Breadboard Card assembly (Option 1401, you can use the 
System Write (SW) command t o  write data t o  a specified register in the assembly. 
When the SW command is sent, the command activates the WRITE line in  the 
3497A mainframe. The specific assembly response depends on the configuration of 
the card. 

System Write is used t o  wri te data t o  a specified register (0 t o  7) in  the slot ad- 
dressed for the breadboard card assembly (Option 140).  The format is: 

slot# = 0 to 89 
SW slot#,register#,data register# = 0 to 7 

data = 0 to 377 (octal) 

1 EXAMPLES - SYSTEM WRITE COMMAND1 

10 OUTPUT 709; "SW3,1,120" !Enters 1 010 000 into register 
1 of card in slot 3. (HP-IB) 

20 OUTPUT 10; "SW3,1,120H !See HP-IB example. (Serial Data) 

Operating Note 

1. Power On State: System Write disabled. 
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TIMER CONTROL 
A standard feature on the 3497A is a real-time clock and timer. The clock and timer 
are both controlled with the TlMER command group. With the real-time clock, you 
can provide complete timing data ranging from months to seconds with 1 second 
resolution. In addition, you can use the timer like a stop watch to monitor elapsed 
time from a defined start point or like an alarm clock, interrupting at any preset time. 

Pulse trains with programmable periods from 100 psec to .9999 sec (using the Time 

Interval mode) or from 1 second to 24 hours (Time Output mode) can be output from 
the TlMER port on the rear panel. All functions (except for Time Interval and Time 

Output) can be used simultaneously. 

This part of the chapter shows how to use the TlMER commands to set the real- 
time clock and timer for various operations. To use this section, first consult the 

following chart to determine the type of function you want the 3497A to perform 
and then see the appropriate command for details (i.e. to set the time of day, 
the Time of Day (Set) [TDI command). 

TlMER COMMANDS 

TITLE 

Time Alarm 

(Set) 

FUNCTION 

Set the timer for a specified time 
of day (24-hour format). If 3497A set for 
time alarm SRQ, interrupt sent to con- 
troller at time set. 

Time of Day 

(Set) 

Time Elapsed 
(Read) 

Set the real-time clock for a specified 
time (month, day, hour, minute, second). 

Time of Day 
(Read) 

Time Elapsed 
(Control) 

Time Interval 

Read the time (month, day, hours, 
minutes, seconds) on the real-time clock. 

Set elapsed time control to start at 
beginning of an operation (in one second 
increments). 

Read the number of seconds 
accumulated on the elapsed time control 
(i.e. the number of seconds since the 
start of an operation). 

Set the period of pulses to be output 
from the TlMER port (period from 1 sec 
to 24 hours). 

PAGE 

Time Output 

see 

Set the period of pulses to  be output 
from the TlMER port (period from 100 
psec to  .9999 sec). 
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TlME ALARM (SET) 

Description 

Use the Time Alarm Set (TA) command to  set the 3497A timer to  a specified time 
of day (24-hour format). If the SRQ mask (interrupt mask for Serial Data) has been 
set for time alarm with an SEn command (SE4 for HP-IB, SE104 for Serial Data), 
an interrupt is generated when the time set matches the 3497A real-time clock 
reading. The format for the time alarm set command is: 

Hours = 0 to 24 
TA HoursHours MinMin SecSec Min = 0 to 59 

Sec = 0 to 59 

EXAMPLES - SETTING TlME ALARM 

10 OUTPUT 709; "SE4TA180000" !SE4 enables SRQ mask (Time Alarm) 
so SRQ will be sent at 6:00:00 P.M. 
(24-hour clock). (HP-IB) 

20 OUTPUT 10; "SE1 O4TAl8OOOO" !SElO4 enables Interrupt Mask (Time 
Alarm), so BREAK will be sent to con- 
troller at 6:00:00 P.M. (24-hour clock). 
(Serial Data) 

Operating Notes 

1. Timer Alarm SRQ in effect until disabled with SEn command. 
2. Timer; Alarm has maximum repeatable period of 2 4  hours. 
3. Power On State: Timer Alarm disabled. 
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TlME OF DAY (SET) 

Description 

Use the Time of Day (Set) command (TD) to set the real-time clock in the 3497A. 
Two formats are available: Month, Day, Hour, Minute, Second (Option 230) or Day, 
Month, Hour, Minute, Second (Option 231 1. You can read the time of day by sen- 
ding a TD (Time of Day Read) command. 

To execute the TDn command, a minimum of 6 numbers must be entered. If the 
full complement of numbers is not entered with the TD command, the 3497A in- 
terprets the first six digits as HH:MM:SS. Also, only hours, minutes and seconds 
are displayed following a TD command. 

When the time of day is set, the Time Alarm Set (TA) and Service Request Enable 
(SE) commands can be used to cause an interrupt when the time set by the TA com- 
mand matches the time of day on the real-time clock. The format for the time of 
day (set) command is: 

TD MonthMonth DayDay HourHour MinMin SecSec [Option 2301 

TD DayDay MonthMonth HourHour MinMin SecSec [Option 2311 

EXAMPLES - SET TlME OF DAY 

10 OUTPUT 709; "TD0524183230" !Sets the clock for May 24 
@6:32:30 PM (Option 230 for- 
mat). (HP-IB). 

20 OUTPUT 10; "TD2405183230" !Sets the clock for May 24 
@6:32:30 PM (Option 231 for- 
mat). (Serial Data). 

Operating Notes 

1. After RESET or power loss, clock is set to  01 :01:00:00:00 and does not start 
counting until a new TD command is sent. 

2. Programming an invalid month (month >12)  resets the clock t o  
01 :01:00:00:00. 

3. Dates up to  31 will be accepted regardless of the month. If programmed cor- 
rectly, clock will turn over to  the next month at the appropriate date (i.e., Feb 28 
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to  Mar I), except for leap year so clock must be adjusted on Feb 29. 

4. Programming a date > 31 causes a BEEP and the clock setting to  remain 
unchanged. 

5. Power On State: "TD0101000000" - Set clock to  Jan 1 @ 000000. 

TIME OF DAY (READ) (TD) 

Description 

Use the Time of Day (Read) command (TD) to  read the time on the real-time clock. 
Data received after the TD command has format MM:DD:HH:MM:SS or 
DD:MM:HH:MM:SS. The real-time clock records on a 24-hr convention, so the 
"hours" data is 00 to  24. For Serial Data operation, output is continuous for SO0 
mode, single output/command for SO1 mode. 

I EXAMPLE - READING THE CLOCK 1 
If the time on the real-time clock is May 24, 6:32:30 PM, the following 
program displays 05:24:18:32:30 (Option 230 format) where 18 = 6 PM 
on the 24-hour clock. After the OUTPUT 709; "TD" statement, the front- 
panel display shows the hours, minutes and seconds portion of the time 
of day. The front panel display acts as a digital clock, updating each 
second. 

Program Lines Description 

10 DIM AS[141 10 Dimension A as a string 
20 OUTPUT 709; "TD" variable, since data entered 
30 ENTER 709; AS has : entries. 
40 DlSP AS 
50 END 20-40 Reads, enters and displays 

time set on real-time clock. 

Operating Notes 

1. For Serial Data ONLY, data returned is same as for HP-IB. Continuous output 
mode for SOO; single output mode for S o l .  

a 2. Real-time clock records using 24-hour time convention. 

3. Power On State: TD Read - disabled. 
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TIME ELAPSED (CONTROL) (TE) 

Description 

You can use the Time Elapsed (Control) commands to  determine the time (to one 
second accuracy) since the start of an operation. The elapsed timer is reset to 0 with 

the TEO command, started with the TE2 command and halted with the TE1 com- 
mand. The format for the TEn command is: 

I TEO = RESET TEI = HALT TE2 = STAA 

1 EXAMPLES - SET ELAPSED TIMER CONTROL I 

1 0  OUTPUT 709; "TE2" !Starts elapsed timer (at 0) when 
the TE2 command is received. 
(HP-IB) 

1 0  OUTPUT 1 0; "TE 1 " !Halts the elapsed time count 
20  ENTER USING 1 0  "#,KW;A process and displays the time (in 
3 0  DISP A sec) since the TE2 command was 
4 0  END received. (Serial Data) 

Operating Note: 

1. Power On State: "TE1" - Elapsed timer halted and set to  zero. 
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TIME ELAPSED (READ) (TE) 

Description 

You can use the Time Elapsed (Read) command (TE without numbers) to  read the 
number of seconds since the Elapsed Timer was started by the TE2 command. 
Following a TE command, the data returned has the form DDDDDD seconds and the 
number of seconds elapsed is displayed on the front panel display. 

10 OUTPUT 709; "TE2" !Starts elapsed timer (at 0) .  
20  !Main Program 

70  OUTPUT 709; "TE" 
8 0  ENTER 709; A 
90 DlSP A 

10 OUTPUT 10; "TE2" 

!Reads and displays number of 
seconds on the timer since the TE2 
command was received. (HP-IB). 

!See HP-If3 for example. (Serial Data) 

Operating Note 

1. Power On State: Elapsed Time Read disabled. 
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TIME INTERVAL 

Description 
The Time Interval (Tln) command has two functions: (1) it sets the period of the 
pulse train output from the TlMER port and (2) if the SRQ mask (interrupt mask for 
Serial Data) has been set for time interval SRQ, the 3497A generates SRQ (BREAK) 
when each pulse is output. 

With the Tln command, 50 psec-wide TTL pulses are output from the TlMER port 

(also see discussion on TlMER port) with periods from 1 sec to  24 hours. The period 
is set by Tln, where n = HoursHours MinMin SecSec. 

For example, to output pulses from the TlMER port every 2.5 hours, use T123000. 
In addition, if the SRQ Mask is set for time interval interrupt by sending an SElO 
command, SRQ will be generated every 2.5 hours. The format for the Tln command 
is: 

I TI HoursHours MinMin SecSec 1 

10 OUTPUT 709; "SEI 0T1200" !Every 2 minutes, a pulse is 
output at TlMER port and SRQ 
is generated (since SRQ Mask 
enabled by the SElO com- 
mand). (HP-IB) 

20 OUTPUT 10; "SEI 10T1200" !Every 2 minutes, a pulse is 
output at TlMER port and 
BREAK is generated (since in- 
terrupt mask enabled by 
SE110 command). (Serial 
Data). 

Operating Notes 

1. Leading zeros not required in Tln command (i.e., for 2 minutes only TI200 
rather than TI000200 is required). 

2. When TI command sent, pulses are available at TlMER port even if SRQ 
(BREAK) is not enabled. 

3. Maximum period of TI command is 24 hours. To disable the TI function, send 
"TIO". 

4. Power On State: Time Interval Disabled. 

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



Controlling The 3497A 149 

TIME OUTPUT (TO) 

Description 

For output pulses with periods less than one second, the Time Output (Ton) com- 
mand sets the period of pulses output from the TlMER port. When the Ton com- 
mand is used, 16 psec-wide pulses are output from the TlMER port (also see discus- 
sion on TlMER port) with periods from 100 psec to 0.9999 sec, in 100 psec in- 
crements. The period is determined by n = (0 to 9999)*100 psec. For example, to 
output pulses every 1 msec, use TO1 0, since 10s 100 psec = 1 msec. 

With the Time Output command (in contrast to the Time Interval [Tlnl command), 
SRQ (BREAK for Serial Data) is NOT available. The Ton command overrides the Tln 
command at the TlMER port. However, you can use the Time Interval command to 
generate SRQ (BREAK) even when the Ton command is used to output pulses from 
the TlMER port. The format for the Ton  command is: 

There are three main differences between the Ton and Tln commands: pulse width, 
period and SRQ capability, as summarized. 

Ton Tln 

Pulse Width 

Period (range) 

1 EXAMPLES - SETTING TIME OUTPUT PULSES1 

16 psec 

SRQ capability? 

10 OUTPUT 709; "T0100" !Generate pulses from the TlMER 
port every 10 msec. (HP-IB) 

50 psec 

100 psec - .9999 sec 

20 OUTPUT 10; "TO1 00" !See HP-IB example (Serial Data) 

1 sec - 24 hours 

NO 

Operating Notes 

YES 

1. Time Output (Ton) overrides Time Interval (Tln) command. However, Time In- 
terval may be used to  generate SRQ (BREAK) even when Time Output is active. 

2. Use "TOO" to disable the Time Output function. 

3. Power On State: Time Output Disabled. 
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VOLTMETER CONTROL 

This part of the chapter shows how to use the optional Digital Voltmeter (DVM) (Op- 

tion 001 ). It includes a description of the DVM, shows simplified DVM block diagram 

operation and shows how t o  use the VOLTMETER command group to  control the 

operation of the DVM. 

DVM Description 

The 3497A DVM is a systems quality, 5% digit, 1 microvolt sensitive DC voltmeter 

which can measure DC voltages up to  11 9.9999 volts. The DVM is fully guarded 

and uses an integrating AID conversion technique which provides excellent common 

and normal mode noise reduction. The DVM includes a programmable three-level cur- 

rent source which can be used with the DVM to  make accurate four-wire resistance 

measurements. Some of the operating features of the DVM are: 

3497A DVM OPERATING FEATURES 

DISPLAY Select 3%, 4%, or 5% digit display. 

RANGES 4 DC voltage ranges (. 1 OV, 1 .OV, 10.OV and 100.OV) plus 
autorange and 20% overrange. 

AUTOZERO Select autozero ON for more accurate readings or turn autozero 
OFF for faster reading rates. 

1 TRIGGER MODES Select internal, external, software or hold trigger modes. I 
TRIGGER RATES Program the DVM to take 1 to 999 readingsttrigger. Can also 

program the DVM to pause between readings or after a reading. 
Pause intervals range from 0 to 99.9999 sec in 100 psec 
intervals. 

READING RATES Read a maximum of 50 readingslsec in 5% digit mode or a max- 
imum of 300 readingslsec in 3% digit mode. 

- - 

STORE AND Store up to 100 readings in the 3497A internal buffer and 
TRANSFER transfer the stored readings to a controller in one of three 
READINGS formats. 

CURRENT SOURCE The DVM contains a built-in current source which can be pro- 
grammed to output a 10 PA, 100 pA or 1 mA constant current. 
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DVM Block Diagram Operation 

The 3497A DVM is a 5% digit systems quality voltmeter which can measure DC 

Volts up to  120V and includes a built-in current source for high-accuracy resistance 
measurements. One of the features of the DVM is that DC voltages to  be measured 
can be input either t o  the rear panel terminals of the 3497A or to  analog assembly 
terminals. Figure 9 shows a simplified block diagram for the DVM. 

COMMANDS FROM 
CONTROLLER V I A  

t DATA 

H P - I B  OR S E R I A L  
DATA I N T E R F A C E  

1 S E R I A L  DATA 

3497A  - T O P  V I E W  

CONTROLLER 

LO COM, GUARD COM 

ROM USER CKT 

SLOT 3 V 

SLOT 2 V 

SLOT 1 V 

USER 
I N P U T S  
1 - 2 0  
CHANNELS/ 
SLOT 

Figure 9. DVM Data Flow Block Diagram 

As mentioned, DC voltages to  be measured can be input either from analog 
assemblies or from the rear panel connectors. Let's look first at the operation when 
voltages are input by using the analog assemblies. 

Since each analog assembly (Options 010, 020, 0 7 0  and 071 1 contains 2 0  chan- 
nels, up to  100 voltages can be simultaneously input to  the 3497A. The voltage to  
be measured is selected by ANALOG commands. For example, to  measure a voltage 
on channel 4 of an analog assembly in slot 3, the channel relay is closed with an 
AC64 command (see Chapter 2 for a discussion of ANALOG commands). 

When a channel is closed, the voltage is passed through the assembly to  an analog 
common bus and then t o  the DVM for measurement. The DVM is set for a specific 
measurement mode by the VOLTMETER command group, as shown later. 
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When the DVM completes a measurement, the results are sent t o  the front panel 
display and - via the HP-IB or Serial Data bus - to  the controller. In addition, when 
the DVM completes a measurement, a 0.5 psec TTL pulse is output from the VM 
COMPLETE port. 

When voltages are input to  analog assemblies, sequential channel-to-channel scan- 
ning (at speeds up to  300 channels/second) is available. If measurement of a single 
voltage is required, the voltage may be input from the rear panel connectors. As 
shown in Figure 9, the DVM uses a three-wire (HIGH, LOW and GUARD) 
arrangement. 

Voltages input to  the rear panel HI COM, LO COM and GUARD COM terminals are 
sent to  the analog common bus and the sequence of actions described for analog 
assemblies occurs. However, when inputting voltages through the rear panel con- 
nectors, several precautions are necessary. 
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1 3497A VOLTMETER COMMANDS I 

COMMAND 

VA 

VC 

TITLE 

VD 

V F 

Voltmeter Auto 
Zero 

Voltmeter Current 
Source Range 

VN 

FUNCTION 

Voltmeter Display 

Voltmeter Format 

VR 

quential display on the front panel. 
I I I 

PAGE 

Turn autozero ON for more accurate 
measurements. Turn autozero OFF for 
faster reading speeds (about twice the rate 
as for autozero ON). 

Set the current source for 1 0  pA, 
1 0 0  pA or 1 m A  output. 

Voltmeter Number 
ReadingsITrigger 

Voltmeter Storage 

156  

157 

Set 3%, 4% or 5 %  digits on the front 
panel display. 

Set one of three formats for data to  be 
output on the interface bus. 

Voltmeter Range 

158  

161 

Set  t h e  number o f  read ingd inpu t  
(external) trigger from 1 t o  999. 

Store readings in the 3497A for eventual 
output over the interface bus or for se- 

Voltmeter Trigger 

Voltmeter Commands - Power On State 

166  

Set the range of the voltmeter or set the 
DVM for autorange. 

169  

V W  

The power on state for the voltmeter is shown in the following chart. The power 
on state occurs after a power on or RESET from the front panel or after a CLEAR 
709 type statement is sent over the HP-IB. 

167 

Select one of four trigger modes for the 
voltmeter. 

I For Serial Data operation, the 
1 shown are sSBf after a BREAK me 
/ troller. If the SC (SYSTEM CLEA 

172 

Voltmeter Wait Set the voltmeter t o  wai t  between 
readings. 

- - 

173  
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I VOLTMETER COMMANDS - POWER ON STATE I 

Autozero 
Current Source Out 
Display Digits 

Format 
No. ReadingsITrig 
Range (Volts) 

Storage 
Trigger 
Wait Between Trig 

(VA) VA1 Autozero ON 
(VC) VCO Current Source OFF 
(VD) VD5 5% Digit Display 

(VF) VF1 ASCII output format 
(VN) VN 1 One ReadingITrigger 
(VR) VR5 Autorange 

(VS) VSO Internal Storage OFF 
(VT) VT1 Internal Trigger 
(VW) VWO No wait between trig 

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



156 Controlling The 3497A 

VOLTMETER AUTO ZERO (VA) 

Description 
The auto zero function of the DVM enables voltage offset errors internally generated 
in the DVM to  be automatically compensated. When the auto zero function is set 
t o  ON with the VA1 command, the 3497A takes t w o  measurements for each 
reading: a "zero" measurement and a measurement of the input voltage. The display 
is the algebraic difference between the t w o  measurements. 

When the auto zero function is turned OFF with the VAO command, whenever a new 
function or range is selected, the 3497A takes a single "zero" measurement and 
stores it. Then, all subsequent measurements subtract this single "zero" measure- 
ment t o  correct the input voltage measurements. Since only one "zero" measure- 
ment is made, the reading rate wi th auto zero OFF is nearly twice the reading rate 
w i th  auto zero ON. 

The maximum reading speed for the 3497A is 300  channels/second, with auto zero 
OFF and 3 % digits displayed. As shown in the following chart, maximum reading 

speed depends on the line frequency, number of digits displayed (see the VDn com- 
mand) and whether auto zero is ON or OFF. 

Note that reading speed with auto zero OFF is twice that for auto zero ON. However, 
wi th auto zero ON, measurement accuracy is slightly greater than wi th auto zero 
OFF. So, for high-accuracy measurements at lower speed, turn auto zero ON. For 
higher-speed applications with lower accuracy requirements, turn auto zero OFF. 

I MAXIMUM READING SPEED (Channelslsec) ( 

60 Hz Operation 50 Hz Operation 

EXAMPLES - VOLTMETER AUTOZERO 

# Digits 

Auto Zero ON 
Auto Zero OFF 

10 OUTPUT 709; "VAI" !Turns auto zero ON. (HP-IB) 

20 OUTPUT 10; "VAO" !Turns auto zero OFF. (Serial 
Data) 

5% 

25 
50 

Operating Note 

1. Power On State: "VA1" - auto zero ON 

4% 

100 
200 

3% 

150 
300 

5% 

20 
40 

4% 

83 
166 

3% 

125 
250 
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VOLTMETER CURRENT SOURCE RANGE (VC) 

Description 

With the current source in the DVM, you can make accurate resistance 
measurements by passing a known current through the unknown resistance, measur- 
ing the voltage drop across the resistance wi th the DVM and computing the 
resistance (in the controller) from R = Ell. 

The current source can be set t o  OFF or t o  1 0  pA, 100 pA or 1 mA current out- 

puts by using the VC command. Current is output from the HI and LOW terminals 
on the rear panel. Conventional current f low is out of the HI terminal and into the 
LO terminal. The format for the VCn command is: 

I vco = OFF I V C ~  = 1 0 p A  I VC2 = 100pA I VC3 = 1 mAl 

I EXAMPLES - CURRENT SOURCE OUTPUTS I 

10 OUTPUT 709; "VC2" !Sets current source output to 100 PA. (HP-IB) 

2 0  OUTPUT 10; "VCO" !Turns current source output OFF. (Serial Data) 

Operating Note 

1. Power On State: "VCO" - current source OFF. 
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VOLTMETER DISPLAY (VD) 

Description 

The Voltmeter Display (VD) command sets the number of digits displayed on the 
front panel t o  3%, 4% or 5% digits. In the 3% digit mode, 4 digits are shown on 
the display, but the first digit can only be a 0 or a 1. Similarly, for the 4 %  digit 
mode, 5 digits are displayed and for the 5% digit mode, 6 digits are displayed. 

The VD command also sets the number of power line cycles (PLC) and the integra- 
tion time of the DVM and thus affects the maximum reading rates for the 3497A. 
The format for the VDn command is: 

VOLTMETER DISPLAY 

I VDn I Digits Displayed I Line Cycles lntegration I 

lntegration and Measurement Time 

An important concept for a DVM is integration. lntegration is a process where the 
effects of power line related noise are averaged t o  zero over the period of an in- 
tegral number of power line cycles (PLCs) during a measurement. lntegration thus 
greatly improves the Normal Mode Rejection (NMR) for a DVM where NMR is defined 
as the ability of a voltmeter to  measure DC voltages in the presence of AC voltages 
at power line frequency. 

The 3497A has best NMR at 5% digit setting (60 dB). NMR for both 4 %  and 3% 

digits is 0 dB. However, to  achieve this high NMR, maximum speed is 50  chan- 
nelslsec as opposed t o  3 0 0  channelslsec wi th 3 %  digit mode. 

Another important concept for the DVM is integration time. lntegration time is the 
time period, in PLCs, during which the input voltage is sampled by the voltmeter. 
Note that integration time is NOT the same as measurement time. 

For example, with 5% digit display, the DVM requires 1 PLC (1 6.67 msec at 60Hz 
operation, 2 0  msec at 5 0  Hz operation) to complete the sampling time. However, 
the measurement time is the sum of the sampling time and the "run down" time, 
as shown in the following example. 

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



Controlling The 3497A 159 

Although the 3497A uses a multi-slope integration technique, this exam- 
ple will illustrate basic concepts with a dual slope technique. In this figure, 
assume that the DVM is set for 5% digit display. Then, input voltages (1 
volt and 2 volts in this case) are sampled during a FIXED 16.67 msec time. 
This is the integration time and is the same for both measurements. 

However, total measurement time varies depending on the value of the in- 
put voltage. As shown, total measurement time T1 for a 1 volt input is 
16.67 ms + t l  where t l  is the "run-down" time while total measurement 
time T2 for a 2 volt input is 16.67 ms + t2. 

v 
I 
I 

2 v  -- 
"Run-Down" 

I 
t 

Integration Time 
IC (16.67 msec fixed) 

-f-tl-+ 

T I  = 1 V Measurement Time ,-d 
T2 = 2V Measurement Time kI 

Reading Rates for 3497A 

Maximum reading rates for 60 Hz operation of the DVM follow. For 50 Hz opera- 
tion, multiply readings shown by 516. 

I I I I Max ReadingsISec (60 Hz) I 
I VDn I Digits I Power Line Cycles I Autozero ON Autozero OFF I 
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VOLTMETER DISPLAY (VD) (Cont'd) 

10 OUTPUT 709; "VD3" !Sets voltmeter for 3% digit display and 0.01 
power line cycle integration. Maximum reading 
speed = 300 readingstsecond with auto zero 
OFF. (HP-IB) 

20  OUTPUT 10; "VD3" !See HP-IB example. (Serial Data) 

Operating Notes 

1. Resolution and noise rejection are higher (but reading speed is lower) for 5 %  
digit display than for 3% digit display. 

2. Power On State: "VD5" - 5% digit display. 
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VOLTMETER FORMAT 

Description 

By using the Voltmeter Format (VF) command, the 3497A can be programmed t o  
output data to  the controller in one of three formats: (1) ASCll (American Standard 
Code for Information Interchange); (2) Packed Binary Coded Decimal (BCD) or (3) 
Time of Day, measurement in ASCll format, Analog Channel Number. 

Use VF1 for ASCll format, VF2 for Packed BCD format and VF3 for Time of Day, 
measurement, channel number format. When the voltmeter storage is OFF (VSO com- 
mand), the VF command sets the output format for the data. The format for the VF 

command is: 

I VFI = ASCll VF2 = PACKED BCD VF3 = VOLTMETER FORMAT 3 1 

Each reading is output in standard ASCll format. Multiple readings (as set by 
the VNn command) are separated by commas and the last reading is followed 
by CR EOI LF. 

Each reading is output in packed BCD format. Multiple readings (as set the VNn 
command) are output every 3 bytes with no delimiters between readings. 

Each reading is output as: Time of Day (string), CR LF, Voltage (ASCII), Analog 
Channel Number (ASCII). For multiple readings (as set by VNn command), Time 
of Day ONLY is sent with each new trigger, rather than with each reading and 
CR LF is sent after the last channel number. 

ASCll Format 

The output format for ASCll data from the 3497A was defined in Chapter 3 (for 
HP-IB) or in Chapter 4 (for Serial Data). See the appropriate chapter for details on 
ASCll format. 

Packed BCD Format 

As discussed in Chapter 3, packed BCD is used t o  increase transfer (reading) speed 
from the 3497A t o  the controller. In Packed BCD, data is transmitted in three 8-bit 
bytes, in contrast t o  normal ASCll format which requires eleven or more bytes to  
transmit each voltage measurement. 
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VOLTMETER 

Unlike ASCII, Packed 

FORMAT (Cont'd) 

BCD cannot be "read" directly by a controller and must be 
"unpacked" by a computer program before the data can be displayed or printed out. 
The following example shows one way to store up to  100 voltage readings in the 
3497A (in Packed BCD), output these readings to an -hp- 85, unpack the readings 
and printout the results. 

EXAMPLE - UNPACKING PACKED BCD READINGS 

This program shows one way to  unpack a number of Packed BCD voltage 
readings (100 readings maximum). To run the program, you must first con- 
nect a BNC connector between the VM COMPLETE and the EXT INCR ports 
on the rear of the 3497A. Then, when the prompt INPUT NUMBER OF 
READINGS (100 OR LESS) ? appears on the 85A screen, enter the number 
of channels you want to  be measured and press END LINE to  continue the 
program. 

This program sequentially measures input voltages from channel 0 to chan- 
nel n-1 where n is the number you input (i.e., if you specify 10  readings, 
channel 0 through 9 voltages are measured). For other channels, add ap- 
propriate AF and AL commands to  line 9 0  to  specify first and last chan- 
nels to  be measured. 

Program 

SET INITIAL CONDITIONS 

10 CLEAR 709 
20  PRINT "CHANNELf';TAB(l 6);"V0LTSS' 
3 0  PRINT 
4 0  OPTION BASE 1 
50 DIM P1$[308l,P(100) 
6 0  IOBUFFER PIS 

STORE N READINGS IN 3497A 

70  DlSP "INPUT NUMBER OF READINGS 
(100 OR LESS)" 

8 0  INPUT N 
90  OUTPUT 709; "VT4VF2VS2VN";N;"AElVT3" 

100 WAIT 1000 

Lines Description 

60  Sets PIS as storage variable for 
packed readings 

90  VT4 = Trigger Hold 
VF2 = Packed BCD 
VS2 = Store in Packed BCD 
VN = N ReadinglTrigger 
AE1 = Enable EXT INCR port 
VT3 = Single Trigger 

TRANSFER N READINGS TO 85A 
(IN PACKED BCD FORMAT) 
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1 10  OUTPUT 709; "SO1 VS" 
120 TRANSFER 709 TO P I  $ FHS; EOI 

UNPACK AND PRINT N READINGS 

110 SO1 = Output only when 85  is 
ready 

VS = Output all N stored readings 
(in packed BCD) 

130-260 Unpack each reading and print out. 
130 0 7  = LEN (PI $1 
140 P(1) = 0 
150 IF 0 7  > 2  THEN P(07 DIV 3) = 0 
160 0 6  = 0 
170 FOR 0 5  = 1 TO 0 7  STEP 3 
1 8 0 0 6  = 0 6  + 1 
190 0 1  = NUM (PI $1051) 
200 0 2  = NUM (PI $105+ 11) 
210 0 3  = NUM (P1$105+21) 
220 P(06) = .1 *BINAND(O1,15) 
230 P(06) = P(06) + .O1 * I 02  DIV 16) + .001 *BINAND(O2,15) 

+ .0001*(03 DIV 16) + .00001 *BINAND(O3,15) 
240 P(06) = (P(06) + BIT(01,4)) *(1-2*BIT(01,51)+ 

l O A ( 0 1  DIV 64-1) 
250 PRINT (05-1 )13;TAB(15);P(06) 
260 NEXT 0 5  
270 END 

For N = 10 readings input, a typical printout is: 

CHANNEL VOLTS 

Voltmeter Format 3 

As shown in Chapter 3, when the voltmeter format is set to  VF3, the output from 

the 3497A is Time of Day, Voltage Measured (in ASCll format), Analog Channel 
Number, as illustrated where D = decimal digit. 

DD:DD:DD:DD:DD, + D.DDDDD E + D, + DDD CRLF 

7 7 7 -  
Time of Day ASCII Format Analog 

Measurement Channel 
Number and 
Sign 

With VF3, you can automatically record the time of day and the channel number of 
each measurement. This is particularly useful in data logging applications. Another 
very useful feature is that if the channel addressed does not close, a minus (-1 sign 
appears before the number of the channel. 
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VOLTMETER FORMAT 

EXAMPLE - DATA LOGGING SEQUENCE 

For example, consider the following sequence o f  readings returned from a 
data logger scanning operation. These readings show that on Jan 6 (1 June 
European) at 1:02 PM, channel 12  did not close and the .02789 volts 
printed is from background noise rather than the voltage on channel 12. 

TlME OF DAY CHAN VOLTS 

EXAMPLE - VF3 OUTPUT FORMAT 

A sample program is shown which prints VF3 data format. In this program, 
you can set the desired time of day in line 30, insert numbers of channels 
t o  be measured in line 5 0  and set the amount of time (if any) desired bet- 
ween measurements in line 90. 

Program Lines 

10 CLEAR 709 20 
20 DIM AS1161 
30  OUTPUT 7Og;"TDO6 1 1 1 3OOOOVF3" 
40  PRINT "TIME OF DAYW;TAB(17); 

"VOLTS"; TAB(26); "CHAN" 30 
50 FOR I = 1 TO 10 
6 0  OUTPUT 709; "AI";I 
70 ENTER 709; AS,V,C 
80  PRINT AS; TAB(17);V;TAB(26);C 40- 
90  WAIT 1000 80  

100 NEXT I 
110 END 

A typical printout is: 

TlME OF DAY VOLTS CHAN 

Description 

A must be string 
variable since : is 
transferred 

Sets time of day 
and single triggers 
DVM 

Inputs 1 0  voltages 
and prints results 
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Operating Notes 

1. When the 3497A Voltmeter Storage is OFF (VSO), the VFn command selects 
the format of data output t o  the controller. When voltmeter storage is ON (VS1 or 
VS2), the output format is determined by the VS1 or VS2 and the VF1 or VF2 
command. 

2. For Serial Data ONLY: Delete LF in format. 

3. Power On State: "VF1" - ASCII Output. 
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VOLTMETER NUMBER READINGSITRIGGER 

Description 

The VNn (n = 1 t o  999) command allows you to  set the number of readings 
(measurements) to be taken with a single input trigger pulse. This command is usually 
used with the external trigger (VT2) mode for the voltmeter (see VOLTMETER TRIG- 
GER). For example, with VN5 and VT2 set, each trigger pulse input to the EXT TRlG 
port on the 3497A causes the voltmeter t o  take 5 readings. 

There are t w o  different ways to  keep track of measurements, depending on the set- 
ting of the voltmeter storage (VS) command. The first way is t o  set the voltmeter 
t o  VSO (Voltmeter Storage OFF) and output the readings (one at a time) to  the 
controller. 

The second way is to  use the VS1 or VS2 command to  store all n readings in the 
internal buffer in the 3497A for output to  the controller or for later display on the 
front panel. When voltmeter storage is ON (VS1 or VS2 set), each trigger pulse 
causes all n readings t o  be stored in the buffer. 

For example, with VT2, VN5 and VS1 set, each trigger pulse input to the EXT TRlG 
port causes the voltmeter to  take and store 5 readings in ASCII format (up to  a max- 
imum of 60 readings for HP-IB, 5 0  readings for Serial Data). The format for the VT 
command is: 

To transfer the stored readings to  the controller, send a "VS" command (without 
parameter). When the VS command is sent, all n readings are output to  the con- 
troller in the format set by the VS command. See the VOLTMETER STORAGE (VS) 
command for details. 

I EXAMPLES - SETTING DVM FOR 10 READINGSITRIGGER[ 

10 OUTPUT 709; "VT2VNIO" !Sets the voltmeter to external trigger and 
take 10 readings for each trigger receiv- 
ed at the EXT TRlG port. (HP-18) 

20 OUTPUT 10; "VT2VNIO" !See HP-IB example. (Serial Data) 

Operating Note 

1. Power On State: "VN1" - One reading per trigger. 
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VOLTMETER RANGE (VR) 

Description 

The 3497A has four voltage ranges plus an autorange, as selected by the VRn com- 
mand. Each of the four ranges has a 20% overrange capability. If a voltage input 
exceeds the overrange capability, indications are "+.  OL" on the front panel and 
+ 9.00000E + 9 sent over the interface to the controller. The format for the VRn 

command is: 

VR1 = 0.1 V 
VR2 = 1.0 V 
VR3 = 1 0  V 
VR4 = 100 V 
VR5 = AUTORANGE 

The 3497A voltage resolution (the minimum voltage difference which can be 
displayed) depends on the number of digits selected for display by the VDn com- 
mand. The maximum display and resolution for 5%, 4 %  and 3 %  digit displays are 
shown. Note that maximum input voltage for the 3497A is 120V peak. 

1 3497A DVM RANGESIRESOLUTION I 

Range 

Maximum 
Display 

( * I  

Resolution For: 1 

Autorange 

5 %  
digits 

1 p V  
1 o p v  

100  p v  
1 mV 

Autorange is selected with the VR5 command. In autorange, the 3497A automatically 
selects the appropriate range to measure the input voltage by upranging or downrang- 
ing to  the first range which can accurately measure the input. For example, with an 
8.0 volt input, the DVM upranges or downranges to  the 10.OV range. 

Each of the DVM ranges can display a range of voltages (i.e., the 1 .OV range can 
display voltages from -1.19999V to  + 1.19999V, etc.). In autorange mode, the DVM 
upranges at 120% of full-scale and downranges at 11  % of full-scale. 

4 %  
digits 

1 0 p V  
1 o o p v  

1 m V  
1 0  mV 

3 %  
digits 

1 0 0 p V  
1 mV 

1 0 m V  
100  mV 
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VOLTMETER RANGE (VR) (Cont'd) 

For example, in  the 1 .OV range the DVM upranges at 1.2V and downranges at 
0.1 1 V. In the 10.OV range, the DVM upranges at 12.OV and downranges at 1.1 V. 
The overlap between the uprange point of a range and the downrange point of the 
next higher range is called autorange hysteresis (1.2V - 1 . l V  = 0.1V in the 

example). 

An autorange hysteresis chart for the 3497A is shown in Figure 10. When a voltage 
is input, the range selected depends on the previous range for the DVM. For example, 
a 1.15V input can be displayed on either the 1 .OV or 10.OV range. If the DVM was 
previously on the 0.1V range, it will uprange to  the 1 .OV range. If the DVM was 
previously on the 100V range, it will downrange t o  the 10.OV range. 

RANGE 

ov .lv 1  v 1  ov l0OV 12ov 
MAX 

INPUT VOLTS ( + I  

I f  = U P R A N G E  P O I N T  
4 = D O W N R A N G E  P O I N T  

Figure 10. DVM Autorange Hysteresis 

EXAMPLES - SETTING DVM RANGE 

10 OUTPUT 709; "VR2" !Sets voltmeter to 1 V range. Maximum voltage 
which can be measured is k 1.19999V (for 
5% digit display). (HP-IB) 

20 OUTPUT 10; "VR2" !See HP-IB example. (Serial Data) 

Operating Note 

1. Power On State: "VR5" - Autorange 
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VOLTMETER STORAGE (VS) 

Description 

The 3497A has an internal voltmeter storage buffer which allows you t o  store 
readings in the 3497A rather than send them t o  the controller. There are t w o  ways 
to  store readings: ASCll or Packed BCD format. Voltmeter storage is turned on by 
the VS1 or VS2 command. Format for the VS command is: 

VSO = Voltmeter storage OFF 
VS1 = Store 60 readings (50 in Serial Data) in ASCll 
VS2 = Store 100 readings (85 in Serial Data) in Packed BCD 

Maximum Reading Storage 

The following chart shows the maximum number of readings which can be stored 
for HP-I6 and Serial Data versions of the 3497A. Note that the voltmeter storage 
must be turned ON with a VS1 or VS2 command for readings t o  be entered. The 
power on state for the 3497A is voltmeter storage OFF (VSO). 

VOLTMETER STORAGE - MAXIMUM # READINGS 

ASCII 60 I 1 Packed BCD 1 100 1 85 50 1 
Command 

When the VS1 or VS2 command is selected and the DVM receives a trigger, it takes 
the number of measurements set by the VNn command and stores all n readings 
in the voltmeter storage buffer. There are t w o  ways t o  get these readings out of 
the buffer: front panel display or transfer to  the controller. Let's start with the front 
panel display. 

Displaying Readings on the Front Panel 

Format 

To display n readings stored in the buffer on the front panel display, enter the "VS" 
command (without a number). This will display the first number entered in the buf- 
fer. Then press the CLEAR ENTRY key t o  clear the first number and display the se- 
cond entry. Continue to  press the CLEAR ENTRY key for measurements 3, 4, ..., n. 

HP-IB Serial Data 
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VOLTMETER STORAGE (VS) (Cont'd) 

1 EXAMPLE - DISPLAYING READINGS ON FRONT PANEL1 

For example, t o  enter 5 measurements 
following commands from the keyboard- 

in the storage buffer, enter the 

le trigger to the DVM. 

L Sets the DVM to take 5 readingsltrigger 

Turns on Voltmeter Storage in ASCll mode. 

Voltmeter Trigger to HOLD. 

Now that the 5 readings are stored in the storage buffer, enter VS t o  
display the first reading entered. Then, press the CLEAR ENTRY key t o  
display the 2nd reading entered. Press the CLEAR ENTRY key again t o  
display the 3rd reading, etc. When the 5th reading is displayed, pressing 
the CLEAR ENTRY key has no effect on the display. 

Transferring Stored Readings to the Controller 

There are t w o  modes t o  return stored readings t o  the controller, depending on 
whether VS1 or VS2 is set. With VS1 (ASCII format), all n stored readings can be 
input t o  the controller using an ENTER command and placing readings in a string or 
array variable. Readings can then be directly printed or displayed. Readings are loaded 
into the variable in the order taken (first reading sent first, etc.). 

With VS2 (Packed K O ) ,  the procedure is the same as wi th ASCll format, but 
readings loaded into the controller variable must be "unpacked" before they can be 
displayed (see the VOLTMETER FORMAT (VF) command for a sample unpacking 
program). 
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1 EXAMPLE - TRANSFER STORED READINGS TO CONTROLLER I 

The following program sets the DVM t o  take 5 readingsttrigger, store the 
readings in the 3497A internal storage buffer and then output all 5 readings 
to the controller and store in array A([). The 5 readings are then printed out. 

Program Lines Description 

1 0  OPTION BASE 1 
20  DIM A(5) 
3 0  CLEAR 709 
4 0  OUTPUT 709; 

"VT4VF1 VS1 VN5VT3" 
50 WAIT 1000 
6 0  OUTPUT 709; "VS" 
7 0  PRINT "READING VOLTS" 
8 0  FOR I = 1 TO 5 
9 0  ENTER 709; A([) 

100 PRINT I; A(I) 
110 NEXT I 
120 END 

4 0  VT4 = Trigger hold 
VS1 = Storage ON (ASCII) 
VN5 = 5 readingsltrig 
VT3 = Single trigger 
VF1 = ASCII Format 

6 0  Request transfer of stored 
readings. 

80-1 1 0  Enter and print readings. 

Operating Notes 

1. Stored readings can be read (sequentially) from the front panel by entering 
"VS" t o  get the first reading, followed by pressing the CLEAR ENTRY key for suc- 
cessive readings. 

2. Sending the "VS" command stops loading of data into buffer, so buffer can- 
not be read into and out of at the same time. 

3. Power On State: "VSO" - Voltmeter Storage OFF. 
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VOLTMETER TRIGGER (VT) 

Description 

Triggering is simply the process which causes the 3497A t o  take one or more 
readings. There are four trigger modes, as set by the VTn command: Internal (VT1); 
External (VT2); Software (VT3) and Hold (VT4). The power-on state for the 3497A 
is Internal Trigger (VT1). When the DVM is triggered (making a measurement), the 
LED indicator (.) on the 6-digit display is ON. 

Internal Trigger 

In the INTERNAL TRIGGER (VT1) mode, the DVM is constantly triggered t o  make 
measurements of the voltage input. If no channel is closed, or if there are no inputs 
t o  the HI COM, LO COM and GUARD COM terminals on the rear panel, the front 
panel display shows random background voltage. 

External Trigger (VT2) 

In external trigger mode, the DVM is triggered by pulses input to  the EXT TRIG port 
on the rear panel. When an external trigger (must be a TTL pulse of at least 50 ns) 
is received, the DVM takes one or more measurements, as set by the VNn command, 
and then sets idle waiting for the next trigger. I f  a trigger pulse is received when 
the 3497A is making a measurement, the pulse is ignored. 

Software Trigger (VT3) 

When a VT3 command is sent, the DVM is single-triggered and takes the number 
of readings set by the VNn command. Note that the VT3 command only triggers 
the DVM. In contrast, a TRIGGER command (see Chapter 3 )  sent over the HP-IB in- 
terface increments the analog channel and triggers the DVM. 

Hold (VT4) 

The VT4 command causes the DVM t o  go into a pause state where no 
measurements are taken. This command is used wi th the VT3 command t o  ensure 
that the DVM does not take measurements before the controller is ready t o  accept 
them. 
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10 OUTPUT 709; "VNlOVT3" !Causes the voltmeter to  
single-trigger and take 10 
readings. (HP-IB) 

20 OUTPUT 10; "VNlOVT2" !Causes the voltmeter to take 
10 readings whenever an ex- 
ternal trigger is received at the 
EXT TRIG port. (Serial Data) 

Operating Notes 
1. For Serial Data ONLY: In VT1 mode, single output for each trigger when SO1 

in effect. Continuous output for SOO. 

2. Power On State: "VT1" - Internal Trigger. 

Description 
Use the Voltmeter Wait (VWn) command to  program a pause between readings or 
after a trigger. You can set the DVM to  wait in intervals of 100  psec increments, 
from 0 (no wait) t o  99.9999 seconds. The format for the VWn command is: 

VWn n = 0 to 999999 

For example, use VW 6 0  for a 6 msec pause between readings, since 6 0  x 100 psec 
= 6 msec. Then, as shown, if reading #1  occurs at t = 0, a 6 msec wait occurs 
after reading #1  is completed before reading # 2  is initiated. 

10 OUTPUT 709; "VW60" !Causes voltmeter to wait 6 msec between 
readings. (HP-IB) 

Reading# 1 6 rnsec 
- A  - - - 

20 OUTPUT 10; "VW500" !Causes voltmeter to wait 50 msec between 
readings. (Serial Data) 

Reading#2 
- t 

Operating Note 
1. Power On State: "VWO" - No wait between readings. 
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REAR PANEL PORT CONTROL 

As shown in Figure 11, there are six BNC connectors located on the right rear panel 
of the 3497A. VM COMPLETE (Voltmeter Complete), CHANNEL CLOSED and TIMER 
are output ports, EXT TRlG (External Trigger) and EXT INCR (External Increment) are 
input ports and BBM SYNC (Break-Before-Make Synchronization) is both an input and 
an output port. This part of the chapter shows how these ports can be used. 

EXT TRlG Port 

The EXT TRlG (External Trigger) port allows you to  trigger the DVM by using an ex- 
ternal input pulse. A low-going TTL pulse input t o  the port triggers the DVM to  take 
one or more readings and then wait for the next trigger input. Input trigger signal 
requirements are: 

EXT TRlG PORT - INPUT SIGNAL REQUIREMENTS 

-4.5 v 
Triggering occurs - 
on falling edge 

OV to 0.6 V 
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BBM SYNC 

EXT TRIG The BBM Break Before Make) SYNC port outputs a TTL LOW when 
a channel IS closed and a TTL HlGH when a channel 1s open The 

When the DVM IS set for external trlgger w ~ t h  a VT2 command, BBM SYNC ports for two  3497As may be connected together to 
a low-gomg TTL pulse Input to the EXT TRIG port causes the DVM ensure that only onemanframe has channels closed at any one tlme 
to take one or more readlngs las set by the VNn command), then 
set idle and wall lor the next trlgger Input. When two or more mamframes are connected together, the slgnal 

levels out o f  the BBM SYNC port ale def~ned as BUSY for LOW 
lchannel closed) or READY for HlGH (channel open) cond~tons 

EXT INCR 
- - 

If  the port IS enabled by an AEl or AE2 command, a TTL pulse In- 
- OP- 

C ~ ~ V \ L  .F... 
put to the EXT INCA ltxternal Increment) port steps the 3497A P I . * _  2~ - -- 

from the present analog channel to the next h~gher lor next lower1 - - 

analog channel C,-*H~E.  
.L SE 3.5 

For example. tf the present analog channel IS 12, an Input pulse 
will step the 3497A to channel 13 or 11. as prev~ouslv program- 
med. The Input pulse requirements for EXT INCR are TIMER 

Pulses can be output from the TIMER port using the Time Interval 
l T l d  or T~me Output (Ton1 command Wlth Ton, the TIMER port 
outputs p o s w e  golng 16,~sec-w1de TTL pulses wlth per~ods from 
100psec to ,9999 sec. Wlth Tln. the TIMER port outputs posit~ve 
golng 50 psec~wlde TTL pulses with periodsfrom 1 sec to 24 hours 

Y i P  " O R  311IY8, P l L C  i 

- 2 ;  L 4 

VM COMPLETE CHANNEL CLOSED 

100 ""' 
When the voltmeter completes a measurement, a low going TTL When an analog channel has been closed, a low-going TTL pulse - 9999 sac 

pulse appears at the VM COMPLETE IVoltrneter Complete) port IS output at the CHANNEL CLOSED port. One applicat~on for th~s  
Th~s pulse can be used for tlming or control appllcatlons output IS In hlgh~speed scannmg to trigger an external voltmeter 

to take a readlng after a channel IS closed. Pulse IS tdentlcal to the 

YY COMPLiTl OUTPLST PU il 
VM COMPLETE output 

- 0  Slrrr 1 
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To use the EXT TRlG port, the voltmeter must be set to  external trigger (VT2), the 
number of readingsitrigger must be specified with the VNn command and the analog 
channel to  be measured must be closed with an AC chan# command. 

I EXAMPLE - USING EXT TRlG PORT[ 

Suppose we want t o  input a TTL pulse to  trigger the DVM t o  take 1 0  
readings of the voltage on channel 1. A sample program is shown which 
makes the 1 0  readings and transfers each reading (sequentially) to  the 
controller. 

In line 2 0  of the program, VN10 sets the DVM to take 10  readings for each 
external trigger input, VT2 sets the DVM for external trigger mode, AC1 
closes analog channel 1 and SO1 insures that the controller can accept 
each reading as it is transferred. 

Line 3 0  halts the program so that an external trigger be input t o  the EXT 
TRlG port to  start the DVM measurements. After the trigger has been in- 
put, you can continue the program by pressing the CONT key on the -hp- 
85A. 

1 0  CLEAR 7 0 9  
2 0  OUTPUT 709; "VN 10VT2S01 AC 1 " 
3 0  PAUSE 
4 0  !Send external trigger to EXT TRlG PORT. 
5 0  !Press CONT key. 
6 0  FOR I = 1 TO 1 0  
7 0  ENTER 709;A(I) 
8 0  PRINT I; A(I) 
9 0  NEXT I 

100  END 

EXT INCR Port 
Use the EXTernal INCRement port to  increment or decrement analog channels with 

an external pulse. To use this port, the port must be enabled with an AE1 (port 
enable) or AE2 (FAST SCAN) command. Channels are either incremented or 
decremented depending on the AF and AL commands set. If AF<AL, channels are 
incremented. I f  AF>AL, channels are decremented. Input signal requirements are 
shown. 

EXT INCR PORT - INPUT SIGNAL REQUIREMENTS 

2.4 V to 5V 
Channel Change - 
Occurs on 
Falling Edge OV to 0 .4V 
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The AE2 (FAST SCAN) mode is particularly useful when you want to scan channels 
at high scan rates. When the 3497A is in FAST SCAN mode, the 3497A ignores 
BBM SYNC (Break Before Make Synchronization) inputs from other 3497As (see BBM 
SYNC Port description). However, BBM SYNC between the 3497A and any con- 
nected 3498As remains. 

The AE2 command takes the 3497A out of any previous measurement mode, but 
any command sent after the AE2 command changes the port to  the AE1 mode. 

I EXAMPLE - SCANNING USING THE EXT INCR PORT 1 

For example, suppose we want to scan channels 20 through 29 by input- 
ting pulses into the EXT INCR port. To do this, two actions are required: 

1. Connect a BNC connector between the VM COMPLETE port and the 
EXT INCR port. Then, after the DVM takes a measurement on the chan- 
nel closed, a pulse is output from the VM COMPLETE port into the EXT 
INCR port which causes the 3497A to  increment to the next channel. 

2. Set first channel to  be closed with AF20 and the last channel to  be 
closed with AL29 (the channel closure sequence will be 20,21, 22, ..., 29, 
20, 21, ... ) and enable the EXT INCR Rort with an AEI command. 

A sample program is shown to measure and record voltages on channels 
20  through 29 when the EXT INCR port is used as described previously. 
With this program, the 3497A will cycle through channels 20  through 29, 
first taking a reading on channel 20, then incrementing to channel 21, tak- 
ing a reading on channel 21, incrementing to channel 22, etc. Note that 
the channels are incremented each time the VT3 command is sent (line 70). 

PRINT "CHANNELW;TAB( 1 5);"VOLTAGE" 
PRINT 
DIM A(30) 
CLEAR 709 
OUTPUT 709; "VT4AF20AL29AEl AC20" 
FOR I = 20 TO 29 
OUTPUT 709; "SO1 VT3" 
ENTER 709; A([) 
PRINT I;TAB(I 7);AW 
WAIT 1000 
NEXT I 
END 
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BBM SYNC Port 
The BBM SYNC (Break Before Make Synchronization) port is both an input and an 
output port. This port outputs a TTL LOW when a channel is closed and a TTL HlGH 
when a channel is open. BBM SYNC ports for two  3497As may be connected 
together to insure that only one mainframe has channels closed at any one time. 

When two or more mainframes are connected together, the signal levels out of the 
BBM SYNC port are defined as BUSY for LOW (channel closed) or READY for HlGH 
(channel open) conditions, as shown. 

( BBM SYNC PULSE DEFINITIONS ( 

CHANNEL 

LOW "IGHrn READY 

CHANNEL 
CLOSED BUSY 

I OR' 

As an example of how the BBM SYNC port can be used, consider the 
system shown in Figure 12 in which two 3497A mainframes are connected 
to a controller via the HP-IB bus. For this example, we'll use an Option 010 
assembly in each of the 5 slots of the 3497As for a total channel capacity 
of 20 channels/assembly x 10 slots = 200 channels (the example shows 
only one assembly per 3497A for simplicity). 

For this system, the top 3497A is set to  address 709 and the bottom 
3497A to  address 710. Also, the 3497A at address 710 does not have 
a DVM so all 200 measurements will be taken by the DVM at address 709. 
Inputs from the 3497A at address 710 are via the HI COM, LO COM and 
GUARD COM terminals on the rear of the 3497A (see VOLTMETER CON- 
TROL description for details). 

A potential problem can arise from this setup if the BBM SYNC ports are 
not connected together. For example, to measure the voltage on channel 
0 for the 3497A at address 709, the command is OUTPUT 709; "AIO". 
However, to  measure the voltage on channel 0 of the 3497A at address 
710 is OUTPUT 710; "AIO". So far, no problem as long as the BBM SYNC 
ports are connected. However, consider the following command sequence 
if the BBM SYNC ports are NOT connected. 
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40 OUTPUT 709; "AIO" !Closes Channel 0 at address 709 
50 WAIT 1000 !Waits one second 
60 OUTPUT 710; "AIO" !Closes Channel 0 at address 710 

In this sequence, we now have channel 0 closed at address 709 AND chan- 
nel 0 closed at address 710 (since channel 0 at address 709 was NOT 
opened by the command at line 60) and voltage sources A and B are 
simultaneously input to  the DVM. 

However, if the BBM SYNC ports are tied together as shown, line 6 0  in 
the program will not be executed. When channel 0 at address 709 is clos- 
ed, the BBM SYNC port outputs a CHANNEL CLOSED (TTL LOW) pulse 
which does not allow channel 0 (or any other channel) at address 710 to 
close until channel 0 at address 709 is opened. 

Thus, the BBM SYNC port offers protection from unwanted multi-channel 
closures when two  or more 3497A mainframes are used on a single HP- 
IB Bus. 

T 0 
C O N T R O L L E R  

O P T I O N  

ADDRESS 709 

ADDRESS 710  

Figure 12. Using the BBM SYNC Port 
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COMPLETE Port 
When the voltmeter completes a measurement, a TTL pulse of approximately 0.5 
psec is available at the V M  COMPLETE port. The characteristics of the output pulse 
are shown. Note that the V M  COMPLETE port does not have t o  be enabled by a 
command. For an example of how this port can be used, see the description of the 
EXT INCR port. Timing reference should be with respect to  the HIGH t o  LOW edge 
of the pulse. 

VM COMPLETE OUTPUT PULSE 

>2.7V 

Timing 
c o . 4 v  

CHANNEL CLOSED Port 
When an analog channel has been selected and the channel relay closed, a TTL pulse 
of about 0.5 psec is available at the CHANNEL CLOSED port. The pulse 
characteristics are shown. This pulse is identical t o  that output from the V M  COM- 
PLETE port, so timing reference should be from the HIGH to  LOW edge of the pulse. 

The CHANNEL CLOSED port output is especially useful when making high speed 
scanning measurements, as the time t o  close relays becomes a significant factor in 
high-speed operations. One use of this output is to trigger an external voltmeter (such 
as the -hp- 3437A Systems Voltmeter) to take a reading after each channel is closed. 

I CHANNEL CLOSED OUTPUT PULSE 

TIMER Port 
When the TIMER port is enabled by a Timer Interval (Tln) command or Timer Out- 
put (Ton) command, the port outputs a pulse train consisting of TTL pulses. The 
period of the pulse train and the pulse width of individual pulses depends on the com- 
mand used. 

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



Controlling The 3497A 18 1 

When the Timer Interval (Tln) command is used, the TlMER port outputs positive 
going 50 psec-wide TTL pulses with periods from 1 second to 24 hours (maximum), 
with 1 second increments. In addition, if the SRQ mask (interrupt mask for Serial 
Data operation) has been set for Time Interval Interrupt, the 3497A generates an 
SRQ (BREAK message for Serial Data) when each pulse is output. 

When the Timer Output (Ton) command is used, the TlMER port outputs positive 
going 16 psec-wide TTL pulses with minimum period of 100 psec and maximum 
period of .9999 sec, with 100 psec increments. SRQ (BREAK) is not available with 
the Ton command. Although, Ton overrides Tln at the TlMER port, SRQ (BREAK) 
can still be used even when Time Output is active. 

As with the VM COMPLETE AND CHANNEL CLOSED ports, timing reference should 
be from the HIGH to LOW edge of the pulse. The two TlMER port output pulse 
characteristics are shown. 

TlMER PORT OUTPUT PULSES 

50 psec 

I__ 24 hours -4 

> 4 v  
t 

16 psec 

3 

INTERVAL 
(Tin) 

100 psec 
+.9999 sec + 

ti <.6V--J 

c Timing 

> 4 v  
+ - 

OUTPUT 
(Ton) 0 <.6Y - 

-Timing 
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For example, to  output pulses from the TlMER port every 300 psec, use 
the Time Output (Ton) command. The Ton  command produces output 
pulses at the TlMER port with periods from 100 psec t o  .9999 sec in 100 
psec increments. Thus, to  produce 16 psec-wide pulses every 300 psec, 
send OUTPUT 709; "T03". 

As a second example, suppose we want to output pulses from the TlMER 
port every 37.5 minutes. Since the period of the pulse train exceeds 1 se- 
cond, use the Timer Interval (Tln) command. The TI command has the form 
TI HoursHours MinMin SecSec, so to produce 50 psec-wide pulses every 
37.5 minutes, send OUTPUT 709;"T13730". 

As a third example, consider the following HP-IB program line: 10  OUTPUT 
709; "SElOT1200". Two minutes after the 3497A receives this input, a 
50 psec-wide pulse is output from the TlMER port and SRQ is sent to  the 
controller, since the SRQ Mask is set for Time Interval Interrupt by the 
SE 1 0 command. 

If the controller clears the SRQ, another SRQ message is sent every two  
minutes. Even if the controller does not clear SRQ, pulses are output from 
the TlMER port every two  minutes. 

PLUG-IN ASSEMBLY CONTROL 

This part of the chapter shows how to  use the 3497A commands to control the 
operation of the plug-in assemblies (Options 010 through 140). Assemblies are 
presented in order of increasing option number from 010 to  140. Thus, to set up 
and control the plug-in assemblies you are using in your 3497A or 3498A, refer to 
the option numberk) of the assemblies (see the following table for pages). 

For each plug-in assembly, information contained includes a summary of the purpose 
of the assembly, a simplified operational description and modes of operation for the 
assembly, commands used to control the assembly and some example programming 
sequences for typical assembly applications. 
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1 3497A PLUG-IN ASSEMBLIES I 

1 0 1  0 1 44421A 1 2 0  Channel Relay Multiplexer ( I 8 4  ( 
OPTION 1 MODEL 

44422A 2 0  Channel Relay Multiplexer1 1 020 1 1 Thermocouple Compensation I lgl I 
44425A 1 6  Channel Isolated Digital Input1 I 050 I I Interrupt I 2oo I 

ASSEMBLY TITLE 

1 0 6 0  1 44426A 1 1 0 0  kHz Reciprocal Counter 1 209 1 

PAGE 

0 7 0  

0 7  1 

44427A 

110  

44429A Dual Output, 0 to  + 10V Voltage 

1 I 2 O 1  I D/A Converter 1 265 1 

44427B 

115 

1 130  1 44430A 1 Dual Output, 0 - 2 0 m A l 4 - 2 0 m A  1 270  1 

1 2 0  Ohm Strain GaugeIBridge 
Completion 

44428A 

I I I Current D/A Converter 1 I 

231 

3 5 0  Ohm Strain GaugeIBridge 
Completion 

44431A 

1 1 4 0  1 44432A 1 Breadboard Card 1 275 

231 

ActuatorIDigital Output 245 

8 Channel High Voltage Acutator 257 
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1 OPTION 01 01 

20 Channel Relay 
Assembly 

Introduction 

Multiplexer 

Option 010 is a 2 0  channel analog signal multiplexer assembly which is used to  
switch (multiplex) signals from up t o  2 0  channels t o  the 3497A DVM or to  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  chan- 
nels and one channel can be closed in each decade. Relays can be closed in a ran- 
dom fashion or can be incremented between programmable limits. 

Because the 2 0  channel relay multiplexer has low thermal offset characteristics, this 
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 13, the relay multiplexer assembly consists of a relay card and 
a terminal card. Inputs from system sensors, such as voltage sources, etc. are in- 
put to  the terminal card on channels A 0  through B9 and are sent to  the relay card 
relays. 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#,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) 
to  the 3497A DVM and t o  the rear panel (HI COM, LO COM and GUARD COM) 
terminals. 

For example, for an assembly in slot 0, channel A 0  address is 0, channel A1  ad- 
dress is 1, ... and channel 6 9  address is 19. Thus, the command ACO closes the 
relay in channel A 0  and the tree switch. The voltage at channel A 0  is sent t o  the 
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A COMMON and B COMMON terminals on the terminal card, to  the rear panel con- 
nectors on the 3497A and t o  the DVM. 

Four optional configurations are available by removing jumpers JM1 through JM6. 
For example, by removing JM1, JM2 and JM3, channel inputs are not sent t o  the 
3497A. Or, by removing JM4, JM5 and JM6, you can separate the A decade out- 
puts from the B decade outputs (for four-wire ohms measurements). 

COMMO~N BUS 
TO DVM 

3 4 9 7 A  
MAINFRAME 

RELAY CARD ( O P T I O N  0 1 0 )  TERMINAL CARD 
OPTION 0 1 0  

TREE 
SWITCH 

w 
w 
w 

I - - 
w 

RELAYS I N  DECADE A - - - 
ONE OF TEN 11 1 RELAYS I N  DECADE B ; 

I 

I 

I i t i M  

I 

3 . 0  I 

I 

3 . 9  

I 

I 
I 1 Fc COMM 

I 
I 3 0 0  

I 
I 

I 
I 

Figure 13. Option 010 - Simplified Operation 
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Command 

AC chan#,chan#,. 

AEn 

Description 

CLOSE ANALOG CHANNELS 

Close up t o  four channels (l ldecade). Channels not addressed 
are opened. To close channel 3, use "AC3". To close channels 
3, 13, 23 and 33, use "AC3,13,23,33". 

ENABLE EXTERNAL INCREMENT PORT 

Enable the EXT INCR port. AEO disables the EXT INCR port and 
AE1 enables the port. AE2 (FAST SCAN) enables the port and 
external BBM sync pulse is ignored. 

SET ANALOG FIRST CHANNEL 

Sets first channel t o  be closed in a sequence, but does not 
close the channel. To set channel 53  as first channel, use 
"AF53". 

CLOSE A CHANNEL, TRIGGER DVM 

Closes channel addressed and triggers DVM t o  take a 
measurement. To make a reading of channel 23, use "A123". 

SET ANALOG LAST CHANNEL 

Sets last channel to be closed in a sequence, but does not 
close the channel. If AF < AL, sequence is increasing. If AF 
> AL, sequence is decreasing. To set 53  as last channel to  be 
closed, use "AL53". 

ANALOG RESET 

Opens all channels on all multiplexer assemblies in a 3497A or 
3498A. In addition, AR sets VF1, VT1, VR5, VWO, VSO, AEO, 
AFO and AL999. 

ANALOG STEP 

Increments or decrements channel closure between AF and AL 
channels. If AF < AL, sequence is increasing. If AF > AL, se- 
quence is decreasing. If AF and AL are not specified, sequence 
increments from presently closed channel (i.e., for channel 3 0  
closed, sequence is 30, 31, ...., 999, 0, 1 ... for each AS 
input). 

DEDICATE DISPLAY TO CHANNEL 

Dedicates the front panel display t o  channel addressed. 
Command does not close channel or affect other 3497A opera- 
tions. Display is updated when measurement is taken. 
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Controlling the Multiplexer Assembly 

The 2 0  channel relay multiplexer assembly is controlled with the ANALOG command 
group as summarized in the following chart. For details and sample sequences, see 
the Command Directory in  Chapter 6. 

3497A Panel Features Used with the Assembly 

Figure 1 4  identifies front panel keys used with the relay multiplexer and shows their 
functions. Since the relay multiplexer is an analog assembly, only the analog display 
is used. When a channel is closed, the 3-digit display shows the number of the chan- 
nel closed and the 6-digit display shows the value of the DC voltage measured (DCV 
on the display). 

Relay Assembly Channel Addresses 

The slot in  which the assembly is placed determines its channel addresses. Since 
each assembly has decades A and B (with inputs A 0  through B9), for an assembly 
in slot 0 the A decade addresses are 0 through 9 and the B decade addresses are 
1 0  through 19. For an assembly in slot 1, the A decade addresses are 2 0  through 
2 9  and the B decade addresses are 3 0  through 39, etc. See the following table for 
details. 

RELAY MULTIPLEXER - CHANNEL ADDRESSES 

Terminal Card 
Channel 

Address for Assembly in Slot: 
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DISPLAYS 

@ HP-IB STATUS: Indicates HP-IB status when the 3497A is 
connected to bus. TALK = ON when 3497A is active talker; 
LISTEN = ON when 3497A is active listener; REMOTE = 
ON when 3497A controlled externally. 

@ CHANNEL: 3-digit display of channel being measured 
through the multiplexer assembly. 

NUMERIC DISPLAY: 6-digit display of DC volts measured @ on channel. DCV indicates DC voltage measurement. Display 
shows value of voltage measured. 

4 CURRENT SOURCE: Displays range of internal 3497A cur- ' rent source (lop*. IOOpA or I m A l  ON only when current 
source is used. 

Keys 

@ LINE: AC power ONlOFF switch. 

@ RESET: Clears 3497A. sets assembly as follows: 

AO, Al, AS, AV = Disabled 
AEO = EXT INCR Port OFF 
AFOOO = First Chan = 000  
AL999 = Last Chan = 999 

@ LOCAL: Puts 3497A in local (front-panel) mode of operation. 

@ ANALOG KEY GROUP: Used to control relay multiplexer. 

@ ALPHA-NUMERIC KEYBOARD: Each key has three modes: 

Primary (upper part) 
Numeric (0-9 plus ,-) 
Shifted (A,C,D, etc. on lower part). 

10 SHIFT: Shifts keyboard @ to shifted mode (A.C.D. etc). O When pressed, light in center of key is ON. 

11 CLEAR ENTRY: Clears previous entry if EXECUTE key O has not been pressed. 

EXECUTE: Implements commands and prepares keyboard 
for new commands. 

Figure 14. Option 010 - Front Panel Features Used With Assembly 
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Sample Command Sequences - Fron Panel Entry 

Command 

"AC40" 

"AS" 

Keystroke Sequences 

"ANALOG CLOSE CHANNEL" KEY 

"SHIFT" KEY 

"ANALOG CLOSE CHANNEL" KEY 

"SHIFT" KEY 

"SHIFT" KEY 

"ANALOG FIRST CHANNEL" KEY 

"SHIFT" KEY 

"ANALOG LAST CHANNEL" KEY 

"SHIFT" KEY 

"ANALOG STEP" KEY (ASSUMES AF40 AND AL59 PREV 
SET) 

The multiplexer card DECADE TO DECADE jumpers must be out for proper 4-wire ohms measurements 
using this command. 

" AF and AL commands do NOT close channels. Another command, such as AC or Al must be used to close 
channels. AF and AL determine the first and last channels to  be closed in a sequence. 

I t *  AS command sequences channel closures between AF and AL. The sequence is increasing if AL >AF 
and decreasing if AL <AF (i.e. if AF is 40  and AL is 59, AS increments channels from 4 0  to  41. etc. If 
AF is 50 and AL is 40, AS decrements channels from 50 to  49, etc.) 

Figure 15. Option 010 - Keystroke Sequences 

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



190 Controlling The 3497A 

Front Panel Control 

To show how the Option 0 1 0  assembly can be controlled from the 3497A front 
panel, sample keystroke sequences to enter commands are shown in Figure 15. For 
all commands except multi-channel closure (AC chan#,chan#, . . I ,  jumpers JM1 
through JM6 are IN and the TIC COMP jumper is in the NO TIC COMP position. For 
the AC chan#,chan# command, the TIC COMP jumper is in the NO TIC COMP posi- 
tion and jumpers J4, J 5  and J 6  are OUT. 

The sample command sequences shown list action desired, commands required and 
keystroke sequences using primary key and shifted key sequences. See Chapter 2 
for details on front panel control. 

Remote (HP-IB and Serial Data) Control 

Some sample program sequences using BASIC language are shown in Figure 1 6  
which apply t o  HP-IB or Serial Data operation. Jumper settings are the same as for 
front panel control. 

Sample Command Sequences - Remote (HP-IB) Operation 

I Action(s) I Command(s) I Example Programs 

CLOSE CHANNEL 40, INPUT 
VALUE AT CHANNEL 40. 

CLOSE CHANNELS 40,50;* 
INPUT VALUE AT CHANNEL 40, 
TRIGGER D V M  TO TAKE 
MEASUREMENT. 

"AC40,50" AND 
"A140" 

10 CLEAR 709 
20  OUTPUT 709 ; "AC40" 
30  ENTER 709 ; A 
4 0  PRINT A 
50 END 

10 CLEAR 709 
20  OUTPUT 709 ; "AC40,50" 
30  OUTPUT 709 ; "Ar40"  
4 0  ENTER 709 ; B 
50 PRINT B 
60  END 

SET FIRST CHANNEL TO 40, 
SET LAST CHANNEL TO 59 
AND SEQUENCE FROM 4 0  TO 
59. DELAY .5 SEC BETWEEN 
CHANNEL CHANGES. 

"AF40","AL59" 
AND "AS" 

1 0  CLEAR 709 
20  OUTPUT 709 ; "AF40AL59" 
30  FOR 1=40 TO 59 
4 0  OUTPUT 709 ; "AS" 
50  WAIT 500 
6 0  NEXT I 
7 0  END 

The multiplexer card DECADE TO DECADE jumpers must be out for proper 
measurements using this command. 

Figure 16. Option 010 - Sample Programs 
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1 OPTION 0201 

Relay Multiplexer Assembly 
With Thermocouple 
Compensation 

Introduction \ 
The Model 44422A Relay Multiplexer Assembly with Thermocouple Compensation 

can be used for voltage, temperature and resistance measurements, but is primarily 
used with thermocouples 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. 

The Option 0 2 0  assembly uses the same relay multiplexer card as the Option 0 1 0  
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  2 0  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 0 2 0  assembly with hardware compensation to  measure the 
outputs of up t o  2 0  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 
outputs of up t o  1 9  thermocouples (any mixture of these types). 

In addition, with appropriate computer programs, you can use software compensa- 
tion t o  determine the temperature measured by various types of thermocouples. 

Simplified Operation 

As shown in Figure 17, the assembly consists of a relay card and a terminal card. 
Inputs from system sensors, such as thermocouples, etc. are input t o  the terminals 
on channels A 0  through B9 and sent to  the relay card relays. Each channel consists 
of a HIGH, LOW and GUARD lines. Relays are divided into t w o  groups (decades): 
A Decade and B Decade. 
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In normal operation, an AC chan# command from the 3497A closes the relay in one 
of the channels and simultaneously closes the tree switch relay. When this happens, 
the input 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) t o  the 
3497A DVM and to  the rear panel (HI COM, LO COM and GUARD COM) terminals. 

For example, for an assembly in  slot 0, the channel A 0  address is 0, the channel 
A 1 address is 1, . . . and the channel B9 address is 1 9. Thus, the command ACO 
closes the relay in channel A 0  and the voltage input at channel A 0  is sent t o  the 
A COMMON and B COMMON connectors on the terminal board, t o  the rear panel 
connectors on the 3497A and t o  the DVM. 

Several optional configurations are available by removing jumpers JM1 through JM6. 
For example, by removing JM1, JM2 and JM3, channel inputs are not sent t o  the 
3497A. Or, by removing JM4, JM5 and JM6 you can separate the A Decade out- 
puts from the B Decade outputs (for 4-wire ohms measurements). 

Sw REAR PANEL.  

I 

BUS TO 
VOLTMETER 

TREE 

Y ' r V  
RELAYS I N  DECADE B 

RELAYS I N  DECADE 0 

TERUINAL CARD 
OPTION 0 2 0  

conn 

.---------- 

__I-- - _ - _ I _ _ 
3 4 9 7 - 0 k q 7  

J 

Figure 17. Option 020 - Simplified Schematic 

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



Controlling The 3497A 193 

Thermocouple Compensation 

Since a primary purpose for 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 (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 techniques are used. The Option 0 2 0  assembly has two  types of ther- 
mocouple compensation techniques: software and hardware. 

Software Compensation (Option 

As factory configured, the assembly is set for software compensation. Referring to  

Figure 17, with software compensation a reference junction transducer measures the 
voltage of an isothermal block. This voltage is a function of the temperature of the 
block and is input to  channel B9 (100 mV/deg C). 

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

To arrive at the true thermocouple voltage, a computer program which performs the 
following steps is necessary: 

1. Measure the voltage from the reference junction transducer and convert this 
voltage to  an equivalent "reference" temperature (i.e., 2.5V at 25 deg C with 100  
mV/deg C). 

2. Convert the reference temperature to a thermocouple voltage. Since the ther- 

mocouple voltage depends on the type of thermocouple being compensated, this 
allows different types of thermocouples to  be used on an assembly. 

3. Measure the voltage produced by the thermocouple and add the voltage com- 
puted in step 2 t o  this voltage for an icepoint reference voltage. 

4. Convert the total voltage in step 3 to  an equivalent temperature. 
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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 often to avoid isother- 
mal block temperature drift errors. 

If you have only one type of thermocouple to  measure, the asembly 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 (as opposed to  19  for 
software compensation). 

For hardware compensation, the compensation voltage is determined by t w o  resistors 
installed on the terminal card, whose value is dependent on the type of thermocouple 
being measured. Thus, with hardware compensation, the voltage displayed on the 
front panel or at the controller is the true (compensated) thermocouple voltage and 

can be directly used with a standard look up table t o  determine equivalent 
temperature. 

Controlling the Multiplexer Assembly 

The 20 channel relay multiplexer with thermocouple compensation is controlled with 
the ANALOG command group. The following chart summarizes the ANALOG com- 
mands to  control the assembly. For details and sample sequences, see the Command 
Directory in Chapter 6. 

3497A Panel Features Used with the Assembly 

Figure 18  identifies front panel keys used with the relay multiplexer and shows their 
functions. Since the relay multiplexer is an analog assembly, only the analog display 
is used. When a channel is closed, the 3-digit display shows the number of the chan- 
nel closed and the 6-digit display shows the value of the DC voltage measured (DCV 
on the display). 
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Command + 
CLOSE ANALOG CHANNELS 

Close up t o  four channels (l ldecade). Channels not addressed 
are opened. To close channel 3, use "AC3". To close channels 
3, 13, 23  and 33, use "AC3,13,23,33". 

ENABLE EXTERNAL INCREMENT PORT 

Enable the EXT INCR port. AEO disables the EXT INCR port and 
AE1 enables the port. AE2 (FAST SCAN) enables the port and 
external BBM sync pulse is ignored. 

SET ANALOG FIRST CHANNEL 

Sets first channel t o  be closed in a sequence, but does not 
close the channel. To set channel 53  as first channel, use 
"AF53". 

CLOSE A CHANNEL, TRIGGER DVM 

Closes channel addressed and triggers DVM t o  take a 
measurement. To make a reading of channel 23, use "A123". 

SET ANALOG LAST CHANNEL 

Sets last channel to  be closed in a sequence, but does not 
close the channel. If AF < AL, sequence is increasing. If AF 
> AL, sequence is decreasing. To set 53  as last channel t o  be 
closed, use "AL53". 

ANALOG RESET 

Opens all channels on all multiplexer assemblies in a 3497A or 
3498A. In addition, AR sets VFl ,  V T l ,  VR5, VWO, VSO, AEO, 
AFO and AL999. 

ANALOG STEP 

Increments or decrements channel closure between AF and AL 
channels. If AF < AL, sequence is increasing. If AF > AL, se- 
quence is decreasing. If AF and AL are not specified, sequence 
increments from presently closed channel (i.e., for channel 3 0  
closed, sequence is 30, 31, ...., 999, 0, 1 ... for each AS 
input). 

- - - - - 

DEDICATE DISPLAY TO CHANNEL 

Dedicates the front panel display t o  channel addressed. 
Command does not close channel or affect other 3497A opera- 
tions. Display is updated when measurement is taken. 
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DISPLAYS 

a HP-IB STATUS: Indicates HP-IB status when the 3497A is 
connected to bus. TALK = ON when 3497A is active talker; 
LISTEN = ON when 3497A is active listener; REMOTE = 
ON when 3497A controlled externally. 

@ CHANNEL: 3-digit display of channel being measured 
through the multiplexer assembly. 

NUMERIC  ISP PLAY: 6-digit display of DC volts measured 
on channel. DCV indicates DC voltage measurement. Display 
shows value of voltage measured. 

4 CURRENT SOURCE: Displays range of internal 3497A cur- O rent source (1OPA, 100pA or l mA). ON only when current 
source is used. 

Keys 

@ LINE: AC power ONiOFF switch. 

@ RESET: Clears 3497A. sets assembly as follows: 

AO, Al, AS, AV = Disabled 
AEO = EXT INCR Port OFF 
AFOOO = First Chan = 000 
AL999 = Last Chan = 999 

@ LOCAL: Puts 3497A in local (front-panel) mode of operation. 

@ ANALOG KEY GROUP: Used to control relay multiplexer. 

@ ALPHA-NUMERIC KEYBOARD: Each key has three modes: 

Primary (upper part) 
Numeric (0-9 plus ,-) 
Shifted (A.C.D. etc. on lower part). 

(0 SHIFT: Shifts keyboard @ to shifted mode (A.C.D. etc). O When pressed, light in center of key is ON. 

11 CLEAR ENTRY: Clears previous entry if EXECUTE key O has not been pressed. 

EXECUTE: Implements commands and prepares keyboard 
for new commands. 

Figure 18. Option 020 - Front Panel Features Used With Assembly 
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Relay Assembly Channel Addresses 

The slot in which the assembly is placed determines its channel addresses. Since 
the assembly has decades A and B (with inputs A 0  through B9) for an assembly 
in slot 0 the A decade addresses are 0 through 9-and the B decade addresses are 
1 0  through 19. For an assembly in slot 1, the A decade addresses are 2 0  through 
29 and the B decade addresses are 3 0  through 39, etc. 

Terminal Card 
Channel 

A0 
A 1 
A2 

Front Panel Control 

Address for Assembly in Slot: 

To show how the assembly can be controlled from the 3497A front panel, sample 
keystroke sequences to  enter commands are shown in Figure 19. For all commands 
except multi-channel closure (AC chan#,chan#, . . I ,  jumpers JM1 through JM6 are 
IN and the TIC COMP jumper is in the NO TIC COMP position. For the AC 
chan#,chan# command, the TIC COMP jumper is in the NO TIC COMP position and 
jumpers J4, J5 and J6 are OUT. 

The sample command sequences shown list action desired, commands required and 
keystroke sequences using primary key and shifted key sequences. See Chapter 2 
for details on front panel control. 
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Sample Command Sequences - Fron Panel Entry 

Command 

"AC40" 

"AS" 

Keystroke Sequences 

"ANALOG CLOSE CHANNEL" KEY 

"SHIFT" KEY 

"ANALOG CLOSE CHANNEL" KEY 

"SHIFT" KEY 

"SHIFT" KEY 

"ANALOG FIRST CHANNEL" KEY 

"SHIFT" KEY 

"ANALOG LAST CHANNEL" KEY 

"SHIFT" KEY 

"ANALOG STEP" KEY (ASSUMES AF40 AND AL59 PREV 
SET) 

**.LOT *TI. !1.l00 Ill. !*.LOO ? T I .  l * . L S  $TI. p--q * * *  [qq*** 
The multiplexer card DECADE TO DECADE jumpers must be out for proper 4-wire ohms measurements 
using this command. 

" " AF and AL commands do NOT close channels. Another command, such as AC or Al must be used to close 
channels. AF and AL determine the first and last channels to  be closed in a sequence. 

1) 1) 1) AS command sequences channel closures between AF and AL. The sequence is increasing if AL >AF 
and decreasing if AL <AF (i.e. if AF is 4 0  and AL is 59, AS increments channels from 4 0  to  41, etc. If 
AF is 50 and AL is 40, AS decrements channels from 50 t o  49, etc.) 

Figure 19. Option 020 - Keystroke Sequences 
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Remote (HP-IB and Serial Data) Control 

Some sample program sequences using BASIC language are shown in Figure 20 for 
HP-IB operation. Jumper settings are the same as for front panel control 

Sample Command Sequences - Remote (HP-IB) Operation 

CLOSE CHANNEL 40, INPUT 
VALUE AT CHANNEL 40. 

" A C 4 0 "  

CLOSE CHANNELS 4O,5O; * 
INPUT VALUE AT CHANNEL 40, 
TRIGGER DVM TO TAKE 
MEASUREMENT. 

Example Programs 

"AC40.50" AND 
"A140" 

SET FIRST CHANNEL TO 40, 
SET LAST CHANNEL TO 59 
AND SEQUENCE FROM 4 0  TO 
59. DELAY .5 SEC BETWEEN 
CHANNEL CHANGES. 

10 CLEAR 709 
20 OUTPUT 709 ; "AC40" 
30  ENTER 709 ; A 
4 0  PRINT A 
50 END 

"AF40","AL59" 
AND "AS" 

10 CLEAR 709 
20  OUTPUT 709 ; "AC40,50" 
30  OUTPUT 709 ; "A140" 
4 0  ENTER 709 ; B 
50 PRINT B 
60  END 

10 CLEAR 709 
20  OUTPUT 709 ; "AF40AL59" 
30  FOR 1 = 4 0  TO 59 
4 0  OUTPUT 709 ; "AS" 
50 WAIT 500 
60  NEXT I 
7 0  END 

The multiplexer card DECADE TO DECADE jumpers must be out for proper 
measurements using this command. 

Figure 20. Option 020 - Sample Programs 
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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  8 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 actuatorldigital output 
assembly (Option 110) to form an independent digital inputloutput port. Also, the 
assembly can be configured for 8 channels (0-7) for interrupt and the remaining 8 
channels (8-1 5) for digital input operation. 

Description 

As shown in Figure 21, 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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Digital Input Card 

Figure 21. Option 050 - Digital Inputllnterrupt Assembly 

Interrupt Mode 

With interrupt mode, only the first 8 channels (0-7) can be used. Refer to Figure 22 
to trace the sequence of operation for interrupt mode. For the sample inputs shown, 
assume that we want to interrupt the controller when the switch in channel 0 closes, 
but not interrupt when a switch closes in any other channel. 

In the circuit shown, a switch closure causes a high-to-low transition (this can be 
programmed for low-to-high if desired) which causes the channel bit in the input byte 
to be set true ("1 "). In Figure 22, 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. Although bit 7 of the input byte is set, bit 7 of the interrupt byte is NOT set, 
since the mask bit 7 was not set. 
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Since the interrupt byte is set, an interrupt is sent to the 3497A mainframe and sets 
bit 1 in the status register. However, unless the SRQ mask (interrupt mask for Serial 
Data) is set for digital interrupt with an SE2 (SE102) command, interrupt is not sent 
to the controller. 

Thus, for an input transition to interrupt the controller, a two-level hierarchy of com- 

mands is required: (1) set the Option 050 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. 

SET W I T H  
S E 2  [ S E I O Z )  

COMMAND 

I N T E R R U P T  
B Y T E  

SET BY 
( DE SLOT* .O 1 

MASK 

I N P U T  
B Y T E  

$ O P T I O N  0 5 0  ASSEMBLY 1 

H I G H  T O  LOW 
T R A N S I T I O N !  

, CH 7 I N P U T  , 

USER I N P U T S  

497-OPC-22 

READ STATUS 
W I T H  D l  SLOT*  
COMMAND 

Figure 22. 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 a 16-bit digital source at a typical maximum read rate of 400 Hz. For digital 
input mode operation, refer to Figure 23. As shipped from the factory, handshak- 
ing on the assembly is disabled. This means that the controller must be program- 
med to read input data at the appropriate time to insure 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 23. 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 
frbm 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, however, that the DR and DL commands 
check the status of the input byte while the Dl command checks the status of the 
interrupt byte. 
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READ 
S T A T U S  / W I T H  

6 DR S L O T *  
0  R  

DL S L O T *  
COMMAND 

I N P U T  
B Y T E  

CH 0 
1 

2 

3 
4 

0 

0 

0 

1 5  

F L A G  

G A T E  

O P T I O N  0 5 0  D I G I T A L  SOURCE 
I 

3497-OPC-23 

1 D A T A  DATA STABLE 

I 

F A C T O R Y  S E T  HANDSHAKE S I G N A L S  

DATA TRANSFER 

Figure 23. Option 050 - Digital Input Mode 

1 GATE HERE 

Controlling the Option 050 Assembly 

For both interrupt and digital input. the Option 050 assembly is controlled by the 
DIGITAL command group. The following chart summarizes the DIGITAL commands 
to which the assembly responds. See the Command Directory in Chapter 6 for details 
and examples. 
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COMMANDS FOR THE DIGITAL INPUTIINTERRUPT ASSEMBLY 

Command 

DE slot#, octal 

slot# = 0 to  4 
octal = 0 to 377 

slot# = 0 to 4 
octal = 0 to 377 

Description 

DIGITAL INTERRUPT ENABLE 

Enables channels selected to cause assembly to send 
interrupt to the 3497A status register. Channels 
enabled for interrupt by the octal number ( 0  to 377). 
Octal 0 disables all channels. 

DIGITAL INTERRUPT STATUS 

Checks status of interrupts in the slot addressed. Value 
returned to controller is octal number (0-377) which in- 
dicates the true bits in the interrupt byte. 

DIGITAL INTERRUPT SENSE 

Sets the channels selected by the octal value for 
positive (low to high) transition sense. Channels not 
included in command are set for negative transition 
sense. Sending DS slot#,O sets all channels in the slot 
for negative transition sense. 

DIGITAL READ 

Reads the condition of the digital input card on a 
continuous basis. Data returned to the controller is the 
octal value of the true bits in channels 0 - 15 for the 
slot addressed. 

DIGITAL LOAD 

Returns the same information as the DR slot# 
command, except that only one readinglcommand is 
returned. 

DIGITAL VIEWED SLOT 

Dedicates the front panel display to the slot specified 
in the command, but does not affect 3497A operation. 
Send DV without a slot number to disable the function. 

Front Panel Features Used With the Assembly 
Figure 24 shows the front panel keys and display used w i t h  the Option 0 5 0  

assembly. Since the Option 0 5 0  assembly is a digital assembly, only the digital 

display is used. Data displayed on the 3-digit display is the slot number addressed 

and the numbers on the 6-digit display are the octal value of  data requested, as 

shown by  the OCT indicator t o  the right o f  the display. 
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Displays 

1 HP-IB STATUS: Indicates HP-IB status when the 3497A 
'is connected t o  bus. TALK = ON when 3497A is active 

talker. LISTEN = ON when 3497A is active listener. 
REMOTE = ON when 3497A controlled externally. SRQ 
= ON when SRQ action requested by 3497A. 

@ SRQ: Initiates Service Request action to  remote (HP-IB) 
2 SLOT: Three digit display of slot number. Assembly com- 0 mands have the form DX slot#,n. 

interface. 

@LOCAL: Places 3497A in local (front-panel) operation, 
3 NUMERIC DISPLAY: 6-digit display of octal value of in- 

'terrupt bits true or channel bits true. 8 ALPHA-NUMERIC KEYBOARD: Each key has three 
O m o d e s :  

Keys 

@LINE: AC power onloff switch. 

Primary (upper part) 
Numeric (0-9 plus - and ,) 
Shifted (A, C, D, etc. on lower part). Shifted mode 
is entered when SHIFT key g IS pressed. 0 '  

ORESET: Clears 3497A. Sets the assembly as follows:  SHIFT: Shifts keyboard @ t o  shifted mode (A, C, D, 
V etc). When pressed, light i n  center of key is ON. 

Interrupts Enable (DE) Disabled 
Interrupt Status (Dl) Not Monitored 10 CLEAR ENTRY: Clears previous entry if EXECUTE 
Interrupt Sense (DS) Disabled 'Key @ has not been pressed. 
Digital Read (DR) Disabled 
Digital Load (DL) Disabled @EXECUTE: Implements commands and prepares 
Digital View (DV) Disabled keyboard for new commands. 

Figure 24. Option 050 - Front Panel Features Used With Assembly 
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Controlling the Assembly for Interrupt Mode 

To control the assembly for the interrupt mode, three commands (DE, Dl and DS) 
are used. As factory configured, digital interrupt is NOT available in the 3498A Ex- 
tender, so interrupt capability is limited to slots 0 through 4. Let's look at an ex- 
ample program to see how the assembly can be programmed for interrupts. 

I EXAMPLE - SETTING ASSEMBLY FOR INTERRUPTS1 

For this example, the assembly is in slot 3 and we are using an HP-IB in- 
terface. We'll enable channels 2 and 5 for interrupts with a DE command 
and set the assembly to  respond to  positive transitions on these channels 
with a DS command. Then, we'll set the SRQ mask in the 3497A to send 
SRQ to the controller whenever the assembly sends an interrupt to  the 
3497A. 

Whenever an interrupt condition occurs on channel 2 or 5, the program is 
shifted to  an INTERRUPT subroutine and the octal value of the interrupt 
channel is entered. If channel 2 received the interrupt, "CHAN 2 INTER- 
RUPT" is printed out. If channel 5 received the interrupt, "CHAN 5 INTER- 
RUPT" is printed out. If the interrupt was caused by action from another 
slot, "NO SLOT 3 INTERRUPT" is printed out. 

10 CLEAR 709 
20 ON INTR 7 GOSUB 1OOO 
30 ENABLE INTR 7;8 
40 OUTPUT 709; "DE3.44DS3.44SE2" 
50 ?Main Program 
980 GOT0 50 
990 END 
lo00 P = SPOLL 6709) 
1010 STATUS 7,l;A 
1020 IF BIT (P,1) GOT0 1 0 4 0  
1030 RETURN 
1040 OUTPUT 709; "D13" 
1050 ENTER 709; A 
1060 IF A = 0 PRlW "NO SLOT 3 INTERRUPT" 
1070 IF A = 4 PRINT "CHAN 2 INTERRUfTr 
1080 IF A = 40 PRINT "CHAN 5 INTERRUPT" 
1090 RETURN 

tines Description 

20 Instructs the computer to go to line 1 0 0 0  when an interrupt (SRQ) 
occurs on interface 7. 

30 ENABLE INTR 7;8 actually enables the -hp- 85 to respond to the 
SRQ. SRQ is octal code "8" in the -hp 85 control register. 
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Controlling 

DE3,44 enables channels 2 & 5 in slot 3 for interrupt. DS3.44 sets 
channels 2 & 5 in slot 3 to respond to positive transitions. SE2 sets 
the 3497A SRQ mask for digital interrupt (bit 1 true). 

Start of the interrupt subroutine. SPOLL returns the 3497A status 
byte to variable P. 

The STATUS command reads and clears the -hp- 85 StatusICon- 
trol Register so that it can respond to the next interrupt. 

If bit 1 of the status byte is true (digital interrupt has occurred), 
the program goes to line 1040. IF SRQ resulted from another 
cause, program returns to point where it was interrupted. 

Dl3 reads the condition of the interrupt byte in the assembly in slot 
3. The octal value of the true bits is returned to variable A by line 
1050. Then, depending on the value of A, line 1060, 1070 or 
1080 prints the reason for the interrupt. 

Returns program control to the point where it was interrupted. 

the Assembly for Digital Input Mode 

The DR and DL commands are used to  control the assembly for the digital input 

mode. Recall that the Dl slot# command reads the status of the interrupt bits. In 

contrast, the DR slot# and DL slot# colrimands read the status of the input bits. 

Also, in contrast t o  interrupt mode, d ig i id  input is available in the 3498A, so slots 

0 to  4 and 1 0  to  8 9  are available for this mode. 

When a DR slot# or DL slot# command is sent, the octal value returned is a number 

from 0 (all channels clear) t o  177777 (channels 0 through 15  true or "1 "1. The 

Digital Read (DR) command causes the 3497A to continuously return data, while the 

Digital Load (DL) command provides a single readtcommand. 

You can enter the commands either from the front panel or from a controller. The 

status of the input data bits can be displayed on the front panel or printed out. 

For example, assume that a digital input assembly in slot 2 is connected 

t o  a data source. To read the status of the input data, send "DR2". The 

following program reads the data in slot 2 and prints the results (in octal 

value of channel bits true). 

10 CLEAR 709 
20 OUTPUT 709; "DR2" 
30 ENTER 709;A 
40 PRINT A 
50 END 
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Assem blv I 

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 psec. 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. The counter is very flexible and can be con- 
figured for many measurement configurations. All counter functions, interrupts and 
trigger modes are fully programmable. The counter can be read during a measure- 
ment or can be programmed to respond when a measurement is complete. 

As shown in Figure 25, 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 specification limits. Although square wave inputs are 

used for the examples in the manual, you can use other inputs 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 this condition to an external circuit. The terms "overflow" and 
"measurement complete" have different interpretations, depending on the mode of 
operation for the counter. 
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I INPUTIOUTPUT TERMINALS 

B I 

USER I N P U T  

I N P U T  H I  luU-Ln 

I N P U T  LO I3 

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. 

OUTPUT H I  

OUTPUT LO 

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

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

COMPLETE OR 
A OVERFLOW 

- 

0 

Figure 25. Option 060 - 100 kHz Reciprocal Counter Assembly 

- u - o ~ n  
L E V E L  CHANGE 
FOR MEASUREMENT 

The 100 kHz reciprocal counter has five main operations: count up, count down, 
period measurement, pulse width measurement and pulse output. Each operation is 
summarized, with the counter assumed to  be set at factory settings. By using the 
switch and jumpers on the counter card, you can set the counter for a wide variety 
of configurations for each of these operations. See Figure 26 for a summary of the 
five modes. 
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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 
3497A status register to set bit 1 (digital interrupt). 

sends an interrupt to the 

1 EXAMPLE - COUNT UP 1 

Let's set the counter to start counting at 3000 counts and input a 1 kHz 

square wave pulse. Since the period of a 1 kHz signal is 1 msec, 1000 
counts are added to the counter each second. Thus (for example) 5 seconds 
after the counter is started, 8000 counts have accumulated in the counter 
(3000 at the start time + 5000 entered 5 seconds after start). 

If the total count exceeds 999999 counts, the counter generates a level 
change at the OUTPUT HlGH terminal. For the 1 kHz input in this exam- 
ple, this would occur after 997 seconds (1000 sec - 3 sec for the 3000 
count start point). If interrupt on overflow has been preset, the counter also 

generates an interrupt signal to the 3497A at this time. 

Count Down 

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

At any time after the counter has started the count down operation, you can display 
the number 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 reached. Also, when a zero count is reached, a level change output pulse is 

available at the OUTPUT HlGH terminal on the counter. 
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1 EXAMPLE - COUNT DOWN I 

We'll assume that the counter is preset to  count down from 3000 counts 
and we'll input a 1 kHz square wave pulse. Since the period of a 1 kHz 
signal is 1 msec, 1000 counts are subtracted from the counter each se- 
cond. Thus (for example) 2 seconds after the counter is started, 1000 
counts remain in the counter (3000 at the start time - 2000 subtracted 2 
seconds after start). 

When the count reaches 000000, the counter generates a level change at 
the OUTPUT HlGH terminal. For the 1 kHz input in this example, this would 
occur after 3 seconds. If interrupt on overflow has been preset, the counter 
also generates an interrupt signal to the 3497A on zero counts. 

Period Measurement 

In period measurement operation, 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 to be 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). 

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 
minal when either of these two conditions occur and (if enabled) 
to the 3497A status register to set bit 1 (digital interrupt). 

OUTPUT HlGH ter- 
an interrupt is sent 

- I EXAMPLE - PERIOD MEASUREMENT 1 
For example, with a 10  kHz input signal, you can set the counter to  
measure 1 period, average 100 periods or average 1000 periods of the in- 
put, with a maximum of 0.2 sec required to  measure 1 period and a max- 
imum of 100.1 seconds to average 1000 periods of the input. 

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 in- 
stance, if you tried to measure the period of 1 MHz input, an overflow con- 
dition occurs since the input period exceeds the counter limits. 
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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 of 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 HIGH 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). 

EXAMPLE - PULSE WIDTH MEASUREMENT 

For example, with a 10 kHz input signal with 50% duty cycle, you can set 

the counter to measure 1 pulse width, average 100 pulse widths or average 
1000 pulse widths of the input, with a maximum of 0.0003 sec required 
to measure 1 period and a maximum of 0.3 seconds to average 1000 
periods of the input. 

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 oc- 
curs and a level change output and interrupt (when enabled) occurs. For 
instance, if you tried to measure the pulse width of a 1 MHz square wave 
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. 

EXAMPLE - PULSE OUTPUT MODE 

For example, with a 1 kHz input signal, an output pulse train at 500 Hz 
( %  the input frequency) is generated. The number of pulses output is half 
the number set by the CS slot#,n command. Thus, to  output 100 pulses, 
use CS slot#,200. 
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Controlling the Counter 

This part of the chapter shows how to control the counter using the COUNTER com- 
mand group. It introduces reciprocal counter techniques, describes counter com- 
mands, shows 3497A front panel features used with the counter and lists sample 
command sequences for local (front panel) and remote (HP-IB and Serial Data) 

operation. 

Counter Measurement Techniques 

There are three basic counter techniques: Event, Frequency and Reciprocal. The 100 
kHz reciprocal counter uses both event and reciprocal techiques. When used as an 
event counter, the counter is a totalizer which can be reset on command. 
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A frequency counter counts the number of transitions in a given time period (gate 
time) and displays results directly in frequency units. This technique is useful for high 
frequency applications. However, the reciprocal counter is better suited for low fre- 
quency data acquisition and control applications. 

The reciprocal counter makes frequency measurements from a single input cycle by 
counting the number of complete cycles (n) of an internal clock which occur dur- 
ing a specified time period, t. Then, since n and t are known, frequency is computed 
from f = nlt. For example, as shown in Figure 27, for a gate time t = 1 second, 

if n = 10  counts are made f = 1011 = 10  Hz. 

1 SEC GATE 
I I 

! ' ! 

I MEASURES P E R I O D  
L----------------------------------------------..-- 

RECIPROCAL COUNTER 

Figure 27. Option 060 - Counter Measurement Techniques 

Counter Commands 

As shown in the following table, there are five COUNTER commands to control the 
counter. Each command has the form CX slot#,n where slot# is the slot that the 

counter is in and n is a number which sets a function within the command. In ad- 
dition, the DIGITAL command Dl slot#,n can be used to determine the type of 
counter interrupt (overflow or measurement complete). 

The CF, CS and CT commands set counter operating conditions. The CR command 
transfers data from the counter to the 3497A and the CE command enables the 
counter to generate interrupt signals for counter overflow or measurement complete. 

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



Controlling The 3497A 21 7 

( COMMANDS FOR THE COUNTER ASSEMBLY I 

Command Description 

COUNTER FUNCTION 

n = 0 Counter Stop. Pauses counter and retains current value. 

1 Count Up. Count up from programmable start point to overflow value of 

999999 counts. 

2 Count Down. Count down to zero from a programmable start point and/or 

output a programmable number of square wave pulses (0 to 499999). 

3 Average 1000 PeriodsIPulse Widths. 

Period range = 10 Hz to 100 kHz 
P. W. range = 10 psec to 0.1 sec 

4 Average 100 PeriodslPulse Widths. 

Period range = 1 Hz to 100 kHz 
P. W. range = 10 psec to 1 .O sec 

5 Measure 1 PeriodIPulse Width. 

Period range = .O1 Hz to 100 kHz 

P. W. range = 10 psec to 100 sec 

6 Measure 1 PeriodIPulse Width. 
Period range = .0001 Hz to 1 kHz 

P. W. range = .001 sec to lo4 sec 

PRESET COUNTER 

Sets counter to preset number for count up, count down or pulse output operations. 

SELECT TRIGGER EDGE 

n =  1 Period Measurement, Trigger Rising Edge to  Rising Edge 

2 Period Measurement, Trigger Falling Edge to Falling Edge 

3 Pulse Width Measurement, Trigger Rising Edge to Falling Edge 

4 Pulse Width Measurement, Trigger Falling Edge to Rising Edge 

COUNTER READ 

n = 1 Read Without Wait, one value only 

2 Read With Wait, one value only 

3 Counter Internal Trigger 

ENABLE INTERRUPTS 

n = 0 No Interrupts Enabled 

1 lnterrupt on Measurement Complete 
2 lnterrupt on Overflow 

DIGITAL INTERRUPT STATUS 

If the counter is enabled for interrupts (with CE slot#,l or CE slot#,2) AND the SRO 
mask (interrupt mask for Serial Data) is enabled for digital interrupt (with SE2 or SE102), 

sending the Dl slot# command returns 0, 1 or 3. 

0 = counter did not interrupt. 
1 = counter interrupted due to measurement complete. 

3 = counter interrupted due to overflow. 
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Counter Function (CF slot#.n) Command 

The counter function (CF slot#,n) command sets the counter for the operation desired 
(count up, count down, etc.). Depending on the value of n, the counter initiates one 

of seven actions: counter stop, count up, count down, average or measure periods 
or average or measure pulse widths. 

Counter Stop (CF slot#,O) 

Counter stop temporarily halts a count up or count down operation and retains the 
count value in the counter. The CF command is set to counter stop when the 3497A 
is turned on or when a system initialize (SI) command is sent. 

Count Up (CF slot#,l ) 

In count up mode, the counter counts up within the range of 000000 to 999999 
beginning with the existing value in the counter. The counter is set to 000000 at 
3497A turn on or with an SI command. The initial value can be set to any number 
within the range with the preset counter (CS) command. 

Count up stops at 999999 counts. After 999999 counts, "OL" is displayed on the 
front panel and +9E9 is available over the remote (HP-IB or Serial Data) interface. 

Count Down (CF slot#,2) 

The counter counts down from a preset value within the range of 000000 to 
999999. Unless the counter is preset to  000000, Count Down stops at 0. If the 
counter is preset to 000000, the countdown sequence is 000000, 999999, 999998, 
..., 000000 (i.e. a million counts max). 

As with count up, the start point is set with the CS command. After 000000 counts 

are reached, 000000 TOT is displayed on the front panel and 0000000 is available 
over the remote interface. In addition, if the counter is enabled for interrupt on 
measurement complete (with a CE slot#,l command), an interrupt is sent t o  the 
3497A when zero count is reached. 
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Width (CF slot#,3 through CF slot#,6) 

commands CF slot#,3 through CF slot#,6 the counter measures 
either the period or pulse width of an input signal, depending on the CT command. 
CT slot#,l and CT slot#,2 set the counter for period measurements. CT slot#,3 and 
CT slot#,4 set the counter for pulse width measurements. 

For counter function commands CF slot#,3 through CF slot#,6 the counter can 
measure a range of input signal frequencies. To select the CF command required for 
your application, refer to the Period Ranges Chart (Figure 28) or the Pulse Width 
Chart (Figure 29). 

Each chart shows the range of input frequencies and associated periods or pulse 
widths which can be measured using the CF command and shows the maximum 
measurement time, number of counts (max), 3497A display and data available over 
the remote interface. The Pulse Width Chart is valid only for continuous 50% duty 
cycle inputs. 

For example, to  measure the period of a 100 Hz input signal (.01 sec 
period), note from the Period Ranges Chart that any of four CF commands 
can be selected. If CF slot#,6 is used, one period is measured and max- 
imum measurement time is .02 seconds. Ten counts are made, the 3497A 
front panel display is 0000.01 SEC and 0.00001 0E + 3 is available over the 
remote interface. 

On the other hand, for CF slot#,3 1000 periods of the same input are 
averaged and measurement time increases to 10.01 seconds. A million 
counts are made, the 3497A display is .010000 SEC and 1.000000E-2 is 
available over the remote interface. 

These charts are useful to decide the speed versus resolution tradeoff which 
is best for your application. In this example, when CF slot#,6 is used, data 
is available with 1 msec resolution and requires 0.02 seconds for 
measurements. With CF slot#,3 resolution increases to 1 psec, but requires 
over 10 seconds to  measure the period. 
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Preset Counter (CS slot#,n) Command 

The CS command is used with count up, count down and pulse output applications. 
For count up or count down, the counter starts at the value of n (000000 to 

999999). Power on or an SI command sets the counter to 000000. When a CS com- 
mand is sent, the counter is stopped and set to 000000. 

The CS command can also be used to output a programmable number of square 
wave pulses from the OUTPUT HIGH port on the counter. The pulse output mode 
is a variation of the count down mode. In pulse output mode, the counter counts 
down to zero from the value set by the CS command and outputs a number of 
square wave pulses (0  to 499999) equal to half the preset value. 

I EXAMPLE - OUTPUT 100 PULSES I 

For 100 output pulses, the the counter is preset to 200 counts with the CS 

slot#,200 command (for pulse output mode, n must be an EVEN number from 0 to 
999998). To set the counter to count down mode, use CF slot#,2. The counter will 
then count down from 200 to zero and output 100 pulses from the OUTPUT HI port 
if the counter is hardware configured for the pulse output mode. 

Select Trigger Edges (CT slot#,n) Command 

The CT command sets the edges of the input signal on which triggering takes place 
and is used with the counter function (CF) command. The CT command MUST be 

set before the CF command, as changing the CT command during a counting opera- 
tion will change trigger edges and stop the counter. When the counter function com- 

mand is set to count up (CF slot#,l) or count down (CF slot#,2), CT slot#,l or CT 
slot#,3 sets the counter to trigger on the rising edge of the input and CT slot#,2 

or CT slot#,4 sets the counter to trigger on the falling edge of the input. 

When the counter function command is set for period or pulse width measurement 
(CF slot#,3 through CF slot#,6), CT slot#,l or CT slot#,2 sets the counter for period 
measurements, while the CT slot#,3 or CT slot#,4 sets the counter for pulse width 
measurements. 

For example, with CF slot#,4 and CT slot#,3, the counter is set to average 100 pulse 
widths with maximum measurement time of 1.0 seconds. Triggering for the counter 
is from rising (leading) edge to falling (trailing) edge of the input signal. The follow- 
ing chart shows counter operation for combinations of CT and CF commands. 
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PERIODIPULSE WIDTH MEASUREMENTS FOR VARIOUS CT COMMANDS I 

Trigger 
Edges 

Max 
Meas. 
Time 
(Sec) 

1 0.1 
Average 1000 

Periods 

Average 1 0 0  
Periods 

Measure 
1 Period 

Measure 
1 Period 

Average 1000  
Periods 

Average 1 00 
Periods 

Measure 
1 Period 

Measure 
1 Period 

Average 1000  
Pulse Widths 

Average 100  
Pulse Width 

Measure 
1 Pulse Width 

Measure 
1 Pulse Width 

Average 1000 
Pulse Widths 

Average 1 0 0  
Pulse Widths 

Measure 
1 Pulse Width 

Measure 
1 Pulse Width 

Counter Read (CR slot#,n) Command 

Counter read commands send count or measurement data to  the 3497A front panel 
and/or over the remote interface. There are three types of counter read (CR) com- 
mands: read without wait (n = 1 ); read with wait (n = 2) or counter internal trig- 

ger (n = 3). 

Data available after a counter read command is executed as shown. Note that the 
front panel display is limited to  six digits, while seven digits are available over the 
interface. For sample readouts in period/pulse width measurement, see the Period 
Ranges Chart (Figure 28) or the Pulse Width Chart (Figure 29).  
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I DATA AVAILABLE AFTER A COUNTER READ COMMAND 1 

3497A DISPLAY INTERFACE 

DDDDDD TOT DDDDDDD 

------ SEC 

+DDDDDD SEC + D.DDDDDDED 

- 9.000000E9 

-DDDDDD SEC 

MEANING 

Counter in count upldown mode. Read 
at any time, counting process not 
interrupted. 

- D.DDDDDDED 

Input signal trigger starting edge not 
yet received. 

Minus sign shows partially completed 
measurement (measurement in  
progress). 

Plus sign shows measurement 
complete. 

Counter Overflow. Overflow for period 
or pulse width measurement means 
max measurement time exceeded. 
Overflow for count up function means 
that 999999 counts exceeded. 

Read Without Wait (CR slot#, I ) 

With the CR slot#,l command, the counter is read without disturbing data flow in- 

to the counter. If a measurement is in progress, but not yet completed, interim results 
shown in the previous table can be displayed on the 3497A and passed to the 
remote interface. An example using the read without wait command to measure one 
value is shown. 

I I I 1 I I 
I I I 
1 
I 

INPUT TO I 

COUNTER I 

1 I 
1 
I 
I 
I 

I 
I 
I 
I 

I 
I 
I 
I 
I I 

I 
I 
I 
I 

L I 
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1. Counter is reset, which sets CF slot#,O and CT slot#,l. 

2. CF slot#,5 sets counter t o  measure one period of input. Since CT 
slot#,l in effect, triggering is from rising edge to  rising edge. 

3. Counter hasn't received starting edge yet. ------ SEC is displayed on 
3497A and -9E9 available over the remote interface. 

4. Counter has started measurement, but has not finished. Partial 
measurement result of -DDDDDD SEC displayed on 3497A and -DDDDDDD 
E i D available over the remote interface. The minus (-) sign indicates 
measurement not complete. 

5. Counter has finished taking measurement (I). +DDDDDD SEC 
displayed on 3497A and + DDDDDDD E + D available over the remote in- 
terface. Plus ( + ) sign shows completed measurement. 

6. The same results as in 5. This is a re-reading of the previous answer. 

7. Counter initiates another period measurement (11). 

Read With Wait (CR slot#,2) 

With the read with wait command, results are returned only after the measurement 
is completed. For period or pulse width measurements, all data is accumulated and 
averaged (if required) and the 3497A waits for the completed measurement before 
outputting data to  the interface. 

For period or pulse width measurements, the interim results shown for the read 
without wait command can't be displayed or sent over the interface when read with 
wait is used. In count up or count down, however, since the measurement is always 
"complete", the counter can be read at any time without disturbing the counting 
process. An example of read wi th wait for one value follows. 

/ rnunication between the 3497A and the controller until the 
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I EXAMPLE - READ WITH WAIT - ONE VALUE I 

I I I 
I I I 
I I I 

INPUT TO I I I 
I I I 

COUNTER I I I 
I I I 
I I I - 
I I I I I 
I I I \ I 
I I I Y I  I 
I I I 

- 
I 

I I 1  ? ; I I I 
I 

t 
I 

1 RESET 
t 

6 CFslot#.5 

2 CF slot#,5 5 CR slot#,2 

? .  The counter is reset t o  CF slot#,O and CT slot#,l. 

2. CF slot#,5 command sets the counter t o  measure one period of the 
input. Since CT slot#,l in effect, triggering is from leading edge to  leading 
edge. 

3. Measurement is not complete (not even started), so 3497A display 
Is ------ SEC. No partial answer available over the interface. 

4. Measurement (I) complete. 3497A display is + DDDDDD, indicating 
complete measurement and +DDDDDDDE + D available over the interface. 

5. Same result as in 4. 

6. Counter initiates another period measurement (It). 

Counter Internal Trigger (CR 
In contrast t o  the read without wait and read with wait commands, counter inter- 
nal trigger has different meanings for HP-IB and Serial Data operation. 

For HP-IB operation, wi th CR slot#,3 the 3497A is dedicated to  continuous update 
readings and is not free to  perform any other action. For count upldown functions, 
the counter repeatedly obtains readings and updates them. For periodlpulse width 
measurements, complete measurement cycles (initiate-wait-answer) are repeatedly 
performed. 

For Serial Data operation, the effect of the CR slot#,3 command depends on the 
System SingleIContinuous Output (Son) command. With SO0 (continuous output), 
the CR slot#,3 command is the same as for HP-IB operation. With SO1 (single out- 
putlcommand), one internal trigger is initiated and the operation is the same as CR 
slot#,2, (i.e., the counter does a read with wait operation for one measurement only). 

For either type of interface, if another command is sent while CR slot#,3 is in ef- 
fect, the current measurement must be completed before the new command will be 
acted on. 
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Enable lnterrupts (CE slot#,n) Command 

The CE slot# command, together with the SEn command, enables the counter t o  
send interrupt information to  the 3497A and to  a controller. The CE command has 
three functions: No lnterrupts Enabled (n = 0); lnterrupt on Measurement Complete 
(n = 1); and lnterrupt on Overflow (n = 2).  

Depending on the counter function (CF) command used, the terms "measurement 

complete" and "overflow" have different meanings. However, regardless of the 
counter function command used (except when pulse output mode is selected), a logic 
level change is available at the counter OUTPUT HI port when overflow or measure- 
ment complete conditions occur. 

Count Up 
(CF slot#, 1 )  

Overflow 

To enable interrupts to  a controller, three actions are necessary: 

Count Down 
(CF slot#,2) 

Measurement ------ 000000 count 
Complete 1 1 reached 

1. Set the 3497A SRQ mask (HP-IB) for digital interrupt wi th an SE2 command 
or set the interrupt mask (Serial Data) for digital interrupt with an SE102 command. 

PeriodIPulse Width 
(CF slot#,3 thru 6) 

> 999999 
counts 

Completed measurement 
available. 

2. Use CE slot#,n to  set the counter t o  for a desire interrupt condition. For in- 

terrupt on measurement complete, use CE slot#,l. For interrupt on overflow, use 
CE slot#,2. 

3. Enable the controller interface devices to  recognize and react t o  an interrupt 
input signal. See Front Panel Operation and/or Remote Programming for sample com- 
mand sequences using interrupts. 

------ 

You can use the Dl slot# command to  determine the cause of an interrupt from the 
counter. Assuming that the counter and the 3497A are set for interrupt, when the 
Dl slot# command is sent, the 3497A returns a 0, 1 or 3. A 0 is returned i f  the 
counter in the slot addressed did not cause the interrupt. A 1 is returned if the 
counter interrupted due to  measurement complete and a 3 is returned if the counter 
interrupted due to  overflow. See the previous chart for definitions of "measurement 
complete" and "overflow". 

Maximum measurement time 
exceeded for range selected. 
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I EXAMPLE - SETTING COUNTER FOR INTERRUPT ON COUNT UP OVERFLOW 1 
We'll set a counter in slot 3 to the count up mode and set the counter to  
interrupt when 999999 counts are exceeded. From the definitions in the 
previous chart, when 999999 counts are exceeded, an overflow condition 
occurs. To set the counter for this configuration, use the following 
commands: 

CF 3,1 = Set the counter for count up operation. 
CE 3,2 = Enable the counter for interrupt on overflow. 
SE 2 = Enable the 3497A for digital interrupt (HP-IB). 

OR 
SE102 = Enable 3497A for digital interrupt (Serial Data). 
Dl 3 = Determine cause of interrupt. For this example, "3" is 

returned when 999999 counts are exceeded. 

Front Panel Operation 

Figure 30  shows the 3497A front panel keys and display used with the counter. 
Since all counter commands have the form CX slot#,n, to initiate commands from 
the front panel first press the SHIFT key to shift the alpha-numeric keyboard to the 
ALPHA (A,C,D etc.) mode, and then press the desired numeric mode numbers. 

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



228 Controlling The 3497A 

Displays Keys 

HP-IB STATUS: Indicates HP-IB status when the 
3497A is connected to  bus. TALK = ON when 
3497A is active talker. LISTEN = ON when 3497A is 
active listener. REMOTE = ON when 3497A con- 
trolled externally. SRQ = ON when SRQ action re- 
quested by 3497A. 

SLOT: Three-digit display of slot number. Counter 
commands have the form CX slot#,n. 

NUMERIC DISPLAY: 6-digit display of quantity 
measured by counter. TOT indicates total number of 
counts in Count UpIDown. SEC indicates period or 
pulse width of input in seconds. 

@ LINE: AC power onloff switch 

@ RESET: Clears 3497A. Sets the counter as follows: 

CF to Stop (CF slot#,O) 
CE to No Interrupts (CE slot#, 1 ) 
CR to Read Without Wait (CR slot#, 1 ) 
CS to 000000  (CS slot#,O) 
CT to Rising EdgelRising Edge (CT slot#,l) 

6 SRQ: Initiates Service Request action to remote (HP- O IB) interface. 

7 L,OCAL: Places 3497A in local (front-panel) opera- 0 ,,on. 

ALPHA-NUMERIC KEYBOARD: Each key has three 
modes: 

Primary (upper part) 
Numeric (0-9 plus - and ,) 
Shifted (A, C, D, etc. on lower art). Shifted 
mode is entered when SHIFT key 6 is pressed. 

g SHIFT: Shifts keyboard 0 to  shifted mode (A, C, 0 D, etc). When pressed, lig Q t in center of key is ON. 

entry if EXECUTE key 

EXECUTE: Implements commands and prepares 
keyboard for new commands. 

Figure 30. Option 060 - Front Panel Features Used With Assembly 
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The fol lowing chart shows some sample front panel entries for a counter in slot 4 

wi th  no input or output networks connected t o  the assembly. DISPLAY is the 3497A 
front panel display after the command sequence is completed. 

1 SAMPLE COMMAND SEQUENCE - FRONT PANEL CONTROL I 

MODEIACTION 

COUNT DOWN 

Preset counter t o  500 counts, count 
down and trigger on rising edge; read 
without wait. 

PULSE OUTPUT 

Output 100  pulses (pulse output 
mode) with trigger on leading edge of 
input signal. 

PULSE WIDTH MEASUREMENT 

Average 100  pulse widths of input, 
trigger rising edgelfalling edge, use 
counter internal trigger for read. 

INTERRUPT 3497A ON OVERFLOW 

Enable counter to interrupt 3497A on 
over f low i n  count  up mode 
( > 999999 counts) 

Remote Programming 

COMMAND: 

RESET: 
CS4,500; 
CF4,2; 
CR4,l 

RESET; 
CS4,200 
CF4,2 

RESET; 
CT4,3; 
CF4,4; 
CR4,3 

RESET; 
CE4,2 
CF4,l 

DISPLAY COMMENTS 

SLOT 0 4  
000500 TOT 

000500 TOT shows 
5 0 0  counts in  
counter. 

SLOT 0 4  
000000 TOT 

Must count down 
from 200 to  get 100 
output pulses. 

SLOT 0 4  
-000000 SEC 

Procedures for remote programming are the same as for front panel operation, ex- 
cept that command sequences are initiated by the controller and passed t o  the 

3497A  via the interface. Several program examples fol low t o  indicate typical com- 
mand sequences for remote control of the counter. 

CR slot#,3 dedicates 
3 4 9 7 A  t o  th is  
function. 

SLOT 0 4  
OL TOT 

Except for counter internal trigger (CR slot#,3), all counter commands have the same 
interpretation for HP-IB and Serial Data. Unless indicated, all programs apply t o  both 
HP-IB and Serial Data operation. 

OL means ~ 9 9 9 9 9 9  
counts for count up. 
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Sample Command Sequences - Remote Control 

Action(s1 

Count Up from 0, read the number of 
counts after two  seconds. 

Measure 1 period of input signal ( 1 0 0  
sec full scale), trigger on falling edge of 
input, read with wait. 

Average 1 0 0 0  pulse widths of input, 
use counter internal trigger (HP-IB only). 

Output 1 0 0  square wave pulses at half 
the input frequency. 

Interrupt on Overflow in Count Up. 

Example Programs 

1 0  CLEAR 709 
2 0  OUTPUT 709;"CF2,1 " 

3 0  WAIT 2000  
4 0  OUTPUT 709;"CR2,1" 
5 0  ENTER 709;A 
6 C  PRINT "COUNTS = ";A 
7 0  END 

1 0  CLEAR 709  
2 0  OUTPUT 709;CT2,2CF2,5CR2,2" 
3 0  ENTER 709;B 
4 0  PRINT "INPUT PERIOD = ";B 
5 0  END 

1 0  CLEAR 709  
2 0  OUTPUT 709;"CT2,3CF2,3CR2,3" 
3 0  ENTER 709;C 
4 0  PRINT "PULSE WIDTH = ";C 
5 0  END 

1 0  CLEAR 709  
2 0  OUTPUT 709;"CS2,200CF2,2" 
3 0  END 

1 0  CLEAR 709  
2 0  ON INTR 7 GOSUB 1000  
3 0  ENABLE INTR 7;8 
4 0  OUTPUT 709;"SE2CE2,1" 
5 0  ! Main Program 

0 

9 9 0  ! End Main Program 
1 0 0 0  P = SPOLL (709)  
101 0 IF P< > 66 THEN RETURN 
1020  OUTPUT 709; "D12" 
1030  ENTER 709;A 
1040  IF A = 3 THEN PRINT "SLOT 2 - 

OVERFLOW - > 999999 COUNTS" 
1050  STATUS 7.1 ;A 
1060  RETURN 

Figure 31. Option 060 - Sample Programs 
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OPTIONS 0701071 

I201350 Ohr 
Bridge Comp 
Assemblies 

Introduction 

n Strain Gauge1 
letion 

The -hp- Model 44427A 120 Ohm Strain GaugeIBridge Completion Assembly and 
-hp- Model 444278 350 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 mixture of %, % or full bridges and can use 2 or 3-wire (plus shield) 
transducer connections. 

Each strain gaugelbridge assembly can measure up to 10 transducers (strain gauges, 
RTD's, etc.) when using the internal half bridge shared by all transducers. Each 
3497A can hold up to five 44427A and/or 44427B assemblies and each 3498A Ex- 
tender (Option 298) can hold up to 10 assemblies. 

Thus, using the 5 slots in a 3497A and 45 slots in 3498As (maximum which can 
be used for these assemblies), you can provide up to 500 channels for transducer 
measurements or up to 133 channels for three element strain gauge rosettes. Of 
course, the 44427AlB can be used in the same 3497A mainframe with other 3497A 

assemblies for mixed measurements. For example, you could use the Option 020  
thermocouple compensation assembly in one slot and the Option 070 or 071 
assembly in another slot to generate apparent strain curves. 

Description 

As shown in Figure 32, the 44427AlB assemblies consist of a 20 channel relay card 
and a terminal card. The relay card is identical to the relay card in Options 010 and 

020. The terminal card for the 120 ohm assembly (Option 070) is the same as ter- 
minal card for the 350 ohm assembly (Option 071) except that the Option 070 
assembly uses 120 ohm termination resistors while the Option 071 assembly uses 
350 ohm resistors. 
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The assemblies require an external (user-supplied) power supply for bridge excita- 
tion and a DVM (such as the internal 3497A DVM, -hp- 3456A voltmeter or 
equivalent DVM). Initial voltmeter readings for bridge excitation and bridge unbalance 
are used to solve bridge equations, thereby eliminating the need for any span and 
offset adjustments. To compute strain, the assembly should be used with a con- 
troller. Data acquisition and strain calculation can be done manually, however. 

Because the excitation voltage, Vs, is always applied, never switched, there are no 
errors 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 rated accuracy specifications. The 
Model 6214A can provide power for 50 channels (5 assemblies) while the 62005A 
can power up to 80  channels. 

Several diagnostic tests are available on the 44427AlB assemblies to check circuit 
integrity or enhance measurement accuracy. Diagnostic tests provided include the 
following. 

Lead Resistance 

,- 
Test 

Shunt Calibration 

For improved 3-w i re  RTD measurements 
(available on three channels/assembly). 

Description 

Either across the transducer or across the inter- 
nal '/z bridge. 

Gauge Leakage 

Internal % Bridge Ratio 

To detect resistive faults between device under 
test and transducers. 

For self-test and replacement calibration. 
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RELAY CARD TERMINAL CARD 

Figure 32. Options 0701071 - Strain Gauge Assemblies 

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 show how the assemblies do this, we'll sum- 
marize 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 can be used t o  make 
these measurements. See -hp- Application Note 290-1, "Practical Strain Gauge 
Measurements" for general background information on strain gauge measurements. 

Strain 

We'll use the term strain (6) t o  mean the ratio of a fractional change in  length t o  
the unstrained length: ALIL. Since the magnitude of AL is usually less than 1 % of  

L, the strain gauge 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 of the change in resistance (AR) which is caused by the strain 
t o  the original resistance (R) of the gauge in  the unstrained state. 
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Unbalanced Wheatstone Bridges 
As noted, the strain gauge assemblies use an unbalanced Wheatstone Bridge arrange- 
ment t o  measure voltage changes between the strained and unstrained states of 
strain gauges. For the (balanced) Wheatstone bridge shown in Figure 33 ,  Vin is the 
input voltage t o  the bridge; Rg is the resistance of the strain gauge; R1, R2 and R3 
are the resistances of  the bridge completion resistors and Vout is the bridge out- 
put  voltage. 

WHEATSTONE B R I D G E  
C I R C U I T  

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  FOR 

B A L A N C I N G  THE B R I D G E  

Figure 33. Options 0701071 - Wheatstone Bridge Circuit 

In  Figure 33, a ?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, Rg, is the only resistor in the circuit which varies. We can 
relate the ratio of the input voltage t o  the output voltage by: 

Vout R3 
- 

Vin R1 R2 + R2 1 
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 t h  the gauge in  the strained state. By combin- 
ing the strained and unstrained cases, w e  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 f rom 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 3 4  shows a circuit setup which switches 
a DVM between gauges. One channel is shown as a '/4 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. 

CONSTANT 
VOLTAGE I V  i n 1  

POWER S U P P L Y  

Figure 34. Options 0701071 - Bridge Circuits for Assemblies 

To make strain gauge measurements with this circuit, the DVM is switched between 
points C-D, D-E, etc., and measures Vout for each channel. Although not shown in 

Figure 34, the DVM can also be switched to measure Vin. The procedure to measure 
strain with this circuit is as follows (assuming that the Gauge Factor is known) 
an example program, see EXAMPLE - SCANNING STRAIN GAUGES. 

For 

(1 )  Measure Vin and store the value. 

(2) Measure Vout for channel # I  ( %  bridge in Figure 34) with the gauge 
unstrained. 

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

(4) Compute strain from E = -4Vr/GF(l + 2Vr). [ %  bridge1 

(5) Switch the DVM to  channel #2 (shown as a '/z bridge in Figure 34) and 
repeat steps (2) through (4). 
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Controlling the Strain Gauge Assemblies 

The strain gaugelbridge completion assemblies are controlled by ANALOG commands, 
as shown in the following table. By using these commands, you can close a chan- 

nel with the AC chan# command, open all channels with an AR command or scan 
a sequence of channels by using the AF chan#, AL chan# and AS commands. See 
the Command Directory in Chapter 6 for details. 

For example, to close channel 8 the command is "AC8". For this command, all 
previously closed channels will open before channel 8 i's closed. Although the AC 
command can be used to close up to 4 channels simultaneously, only one channel 
should be closed at a time for the strain gauge assemblies. 

If you want to measure the voltage on a sequence of channels, use the AF, AL and 
AS commands. For example, to scan channels 0 through 9, set AFO and AL9. Then 
sending AS repeatedly will cause relay closure on channel 0,1, ..., g,O,.. Note that 
if AF < AL the sequence is increasing from AF through AL and back to AF. If AF 
> AL, the sequence is decreasing from AL through AF and back to AL (i. e., if AF9 
and ALO are set, sequence is 9,8 ,... 0,9,..). 

Front Panel Features Used With the Strain Gauge 
Assemblies 

Figure 35 shows the front panel keys and display used with the Option 0701071 

assemblies. Since the assemblies are analog assemblies, only the analog display is 
used. When a channel is closed, the 3-digit display shows the number of the chan- 
nel closed and the 6-digit display shows the value of the DC voltage measured (DCV 
on the display). 
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I COMMANDS FOR THE STRAIN GAUGE ASSEMBLIES I 

AEn 

n = O t o 2  

Description 

ZLOSE ANALOG CHANNELS 

Close channels on the strain gauges. Channels not 
sddressed are opened. To close channel 3, use "AC3". 

ENABLE EXTERNAL INCREMENT PORT 

Enable the EXT INCR port. AEO disables the EXT INCR 
port and AEI enables the port. AE2 (FAST SCAN) 
enables the port and external BBM sync pulse is 
ignored. 

SET ANALOG FIRST CHANNEL 

Sets first channel t o  be closed in a sequence, but does 
close the channel. To set channel 53 as first channel, 
use "AF53". 

CLOSE A CHANNEL. TRIGGER DVM 

Closes channel addressed and triggers DVM to  take a 
measurement. To make a reading of channel 23, use 
"A123". 

SET ANALOG LAST CHANNEL 

Sets last channel t o  be closed in a sequence, but does 
not close the channel. If AF < AL, sequence is increas- 
ing. If AF > AL, sequence is decreasing. To set 53  as 
last channel t o  be closed, use "AL53". 

ANALOG RESET 

Opens all channels on all strain gauge assemblies in E 

3497A or 3498A. In addition, AR sets VF1, V T l ,  VR5, 
VWO, VSO, AEO, AFO and AL999. 

ANALOG STEP 

Increments or decrements channel closure between AF 
and AL channels. If AF < AL, sequence is increasing 
If AF > AL, sequence is decreasing. If AF and AL are 
not specified, sequence increments from presently clos. 
ed channel (i.e. for channel 30 closed, sequence is 3 0  
31, ....., 999, 0, 1 ... for each AS input). 

DEDICATE DISPLAY TO CHANNEL 

Dedicates the front panel display t o  channel addressed 
Command does not close channel or affect othel 
3497A operations. Display is updated when measure 
ment is taken. 
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DISPLAYS 

a HP-IB STATUS: Indicates HP-IB status when the 3497A is 
connected to  bus. TALK = ON when 3497A is active talker; 
LISTEN = ON when 3497A is active listener; REMOTE = 
ON when 3497A controlled externally. 

@ CHANNEL: 3-digit display of channel being measured 
through the multiplexer assembly. 

NUMERIC DISPLAY: 6-digit display of DC volts measured 
on channel. DCV indicates DC voltage measurement. Display 
shows value of voltage measured. 

4 CURRENT SOURCE: Displays range of internal 3497A cur- O rent source (10pA. 100pA or 1 m A )  ON only when current 
source is used. 

Keys 

@ LINE: AC power ONIOFF switch. 

@ RESET: Clears 3497A. sets assembly as follows: 

AO, Al, AS, AV = Disabled 
AEO = EXT INCR Port OFF 
AFOOO = First Chan = 000  
AL999 = Last Chan = 999 

@ LOCAL: Puts 3497A in local (front-panel) mode of operation. 

@ANALOG KEY GROUP: Used to control relay multiplexer. 

@ ALPHA-NUMERIC KEYBOARD: Each key has three modes: 

Primary (upper part) 
Numeric (0-9 plus ,-) 
Shifted (A,C,D, etc. on lower part). 

10 SHIFT: Shifts keyboard @ to shifted mode IA,C,D, etc). O When pressed, light in center of key is ON. 

11 CLEAR ENTRY: Clears previous entry if EXECUTE key O has not been pressed. 

EXECUTE: Implements commands and prepares keyboard 
for new commands. 

Figure 35. Options 0701071 Front Panel Features used with Assemblies 
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Addressing the Assemblies 
To close a specific relay on the assembly, we must first know its address. The strain 
gauge assemblies consist of 20 channels, divided into t w o  decades, A and B. The 
A decade consists of channel designators A0 through A9 and the B decade consists 
of channel designators BO through B9. 

The slot in which the assembly is placed determines the address of the channels. 
An assembly in slot 0 of a 3497A has channel addresses 0-19; an assembly in slot 
1 has addresses 20-39; etc. An assembly in slot 10 of a 3498A Extender (the left- 
most slot as viewed from the rear of the instrument) has addresses 100 t o  119, 
etc. Recall that slots 5 through 9 do not exist. 

The following chart shows the channel numbers associated with the Option 070/071 
assemblies for each 3497A slot (for 3498A slots, add 100 to  each number shown 
for the first 3498A, 200 t o  each number for the 2nd 3498A, etc.). Note that for 
each slot, the 10 lowest numbers (the A decade) are for strain gauge measurements 
while the 10 highest numbers (the B decade) are for bridge diagnostics, excitation 
measurements, etc. 

On the terminal card, the strain gauge inputs [+(HI  SIG,-(L) SIG and (GI SHLDI have 
designators A0 through A9, left to  right. Thus, for example, a strain gauge input 
t o  terminal A0 (leftmost terminal) has channel number 0 for an assembly in slot 0, 
10 for an assembly in slot 1, etc. 

STRAIN GAUGE ASSEMBLY - CHANNEL ADDRESSING 

Terminal 
Address 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 A 7  
through A91 

Slot Number 

/ Channel Number(s) I 
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Strain Gauge Measurements Equations 

Earlier, we developed an equation for strain in terms of the input and output voltages 
of a 1/4 bridge circuit. The assemblies can also be used for '/2 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. Figure 36 shows equations for determining strain for strain 
gauge bridges, biaxial stress state equations, rosette equations, wire resistances and 
selected materials properties. For further information on using RTDs, see -hp- Ap- 

plication Note 290, Practical Temperature Measurements (-hp- part number 
5952-8801 ). 

Material Tables 

AVERAGE PROPERTIES OF SELECTED ENGINEERING MATERIALS 
Exact values may vary widely 

WIRE RESISTANCE 
Solid Copper Wire 

I i 
Diameter (in.) 

0.040 
0.032 
0.0253 
0.0201 
0.01 59 
0.01 26 
0.01 0 
0.008 

Material I 
ABS (unfilled) 
Aluminum (2024-T4) 
Aluminum (7075-T6) 
Red Brass, soft 
Iron-Gray Cast 
Polycarbonate 
Steel-101 8 
Steel-41 30/4340 
Steel-304 SS 
Steel-41 0 SS 

Poisson's 
Ratio. v 

Modulus of 
Zlasticity, E 

psi x lo6 
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 
35000 

(a) Elastic strength may be represented by proportional limit, yield point, or yield 
strength a t  0.2 percent offset. 

STRAIN GAGE BRIDGE CIRCUITS AND EQUATIONS 

Equations compute strain from unbalanced bridge voltages: 
sign is correct for VIN and VouT as shown 

GF= Gage Factor: v = Poisson's ratio: 
V, = [(VouT/VIN)Strained - (VOUT/VIN)unstrained]: 
E =Strain; Multiply by 1 o6 for micro-strain: 

tensile is (+)  and compressive is ( - )  

Quarter Bridge Configurations: 

Figure 36. Options 0701071 - Strain GaugelRosette Equations 
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Half Bridge Configurations: 

R n  

Full Bridge Configurations: 

Equations 

BlAXlAL STRESS STATE EQUATIONS 

ROSETTE EQUATIONS 

Rectangular Rosette: 

Delta Rosette: 

- 2 v r  
€ = 

G F [ ( v +  1)-VAv- 1)] 

WHERE: Ep.q = Principal Strains: Up,q = when negative, opposite. 
Pr~nc~pal stresses: and 6'p,s = the acute angle 
from the axis of gage 1 to the nearest prln- NOTE: Corrections may be necessary for 
cipal axis. When positive, the direction IS the transverse sensitivity, refer to gage rnanufac- 
same as that of the gage numbering and turers literature. 

Figure 36. Options 0701071 - Strain GaugeIRosette Equations (Cont'd) 
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Making Strain Gauge Measurements 

To make strain gauge measurements, first determine the exact value of the excita- 
tion supply voltage (Vs) and Gauge Factor of the strain gauge(s1 you are using. To 
demonstrate the procedure for making strain gage measurements, we'll take an ex- 
ample for a % bridge arrangement with the assembly in slot 0 with the gauge con- 
nected to channel A 2  and use a Gauge Factor of 2. 

I EXAMPLE - % BRIDGE STRAIN GAUGE MEASUREMENTS1 

Step 1 : Determine Excitation Voltage (Vs) 

To accurately determine the excitation voltage, Vs, we must close the chan- 
nel associated wi th terminal designator BO. Since the assembly is in slot 
0, this is channel 10. Thus, t o  close channel 10, enter "AC10" and read 
the display voltage, Vs. Record this voltage for future use. 

Step 2: Measure Bridge Output with Gauge Unstrained. 

The next step is t o  measure the voltage output from the 114 bridge wi th 
the gauge in an unstrained condition. Since the gauge is connected t o  ter- 
minal A2, channel 2 must be closed. To close channel 2, send "A2" and 
record the voltage as Voutu. 

Step 3: Measure Bridge Output with Gauge Strained. 

The third step is t o  apply a strain to  the gauge and record the voltage 
displayed as Vouts. Since channel 2 is already closed, we do not have t o  
reclose it. 

Step 4: Compute Strain. 

For the % bridge arrangement in this example, strain can be computed from 
E = -4Vr/GF(1 + 2Vr) where Vr = [(Vout/Vs)strained - (Vout1Vs)unstrain- 
edl. Let's assume that the following readings were obtained: 

Channel 1 0  (Vs) = 2.000V 
Channel 2 (unstrained, Voutu) = 1 9 4  pV 
Channel 2 (strained, Vouts) = -60  PV 

Then, using the equations above, wi th a Gauge Factor GF = 2, Vr = 

-.000127 and E = .000254 or 254  p ~ .  
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Scanning Strain Gauges 

The previous example showed how to measure the strain from a single strain gauge 
and can easily be accomplished from the front panel of the 3497A. However, if you 

want t o  connect several strain gauges, multi-channel scanning is best accomplished 
with a controller. The scanning operation is basically the same as the single chan- 
nel operation performed several times. 

Since a single excitation voltage supply is used for all channels on an assembly, the 
excitation voltage needs to  be measured only once per scan per assembly. A sam- 
ple BASIC program to scan channels 0 through 9 and print the strain on each channel 

is shown in the following example. GF = 2  and a '/4 bridge arrangement for each 
channel is assumed. To convert the program for other channels and/or other bridge 
arrangements, modify lines 40, 60, 170  and 220 as required. 

I EXAMPLE - SCANNING STRAIN GAUGES I 

Program 

CLEAR 709 
PRINT "STRAIN GAUGE MEASUREMENTS" 
PRINT 
OUTPUT 709; "AFOAL9AC 10" 
ENTER 709; V 

FOR I = 0 TO 9 
OUTPUT 709;"AS" 
ENTER 709; A(I) 
U(I) = A(I)/V 
NEXT I 

DlSP "ADD STRAIN TO GAUGES. THEN," 
DlSP "WHEN READY PRESS CONT KEY" 
DlSP "TO RESUME PROGRAM" 
PAUSE 

PRINT "CHANNEL MICROSTRAIN" 
PRINT 
FOR I = 0 TO 9 
OUTPUT 709;"AS" 
ENTER 709; B(I) 
T(I) = B(I)/V 

X(l) = T(l) - U(l) 
S(I) = -(4*X(1)/(2*(1 + 2*X(I))) 
PRINT I, S( I ) *10**6 
NEXT I 
END 
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Lines 

10-50 

60- 1 00 

110-140 

150-200 

2 10-230 

Description 

Sets first channel to 0, last channel to 9 and measures 
excitation voltage (Vs) on channel 10 (channel BO). 

Measures unstrained voltage on channels 0 through 9 
and computes VoutIVin unstrained. 

Program halts to  allow strain to be applied to  gauges. 

Measures strained voltage on channels 0 through 9 
and computes VoutIVin when gauges are strained. 

Computes strain and prints results in microstrain. 

A typical printout is: 

STRAIN GAUGE MEASUREMENTS 

CHANNEL MICROSTRAIN 
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The -hp- Model 44428A ActuatorIDigital Output 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 chan- 
nel 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. To enhance this capability, the assembly uses 
"bounceless" relays, isolated GateIFlag handshake lines, + 5V non-isolated internal 

excitation, capability for up to  + 100V external excitation and can be configured for 
open collector operation. 

The assembly can be also configured as a 4 x 4 point matrix scanner and additional 
assemblies can be added to construct larger matrices. Since the Option 110 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 inputlinterrupt assembly (Option 050) to provide an independent digital 
inputloutput port. 

Description 

As shown in Figure 37, the Option 110 assembly consists of a relay card and a ter- 
minal 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 posi- 
tion) or opened (set to the Normal Closed position). 

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. You can use four optional jumpers on the 
terminal card to change gate and flag handshake lines from optically isolated (stan- 
dard TTL logic) to non optically isolated. 

Actuator 

RELAY CARD TERMINAL CARD WITH COVER REMOVED 

Figure 37. Option 110 - ActuatorlDigital Output Assembly 

(Switching) Mode 

As shown in Figure 38, 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 de-energized, the Normal Closed line is connected to common. When a 
relay is energized, the Normal Open line is connected to  common. 

By using the DC slot#, chan#,chan# ... and DW slot#,octal value commands, from 
one to 16 relays can be closed (set to the Normal Open position) 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. By using the SR slot#,O com- 
mand, you can verify that the assembly in the slot addressed is an Option 110 (or 
Option 1 15) assembly if 000041 OCT is returned. 
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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. Chapter 8 gives guidelines for relay contact protection. 

NORMAL OPEN 

K15  

CHANNEL  

CHANNEL  

LOAD 2 t Y I 
COMMON - - b 

P R O T E C T I O N  

0 

NORMAL C L O S E L  

CONTACT * 
P R O T E C T I O N  

E= ( 1 0 0  V A I  
( 1 A  M A X I  

Figure 38. Option 110 - Actuator (Switching) Mode 

The assembly can be used in many applications, as long as the load circuits are fused 
for 1A or less and less than 100 VA. To indicate some of the ways that the 

assembly can be used in the actuator mode, Figure 39 shows a relay actuated alarm 
circuit, voltage switching and matrix switching. 

For the alarm circuit, closing the relay applies power to sound the alarm device. For 
example, the relay closure could be computer-controlled and generated as a result 
of an interrupt from the Option 050 assembly. For the voltage switching applica- 
tion shown, closing the relay switches + 5V from load # I  t o  load #2. 
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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 39, 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.). 

1 1  SVAC 

U STEP DOWN 

r"7 
- TRANSFORHER 

CONTACT , PROTECTION 

CONNON I 
RELAY ACTUATED ALARM CIRCUIT 

I 

VOLTAGE SWITCHING 

COMM.  

K8  
COMM.  

u 
MARTRIX SWITCHING 3497-OPC-39 

Figure 39. Option 110 - Actuator Mode Examples 
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Digital Output Mode 

The Option 110 assembly can also be used in digital output mode to communicate 
with a 16-bit digital receiver at a typical maximum read rate of 400 Hz. As shown 
in Figure 40, a 16-bit wide digital word is input to the relays (channels 0 through 
15) and the word is transferred to a digital receiver. As with the actuator mode, relay 
status (open or closed) can be read with a DR slot# or DL slot# command. 

As factory set, 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 configured, the hand- 
shake lines are optically isolated. You can select non isolated mode by connecting 
pullups across four terminal card jumpers. 

When handshaking is enabled, the handshake sequence for either High Gate, High 
Flag or Low Gate, Low Flag operation is as shown in Figure 40. When a 16-bit wide 

word is entered into the assembly and settling time has occurred, the assembly sends 
a Gate output to the receiver to 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. 

Controlling the ActuatorIDigital Output Assembly 

As noted, the actuatorldigital output assembly has two modes of operation: actuator 
(switching) and digital output. For both modes, the assembly is controlled by DIGITAL 
commands. The following chart shows the DIGITAL commands used to control the 
assembly. See the Command Directory in Chapter 6 for details and examples. 
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C L O S E D  I N .  0 .  P O S I  

CH 0 D A T A  B I T  

CH 1 D A T A  B I T  

CH 2 D A T A  B I T  

1 6  B I T  
D I G I T A L  

WORD FROM 
R E L A Y S  

F L A G  

G A T E  

O P T I O N  1 1 0  

CH 15 D A T A  B I T  - 

Handshake Timing ~ i a ~ r a r n s  

;DATA V A L I D  AT T H I S  T I M E .  
I [ F I R S T  HALF  OF HANDSHAKE] 

; D A T A  V A L I D  AT T H l S  T I M E .  
I I F l R S T  HALF  OF HANDSHAKE1 
I 'DATA TRANSFER COMPLETE 
I 

High Flag 
High Gate 

Low Flag 
Low Gate f IDATA TRANSFER COMPLETE 

I 
I I ISECOND H A L F  OF I ! ; [SECOND H A L F  OF 

; ;HANDSHAKE I N T I A T E 0  
I I A T  T H l S  T I M E 1  

I 
I 

I ; i HANDSHAKE I N T I A T E D  
I 
I ! T H I S  T IME1  

I I. I 1  I I 

HIGH GATE I I I 1  I I 
1 1  I I 

IHGTI I 

I 
I 

I I I I 

LOW GATE 
I I I I 
I I I I 

lLGTl I I 

I I 

I 1 1  I I I 1  
I I I I I  I I 1 1  
I I 

LOW FLAG I I 
I I 1  I I I 1  
I I 1  I I I 1  

LLFLGI j j 
I I 

I I 
I I 

I I I I 
I I I I 1  I I I 1  

I I 
I I 

HIGH FLAG I I 

IHFLGl 1 I 

T I  . . . . 1 6  bit wide data word transferred t o  actuator 
card relays 

T I  -T2 . . Settling time for relays and drive circuits 
(r3rn.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 

T1 . . . . 1 6  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 40. Option 110 - Digital Output Mode 
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( COMMANDS FOR THE ACTUATORIDIGITAL OUTPUT ASSEMBLY ( 

Command + 

I DW slot#. octal 

slot# = 0 t o  8 9  
octal = 0 t o  177777 

Description 

DIGITAL CLOSE 

Closes relay contacts in channels addressed. From one to  
1 6  channels of an actuator in slot addressed may be 
closed with a single command. Channels not listed in the 
command remain in their previous state. 

DIGITAL OPEN 

Opens relay contacts in channels addressed. From one to 
16  channels of an actuator in slot addressed may be 
opened by a single command. Channels not listed in the 
command remain in their previous state. 

DIGITAL LOAD 

Returns current state of the 1 6  relays (open or closed) 
of an actuator in slot addressed. Value returned is octal 
representation of the state. Only one readinglcommand 
is returned. 

DIGITAL READ 

Same as the DIGITAL LOAD command, except that 
repeated reads of the actuator card are made and up- 
dated on the display and on the interface bus. 

DIGITAL VIEWED SLOT 

Dedicates the 3497A front panel display to  a slot. Exit 
from this mode by using the command DV without the 
slot designation. 

DIGITAL WRITE 

Outputs an octal value t o  all channels in slot addressed. 
Octal value corresponds t o  desired digital state of the 
relays (digital 1 = closed, 0 = open). DW command af- 
fects the entire assembly, while DC and DO affect only 
the channels specified. 

SYSTEM READ 

Reads the "signature" of the assembly in slot address- 
ed. The actuator (and high voltage actuator) have 
signature 000041 OCT. 
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Front Panel Features Used With the Assembly 

Figure 41 shows the front panel keys and display used with the actuatorldigital out- 
put assembly. Since the assembly is a digital assembly, only the digital display is 
used. The slot number addressed is shown on the 3-digit display and the 6-digit 
display shows the octal value of data requested. 

Displays Keys 

1 REMOTE = LED ON for control by ext controller, OFF for O local (3497A) control. 

@ SLOT: ON when assembly accessed. 

@ SLOT DISPLAY: 3-digit readout of slot accessed. 

CHANNEL INDICATORS: Displays contents of channel 
0 thru 15 of actuator card. ON - relay is closed. 

NUMERIC DISPLAY: 6-digit display. Shows octal 
equivalent of digital channels status. (i.e., 000377 OCT 
= channels 0 thru 7 on; 11 11 1 1 1 1 binary.) 

DISPLAY FUNCTIONS: Only OCT and ENT used with ac- 
tuator. OCT shows display is octal representation of 
digital channels ENT means data can be entered. 

@ LINE: AC power onioff switch. 

@ RESET: Clears 3 4 9 7 A  Sets all relays t o  open. 

@ LOCAL: Puts 349711 in local mode of operation. 

@ ALPHA-NUMERIC KEYBOARD 

3 functions for each key 
Primary (upper part) 
Numeric (0-9 plus -) 
Shifted (A, C, D, etc. on lower part). 

@ SHIFT KEY: Shifts keyboard @ to  shifted mode (A. 
C, D, etc). When pressed, light in center of key is on. 

CLEAR ENTRY: Clears previous entry if EXEcute 
not pressed. 

EXECUTE KEY: Implements commands and clears @ keyboard. 

Figure 41. Option 110 - Front Panel Features Used With Assembly 
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I EXAMPLES - ACTUATOR ASSEMBLY COMMANDS I 

For the Option 1 1 0  actuator, any combination of channels can be opened 
or closed simultaneously. As shown in the commands chart, primary com- 
mands for the actuator are DC slot#, chan#; DO slot#,chan#; and DW 
slot#, octal. Remember that "open" means that the NC contact of the relay 
is connected to  common and "closed" means that the NO contact is con- 
nected t o  common. 

Digital Open (DO) and Digital Close (DC) are used to  open or close specific 
channels, while leaving channels not specified in their previous state. For 
example, to close channels 4 and 5 for an actuator in slot 3, the command 
is DC3,4,5. With this command, relays in channels 0,1,2,3,6 and 7 remain 
in their previous state (opened or closed). 

The Digital Write (DW) command, in contrast, affects the state of all the 
relays in the assembly. For example, the octal value for relays 4 and 5 only 
closed (digital 0000 0000 001 1 0000) is 060. So, to close channels 4 and 
5 and simultaneously open all other channels for an actuator in slot 2, the 

command is DW2,060. 

With the DW command you must use an octal value to  represent the 
desired state AFTER the command is executed. For example, assume that 
all relays in an assembly are closed. Then, DW slot#,060 opens all relays 
except channels 4 and 5 (digital 0000 0000 001 1 0000). In contrast, DO 
slot#,4,5 opens ONLY channels 4 and 5, with all other relays remaining 
closed (digital 1111 1111 1100 1111). 

Octal values for the DW command range from 0 to  177777. The follow- 
ing chart shows how t o  determine the octal value for a specified digital 
state. See Chapter 2 for details. 

OCTAL NUMBERS FOR ACTUATOR CHANNELS 

octal MSD 2nd # 3rd # 4th # 5th # LSD 

For example, t o  set channels 5, 7, 10  and 15 closed and the remaining 
channels open, the command is DW slot#, 102240 where the octal value 
is derived as follows. 

chan 0  0  0  0  1 0  0 1 0  1 0 0  0 0 0  
state 

octal 1 0  2 2 4 0  
value 
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Controlling the Assembly for Actuator Mode 

Using the DIGITAL commands shown, you can control the assembly in the actuator 
mode either from the front panel or from a controller. In addition, you can read the 
status of the relays at any time by using the DR or DL commands. 

I EXAMPLE - SEQUENTIAL VOLTAGE SWITCHING I 
For this example, we want to switch a voltage E from load 1 to  load 2 for 
each of the 16 channels of an actuator in slot 3, as shown in Figure 42. 
In addition, we want to check that the switching actually took place, so 
we'll read the status of the relays after each channel is switched. A Sam- 
ple program follows which shows a way to accomplish these actions. 

CHANNEL 1 5  
E= ( 1 0 0  VAI  

( 1 A  MAXI 

CONTACT r 0 
PROTECTION 0 

0 0 
0 

CHANNEL 0  

CONTACT * 
PROTECTION 

* CAUTION 
FOR LOADS >12V OR CURRENT >65mA, 
CONTACT PROTECTION MAY BE REQUIRED 

Figure 42. Option 110 - Sequential Voltage Switching Example 
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In this program, all relays are f irst opened (NC contact  connected t o  com- 

mon) and sequentially switched, starting w i t h  channel 0. If the channel 

switches (relay closes), the program prints out  the t ime the channel 

switched and advances t o  the next channel. If a relay does no t  close, the 

program prints an error message and halts. 

Program 

CLEAR 709 
OUTPUT 709; "TDO629l3OOOO" 
PRINT "SEQUENTIAL VOLTAGE SWITCHING" 
PRINT 
PRINT "TIME";TAB(20);"CHANNEL" 
PRINT 

FOR I = 0 TO 15 
OUTPUT 709; "DC3";",";1 
OUTPUT 709; "D03";",";1-1 
OUTPUT 709; "DR3" 
ENTER 709; AS 
X = OTD(A$) 
IF ABS (X) = 2 1 THEN GOT0 160 
PRINT "CHANNELW;I; "DID NOT CLOSE" 
GOT0 210 

OUTPUT 709; "TD" 
ENTER 709; TS 
PRINT TS;TAB (21 1; 1 
WAIT 1000 
NEXT I 
END 

Lines 

10-20 

70-90 

100-1 30  

140-200 

Line 10  opens all relays and line 20 sets the time of day to June 29, 
1 :00:00 PM (Option 230 format). 

Line 70  sequences program from channel 0 to channel 15. Line 80  
closes channel I and Line 90 opens the previously closed channel (1-1 1. 

The value returned to AS by the DR command is in octal, so line 120 
performs an octal to  decimal (OTD) conversion. In line 130, the 
decimal value is compared to an expected (2 1) value, since 2 1 
= the decimal value for the Ith relay closed. 

If the value returned equals the expected value, the program prints 
the time of day and the channel number closed for each of the 16 
channels. Line 160 reads the time of day for each channel closure. 
If the value returned does not match the expected value, an error 
message is printed out and the program halts. 
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A typical printout if all channels close is: 

SEQUENTIAL VOLTAGE SWITCHING 

TIME CHANNEL 

If, for example, channel 1 does not close, a typical printout is: 

SEQUENTIAL VOLTAGE SWITCHING 

TIME CHANNEL 

06:29: 13:00:02 0 
CHANNEL 1 DID NOT CLOSE 

Controlling the Assembly for Digital Output Mode 

The primary commands used to control the assembly for the digital output mode are 
the DR and DL commands. When a DR slot# or DL slot# command is sent, the oc- 

tal value returned is a number from 0 (all channels open) to 177777 (channels 0 
through 15 true or "I"). 

The Digital Read (DR) command causes the 3497A to continuously return data, while 

the Digital Load (DL) command provides a single readlcommand. You can enter the 
commands either from the front panel or from a controller. The status of the data 
bits can be displayed on the front panel or printed out. 

For example, assume that a digital input assembly in slot 2 is connected 
to  a data source. To read the status of the input data, send "DR2". An 
example program follows which reads input data in slot 2 and prints the 
results (in octal value 

1 0  CLEAR 709 
20  OUTPUT 709; 
3 0  ENTER 709;A 
40 PRINT A 
50 END 

of channel bits true). 

"DR2" 
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I OPTION 

8 Channel High Vo 
Actuator Assembly 

Introduction 

The -hp- Model 44431 A High Voltage Actuator assembly (Option 1 15) is an 8 chan- 
nel actuator which can be used to switch voltages up to 252 volts RMS and cur- 
rents up to 2 amperes peak. Each channel consists of an individually fused and pro- 
tected 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 Option 11 5 assembly to switch power line voltages to small motors, 
alarm bells and lights, motor starters and solenoids. a 
Description 

As shown in Figure 43, the Option 11 5 assembly consists of an actuator card, a 
terminal card and a grounding strap for connecting the assembly to customer (earth) 
ground. 

The actuator is an 8 channel high voltage switch which can be used to close or open 
circuit paths for voltages up to 252 VRMS (AC) at 2 amps or 48 VDC at 2 amps. 

Because of its high voltage switching capabilities, the actuator is ideal for switching 
line voltages to alarm bells, motor starters and solenoids where total power re- 
quirements are less than 500 VA per channel (AC) or less than 60  VA per channel 

(DC). 

The actuator card consists of 8 identical channels. Each channel consists of an in- 
dividually fused and protected normally open dry relay. A contact in parallel with the 
customer contact allows readback of relay status. Each channel can be closed in- 
dividually or any combination of channels on an assembly can be closed 
simultaneously. 
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Each channel is individually fused at 5 amps and contains an RC network for relay 
contact protection. In the power on condition, 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 (5 cards 

in the 3497A plus 10 cards in each of 8 extenders). 

ACTUATOR CARD TERMINAL CARD WITH GROUNDING STRAP 

Figure 43. Option 115 - High Voltage Actuator Assembly 

Simplified Operation 

In typical applications (see Figure 441, actuator channels are connected to external 
circuits at the terminal card outputs. In the power on state of the 3497A, the relays 
are open 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 6mA 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 I m A  RMS at 250V and 60Hz. 

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 but will result in 
decreased relay lifetime when switching full loads. 
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k-AC$TUiOR-j TERMINAL CARD F I E L D  
CONNECTORS 7 WIRING-1 - 

CHANNEL 7 C 
READBACK 4 

W A N  @ MOTOR 
+ v  -,.-L 

RELAY Kt l  
CHANNEL 7 

a 

a 

CP= CONTACT PROTECTION 
SEE TEXT 

CHANNEL O -2: 
SEADBACK 4 

A I R  
* v  --.". SOLENOID 

RELAY K 1  

CHANNEL 0 - 
3137IHI VOLT1 1-3 

Figure 44. Option 11 5 - Actuator Typical Applications 

Controlling the High Voltage Actuator Assembly 

The high voltage actuator assembly is controlled by DIGITAL commands, as shown 
in the following chart. See the Command Directory in Chapter 6 for details and 
examples. 

Front Panel Features Used With the Assembly 

Figure 45 shows the front panel keys and display used with the assembly. Since 
the Option 11 5 assembly is a digital assembly, only the digital display is used. The 
slot number addressed is shown on the 3-digit display and the 6-digit display shows 
the octal value of data requested. 
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COMMANDS FOR THE HIGH VOLTAGE ACTUATOR ASSEMBLY 

Command 

DW slot#, octal 

slot# = 0 to  89 
octal = 0 to  377 

Description 

DIGITAL CLOSE 

Closes relay contacts in channels addressed. From one to 
8 channels of an actuator in slot addressed may be clos- 
ed with a single command. Channels not listed in the 
command remain in their previous state. 

DIGITAL OPEN 

Opens relay contacts in channels addressed. From one to 
8 channels of an actuator in slot addressed may be open- 
ed by a single command. Channels not listed in the com- 
mand remain in their previous state. 

DIGITAL LOAD 

Returns current state of the 8 relays (open or closed) of 
an actuator in slot addressed. Value returned is octal 
representation of the state. Only one readinglcommand 
is returned. 

DIGITAL READ 

Same as the DIGITAL LOAD command, except that 
repeated reads of the actuator card are made and up- 
dated on the display and on the interface bus. 

DIGITAL VIEWED SLOT 

Dedicates the 3497A front panel display to a slot. Exit 
from this mode by using the command DV without the 
slot designation. 

DIGITAL WRITE 

Outputs an octal value to  all channels in slot addressed. 
Octal value corresponds to  desired digital state of the 
relays (digital 1 = closed, 0 = open). DW command af- 
fects the entire assembly, while DC and DO affect only 
the channels specified. 

SYSTEM READ 

Reads the "signature" of the assembly in slot address- 
ed. The high voltage actuator has signature 000041 
OCT. 
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Displays Keys 

1 REMOTE = LED ON for control by EXT controller, OFF O for local (3497A) control. 

@ :S:T: ON only when digital cards accessed (ON for HV 

@ SLOT DISPLAY: 3-digit readout of slot accessed. 

CHANNEL INDICATORS: Displays contents of channel 
0 thru 7 of actuator card. ON - relay is closed. 

5 NUMERIC DISPLAY: 6-digit display. Shows octal O equivalent of digital channels status. (i.e., 000377 OCT 
= channels 0 thru 7 on; 11 11 11 11 binary.) 

DISPLAY FUNCTIONS: Only OCT and ENT used for HV 
Act. OCTshows display is octal representation of digital 
channels. ENT means data can be entered. 

@ LINE: AC power onioff switch. 

@ RESET: Clears 3497A. sets all relays to  open. 

@ LOCAL: Puts 3497A in local mode of operation. 

@ ALPHA-NUMERIC KEYBOARD 

3 functions for each key 
Primary (upper part) 
Numeric (0-9 plus, -) 
Shifted (A, C, D, etc. on lower part). 

SHIFT KEY: Shifts keyboard @ t o  shifted mode (A, @ C, D, e t c . )  When pressed, light in center of alpha key 
is ON. 

CLEAR ENTRY: Clears previous entry i f  execute @ key @ not pressed. 

EXECUTE KEY: Implements commands and clears 0 keyboard. 

Figure 45. Option 115 - Front Panel Features Used With Assembly 
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1 EXAMPLES - ACTUATOR ASSEMBLY COMMANDS I 

In the Option 11 5 actuator, any combination of channels can be opened 
or closed simultaneously, by opening or closing the relay(s) for the chan- 
n e l ( ~ )  desired. As shown in the commands table, primary commands for the 
high voltage actuator are DC slot#, chan#; DO slot#,chan#; and DW slot#, 
octal. 

Digital Open (DO) and Digital Close (DC) are used to  open or close specific 
channels, while leaving channels not specified in their previous state. For 
example, to close channels 4 and 5 for an actuator in slot 3, the command 
is DC3,4,5. Note that relays in channels 0,1,2,3,6 and 7 remain in their 
previous state (opened or closed). 

The Digital Write (DW) command, in contrast, affects the state of ALL the 
relays in the assembly. For example, the octal value for relays 4 and 5 only 
closed (digital 001  1 0000) is 060. So, to  close channels 4 and 5 and 
simultaneously open all other channels for an actuator in slot 2, the com- 
mand is DW2.060. 

With the DW command you must use an octal value to  represent the 
desired state AFTER the command is executed. For example, assume that 
all relays in an assembly are closed. Then, DW slot#,060 opens all relays 
except channels 4 and 5 (digital 001  1 0000). (In contrast, DO slot#,4,5 
opens ONLY channels 4 and 5, with all other relays remaining closed (digital 
1 100  1 1 1 1 ). See the following chart. 

I CHANNEL STATE AFTER A DW slot#,060 COMMAND/ 

chan state 0 0 

octal value 0 6 0 
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A typical application for the high voltage actuator is to  turn on motor 
starters. The actuator can directly switch motors up to  34 horsepower. 
However, 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. 

Although motor starters do not have standard control inputs, the high 
voltage actuator 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 1440-550V). 

As an example use of the high voltage actuator to  control motor starters, 
let's say that an assembly process requires that three 8 0  horsepower 
motors be turned on by using motor starters, according to  the following 
sequence. For this example, we'll assume that each motor is stopped by 

an external control after the run time shown in the chart. 

A simplified connection diagram and sample program for this sequence 
follow. In the program, channel 0 relay is closed, thus supplying voltage 
to motor starter A which starts motor A. Five minutes later, channel 0 relay 
is opened, thus removing power from motor starter A. 

MOTOR 
STARTER 

Then, channel 1 relay closes, waits six minutes and opens. Channel 2 relay 
then closes, waits four minutes and opens, completing the first cycle. 
Cycles t w o  and three are then completed, and the process stops. 

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 pro- 
gram prints a "RELAY FAILED" message and halts the operation. 

CHANNEL 
NUMBER 

, , &, 
AND 

- - - -  TERUINAL CARD 

RUN TIME 
(MINUTES) 

SEQUENCE 
NUMBER 
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Program 

10  PRINT "MOTOR STARTER" 
20 PRINT 
30 PRINT 
40  CLEAR 709 
50 FOR I = 1 TO 3 

60  OUTPUT 709; "DC2,ODR2" 
70 ENTER 709;A 
80  IF A<  > 1 THEN 290 
90  WAlT 300000 

100 OUTPUT 709; "D02,O" 
1 10  ENTER 709;B 
120 IF B <  > O  THEN 290 

130 OUTPUT 709; "DC2,lW 
140 ENTER 709;C 
150 IF C c > 2  THEN 290 
160 WAlT 360000 
170 OUTPUT 709; "D02, lU 
180 ENTER 709;D 
190 IF D < >O THEN 290 

200 OUTPUT 709; "DC2,2" 
21 0 ENTER 709;E 
220 IF E< > 4  THEN 290 
230 WAlT 240000 
240 OUTPUT 709; "D02,2" 
250 ENTER 709;F 
260 IF F <  3 0  THEN 290 

270 NEXT I 
280 GOT0 300 
290 PRINT "CHANH;I; "RELAY FAILED" 
300 END 

Lines Description 

40-50 Line 40  opens all relays and line 50 repeats cycle 3 times. 

60-120 Sequence closes channel 0, waits 5 minutes then opens chan- 
nel 0. If relay does not open or close, program prints CHAN 0 
RELAY FAILED and halts. DR2 in line 60  is optional command 
for front panel display. 

130-1 9 0  Repeats sequence in lines 60-1 20 for channel 1, except for a 6 
minute delay after relay closure. 

200-260 Repeats sequence in lines 60-120 for channel 2, except for a 4 
minute wait after relay closure. 

290 If a relay does not open or close properly, number of channel 
which failed is printed out. 
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1 OPTION 1201 

Dual Output, 0 to  1 0  V 
Voltage D/A Converter 

Introduction 

The Option 120 assembly consists of two 0 to k 10V programmable voltage sources 
(two channels). Each channel outputs a DC voltage with programmable range from 
-10.2375 volts to + 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 
to control voltage programmed devices such as power supplies and VCOs. 

Description 

As shown in Figure 46, 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 
two  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). 
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/ 
VOLTAGE SOURCE 
TERMINAL BLOCK STRAIN R E L I E F  

/ T I E  POINTS 

CHANNEL 

CHANNEL 

Figure 46. Option 120 - Dual Output, 0 to  f 10 V Voltage DIA Converter (VDAC) 

Remote Sensing 

The remote sensing feature of the Option 120 assembly 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 47  (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) to output + 1.0000 V to a load resistance R. However, because 

of lead resistance RI, the actual voltage to R is less than 1.0000 V because of the 
voltage drop across the leads. 

Now, if we add remote sensing ( +  SENSE and - SENSE leads) as shown in Figure 

47(b), we can measure the actual voltage across R. With remote sensing, the VDAC 
automatically adjusts its output t o  compensate for the IR drop in the leads. For ex- 
ample, with remote sensing if you 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. 
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(CHAN 1 OR 0 1  
VDAC LOAD 

" VDAC 

(CHAN 1 OR 01 
VDAC LOAD 

H I  

+ SENSE F 
VR= PROGRAMMED VOLTAGE 

@-f:b R1  

/ 

With Remote Sensing, Load 
Voltage = Programmed Voltage, 
regardless of IR drop (for Hi lead 
drop < 1.5V,  Lo lead drop 
< 0 .5V ) .  

4- 

LO 

Figure 47. Option 120 - VDAC Remote Sensing 

Monotonicity 

R 
4 

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. 

V = V  - V  
R VDAC RQ 

/ 

Load Voltage < Programmed 
Voltage due to IR drop in leads. 
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Controlling the Assembly 

To control the VDAC, only one command [ A 0  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 input to the assembly 
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. 

To provide a desired voltage output to your load circuit, the VDAC is programmed 
using the A 0  slot#,chan#,value command, where the command parameters have the 
following meanings: 

I COMMAND FOR THE VOLTAGE D/A CONVERTER I 

I Command I Description I 
A 0  slot#,chan#,value I ANALOG OUTPUT I 

For the A 0  command, the value can be programmed from 0 to + 10238 in units 

of millivolts. However, the voltage output is in units of 2.5 mV, so 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. 

slot# = 0 to  4. and 1 0  to  89 
chan# = 0 or I 
value = 0 to ? 10238 

For example, if the command A03,0,1 is entered, the 3497A rounds the "1" to "0" 
and sends this to the VDAC, so no output is generated. If A03,0,3 is sent, the 
VDAC generates a 2.5 mV output on channel 0. 

Programs the VDAC to output 
a specif ied voltage f rom 
-10.2375V to + 10.2375V in 
2.5 mV increments. 

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). The following 
table shows the output voltage for selected program values. For example, A 0  
slot#,chan#,160 outputs 0.1 60  volts on slot and chan selected. 
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A 0  Command Value 
-- 

VDAC Output (V) 

EXAMPLE - SET VDAC FOR VOLTAGE OUTPUT 

The following program sets the VDAC to output 120 mV on channel 0 of 

an assembly in slot 4. 

1 0  CLEAR 709 
20 OUTPUT 709; "AO4,O, 1 20" 
3 0  LOCAL 709 
4 0  END 
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IOPTlON 1301 

Dual Output, 0-20 mA/ 
4-20 mA Current DIA 
Converter 

Introduction 

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 48, 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 (for the 0-20 mA range) or from 4 to  20.380 mA (for the 
4-20 mA range). This means that (for example) if you program the assembly to out- 
put 10.000 mA to your load, 10.000 mA will be available at the load, regardless 
of voltage drop across the load as long as the assembly compliance voltage of 12V 

is not exceeded. 
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I 
LOCATION OF IDAC 

TERt l INAL BLOCK 
STRAIN R E L I E F  

{ S O U R C E  E+~ T o  c H A N  o L O A D  
T I E  POINTS 

CHAN 0 
S I N K  FROM CHAN 0 L O A D  
- 

il TO CHAN 1 L O A D  

CHAN 1 
FROM CHAN 1 L O A D  

Figure 48. Option 130 - Dual Output, 0-20 mAl4-20 mA Current DIA Converter (IDAC) 

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 1 2  volts 

is not exceeded. As shown in Figure 49, this means that the total voltage between 
the SOURCE and SINK terminals must not exceed 12 volts for the IDAC to  supply 
constant current in the 0 - 20  mA range. 

Since the compliance voltage equals the total circuit resistance times the output cur- 
rent, this means that 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 49  if RI = lead resistance = 0.5 ohms in each lead and RL = 600 ohms, 
RT = 601 ohms and compliance voltage for 20  mA is 12.2V which exceeds the 
IDAC limit. 

SOURCE 

V c 
4 

% 
S I N K  

I D A C  
V c l M A X l  = 1 2 . O V ,  i [ M A X I  = 2 0 m A  

@ 
R~ RL [ M A X I  = 6 0 0 a  FOR 2 0 m A  OUTPUT 

i 
- 

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 
R Q  3497-OPC-49 A N 0  S I N K  T E R M I N A L S  

Figure 49. Option 130 - IDAC Compliance Voltage 
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Monotonicity 

Another important feature of the IDAC is monotonicity. 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. 

Controlling the IDAC Assembly 

To operate the IDAC, only one command [ A 0  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 input to the assembly 
which programs the IDAC for a specific output, depending on the range (0-20 mA 
or 4-20 mA) selected. 

For example, the command A 0  slot#,chan#,160 sets the IDAC for a constant cur- 
rent 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 channel 0 or 1 or both. 

To provide a desired current output to the load, the IDAC is programmed using the 
A 0  slot#,chan#,value command, where the command parameters have the follow- 
ing meanings: 

I COMMAND FOR THE CURRENT DIA CONVERTER I 

I A 0  slot#,chan#,value I ANALOG OUTPUT 

Command Description 

The IDAC has two jumper-selectable output ranges: 0-20 mA or 4-20 mA. The IDAC 
is factory preset for the 0-20 mA range. The incremental step in the 0-20 mA range 
is 5 pA and is 4 pA in the 4-20 mA range. In either range, the current output is set 
by the "value" part of the A 0  command. 

slot# = 0 to  4 and 1 0  to  89 
chan# = 0 or 1 
value = 0 to  10238 

Programs the IDAC to  output 
a specified current from 0 to 
20.475 mA (0-20 mA range) or 4 
to 20.380 mA (4-20 mA range). 
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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 
output 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. 

Note that it is possible to program more than 100% of range. For example, in the 
0-20 mA range, programming a value of 10238 gives 102.38% of range or 20.475 

mA. The following chart gives output currents for selected A 0  program values for 
both the 0 - 20 mA range and the 4 - 20 mA range. Note that the same A 0  com- 
mand will give a different output for the 0-20 mA range and 4-20 mA range. 

1 The IDAC is factory se 
ing the assembly to the 4-20 mA range requires recatibratio 

, for output current accuracy. 

SELECTED A 0  PROGRAM VALUES VS IDAC OUTPUTS 

Program Value 

IDAC Output 

0-20 mA Range 
(mA) 

4-20 mA Range 

(mA) 
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1 EXAMPLES - PROGRAMMING THE IDAC I 
If the IDAC is configured for the 0 - 20 mA range, the span is 20 mA. 
Thus, a program value of 5000 [A0  slot#,chan#,50001 is 50% of span and 
gives an output of 10.00 mA. So, send A03,0,5000 to output 10.00 mA 
from channel 0 of an IDAC in slot 3 when the IDAC is in the 0-20 mA 
range. 

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#,50001 which is 50% of 
span gives an output of 12 mA (i. e. 50% of 16 mA = 8 mA + 4 mA 
minimum). So, send A02,1,5000 to output 12.00 mA from channel 1 of 

an IDAC in slot 2 when the IDAC is in the 4-20 mA range. 

The following program sets the IDAC to output 10.00 mA from channel 
0 of an IDAC in slot 3 if the assembly is set for 0-20 mA range or to out- 
put 12.00 mA from channel 0 of an IDAC in slot 3 if the assembly is set 
for 4-20 mA range. 

10 CLEAR 709 
20  OUTPUT 709; "A03,0,5000" 
3 0  LOCAL 709 
4 0  END 
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pEiwq 

Breadboard Card Assembly 

Introduction 

In contrast t o  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 application which can't be satisfied by using the other option card assemblies. 
Possible applications include matrix and RF switches; multichannel totalizers and step- 
per motor controllers. 

Instructions can be sent to  the Option 140 assembly and data read from the 
assembly at a rate of 2 0  individual operations per second using the -hp- 8 5  and 9 0  
operations per second using the -hp- 9826 computer. 

Description 

The Option 140 assembly is shown in Figure 50. The board has three grid networks 
to  mount components (ICs, resistors, capacitors, etc.). Two of the grids are label- 
ed 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 to  be 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 t w o  power supply and 
t w o  ground buses which can be used to  connect t w o  power supplies. Or, by using 
t w o  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 ANALOG commands (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 t w o  different 
power supply references. 
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Analog Bus 
Ground Break 

Bus 

3rd Grid 
Power Supply 

Bus 

Analog 
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Digital 
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Signals 

Edge Connector 3rd Grid 
Read Register For Terminal Ground 

Location Card (3rd Grid Bus 

Digital Removed) 
Power Supply 

Bus 

Digital 

Figure 50. Option 140 - Breadboard Card Assembly 

Section 

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#,octaI value. DIGITAL commands or other SYSTEM 
commands will not be recognized by the digital section because, except for the three 
SYSTEMS commands shown previously, the 3497A software requires an identify- 
ing response from a digital assembly when a DIGITAL or SYSTEM command is 

executed. 

Controlling the Breadboard Card Assembly 

As mentioned, the digital section of the breadboard card assembly is controlled by 
three SYSTEM commands (SI, SR and SW) while the analog section of the assembly 
is controlled by the ANALOG commands. In this part, we'll first describe the response 
of the digital section to the three SYSTEM commands and then discuss the response 
of the analog section to  the ANALOG commands. 
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Controlling the Digital Section 

The following table shows the response of the digital section of the assembly t o  the 
three SYSTEM commands. The assembly does not  respond t o  DIGITAL commands 
or t o  other SYSTEM commands, because when these other commands are used, the 
3497A software requires an identifying response from the assembly being addressed. 

DIGITAL SECTION RESPONSE TO SYSTEM COMMANDS 

Command Name Description 

System Initialize 

System Read 

System Write 

Reset or Power On. DCL 
or SDCL (HP-IB). Break or 
System Reset Serial 110). 

What Execution Does 

Activates Digital Reset Line. 

Reads the register specified by r 
(0-7) from the slot specified by n 
(0-89). Activates the READ line. 
Data returned in octal (0-377). 

Write t o  register r (0-7) on the 
card occupying slot n (0-89). Ac- 
tivates the WRITE line. Data sent 
in octal value v (0-377). 

Activates Digital Reset Line. 

When using the SW and SR commands, the read and write cycle t iming diagrams 

are important. See Figure 51  for these timing cycles. The SRn,r and SWn,r are the 
read and write commands used t o  specify slot address and register number. For ex- 
ample, t o  read the contents of register 6 from an assembly in slot 1, send "SR1,6". 

When a card is addressed, the SLOT ENABLE line goes true. The register number 
is specified by the address lines. For example, t o  specify register 6, the address lines 
would be: 

BA2 BA 1 BAO 

The READ line goes true when the SR command is executed. The WRITE line goes 
true when the SW command is executed. If the t w o  ICs labeled on the board (2 
SN74LS138) are loaded, execution of SR2,5 activates the line labeled RD5 on the 
breadboard in slot 2. Likewise, execution of SW2,5 activates the line labeled WT5  
on the breadboard in  slot 2. 

The data bus (BDO-BD7) is common to all cards in  the same 3497A  mainframe or 
3498A  Extender connected t o  the mainframe. 
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Only one output may be shorted at a time and the duration of the short may 
not exceed 1 second. 

Ambient temperature for 3497A. I 

Figure 51. Option 140 - Read and Write Cycle Timing 
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Controlling the Analog Section 
The following table shows the response of the analog section to  ANALOG com- 
mands. Each analog section can input up to 20 channels, divided into A and B 
decades. Address lines UNO through UN3 (see Figure 51) contain the BCD code of 
the selected channel. The BCD codes range from 0000 (channel 0) to 1001 (chan- 
nel 9). When a channel is not specified, the address lines are all high (1 11 1, an in- 
valid BCD code). This represents an "all channels open" condition. 

Analog Section Response to  Analog Command 

Description 

Analog Close 

Analog Close 

Analog Input 

Analog External 
Enable 

Analog Step 

Analog Reset 

What Execution Does 

When "ACn" is executed, the channel 
number specified by n is placed on the 
UNO - UN3 channel address lines in a 
BCD code. 

Example - Execution of "AC5" causes 
the following bit pattern t o  appear: 

UN3 UN2 UN1 UNO 

Allows four channels t o  be closed 
simultaneously. Each channel must be in 
a different decade. See Latch Mode 
discussion. 

Causes the 3497A to  go to  the channel 
specified by n (0-9991, close the channel, 
and trigger the internal voltmeter (when 
VM is present). 

n = 0: OFF 
n = 1: ON 
n = 2: Fast Scan 
This command enables and disables the 
External Increment BNC connector on the 
3497A rear panel. When AEI or AE2 are 
in effect, the negative going edge of a 
TTL pulse input t o  this BNC connector 
causes the next channel in sequence t o  
close. 

Causes the next channel in sequence t o  
close. 

Execution of "ARM causes all channel ad- 
dress lines (UNO-UN3) to  go t o  a high 
logic state; This represents an "all chan- 
nels open" condition. 
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DECA is the decade A select line and DECB is the decade B select line. These lines 

go low to  select the respective decade. For example, if the breadboard card is in 
slot 0, execution of the ACO command activates the DECA line while execution of 
AC1O activates the DECB line. 

Single channel opening and closure operations are performed with "Break-Before- 
Make (BBM) synchronization. Multiple channel closures (up to  4) are performed in 
the Latch Mode. These t w o  modes are described in the following paragraphs. 

Break-Before-Make Synchronization 

When a channel closure (AC chan#) command is executed, the unit lines all go high 
(an invalid BCD code) which tells all analog channels to  open. The analog card with 

the closed channel then pulls the BREAK line low. This informs the mainframe and 
other assemblies which share this line that a channel opening is about t o  take place. 

Other channel closures are not allowed until the closed channel has been opened. 

When the channel is opened, the BREAK line is released. This is important because, 
unless the BREAK line is released (goes high), there is no assurance that the pre- 
viously closed channel has been opened. 

The MAKE line is pulled low to  inform the mainframe that a channel close command 
was detected and that the closing operation is in progress. The mainframe waits for 
the line to  be released before proceeding w i th  the next operation. This is important 
for relays because it prevents the mainframe from proceeding with operations faster 

that the relays can react. Figure 52 shows a typical Break-Before-Make channel scan- 
ning sequence. 

Latch Mode 

To enter the Latch mode, the LATCH line goes low. In this mode, multiple channel 
closures (up to  4 wi th one channel closed per decade) are permitted. For example, 
AC2,12,22,32 is a valid command, since it selects channels in four different decades, 
but AC2,3,4,5 is not. 

The Latch mode is entered automatically (i.e. the LATCH line goes low) when multi- 
ple channel closures are specified. If multiple channel closures are attempted for the 
same decade, the 3497A BEEPS and the command is ignored. 

Since there are only four channel address lines (UNO-UN31, circuitry must be pro- 
vided to  hold (or latch) the channel address information for a certain decade while 
a channel in another decade is specified. The timing diagram for a typical Latch Mode 
scanning sequence is shown in Figure 53. 
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D E C  A 

D E C  B 

UNO 

UN1 

UN 2 

UN3 

BREAK 

MAKE 

L A T C H  

NOTE 

This diagram assumes that a channel is closed when "AC 15" is executed. 

AC15 EXECUTE 

BCD 0 _______ .___________ I  

m 1 ---------.-.------- 

BCO 0 -------------.....- '11. ,f10 
t b r e a k  

i t o p e n  
J J  i 

OFF 

ON 'h- I t c l o s e  t m a t e  t o p e n  +j t c l o s e  OFF 

ON p!-fl 
OFF -----.-..-.--------?--- :I\! 

topen = time required to open a channel, if closed 
tclose = time required to  close a channel 
tbreak, tmake = I 10 pS 

Figure 52. Option 140 - BBM Synchronization Typical Scan Sequence 
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NOTE 

This diagram assumes that prior to execution of "AC2, 12" a previous channel was 
closed. 

DEC B 
OFF 
ON j 

OFF j 
DEC A 

ON j 

mj 
U N I T S  . I 

BCD j 

j o f  t o p e n  t=- 
OFF j 

BREAK j 
ON j 

t c l o s e  P t c l o s e  f=- 
OFF j 

MAKE j 
ON j I 

OFF i 
LATCH I 

ON ; 
44432-3-5 

tclose = time needed to close a channel 
topen = time needed to  open a channel 

- - - --- 

Figure 53. Option 140 - Latch Mode Typical Scan Sequence 
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Chapter 6 
COMMAND DIRECTORY 

INTRODUCTION 

This chapter summarizes the six command groups (ANALOG, COUNTER, DIGITAL, 
SYSTEM, TIMER and VOLTMETER) used wi th  the 3497A. The chapter is divided into 

t w o  parts: POWER ON COMMAND SETTINGS and COMMAND DESCRIPTIONS. 
Power On Command Settings shows the command state when the 3497A  is turn- 
ed on. 

COMMAND DESCRIPTIONS lists commands alphabetically by command group. In 
most cases, commands are identical for HP-IB or Serial Data operation. When a com- 
mand has different interpretations for HP-IB or Serial Data, the command is shown 
twice. Three commands (SC, SL and SR) are unique t o  Serial Data. 

The format for a typical entry in COMMAND DESCRIPTIONS follows. If a symbol 
appears in the upper right-hand corner of the command box, the information for that 
command applies only t o  HP-IB or Serial Data. If no symbol appears, the informa- 
t ion for that command applies t o  both HP-IB and Serial Data operation. 
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3497A COMMAND DESCRIPTIONS - FORMAT 

Description includes Command format 
command function and 
assemblies controlled. 

I ANALOG CLOSE 

Description 

mation applicable t o  

Closes from 1 to  4 channels, one per decade, simultaneously. Used t o  control analog assemblies (Options 0 1  0, 02C 
0 7 0  and 0 7  1). 

Examples 

1 0  OUTPUT 709; "AC3" !Close channel 3 (HP-IB) 

2 0  OUTPUT 10; "AC3,l3,23,33" !Close channels 3, 13, 2 3  and 3 3  (Serial Data) 

Notes 

1. Up t o  4 channels ( l tdecade) may be closed sirnultaneously. 
2 .  AC command opens all previously closed channels. 
3.  AC without chan# opens all channels. 
4. Power On State: Analog Close disabled. 

Examples are typical BASIC 
language s ta tements  f o r  
HP-IB or Serial Data operation 
as applicable. 

state for the command and 
special  operat ing con-  
siderations. 
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POWER ON COMMAND SETTINGS 

The following chart shows the 3497A command states at power on. It includes the 
title of the command, command mnemonics, setting at power on and a brief descrip- 

tion of the command state. See COMMAND DESCRIPTIONS for further information 
on each of the commands. 

1 3497A COMMAND SETTINGS AT POWER ON I 

ANALOG COMMANDS 

Analog Close Channel (AC) ---- Disabled 
Analog EXTERNAL INCR (AE) AEO EXT INCR port OFF 
Analog First Channel (AF) AFOOO First channel to  0 

Analog Input (A l l  -.-. Disabled 
Analog Last Channel (AL) AL999 Last channel to  999  
Analog Output (A01 ---- No outputs 

Analog Reset (AR) AR Once at power on 
Analog Step (AS) ---- Disabled 
Analog Viewed Channel (AV)  ---- Disabled 

COUNTER COMMANDS 

Counter Enable Interrupts (CE slot#,n) ---- Disabled 
Counter Function (CF slot#,n) --- -  Disabled 
Counter Read (CR slot#,n) ---- Disabled 
Counter Set (CS slot#,n) ---- Disabled 
Counter Trigger (CT slot#,n) ---- Disabled 

Digital Close 
Digital lntr Enable 
Digital lntr Status 

Digital Load 
Digital Open 
Digital Read 

Digital lntr Sense 
Digital View 
Digital Write 

(DC slot#,n) 
(DE slot#,n) 
(Dl slot# ) 

(DL slot# ) 
(DO slot#,n) 
(DR slot#,n) 

(DS s1otiY.n) 
(DV slot# ) 
(DW slot#,n) 

I DIGITAL COMMANDS I 

All channels open 
Disabled 
Not monitored 

Disabled 
All channels open 
Disabled 

Disabled 
Disabled 
All channels open 
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SYSTEM COMMANDS 

System Alarm (SA) SA One BEEP 
System Clear (SC) ---- Disabled 
System Display (SD) " SD1 Display ON 

Service Request Enable (SE) SEO SRQ disabled 
System Initialize (SI) ---- One System Initialize 
System Lock (SL) SLO Keyboard enabled 

System Output Wait (SO) SO0 No system wait 
System SingletCont Out (SO) SO0 Continuous output mode 
System Read (SR) ---- Disabled 

Status Register Read (SR) ---- Disabled 
Self Test (ST) ST1 One Self Test 
System View (SV) ---- Disabled 
System Write (SW) ---- Disabled 

Time Alarm (Set) 
Time of Day (Set) 
Time of Day (Read) 

TIMER COMMANDS 

(TA) ---- Disabled 
(TDn) ---- Sets clock to  Jan 1, 000000  
(TD) ---- Disabled 

(TEn) ---- Timer halted and set to  0 
(TE) ---- Disabled 
(TI) ---- Disabled 
(TO) ---- Disabled 

Time Elapsed (Cntl) 
Time Elapsed (Read) 
Time Interval 
Time Output 

I VOLTMETER COMMANDS I 

Voltmeter Autozero 
Voltmeter Current Source 
Voltmeter Display 

Voltmeter Format 
Voltmeter No. RdgstTrig 
Voltmeter Range 

Voltmeter Storage 
Voltmeter Trigger 
Voltmeter Wait 

VA  I 
VCO 
VD5 

VF 1 
VN 1 
VR5 

vso 
VT 1 
VWO 

Autozero ON 
Current Source OFF 
5% digit display 

ASCII output format 
One readingttrigger 
Autorange 

Internal storage OFF 
Internal trigger 
No wait between trig 

COMMAND DESCRIPTIONS 

This part of the chapter summarizes the six command groups (ANALOG, COUNTER, 
DIGITAL, SYSTEM, TIMER and VOLTMETER) used with the 3497A. See the INTRODUC- 
TION part of this chapter for format used with each command. 
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I ANALOG COMMANDS I 

Closes 

ANALOG CLOSE 

Description 

from 1 t o  4 channels, one per decade, simultaneously. Used t o  control analog assemblies (Options 010, 0 

Examples 

1 0  OUTPUT 709; "AC3" !Close channel 3. (HP-IB) 

2 0  OUTPUT 10; "AC3.13.23.33" !Close channels 3,  13,  2 3  and 33. (Serial Data) 

Notes 

1. Up to  4 channels ( l ldecade) may be closed simultaneously. 
2. AC command opens all previously closed channels. 
3. AC without chan# opens all channels. 
4. Power On State: Analog Close disabled. 

0 7 0  and 071 I .  

ANALOG EXTERNAL INCREMENT 
AEO = EXT INCR port OFF 

AEn (n  = 0 to  2) AEI = EXT lNCR port ON 
AE2 = FAST SCAN 

Description 

Enables or disables the EXT INCR (External Increment) port on the rear panel of the 3497A.  In AE2 (Fast Scan), the 3497A will ignore 
multiframe ( two  3497As) Break-Before-Make (BBM) synchronization, but BBM synchronization between channels in analog assemblies 
continues. 

In AE I  or AE2, each external pulse input to  the EXT INCR port increments channel closed to  next channel for analog assemblies (Op- 
tions 010, 020, 0 7 0  and 071) .  However, approximately 100  to  200 msec required t o  enable port after AEI  or AE2 sent. 

Examples 

1 0  OUTPUT 709; "AE1" 

2 0  OUTPUT 10; "AEO" 

!Enables EXT INCR port. (HP-IB) 

!Disables EXT INCR port. (Serial Data) 

Notes 

1.  AE2 takes 3497A out of any previous measurement mode. 
2. In AE2 interface bus displays are turned OFF. 
3.  Any data request while in AE2 reverts mode to  AE I .  
4 .  Power On State: AEO - EXT INCR port OFF. 
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ANALOG FIRST CHANNEL 

Description 

Selects flrst channel t o  be closed in a scan sequence, but does not c ose the channel (see ANALOG STEP command). Used to  control 
analog assemblies (Options 010, 020, 0 7 0  and 071) .  

Examples 

1 0  OUTPUT 709; "AF30" !Sets channel 3 0  as first channel. (HP-IB) 

2 0  OUTPUT 10; "AF5" !Sets channel 5 as f irst channel. (Serial Data) 

Note 

1. Power On State: AFO = First Channel is 000 .  

ANALOG INPUT 

Description 

Closes the channel indicated and triggers the DVM t o  take a single reading. The measurement result is formatted by the VFn command 
(see VOLTMETER TRIGGER command). Used t o  control analog assemblies (Options 010, 020, 0 7 0  and 071).  

Examples 

1 0  OUTPUT 709; "A11 5" !Voltage measurement on channel 15. IHP-18) 

2 0  OUTPUT 10; "A13" !Voltage measurement on channel 3. (Serial Data) 

Note 

1. Power On State: Analog Input disabled. 

ANALOG LAST CHANNEL 

Description 

Selects last channel t o  be closed in a scan sequence, but does not close the channel (see ANALOG STEP command). Used t o  control 
analog assemblies (Options 010, 020, 0 7 0  and 071). 

Examples 

1 0  OUTPUT 709; "AL30" !Sets channel 3 0  as last channel. (HP-IB) 

2 0  OUTPUT 10; "AL5" !Sets channel 5 as last channel. (Serial Data) 

Note 
1. Power On State: AL999 = Last channel is 999.  
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ANALOG OUTPUT 
slot# = 0 t o  8 9  

chan# = 0 or I , . . 
A 0  slot#,chan#,integer 

integer = 0 t o  +_ 10.238 (VDAC) 
= 0 t o  10238 (IDAC) 

Description 

Sets the output voltage level for the Voltage DIA converter (VDAC) [Option 1201 or the output current level for the Current D/A con- 
verter (IDAC) [Option 1301. 

3utput voltage range for the VDAC is from - 1 0 . 2 3 7 5 ~  t o  + 1 0 . 2 3 7 5 ~  in 2.5mV increments. Any integer input which is not a multiple 
~f 2.5mV is automatically rounded t o  the nearest integer multiple of 2.5mV (i.e., sending 1365  or 1366 results in a 1.365V output). 

The IDAC has t w o  jumper selectable ranges: 0-20mA (5pA increments) or 4-20mA (4A  increments). The IDAC can be programmed 
n units of 0.01 % of value range. However, the output can only change in increments of 0.025% of range. Some selected integers 
and associated voltage and current levels are shown. 

/ Value I Vyy4C I IDAC. 4-20mA 
(Integer) (mA) 

IDAC, 0-20mA 
(mA) 

Examples 

1 0  OUTPUT 709;"A015,0,-2500" !Outputs -2.5V on channel 0 of a VDAC in slot 15. (HP-I81 

2 0  OUTPUT 10;"AO 1 5,1,160r' !Outputs 4.256 rnA on channel 1 of an IDAC in slot 15, if assembly is set for 
4-20 m A  operation. Outputs 0.320 mA on channel 1 of an IDAC in slot 1 5  if 
assembly is set for 0 - 2 0  m A  operation. (Serial Data) 

1. Slots 5 through 9 do not exist. Attempted access t o  these slots may cause errors in data transfer. 
2. Only one channel may be addressed at a time. 
3. Current output can be 0-102.4% of full-scale. 
4. Power On State: Analog Output disabled (no output). 
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ANALOG RESET 

Description 

Opens all channels for analog assemblies (Options 010, 020, 0701071) in both the 3497A and the 3498A Extender. In addition, AR 
sets VF1, V T l ,  VR5, VWO, VSO, AEO, AFO and AL999 commands. 

Examples 
1 0  OUTPUT 709; "AR" !Analog Reset. (HP-18) 

2 0  OUTPUT 10; "AR" !Analog Reset. (Serial Data) 

Notes 

1. Although VSO is set, AR does not clear the storage buffer. 
2. After AR is performed, approximately % sec is required before another ANALOG command can be sent. 
3. Power On State: "AR" - Analog Reset once at turn on. 

ANALOG STEP 

Description 

Performs a software channel advance from the presently closed analog channel t o  the next analog channel between the limits set by 
the AF and AL commands (see ANALOG FIRST CHANNEL and ANALOG LAST CHANNEL commands). 

Repeating the AS command causes channels t o  sequence from AF t o  AL and then t o  repeat the sequence starting at AF (i.e., for AF3O 
and AL40, sequence is 30.31 ,..., 40,30,3l ... ). 

Examples 
R> 

1 0  OUTPUT 709;"AR" !Causes the 3497A t o  close channel 000, since AF was not specified. (HP-18) 

2 0  OUTPUT 10;"AR" C?, !Closes channel 30, since AF30 specifies 3 0  as first channel t o  be closed. (Serial Data) 

Notes 

1. If AF< AL, channels increment. If AF>AL, channels decrement. 
2. If multiple channels are closed and AS command is given, only the LAST channel in sequence wil l  increment. The other chan- 

nels will be opened. 
3.  Power On State: Analog Step disabled. 
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ANALOG VIEWED CHANNEL 

Description 

Dedicates the 3-digit display and the 6-digit display to  the channel specified in the command. Command does NOT close channel and 
does not affect other 3497A operations. Display is updated when the channel is closed and a measurement taken. 

Examples 

1 0  OUTPUT 709; "AV8" !Dedicates display t o  channel 8. (HP-IB) 

2 0  OUTPUT 10; "AV3" !Dedicates display t o  channel 3. (Serial Data) 

Note 

1. Power On State: Analog Viewed disabled. 

1 COUNTER COMMANDS 1 
COUNTER ENABLE INTERRUPTS 

CE slot#,n n = 0 = No interrupts enabled 
1 = lnterrupt on measurement complete 

slot# = 0 t o  4 2 = Interrupt on overflow 

Description 

Enables the counter t o  send an interrupt signal t o  the 3497A when a preset condition occurs. The interrupt signal sets bit 1 (digital 
interrupt) in the 3497A status register. Thus, bit 1 in the 3497A SRQ mask (bits 1 and 6 in the interrupt mask for Serial Data) must 
also be set for the 3497A to  interrupt the controller. 

Examples 

1 0  OUTPUT 709; "SE2CE4.1" !SE2 sets the SRQ Mask in the 3497A t o  respond t o  a digital interrupt. CE4,l enables 
a counter in slot 4 t o  send an interrupt signal t o  the 3497A when a measurement com- 
plete condition occurs. (HP-IB) 

2 0  OUTPUT 10; "SE102CE3,2" !SE102 sets the interrupt mask in the 3497A to  respond to  a digital interrupt. CE3.2 
enables a counter in slot 3 to  send an interrupt signal t o  the 3497A when an overflow 
condition occurs. (Serial Data) 

Notes 

1. Counter cards in the 3498A Extender cannot directly interrupt the controller and they must be connected t o  a digital input 
assembly (or equivalent connection) in the 3497A t o  interrupt the controller. 

2. After a counter interrupt is generated, another CE command cannot be sent unless the counter is reset w i th  a CS command 
or the CF command is changed. 

3. When the 3497A sends a digital interrupt SRQ t o  the controller, to  find out which digital assembly caused the interrupt, send 
the Dl slot# command. If a counter assembly is in the slot addressed, this command returns a 0, 1 or 3.  

0 = Counter did not interrupt. 
1 = lnterrupt due t o  measurement complete. 
3 = lnterrupt due t o  overflow. 

4. When a counter has sent an interrupt signal t o  the 3497A, the counter cannot send another interrupt signal unti l  a Dl  slot# 
command has been sent t o  it. 

5. Power On State: Counter Interrupts disabled 
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COUNTER FUNCTION 
CF slot#,n n = 0 = Counter Stop 

1 = Count Up 
2 = Count Down 

slot# = 0 to  8 9  3 = Average 1000  Periods1P.W. 
n = O t o 6  4 = Average 100  Periods1P.W. 

5 = Measure 1 Period1P.W. 
6 = Measure 1 Period1P.W. 

Description 

Sets the mode of operation for the counter and automatically starts the counting function. The trigger edge select command (CTI must 
be specified BEFORE the CF command is chosen. For n = 3 t o  6, w i th  CT slot#,l and CT slot#,2, period measurements are made. 
With CT sIot#,3 and CT slot#,4, pulse width measurements are made. The function descriptions for n = 0 t h r o ~ g h  6 are: 

Count Up Count up from a programmable start point t o  overflow value 
of 999999.  

Count Down Count down t o  0 from a programmable start point or output 
programmable number of square wave pulses (0  to  4999991. 

Period Range Pulse Width Range 

Average 1 0 0 0  10Hz to  100kHz 1 0  psec t o  0.1 sec 
Periods1P.W. 

Average 1 0 0  1 Hz t o  100kHz 1 0  psec t o  1.0 sec 
Periods1P.W. 

Measure 1 .O1 Hz t o  100kHz 1 0  psec t o  100  sec 
Period1P.W. 

Measure 1 1 O - ~ H Z  t o  I kHz ,001 sec t o  1 o4 sec 
Period1P.W. 

Examples 

1 0  OUTPUT 709; "CT2.1 CF2.1" !Sets a counter in slot 2 t o  average 1000  periods of an input signal, since CT2.1 was 
sent. (HP-16) 

20 OUTPUT 10; "CT2.3CF2.3" !Sets a counter in slot 2 t o  average 1000  pulse widths of an input signal, since CT2.3 
was sent. (Serial Data) 

Notes 

1. Except for Counter Read (CR) commands, do not send other commands t o  a "busy" counter during the counting process, 
as count errors may occur. 

2. Once a CF command is initiated, the 3497A is free t o  execute other commands without loss of count data, unless a CR slot#.3 
command has been set for HP-I6 and (in some cases) for Serial Data. 

3.  Power On State: Counter Function Disabled. 
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COUNTER READ 
CR slot#,n n = 1 = Read without wait, one value 

2 = Read wi th  wait, one value 
slot# = 0 t o  8 9  3 = Read without wait continuously 

Description 

Allows the results of measurements accumulated in the counter to be read in one of three different ways: 

Read Without Wait i n  = 1)  

Can instantaneously read the count accumulated in the counter without disturbing data f low into the counter. Useful for determining 
how far a long measurement has progressed. 

Read With Wait In = 2) 

The results are returned only after the conditions for a completed measurement are satisfied. If a measurement is not complete, the 
3497A will wait until the complete reading can be delivered. Communication over the HP-IB between the 3497A and the controller 
is halted until the measurement is complete. 

Read With Wait Continuously in  = 3)  

For count up and count down functions, the counter repeatedly obtains readings and continuously updates. For periodlpulse width 
measurements, complete measurement cycles (initiate - wait - answer) are repeatedly performed. In this mode, the 3497A is NOT free 
to  perform any other tasks. 

Examples 

1 0  OUTPUT 709; "CF2,l CR2,l" !Immediately reads the count accumulated in a counter in slot 2 which is in count 
up mode. (HP-IB) 

2 0  OUTPUT 10; "CT2,1CF2,3CR2,2" !A  counter in slot 2 is averaging 1000  periods of an input. The result wil l  be 
returned only after measurement is complete lover 100 sec for a 1 0  Hz input 
signal for example). (Serial Data) 

Note 

1. Power On State: Counter Read disabled. 
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COUNTER SET 
slot# = 0 to  8 9  

CS slot#,start point value value = 0 to  999999 

Description 

Sets the starting point ( 0  to  999999)  for the count up or count down functions. CS also sets the number of output pulses in the pulse 
output mode (start point value = twice the number of output pulses). 

Examples 

1 0  OUTPUT 709; "CS2,1000CF2,1" !A counter in slot 2 starts the count up (totalize) operation from a start point of 
1000. (HP-IB) 

2 0  OUTPUT 10; "CS2,1000CF2,2" !A counter in slot 2 starts the count down operation from a start point of 1000. 
If the counter is properly configured, 500 square-wave pulses are also output from 
the counter. (Serial Data) 

1. In count down, to  output square-wave pulses, the value must be an even integer from 0 to  999998  and input signal frequency 
must be 2 kHz or less. 

2. When a CS command is sent to  the counter, the counter is stopped and then set t o  the value specified. A CF command is 
required t o  restart the counting function. 

3. Power On State: Counter Set Disabled. 
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COUNTER TRIGGER 
n = 1 = Rising Edge t o  Rising Edge 

CT slot#, n 2 = Falling Edge t o  Falling Edge 
3 = Rising Edge to  Falling Edge 

slot # = 0 to  89 4 = Falling Edge t o  Rising Edge 

Description 

?lects the edge of the input signal on which to  trigger the counter. For count up or count down mode, CT slot#, l  and CT slot#3 per- 
trm the same function, as do CT slot#,2 and CT slot#,4. In periodlpulse width modes, CT command determines whether input period 

pulse width is measured. 

Average 1000  
Periods 

Average 100  
Periods 

Measure 
1 Period 

Measure 
1 Period 

Average 1000  
Periods 

Average 100  
Periods 

Measure 
1 Period 

Measure 
1 Period 

Average 1000  
Pulse Widths 

Average 100  
Pulse Widths 

Measure 1 
Pulse Width 

Measure 1 
Pulse Width 

Average 1000  
Pulse Widths 

Average 100  
Pulse Widths 

Measure 1 
Pulse Width 

Measure 1 
Pulse Width 

Examples 

1 0  OUTPUT 709;"CTO,l CF0.1" !Sets a counter in slot 0 t o  average 100  periods of the input and trigger from rising 
edge t o  rising edge. (HP-IB) 

2 0  OUTPUT 10; "CT0,3CF0,5" !Sets a counter in slot 0 to  measure 1 pulse width of the input and to  trigger from ris- 
ing edge to  falling edge. (Serial Data) 

Notes 

1. The CT command MUST be specified BEFORE the counter function (CF) command is sent. Changing the CT command during 
a counting operation changes the trigger edges and stops the counter. 

2. Power On State: Counter Trigger disabled. 
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I DIGITAL COMMANDS 1 

DIGITAL CLOSE 

chan# = 0 t o  15 (Option 11 0 )  
= 0 t o  7 (Option 1 15)  

Description 

The Digital Close (DC) command is used wi th  the actuator assemblies. For the actuatorldigital output assembly (Option 1 lo) ,  DC con- 
nects the Normal Open (NO) position of the channel relay t o  common. For the high voltage actuator (Option 11  5), DC closes the relay(s) 
in the channelk) specified. 

Examples 

1 0  OUTPUT 709; "DC2.5" !For an Option 110  assembly in  slot 2, DC command connects channel 5 relay Normal 
Open position t o  common. For an Option 11 5 assembly in slot 2, DC command closes 
relay in channel 5. (HP-IB) 

2 0  OUTPUT 10;"DC3,5,6,7" !For an Option 1 1 0  assembly in slot 3, connects channel 5, 6 and 7 relays Normal Open 
position t o  common. For an Option 11 5 assembly in slot 3, DC closes relays in channels 
5, 6 and 7. (Serial Data) 

Notes 

1. Channels not specified in the DC command remain in previous state. 
2. Up t o  1 6  channels may be included in the DC command. 
3. Power On State (Option 110):  All relays in Normal Closed position. 
4. Power On state (Option 11  5): All relays open. 
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DIGITAL INTERRUPT ENABLE 
DE slot#, value slot# = 0 t o  4 

value = 0 t o  377 (octal) 

Description 

DE is used only w i th  the digital inputlinterrupt assembly (Option 050).  Enables the Option 0 5 0  assembly t o  send an interrupt signal 
to  the 3497A when interrupt conditions occur which set the selected bit(s) in the assembly channels true. 

If the 3497A has previously been set to  respond t o  a digital interrupt (by sending "SE2" for HP-IB or by sending "SE102" for Serial 
Data), the 3497A sends an SRQ (BREAK for Serial Data) to  the controller. 

Examples 
1 0  OUTPUT 709; "DE4.7" !DE4,7 enables bits 0 , l  and 2 of an Option 0 5 0  assembly in slot 4, since octal 7 = 0 0  0 0 0  

11  1 digital. When bit 4 is set by an interrupt condition into channel 4, interrupt signal sent 
to  3497A. (HP-IB) 

2 0  OUTPUT 10;"DE4,120" !DE4,120 enables bits 4 and 6 of an Option 0 5 0  assembly in slot 4, since octal 120  = 0 1  
0 1 0  0 0 0  digital. When bit 4 or 6 is set by an interrupt condition, interrupt signal is sent to  
3497A. (Serial Data) 

Notes 

1. Only channels 0-7 of Option 0 5 0  assemblies in slots 0-4  can be used for digital interrupt, so a maximum 4 0  channels per 
3497A is available for interrupt inputs. 

2. Once an interrupt signal has been sent t o  the 3497A, a new DE command is required t o  re-enable the interrupt capability 
of the assembly. 

3. Unless the 3497A has been previously enabled to  send an SRQ (or BREAK) t o  the controller (by an SE2 or SE102 command), 
interrupts from the Option 0 5 0  assembly wil l  not interrupt the controller. 

4. Power On State: digital interrupt enable is disabled. 

DIGITAL INTERRUPT STATUS 

Description 

Dl is used wi th  the digital inputlinterrupt assembly (Option 050)  to determine the interrupt status of bits 0-7 for the assembly in slot 
addressed. Octal value returned after a Dl  command is 0 to  377, where a "1" in a bit position indicates that interrupt occurred in that 
channel. 

Dl  can also be used wi th  the 100  kHz Reciprocal Counter (Option 060)  t o  determine the cause of an interrupt from the counter. After 
a Dl  slot# command is sent, if the counter is set for interrupts (wi th a CE slot#,l or CE slot#,:! command), a "1 " is returned for interrupt 
on measurement complete and a "3" is returned for interrupt on overflow. 

Examples 

1 0  OUTPUT 709;"D14" !Returns octal value of true bits 0-7 for an Option 0 5 0  assembly in slot 4. For example, if 0 1 0  
is returned, bit 4 was set true ( " I " )  by an interrupt from input connected t o  channel 4 (HP-IB) 

2 0  OUTPUT 10; "D14" !See HP-IB example. (Serial Data) 

Note 

1. Power On State: Digital Interrupt Status not monitored. 
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DIGITAL LOAD 

Description 

DL is used with the digital inputlinterrupt assembly (Option 050); the actuatorldigital output assembly (Option 1 10) and the high voltage 
actuator (Option 1 15). 

For the Option 050 assembly, DL returns the octal value (0-1 77777) of the contents of the 16 input channels and initiates a handshake 
if the handshake jumper on the assembly is enabled. 

For the Option 110 assembly, DL returns the octal value (0-1 77777) of the output condition of the 16 channels in the assembly, where 
a "1" in a channel indicates that the relay is in the Normal Open position. 

For the Option 11 5 assembly, DL returns the octal value (0-377) of the condition of the 8 channels in the assembly, where a "1" in 
a channel indicates that the channel relay is closed. 

Examples 

10 OUTPUT 709; "DL4" !Returns octal value of contents of 16 channels in Option 050 or 1 10 assembly in slot 4. Returns 
octal value of contents of 8 channels in Option 11 5 assembly in slot 4. (HP-IB) 

20 OUTPUT 10; "DL4" !See HP-IB example. (Serial Data) 

Notes 
4 

1. Power On State: Digital Load Disabled. 

2. Digital Load returns the same information as Digital Read command, except that only one reading is produced for each command. 

DIGITAL OPEN 
DO slot#,chan#,chan#, ... slot# = 0 to 89 

chan# = 0 to 15 (Option 11 0 )  
= 0 to  7 (Option 1 15) 

Description 

For the actuatorldigital output assembly (Option I I O ) ,  DO connects the Normal Closed position of the channel relay(s) addressed to 
common. For the high voltage actuator (Option 11 5), DO opens the relay(s) in the channeb) specified. For both assemblies, channel 
relays not specified in the DO command remain in their previous state. 

Examples 

10 OUTPUT 709; "D02.5" !For an Option 110 assembly in slot 2, DO command connects channel 5 relay Normal 
Closed position to common. For an Option 11 5 assembly in slot 2, DO command opens 
relay in channel 5. (HP-IB) 

20 OUTPUT 10; "D03,5,6,7" !For an Option 1 10 assembly in slot 3, DO connects channel 5 .6 and 7 relay Normal Closed 
position to common. For an Option 11 5 assembly in slot 3, DO opens relays in channels 
5, 6 and 7. (Serial Data) 

1. Channels not specified in the DO command remain in previous state. 
2. Up to  16 channels may be included in the DO command. 
3. Power On State (Option 110): All relays in Normal Closed position. 
4. Power On state (Option 11 5): All relays open. 
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DIGITAL READ 

Description 

DR is used with the digital inputlinterrupt assembly (Option 050);  the actuatorldigital output assembly (Option 110) and the high voltage 
actuator (Option 1 15).  

For the Option 0 5 0  assembly, DR returns the octal value (0-1 77777)  of high true input bits for the 1 6  channels and initiates a hand- 
shake if the handshake jumper on the assembly is enabled. 

For the Option 11  0 assembly, DR returns the octal value (0-1 77777)  of the output condition of the 1 6  channels in the assembly, where 
a "1" in a channel indicates that the relay is in the Normal Open position. 

For the Option 11  5 assembly, DR returns the octal value (0-377) of the condition of the 8 channels in the assembly, where a "1" 
in a channel indicates that the channel relay is closed. 

Examples 

1 0  OUTPUT 709; "DR4" !Returns octal value of contents of 1 6  channels in Option 0 5 0  or 110  assembly in slot 4. 
Returns octal value of contents of 8 channels in Option 11  5 assembly in slot 4. (HP-IB) 

2 0  OUTPUT 10; "SO1 DR4" !Returns same octal value as for HP-IB example. However, since SO1 is in effect, only one 
reading is returned per DR command. (Serial Data) 

Notes 

1. For HP-18, Digital Read returns the same information as Digital Load command, except that readings are continuously updated 
for Digital Read. 

2. For Serial Data, w i th  SO0 in effect, Digital Read returns continuously updated readin.gs. With SO1 in effect, one reading is 
returned per DR command. 

3. The Option 0 5 0  assembly can be reconfigured so that the value returned ( 0  to  177777)  indicates low true bits. 

4. Power On State: Digital Read disabled. 

DIGITAL INTERRUPT SENSE 

I DS slot#, value slot# = 0 t o  4 
value = 0 t o  377 (octal) 

Description 

Selects edge transition sense which wil l  cause channel 0 -7  bits to  be set in a digital inputlinterrupt assembly (Option 050) .  The octal 
value sets the polarity sense for each channel. Sense bit = 1 causes channel bit t o  be set by a low t o  high transition. Sense bit = 
0 causes channel bit to  be set by a high to  low transition. 

Polarity sense 1 = 1 O =  1 

Examples 

1 0  OUTPUT 709; "DS2.110" !For an Option 0 5 0  assembly in slot 2, sets channel 3 and 6 interrupt bits for low to  high 
transitions and bits 0.1.2.4.5 and 7 for high to  low transitions. (HP-IB) 

20 OUTPUT 10; "DS2.1 10" !See HP-IB example. (Serial Data) 

Note 

1. Power On State: Edge transition polarity sense = high to  low (i.e., same as sending DSO) 
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DIGITAL VIEWED SLOT 

Description 

Dedicates the 3497A front panel display t o  a digital slot. To exit the Digital Viewed Slot mode, send "DV" without a slot number. 

Examples 

1 0  OUTPUT 709; "DV3" !Dedicates display t o  slot 3. (HP-IB) 

2 0  OUTPUT 10; "DV" !Takes 3497A out of Digital Viewed Slot mode. (Serial Data) 

Note 

1. Power On State: Digital Viewed Slot disabled. 

DIGITAL WRITE 

value = 0 to 177777 (octal) [Option 1 101 
= 0 to  377  (octal) [Option 11 51 

Description 

For the actuatorldigital output assembly (Option 110),  DW connects the Normal Open position of the channel relayis) to  common. For 
the high voltage actuator (Option 11  51, DW closes the relay(s) in the channel(s1 specified. 

Channels are set by the octal value sent. In contrast t o  DC or DO, the DW command affects all channels simultaneously, while DC 
and DO affect only the channels specified in the command. 

Examples 

1 0  OUTPUT 709;"DW2,40" !For an Option 1 1 0  assembly in slot 2, DW command connects channel 5 relay Normal Open 
position to  common and connects the other 1 5  relay Normal Closed relay positions to  common. 

For an Option 11 5 assembly in slot 2, DW command closes relay in channel 5 and opens 
relays in other 7 channels. (HP-IB) 

2 0  OUTPUT 10;"DW2,40" !See HP-IB example. (Serial Data) 

Notes 

1. All channels in assembly addressed are affected by DW command. 
2. Power On State (Option 110):  All relays in Normal Closed position. 
3. Power On State (Option 11 5): All relays open. 
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SYSTEM ALARM 

Description 

System Alarm initiates an audible alarm (BEEP) in the 3497A. A BEEP is generated internally by the 3497A when i t  receives illegal syntax. 

Examples 

1 0  OUTPUT 709; "SA" !Cause 3497A to  BEEP. (HP-IB) 

2 0  OUTPUT 10; "SA" !Cause 3497A t o  BEEP. (Serial Data) 

Note 

1. Power On State: "SA" - one BEEP. 

SYSTEM CLEAR 

Description 

Serial 
Data 

The System Clear ISC) command is similar to  t h  e BREAK message, except that SC do 
the 3 4 9 7 ~  to  local mode. Also, SC clears all system errors. 

es not clear the command (input) buffer or return 

If SC is entered from the front panel, i ts effect is the same as pressing the front panel RESET key. The 3497A actions following an 
SC command are: 

1. All command execution is terminated. 
2. All data transmission stops. 
3. All analog and digital channels are opened. 

4. The interrupt mask and status registers are cleared. 
5. Initializes all analog and digital assemblies. 
6.  Sets the DVM for internal trigger ( V T I ) .  
7. Sets first analog channel = 0 0 0  and last analog channel - 999.  

Example 

10 OUTPUT 10; "SC" !Sends System Clear to  the 3 

Notes 

1. SC command does not reset VF2 or VF3 or clear the voltmeter storage buffer. 
2. SC command does not return the 3497A to  local mode or clear the 3497A command (input) buffer. 
3. Power On State: System Clear disabled. 
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SYSTEM DISPLAY 
I SDO = OFF SD1 = ON I 

Description 

and SDO turns off the 6-digit display and the CHANNEL annunciators for faster reading rates 
(SYSTEM VIEW) command to affect the data display. 

Examples 

to  allow onlv data 

1 0  OUTPUT 709; "SDO" !Turns off display for faster reading rates. (HP-IB) 

20 OUTPUT 10; "SD1" !Turns display on. (Serial Data) 

Note 

1. Power On State: "SD1" - Display ON. 

~ tered with 
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SERVICE REQUEST ENABLE [HP-IB] HP-IB 

SEn n = 0 t o  377  (Octal) 

Description 

The SE command sets the SRQ mask bits. This enables the 3497A to interrupt the controller when the specified interrupt condition(s) 
x c u r .  Definitions of the SRQ mask bits and the SEn command which set mask bits true fol low. 

Bit 

I I 

J 

Data 
SRQ SRQ 

SE200 1 SE20 SElO SE4 SE2 SEl  

BIT 5 CANNOT BE SET BY SEn COM- 
MAND. POWER ON SRQ ENABLE 
SWITCH IN THE 1 POSITION SETS BIT 
5 TRUE. 

Title 

Manual SRQ 

Pon SRQ 

Msg Not Exec 

Time lnterv 

Time Alarm 

Dig lntr 

Data Ready 

Purpose 

(Front Panel SRQ key) - for manual interrupts t o  the controller. 

Power On SRQ (Set w i th  SRQ ENABLE switch) - t o  flag the controller when 3497A powers 
up if the SRQ ENABLE switch is set. 

Message Not Executed - allow interrupt when one of 6 conditions occurs to  cause message 
not t o  be executed. 

Time Interval - used t o  interrupt when a specified time interval has occurred. 

Time Alarm - use as interrupt when time of day matches a preset time 

Digital Interrupt - use to  send interrupt to  controller when a digital input or counter assembly 
interrupts. 

Data Ready SRQ - use when any of three actions completed: (1  ) voltmeter reading complete 
(single trigger) (2) "n" voltmeter readings complete (when VNn and VS1 or VS2 commands 
used) (3)  DR. DL, Dl, CR or TD commands have been executed. 

Example 
10 OUTPUT 709; "SE12" !Sets the SRQ mask for time interval and digital interrupt SRQ (sets bits 3 and 1 ), since 1 2  

octal - 0 0  001 0 1 0  digital. 

Notes 

1. Once the status register is set (as a result of an interrupt), i t  must be read (polled) to  reset the SRQ function and enable another 
interrupt. However, the SRQ mask is NOT reset by the polling function. I t  is reset only by RESET, power-on or another SEn 
command. 

2. To read the status register, send a Serial Poll (SPOLL) command. The value returned is the DECIMAL equivalent of the true 
bits in the status register. 

3. Setting the SRQ mask also sets registers in the interface which must be cleared after each SRQ in order to  re-enable SRQ interrupt. 

4 .  Power On State: "SE000"- SRQ disabled. 
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S E R V I C E  R E Q U E S T  E N A B L E  Serial 
[SERIAL DATA] 

SEn n = 0 to  377 (Octal) 

Data 

Description 

The SE command sets the interrupt mask bits. This enables the 3497A to  interrupt the controller when the soecified interruot condi- 
t i o n ( ~ )  occur. Definitions of the interrupt mask bits and the SEn command which set mask bits true follow.' 

( INTERRUPT MASK - BIT DEFINITIONS AND BIT SET COMMANDS] 

Bit 
- - 

7 

6 

5 

4 

3 

2 

1 

0 

1 Bit 7 1 Bit 6 1 Bit 5 / Bit 4 1 Bit 3 1 Bit 2 1 Bit 1 / Bit 0 I 
Man SRQ Pon Msg Not Time Time Dig I SRQ / I SRQ I Exec I lnterv / Alarm / lntr I E!zr I 

SE200 SElOO SE40 SE20 SElO SE4 SE2 SE1 

Title 

Manual SRQ 

SRQ 

Pon SRQ 

Msg Not Exec 

Time lnterv 

Time Alarm 

Dig lntr 

I10 Error 

10 OUTPUT 10; "SEI 2" 

Purpose 

(Front Panel SRQ key) - for manual interrupts to  controller. 

Bit 6 MUST be set for any interrupts t o  send BREAK Message t o  controller. 

Power On SRQ - to  flag the controller when the 3497A powers up. 

Message Not Executed - allow interrupt when one of eight conditions occurs which causes 
message not t o  be executed. 

Time Interval used t o  interrupt when a specified time interval has occurred. 

Time Alarm - use t o  interrupt when the time of day matches a preset time. 

Digital Interrupt - use t o  send interrupt t o  controller when a digital input or counter assembly 
interrupts. 

Input l0utput Error - use when parity, overrun or framing error is detected by the UART 

Example 

!Sets the interrupt mask for time nterval and digital interrupt SRQ (sets bits 3 a i d  1 I ,  since 
1 2  octal - 0 0  001  01  0 digital. 

Notes 

1. Once the status register is set (as a result of an interrupt), it must be read (polled) to  reset the SRQ function and enable another 
interrupt. The interrupt mask is NOT reset by the polling function. It is reset only by RESET, power-on or another SEn command. 

2. To read the status register, send an SR command (see STATUS REGISTER READ command). The value retumed (0-377) is 
the octal value of the true bits in the status register. 

3 .  Power On State: "SE000" - SRQ disabled. 
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SYSTEM INITIALIZE 

Description 

The SI command sets the digital assemblies and the DVM to  initial conditions as shown below. The SI command does not affect the 
analog assemblies (Options 010, 020, 0 7 0  and 071 ) .  

Title 

DVM 
Digital Input 
Counter 
Actuator 
HV Actuator 
VDAC 
IDAC 
Breadboard 

State 

VAO.VCO.VD5,VFl ,VN1 ,VR5,VSO,VTl ,VWO 
Handshake and interrupts disabled. 
All counter functions disabled. 
All relays NC connected to  common. 
All relays open. 
No voltage output. 
No current output. 
Activates digital reset line. 

Examples 

1 0  OUTPUT 709; "SI" !Initialize DVM and digital assemblies. 

2 0  OUTPUT 10; "SI" !Initialize DVM and digital assemblies. (Serial Data) 

Notes 

1. A 3 msec wait is included t o  allow actuator relays t o  open (Option 11  5) or to  connect the NC position to  common (Option 110) 
2. Power On State: "SI" for one system initialization. 

SYSTEM LOCK Serial 
Data 

( SLO - keyboard enabled SL1 keyboard disabled I 

Description 

System Lock is used to  disable the front panel keys so that commands cannot be entered from the keyboard. With SL1, ail keys are 
disabled and the 3497A cannot be returned t o  local mode unless SLO is sent or the power 1s turned off. 

Example 

1 0  OUTPUT 10; "SLl"!Disables front panel keyboard 

Note 

1. Power On State: "SLO" - front panel keyboard enabled. 
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S Y S T E M  OUTPUT WAIT HP-IB 

SO0 = Output reading t o  bus immediately after measurement 
SO1 = Output reading t o  bus when requested by controller 

Description 

Controls when readings made by 3497A are output to  the HP-IB bus. When "S01" is in effect, there are t w o  modes t o  return data 
t o  the controller: 

Mode 1 : With VSO in effect, the 3497A takes a measurement and holds up further measurements until the controller requests data output. 

Mode 2: With VS1 or VS2 in effect, the 3497A takes n readings (as set by the VNn command) and waits for controller request t o  
transfer readings. 

Example 

1 0  OUTPUT 709; "VS1 VN5SO1" !Tells the 3497A to  take 5 readingsltrigger, store the 5 readings and wait for an ENTER - -- 
statement t o  output readings t o  controller. 

Notes 

1. Any device dependent (OUTPUT) command wil l  abort the present wait (and existing measurement will be lost), but wil l  not 
change the SO mode set. 

2. Power On State: "SOO" - No system wait. 

S Y S T E M  S I N G L E I C O N T I N U O U S  OUTPUT serial 
Data 

SO0 = Continuous output t o  controller 
SO1 = Single output/command t o  controller 

Description 

SO1 enables the 3497A t o  send a single readinglcomrnand for commands which normally return continuous data, such as ST, VT1, 
DR slot#,3, TD and CR slot#,3. 

Example 

1 0  OUTPUT 10; "SOIVT1"  !Normally, VT1 returns data continuously to  the controller. With SO1 in effect, a single reading 
is returned for the V T l  command. 

Notes 

1. The 3497A powers on in continuous (SOO) mode, but goes t o  single output (SO1 ) mode when the first command is received 
over the interface. To return t o  continuous mode, transmit SO0 command. 

2. Power On State: "SOO" - Continuous Output Mode. 
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SYSTEM READ 
SR slot#,O = Read type of assembly in slot ( 0  t o  89)  
SR slot#,O through 7 = Read register (0-7) in slot (0-89) [Option 140  ONLY1 

Description 

Jse the SR slot#,O command t o  determine the type of assembly (except analog assemblies) in each 3497A or 3498A Extender slot. 
41~0, for the breadboard card assembly (Option 140),  use SR slot#, 0 through SR slot#,7 t o  read from register specified by 0-7.  

fxcept for Option 140, for SR slot#,O, data returned is a six-digit (octal) value XXXXXC, where C identifies the type of assembly in 
:he slot. For Option 140, a 3-digit octal value ( 0  to  377)  returned for SR slot#,n specifies condition of register n in slot addressed. 

Assembly I 0ption(s) 

Option 140 returns 0 to  377 (octal), depending 
on register true bits. 

0 Digital Input 
1 Actuator or HV Actuator 
2 DIA Converter 
3 Counter 
7 Empty or Analog Assembly 

Examples 

0 5 0  
110,115 
120,130 

0 6 0  
010,020, 
070,07 1 

1 0  OUTPUT 709; "SR3,O" !Requests identity of assembly in slot 3. If (for example) 000363  (octal) is returned, the "3" 
in the LSD shows a counter in slot 3 .  (HP-IB) 

2 0  OUTPUT 10; "SR3,l" !For an Option 140  assembly in slot 3, reads the contents of register # l .  (Serial Data) 

Notes 

1. All analog assemblies return "7" as the LSD, DIA Converters return "2" as the LSD and actuator and HV actuator return 
"1" as the LSD. 

2. Power On State: "SR" disabled. 
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S T A T U S  REGISTER READ Serial 
Data 

Description 

The SR command returns a six-bit octal value of the status register true bits. Definitions of the bits in the status register fol low. 

I STATUS REGISTER - SERIAL DATA BIT DEFINITIONS I 

Nollost (CTS) (DSR) System " rC:;k 1 I carrier 1 e a r  Data se t  1 over-  
MODEM Ready Disconn To Send Ready Run 

Bit 
- - 
15 
1 4  
13  
12  
11 
10 

9 
8 
7 
6 
5 
4 
3 
2 
1 
0 

I 5 th  digit I 4 th  digit - MSD (Always Zero) 

Buffer Man SRQ Pon Msg Time Time Dig 
Over- I SRQ " SRQ 1 Not 1 n t r v  1 Alarm 1 lntr 1 .':r 1 
Flow Exec - 3rd digit ---L 2nd digit LSD 2 

Description 
- - 

Always 0.  
Data is received when MODEM not connected. 
Data Carrier Detect (RS-232C); Receiver Ready (RS-449). 
No or Lost Carrier (after 2 0  seconds). 
Clear to  Send ICTS). 
Data Set Ready (RS-232Cl; Data Mode (RS-4491. 
System overrun if a command is received when the 3497A is executing a previous command. 
Buffer overflow if command string exceeds 4 2  characters. 
Manual service request for front panel SRQ. 
Service request. Shows BREAK due t o  interrupt. 
Power On SRQ. 
Message not executed. 
Time interval. 
Time alarm. 
Digital interrupt. 
110 error. 

Example 

1 0  OUTPUT 10; "SR" !Reads the status register bits. If, for example, bits 1,4,10 and 1 4  in the status register are true, 
the bit pattern is 0 100  0 1 0  0 0 0  0 1 0  0 1 0  and the octal value returned is 042022.  

Note 

1. Power On State: "SR" disabled. 
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SELF TEST 
ST0 = OFF ST1 = ON 

Description 

ST1 causes the 3497A t o  perform an internal verification of i ts operation. Data returned indicates the results, as shown below. Use 
ST0 to  turn the Self Test function OFF. 

1 0  OUTPUT 7 ST1 " !Initiates 
(HP-IB) 

Definition 

Cross Guard Fails 

Examples 

elf Test. If 8E8 is returned (after an ENTER 7 0 9  command) the Self Test passes. 

2 0  OUTPUT 10; "STO" !Turns Self Test OFF. (Serial Data) 

Notes 

1. When ST0 is sent, the 3497A reverts to  state i t  was in before ST1 initiated. 
2. Pressing any front panel key (other than SELF TEST) exits the Self Test Mode. 
3.  For Serial Data ONLY, continuous output mode for SO0 and ST1. Single output mode for SO1 and S T l .  
4. Power On State: "ST1" - one test. 

SYSTEM VIEW 

Description 

System View writes data to  the 6-digit display on the 3497A, if the display has previously been turned of f  by the SDO command. 

Examples 

1 0  OUTPUT 709;"SDOSV23.6700" !Turns front panel display off, then displays +23.6700 on the 6-digit display. 
(HP-IB) 

2 0  OUTPUT 10;"SDOSV-23.6700" !Turns front panel display off, then displays -23.6700 on the 6-digit display. 
(Serial Data) 

Notes 

1. A decimal point may be placed after the V in the command or between any t w o  digits. If no sign is used, + is displayed. 
The minus (-1 sign can be used only after the V in the command. Also, SDO must be sent before SV is valid. 

2. When the DVM is set for internal trigger (VT1) mode, the SV command may appear not t o  work since the display is cleared 
by the next DVM trigger before the previous measurement can be displayed. To see the results of the SV command place 
the DVM in trigger hold (VT4) mode. 

3 .  Power On State: "SV" disabled. 
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SYSTEM WRITE 
slot# = 0 t o  8 9  

SW slot#,register#,data register# = 0 to  7 
data = 0 t o  377  (octal) 

Description 

System Write is used t o  write data t o  any assembly directly controlled by the main processor (i.e., digital assemblies). 

Examples 

1 0  OUTPUT 709; "SW3,l ,I 20" !Writes 1 0 1  0 0 0 0  t o  register 1 of assembly in slot 3. (HP-IB) 

2 0  OUTPUT 10; "SW3.1 ,I 20" !See HP-IB example. (Serial Data) 

Note 

1. Power On State: System Write disabled. 

1 TIMER COMMANDS / 

TIME ALARM (SET) 
Hours = 0 t o  2 4  

TA HoursHours MinMin SecSec Min = 0 t o  59 
Sec = 0 t o  59 

Description 

Sets the 3497A timer. If the SRQ mask (interrupt mask for Serial Data) has been previously set for t ime alarm, the 3497A sends an 
interrupt t o  the controller when the time set by the TA command matches the 3497A real-time clock time. 

Examples 

1 0  OUTPUT 709;"SE4TA180000" !SE4 enables SRQ mask (time alarm) so SRQ wil l  be sent at  6:00:00 PM (24-hour 
clock). (HP-IB) 

2 0  OUTPUT 10;"SEl 04TA18000" !SE104 enables interrupt mask (time alarm) so BREAK message wil l  be sent t o  
controller at  6:00:00 PM (24-hour clock). (Serial Data) 

Notes 

1. Time alarm SRQ in effect until disabled wi th  an SEn command. 
2. Time alarm has maximum repeatable period of 2 4  hours. 
3. Power On State: Time alarm disabled. 
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TlME OF DAY (SET) 
TD MonthMonth DayDay HourHour MinMin SecSec (Option 230) / TD DayDay MonthMonth HourHour MinMin SecSec (Option 2311 / 

Description 

Sets real-time clock t o  programmed time. Formats available are MM:DD:HH:MM:SS (Option 230) or DD:MM:HH:MM:SS (Option 231 ). 

Examples 

1 0  OUTPUT 709; "TD0524183230" !Sets the clock for May 2 4  @ 6:32:30 PM (24-hour clock) for Option 2 3 0  format. 
(HP-IB) 

2 0  OUTPUT 10; "TD2405183230" !Sets the clock for 2 4  May @ 6:32:30 PM (24-hour clock) for Option 231 format. 
(Serial Data) 

Notes 

1. After RESET or power loss, clock is set to  01  :01:00:00:00 and does not start counting until a new TDn command is sent. 

2. Programming an invalid month (month > 12)  resets the clock t o  0 1  :01:00:00:00. 

3. Dates up t o  31  wil l  be accepted regardless of the month. If programmed correctly, clock wil l  turn over to  the next month 
at the appropriate date (i. e., Feb 2 8  t o  Mar I), except for leap year, so clock must be adjusted on Feb 29. 

4. Programming a date > 3 1  causes a BEEP and the clock to  remain unchanged. 

5. Power-On State: "TD0101000000" - Set clock t o  Jan 1 @ 000000. 

TlME OF DAY (READ) 

Description 

3ead time of day from the 3497A real-time clock. Data received after the TD command has the format MM:DD:HH:MM:SS (Option 
230 or DD:MM:HH:MM:SS (Option 231).  

Examples 

1 0  DIM AS[16] !Reads time of day. For example, if t ime of day is May 
2 0  OUTPUT 709; "TD" 24, 6:32:30 PM when TD command received, data 
3 0  ENTER 709; AS returned has the format 05:24:18:32:30 (Option 230) 
4 0  DlSP AS or 24:05:18:32:30 (Option 231) .  (HP-16) 
5 0  END 

1 0  DIM AS(161 !See HP-I6 example. (Serial Data) 
2 0  OUTPUT 10; "TD" 

5 0  END 

Notes 

1. For Serial Data, data returned is same as for HP-18, but continuous output mode for SO0 and single output mode for So1  
2. Real-time clock uses 24-hour convention. 
3. Power-On State: "TD" Read - Disabled. 
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TIME ELAPSED (CONTROL) 
I TEO = RESET TE1 = HALT TE2 = START I 

Description 

Use elapsed time control t o  monitor elapsed time from the start on an operation - in one second increments. Use the TE command 
(without a number) to  read the time elapsed since the TE2 command was received. 

Examples 

1 0  OUTPUT 709; "TE2" !Starts elapsed time (at 0 )  when the TE2 command received. (HP-IBI 

1 0  OUTPUT 10; "TEITE" !Halts elapsed time count process and displays time (in sec) since elspsed timer 
2 0  ENTER USING "#,KW;A started. (Serial Data) 
3 0  DlSP A 
4 0  END 

Note 

1. Power-On State: "TEI"  - Time Elapsed timer halted and set t o  zero. 

TIME ELAPSED (READ) 

Description 

Use time elapsed read (TE) t o  read time (in one second increments) since the elapsed timer was started by the TE2 command. Data 
returned after the TE command has the format DDDDDD seconds. 

Examples 

1 0  OUTPUT 709; "TE2" 
2 0 

5 0  
60 OUTPUT 709; "TE" 
7 0  ENTER 709; A 
8 0  DlSP 
9 0  END 

1 0  OUTPUT 10; "TE2" 

9 0  END 

!Starts elapsed time (at 01 
!Main Program. 

!Reads and displays number o f  seconds elapsed on  the  t imer s incz the  TE2 
command was received. (HP-IB) 

!See HP-I6 example. (Serial Data) 

Note 

1. Power-On State: Time Elapsed (Read) disabled. 

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



Command Directory 3 13 

TlME INTERVAL 
TI HoursHours MinMin SecSec 

Description 

Use the TI command t o  generate output pulses from the TIMER port wi th periods from 1 second to  2 4  hours. If the SRQ mask (interrupt 
mask for Serial Data) is set for time interval interrupt, the 3497A sends an SRQ (BREAK for Serial Data) each time a pulse is output. 

Examples 

10  OUTPUT 709;"SEI OT1200" !Every 2 minutes, a pulse is output at the TIMER port and SRQ is generated, since the 
SRQ mask is enabled for time interval interrupt by the SElO command. (HP-IB) 

2 0  OUTPUT 10;"SE102T1200" !Every 2 minutes, a pulse is output at the TIMER port and a BREAK message is generated, 
since the interrupt mask is enabled for time interval interrupt by the SE110 command. 
(Serial Data) 

Notes 

1. Leading zeroes not required in Tln command (i.e., for 2 minutes only TI200 rather than TI000200 is required). 
2. When TI command sent, pulses are available at TIMER port even if SRQ is not enabled. 
3. Maximum period for TI command is 2 4  hours. 
4. Send "TIO" t o  disable the t ime interval function. 
5. Power-On State: Time Interval disabled. 

TlME OUTPUT 

Description 

Use the TO command to  generate output pulses from the TIMER port wi th periods from 100  psec t o  0 .9999 sec (in 100  psec increments). 
SRQ (BREAK for Serial Data) is not available for the T o n  command. 

Examples 

1 0  OUTPUT 709; "T0100" !Generate pulses from TIMER port every 10  msec. (HP-IB) 

1 0  OUTPUT 10; "TO1 00" !See HP-IB example. (Serial Data) 

Notes 

1. Time Output (Ton)  overrides Time Interval (Tin) command. However, time interval may be used for SRQ (BREAK) even when 
time output is active. 

2. Use "TOO" to  disable the time output function 

3. Power-On State: Time output disabled. 
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1 VOLTMETER COMMANDS 1 

VOLTMETER AUTO ZERO 
I VAO = OFF VA1 = ON I 

Description 

With auto zero ON, the voltmeter takes an auto zero measurement between each reading. This results in greater accuracy but only 
about half the reading rate w i th  auto zero OFF. 

With auto zero OFF, the voltmeter makes an auto zero measurement before the first reading and one measurement when the voltmeter 
is switched to  a new range. 

Examples 

10 OUTPUT 709; "VA1" !Turns auto zero ON. (HP-IB) 

20  OUTPUT 10; "VAO" !Turns auto zero OFF. (Serial Data) 

Note 

1. Power On State: "VA1" - auto zero ON 

VOLTMETER CURRENT SOURCE RANGE 
0 = OFF 

VC range (range = 0 t o  3) 1 = 1 0 p A  
2 = 1 0 0 p A  
3 =  1 m A  

Description 

Programs the output of the current source in the voltmeter to  one of three values: 10 pA, 100 pA or 1 mA. The current source is used 
in combination w i th  the voltmeter for 4-wire resistance measurements. 

Examples 

1 0  OUTPUT 709; "VC2" !Sets current source output t o  100 pA. (HP-IB) 

20  OUTPUT 10; "VC" !Turns current source output OFF. (Serial Data) 

Notes 

1. Send either "VCO" or "VC" t o  turn current source OFF. 
2. Power On State: "VCO" - current source OFF. 
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- p~ 

VOLTMETER DISPLAY 

I n DIGITS PLC I 
VDn (n  = 3 t o  5) 3 3 % 0.01 

4 4 % 
5 5 % 1 .oo 

Description 

Selects the number of digits displayed on the front panel and sets the voltmeter integration t ime in power line cycles IPLC] (i. e., for 
6 0  Hz operation, 1 PLC = 16.67 msec; for 5 0  Hz operation, 1 PLC = 2 0  msec). Maximum reading rates for 6 0  Hz operation follow. 
For 50  Hz operation, multiply readings shown by 516. 

Examples 

VDn 

VD3 
VD4 
VD5 

1 0  OUTPUT 709; "VD3" !Sets voltmeter for 3 %  digit display and 0.01 PLC integration. Maximum reading speed = 
300  readings1 second wi th  auto zero OFF. (HP-IB) 

2 0  OUTPUT 10; "VD3" !See HP-IB example. (Serial Data) 

Notes 

Digits 

3% 
4% 
5% 

1.  Resolution and noise rejection are higher (but reading speed is lower) for 5% digit display than for 3 %  digit display. 
2. Power On State: "VD5" - 5% digit display. 

Max ReadingsISec ( 6 0  Hz) 

Auto Zero ON 

150 
100 

25 

Auto Zero OFF 

3 0 0  
200  

5 0  
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VOLTMETER FORMAT 

VF1 = ASCII 
VF2 = Packed BCD 
VF3 = Time of Day, ASCII, Analog Channel Number 

Description 

When 3497A voltmeter storage is OFF (VSO), the VF command selects the output format for transmission of data over the interface 
bus. Formats are: 

I VF2 1 Each reading is output in packed BCD format. Multiple readings (as set by the VN command) are output every 3 
bytes w i th  no delimiters between readings. 

VF1 Each reading is output in standard ASCII format. Multiple readings (as set by the VN command) are separated by 
commas and last reading followed by CR LF. 

Examples 

1 0  OUTPUT 709; "VF2" !Sets Packed BCD format for DV'vl measurement t o  be output over HP-IB bus. (HP-161 

2 0  OUTPUT 10; "VN2VF1" !Sets DVM t o  take t w o  readingsltrigger and output readings in ASCII format. :Serial Data) 

Notes 

1. For Serial Data ONLY: For VF commands shown, delete LF in format. 
2. Power On State: "VFI "  - ASCII Output. 

VF3 

VOLTMETER NUMBER READINGSITRIGGER 

Each reading is output as: time of day (string), CR LF voltage (ASCII), analog channel number (ASCII) of last voltage 
reading. For multiple readings (as set by VN command), time of day is sent only w i th  each new trigger, rather than 
wi th  each reading and CR LF is sent after the last channel. 

Description 

Sets number of readings taken per trigger pulse. Readings are taken sequentially and are output t o  the interface in the format set by 
the VF command. VN is used in conjunction w i th  software trigger (VT3) or external trigger (VT21 commands. 

If the SO1 command (System Wait for Output in HP-IB; Single Output Mode for Serial Data) is used, the 3497A wil l  not output the 
next reading until the present reading is transmitted across the interface. 

Examples 

1 0  OUTPUT 709; "SO1 VT2VN10" !Sets DVM to  external trigger, then take ten readingsltrigger and output each reading 
before taking the next reading. (HP-IBI 

2 0  OUTPUT 10; "SO 1 VT2VN 10" !See HP-IB example. (Serial Data) 

Note 

1. Power On State: "VN1" - One reading per trigger. 
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VOLTMETER RANGE 
VRI = 0.1 V 
VR2 - 1.0 V 
VR3 = 10  V 
VR4 = 1 0 0 V  
VR5 = Autorange 1 
Description 

Sets the range of the voltmeter. Maximum overrange capability for each range is 20%.  In Autorange mode, the DVM upranges at 120% 
of full-scale and downranges at 11 % of full-scale. 

Examples 

1 0  OUTPUT 709; "VR2" !Sets voltmeter to  1V range. Maximum voltage which can be measured is 2 1.19999V for 
5 %  digit resolution. (HP-IB) 

2 0  OUTPUT 10; "VR2" !See HP-IB example. (Serial Data) 

Note 

1. Power On State: "VR5" - Autorange. 

VOLTMETER STORAGE 

VSO - Voltmeter Storage OFF 
VS1 Store readmgs in ASCll 
VS2 Store read~ngs in Packed BCD 

Description 

Allows readings to  be stored in the 3497A rather than being sent across the interface. Use the VS command (without a number) to  
output the stored readings, starting w i th  the first reading. The storage capacity of the 3497A storage buffer is: 

HP-IB Serial Data 

5 0  ASCll 

Examples 

10  OUTPUT 709; "VN6OVSlVTZ" !VN60 sets the DVM t o  take 6 0  readings1 trigger, V S I  sets the DVM t o  store the 
6 0  readings in ASCll format and VT2 sets the DVM for external trigger. (HP-16) 

2 0  OUTPUT 10; "VN50VSlVT2" !See HP-IB example. Maximum storage for serial data is 5 0  readings in ASCII for- 
mat. (Serial Data) 

Notes 

1. The stored readings can be read (sequentially) on the front panel by entering "VS" to  get the first reading, then repeatedly 
pressing the CLEAR ENTRY key for the Znd, 3rd, ...., nth readings. 

2. Power On State: "VSO" - Voltmeter Storage OFF. 
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VOLTMETER TRIGGER 

VT1 = INTERNAL 
VT2 = EXTERNAL 
VT3 = SOFTWARE 
VT4 = HOLD 

Description 

The VT command programs the voltmeter t o  one of four trigger modes: 

r 
VT1 

VT2 

I VT4 1 HOLD I Causes the voltmeter t o  pause so that no further measurements are taken. 

INTERNAL 

VT3 

Examples 

1 0  OUTPUT 709; "VT3VN10" !Causes the DVM to  single-trigger and take 1 0  readings. (HP-IB) 

2 0  OUTPUT 10; "VT2VN10" !Causes DVM to  make 1 0  readings when an external trigger is received at  :he EXT TRIG 
port. (Serial Data) 

Notes 

Trigger signal generated internally. Voltmeter automatically takes another reading as soon as the 
present reading is completed. 

EXTERNAL 

1. For Serial Data ONLY: In VT1 mode, single output for each trigger when SO1 in effect. Continuous output when SO0 in effect 
2. Power On State: "VT I "  - Internal Trigger. 

Trigger signal is generated externally and input through the EXT TRIG port. The! number of 
readingsltrigger is set by VNn. If a trigger pulse arrives while the 3497A is making a measurement, 
the trigger wil l  be ignored. 

I I 

SOFTWARE 

VOLTMETER WAIT 

Causes the voltmeter t o  trigger and take the number of readings set by the VNn command. 

Description 

Causes the voltmeter t o  wait n'100 psec between each reading. Maximum wait t ime is 99.9999 seconds. 

Examples 

1 0  OUTPUT 709; "VW60" !Causes the voltmeter t o  wait 6 msec between readings. (HP-IB) 

2 0  OUTPUT 10; "VW500" !Causes the voltmeter t o  wait 5 0  msec between readings. (Serial Data) 

Notes 

1. When using the VW function, consider the voltmeter PLC integration period (see the VDn command). 
2. Power On State: "VWO" - No wait between readings. 
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This chapter shows how to install and checkout your new 3497A and how to con- 
figure various operating modes for the 3497A mainframe. The chapter does not in- 

clude servicing or repair information which is contained in the 3497A Mainframe In- 
stallation and Service Manual (-hp- part number 03497-90020). 

This chapter is divided into six parts: INITIAL INSPECTION; MAINFRAME INSTALLA- 
TION; HP-IB INSTALLATION; RS232C INSTALLATION; RS4491423 INSTALLATION 
and MAINFRAME CONFIGURATION. See Chapter 8 for details on configuring plug- 
in assemblies (Options 0 1 0  through 140 and the 3498A Extender (Option 298)). 

0 INITIAL INSPECTION shows how to initially inspect your new 
3497A, how to turn the instrument on and perform the self-test to 
verify proper operation before you connect the 3497A to your 
system. 

0 MAINFRAME INSTALLATION gives guidelines to install the 3497A 
in bench or rack-mount installation or as part of a 3054A, 3054C 
or 3054DL system. 

0 HP-IB INSTALLATION shows how to connect the 3497A to an HP-IB 
system and how to check the instrument for proper operation when 
connected to a controller (also before you connect the instrument 

to your system). 

0 RS232C INSTALLATION shows how to connect the 3497A to an 
RS232C Serial Data system and how to check the instrument for 
proper operation when connected to a controller. 

0 RS4491423 INSTALLATION shows how to connect the 3497A to 
an RS4491423 Serial Data system and how to check the instrument 
for proper operation when connected to a controller. 

0 MAINFRAME CONFIGURATION shows how to change some 
operating modes for the 3497A mainframe. In many cases, the fac- 
tory settings for the 3497A will be correct for a required applica- 
tion. However, if you need to change the operational settings for the 
3497A, refer to this part for details. 
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NOTE 

Since the 3497A is an integral part of the 3054DL Data Log- 
ger and the 3054A/C Automatic Data Acguisition/Control 
System, some of the installation guidelines shown may not 
apply to a 3497A installed in these systems. If you ordered 
the 3497A as part of a 3054 system, consult the appropriate 
installation manuals for these systems. 

Your 3497A was carefully inspected before it left the factory. It should be free of 
mars or scratches and in proper working order on receipt. However, when you 
receive your new instrument, you should carefully inspect it for damage. 

If the 3497A has mechanical damage or if there are missing parts or accessories, 
or if the 3497A does not pass the electrical performance tests specified in the 3497A 
Mainframe Installation and Service Manual (-hp- part number 03497-90020) which 
accompanies the instrument, notify your nearest Hewlett-Packard Sales and Service 
Office. A list of these offices is at the back of this manual. 

If the shipping container is damaged or the cushioning material shows signs of stress, 
notify the carrier as well as -hp- and save the shipping materials for the carrier. 

Factory Configurations 

This chart shows factory configurations for your new 3497A. If any items are miss- 
ing or the configuration you received is incorrect, contact your nearest -hp- Sales 
and Service Office. For further information on 3497A options, see the 3497A Order- 
ing and Configuration Guide in Appendix B. 
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3497A FACTORY CONFIGURATIONS 

IF YOU ORDERED: 

Documentation includes this manual, a 3497A Main- 
frame Installation and Service Manual (-hp- part 
number 03497-90020) and a Plug-In Assemblies1 
3498A Extender Service Manual (-hp- part number 
03497-9002 1 ). 

YOU SHOULD RECEIVE: 

Standard 3497A (HP-IB) 

If you ordered Option 910  (extra set of documenta- 
tion), an additional set of these three manuals is 
included. 

Data Acquisition/Control Unit w i th  front panel 
keyboard and display; Real-time clock; HP-IB interface 
and power cord plus plug-in assemblies (Options 0 1 0  
through 140) ordered. Plug-in assemblies are factory 
installed in the 3497A card cage. 

Standard 3 4 9 7 A  plus 
Option 001 (DVM) 

Same as standard plus a 5% digit DVM with current 
source (installed in 3497A). 

3497A wi th Option 232 
(RS232C or RS4491423) 

Same as standard, except delete HP-IB interface and 
add RS232C (CCITT V.24)/RS423 (CCITT V. 10) inter- 
face. Includes 13222N (1 3222-60001 ) U.S. MODEM 
cable. 

3497A with Option 232 
and Option 001 

Same as Option 232 plus a 5% digit DVM with 
current source (installed in 3497A). 

3497A with Option 260 
(delete front panel) 

Checking 

Same as standard or Option 232 except front panel 
keyboard and display are deleted. 

Standard 3 4 9 7 A  or 
3497A wi th Option 232 
plus Option 298 

Your 

Same as standard or Option 232 plus connectors for 
analog extender (blue) and digital extender (white) 
cables and three-conductor analog interface cable. 

When you received your new 3497A, it was factory preset for the configuration op- 
tions you specified. Before you connect the instrument to an AC power line or con- 
nect it to your system, take a minute to verify that you received the 3497A con- 
figuration you specified. 
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Figure 54  shows the front and rear views of the 3497A. As shipped from the fac- 
tory, a protective safety cover is installed over a portion of the rear panel. If you 
ordered a 3497A with a DVM (Option 001), you'll need to remove this cover tem- 
porarily to check on the DVM installation. However, because of potentially high 
voltages (up to 357 volts peak) on the rear panel, this cover MUST be in place 
whenever the 3497A is connected to an external system. 

To check your 3497A configuration, refer to Figure 55 or 56 and follow the se- 
quence shown. Figure 55 shows a standard (HP-IB) 3497A and Figure 56 a 3497A 
with Option 232 (RS232ClRS423). DON'T PLUG THE 3497A INTO AN AC LINE UN- 
TIL YOU MAKE ALL THE CHECKS SHOWN. 
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Figure 54. 3497A Front and Rear Views 
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Figure 55. Standard (HP-IBI 3497A - Front and Rear Panels 

0 
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Figure 56. 3497A with Option 232 - Front and Rear Panels 
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1 3497A INITIAL INSPECTION CHECKS I 
CHECK 

Front Panel Displav and Kevboard (Deleted for Option 260).  

Clock Format (marked on rear panel cover). 

Option 230  = Month:Day:Hours:Min:Sec 
Option 231 = Day:Month:Hours:Min:Sec 

Remove the rear panel cover and check for DVM installation. 

If vou ordered Option 001, the box marked INTERNALLY CONNECTED DVM OPT is checked (the 5 DVlVl terminals are 
even if option 001  is not ordered). 

3498A Extender Cable Connectors 

If you ordered Option 298  (Add 3498A Extender), the ANALOG EXTENDER and DIGITAL EXTENDER cable connectors 
should be installed. If you didn't order Option 298, blank panels are in these spots. 

a I Plug-In Assemblies 

The plug-in assemblies you ordered (Options 01  0 through 140) are installed in the 5-slot card cage. To identify the assemblies, 
refer to  the 444xx number on each assembly. 

You may want t o  list the slot in which each assembly is located for future reference. Slots are numbered from 0 to  4, 
with slot 0 at the left of the card cage. A cross-reference between the 444xx numbers and option numbers for the assemblies 
follows. 

Plug-In Assemblies 

Option Number 444xx Number 

0 1 0  44421 A 
0 2 0  44422A 
0 5 0  44425A 
0 7 0  44427A 
0 7  1 444278  
110  44428A 
115 4443  1 A 
1 2 0  44429A 
130  44430A 
140  44432A 

@ 

@ I Line Voltage Selector Switches 

lnterface Connector 

If you ordered a Standard (HP-IB) 3497A, an HP-I0 lnterface connector is installed. If you ordered a 3497A wi th  Option 
232, a Serial Data (RS232C/RS423) interface connector is installed. 

Power and Frequency Options 

Check the box in the lower right-hand corner of the rear panel for the power option marked (1  OOV, 120V, 220V or 240V).  
Check the box in the lower left-hand corner for the frequency option ( 5 0  Hz or 6 0  Hz) marked. 

To verify that the Line Voltage Selector Switches are in the correct position for the power option specified, open the front 
panel on the 3497A by loosening the screw at the right side and swinging the panel open. Then, refer t o  Figure 57 which 
shows the location of the Line Voltage Selector Switches and the settings for each of the four power options. Leave the 

1 front panel open for the next step. 

@ I Battery Backup for Real Time Clock 

When AC power is removed from the 3497A. a 6V  battery inside the 3497A keeps the clock operational for up t o  2 4  
hours. There are t w o  types of battery backup, depending on the setting of the Continuous Clock Select Plug (see Figure 
57 for location). Check this Plug t o  insure that the setting meets your operational requirements and then reclose the front panel. 

Plug in OFF Position: Battery Backup supplied ONLY when the LlNE switch on the 3497A is in the ON position when 
AC power is disconnected (this is the factory setting). 

I Plug in ON Position: Battery Backup supplied ANYTIME the AC power is disconnected, regardless of setting of the 3497A 
LlNE switch. 

I Fuse 

I Remove the fuse from the fuseholder and check t o  make sure that it is proper size for your line voltage (750  mA for 10011 2 0  
volts. 1 .5A for 2201240 volts). 

Power Cord 

Figure 5 8  shows power cord configurations available to  provide AC power t o  the 3497A. The -hp- part number below 
each cable refers t o  the power cord equipped wi th  an apppropriate mating plug for that receptacle. Check t o  ensure that 
the power cord supplied w i th  the 3497A is appropriate for operation w i th  your local power and frequency conditions. 

Each of the power cords shown in Figure 58 is a three-conductor which, when plugged into an appropriate receptacle, 
grounds the instrument cabinet. 
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This completes the initial inspection of the 3497A. Replace the protective cover over 
the rear panel and the 3497A is now ready for turn on and self test. However, before 
plugging the 3497A into the AC line, please read the following safety considerations 
carefully t o  avoid personal injury or equipment damage. 

Safety Considerations 

General safety precautions must be adhered to during all phases of operation and/or 

configuration of the 3497A. Failure to comply with these precautions or with specific 
warnings or cautions in this manual violates safety standards of design, manufac- 
ture and intended use of the instrument. Hewlett-Packard company assumes no liabili- 
t y  for the customer's failure to comply with these requirements. 

Operating personnel must not remove instrument covers or configure the 3497A, 
3498A or plug-in assemblies. Component replacement must be made by qualified, 
service-trained personnel who are aware of the hazards involved. Do not operate the 
instrument in the presence of flammable gases or fumes and do not expose the 
3497A or 3498A to  rain or moisture. 

Warnings or cautions precede any potentially dangerous procedures throughout this 
manual. Instructions contained in the warnings and cautions must be followed. Safety 
symbols used on the instrument or in the manual include: 

The NOTE sign denotes important information. It calls attention to 
NOTE a procedure, practice, condition or the like which is essential to 

highlight. 

Instruction Manual Symbol: the product will be marked with this 
symbol when it is necessary for the user to refer to the instruction 
manual in order to protect against damage to the instrument. 

Indicates dangerous voltage (terminals fed from the interior by 
voltage exceeding 1000 volts must be so marked). - Alternating Current 

- --- Direct Current 
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L I N E  
VOLTAGE 

S E L E C T  
S W I T C H E S  

Figure 57. Line Voltage Selector Switches and Continuous Clock Select Plug 

Turning the 3497A On 

When you have checked out your 3497A, before you connect the instrument to  your 
controller or your system, perform a self-test t o  verify that the 3497A is operating 

properly. If the 3497A does not pass the self-test, DO NOT CONNECT IT TO YOUR 
CONTROLLER OR TO YOUR SYSTEM. Refer t o  the 3497A Mainframe Installation 
and Service Manual for information. 

After you have verified that the line voltage, volt-amps and frequency are correct 
for your 3497A, connect the power cord to  the 3497A and plug the cord into your 
AC line (see Figure 55 or 56 for power cord plug-in location). 
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260 V 
OPERATION 

LUG*: CEE7411 
:ABLEs: HP 81 20-1692 

260 v 
OPERATION 

I PLUG*: SEV 101 1.1069-24607 1 
XUG*: CEE22-V1 I PLUG': DHCR 107 
:ABLEo: HP 8120-1860 CABLE': HP 8120-2968 I HP 8120-2104 I 

260 V 
OPERATION OPERATION 

?UG*: NEMA 1-16P PLUG': NZSS 198lASCll2 PLUG.: BS 1383A PLUG*: NEMA G16P PLUG*: N E W  5-1 6P 
.ABLEs: HP 81 20-0884 CABLE': HP 81 20-0888 I WI*: HP 8120-1703 I C U T e :  HP 8120-080S 1 CABLE*: HP 8120-1621 I 

I I I 1 
iTDB-4196 Ih .1  .The numbn dmwn tor the plug b the brdunry idanHfsr for the plug only. 

Th. nu!nb6f dmwn for the uble b en HP pan n u m h  fw a complete ubk including the plug. 
"ULUmdforurintheUnitedSmpofAmeriu 

Figure 58. AC Power Cords for the 3497Al3498A 

NOTE 

If your 3497A has the delete front panel option (Option 260), 
the front panel has only the LINE switch and a power ON in- 
dicator light. For Option 2 6 0  versions, the turn-on sequence 
is limited to pressing the LINE switch ON and noting that the 
power ON indicator lights. 

Turn the 3497A on by pressing the LlNE switch ON (see Figure 55 or 56 for loca- 
tion) and carefully observe the 6-digit display on the front panel as it cycles through 
sequences (a) through (el as shown. Since the display cycles very quickly, you may 
want to press the LlNE key ON and OFF a few times to better observe the sequence. 

You should also hear an audible BEEP when you first press the LlNE switch ON. For 
a standard 3497A, if POWER-ON SRQ has been set, the SRQ indicator will turn ON. 
(POWER-ON SRQ is set to  OFF at the factory). If the display does not match that 
shown, an error message is displayed and you should not use the instrument until 
it is properly repaired. 
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I POWER-ON SEQUENCE 1 

( Wigit Display Meaning 

(a) 1 + .8.8.8.8.8.8 1 The 3497A goes through a complete self-test at power-on. 

(b) I HP 3497 1 Identifies the instrument as the -hp- 3497A. 

DCV 

Shows that the 3497A is set to address of 09. (c) 

(d) 

This is the final step of the sequence when the DVM is instalied. 
+ ,32323 

(" It The blinking light shows internal triggering of the DVM and the + in- 
dicates completed measurement. 

-Add 009 

Blinking 
Light L The six-digit display shows the background DC voltage measured by the DVM 

and changes continuously as the DVM is triggered. 

001) is not installed. 
...--- 

Self-Test 

This is the final step of the power-on sequence if the DVM (Option 

When the 3497A passes the power-on test, do the self-test by pressing the SELF- 
TEST key ON (see Figure 55 or 56 or location of the SELF-TEST key). At  the com- 

pletion of the self-test, the display should be as shown in Figure 59. If the self-test 
fails, the 3497A will display an error message and should not be used until it is 
repaired by a service-trained person. 

After you press the SELF-TEST key, note that the light in the center of the blue 
SHIFT key is ON. If your 3497A has a DVM, the light at the upper left-hand cor- 
ner of the six-digit display is blinking, indicating internal triggering of the DVM. This 
completes the self-test procedure. Turn the 3497A OFF by pressing the LINE switch. 
The 3497A is now ready for installation and connection to your controller and 
system. 
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Figure 59. Self-Test Display 
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The first step in designing a data acquisition/control system using the 349719 is to 
install the 3497A in a desired location. If you are using a controller with the instru- 
ment, the next step is to connect the 3497A to the controller via an HP-IB or Serial 
Data interface bus. The final step is to connect the 3497A to your user system. This 
part of the chapter shows some guidelines for installing your 3497A, beginning with 
environmental considerations for the 3497A. 

Environmental Considerations 

Environmental requirements for the 3497A or 3498A follow. To meet the specifica- 
tions shown in Appendix 0, the 3497A should be operated within k 5OC ( kg °F )  
of the calibration (or reference) temperature. As it comes from the factory, the 
3497A should be operated within an ambient temperature range of 23OC :k 5OC 
(73OF +_ g°F). The instrument may also be operated within an ambient temperature 
range of O°C to 55OC (+32OF to 131 O F ) ,  but with reduced accuracy 

3497Al3498A ENVIRONMENTAL REQUIREMENTS 

Warm Up Time 

Operating Temperature 

Non-Operating Temperature 

Humidity 

Shock 

Vibration 

Operating Power 

1 Hour 

O°C to  55OC 

-40°C to 75OC 

To 95% except as noted in Specifications. 

3 0  G, 11 msec, sine wave on each of six 
sides. 

1 0  Hz to 55 Hz at .010 inch peak to peak 
excursion. 

Switch selection of 1 1 0  volts, 120 volts, 220 
volts, 240 volts (- 10% to + 5%); 48-66 Hz, 
150 VA (3497AI; 150 VA (3498A). 

Bench Installation 

The 3497A can be used as a bench instrument or can be installed in a standard 19" 
rack. The 3497A is shipped with plastic feet and tilt stand in place, ready for use 
as a bench instrument. The plastic feet are shaped so that the instrument can be 
mounted on top of other -hp- instruments. 

When the 3497A 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 
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inch ( 3  cm) on each side. If adequate clearance is not  provided, excessive 
temperatures may be generated inside the 3497A  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 3497A  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, order -hp- 
SYSTEM I1 Rack Mounting Kits & Accessories Manual (-hp- part number 5952-0095) 

which is available 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 3497A or the 3498A, 
select the slot desired for the assembly and insert the assembly as shown in Figure 
6 0  which depicts a sample installation for the High Voltage Actuator assembly (Op- 
t ion 11  5).  To install the 3498A  Extender, see Chapter 8 .  

NOTE 

Some assemblies require that a shield or cover be removed 
if the assembly is to be installed in slot 4 of a 3497A or in 
slot 4 or 9 of a 3498A. See Chapter 8 before installing any 
assembly. 

- - . . 
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