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Chapter 1
Getting Started

About this Chapter

This chapter will explain hardware configuration before installation in a
VXIbus mainframe. By attending to each of these configuration items, your
HP E1413 won’t have to be removed from its mainframe later. Chapter
contents include:

e Configurationthe HPEI413 .. ... ... ... ... ... .. ... 1-1
e About Example Programs ... ....... ... .. .ol 1-9
e Verifying a Successful Configuration. ................. 1-16

Configuring the HP E1413

There are several aspects to configuring the module before installing it in a
VXlbus mainframe. They are:

e Setting the Logical Address Switch ................... 1-2
o Installing Signal Conditioning Plug-ons ... ............. 1-3
e Disabling the Input Protect Feature ................... 1-7
o Digabling Flash Memory Access ..................... 1-7

For most applications you will enly need to change the Logical Address
switch prior to installation. The other settings can be used as delivered.

Switch/Jumper Setting
Logical Address Switch 24
Input Protect Jumper Protected

Fiash Memory Protect Jumper PROG

NOTE Setting the VXIbus Interrupt Level: The HP E1413 uses a defautt VXIbus
interrupt level of 1. The default setting is made at power-on and aftera
*RST command. You can change the interrupt level by executing the
DIAGnosticINTerrupt[:LINe} command in your application program.
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Setting the Logical Follow the Figure 1-1 below and ignore any switch numbering printed on
Address Switch the Logical Address switch. When installing more than one HP E1413 in a

single VXIbus Mainframe, set each instrument to a different Logical
Address. '

Set Switch As Shown

LOGICAL ADDRESS = 24 \ Z
OPEN = SWITCH SET T0 0 (OFF) /\(6%/7

CLOSED = SWITCH SET TO 1 (ON)

/

| £1520 ADDR 024

Figure -1 Setting Logical Address Switch
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installing Signal  The following illustration shows the steps you’ll use to install Signal
Conditioning Conditioning Modules.
Plug-ons

CAUTION Use approved Static Discharge Safe handling procedures anytime you have
the covers removed from the HP E1413 or are handling SCPs.

4 . )
1 Installing SCPs: Remaving the Cover h

(et .
el
LE%I .

Fﬁ] /’/@

Z P -~

@ o © \\ el h y L 0/

2 ~ \‘;A 5 \/“/“lﬁ/ @/
S e
éfi:»;i‘/\r 26 )
Remp\(e the SCP )
Retaining Screws . Remove 2 screws (#10 Torx);
e litt front and slide out tabs ~
R "
e . P
N
,/ E1520
L2
" S
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f’
2 Installing SCPs

S O, @
: Align the SCP Tighten the SCP
E1520 Connectors withthe  Retaining Screws
Module Connectors
\_ and then Push in
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e
3 installing SCPs: Labeling

Peei off Label from
Card and Stick on
the appropriate
place on the Cover

Check offin
the Boxthe
SCP's Option

Number

i
‘
=3 EL !
!
;
. !
P :
N AP i/
as P P {
. I
-
5
] " i
! et
: - r 1
H g
oot
1
1

L Stick-on Label furnished with the SCPP
S {HP part number:. E1413-84303)

CAUTION
LUse approved Static
Discharge handling
provedures when handling
the HP E1413A Scanning
A/D Module and the SCP's.

Peel off Label from
Card and Stick on
the Terminal

Module to be
Connected to the £15620
A/D Module
~ y
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g
é Installing SCPs: Reinstailing the Cover

Line up the 3 Tabs
with the 3 Slots;
then lower cover
onto the Module

| E1520 ) / -
L 2<
o
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Disabling the Input
Protect Feature
{optional)

VOIDS WARRANTY

Disabliing Flash
Memory Access
(optional)

Disabling the Input Protect feature voids the HP E1413’s warranty. The
Input Protect feature allows the HP E1413 to open all channel input relays if
any input’s voltage exceeds 19 volts. This feature will help to protect the
card’s Signal Conditioning Plug-ons, input multiplexer, amplifier, and A/D
from destructive voltage levels. The level that trips the protection function
has been set to provide a high probability of protection. The voltage level
that is certain to cause damage is somewhat higher. If in your application
the importance of completing a measurement run outweighs the added
risk of damage to your HP E1413, you may choose to disable the Input
Protect feature.

Disabling the Input Protection Feature voids the HP E1413"s warranty.

To disable the Input Protection feature, locate and cut IM2202. Make a
single cut in the jumper and bend the adjacent ends apart. See following
illustration for location of JM2202.

The Flash Memory Protect Jumper (IM2201} is shipped in the "PROG"
position. We recommend that you leave the jumper in this position so that
all of the calibration commands can function. Changing the jumper to the
protect position will mean you won’t be able to execute:

o The SCPI calibration command CAL:STORE ADC | TARE

e The register-based calibration commands STORECAL, and
STORETAR

o Any application that installs firnware updates or makes any other
modification to Flash Memory through the A24 window.

With the jumper in the "PROG" position, you can completely calibrate one
or more HP E1413s without removing them from the application system, An
HP E1413 calibrated in its working environment will in general be better
calibrated than if it were calibrated separate from its application system.

Consider the multimeter used during the periodic calibration cycle as your
transfer standard and have your Calibration Organization control
unauthorized access to its calibration constants. See the"HP E1413 Service
Manual" for complete information on HP E1413 periodic calibration.

If you want to limit access to the HP E1413’s calibration constants, you can
place JM2201 in the protected position and cover the shield retaining sCrews
with calibration stickers. See following illustration for location of JM2201.
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Accessing and Locating JM2201 and JM2202

g | 1 Loosen two #10 Torx screws,

/ g \ f lift cover and slide out tabs
|

Flash Memory Protect Jumper Loosen three #10 Torx

Default = PROG , lift cover from module
{recommended) '

o Mz20
1 Locate
) ﬁz Cut
T, S, >33 Bend
“’\‘_:‘ |y - &3/‘;"/ et (f '.“;:,-.-._
S\ W// s
T \ L Input Protect Jumper
%. = 4\—///55 Warning: Cutting this Jumper
2 IR H
\[-jﬁtgr Voids Your Warranty!
.
k . £14134 G ~]
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instrument Drivers

If you will be using the HP E1413 with C-SCPI, the driver is supplied as
an option to the C-SCPI product. Follow the C-SCPI documentation for
use.

The HP E1405B/E1406 down-loadable driver is supplied with your
HP E1413. See the manuat for your HP Command module for
down-loading procedures.

About Example Programs

Examples on Disc

Examples on the HP
Bulletin Board System

Example Command
Sequences

Typical C-SCPI Exampie
program

All example programs mentioned by file name in this manual are available
on the E1413 C-SCPI driver media (both DOS and HP-UX versions).
Most of these example programs are also supplied in DOS C versions for
users of HP Command Modules on the DOS formatted down-loadable
driver disc for the command module (HP E1405B or HP E1406). An
IBASIC version of the Verify program shown below is supplied on the
LIF formatted down-loadable command module driver.

The C language examples supplied with the HP E1413 or optional C-SCP!
drivers are also available by modem from Hewlett-Packard’s Test &
Measurement Help Line Bulletin Board (BBS) at 303-679-5978. Check the
T&M BBS for the latest versions of these examples as well as additional
helpful example programs. The T&M BBS supports 300, 1200, 2400,
9600, and 14,400 Baud modems. Set your communications parameters to
8-bits, no parity, and 1 stop bit. When you connect to the T&M BBS you
will be guided to log-on and will receive introductory and tutorial
messages. The file FILELIST.VXI contains the file name and one-line
description of files available for the HP 75000 Series of VXI products.
Download this file and use a word processor to search for "E1413".

Where programming concepts are discussed in this manual, the commands
to send to the HP E1413 are shown in the form of command sequences.
These are not example programs because they are not written in any
computer language. They are meant to show the HP E1413 SCPI
commands and in which sequence they should be sent. Where necessary
these sequences include comments to describe program flow and control
such as loop - end loop, and if - end if. See the code sequence on page 4-5
for an example,

The Verify program (file name verif.cs) is printed below to show a typical
C-SCPI program for the HP EI413,
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Verifying a Successful Configuration -

An example C-SCPI {compiled-SCPI) program source is shown on the
following pages. This program is included with your C-SCPI driver tape
(file name verifcs). The program uses the *IDN? query command to verify
the HP E1413 is operational and responding to commands. The program

. also has an error checking function {check _error()). Itis imortant to include
an instrument error checking routine in your programs, particulary your first
trial programs so you get instant feedback while you are leaming about the
HP E1413. After you run the C-SCPI preprocessor and then compile and
load this program, type verifto run the example.

Typical C-SCPI program Example

* verif.cs .
* 1.} Prints the HP £1413A Module’s identification, menufacturer, and *
~ revision number. *f
I 2.} Prints the Signal Conditioning Plug- -ons {SCPs) fdentlﬁratmn Wi
* (ff any)} at each-of the SCP positions. -+ - WE
I" 3.} Takes voltage measurements on channeis 100 tn 183 and retums the *f
I readings from the Current Value Table {CVT) and FIFO,

#include <stdio.h>
#include <cscpih>

* Defines module's logical address */

#define LADD "24"

f* Declares module as a register device ¥/

INST_DECL(e1413, "E1413A", REGISTERY);

void
void
void
void
vaoid

/* Prototypes of functions declared later */

rst_cir void );
id_scps( vmd)
start_ad{ void };

get readng( void ),
prt_Teadng( float32 * };

int32 check_error( char * );

e - A 1

main{} /* Main function */

char read_id[B0];

{* Clear screen and announce program */
printf{033H\033..n\n Instailation Venﬁcat;on Programi\n\n');
printf("n\n Please Wait .");

/* Start the register-based operating system for the module */
INST_STARTUP();

/* Enable communications o the module; check if successful */
INST OPEN(e1413 "wxi," LADDY);
if{leT413)

printf("INST_OPEN failed (ladd = %s).Failure code is: %d\n",
LAD escpi_open_error);
exit{1};

/* Read and print the module's [denttﬁcatmn *
INST_QUERY{e1413, "*idn?", ™", read d)
printfMnininstrument ID: %s\mn®, read id);

rst_cir(); /* Function resets the module */
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id_scps(}, /* Function checks for installed SCPs ¥/

start_ad(}; /* Funstion sets up the module to make measurements */
get_readng(); /* Function gets and prints readings ™/

exit{0);

...... Ao A e el hdehcde e iRk ek e e e o e Al ek A etk f

f
void rst_clr() /* Reset the A/D module to its power-on state ™/
int16  opc_walt;
/* Reset the module and wait until it resets */
INST_QUERY(e1413, “RST*OPC?", ™, &opc_wait),

if (check_error("rst_clt”

I* Check for module ﬁenera’ted errors; exit if errors read */
exit{1),

[

inti6 scp_addr,
char scp_id[100];

I* Get SCP identifications of all 3CPs
rintf(™MnSCP Identifications:\n\n");
or (sep_addr = 100; scp_addr <= 156, scp_addr += 8)

INST_QUERY(e1413, "SYST.CTYP? (@%d)", "%s", scp_addr, scp_id),
printf™D for SCP %d is %s\n", (scp_addr - 100) /8, scp_id),

void start_ad(}/* Inititalize and trigger A/D then take readings. Default EU type is
voltsand scan list is LIST1 and is defined as all 64 channels */

int16 apc_wait;

/* Enable the Trigger System */
INST_SEND({e1413, "iNI '?;

/* Check for module generated errors; exit if errors read */
if (chetc(:is_ermr("startma (setup module)™)}
exit{1);

T gﬁr the madule to start the measurement process */
INST _SEND{e1413, "TRIG");

{* Check for module é;enerated errors; exit if errors read */
if (check_error{"starf_ad {trigger module]"))
exit{1},

Jraricicicinkie ki ikt foocik o iioes e e e ik el ke dede e A AR AR nunnnnn-rm‘-uk*‘(
void get readng() /* Get the module's readings */

float32 read data[B4];
char wait_show([2];

F* Wait to view previaus screen *f
printf"\n\nPress 'Return’ to continue”);
white(! gets(wait_show)},

1* Set format of returned data
INST _SEND(e1413, "FORMAT REAL, 32"},

* Get readings using FIFO ¥/
INST_QUERY(e1413, "DATAFIFOPART? 64", ™, read_data),

Getting Started 1-11



f* Print the readings */
printf{"\n\nFIFO data’in\n");
prt_readng{read_data);

£ Wait here to view previous screen */
printf{"\n\nPress 'Return’ to continue”);
while{! gets{wait_show));

I* Get readings stored in the CVT */
INST_QUERY({e1413, "DATA.CVT? (@100:183)", ™, read_data);

£* Print the readings */
printf("nMnCVT Data:\n\n");
prt_readng(read data);
printf{"\n\n"};

I Check for module generated errors; exit if errors read */
it (check_error{"get_readng"}) : : :

exit(1});
s s S /
E(Oid prt_readng( float32 *read_data } /* Display readings */
int18 I
printi{"ch  reading ch reading ch reading ch readingin");
pfiﬁﬁ e -— e - \nu);
for(i=0; 1< 84;i+= 4)
printf{"%2d %13.6e  %2d %13.6e %2d %13.6e %2d %13.6e\n",
i, read_datall], i+1, read_data[i+1), i+2, read_data[i+2),
) i+3, read_datali+3]);
} s esasrassrenss ererrererss
sk e P— e e ek B e i - "

int32 check_error( char *message ) /* Check for module generated errors */

int16 error;
char err_out[256];

£ Check for any errors */
INST_QUERY{e1413, "SYST.ERR?", ™, &error, err_ouf);

* if error is found, print out the error{s} */
if {(error}

while(error)

Frintf(“Ermr %d, %s (in function %s)\n®, error, err_out, message);
NST_QUERY(e1413, "SYST:ERR?", ", &error, err_out);

return 1;

return
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Chapter 2
Field Wiring

About This Chapter

This chapter will help you understand how to plan your field wiring for the
HP E1413 and how to physically connect your field wiring to the

HP E1413’s Terminal Module. The chapter will explain proper connection
of analog signals to the £1413, both two-wire voltage type and four-wire
resistance type measurements. Connections for other types of
measurements such as strain, using the Bridge Completion SCP, can be
found in the manual section for that specific SCP in the "SCP Manuals”
section. Chapter contents include:

e Planning Wiring Layout forthe HP E1413 .. ... .. ... 2-1
@ Recommended Measurement Connections. . ............ 2-6
o Reference Temperature Sensor Connections . ........... 2-5
o The Terminal Module ... ... .. ... o ot 2-7

Note An example C-SCPI program entitled wiretest.cs is included on the
C-SCPI driver tape. When you have completed your field wiring, you can
use this program to check for bad connections. The program performs
"Open Transducer Detection” (see DIAG:OTD command in Chapter 5 for
details) and continuously loops while performing measurements on all 64
channels.

Planning Your Wiring Layout

The first point to understand is that the HP E1413 makes no assumptions
about the relationship between Signal Conditiomng Plug-on (SCP) function
and the position in the HP E1413 that it can occupy. You can put any type
of SCP into any SCP position. There are however some factors you should
consider when planning what mix of SCPs should be installed in each of

your HP E1413s. The following discussions will help you understand these
factors.
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SCP Positions and  The HP E1413 has a fixed relationship between Signal Conditioning
Channe! Numbers Plug-on positions and the channels they connect to. Each of the eight SCP
positions connect to eight channels. Figure 2-1 shows the channel number to
SCP relationship.

oo e e S ¢ B ¢ 1¢]

SCP e
]

-l ch 08

SCP e et

NOTE: Each channel ——%*w—i-% Ch 18
line represenis both ' !
a Hi and Lo input. P Ch 1§

Ch 238

Ch 24

Ch 3]

A/B System

Ch 32

Terminal Module

Ch 39

et Ch 40

HP E1413's Mulliplexer

5CP
<]

Ch 47

SCP
8

-~ Ch 58

SCP
7

Figure 2-1 Channel Numbers at SCP Positions
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Sense SCPs and  Some SCPs provide input signal conditioning (sense SCPs such as filters
Output SCPs  and amplifiers) while others provide stimulus to your measurement circuit
{output SCPs such as current sources and strain bridge completion). In
general, channels at output SCP positions are not used for external signal
sensing but are paired with channels of a sense SCP. Two points to
remember about mixing output and sense SCPs:

1. Paired SCPs (an output and a sense SCP) may reside in separate
HP E1413s. SCP outputs are adjusted by *CAL? to be within a
specific limit. The Engineering Unit (EU) conversion used for a sense
channel will assume the calibrated value for the output channel.

2. Output SCPs while providing stimulus to your measurement circuit
reduce the number of external sense channels available to your
HP E1413.

Figure 2-2 illustrates an example of "pairing” output SCP channels with
sense SCP channels (in this example, four-wire resistance measurements).

sense Hi

NOTE:. Each channel

line represents both =
a Hi and a Lo input. E
E
<o

1 ]

A ! Ch 24 i

i d %

I i

. scp | :

! 3 | i

& (sense} } ]

a = : F

! Ch 31

2 — ! ch a2 ,

- o o T T 1

ER e j [

E -~ ——— 3CP : ‘
R 4 ! 1
—————— {ouiput} i '

X ch a9
ETermina! Module i

Figure 2-2 Pairing Output and Sense SCP Channels
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Pla rming for  You can wire your thermocouples and your thermocouple reference
Thermoco uple temperature sensor to any of the HP E1413’s channels. When you execute
your scan list, you only have to make sure that the reference temperature
Measurements sensor is specified in the channel sequence before any of the associated
thermocouple channels.

NOTE The isothermal reference temperature measurement made by an HP E1413
applies only to thermocouple measurements made by that instrament. In
systems with multiple HP E1413s, each instrument must make its own
reference measurements. The reference measurement made by one
HP Ei1413 can not be used to compensate thermocouple measurements
made by another HP E1413,
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Reference Temperature Sensor Connections

The Terminal Module provides an on-board thermistor for sensing
isothermal reference temperature of the terminal blocks. Also provided is a
jumper set (JM1 in Figure 2-6) to route the HP E1413’s on-board current
source to a thermistor or RTD on a remote isothermal reference block.
Figures 2-3 and 2-4 show connections for both local and remote sensing,

E1413 Terminal Module : Fleld Wiring

REM BOARD

P l HTS
On-Board E
Current Source H
i i
s LTS
— JM1

Any Sense Hnn
Channel

s
!

Lop

Figure 2-3 Remote Thermistor or RTD Connections

E1413 ; Tatmiral Module Field Wiing
. HTi !
! oN LT @
! REM BOARD ;
| ——0—
P l ]/ A HYS
On-Board ! §
Current Source H >
T j
P j é o l LTS
f s JWH

x
3
b

Any Sense
Channet

-
pal
k-

Figure 24 On-Board Thermistor Connections
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Recommended Measurement Connections

The following illustration shows recommended connections for
thermocouple and resistance (and resistance temperature) measurements.

Shield

-

: Shield
| .
uut & e
|
i
{ b Guard G o———  HP E1413
c Guard Circuil
-
1D KOhm
Shield
% | e s Y 3§

ez GULATC

OCurren{_ Hi {-)

o Current Lo {+)

Figure 2-5 Recommended Signal Connections
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The Terminal Module

The Terminal Module provides screw ierminal connection to field wiring as
well as a strain relief for the wiring bundle. The Terminal Module includes
reference junction temperature sensing for thermocouple measurements,
The same Terminal Module is used for all field wiring regardless of the mix
of Signal Conditioning Plug-ons (SCPs) installed in the HP E1413. With
gach SCP a set of labels is supplied to map that SCP’s channels to the
Terminal Module’s terminal blocks. See step three of "Installing SCPs" in

Chapter 1,

UNDER COVER

REM

channel.

Strip Length=0.25in {0.63cm)
Max AWG=16 (0.16cm)

When wiring all channels, use
smaller Guard wire such as
20 or 22 AWG (0.09, 0.07cm)

e

ON BOARD ON BOARD U
|
OE
LT}
\-_R,U{/ _L, Clear Cover
= 2 ~ a0
!s
EENNEENRRSNNNRE pZgENENaREE
CTTTTET T T oy (TLLCT T T LTI
Z"T“THHIHHHHE BNEERREESNESNSNEN
ITTITTT L O ' [TTITITIT]
AHES CTTTT /f/ O /‘* TTITTTTT
/’ /f‘ F1413A FIG2-1

-
Pry at this point also

Place both JM1 jumpers here to
route current source {o terminals
HTland LT1. Connectthese
terminals to remote thermistor or
RTD, Sense with any sense

ON BOARD
Place both JM1 jumpers here to
connect current source o
an-hoard thermistor RT1. Sense
RT1 by connecting any sense

RENote

Figure 2-8 The Terminal Module
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Opening and The following illustration shows how to open and wire the terminal module,
Wiring the Terminal
Module

/ REMOVE CLEAR COVER

UNSCREW AND REMOVE 2 i ' \
\ / STRAIN RELIEF ~;’ e >F
i
/“

MAX [MUM WIRE S1ZE
IS 18 GAUGE

e
el

bra

I D SO S M O O A0 A

|

5 REINSTALL CLEAR {OVER \ /g Connect terminal Module to HP E1413 \

//;l installed in mainframe.
Qf@ //‘2/;2, _ P EM?j\] screw
= 2 N 5
Aan i
? OO U —
0o e
4 (e
e LT
TERMINAL .l ”QE.:T E:] =
MODULE \
— \ screw —
F14134 Wi

Figure 2-7 Opening And Wiring the Termina! Module
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Chapter 3
Using the HP E1413

This chapter introduces programming the HP E1413 with the SCPI
instrument language. Chapter contents include:

o Moduledescription .......... ... ... . ... ... .. ...... 3-3

e Fundamental Programming Sequence ................. 3-4
— Step 1 Setting up Signal Conditioning ... ............. 3-5
~ Step 2 Linking Channels to EU Conversion ........... 3-7
- Step 3 Performing Channel Calibration ............. .. 3-16
— Step 4 Defining and select the Scan Lists . ............ 3-17
~ Step 5 Setting the Sample Timer . ...... ... ....... ... 3-18
- Step 6 Setting up the Trigger System .. ............... 3-19
- Step 7 Specifying the DataFormat . ................. 3-21
~ Step 8 Selecting the FIFOMode . ................ ... 3-22
- Step 9INITiating ... ... . ... ... . .......... 3-22
— Step 10 Retrieving Data .. ... ... ... ... ......... .. 3-23

e Additional Topics . ... ... ... ... ool 3-25
— BExample Program . ... ... . ... . L. 3-25
- Example Command Sequence .................... .. 3-26

Module Description

The HP E1413 is a 64-channel high-speed scanning Analog-to-Digital
Converter with optional per-channel signal conditioning in a single width
VXIbus module. It scans up to 100,000 channels per second, while
auto-ranging and converting the readings into Engineering Units (EU). The
reading stream is routed to a 65,024 reading FIFQ buffer, while the latest
reading from each of the 64 channels can be quickly accessed from a
Current Value Table (CVT). All readings are returned to the FIFO and
CVT in IEEE 754, 32-Bit floating point format either with EU conversion or
as input voltage. Channel selection is controlled by four Scan Lists which
can contain up to 1,024 channel assignments each. Another list called the
List of Lists can reference each of the Scan Lists (1 through 4) up to 1,024

- times. The HP E1413 also provides on-board calibration sources to allow
on-line, single command, all-channel calibration. The module can also
compensate for system wiring offsets. The HP E1413 can accept any mix of
up to eight Signal Conditioning Plug-ons (SCPs). All of these features can
be accessed with the SCPI and Compiled SCPI instrument languages. The
following sections describe step-by-step how to program the module.
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Programming Sequence

Step 1
.Step 2
St.ep 3
Step 4
Step 5
Seps
Step 7
Step 8

Step 9

Step 10

The sequence of programming the HP E1413 is important and should be
performed as the following flow chart indicates, Follow along with the SCPI
Programming Overview Diagram fold-out on the first page of this chapter.

Set Channel Ampilifiers,
Filters, & Current Sources

Link Engineering Unit
Conversions to Channels

Calibrate Channel Set-up

Define and Select Scan List(s)

Set Sample Timer

Select Trigger & Arm Sources

Select Data Format

Select FIFO Mode

Initiate Trigger System

~— Trigger Event

Retrieve Data

INP: ... & OUTP: ... Commands
[SENSe:JFUNC: ... Commands

*CAL? Command

ROUT:SEQ:DEF & ROUT:SCAN
Commands

SAMP:TIMER Command

TRIG:SOUR Command
&
ARM:80UR Command

FORMAT Command
SENS:DATA:FIFO:MODE Command

INITiate: ... Commands

SENS:DATA:FIFO: ... Commands
&
SENS:DATA:CVT: ._.Commands
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Step 1 Setting up Signal Conditioning Plug-ons

This section does not apply to non-programmable Signal Conditioning
Plug-ons such as the Option 11, Straight-Through, or the Option 12, 7Hz
Passive Filter SCPs.

Setting SCP Gains  The gain command for programmable amplifiers is:

INPut:GAIN <gain>,(@<ch_list>) to select SCP channel gain.

The gain selections provided by the SCP can be assigned to any channel
individually or in groups. Send a separate command for each frequency
selection. An example for the Option 13 programmable Amp&Filter SCP:

To set the SCP gain to 8 for channels 0, 4, 6, and 10 through 19 send:
INP:GAIN 8,{(@100,104,106,110:119)

To set the SCP gain to 16 for channels 0 through 15, and to 64 for channels
16 through 23 send:

INP:GAIN 16,(@100:115)
INP:GAIN 64,(@116:123)

ar to combine into a single command message:
INP:GAIN 16,(@100:115);GAIN 84,(@116:123)

Notes:

1. Because of the high bandwidth of the A/D Range Amplifier, the
quietest low-level readings are attained by using the highest possible
SCP channel gain with the lowest A/D gain (higher A/D range)
setting appropriate to the measurement to be made. A/D range setting
will be discussed in the next programming step.

2. If you are going to manually set the A/D range in the next
programming Step (Linking Channels to EU Conversion), you must
also take into account the SCP channel gains set in this programming
step. In general most measurements can be made at full speed using
auto-range. Auto-range will choose the optimum A/D range for the
amplified signal level.
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Setting Filter Cutoff

Setting Current
Sources

The commands for programmable filters are:

INPut:FIiLTer[.LPASs]:FREQuency <cutoff freg>,(@<ch_list>) to select
cutoff frequency

INPut:FILTer[:LPASs]{:STATe] ON | OFF {@<ch_list> to enable or
disable input filtering

The cutoff frequency selections provided by the SCP can be assigned to any
channel individually or in groups. Send a separate command for each
frequency selection. For example:

To set 10 Hz cutoff for channels 0, 4, 6, and 10 through 19 send:

Rt B

INPFILT-FREQ 10,(@100,104,108,110:119)

To set 10 Hz cutoff for channels 0 through 15, and 100 Hz cutoff for
channels 16 through 23 send:

INP:FILT:FREQ 10,(@100:115)
INP:FILT:-FREQ 100,(@116:123)

or to combine into a single command message
INP:FILT:FREQ 10,(@100:115);FREQ 100,(@116:123)

By default (after *RST or at power-on) the filters are enabled. To disable or
re-enable individual (or all) channels, use the INP:FILT ON | OFF,
(@<ch_list>) command. For example, to program all but a few filters on,
send:

INP:FILT:STAT ON,(@100:163) - all channel’s filters on (same as
af *RST)

INP:FILT:STAT OFF (@100, 123,146,163) only channels 0, 23, 46, and 63
OFF

Current Source SCPs supply excitation current for all resistance type
measurements. These include resistance, and temperature measurements
using resistance temperature sensors. The commands to control Current
Source SCPs are OUTPut:CURRent: AMPLitude <level>(@<ch_list>)
and OUTPut:CURRent[:STATe] <enable>.

e The level parameter sets the current output level. It is specified in
units of ADC and for the Option 15 SCP can take on the values
30e-6 (or MIN), and 488¢-6 (or MAX). Select 488uA for measuring
resistances of less than 8,000 Ohms. Select 30ua for resistances of
2,000 Ohms and above.
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e The ch_list parameter specifies the Current Source SCP channels that
will be set.

To set channels 0 through 9 to output 30 pA and channels 10 through 19 to
output 488 pA:

OUTP:CURR 30e-6,(@100:109)
QUTP:CURR 488e-6,(@110:119) separate command per output

level
or to combine into a single command message:

QUTP:CURR 30e-6,(@100:109);,CURR 488e-6,(@110:119)

Step 2 Linking Channels to EU Conversion

NOTE

This step links each of the module’s channels to a specific measurement
type. This "tells” the on-board control processor which EU conversion to
apply to the value read on any channel. The processor is creating a list of
conversion types vs. channel numbers.

The commands for linking EU conversion to channels are:

[SENSe: ]JFUNCtion'VOLTage <range>,(@-<ch_#ist>) for voltage
measurements

[SENSe:|JFUNCtion:RESistance <excite current>,
[<range>J(@<ch_list>) for resistance measurements

[SENSe:]JFUNCtion. TEMPerature <type>,<sub_type>,
[<range>}{@<ch_list>) for temperature measurements with
thermocouples, thermistors, or RTDs

At Power-on and after *RST, the default EU Conversion is autorange
voltage for all 64 channels.
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Linking Voltage
Measurements

NOTE

Linking Resistance
Measurements

To link channels to the voltage conversion send the
[SENSe:]JFUNCtion:VOLTage [<range>] (@<ch_list>) command.”

e The Ch_list parameter specifies which channels to link to the
voltage EU conversion.

e The optional range parameter can be used to choose a fixed A/D
range. Valid values are: 0, 0625, 25, 1,4, 16, or AUTO. When not
specified or set to zero, the module uses auto-range.

To set channels 0 through 15 to measure voltage using auto-range:
SENS:FUNC:VOLT 0,(@100:115) 0 for range means auto-range

To set channels 16 and 24 to the 16 volt range, and 32 through 47 to the
.625 volt range: .

SENS:FUNC:VOLT 16,(@116,124)
SENS:FUNC:VOLT .825,(@132:147) must send a command per range

or to send both commands In a single command message:

SENSFUNC:VOLT 16,(@116,124,VOLT .625{@123:147)

When using manual range in combination with amplifier SCPs, the EU
conversion will try to return readings which reflect the value of the input
signal. However, it is up to you to choose range values that will provide
good measurement performance (avoiding over-ranges and selecting ranges
that provide good resolution based on the input signal). In general,
measurements can be made at full speed using auto-range, Auto-range will
choose the optimum A/D range for the amplified signal level.

To link channels to the resistance EU conversion send the
[:SENSe:JFUNCtion:RESistance <excite_current>[<range>(@<ch_list>)
command.

Resistance measurements assume that there is at least one Current Source
SCP installed (eight current sources per SCP). See Figure 3-1

® ‘The excite_current parameter is used only to tell the EU conversion
what the Current Source SCP channel is now set to. Excite_current
is specified in ADC and the choices for the Option 15 SCP are 30e-6
{or MIN} and 488¢-6 (or MAX). Select 4881 A for measuring
resistances of less than 8,000 Ohms. Select 30pa for resistances of
8,000 Ohms and above.
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Sense Chaane!

e The optional range parameter can be used to choose a fixed A/D
range. When not specified or set to zero, the module uses auto-range.

@ The ch_list parameter specifies which channel(s) to link to the
resistance EU conversion. These channels will sense the voltage
across the unknown resistance. Each can be a Current Source SCP
channel (a two-wire resistance measurement) or a sense channel
separate from the Current Source SCP channel (a four-wire
resistance measurement). See figure 3-1 for diagrams of these
measurement connections.

Two-Wire Measurement Four-Wire Measurement

{not recommended®)

| Current Source SCP l Field Wising i Curent Source SCP l Field Wring
Hi - Hl “
r 7 AN
50 Ohm S% ! . l 150 Ohm 6% l
I
J o © ;
o | | 0 |
]
f . AN H
* 150 Ohm 5% 150 ChmE%
*  Because of the 150 Ohrn resistor in sedies with each of the e —
cusrent source outputs, T Wite resistance and temperature r
measiirements wi have a 300 Ohm offsat Any Senee SCP
= { i
& 1 1
=
o]
G
** The current source HEterminal is the negative voltage node a
The current source LD terminal is the positive voitage nede. E Lo E J
[

Figure 3-1 Resistance Measurement Sensing

To set channels 0 through 15 to measure resistances greater than 8,000
Ohms and set channels 16,20, and 24 through 31 to measure resistances less
than 8K (in this case paired to current source SCP channels 32 through 57).

QUTP:CURR:AMPL 30e-6, (@132:147)

set 16 channels to output 30ud for 8KQ) or greater resistances
SENS:FUNC:RES 30e-6, (@100:115)

link channels 0 through 15 to resistance EU conversion (8KCY or greater)
OUTP:CURR:AMPL 488e-6, (@148,149,150:157)

set 10 channels fo oulput 488u4 for less than 8K resistances

SENS:FUNC:RES 488e-6, (@116,120,124:132)

link channels 16, 20 and 24 through 32 to resistance EU conversion (less than
BRCY
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Linking
Temperature
Measurements

RTD and Thermistor
Measurements

NOTE

To link channels to temperature EU conversion send the
[SENSe:JFUNCtion: TEMPerature  <type>, <sub_fype>,
[<range> )(@<ch_list>) command.

® The ch_list parameter specifies which channel(s) to link to the
temperature EU conversion.

@ The type parameter specifies RTD, THERmistor, or TC (for
ThermoCouple)

© The optional range parameter can be used to choose a fixed A/D
range. When not specified or set to zero, the module uses auto-range.

‘Temperature measurements using resistance type sensors involve all the
same considerations as resistance measurements discussed in the previous
section. See the discussion of Figure 3-1 in "Linking Resistance
Measurements".

For resistance temperature measurements the sub_fype parameter specifies:

e For RTDs; "85" or "92" (for 100 Ohm RTDs with 0.00385 or
0.00392 Ohms/Ohm/Degree C temperature coefficients respectively)

® For Thermistors; 2250, 5000, or 10000 (the nominal value of these
devices at 25 degrees C)

Resistance temperature measurements (RTDs and THERmistors) require the
use of Current Source Signal Conditioning Plug-Ons. The following table
shows the Current Source setting that must be used for the following RTDs
and Thermistors:

Reguired Current Temperature Sensor Types and
Amplitude Subtypes
MAX (488pA) RTD,85 | 92 and THER 2250
MIN (30pA) THER,5000 | 10000
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NOTE

Thermocoupie
Measurements

sub_type values of 2250, 5000, and 10000 refer to thermistors that match
the Omega 44000 series temperature response curve. These 44000 series
thermistors have been selected to match the curve within 0.1 or 0.2°C

To set channels 0 through 15 to measure temperature using 2,250 Ohm
thermistors (in this case paired to current source SCP channels 16 through
31

QUTP:CURR:AMPL 488e-6,(@116:1 31)
set excite current to 488pA on current SCP channels 16 through 31

SENS:FUNC:TEMP THER, 2250, (@100:115)

link channels 0 through 15 to temperature EU conversion for 2,2500Q0
thermistor

To set channels 32 through 47 to measure temperature using 10,000 Ohm
thermistors {in this case paried to current source SCP channels 48 through
63):

OUTP:CURR:AMPL 30e-6 (€148:163)
set excite current to 30pA on current SCP channels 48 through 63

SENS:FUNC:TEMP THER, 10000, (@2132:147)

link channels 32 through 47 to temperature EU conversion for 10,0002
thermistor

To set channels 48 through 63 to measure temperature using 100 Ohm
RTDs with a2 TC of 00385 Ohm/Ohm/°C (in this case paired to current
source SCP channels 32 through 47).

OUTP:CURR:AMPL 488e-6,(@132:147)
set excite current to 4884 on current SCP channels 32 through 47

SENS:FUNC:TEMP RTD, 85, (@148:163)

link channels 48 through 63 to temperature EU conversion for 1002 RTDs
with 00385 TC.

Thermocouple measurements are voltage measurements that the EU
conversion changes into temperature readings based on the sub_fype
parameter and latest reference temperature value. As mentioned in the
"Linking Voltage Measurements" section, higher SCP channel gain provides
quieter measurements. However, it is possible to specify a channel gain high
enough to cause an A/D over-range reading for the highest temperature
ranges for some thermocouples.

¢ For Thermocouples the sub_type parameter can specify CUSTom, E,
EEXT, LK, N, R S T (CUSTom is pre-defined as Type K, no
reference junction compensation. EEXT is the type E for extended
temperatures of 800°F or above).
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To set channels 31 through 63 to measure temperature using type E
thermocouples:

first measure or supply reference temperature for channels 31 through 63
(see below)

SENS:FUNC:TEMP TG, E, (@131:163)

NOTE A Scan List must include a reference temperature channel before related
thermocouple channels, or the fixed reference temperature must have been
supplied before starting to scan thermocouple channels (see following
section)

Thermocouple The isothermal reference temperature is required for thermocouple
Reference Temperature temperature EU conversions. The Reference Temperature Register must be
loaded with the current reference temperature before thermocouple channels
are scanned. The Reference Temperature Register can be loaded two ways:

I. By measuring the temperature of an isothermal reference junction
during a scan.

2. By supplying a constant temperature value (that of a controlied
temperature reference junction) before a scan is started.

Setting up a Reference Temperature Measurement

The [SENSe:JREFerence <type>, <sub_type> [<range>J(@<ch list>)
command links channels to the reference temperature EU conversion. When
the channel is scanned, the reference temperature is measured and stored in
the Reference Temperature Register, the FIFQ, and the CVT. The reference
value is applied to all subsequent thermocouple channel measurements until
another reference temperature value is stored in the Reference Temperature
Register.

e The Ch_list parameter specifies any sense channel that is connected
to the reference temperature sensor.

® The fype parameter can specify THERmistor, RTD, or CUSTom.
This is a resistance temperature measurement and uses the on-board

122 pA current source for all rypes.

e The sub_type parameter must specify:
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Linking Strain
Measurements

— For RTDs; "85" or "92" (for 100 Ohm RTDs with 0.00385 or
0.00392 Ohms/Ohm/Degree C temperature coefficients
respectively)

- For Thermistors; only 5000 (See previous note on page 3-11)

— For CUSTom; only ! (contact your HP Field Engineer for
Custom EU algorithms)

¢ The optional range parameter can be used to choose a fixed A/D
range. When not specified or set to AUTO, the module uses
auto-range.

To set channel 12 to measure the isothermal reference temperature on the
HP E1413°s Terminal Module (with buili-in 5,000 Ohm thermistor) send

SENS:REF THER, 5000, (@112) on-board thermistor connected fo
channel 12

The same command could set channel 12 to measure a 5K thermistor
mounted on a remote reference block. See "Reference Temperature
Thermistor Connections" on page 2-5 for connections.

Supplying a Fixed Reference Temperature

The [SENse:JREFerence: TEMPerature <degrees c> command immediately
stores the set temperature of a controlled temperature reference junction
panel in the Reference Temperature Register. The value is apphied to all
subsequent thermocouple channel measurements until another reference
temperature value is specified or measured.

To specify the temperature of a controlled temperature reference panel:

SENS:REF.TEMP 50 reference temp = 50 °C
Now begin scan to measure thermocouples

Strain measurements usually employ a Strain Completion and Excitation
SCP (HP E1413 Options 16 and 17). To link channels to strain EU
conversions send the [SENSe: JFUNCtion:STRain:<bridge type>
[<range>[{@<ch_list>)

e <bndge type> is not a parameter but is part of the command syntax.
The following table relates the command syntax to bndge type. See
the Option 16 and 17 SCP user’s manual for bridge schematics and
field wiring information.

Command Bridge Type
FBENding Fuli Bending Bridge
:FBPaisson Fult Bending Poisson Bridge
‘FPGisson Full Poisson Bridge
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Linking Custom EU
Conversions

Loading Custom EU
Tables

Command Bridge Type
‘FBENding Full Bending Bridge
‘HBENding Half Bending Bridge
:HPQisson Half Poisson Bridge
[[QUARter) Quarter Bridge (defauit)

e The ch_list parameter specifies which sense SCP channel(s) to link
to the temperature EU conversion. ch_list does not specify channels
on the Strain Bridge Completion SCP.

® The optional range parameter can be used to choose a fixed A/D
range. When not specified or set to zero, the module uses auto-range.

To link channels 23 through 30 to the quarter bridge strain EU conversion

SENS:FUNC:STR:QUAR (@123:130) uses autorange
Other commands used to set up strain measurements are:
[SENSe:}JSTRain:POISson
[SENSe:]STRain: EXCitation
[SENSe:]STRain:GFACtor

[SENSe:]STRain:UNSTrained

See the Command Reference Chapter 5 and the HP E1413 Options 16 and
17 manual for more information on strain measurements.

There are two major steps to link channels to Custom EU Conversions:

1. Load the Custom EU Conversion table values into the E1413. These
values will be in the form of a numeric array. (Contact your HP Field
Engineer for assistance in generating the EU conversion table
values.} :

2. Link channels to the Custom EU Conversion table.

There 1s a specific location in the E1413’s memory for each channel’s EU
Conversion table. When standard EU conversions are specified, the E1413
loads these locations with EU conversion tables copied from its non-volatile
FLASH Memory. For Custom EU conversions you must load these table
values using either of two SCPI commands.

Leading Tables for Linear Conversions

‘The DIAGnostic: CUSTom:LINear <table range> <table block>,
{@<ch_list>) command downloads a custom linear Engineering Unit
Conversion table to the HP E1413 for each channel specified.
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Linking Custom EU
Tables

e <table block> is a block of 8 bytes that define 4, 16-bit values. SCPI
requires that <table block> include the definite length block data
header, C-SCPI adds the header for you,

o <table range> specifies the range of input voltage that the table
covers (from -<table range> to +<table_range>). The value you
specify must be within 5% of: 015625 .03125].0625[.125] .25 |

S1H|21418116(32|64.

e <¢h lisr> specifies which channels will have this custom EU table
loaded.

Usage Example

Your program puts table constants into array table_block

DIAG:CUST:PIEC table_block,1,(@132:163) send iable for chs 32-63 to
HP E1413

SENS:FUNC:CUST:PIEC 1,1,(@132:163)  link custom EU with chs 32-63
and set the 1V A/D range

INITiate then TRIGger module

Loading Tables for Non Linear Conversions

The DIAGnostic:CUSTom:PIECewise <table_range>,<table_block>,
(@<ch_list>) command downloads a custom piecewise Engineering Unit
Conversion table to the HP E1413 for each channel specified.

e <table block> is ablock of 1,024 bytes that define 512 16-bit values.
SCPI requires that <table block> include the definite length block
data header. C-SCPI adds the header for you.

o <table range> specifies the range of input voltage that the table
covers (from -<table range> to +<table range>). The value you
specify must be within 5% of: 015625 ] .03125 | 06251.1251 25|

S|1)21418(16]32]64.

e <ch_list> specifies which channels will have this custom EU table
loaded.

Usage Example

Your program puts table constants into array fable_block

DIAG:CUST:PIEC table_block,A,(@124:131) send table for chs 24-31 to
HPEI4I3

SENS:FUNC:CUSTPIEC 1,1,(@124:131)  link custom EU with chs 24-31
and set the 1V A/D range

iNITiate then TRIGger module

The [SENSe:]JFUNCtion: CUSTom [<range>,|(@<ch_list>) command
links chanels with the custom Engineering Unit Conversion table loaded
with the DIAG:CUST:LINEAR or DIAG:CUST:PIECE commands,
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® The <range> parameter selects one of the E1413’s voltage ranges:
06251.25]114]16. To select a range, simply specify the range
Specifying U selects the lowest range (.0625VDC). Specifying
AUTO selects auto range. The default range (no range parameter
specified) is auto range. If an A/D reading is greater than the
<table_range> specitied with DIAG:CUSTOM:PIEC, an overrange
condition will occur.

® Ifno custom table has been loaded for the channels specified with
SENS:FUNC:CUST, an error will be generated when an INIT
command is given.

Usage Example

program must put table constants into array table_block

DIAG:CUST:LIN 1.table_block,(@116:123) send table to HP E1413 for chs
16-23

SENS:FUNC:CUST 1,{@124:131) link custom EU with chs 24-3]
and set the 1V A/D range.

INITiate then TRIGger module

Step 3 Performing Channel Calibration

NOTE

At this point in the programming sequence, with the signal conditioning
set-up and the EU conversions assigned to specific channels, a Channel
Calibration should be performed.

To perform the Channel Calibration, send the command

*CAL?

now read the value retumed (0 means successful; see *CAL? in Chapter 5
page 5-111 for other values)

The *CAL? command causes the module to calibrate A/D offsct and gain,
and all channel offsets. This takes several minutes to complete. The actual
time it will take your HP E1413 to complete *CAL? depends on the mix of
SCPs mstalled. Filtered channgls (especially those with large voltages
applied) take more time to settle than unfiltered channels.

To perform Channel Calibration on multiple HP E1413s, use the
CAL:SETup command (see Chapter 5 for details).

Because Channel Calibration is dependent on the module set-up at the time
of execution, changing the set-up will require another Channel Calibration.
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Step 4 Defining and Selecting the Scan Lists

Defining the Scan
Lists

Selecting the
Current Scan List

In this programming step, you will create the actual list(s) of channels to be
scanned. With the HP E1413 you can define up to 4 different Scan Lists
each with its own channel-to-channel sample pacing (see Setting the Sample
Timer). The Scan Lists specify the sequence that channels will be scanned.
Fach Scan List can contain up to 1,024 channel references, so channels can
be referenced multiple times.

The command to define channel sequence for each Channel List is
ROUTe:SEQuence:DEFine <scan_list>, (@<ch_list>)

e The scan_list parameter can be one of LIST1, LIST2, LIST3, LIST4
or ALL.

o The ch list parameter must specify at least 2 channels. The channels
can be specified in any order. The same channel can be specified
more than once. A Scan List can contain as many as 1,024 channel
specifiers.

e When ROUT:SEQ:DEF is executed the scan list specified is cleared
and then defined according to <ch_list>. This means that the entire
channel specification for a scan list must be sent in <ch_flist> with a
single ROUT:SEQ:DEF command.

e After a *RST command or at power-on Channel List 1 (LIST1) is
predefined as ROUT:SEQ:DEF LIST1 (@100:163).

To define Scan List 1 as channels 0 through 31, 40, and 48 through 63
ROUT:SEQ:DEF LIST1, (@100:131,140,148:163)

When the module is triggered it will execute the Current Scan List. After the
*RST command or at power-up, the Current Scan List is List 1. To select
another scan list, execute the ROUTe:SCAN <scan_fist> command,

e The scan_list parameter can specify "LISTI", "LIST2", "LIST3", or
"LIST4"

e ROUT:SCAN is not sequence sensitive. It can be executed at any
time, even while the module is scanning. Normally the specified scan
list number becomes effective when the Trigger System moves from
the Initiated State to the Waiting, for Trigger State. If ROUT:SCAN
is executed after this point, it will become effective for the next scan.
If INIT:CONT is ON and TRIG:SOUR is IMM, ROUT:SCAN will

generate an error. See Figure 3-2.

To select Scan List 2 as the current Scan List:
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Trigger idie | N
State INIT:CONT OFF
INITiate:IVMediate
initiated
State
INFFICONT OGN
and

TRIG:SCUR not IMM

Canttel Processoer Reads
Scan iist Number Here

TRIGCOGUNT sat >1
and remaining e
count still >0
Waiting For
Trigger
WNIT:CONT ON
Trigger Event and e
TRIG:SQUR IMM
Executing
Scan List

Figure 3-2 Event Sequence for ROUTe:SCAN

ROUT:SCAN LIST2 Current Scan List becomes 2
when module Initated to
Waiting-for-Trigger

Step 5 Setting the Sample Timer

The SAMPle: TIMer <scan_list><interval> command individually
programs each of the four Scan Lists for channel-to-channel sample pacing,.
The power-on default allows maximum sample rate.

® The <scan_lisf> parameter can specify LIST1, LIST2, LIST3, or
LIST4.

® The <interval> parameter can specify 10.0e-6 (MIN) to 32.7680e-3
(MAX) seconds with a resolution of 0.5¢-6 seconds.

To set the sample timer for Scan List 1 to .005 seconds

SAMPTIM LIST1,5ms 5 ms for each channel in
scan list |
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Step 6 Setting up the Trigger System

The Trigger and  Figure 3-3 shows the trigger and arm model for the HP E1413. Note that
Arm model when the Trigger Source selected is TIMer, the remaining sources become
Arm Sources. An Arm Source allows you to specify an event that must
occur in order to start the Tnigger Timer.

Cnly white
INITICONT s ON

-3
TRIG:SOUR is ivM

2 BUS g
53 &
é EXTermat 2 intermat
5 HOLD § Trigger Trgger Signal
g 3 Enable
& IMMediate & "
® pil
I TT T rg<n> %
£ soPT 2
4 G =
£ 4
Trigger Counter

TRIGge: LOUNt <count>

Figure 3-3 Logical Arm and Trigger Modei

Selecting the  In order to start a measurement scan a trigger event must occur. The source
Trigger Source of this event is selected with the TRIGger:SOURce <source> command.
The following table explains the possible choices for source parameter.
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NOTES

Selecting Timer
Arm Source

Parameter Value Source of Trigger (after INITiate:... command)
BUS TRIGger[: IMMediate], *TRG, GET (for HP-IB)
EXTemal “Trig” signal input on {ferminal module
HOLD TRIGger]:IMMediate]

IMMediate The trigger signal is always true (scan starts when an
INITiate:. .. command is received),

SCP SCP Trigger Bus (future HP or SCP Breadboard)

TiMer The internal trigger interval timer (must set Arm source)

TILTrg<n> The VXIbus TTLTRG lines (n=0 through 7)

I. When TRIGger:SOURCce is not TIMer, ARM:SCURce must be set to
IMMediate (the *RST condition). If not, the INIT command will
generate an error -221,"Settings conflict".

2. When TRIGger:SOURGce is TIMer, the trigger timer interval
(TRIG:TIM <interval>) must allow enough time to scan all channels
(ROUT:SEQ:DEF) in the active scan list (ROUT:SCAN) ora +3012,
"Trigger Too Fast" error will be generated during the measurement
scan. See the Command Reference for TRIG: TIM or SAMP: TIM for
fiming details.

'To set the Trigger Source to a sofiware trigger (TRIG:IMM, or *TRG)
TRIG:SOUR HOLD trigger on TRIG or *IRG
To set the trigger source to the external trigger input connection
TRIG:SOUR EXT an external trigger signal
To set the trigger source to the internal trigger interval timer

TRIG:SB0UR TIMER now select ARM: SGUR

Figure 3-3 shows that when the trigger source is the Trigger Timer
(TRIG:SOUR TIM), the other trigger sources are used to arm the Trigger
Timer. The command to select the Trigger Timer arm source is
ARM:SOURce <source>.

e The <source™> parameter choices are explained in the following table
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Parameter Value Source of Arm (after INITiate:... command)
BUS ARM|: IMMediate]
EXTemal “Trig” signal input on terminal module
HOLD ARM[:IMMediate]
IMMediate The anm signal is always true (scan starts when an

INITiate:... command is received).

SCP SCP Trigger Bus (future HP or SCP Breadboard)
TTLTrg<p> The VXIbus TTLTRG lines (n=0 through 7)

NOTES  When TRIGger:SOURce is not TIMer, ARM:SOURce must be set to
IMMediate (the *RST condition). If not, the INIT command will generate
an error -221,"Settings conflict”.

To set the external trigger signal as the arm source:

ARM:SOUR EXT

Setﬁng the Tf’ig ger  The Tngger Counter controls how many trigger events will be allowed to
Counter starta measurement scan. When the number of trigger events set with the
TRIGger: COUNt command is reached, the module returns fo the Trigger
Idle State (needs to be INITiated again}. The default Trigger Count 1s 1
(retums to the Trigger Idle State afler cach scan), if TRIG:COUNT is set to
INF, the trigger counter is disabled and the module will accept an unlimited
number of trigger events.

To set the trigger counter to 100

TRIG.COUNT 100 can trigger 100 times after a
single INIT command,

Step 7 Specifying the Data Format

The format of the readings stored 1n the FIFO buffer and CVT never
changes. They are always stored as IEEE 32-bit Floating point numbers.
The FORMat <format>{,<length>] command merely specifies whether

and how the readings will be converted as they are transferred from the
CVT and FIFO.

o The <format>[,<length>] parameters can specify:

PACKED Same as REAL, 64 except for the values of
IEEE -INF, IEEE +INF, and Not-a-Number {(NaN).
See FORMat command in Chapter 5 for details.
REAL,32 means real 32-bit (no conversion, fastest)
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REAL same as above

REAL. 64 means real 64-bit (readings converted)
ASCiL7 means 7-bit ASCII (readings converted)
ASCi same as above (the *RST condition)

To specify that readings are to remain in IEEE 32-bit Floating Point format
for fastest transfer rate

FORMAT REAL,32

To specify that readings are to be converted to 7-bit ASCII and returned as a
15 character per reading comma separated list

FORMAT ASC7
or
FORM ASC

Step 8 Selecting the FIFO Mode

The HP E1413’s FIFO can operate in two modes:

® Blocking; The FIFO stops accepting readings when it becomes full
(65,024 readings). Readings made afier FIFQ is full are discarded.
‘The first reading to exceed 65,024 sets the STAT:QUES:COND? bit
10 (FIFO Overflowed), and an error message is put in Error Queue
(read with SYS:ERR? command). No readings stored in FIFQ are
lost.

e Overwnte; When FIFO fills, the oldest readings in the FIFO are
overwritten by the newest readings. Cnly the latest 65,024 readings
are available.

The differences in these two modes is only significant if the rate of
retrieving data from the FIFO is slower than the reading rate of the A/D.

To set the FIFO mode (blocking is the *RST/Power-on condition)

[SENSe:]DATAFIFO:MODE BLOCK select blocidng mode
SENSe:IDATAFIFOMODE OVERWRITE  select overwrite mode

Step 9 Initiating the Trigger System

The commands to initiate the HP E1413 are:
INITiate[:IMMediate]
and
INITiate:CONTinucus ON
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The INITiate commands move the HP E1413 from the Trigger Idle State to
the Waiting For Trigger State. When initiated, the instrument is ready to
receive one ((IMMediate) or more (:CONTinuous ON) tngger events.

To initiate the instrument for the number of triggers specified with the
TRIG:COUNT command:

INIT or INIT:IMM
To have the instrument continuously in the Waiting For Trigger State:
INIT:CONT ON

If INIT:CONT ON is and TRIG:SOUR is IMM, the module scans
continuously until you execute INIT:CONT OFF.

When an INIT command is executed, the driver checks several interrelated
settings programmed in the previous steps. If there are conflicts in these
seftings an error message is placed in the Error Queue (read with the
SYST-ERR? command). some examples:

e If TRIG SOUR is not TIMer, then ARM:SOUR must be IMMediate

e Have programmable SCP gain or Current Source SCP settings
changed since the *CAL? command was executed?

Step 10 Retrieving Data

Each reading made during a scan is (by default) stored in two places:

e The 64 channel Current Value Table (CVT). As the name implies,
the CV'T contains the most current value read for each channel.

e The 65,024 reading FIFO Buffer. The FIFO allows the A/D to

maintain its high reading rate while your program transfers readings
from this buffer.

Readings can be continuously retrieved while the instrument is scanning.
Accessing the CVT A single command provides access to the channel readings in the CVT:

[SENse:]DATA:CVTable? (@<ch_list>)

o The <ch_list> parameter specifics which channel value(s) to retrieve
from the CVT.
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NOTE

Accessing the FIFO

NOTE

After *RST/Power-on, each channel location in the CV'T contains the
IEEE-754 value "Not-a Number" (NaN). Channel readings which are a
positive overvoltage retun IEEE +INF and negative overvoltage return
IEEE -INF. Refer to the FORMat command in Chapter 5 for the NaN,
+INF, and -INF values for each data format,

To access the latest reading from each of the instrument’s 64 channels

DATAICVT? (@100:163) completes when 64 readings have
been accepted by an input
statement _

execute program input statement here must input 64 readings

To reset the CVT (and set all values to NaN), send the command
[SENSe:]DATA:CVTable:RESet.

The command we’ll use here to access the contents of the FIFQ buffer is
[SENSe:]DATA:FIFO:PART? <n_readings>. This command returns the
number of readings specified by <n_readings> (2,147 483,647 maximum).
The command completes only after #_readings have been transferred. This
in not the only FIFO data retrieval command. There are four other
commands and they are covered in "Advanced FIFO Data Retrieval” in
Chapter 4.

Channel readings which are a positive overvoltage return IEEE +INF and
negative overvoltage return IEEE -INF.

To transfer readings from the instrument, simply set <n_readings> to the
exact number of readings to be made during all scans. The following is a
guide:

n_readings= (numberof channels in Scan Lisl x (numberof scans)

The number of channels is determined by ROUTE:SEQ:DEFINE
command. The instrument executes one scan per trigger. The
TRIGger:SGURce, TRIGger:COUNt, and the INITiate: CONTinuous mode
determine how many times the list of channels will be scanned. When
INIT:CONT is ON, the number of triggers generated by TRIG:SOURce and
the specified TRIG:COUNT conirol the number of scans.

To transfer 1,024 readings from the instrument
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DATAFIFO.PART? 1024 completes afler 1,024 readings
are accepted by an input
statermnent

execute program input statement here must take all readings specified
above.

Additional Topics

See Chapter 4 "Understanding the HP E1413" for:
e Advanced FIFO Data Retneval
e Controlling Data Conversion and Destination
e Understanding Scanning Modes
e Triggering and Scanning Modes
e Using the Status System
¢ Emor Trapping
& VX1 Interrupts
e Compensating for System Offsets
@ Detecting Open Transducers

o Thermocouple Reference Compensation

&

Reducing Settling Waits

Exampie Program

An example C-SCPI program (filename using.cs) is located on the C-SCPI
driver tape. This program puts together all of the steps discussed so far in
this chapter.
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- Example Command Sequence

This command sequence puts together all of the steps discussed so far in this
chapter,

Reset the module

R8T
Serting up Signal Conditioning (step 1 only for programmable SCFs)
INPUT-FILTER.FREQUENCY 2,(@116:119)
INPUT.GAIN 64,(@116:119)
INPUT:GAIN 8,{(@120:123)
linde channels to EU conversions (step 2)

SENSEFUNCTION:VOLTAGE AUTO,(@100:107)
SENSE:REFERENCE THER,5000,AUTO,(@108)
SENSE:FUNCTION.TEMPERATURE TC T,AUTO,(@109:123)
execute channel calibration (step 3)
*CAL?
define and select scan list (step 4)
ROUTE:SEQUENCE:DEFINE LiST1 (@108:123,100:107)
ROUTE:SCAN LIST1 this is a *RST default
set sample timer (step 3)

SAMPLE:TIMER LiST1,.00001
Configure the Trigger System (step 6)
ARM:SOURCE IMMEDIATE . this is a *RST default
TRIGGER:COUNT 10
TRIGGER:TIMER .0007
TRIGGER:SOURCE TIMER
specify data format (step 7)
FORMAT REAL,32
select FIF (O mode (step 8)

SENSE:DATAFIFO:MODE BLOCK
initiate lrigger system (step 9)
INITIATE:CONTINUOUS OFF this is a *RST default

INITIATE
retrieve data (step 10)

SENSE:DATAFIFO:PART? <read_data>
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| Chapter 4
Understanding the HP E1413

"This chapter introduces more advanced SCPI programming procedures for
the HP E1413 and includes programming examples. Chapter contents

include;
e Advanced FIFO Data Retrieval ... ... .. ... ... ..., 4-1
e Controlling Data Conversion and Destination . ... .... ... 4-7
@ Understanding Scanning Modes . ............... ... .. 4-8
® Triggenng and ScanmingModes . ......... ... ... ... 4-11
e Usingthe Status System . .......... .. ... ... . ... 4-21
¢ HP Ei413 Background Operation ... .................. 4-25
» Updating the Status System and VXI Interrupts ... ... .. .. 4-25
o Compensating for System Offsets ... ...... .. ... ... .. 4-27
e Detecting Open Transducers . ... ..................... 429
¢ Themmocouple Reference Compensation ............... 4-29
@ Reducing Setting Waits .. ... ... ... .. .. ... ... 4-3]

Advanced FIFO Data Retrieval

The discussion of FIFO data access in Chapter 3 ("Retrieving Data")
assumed that the number of readings to be transferred from the HP E1413 1s
a known quantity. The DATA FIFO:PART? command works well in that
situation. This section is applicable when:

¢ You don’t want the data retrieval section of your program to "need to
know" the total number of readings to be transferred during
scanning. Making the data Retrieval section independent of the
configuration section reduces the complexity of your program.

+ You can’t define the total number of readings that will be
transferred. This is very likely when the number of scans to be made
is open-ended (INIT:CONT is ON or TRIG:COUNT is set to INF).

e Your system contains several HP E1413s and your program must
execute as fast as possible to maintain a reading transfer rate greater
than the total reading acquisition rate.
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The commands used to access the contents of the FIFO buffer are:

FIFO Reading Transfer Commands

[SENSe: JDATA:FIFO[.ALL]? returns all readings in the FIFO. This
command completes only after measuring stops or 65,024 readings have
been transferred.

[SENSe: IDATAFIFOHALF? returns 32,768 readings ("half" of the FIFO
capacity) when they become available. This command completes only afier
the 32,768 readings are transferred. '

{SENSe:JDATA:FIFO:PART? <n_readings> returns the number of
readings specified by <n_readings> (2,147,483,647 maximum), This
command completes only after n_readings have been transferred.

FIFO Status Commands

[SENSe: IDATAFIFO:COUNt? returns a count of the readings in the FIFQ
buffer. Use with the DATA FIFO:PART? or DATAFIFO:ALL? commands

[SENSe: JDATA:FIFO:COUNt:HALF? returns a | if the FIFO is at least
half full (32,768 readings) or a 0 if not. Use with the DATA - FIFO.HALF?
command.

All of these FIFO commands can execute while the instrument continues to
take readings. Once a FIFO Reading Transfer command is executed, the
instrument can not accept other commands until the transfer is complete as
specified for each command above. The FIFC Status commands allow you
to poll the instrument for availability of readings before executing a transfer
command.

General Form of  Figure 4-1 shows program flow in the data retrieval section for a single
the Data Retrieval HP Ei413. The conditions before entering the data retrieval section are:

Section

Signal conditioning is set up

Channel EU functions are set

Scan List is defined

Instrument initiated (INIT sets the Measuring bit checked in the first
decision block in Figure 4-1)

¢ 8 9 @

It is not necessary that the instrument be triggered at this time since the
program will loop waiting for readings to appear in the FIFQ buffer.
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While the instrument is still making measurements {Measunng Bit is 1), the
program will stay on the left side of the flow chart.

By executing a FIFQ status command, the program will determine when
there are enough readings to fransfer.

When there are enough {count depends in which status FIFO command
used), flow will fall through to execute the FIFO data transfer command.

After transferring readings, program flow returns to the decision block
which determines if the instrument has completed all measurements or is
stil measuring.

If measurements are complete, (Measuring Bit is 0), program flow goes to
the right side of the diagram.

Here a FIFQ status command is executed to determine if there are any
readings remaining in the FIFQO.

If readings are present, the program execcutes a FIFO data retrieval
command to transfer the remaining readings.

( Bagin Data Retrieval J

STAT:OPERCOND?
(it 4 Measusing)
"
M nents
No Cemplete? Yes
Enough Readings In Any Readings in FIFO?
FFO7?
No No
Execute Bulk Transfer Execute "Clean-up” Transfer
cammand command

Exit Data Retrievat }

Figure -1 General Form of FIFO Data Retrieval
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Choosing the Data There are two command sets available to retrieve large blocks of data as
Retrieval Method  diagrammed in Figure 4-1.

Confrolled Reading  The first allows you complete control of the number of readings returned:
Count The FIFO commands used are:

DATAFIFO:COUNT? Io determine the number of
readings in the FIFO
to retrieve n_readings from the
DATAFIFO:PART? <n_readings> FIFO

With these commands you can determine exactly how many readings are in
the FIFO and transfer just that many. The program flow is just as described
in the General Form section earlier. Figure 4-2 shows program flow with

~ this command set filled in.

Note The example program counted.cs on your C-SCPI driver tape shows how to
retrieve data using controlled reading count.

f Bagin Datz Retiaval !

STAT.CPER:COND?
{bit 4 Measwring}

Measurements
Complete?

Enocugh Readings In
FIFC?

DATAFIFQCOUNT? Any Readings In FIFQ?

No No

Execute Bulk Transfor — DATAFIFOPART? <n_readings> — Execute Final Transfer
command - command

|

( Exit Data Retieval )

Figure 4-2 Controlling Reading Count
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Example Command Sequence
counted
read data is a 32-bit floating point array

n_readings is an unsigned 16-bit integer

*RST
SENSE:FUNCTION:VOLTAGE AUTO,{(@100:163) this is a *RST defauit
ROUTE:SEQUENCE . DEFINE LIST1,(@100:163) this is a *¥RST default
ROUTE:SCAN LIST1 this is a *RST default
SAMPLE:TIMER LIST1,.00001
ARM:SCURCE IMM
TRIGGER:COUNT 16384
TRIGGER: TIMER .0007
TRIGGER:SOURCE TIMER
FORMAT REAL,32
INITIATE

Jollowing loop reads number of readings in FIFO while module is scanning
icop while "measuring” bit is true see STAT:OFER:COND bit 4

DATAFIFO:COUNT? <n_readings>

if n_readings >= 16384

DATAFIFO.PART? <read_data>

end if
end foop

Jollowing checks for readings remaining in FIFO after "measuring” false

DATAFIFO:COUNT? <n_readings>

if n_readings if any readings...
DATAFIFO:PART? <read _data> get readings from FIFO
end if

Understanding the HP E1413 4-5



Fastest Reading This command set is made up of the following commands:
Transfer

DATAFIFO:COUNT:HALF? to determine if there are at least
32,768 readings in the FIFO

DATAFIFOHALF? fo fransfer one half of the FIFO
(32,768 readings)

DATA:FIFO:ALL? to return the remaining readings
Jrom the FIFO after scanning is
complete

What makes this method fastest is that DATA:FIFO:HALF? and
DATAFIFO:ALL? have no parameters for the driver and instrament to
process. '

The program flow is almost the same as described in the General Form
section earlier. The difference is in the right side of Figure 4-3 where there
is no decision block to determine the number of remaining readings. Since
DATAFIFO:ALL? will complete even if there are no readings in the FIFQ,
you don’t have to check for them.

Note The example program fast.cs on your C-SCPI driver tape shows how to
retrieve data using the above commands.

( Begin Data Retyieval 1

STAT:OPER:COND?
(bt 4 Measuring)

nents

Cornplete?

Ne Yes

Encugh Readings In

FIFO? = DATAFIFO:COUNTHALF?

No

Execute last Transfer

DATAFIFOALL?
command

Executa Bulk Transter
command

]

= DATAFIFOHALF?

( Exit Data Revieval }

Figure 4-3 Fastest Reading Transfer
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Example Command Sequence

Jast
read_data is a 32-bit floating point array

half flag is a 16-bit integer
*RS8T

SENSE:FUNCTION:VOLTAGE AUTO {@100:163) this is a *RST
default

ROUTE:SEQUENCE:DEFINE LIST1,(@100:163) this is a *RST defaul
ROUTE:SCAN LIST1 this is a *RST defauit
SAMPLE TIMER LIST1,.00001
ARM:SOURCE IMM
TRIGGER:COUNT 16384
TRIGGER:TIMER .001
TRIGGER:SOURCE TIMER
FORMAT REAL 32
INITIATE
Jollowing loop reads half of the FIFO as long as the module is scanning
loop while "measuring” bit is true see STAT:OPER:COND bit 4
DATA:FIFO:.COUNT:HALF? <half_flag>
if half_flag
DATAFIFOHALF? <read_data>
end if
end loop

Jollowing reads remaining data, if any, after scanning stops

DATAFIFOALL? <read_data>

Controlling Data Conversion and Destination

For ROUT:SEQ:DEF, the SCPI Relative Channel specification form can be
used to control the conversion and storage destination of data measured
during a scan. The SCPI Relative Channel specification syntax is:

(@cc(on, nn, nn:nn})
where cc = card number, and nn = channel number.

For the HP E1413, card number becomes the Channel Data Modifier. The
value can range from 1 through 7. The value controls whether Engineering
Unit conversion is performed and the internal destination of the resulting
value. The following table explains the effect of the Channel Data Modifier.
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Table 4-1 Channel Data Modifiers

Channef Data Descrigtion
Modifier

1 Perform EU conversion and store result in both FIFO
buffer and Current Value Table

2% Leave measurement as voltage and store result in both
FIFO and CVT

3 Perform EU conversion and store result in CVT only

4% Leave measurement as voltage and store in CVT only

5 Perform EU conversion and store result in FIFO only

6* 1.eave measurement as voltage and store in FIFO only

T* {eave measurement as voltage and don’{ store result in
either FIFO or CVT. Use as dummy channel set

* Limit Checking is not performed for channels that are not converted to
engineering uhits. '

Both the standard and relative channel specification modes can be mixed
within a Scan List definition. For example:

ROUTE:SEQ:DEF LISTt, {@100:115, 6(00:15))

This command specifies that the readings taken on channels 0 through 15
are to be converied into engineering units and stored in both the FIFO data
buffer and the Current Value Table (CVT). In addition, channels 0 through
15 are o be read and the raw voltage values are to be added to the FIFO
buffer. The FIFO will contain 16 converted readings and 16 voltage
readings. The CVT will contain a converted reading for channels 0 through
15.

To scan channels 0 through 63, send EU converted readings to the FIFO,
and send voltage readings to the CVT

ROUT-SEQ:DEF LIST1,(@5(00:63),4(00:63))

Understanding Scanning Modes

The HIP E1413 is a 64-channel Scanning Analog to Digital converter. The
sequence of channels to scan are specified in a Scan List. Scanning is the
only way the module makes measurements. A Scan list can contain as few
as two channels and as many as 1,024 channels.

Once the module has been initiated and triggered it "executes” the Current
Scan List and stores the resultant readings in the 64 channel Current Value
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Table (CVT) and in the 65,023 reading FIFO Buffer (FIFO). Different
sequences of channels can be specified in each of four Scan Lists. Any of
the four scan lists that have been defined (channels specified) can be
selected as the Current Scan List,

Afier being Initiated, the module executes the Current Scan List once for
each trigger event. There are several choices for the trigger source:

# Several software trigger methods

@ The VXIbus TTLTRG lines

e The external Trigger input

e An on-board Programmable Trigger Timer

e Continuously triggered (TRIG:SOUR IMMediate)

The module provides three main modes of scanning:

e The "Default Mode" is set when INITiate: CONTinuous is set to
OFF, and the TRIGGER:COUNT is set to 1. Power-on and the
*RST command aiso set this mode. The sequence of events for this
mode is shown in Figure 4-4 A. Note that starting at the Trigger Idle
State, you must execute an INITiate command to begin each scan.
The sequence also shows that the Current Scan List (as set by
ROUT:SCAN <scan_list>) becomes effective after the INIT
command.

o The "Counted Mode" is set when INITiate: CONTinuous is set to
OFF, and the TRIGger: COUN is set greater than 1. In this mode a
single INITiate command will allow as many scans as
TRIG:COUNT specifies. Note that TRIG:COUNT can be from 2 to
32768 or INFinity. The sequence of events for this mode is shown in
Figure 4-4 B, The sequence shows that the Current Scan List is set
each time the module completes a scan. This allows the Current Scan
List to be changed "on-the-fly" by executing the
ROUTe:SCAN <sean_list> command while the module is scanning.

® The "Continuous Mode" is set when TRIGger:SOURce 1s set to
IMMediate, and INITiate:CONTinuous is set to ON. Note that
executing INIT:CONT ON not only sets the continuous mode but
also initiates the module. To stop at the end of the current scan, you
execute the INIT:CONT OFF command. The sequence of events for
this mode is shown in Figure 4-4 C. The sequence shows that the
Current Scan List is not read while the module is scanning. This
means that the Current Scan List can not be changed "on-the-fly".
However, by specifying LISTL as the Current Scan List before
INIT:CONT ON, the sequence of scan lists specified in LISTL will
be executed. This mode is the fastest since the module doesn’t have
to read the current scan list or check for the occurrence of a tngger
event.
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Default
A Scanning Mode
{Initiate Continuous Off,
Trigger Counter = 1)

Trigger idie
State

pee—— Initinte
Reads Current
Scan List

Whaiting-For-
Trigger State

foma—— any trigger

Execute Entire
Sean List

Note

Counted Confinuots

8 Scanning Mode c Seanning Mode
(nifiate Continuous Off, {initiate Continuous On,
Trigger Counter > 1) Trigger Source = lmmediate}

Trigger i
State

[~o——— initiate lee—— Initiate Continucus On

Reads Current
( Reads Current ) Scan List

Scan List

Walting-For- Wailing-For-
Frigger State Frigger State
f==—— any trigger F=— Trigge: Immadiate

Exesute Entire Execute Entire
Scan List Scan List

Figure 4-4 Scanning Modes

Example programs on your HP Command Module downloadable driver and
C-8CPI dnver media itlustrate the three scanning modes.

o Use program verif.cs for the Default Mode.
e Use program counted.cs for the Counted Mode.
o Use program through.cs for the Continuous Mode
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Triggering and Scanning Modes

Continuous
(Free Run) Mode

The following section shows the various ways the HP E1413 can control
channel scanning, and how to select the trigger mode to accomplish it.

The Continuous Mode provides the fastest scanning. The time between
channel measurements is controlled by the Trigger Timer interval and is
consistent from channel-to-channel as well as from the last channel in the
scan list back to the first channel in the list when the scan list is re-executed.

b te

f13s7135 %) 4571357{1357 | — Channel Number

T

t; is the sample time between channels.

~
ARM

The large arrow is the arming event or signal. The smaller arrows
are sample triggers generated by the E1413 when stepping through
the channel list,

Example Command Sequence

ROUT:SEQDEF LIST<n>(&101,103,105,107) ncanbe l -4
ROUT:SCAN LIST<n>

SAMP.TIM LIST<n>, <ic>

TRIG:80UR iMM

ARM:SOUR < BUS | EXT [ HOLD | IMM | TTLTRG<i> icanbe 0-7
INIT:CONT ON

Starting

ARM event, either hardware or software
Acquisition starts

Stopping

INIT.CONT OFF Stops at end of Scan List
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Timer Paced Scans  In this mode the Trigger Timer triggers each execution of a scan list. The
trigger timer (tp) can be set from . Ims up to 6.5 seconds. Of course tp must
allow time for all channels to be scanned before the next Timer trigger,

ty > (channel count + 3) * t; + 30us. The Sample timer controls & in the
range from 10ps to 32ms.

The TRIGger: COUNt command controls the number of times any trigger
will be accepted, from 1 to 32767 or INFinite. When the Trigger Count is
exhausted, the module stops scanning uatil another INITiate - ARM - TRIG
sequence is executed, Trig count defaults to 1.

t'w ttl;—’—'l _~ =Trigger Count

8 i N
A}z 7] [t 337 T

fiT i

| — Channel Number
ts is the semple time between channels. .
tp Is the pacing time between channel lists.

The large arrow is the pacing Trigger Timer. The smaller arrows are samEl)_ie
triggers generated by the E1413 when stepping through the channet list. The
first large arrow is the arming event.

Example Command Sequence

ROUT:SEQ:DEF LIST<n> (@101,103,105,107) neanbe ! -4
ROUT:SCAN LIST<n>

SAMP:TIM LIST<n> <te> Iz can be 10us to 32.768ms
TRIG:SOUR TIMER

TRIG:TIMER:PERIOD 1 tpcan be Ims- 653365
TRIG:COUNT<N> Ncean be 1 - 32768 or INF
ARM:SQUR < BUS | EXT | HOLD | IMM | TTLTRG<i> icanbe 0-7
INIT

Starting

ARM evert, either hardware or software
Acquisition starts

Stopping Before Trigger Count is Reached

TRIG:SOUR HOLD Stops at end of Scan List, still
initiated
TRIG:IMM One more scan, now idle
or
ABORT Stops immediately
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Sequenced Scan
Lists

e -

i

2

=
L

This mode uses the Automatic Scan List Sequencing feature (also known as
List-of-Lists). Here, 2 to 4 Scan lists are defined with channels (up to 1024
channel numbers each), then these Scan Lists are executed in the sequence
specified in the List-of-Lists (LISTL). When LISTL is controlling the
sequencing of the Scan Lists (1 through 4), each Scan List specified in
LISTL must contain at least 6 channels. In the example we scan channels |
through 6 on every scan but only scan channels 7 through 9 every other scan.

% bososd dieseseoas §;=es4sst-0hamemumb@r
i Wi i

1 is the sample time between channels.

t, is the pacing time between channel lists,

The large arrow is the pacing Trigger Timer. The smaller arrows are sample
triggers generated by the E1413 when stepping through the channel list. The
first large arrow is the arming event.

Example Command Sequence

ROUT:SEQ:DEF LIST1,(@101:106) Jirst 6 channels

ROUT:SEQ:DEF LIST2,(@101:109) add 7, 8 and 9
ROUT:SEQ:DEF LISTL,(@1.2) List-of-Lists is List 1 and List 2
ROUT:SCAN LISTL Use LISTL
SAMP TIM LISTL <te> Sets samp time for lists in LISTL
TRIG:SOUR TIMER

TRIGTIMER:PERIOD tp tp can be .lms - 6.5536 s

TRIG:COUNT<N> N can be 1- 32768 or INF
ARM:SOUR < BUS | EXT | HOLD | IMM | TTLTRG<i>
INIT

icanbe 0 -7

Starting

ARM event, either hardware or software
Acquisition slaris

Stopping Before Trigger Count is Reached

TRIG:SOUR HOLD Stops at end of Scan, still initiated
TRIG:IMM One more scan, now idle

ar
ABORT Stops immediately, now idle
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Extemalfy Paced This mode is much like the Timer Paced Scans except the trigger source 1s
Srcansg  external to the HP E1413. The trigger could come from a software
command such as TRIG, or a hardware trigger from either the External
Trigger input or one of the VXTbus TTLTRG lines.

s =Trigger Count

a te 1 B
f13s v as7 13357
I e |
| |
trigger trigger trigger

t; is the sample time between channels.

The large arrows are the Trigger events. The smaller arrows are sample
triggers generated by the £1413 when stepping through the channel list

Example Command Sequence

ROUT:SEQ:DEF LIST<n>,(@101,103,105,107) ncanbe ] -4

ROUT:SCAN LIST<n> '

SAMP:TIM LIST<n> <{c> te can be 10ps fo 32 768ms
TRIG:SOUR < BUS | EXT | HOLD | TTLTRG<}> icanbe 0-7

TRIG:COUNT<N> Ncean be I - 32768 or INF
INIT

Starting

Trigger event, either hardware or software
Acquisition slaris

Stopping Before Trigger Count is Reached

Remove Trigger Source _ Stops at end of Scan List, still
initiated
or
TRIG:SOUR HOLD Stops at end of Scan List, still
initiated
TRIG: MM One more scan, now idle
or
ABORT Stops immediately, now idle

Synchronizing Multiple Cards

In this section we show you how to synchronize two or more HP E1413s.
The examples show two cards but the principles may be extended to several,
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ContinuoUs  This example shows you how to start two or more cards scanning at the

(F ree-Ru n) Mode same time. It shows the cards running in the Continuous mode
(TRIG:SOUR IMM and INIT:CONT ON).

Card 1

-
"

ARM KJE

Card 2

bt

fhesaias7iasias )i 357 Channel Number

I

vas7tasias rasthoas 7

i -

t; is the sample time between channels.

The large arrow is the arming event or signal. The smaller arrows
are sample triggers generated by the E1413 when stepping through
the channel list, Sample clocks on each card are not synchronized to

each other

Example Command Sequence

Card 1

ROUT:SEQ:DEF LIST<n>(@101,103,105,107) neanbe I -4

RQUT:SCAN LIST=n>

SAMP:TIM LIST <> <ic>

TRIG:SOUR MM

ARM:SOUR < BUS | EXT | HOLD | IMM | TTLTRG<i> icanbe 0-7
INIT:CONT ON

Card 2
ROUT:SEQ:DEF LIST<n> {@101,103,105,107) necanbe 1 - 4
ROUT:SCAN LIST<n>

SAMP.TIM LIST<n> <>

TRIG:SOUR MM

ARM:SOUR < BUS | EXT | HOLD | IMM | TTLTRG<i> icanbe U-7

INIT:CONT ON

Starting

ARM event, either hardware or software

Acquisition starts

Stopping

INIT:CONT OFF

To both cards, stops at end of
Scan List
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Internal Timer In this case both cards are set up to be paced by their trigger timers. Card 1
Based Scans s also set up to source a trigger on one of the VXIbus TTLTRG lines and
Card 2 is set up to be triggered by that line. This means that triggering card
1 will start both cards.

L ;
b 1 . =Trigger Count

G-i }wtc t N

J[1357] Ei

ltas
Card 1
Master e

AR

0
Bli3s g i13571 b

=

tz is the sample time belweenh channels.

— Channel Number

— L
[ S |
Eamanantts R}

tp is the pacing time between channel lists.

The large arrow is the pacing Trigger Timer. The smaller arrows are sample
triggers generated by the E1413 when stepping through the channel fist. The
first large arrow is the arming evernit.

Example Command Sequence

Card 1
ROUT:SEQ:DEF LIST=<n>(@101,103,105,107) necanbe l -4
ROUT:SCAN LIST<n>
SAMPTIM LIST<n> <i> te can be 10us to 32.768ms
TRIG:SOUR TIMER
TRIGTIMER:PERIOD 1p : thenbe Ims-6.5536s
TRIG:COUNT<N> Nean be 1 - 32768 or INF
ARM:SOUR < BUS | EXT | HOLD | IMM | TTLTRG<i> icanbe 0-7
OUTPTTLT:SOUR TRIG Wili drive TTLT line if triggered
OQUTP:TTLT<q> ON Enable to drive selected ttitrg line
INIT

Card 2
ROUT:SEQ:DEF LIST<n> (@101,103,105,107) ncanbe I - 4
ROUT:SCAN LIST<n>
SAMP.TIM LIST<n> <ic> : te can be 10us to 32.768ms
TRIG:SOUR TTLTRG<qg> Selects trig sourced from card 1
TRIG:.COUNT<N> N can be [ - 32768 or INF
INIT
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Starting

ARM event, either hardware or software
Acquisition starts

Stopping Before Trigger Count is Reached

TRIG:SOUR HOLD Stops at end of Scan List, stiil
initiated
TRIG:IMM One more scan, now idle
or
ABORT Stops immediately

Timer Based $cans  This example shows how to use the E1413’s intemal FTRigger (First
at Different Rates TRigger) event to source triggers onto a VXIbus TTLTRG line. FTRigger

sets the module to source a trigger when the module receives its first trigger
of N where N is set by TRIGGER:COUNT. The ratio of trigger outputs to

. . . I
trigger inputs 18 TRIGCOUNT -

Also shown is the TRIGger: TIMer: MODE command. When
TRIG:TIM:MODE is set to SYNC, the Tngger Timer keeps running even
after the trigger count is reached. When TRIG: TIM:MODE is set to ASYN
{the default) the Trigger Timer stops and is reset each time the trigger count
is reached. By using SYNC you can insure that trigger pacing stays
consistent when the Trigger Count is reset and scanning restarts.
7l
Card 1 TATT
Master l

A
. T mmmmm’ill :
= il f

!

[ tp !
0 b to :

1357 | | — Channel Number

i
i

|

The large arrow is the pacing Trigger Timer. The smalier arrows are sample
triggers generated by the £1413 when stepping through the channellist. The
first large arrow is the arming event,

tz is the sample time between channels.

tp is the pacing time between channel lists
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Example Command Sequence

Card 1
‘ROUT:SEQ:DEF LIST<n>(@101,103,105,107) necanbe I -4
ROUT:SCAN LIST<n>
SAMPTIM LIST<n> <ic> te can be 10us to 32.768ms
TRIG:SOUR TIMER
TRIG: TIMER:PERIOD { Ipenbe Ims-653536s
TRIG:TIMER:MODE SYNC Keep Timer running during

INIT:CONT ON

TRIG:COUNT 2
ARM:SOUR < BUS | EXT | HOLD | IMM | TTLTRG<i> icanbe 0-7
OUTP:TTLT:SOUR FTR st trig will source TTLTRG
OUTP:TTL.T<g> ON Enable to drive selected tiitrg line
INIT:CONT ON

Card 2
ROUT:SEQ:DEF LIST<n>(@101,103,105,107) neanke -4
ROUT:SCAN LIST<n>
SAMP:TIM LIST<n> <tc> to can be 10us fo 32.768ms
TRIG:SOUR TTLTRG<q> Selects trig sourced from card 1
TRIG:COUNT<N> N can be [ - 32768 or INF
INIT
Starting

ARM event, either hardware or software
Acqguisition starts

Stopping Before Trigger Count is Reached

INIT.CONT OFF To Master Card
TRIG:SOUR HOLD Stops at end of Scan List, still
initiated
TRIG MM One more scan, now idle
or
ABORT Stops immediately

4-18 Understanding the HP E1413



Using the Status System

The HP E1413°s Status System allows you to quickly poll a single register
(the Status Byte) to see if any internal condition needs attention. Figure 4-5
shows the Status System in detail. Figure 4-5 shows that the three Status
Groups {Operation Status, Questionable Data, and the Standard Event
Groups) and the Output Queue all send summary information to the Status
Byte. By this method the Status Byte can report many more events than its
eight bits would otherwise atlow.

Note The C-SCPI program stafus.sepi on your C-SCPI driver tape, shows how to
use the status system.

Questionable Data Group

Output X
Queue }——
|
1
.
Status Byte

read with
*5787

group summary bits ~

Operalion Status Group

Standard Event Group

Figure 4-5 Simplified Status System Diagram
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Enab!ing Eventsto mn Figure 4-5 you will note that each Status Group has an Enable Register.
be Re ported in the These control whether or not the occurrence of an individual status
Status Byt e condition will be reported by the group’s summary bit in the Status Byte.

Questionable Data Group Examples

If you only wanted the "FIFO Overflowed" condition to be reported by the
QUE bit (bit 3) of the Status Byte, you would execute;

STAT.QUESENAB 1024 1024 =decimal value for bit 10

If you wanted the "FIFO Overflowed" and "Setup Changed" conditions to
be reported you would execute;

STAT.QUES.ENAB 9216 92 16=decimal sum of values for
bits 10 and 13

Operation Status Group Examples

If you only wanted the "FIFO Half Full" condition to be reported by the
OPR bit (bit 7) of the Status Byie, you would execute;

STAT:OPER:ENAB 1024 1024 =decimal value for bit 10

If you wanted the "FIFO Half Full" and "Scan Complete" conditions to be
reported you would execute;

STAT:OPER:ENAB 1280 1280==decimal sum of values for
bits 10 and 8

Standard Event Group Examples

If you only wanted the "Query Error”, "Execution Error”, and “Command
Error" conditions to be reported by the ESB bit (bit 5) of the Status Byte,
you would execute;

*ESE 52 3 2=decimal sum of values for
bits 2, 4, and 5

Reading the Status To checkif any enabled events have occurred in the status system, you first
Byte read the Status Byte using the *STB? command. If the Status Byte is all
zeros, there is no summary information being sent from any of the status
groups. If the Status Byte is other than zero, one or more enabled events
have occurred. You interpret the Status Byte bit values and take further
action as follows:

Bit 3 (QUE) Read the Questionable Data Group’s Event Register
bit value 819 using the STAT.QUES:EVENT? command. This
will retumn bit values for events which have occurred
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Clearing the Enable
Registers

The Status Byte
Group’s Enable
Register

in this group. After reading, the Event Register is
cleared.

Note that bits in this group indicate error conditions.
If bit 8, 9 or 10 is set, error messages will be found in
the Error Queue_ If bit 7 is set, error messages will
be in the error queue following the next *RST or
cycling of power. Use the SYST.ERR? command to

read the error(s).
Bit 4 (MAV) There is a message available in the Output Queue.
bit value 1610 You should execute the appropriate query command,
Bit 5 (ESB) Read the Standard Event Group’s Event Register
bit value 3210 using the *ESR? command. This will return bit

values for events which have occurred in this group .
After reading, this status register is cleared.

Note that bits 2 through 5 in this group indicate error
conditions, If any of these bits are set, error messages
will be found in the Error Queue. Use the
SYST:ERR? command to read these.

Bit 7 (OPR) Read the Operation Status Group’s Event Register

bit value 1281p using the STAT:OPER:EVENT? command. This will
return bit values for events which have occurred tn
this group. After reading, the Event Register is
cleared.

To clear the Enable Registers execute:

STATPRESET Jfor Operation Status and
Questionable Data Groups

*ESEQ Jor the Standard Event Group

*SRE O Jor the Status Byte Group

The Enable Register for the Status Byte Group has a special purpose. Notice
in Figure 4-5 how the Status Byte Summary bit wraps back around to the
Status Byte. The summary bit sets the RQS (request service) bit in the
Status Byte. Using this Summary bit (and those from the other status
groups) vou can poll the Status Byte and check the RGS bit to determine if
there are any status conditions which need attention. In this way the RQS bit
15 like the HP-IB’s SRQ (Service Request) line. The difference is that while
executing an HP-IB senal poll (SPOLL) releases the SRQ ling, executing
the *STBY command does not clear the RQS bit m the Status Byte. You
must read the Event Register of the group who’s summary bit is causing the
RQS.
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Reading Status  You may want to directly poll status groups for instrument status rather than
Grou ps Direcﬂy poll the Status Byte for summary information.

Reading Event The Questionable Data, Operation Status, and Standard Event Groups all
Registers have Event Registers. These Registers log the occurrence of even temporary
status conditions. When read, these registers return the sum of the decimal
values for the condition bits set, then are cleared to make them ready to log
further events. The commands to read these Event Registers are:

STAT.QUES:EVENT? Questionable Data Group Event
Register

STAT.OPER:EVENT? Operation Status Group Event
Register

*ESR? Standard Event Group Event
Register

Clearing Event  To clear the Event Registers without reading them execute:
Registers

*CLS clears all group’s Event Registers

Reading Condition The Questionable Data and Operation Status Groups each have a Condition
Registers Register. The Condition Regisier reflects the group’s status condition in
"real-time", These registers are not latched so transient events may be
missed when the register is read. The commands to read these registers are:

STAT:QUES:COND? Questionable Data Group
Condition Register

STAT:OPER:CONDG? Operation Status Group
Condition Register
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HP E1413 Background Operation

The HP E1413 inherently runs its measurements and calibration in the
background mode with no interaction required from the driver. All
resources needed to run the measurements are controlled by the on board
Control Processor.

The driver is required to setup the type of measurement to be run, and to
unload data from the card after it has been acquired. Once the INIT[:IMM]
or INIT:CONT ON commands are given, the HP E1413 is initiated and all
functions of the trigger system and acquisition are controlled by its on-board
control processor. The driver retumns to waiting for user commands. No
interrapts are required for the HP E1413 to complete its measurement.

While the module is measuring, the driver can be queried for its status, and
data can be read from the FIFO and CVT. One command can be given
which changes the measurement setup, i.e., the scan list can be changed
using ROUT:SEQ:DEF. The INIT:CONT OFF command may also be
given to force a continuous measurement to complete. Any other changes to
the measurement setup will not be allowed until the measurement
completes, or an ABORT command is given. Of course any commands or
queries can be given to other instruments while the HP E1413 is actively
measuring,.

Updating the Status System and VXI Interrupts

The driver needs to update the status systems information whenever the
status of the HP E1413 changes. This update is always done when the
status system is accessed, or when CALibrate, INIT or ABORt commands
are executed. Most of the bits in the OPER and QUES registers represent
conditions which can change while the HP E1413 is measuring (initiated).
In many circumstances it is sufficient to have the status system bits updated
the next time the status system 1s accessed, or the INIT or ABOR¢t
commands are given. When it is desired to have the status system bits
updated closer in time to when the condition changes on the HP E1413, the
HP E1413 interrupts can be used.

The HP E£1413 can send VXI interrupts upon the following conditions:

e Triggertoo Fast condition is detected. Trnigger comes pror to trigger
system being ready to receive trigger.

e FIFO overflowed. In cither FIFO mode, data was received after the
FIFO was full.

¢ Overvoltage dstection on input. 1f the input protection jumper has
not been cut, the input relays have all been opened, and a *RST is
required to reset the HP E1413.

e Scan complete. The HP E1413 has finished a scan list.
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SCP trigger. A trigger was received from an SCP.

FIFO half full. The FIFO contains at least 32768 readings.

Limit Test was exceeded.

Measurement complete. The trigger system exited the "Wait-For-
Arm" state and is checking for INIT CONTinuous. This clears the
Measuring bit in the OPER register.

4 & & @

These HP E1413 interrupts are not always enabled since, under some
circumstances, this could be detrimental to the users system operation.” For
example, the Scan Complete, SCP triggers, FIFO half full, and
Measurement complete interrupts could come repetitively, at rates that
would cause the operating system to be swamped processing interrupts. In
the C-SCPI environment, there are times when interrupts from the HP
E1413 could cause problems with system function calls, as described in the
C-SCPI User’s Guide. These conditions are dependent upon the user’s
overall system design, therefore the driver allows the user to decide which,
if any interrupts will be enabled.

The way the user controls which interrapts will be enabled is via the *OPC,
STATUS:OPER/QUES:ENABLE, and STAT:PRESET commands.

Each of the interrupting conditions listed above, has a corresponding bit in
the QUES or OPER registers. 1f that bit is enabled via the
STATus:OPER/QUES:ENABIle command to be a part of the group
summary bit, it will also enable the HP E1413 interrupt for that condition.
if that bit is not enabled, the corresponding interrupt will be disabled.

Sending the STAT-PRESET will disable all the interrupts from the HP
E1413.

Sending the *OPC command will enable the measurement complete
interrupt. Once this interrupt is received and the OPC condition sent to the
status system, this interrupt will be disabled, if it was not previously enabled
via the STATUS:OPER/QUES:ENABLE command.

The above description is always true for a downloaded driver. In the c-scpi
driver, however, the interrupts will only be enabled if cscpi_overlap mode is
ON when the enable command is given. If cscpi_overlap is OFF, the user is
indicating they do not want interrupts to be enabled. Any subsequent
changes to cscpi_overlap will not change which interrupts are enabled.

Only sending *OPC or STAT:OPER/QUES:ENAB with cscpi_overlap ON
will enable interrupts.

In addition the user can enable or disable all interrupts via the SICL calls,
iintron{) and iintroff().
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See the Chapter 5 of the C-SCPI users guide for more details on the
overlapped mode and using interrupts in the C-SCPI environment.

Compensating for System Offsets

System Wiring Offsets

Residual Sensor
Offsets

Operation

The HP E1413 can compensate for offsets in your system’s field wiring.
Apply shorts to channels at the Unit-Under-Test (UUT) end of your field
wiring, and then execute the CAL: TARE (@<ch_lisf>) command. The
instrument will measure the voltage at each channel in <ch_lisf> and save
those values in RAM as channel Tare constants.

To remove offsets like those in an unstrained strain gage bridge, execute the
CAL: TARE command on those channels. The module will then measure the
offsets and like in the wiring case above, remove these offsets from future
measurements. In the strain gage case, this "balances the bridge" so all
measurements have the initial unstrained offset removed to allow the most
accurate high speed measurements possible.

After CAL:TARE <ch_lisf> measures and stores the offset voltages, it then
performs the equivalent of a * CAL? operation, This operation uses the Tare
constants to set a DAC which will remove each channel offset as "seen" by
the module’s A/D converter.

The absolute voltage level that CAL:TARE can remove is dependent on the
A/D range. CAL: - TARE will choose the lowest range that can handle the
existing offset voltage. The range that CAL: TARE chooses will become the
lowest usable range (range floor) for that channel. For any channel that has
been "CAL:TAREd" Autorange will not go below that range floor and a
selecting a manual range below the range flcor will retum an Overload
value (see table on page 5-48).

As an example assume that the system wiring to channel 0 generates a +0.1
Volt offset with 0 Volts (a short) applied at the UUT. Before CAL.TARE
the module would return a reading of 0.1 Volt for channel 0. Afier
CAL:TARE (@100}, the module will return a reading of 0 Volts with a
short applied at the UUT and the system wiring offset will be removed from
all measurements of the signal to channel 0. Think of the signal applied to
the instrument’s channel input as the gross signal value, CAL:TARE
removes the tare portion leaving only the nef signal value.

Because of settling times, especially on filtered channels, CAL:TARE can
take a number of minutes to execute.

The tare calibration constants created during CAL: TARE are stored in and
are usable from the instrument’s RAM. If you want the Tare constants to be
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NOTE

Resetting CAL:TARE

Special
Considerations

Maximum Tare
Capability

stored in non-volatile Flash Memory you can execute the
CAL:STORE TARE command.

The HP E1413’s Flash Memory has a finite lifetime of approximately ten
thousand write cycles (unlimited read cycles). While executing CAL:STOR
once every day would not exceed the lifetime of the Flash Memory for
approximately 27 years, an application that stored constants many times
each day would unnecessarily shorten the Flash Memory’s lifetime.

If you wish to "undo" the CAL: TARE operation, you can execute the
CAL:TARE:RESet command. If current Tare calibration constants have
been stored in Flash Memory, execute CAL: TARE:RESET, then
CAL:STORE TARE.

Here are some things to keep in mind when using CAL:TARE.

The tare value that can be compensated for is dependent on the instrument
range and SCP channel gain settings. The following table lists these limits

Maximum CAL TARE Offsels

Changing Gains or
Filters

Unexpected Channel
Offsets or Overloads

AJD range Offset V COffset V Offset V Offset V
4V F.8cale Gain x1 Gain x8 Gain x16 Gain x84
16 32213 40104 20009 04870
4 82101 10101 05007 01220
1 23081 02721 01317 00287
25 07581 00786 00349 00055
0625 03792 00312 00112 n/a

If you decide to change a channel’s SCP setup afier a CAL; TARE operation
you must perform a *CAL? operation to generate new DAC constants and
reset the "range floor" for the stored Tare value. You must also consider the
tare capability of the range/gain setup you are changing to. For instance if
the actual offset present is 0.6 Volts and was "Tared" for a 4 Volt
range/Gain x1 setup, moving to a | Volt range/Gain x1 setup will retum
Overload values for that channel since the 1 Volt range is below the range
floor as set by CAL.TARE. See table on page 5-48 for more on values
retumed for Overload readings.

This can occur when your E1413’s Flash Memory contains CAL: TARE
offset constants that are no longer appropriate for its current application.
Execute CAL: TARE:RESET to reset the tare constants in RAM. Measure
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the affected channels again. If the problems go away, you can now reset the
tare constants in Flash memory by executing CAL:STORE TARE.

Detecting Open Transducers

Open transducer detection is implemented in Signal Conditioning Plug-ons.
See "Detecting Open Transducers” in Section 6 "Signal Conditioning
Plug-on Manuals”.

HP E1413 Thermocouple Reference Compensation

The HP E1413 performs reference junction compensation automatically on
all channels defined as thermocouple measurements by the FUNC:. TEMP
TC command. There are two ways to do reference junction compensation in
the HP E1413;

1. You can define the Reference Junction temperature to be a fixed
value using the SENSE:REF: TEMP command. Use this method if the
copper-to-thermocouple wire junction is at a connection panel with
active temperature control. These panels are sometimes called
"Uniform Temperature Reference” (UTR) panels or sometimes
"Isothermal Reference Panels”.

For example, if the UTR is specified to operate at 85 Degrees
centigrade, the panel will contain heating elements which keep the
panel at exactly 85 degrees. If you use an 85 degree panel, use the
command "SENSE:REF. TEMP 85.0". Then all future thermocouple
measurements will be corrected for this value.

2. You can measure the Reference Junction temperature dunng a scan,
using 5K ohm Thermistors, RTDs (resistance thermal devices) or
with another "Custom" absolute temperature measuring device. (The
"Custom" device is pre-defined in the HP E1413 asa Type K
thermocouple which has a thermally controlled ice point reference
junction.) Reference temperature is measured during a scan by
defining a channel to be a temperature reference channel using the
SENSE:REF command, then including that channel in the scan list
sequence before the thermocouple channels,

For example, to use the 5K thermistor built into the HP E1413-66510
terminal block, do the following:

a. Connect the built-in thermistor to a channel’s input terminals on
the terminal block. In this example, we will use channel 0.
Connect wires from the terminal labeled "HTS" to the terminal
labeled "HOO". and connect a wire from the terminal labeled
"LTS" to the terminal labeled "L0OO".
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b. Be sure the HP E1413°s cutrent source is connected to excite the

on-board 5K thermistor. This requires the two jumpers at IM1 to
be in the "on-board" position (not the REMote position), see
Figure 2-6.

. Define channel 0 to be a 5K thermistor reference temperature

channel. This requires the command
SENSe:REF THER,5000,(@100).

Put Channel 0 into the scan list before any thermocouple
channels. Do this using the ROUT.SEQ: DEF command. Each
time channel 0 is measured, a new value for the reference
temperature will be stored in the HP E1413, and used for the
thermocouple channels that follow in the scan list. The measured
reference temperature by default is sent to the CVT and FIFO. If
you do not want the reference temperature reported, you can set
the Channel Data Modifier for that channel to 7 (see Controlling
Data Conversion and Destination on page 4-7).

The SCPI Command sequence should be:

FUNC:TEMP TC E.(@108:115)
FUNC:TEMP TC J (@116:123)
SENS:REF THER,5000,{(@100)
ROUT:SEQ:DEF LIST1,(@100,108:115,116:123)

INIT
TRIG

DATAFIFO?
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Reducing Settling Waits

While the HP E1413 can auto-range, measure, and convert a reading to
engineering units as fast as once every 10 ps, measuring a high level signal
followed by a very low level signal may require some extra settling time
(another 10 or 20 ps). The best solution is to insert settling time only for
channels where it is required, rather than to increase sample time for all
channels because of one or two problem channels. With the HP E1413
channels will be scanned in any order you specify including multiple times,
and vou can specify which readings to return and which to discard
(ROUT:SEQ:DEF command). Using this capability you can set your scan
sequence to measure input channels from lowest level to highest level. This
will minimize channel settling problems. If you plan to continuously
execute a scan list, wrapping around from the last channel to the first
channel can present this high level signal to low level signal settling
problem. To allow for additional channel settling time here, you can
measure the low level channel two or more times but only return data from
the final measurement of that channel, Figure 4-6 will illustrate this idea.

Ctr 00

Ch ot 1 mY

Ch 02 a5 ¥

Ch Q3

Ch 04 85 v

By executing:
ROUTE:SEQUENCE:DEFINE LIST1 {@7{1),101,103,104,102,100)

Scan Sequence becomes:

N

Ch 01 at 10 mV (measurement discarded)
ChO1atiomv

Cho3at 2V

Cho04at 85V

ChOZ2at35V

Chogatizv

]

Figure 4-6 Recommended Scanning Sequence
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ARM:SOURce? . . . . . ... .. e e 5-16
CALCulate: AVERagel-STATe] ON|OFF . . . . . e e 3-18
CALCulate: AVERage[:STATe? . . . . . . . 5-18
CALCulate: AVERage:COUNE <ai> . 0 . . L e 3-18
CALCulate AVERage:COUNI? . . . . . . . 5-19
CALCulate: CLIMits: FAIL[-CUMulative]? . . . . . . . .. oo 0 e 5-19
CALCulate: CLIMits FATL.CURRent? . . . . . . . . . ..., 5-20
CALCulate: CLIMits FLIMits[:CHANnels]{:CUMulative]? . . . . .. .. ... ... ... ... .... 3-20
CALCulate: CLIMits FLIMits[;CHANnels|:CURRent? . . . .. .. .. ... . ... . ... ... ... 5-21
CALCulate: CLIMits: FLIMits:POINts{:CUMulative]? . . . . . . ... .. .. e 5-21
CALCulate: CLIMits: FLIMits POINts:CURRent? . . . . .. . .. ..., 5-21
CALCulate LIMIt[:STATe] ON|OFFA@<ch list>) . . .. . . . . .. . ... .. ... 5-22
CALCuolate: LIMit{:STATe}? (@<channel>Y . . . . . .. . .. . 5-22
CALCulate: LIMit: FAIL[-:CUMulative]? (@<channel>) . .. . . . .. . .. ... .. ... .. ... ... 35-23
CALCulate: LIMit: FAIL.CURRent? (@<channel=y . . . . . .. . ... .. ... .. ... .. .... 5-23
CALCulate: LIMit LOWer[:STATe] ONIOFF (@<ch_list>) . . . . . .. . .. ... ... .. ... 5.24
CALCulate: LIMit-LOWer{:STATe]? (@<channel>y . . . . . . ... ... . .. .. ... ..... 5-24
CALCulate: LIMitLOWerDATA <lower fim>{@<ch list>y . . ... . _ . ... ... .. .. ... .. .. 5-24
CALCulate: LIMitLOWerDATA? (@<channel>y . . .. . . . ... . ... ... ... ... 5-25
CALCulate: LIMit:UPPer[.STATe] ONIOFF(@<ch list>y . .. . . . .. . . ... .. ... .. ..., 5-23

CALCulate: LIMit:UPPer[:STATe]? (@<channel>)
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CALCulate LIMit UPPer:DATA <upper_lim> (@<ch lst>)y . ... .. ... . ... ..

CALCulate LIMit UPPer DATAY (@<channel>) . . . .

CALibration. CONFigure' RESistance . . . . . . e e
CALibration:CONFigure: VOLTage <range> . . . . .. .. e
CALibration' SETup . L
CALibration:SETup? .. . . .. e
CALibration:STORe A.D("‘ITARE ...... . R .
CALibration'TARE (@<ch Iisf>) . .. .. ... o e
CAlLibration TARERESet e e
CAlibration’TARE? . . ... ... .. ... . e
CALibration:VALue RESistance <ref ohms> s
CALibration:VALue:VOLTage <ref volts> . . .
CALibration:ZEROT . . . . . . .
DIAGnostic:CHECksum? . . . . . ..
. DIAGnostic:COMMand: SCPWRITE <reg_addr> <reg data> . . . . .. . . .. e e e e
DIAGnostic:CUStom:LINear <table ad range> <table block> ({@<ch lzst>} .................
DN AGnostic: CUStom PIECewise <table ad range><table block>(@<ch list=y . . . .. ... ... ...
DIAGnostic.CUSTom:REFerence: TEMPerature . . . . . .. ... ... .. .. ... ... e
DIAGnostic:INTermuptf:LINe] <ins fine> . . . . 0 ... . oL
DiAGnostic:INTermauptf LINel? . . . . . . 0 . o
DIAGnostic:OTDetect{:STATe] ON[OFF(@<ch _lisl>) . . . ... ... ... .. ... ... . .....
DIAGnostic:OTDetect]:STATe]? (@<charmel=}. . . . . . .. . . . . ...
DIAGnostic:QUERyY:SCPREAD? <veg addr> . . . . . . . .. . ..
DIAGnostic: VERSION? . . . . . . . e
FETCh? . . .
FORMatf:DATA] <formaf>[<size>] . . . . . .
FORMat[:DATAY? . . o
INITiate: CONTimrous ON|OFF . . . .. . 0 o0 o oo,
INiTiate[[IMMediate] . . . . .. . . .. . o e e
INPut FH. Ter[.LPASsV.FREQuency <cutoff freq>(@<ch list>) . . . . . .. .. .. .. . . ... ... ...
INPut:FIL Ter[ LPASs] FREQuency? (@<channe!>) . . . .. . ... . ... .. .. . ... .......
INPut:FILTer[[LPASSIL:STATe] ON|OFF(@<ch fist>) .. ... ... . . ... . ... ...,
INPut FHL Ter[.LPASS)[:STATe}? (@<chanrnel>y . . . . . . .. . . ... ... .. ....
INPut GAIN <chan gain>(@<ch Hst>) . . . . . .
INPut:GAIN? (@<channel>) . . . . .. .. .
MEMory VME:ADDRess <424 address> . . . . . . . . ..
MEMory VME:ADDRess? . . . . . .. . . .
MEMory : VMESIZE <mem size™> . . . . . . . . .
MEMory: VME:SIZET . . . . e
MEMory: VME:STATe ONJOFF . . . . . .
MEMory: VMESTATe? . . . . . e
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QUTPut:CURRent: AMPLitude <amplitude>{@<ch_list=) . . ... . ... . ... ... .. ... ...... 5-59

OUTPut: CURRent: AMPLitude? (@<chammel>) . . . . . . . ... .. .. i 5-60
OUTPut:CURRent[:STATe] 1|0 |ONIOFF(@<ch list>) . . . . . .. .. .. 5-60
OUTPut:CURRent:STATe]? (@<channe!>) . .. .. . . ... .. ... ... ... ......... 561
OUTPut:SHUNt 1] 0,(@<ch_fist>) . . .. . e 5-61
OUTPut: SHUNt? (@<chanmnel>) . . . . . .. . e e 5-62
OUTPut TTLTrg:8OURce TRIGger|FIRigger| SCPlugon |LIMit . . ... .. ..... .. ... ... .. 5-62
OUTPut:TTLTrg:SOURCe? . . . . . . . e 5-63
OUTPut TTLTrg<n>[:STATe} ONIOFF . . . .. . 5-64
OQUTPut: TTLTrg<n>[:STATE]? . . . . .. . .o 5-64
ROUTe:SCAN <scan [isf> . . .. . . o e 5-65
ROUTe:SEQuence:DEFine <scan list>(@<ch_lisf>) . .. . .. ... . . .. . 5-66
ROUTe:SEQuence: DEFine? <scan list>CHANnel | MODifier . . . . ... . ... . ... .. .. 5-68
ROUTe:SEQuence: POINIS? <scan lisf> . . . . . .. . i e e 5-69
SAMPle:TIMer <scan list><ipterval> . . .. .. o e 5-71
SAMPle:TIMer? <scan list> . . . . . L e 5-72
[SENSe JDATA:CVTable? (@<ch list>) . .. .. . . . .. .. 5-74
[SENSe:IDATACVTableRESet . . . . . ... . . 5-75
[SENSe IDATAFIFOLALL]? L . . . 3-75
[SENSe IDATAFIFO:COUNT? © . e e 576
[SENSeJDATAFIFO-COUNTHALF? . ... . . e 5-76
[SENSe: IDATAFIFOHALF? . . . e e 5-77
[SENSe:IDATAFIFOMODE BLOCK|OVERwrite . . . . . . ... . . ... 578
[SENSe: JDATAFIFO:MODE? | . . .. . e 3-78
[SENSe; ]DATATFIFOPART? <n_readings™ . . . . . . . 0 0 00 o 5-79
[SENSeIDATAFIFORESel . . . . . . ... 3-80
[SENSe:JFILTer]:LPASs|[:STATe] ONJOFF . . . . . . . . . 5-80
[SENSe: JFILTer[:LPASSI:STATE]? . . . . . . . . e 5-80
[SENSe: [FUNCtion:CUSTom [<range>@<ch list>) . . . .. ... ... ... ... . ........ 5-81
[SENSe: I[FUNCtion:CUSTom:REFerence [<range>(@<ch_fist>y ... ... ... ... ... .. ... 5-81
[SENSe;JFUNCtion:CUSTom: TCouple <type>[<range>](@<ch_list>) .. . .. ... . ..., .. .. 5-83
[SENSe: JFUNCtioncRESistance <excife_current>[<range>]@<ch_list>) . . ... ... .. ... ... . 5-84
[SENSe: JFUNCtion:STRain. FBENding [<range> |(@<ch list)y ... . ... .. e 5-85
[SENSe: [FUNCtion:STRainFBPoisson [<range>{@<ch lst>y . ... ... .. .. ... .. .. 5-85
[SENSe JFUNCtion; STRain:FPQisson [<range> J(@<ch_ lst>) .. .. . ... ... .. 5-85
[SENSe [FUNCtion: STRainHBENding [<range> W@<ch_fisf) . . . . .. ... .. .. ... ... ... 5-85
[SENSe: JFUNCtion:STRainHPOisson [<range> W@<ch flist>)y . . .. ... .. ... . ... ..... 5-85
{SENSe:JFUNCtion: STRain[-QUARter] [<range> (@<ch_list>) . . . . .. .. e ... 5385
[SENSe: |JFUNCtion TEMPerature <sensor_type> <sub_type> [<range>,] (@<ch_ hst>) . . ¥
[SENSe JFUNCHion VOL Tage:DC) {<range>N@<ch_list>) . . .. .. .. .. . ... 5-88
[SENSe: |REFerence <sensor_type>[<sub_type>])l<range>] (@<ch_list>y . . . ... ... ... ... .. . 5-89
[SENSe:|REFerence TEMPerature <degrees ¢> . . . . . . . . ... oo 5-91
[SENSe:|STRain EXCitation <excite v>{@<ch list>) . . . . . . . . ... 5-91
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[SENSe jJSTRain EXCitation? (@<channel>y . . . . . . ... ... ... 0 . 592

[SENSe|STRain.GFACtor <gage factor>(@<ch list>y . .. . . .. . .. .. .. ... ... ... 5-93
[SENSe:]STRain:GFACor? (@<chanmel>) . . . . .. . .. ... ... ... ... ... 583
[SENSe |STRain:POISson <poisson_ratio>(@<ch list>) .. . ... . ... . ... .. ... .. ... . 5-94
[SENSe: 18 TRain: POISson? {(@<channef>) .. . . ... ... . . ... . ... N 5-94
[SENSe:]8TRain:UNSTrained <unstrained v>(@<ch _Hst>} ... ... . . ... ... 5-94
[SENSe |STRain UNSTrained? (@<channel>) . . .. .. ... ... ... 5-95
STATus:OPERation: CONDitlon? . . . . .. . ... . .. 5-93
STATus:QPERation ENABle <enable mask> . . ., . . . . . . ... o 5-98
STATus:OPERation ENABIe? . . . . . . . . 5-99
STATus:OPERation[EVENL? . . . . . . .. . e 5-99
STATus: PRESEL . . . . . . e e e 5-100
STATus:QUEStionable:CONDition? . . .. .. . .. ... 5-101
STATus:QUEStionable: ENABle <enable mask> . . . . . .. .. .. .. .. ... .. S 5-101
STATus:QUESHonable ENABIeT . . . . . . . .. . . 5-102
STATus:QUEStionable[EVENT . . . .. . . . 5-102
SYSTem:CTYPe? (@<chanmel>) . .. ... ... . ... ... ... ... ... .. e 5-103
SYSTem:ERROI7 . . . . . . e 5-103
SYSTem:VERSIon? . . . . . . . e 5-104
TRIGger:COUNL <irig count> . . . . . . o 5-106
TRIGger:COUNIT . . . . e 3-106
TRIGgerDIMMediate] . . . . . . . . 5-107
TRIGger:SOURce BUS|EXT|HOLD | IMM | TiMer | TTLTrg<n> . . . . . . .. .. ... ... ... .. 5-107
TRIGger:SOURCE? . . . . . . e .. 5-108
TRIGger: TIMer MODE SYNChronous | ASYNchronous . . . . . . .. ... ... . ... . .. 3-108
TRIGger: TIMerMODE? . . . e 5-109
TRIGger TIMer[[PERIod] <trig inferval> . . . . .. .. . . .. 5-109

TRIGger TIMer[PERIod]? . . . . . .. .. .. . oo 5110

FCALT 3-111
FOLS 5-111
RS 5-112
*ESE? 5-112
FESR? e 5-112
FIDINT e 5-112
*FOPC e 5-113
FOPCT 5-113
FRET e 5-113
FERE L L 5-114
*BRE? . L 5-114
¥ETBT L L 5-114
FTSTT 5-115
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Command Fundamentals

Common
Command
Format

SCPI
Command
Format

Command
Separator

Abbreviated
Commands

Commands are separated into two types: IEEE-488.2 Common Commands and
SCPI Commands. The SCPI command set for the HP E1413 1s 1990 compatible

The TEEE-488.2 standard defines the Common commands that perform functions
like reset, self-test, status byte query, etc. Common commands are four or five
characters in length, always begin with the asterisk character (*), and may include
one or more parameters. The command keyword is separated from the first
parameter by a space character, Some examples of Common commands are:

*R8T
*ESR 32
*STR?

The SCPI commands perform functions ke closing switches, making
measurements, and querying instrument states or tetrieving data. A subsystem
command structure is a hierarchical structure that usually consists of a top level (or
root} command, one or more lower level commands, and their parameters. The
following example shows part of a typical subsystem:

ROUTe
‘SCAN <scan list>
‘SEQuence
:DEFine <scan_list>({@<ch_lisr>)
‘POINts? <scan_list>

ROUTe is the root command, :SCAN (with a parameter) and :SEQuence are second
level commands, and :DEFine, and POINts? are third level commands.

A colon (:) always separates one command from the next lower level command as
shown below:

ROUTE:SEQUENCE:POINTS? LIST1

Colons separate the root command from the second level command
{(ROUTE:SEQUENCE) and the second level from the third level
(SEQUENCEPOINTS?). The parameter LIST1 15 separated from the command by
a space.

The command syntax shows most commands as a mixture of upper and lower case
letters. The upper case letters indicate the abbreviated spelling for the command. For
shorter program lines, send the abbreviated form. For better program readability,
send the entire command. The instrument will accept either the abbreviated form or
the entire command.
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For example, if the command syntax shows SEQuence, then SEQ and
SEQUENCE are both acceptable forms. Other forms of SEQuence, such as
SEQU or SEQUEN will generate an error. You may use upper or lower case
letters. Therefore, SEQUENCE, sequence, and SeQuEnCe are all acceptable.

implied Implied commands are those which appear in square brackets ([ ) in the command
Commands syntax. (Note that the brackets are not part of the command, and are not sent to the
instrument.) Suppose you send a second level command but do not send the
preceding implied command. In this case, the instrument assumes you intend to use
the implied command and it responds as if you had sent it. Examine the INITiate
subsystem shown below:

INI'hiate
:CONTinuous ON|OFF
[ IMMediate]

The second level command :IMMediate is an implied command. To set the
instrument’s trigger system to INIT:IMM, you can send either of the following
command statements:

INITIMM or  INIT

Variable Some commands will have what appears to be a vanable syntax. As an example:
Command Syntax OUTPut:TTLTrg<n>:STATe ON

In these commands, the "<n>" is replaced by a number. No space is left between the
command and the number because the number is not a parameter. The number is
part of the command syntax. The purpose of this notation is to save a great deal of
space in the Command Reference. In the case of ... TTLTrg<n>..., n can be from 0
through 7. An example command statement:

OUTPUT. TTLTRG2:STATE ON

Parameters Parameter Types. The following table contains explanations and examples of
parameter types you will see later in this chapter.

Parameter Types Explanations and Examples

Numenc Accepts all commeonly used decimal representations of
numbers including optional signs, decimal points, and
scientific notation:

123, 123E2, -123, -1.23E2, 123, 1.23E-2, 1.23000E-01.
Special cases include MIN, MAX, and INFinity.

A parameter that represents units may also include a
units suffix. These are:
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Boolean

Discrete

Channel List
(Standard Form)

Channel List
(Relative Form)

Volts: V, my=10"; uy=10"¢

Ohms; ohm, kohmﬂ103, mohm=10°
Seconds; s, maec=10"7", usec=10°
Hertz, hz, khz=10°, mhz=10%, ghz=10°

The Comments section within the Command Reference
will state whether a numeric parameter can also be specified
in hex, octal, and/or binary,

#H7B, #Q173, #B1111011

Represents a single binary condition that is either
tnie or false.

ON, OFF, 1, 0.

Selects from a finite number of values. These parameters
use mnemonics to represent each valid setting.

An example s the ROUTe:SCAN <scan_list> command
where <scan lisr> can be LIST1, LIST2, LIST3, or LIST4.

The general form of a single channel specification is:

ccnn
where cc represents the card number and nn represents the
channel number.

Since the HP E1413 has an on-board 64 channel multiplexer,

the card number will be 1 and the channel number can range

from 00 o 63. Some example channel specifications:
channel 0=100, channel 5103, channel 54=154

The General form of a channel range specification is:
cecnnicen  (colon separator)
{the second channel must be greater than the first)
Example:
channels 0 through 15=100:115

By using commas to separate them, individual and range
specifications can be combined into a single channel list:
0, 5, 6 through 32, and 45=((@100,105,106:132,145)

The SCPI Relative Channel specification syntax is:
(@cc(nn, nn, nn:nn))
where cc = card number, and nn = channel number.
Example:
0, 5, 6 through 32, and 45=(@1(0,5,6:32.45))
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The Relative form has special meaning when used in the
ROUTe:SEQuence: DEFine<scan_list>{@-<ch_list>) command.
See page 5-67 for specific information.

Note that for both forms a channel list is always contained
within (@ and ). The Command Reference always shows
the (@ and ) punctuation:

(@<ch_list>)

Arbitrary Block  This parameter or data type is used to transfer a block of data in

Program and the form of bytes, The block of data bytes is preceded by a

Response Data  preamble which indicates either 1) the number of data bytes
which follow (definite length), or 2) that the following data block
will be terminated upon receipt of a New Line message, and for
HP-IB operation, with the EOI signal true (indefinite length).
The syntax for this parameter is:

Definite Length #<non-zero digit><digit(s)><data byte(s)>

Where the value of <non-zero digit> is 1-9 and represents the
number of <digit(s)>. The value of <digit(s)> taken as

a decimal integer indicates the number of <data byte(s)>

in the block.

Example of sending or receiving 1024 data bytes:
#41024<byte><byte 1><byte2><byte3><byied>...
...<byte1021><byte1022><byte 1023><bytec 1{24>

OR
Indefinite Length #0<data byte(s)><NL END>

Examples of sending or receiving 4 data bytes:
#0<byte><byte><byte><byte><NLAEND>

Optional Parameters. Parameters shown within square brackets {[ 1) are optional
parameters. (Note that the brackets are not part of the command, and should not be
sent to the instrument ) If vou do not specify a value for an optional parameter, the
mstrument chooses a default value. For example, consider the
FORMAT:DATA <type>],<lengrh>} command. If you send the command without
specifving <length>, a default value for <lengrhi> will be selected depending on the
<type> of format you specify. For example:
FORMAT.DATA ASC will set [ <length>] to the default for ASC of 7
FORMAT:DATA REAL will set [,<length=] to the default for REAL of 32
FORMAT:DATA REAL, 64 will set | <length>] to 64

Be sure to place a space between the command and the parameter.
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Lin king Linking commands is used when you want to send more than one complete
Commangds command in a single command statement.

Linking TEEE-488.2 Common Commands with SCPI Commands. Use a semicolon
between the commands. For example:

*RST,OQUTP:TTLT3 ON or TRIG:SOUR IMM*TRG

Linking Multiple complete SCPI Commands. Use both a semicolon and a colon
between the commands. For example:

QUTPTILTZ ONTRIG.SOUR EXT

The semicolon as well as separating commands tells the SCPI parser to expect the
command keyword following the semicolon to be at the same hierarchical leve!l (and
part of the same command branch) as the keyword preceding the semicolon. The
colon immediately following the semicolon tells the SCPI parser to reset the
expected hierarchical level to Root.

Linking a complete SCPI Command with other keywords from the same branch and
level. Separate the first complete SCPI command from next partial command with
the semicolon only. For example take the following portion of the [SENSE]
subsystem command tree (the FUNCtion branch):

[SENSe:]
FUNCtion
:RESistance <range>({@<ch_list>)
‘TEMPerature <sensor>[,<range> {(@<ch_list>)
‘VOLTage[:DC] [<range>J(@<ch_list>)

Rather than send a complete SCPI command to set each function, you could send:
FUNC:RES 10000,{@100:107);TEMP RTD, 92 (@108:115);VOLT (@116,123)

This sets the first 8§ channels to measure resistance, the next § channels to measure
temperature, and the next 8 channels to measure voltage.

NOTE The command keywords following the semicolon must be from the same command
branch and Jevel as the complete command preceding the semicolon or a
-113,"Undefined header” error will be generated.

C-8SCPI Data The following table shows the allowable type and stzes of the C-SCPI parameter
'E‘y pes data sent to the moduie and query data returned by the module. The parameter and
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returned value type is necessary for programming and is documented in each
command in this chapter.

Data Types Description
int18 Signed 16-bit integer number.
int32 Signed 32-bit integer number.
uint18 Unsigned 16-bit integer number.
yintaz2 Unsigned 32-bit integer number.
float3z 32-bit floating point number.
floatos 64-bit floating point number,
string String of characters (null terminated)

HP E1413 Command Reference 5-11



SCPi Command Reference

The following section describes the SCPI commands for the HP E1413. Commands
are listed alphabetically by subsystem and also within each subsystem. A command
guide is printed in the top margin of each page. The guide indicates the current
subsystem on that page.
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ABORt

Subsystem Syntax

Comments

The ABORt subsystem is a part of the HP E1413°s trigger system. ABORt resets the
trigger system from its Wait For Trigger state to its Trigger Idle state.

ABORt

The instrument stops scanning immediately (scan list not completed).

ABORt does not affect any other settings of the trigger system. When the INITiate
command is sent, the trigger system will respond just as it did before the ABORt
command was sent.

If INITiate: CONTinuous is ON, then after ABOR! sets the instrument to the
Trigger Idle State, it immediately returns to the Warting For Trigger State. If
TRIG:SOUR is IMM then the module resumes scanning, INIT:CONT must be
OFF to keep the instrument in the Trigger ldle State after an ABORT.

The recommended method of ending the Continuous Scanning Mode is to execute
INIT:CONT OFF and check the "Measuring" bit (bit 4) with
STAT.OPER:COND?

Related Commands: INITiate. .., TRIGger. ..

*RST Condition: TRIG:SOUR HOLD, INIT:CONT OFF

Usage ABORT Iy INITed. goes to Trigger Idle state If

scanning, stops and goes fo Trigger ldle
State (will return o Waiting for Trigger
state if INIT-CONT is ON
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ARM

NOTE

LT ARMiSOURGe <saiier ¢

With the HP E1413, when the TRIG:SOURCE is set to TTMer, an ARM event must
occur to start the timer. When INIT:CONTINUOUS is set to ON and the
TRIG:SOURCE is set to IMM (called the "Continuous Mode"), an ARM event must
occur to start scanning. This can be something as simpie as executing the
ARM[:.IMMediate] command, or it could be another event selected by
ARM:SOURCE.

If TRIG:SOUR TIM is not set, and the Continous Mode {TRIG:SOUR IMM and
INIT:CONT ON), is not set, the ARM:SOURce must be set to IMM or an Error
-221,"Settings conflict” will be generated.

The ARM command subsystem provides:
¢ An immediate software ARM (ARM:IMM)

s Selection of the ARM source (ARM:SOUR BUS | EXT|HOLD | IMM | SCP |
TTLTRG<n>) when TRIG:SOUR is TIMer or the Continuous Mode is set
(INIT:CONT ON and TRIG:SOUR IMM). .

Figure 3-3 shows the overall logical model of the Trigger System. The shaded area
points out the ARM subsystem and Timer portion.

|

" TRIGgerTiMer <intervat

Cnly while
INIT:CONT is ON

BUS

R &
O iiggar G TRIGSOUR s M

e Tirner .

. {ARM Sourge Selecior |-

" TRWGgerSOURce <source>

£

O TiMer 1
internal

EXTernal

HOLD

Trigger Frigger Signal

iMMediate

Enable

TiLTrgen>

ARM f TRIGger Sources

SCP Trig

Trigger Sourse Selector

h[ Trigger Counter

TRIGger:COUNt <count>

Figure 5-1 Logical Trigger Mode!

5.14 HP E1413 Command Reference



Subsystem Syntax ARM
[:IMMediate]

:SOURce BUS { EXTemal | HOLD | IMMediate | SCP | TTLTrg<n>

:SOURce?

ARM[:iMMediate]

ARM

ARM{:IMMediate] arms the trigger system when the module is set to the

ARM:SCUR BUS or ARM:SOUR HOLD mode.

Comments e« Related Commands: ARM:SOURCE

s *RST Condition: ARM:SOUR IMM

Usage ARM:IMM After INIT, system is ready for trigger event

ARM Same as above (- IMM is optional)

ARM:SOURce

ARM:SOURce <arm_source> configures the ARM system to respond to the

specified source.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
4rm_source discrete (string) BUS | EXT | HOLD { IMM | 5CP none
FTTETrg<n>
Comments e« The following table explains the possible choices.
Parameter Value Source of Arm
BUS ARM[: EvMediate]
EXTernal “Trig” signal on terminal module
HOLD ARM[:.IMMediate]
IMMediate The amm signal is always true {continuous arming). o
SCP SCP Trigger Bus (future HP or SCP Breadboard)
M’FI‘LTrg<n> The VXibus TTLTRG lines (n=0 throngh 7)

s Sce Note on page 5-14.

s The Arm Source can be changed while the module is scanning (but not in the
Continuous Mode). This allows changing the TRIGTIM interval "on-the-fly".
Change ARM:S0OUR to BUS or HOLD, change TRIG:TIM, then retum to

criginal ARM:SOUR.
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o While ARM:SOUR is IMM, you need only INITiate the trigger system to start a
measurement scan.

s Related Commands: ARM:IMM, ARM:SOURCE?, INIT[.IMM], INIT:CONT
ON, TRIG:SOUR

s *RST Condition: ARM:SOUR IMM

Usage ARMSCURBUS Arm with ARM command
ARM:SOUR TTLTRG3 Arm with VXIbus TTLTR(3 line

ARM:SOURce?

ARM:SOURce? returns the current arm source configuration. See the ARM:SOUR
command for more response data information.

o Returned Value: Discrete, one of BUS, HOLD, IMM, SCP, or TTLT0 through
TTLT7. The C-SCPI type is string.

Usage ARM:SOUR? An enter statement refurn arm source
configuration
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The CALCulate subsystem allows testing channel measurements against limits, as
well as performing data reduction and/or noise reduction by averaging

measurements.

Subsystem Syntax CALCulate
‘AVERage
[{STATe] ON{OFF
[STATe}?
:COUNt <n>
:COUNYY
:CLIMits
FAIL
f:CUMulative]?
:CURRent?
FLIMits
[:CHANDeis]
[:CUMulative]?
:CURRent?
‘POINts
[CUMulative]?
:CURRent?
LIMit
[:STATe] ON|OFF (@<ch fist>)
[:STATel? (@<channel>)
FAIL
[:CUMulative]? {(@<channel>)
:CURRent? (@<channel>}
:LOWer
[[STATe] ON| OFF,(@<ch_list>)
[:STATe]? {(@<channel>)
:DATA <lower_lim>{@<ch_lisr>)
DATA? (@<channel>)
‘UPPer
[:STATe] ON| OFF (@<ch_list>)
[:STATe}? (@<channel>)
:DATA <upper lim>{(@<ch_list>)
‘DATA? {(@<channel>)
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CAlL Culate:AVERage[:STATe]

CALCulate:AVERage[:STATe] <enable> controls whether measurement
averaging 1s enabled {ON) or disabled (OFF)

NOTES 1. When CALC:AVER is ON, an individual channel number must appear in a
Scan List only once, and use of LISTL in not allowed.
2. When CALC:AVER is ON, channels must use manual ranging.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
enable discrete (string) ON | OFF none

Comments « When averaging is on, each channel in the scan list(s) is measured a number of
times (as set by CALC.AVER. COUNT). The average of those measurements
becomes the reading stored for that channel.

o Related Commands: CALC:AVER:COUNT, CALC:AVER?

s *RST Condition: CALC.AVER OFF

Usage CALCAVER ON Averaging for all scanned channels is ON

CALCulate:AVERage[:STATe]?

CALCulate:AVERage[:STATe}? retumns a 1 if averaging is on, or a () if averaging
is off.

Comments » Returned Value: Numeric value either 1 or 0. The C-SCPI type is int16.

o Related Commands: CALCAVER, CALCAVER:COUNT

Usage CALCAVER? A subsequent enter statement will return 0
orl.

CALCulate:AVERage:COUNt

CALCulate:AVERage: COUNt <n_readings> sets the number of A/D
measurements that will be averaged to produce a stored reading. The same count
applies 1o all measured channels in all scan lists when CALC:AVER:STATE 1s set
to ON.
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Parameters
Parameter Parameter Range of | Default
Name Type Values Units
. n_readings | numetic (int16) 21418]16]32]64] 128256 none |

Comments « IfINIT CONT is OFF, n_readings must be less than or squal to TRIGger:COUNt
* Related Commands: CALC AVER:COUNT?, CALC.AVER ON | OFF

+ *RST Condition: CALC.AVER:.COUNT 2, CALC. AVER:STATE OFF

Usage CALC:AVER:COUNT 8 8 measurements averaged per reading
stored

CALCulate:AVERage:COUNt?

CALCulate:AVERage: COUNt? returns the value which sets the number of
measurements averaged per stored reading.

Comments « Returned Value: Numeric value, either 2, 4, 8, 16, 32, 64, 128, or 256 The
C-SCPI type is int16.

¢ Related Commands: CALCAVER.COUNT, CALCAVER:STATE

Usage CALC:AVER:.COUNT? A subsequent enter statement will return the
value currently set

CALCulate:CLIMits:FAIL[:CUMulative]?

CALCulate:CLIMits: FAIL[:CUMulative] ? returns the composite limit test status
for all channels measured since the module was INITiated (CUMulative).

Comments « Ifany channel has exceeded its limit test since the module was INITiated, the
returned value will be 1. If no channel has exceeded its limit test, the returned

value will be 0.

» This condition is also reported to bit 11 of the Operational Status Group and can
generate a VXIbus interrupt.

» Returned Value: Numeric 0 or I. The C-SCPI type is int16.

» Related Commands: CALC:CLIM:FLIM-CHAN?,
CALC.CLIM.FLIM:POINTS?, CALC:LIMIT. ..
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Usage CALC.CLIM:FAIL? A subsequent enter statement will return 0

Jor no limit failures, or 1 for one or more
limit failures.

CALCulate:CLIMits:FAIL:CURRent?

Comments

CALCulate: CLIMits:FAIL:CURRent? returns the composite limit test status for

all channels measured in the last completed scan (CURRent).

If any channel in the last completed scan has exceeded its limit test, the returned
value will be 1. If no channel in the last completed scan has exceeded its limit test,
the retumed value will be 0.

This condition is also reported to bit 11 of the Operational Status Group and can
generate a VXIbus interrupt.

Returned Value: Numernic 0 or 1. The C-SCPI type is intl6.

Related Commands: CALC.CLIM.FLIM:CHAN:_..?,
CALC:.CLIM:FLIM:POINTS....7, CALC.LIMIT:. ..

Usage CALC:CLIM:FAIL:CURR? A subsequent enter statement will return 0

Jor no limit jaitures, or 1 jor one or more
timit failures.

CALCulate:CLIMits:FLIMits[:CHANnRels][: CUMulative]?

Comments

CALCulate: CLIMits: FLIMits[: CHANnels|[: CUMulative] ? retumns the
mdividual channel limit test status for all channels measured since the module was
INITiated (CUMulative).

CALC:CLIM:FLIM:CHAN? returns 64 bits which report the status of each
individual module channel. A binary one in a bit position of this "64-bit" value
indicates that the channel associated with that bit position has exceeded its limit
iest.

Returned Value: Returns 4 comma separated numeric values each representing
16 bits (a total of 64 bits - one for each channel). This "64-bit" value is returned

with the least significant channel bits first, the most significant channel bits last

(the C-SCPI data type is an intl6 array).

Related Commands: CALC.CLIM:FAIL?, CALC:.CLIM.FAIL:CURR?,
CALC:LIMIT...

Usage CALC:CLIM:FLIM:CHAN? A subesequent enter statement jor a 4

element array will return channel limit test
status
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CALCulate:CLIMits:FLIMits[:CHANnels]:CURRent?
CALCulate: CLIMits:FLIMits]: CHANnels]: CURRent? returns the individual

channel limit test status for all channels measured in the last completed scan

(CURRent).

Comments « CALC:CLIM:FLIM:CHAN:CURR? returns 64 bits which report the status of
each mdividual module channel. A binary one in a bit position of this " 64-bit"
value indicates that the channel associated with that bit position has exceeded its

limit test.

¢ Returned Value: Returned Value: Retums 4 comma separated numeric values
each representing 16 bits {a total of 64 bits - one for each channel) This "64-bit"
value is returned with the least significant channel bits first, the most significant
channel bits last (the C-SCPI data type is an intl6 array).

e Related Commands: CALC.CLIM:FAIL?, CALC:CLIM-FAIL:CURR?,

CALCLIMIT. .
Usage CALC:CLIMFLIM:CHAN:CURR? A subeseguent enter statement for a 4
element array will return channel limit test
status

CALCulate:CLIMits:FLIMits:POINts[:CUMulative]?

CALCulate: CLIMits:FLIMits: POINts]: CUMulative] ? returns the count of
channels that exceeded their limit test since the module was INITiated
{CUMulative).

Comments » Returned Value: Numeric value from 0 through 64. The C-SCPI type is int16.
» Related Commands:

Usage CALC:CLIMFLIM:POINTS? A subsequent enter statement will return
the number of limit tests exceeded

CALCulate:CLIMits :FLIMits:POINts:CURRent?

CALCulate: CLIMits: FLIMits: POINts: CURRent? retums the count of channels
that exceeded their limit test during the last completed scan (CURRent).

Comments « Returned Value: Numeric value from 0 through 64 The C-SCPI type is int16.
» Related Commands:

Usage CALC:CLIM:FLIM:POINTS:CURR? A subsequent enter statement will return
the number of limit lests exceeded
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CALCulate:LIMit[:STATe]

CALCulate:LIMit[:STATe] <enable>(@<ch_list>) enables or disabies limit
testing for the channels specified in <ch_lisr>.

Parameters
. Parameter Parameter Range of Default
Name Type Values Units
enable discrete (string) ON | OFF one
ch_list channel list (string) 100 - 163 none

Comments ¢ Related Commands: CALC:LIM[:STATE]?

e *RST Condition: CALC:LIM:STATE OFF
Usage CALCLIM ON,(@100:107) _  turn on limit testing for channels 0 through 7

CALCulate:LIMit[:STATe]?

CALCulate: LIMIit[:5TATe]? (@<channel>) retums the state of limit testing for
the channel specified in <channel>,

Parameters
Parameter Parameter Range of Defanlt
Name Type Values Units
channel channel list (string) 100 - 163 none

Comments « <channel> must specify a single channel only.
¢ Returned Value: Retumns numeric 0 or 1. the C-SCPI type is intl6.

¢ Related Commands: CALC.LIM[:STATE]

Usage CALCLIM:STATE? (@107) returns state of limit testing for channel 7
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CALCulate:LIMit:FAIL[:CUMulative]?

Parameters

Comments

Usage

CALCulate: LIMit: FAIL[:CUMulative]? {@<channel>) retumns the cumulative
Limit status for the channel specified by <channel> A one (1) indicates that
<channel> has exceeded its limit test singe the module was INITI (CUMulative).

Parameter Parameter Range of i Default
Name Type Values | Units
channel channel list (string) 160 - 163 | none

o <channel> must specify a single channel].
s Returned Value: Numeric 1 or 0. The C-SCPI type is intl6.

« Related Commands: CALC:LIM[:STATE], CALC.LIM:LOWer...,
CALC:LIM:UPPer...

CALC:LIMFAIL? (@102) return Cumulative limit status for channel 2

CALCulate:LIMit:FAIL:CURRent?

Parameters

Comments

CALCulate: LIMIGFAIL? (@<channel>) returns the current hmit status for the
channel specified by <channel>. A one (1) indicates that <channel> has exceeded its

limit test during the last completed scan (CURRent).

Parameter Parameter Range of Defanlt
Name Type Values Units
channel channel list {string) 100 - 183 none

s <channel> must specify a single channel.
o Returned Value: Numenc 1 or 0. The C-SCPI type is intl6.

» Related Commands: CALC.LIM[.STATE], CALC.LIM:LOWer.. .,
CALC LIM:UPPer. ..

Usage CALCLIMFAIL:CURR? (@104) return Current limit status jor channel 4
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CALCulate:LIMit:LOWer[:STATe]

Parameters

Comments

Usage

CALCulate: LIMit:1.OWer|:STATe] <enable>,((@<ch_list>) enables or disables
testing of lower limits for channeis specified in <ch lisr>.

Parameter Parameter Range of Default
Name Type Values Units
Mlengble discrete (string) ON | OFF none
ch_list channel list (string) 100 - 163 none

o If CALC:LIM:LOW is OFF, an overrange will not cause a limit exceeded status.
If CALCLIM.LOW is ON, an overrange will cause a limit exceeded status
regardless of the setting of CALC.LIM.LOW DATA.

» Related Commands: CALC:LIM[:STATE], CALC:LIM:UPP[:STATE]

e *RST Condition: CALC.LIM:LOW OFF

CALCLIM:LOW ON,(@100:107) enable lower limit testing for channels 0
through 7

CALCulate:LIMit:LOWer[:STATe]?

Parameters

Comments

CALCulate:LIMit: LOWer[:STATe]? {@<channel>) returns the state of lower
limnit testing for the channel specified by <channel>.

Parameter Parameter Range of Default
Name Type Values Units
charmnel channel list (string) 100 - 163 none

s <chanrnel> must spectfy a single channel.
o Returned Value: Numerc 0 or 1. C-SCPI type is intl6

¢ Related Commands: CALC.LIM.LOW[.STATE]

Usage CALCLIMLOW?(@104) returns state of lower limit testing for

channel 4

CALCulate:LIMit:LOWer:DATA

CALCulate: LIMit:LOWer:DATA <lower lim>,((@<ch_[ist>) sets the lower
limit value for channels specified in <ch _lise>.
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Parameters
Parameter Farameter Range of Default
Name Type Values Units
lower lim numeric (float32) MIN or any valid float32 none
ch list chanrel list (string) 100 - 163 none

Comments e« A channel’s lower limit value must be numerically lower than its upper limit value
or an error will be generated when the module is INITiated.

» The lower limit is exceeded when the retumed value is less than the value
specified by <lower lim>.

» Related Commands: CALC.LIM[:STATE], CALC.LIM:LOW[:STATE],
CALC:LIM:UPP...

¢ *RST Condition: Lower limit for all channels set 1o -INFinity

Usage CALC:LIMLOW.DATA3.75(@102,105)  sets the lower limit for channels 2 and 3 to
375vDC

CALCulate:LIMit:LOWer:DATA?

CALCulate: LIMit: LOWer:DATA? (@<channel>) returns the lower limit value
currently set for the channel specified by <channel>,

Parameters
Parameter Parameter Range of Default
Name Type Values Units
channel channel list (string} 1060 - 163 none

Comments » <channel> must specify a single channel.
o Returned Value: Numeric. The C-SCPI Type is float32.

e Related Commands: CALC.LIM:LOW:DATA

Usage CALCLIMLOW.DATA? (@106) return the lower limit set for channel 6

CAlLCulate:LiIMit:UPPer[:STATe]

CALCulate:LIMit: UPPer[:STATe] <enable>(@<ch_list>) enables or disables
testing of upper limits for channels specified in <¢h lise>.
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Parameters
Parameter Parameter Range of Defanit
Name Type Values Units
Mlenable discrete (string) ON | OFF none
ch_list channel list (string) 100 - 163 none

Comments « If CALC:LIM:UPP is OFF, an overrange will not cause a limit exceeded status. If

CALC:LIM:UPP is ON, an overrange will cause a limit exceeded status

regardless of the setting of CALC:LIM:UPP:DATA.

o Related Commands: CALC.LIM[.STATE], CALC:LIM:LOW[:STATE]

s *RST Condition: CALC:LIM:UPP OFF

Usage

CALCulate:LIMit:UPPer[:STATe]?

CALCulate: LIMit: UPPer[:STATe]? (@<channel>) returns the state of upper
limit testing for the channel specified by <channel>.

Parameters
Parameter Parameter Range of Defanlt
Name Type Values Units
channel channel list (string) 100 - 163 none

Comments o <channel> must specify a single channel.

o Returned Value: Numeric 0 or 1. C-SCPI type is int16

s Related Commands: CALC.LIM:UPP[.STATE]

Usage CALCLIMUPP?{@104)

CAlL Culate:LIMit:UPPer:DATA

returns state of upper limit testing Jor
channel 4

CALCulate:LIMit:UPPer:DATA <upper_lim>{@<ch_list>) sets the upper himit

value for channels specified in <ch_list>.
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Parameters
Parameter Parameter Range of Defauit
Name Type Values Units
upper _lim numeric (float32) MAX of any valid float32 none
ch_list channel list (string) 100 - 163 none

Comments e A channel’s upper limit value value must be numerically higher than its lower
limit value or an error will be generated when the medule is INITiated.

o The upper limit is exceeded when the retumed value is greater than the value
specified by <upper lim>.

¢ Related Commands: CALC.LIM{:STATE], CALC:LIM:UPP[.STATE],
CALCLIM:LOW...

o *RST Condition: Upper limit for all channels set to +INFinity

Usage CALCLIMUPPDATA 11.6,(@102,105)  sets the upper limit for channels 2 and 5 to
11.6 VDC.

CALCulate:LIMit:UPPer:DATA?

CALCulate: LIMit:UPPer: BATA? {@<channel>} returns the upper limit value
currently set for the channel specified by <channel>.

Parameiers
Parameter Parameter Range of Default
Name Type Values tnits
channe! channel list (string) 100 - 163 none

Comments « <channel> must specify a single channel.
o Returned Value: Numeric. The C-SCPI Type is float32.

¢ Related Commands: CALC LIM-UPP DATA

Usage CALCILIM:UPP.DATA? (@107) return the upper linit set for channel 7
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The Calibration subsystem provides for two major categories of calibration.

I. "A/D Calibration”; In these procedures, an external multimeter is used to
determine the actual voltage or resistance values of the HP E1413°s internal
calibration sources. The known values are then sent to the HP E1413 where they
are stored and used to perform intemal A/D calibration. These procedures each
require a sequence of several commands from the CALibration subsystem
(CAL:CONFIG..., CAL:VALUE.. ., and CAL:STORE ADC). For an actual
calibration example see the HP E1413 Service Manual. Always exccute *CAL?
or a CAL-TARE operation after A/D Calibration.

2. "Working calibration”, of which there are three levels (see Figure 5-2):

— "A/D Zero"; This function quickly compensates for any short term A/D
converter offset drift. This would be called the auto-zero functionin a
conventional voltmeter. In the HP E1413 where channel scanning speed is of
primary importance, this function is performed only when the CAL:ZERO?
command is executed.

— "Channel Calibration"; This function corrects for offset and gain errors for
each module channel. The internal current sources are also measured. This
calibration function corrects for thermal offsets and component drift for each
channel out to the input side of the Signal Conditiening Plug-On (SCP). All
calibration sources are on-board and this function is invoked using either the
*CAL? or CAL:SETup command.

— "Channel Tare"; This function (CAL: TARE) corrects for voltage offsets in
external system wiring. Here, the user places a short across transducer wiring
and the voltage that the module measures is now considered the new "zero"
value for that channel. The new offset value can be stored in non-volatile
calibration memory (CAL:STORE TARE) but 15 in effect whether stored or
not. System offset constants which are considered long-term should be stored.
Offset constants which are measured relatively often would not require
non-volatile storage. Cal. TARE automatically executes a *CALY.
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Figure 5-2 Levels of Working Calibration

Subsystem Syntax CAlibration
:CONFigure
:RESistance
‘'VOLTage <range>, ZERO | FS
SETup
SETup?
:STORe ADC | TARE
TARE (@<ch_list>)
‘RESet
"TARE?
‘VALue
‘RESistance <ref ohms>
‘VOLTage <ref volts>
ZERO?
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CAlibration:CONFigure:RESistance

CALibration: CONVFigure:RESistance connects the on-board reference resistor to
the Calibration Bus. A four-wire measurement of the resistor can be made with an
external multimeter connected to the H Cal, 1. Cal, H ohm, and L. ohm terminals on
the Terminal Module, orthe VH, V L., Q H, and Q L terminals on the Cal Bus
connector.

Comments o Related Commands: CAL-VAL.RES, CAL:STOR ADC

Command
Sequence

CAL.CONF.RES connect reference resistor to Calibration
Bus

*OPC? or SYST:ERR? must wait for CAL:CONF:RES to complete

{now measure ref resistor with external DMV

CALVAL'RES <measured value> Send measured value to module

CAL:STORE ADC Store cal constants in non-volatile memory

{(used only at end of compiete cal sequence)

CAlLibration:CONFigure:VOLTage

Parameters

CALibration:CONFigure: VOLTage <range>,<zero_fs> connects the on-board
voltage reference to the Calibration Bus. A measurement of the source voltage can
be made with an external multimeter connected to the H Cal and L Cal terminals on

the Terminal Module, or the V H and ¥V L terminals on the Cal Bus connector, The

range parameter controls the voltage level available when the zere f5 parameter is
set to FSCale (full scale).

Parameter Parameter Range of Default
Name Type Values Units
range numeric (float32) see comments volts

zero_is discrete (string) ZERQ [FSCale none

Commenis . The range parameter must be within 5% of one of the 5 following

Usage

values: 0625VDC, 25VDLC, 1VDC, 4VDC, 16VDC
range may be specified in millivolts (mv).

o The FSCALE output voltage of the calibration source will be greater then 90% of

the nominal value for each range, except the 16V range where the output is 10V

o Related Commands: CAL: VAL VOLT, STOR ADC

CAL:CONF:VOLT .25, ZERO Voltage reference set to 25V range and
zero cutpul
CAL:CONFVOLT .25 FSCALE Set same range but full-scale output




Command
Sequence

CALibration

CAL:.CONF:VOLTAGE .0625 ZERO connect voltage reference to Calibration Bus
*OPC? or SYSTERR? must wait for CAL:CONF-VOLT to complete
(now measure voltage with external DMM)

CAL:VAL:VOLT <measured value> Send measured value fo module

repeat above sequence for full-scale
repeat zero and full-scale for remaining ranges (.25, 1, 4, 16}

CAL:STORE ADC Store cal constants in non-volatile memory
(used only at end of complete cal sequence)

CAlLibration:SETup

Usage

CALibration:SETup causes the Channe! Calibration function to be performed for
every modute channel. The Channel Calibration function calibrates the A/D Offset,
and the Gain/Offset for all 64 channels. This calibration is accomplished using
internal calibration references.

s CAL:SET performs the same operation as the *CAL? command except that since
it is not a query command it doesn’t tie-up the C-SCPI driver waiting for response
data from the instrument. If you have multiple HP E1413s in your system you can
start a CAL:SET operation on each and then exccute a CAL:SET? command to
complete the operation on each instrument.

+ Related Commands: CAL:SETup?, *CAL?

CALSET start SCP Calibration on 1si HP E1413

: start SCP Calibration on more HP E1413s
CALSET start SCP Calibration on last HP E1413
CAL:SET? query for results from 1st HP 1413

: query for results from more HP E1413s
CAL.SET? query for results from last HP E1413

CAlLibration:SETup?

CALibration:SETup? Returns a value to indicate the success of the last
CAL:SETup or *CAL? operation. CAL:SETup? returns the value only afier the
CAL:SETup operation is complete.
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Comments ¢ Returned Value:

Value Meaning Further Action
¢ Cal OK None
-1 Cal Error Query the Error Queue (SYST ERRY)
See Error Messages in Appendix B.
Also run *TST?
-2 No results available No *CAL? or CAL:SETUP done

The C-SCP1 type for this returned value is int16,

¢ Related Commands: CAL:SETup, *CAL?

Usage see CAL:SETup

CAlibration:STORe

CALibration:STORe <type> stores the most recently measured calibration
constants into Flash Memory (Electrically Erasable Programmabiec Read Only
Memory). When type=ADC, the medule sets its Analog-to-Digital Converter
calibration using the most recently measured CAL:VALues for voltage and
resistance, and stores these to Flash Memory. When fype=TARE, the module stores
the most recently measured CAL-TARE channel offsets into Flash Memory.

NOTE The HP E1413’s Flash Memory has a finite lifetime of approximately ten thousand
write cycles (unlimated read cycles). While executing CAL:STOR once every day
would not exceed the lifetime of the Flash Memory for approximately 27 years, an
application that stored constants many times each day would unnecessarily shorten
the Flash Memory’s ifetime. See Comments below.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
type discrete (string) ADC| TARE none

Comments » The Flash Memory Enable jumper (JM2201) must be set to the enable position
before executing this command (See Chapter 1)

e Channel offsets are compensated by the CAL:TARE command even when not
stored in the Flash Memory. There is no need to use the CAL:STORE TARE
command for channels which are re-calibrated frequently

» Related Commands: CAL: VAL RES, CAL:VAL:VOLT
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o *RST Condition: Stored calibration constants are unchanged

Usage CAL:STORE ADC Store cal constants in non-volatile memory
after A/D calibration
CAL:STORE TARE Store channel offsets in non-volatile
memory after channel tare
Command Storing A/D cal constants
Sequence
perform complete A/D calibration, then...
CAL:STORE ADC
Storing channel tare (offset) values
CALTARE <ch _fist> to correct channel offsets
CAL:STORE TARE Optional depending on necessity of long
term storage
CAlibration:TARE
CALibration: TARE (@<ch_list>) measures offset {(or tare) voltage present on the
channels specified and stores the value in on-board RAM as a calibration constant
for those channels. Future measurements made with these channels will be
compensated by the amount of the tare value. Use CAL: TARE to compensate for
voliage offsets in system wiring and residual sensor offsets. Where tare values need
to be retained for long periods, they can be stored 1n the module’s Flash Memory
(Electrically Erasable Programmable Read Only Memory) by executing the
CAL:STORe TARE command.
For more information see Compensating for System Offsets on page 4-27.
NOTES 1. The HP E1413’s Flash Memory has a finite lifetime of approximately ten

thousand write cycles (unlimited read cycles). While exccutmg CAL:STOR
once every day would not exceed the lifetime of the Flash Memory for
approximately 27 years, an application that stored constants many times each
day would unnecessanly shorten the Flash Memory’s lifetime. See Comments

below.

2. If Open TransducerDetect (OTD) is enabled when CAL: TARE is executed, the
module will disable OTD, wait | minute to allow channels to settle, perform the
calibration, and then re-enable OTD. If your program tums off OTD before
executing CAL: TARE, it should also wait 1 minute for settlng.
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Parameters

Parameter Parameter Range of Default
Name Type Values Units
ch _list channel list (string) 100 - 163 none

Comments  CAL:TARE also performs the equivalent of a *CAL? operation. This operation

Command
Sequence

L]

CALTARE <ch_fist>
CAL:TARE?

CAL:STORE TARE

uses the Tare constants to set a DAC which will remove each channel offset as
"seen" by the module’s A/D converter. As an axample assume that the system
wiring to channel O generates a +0.1'Volt offset with 0Volts (a short) applied at the
Unit Under Test (UUT). Before CAL: TARE the module would return a reading of
0.1Volts for channel 0. After CAL: TARE (@100}, the module will return a
reading of 0Volts with a short applied at the UUT and the system wiring offset
will be removed from all measurements of the signal to channel 0.

Set Amplifier/Filter SCP gain before CAL: TARE. For best accuracy, choose the
gain that will be used during measurements. If you decide to change the range or
gain setup later, be sure to perform another *CAL?.

The maximum voltage that CAL: TARE can compensate for is dependent on the
range chosen and SCP gain setting. The following table lists these values.

Maximum CAL. TARE Offsets

AJD range Offsel V Offset V Offset V Offset V
+V F.Scale Gain x1 Gein x8 Gain x16 Gain x64
16 32243 40104 20009 04970
4 82101 10101 (5007 01220
1 23081 02721 01317 00297
25 07581 00786 .00349 00655
0825 .03792 00312 00112 n/a

Channel offsets are compensated by the CAL:TARE command even when not
stored in the Flash Memory. There is no need to use the CAL:STORE TARE
command for channels which are re-calibrated frequently.

Executing CAL:TARE sets the Calibrating bit (bit 0) in Operation Status Group.
Executing CAL: TARE? resets the bit.

Related Commands: CAL TARE?, CAL:STOR TARE

*RST Condition: *RST Condition: Channel offsets are not affected by *RST,

to correct channel offsets

to return the success flag from the
CAL. TARE operation

Optional depending on necessity of long
term storage
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CALibration:TARE:RESet

CALibration: TARE:RESet resets the tare calibration constants to zero for all
64 channels. Exccuting CAL: TARE RES affects the tare cal constants in RAM only.
To reset the tare cal constants in Flash Memory, execute CALTARE:RES and then

execute CAL:STORE TARE.
Command CALTARERRESET to reset channel offsets
Sequence

CAL:STORE TARE Optional if necessary to reset tare cal

constants in Flash Memory.

CAlLibration:TARE?

CALibration: TARE? Returns a value to indicate the success of the last
CAL:TARE operation. CAL TARE? returns the value only after the CAL:TARE

operation is complete.

» Returned Value:

Value Meaning Further Action
0 Cal OK None
-1 Cal Error Query the Error Queue (SYST-ERR?)
See Brror Messages in Appendix B.
Also ron ¥TST?
-2 No results available No CALTARE done

The C-SCPI type for this returned value is int16.

» Exccuting CAL: TARE sets the Calibrating bit (bit 0) in Operation Status Group.
Executing CAL " TARE? resets the bit.

» Related Commands: CAL:STOR TARE

Command CALTARE <ch_list> fo correct channel offsets
Sequence
CAL.TARE? to return the success flag from the
CAL:TARE operation
CAL:STORE TARE Optional depending on necessity of long
term storage

CAlLibration:VALue:RESistance

CALibration: VALue:RESistance <ref ohms> sends the value of the on-board
reference resistor to the module for A/D calibration.
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Parameters
Parameter Parameter Range of Default
Name Type Values Units
ref ohms numeric {float32) +5% ohms

Comments e ref ohms must be within 5% of the nominal resistor value and may be specified in
Kohm (kohm).

e A four-wire measurement of the resistor can be made with an external multimeter
connected to the H Cal, L. Cal, H ohm, and L ohm terminals on the Terminal
Module, orthe VH, V L, 2 H, and £2 L terminals on the Cal Bus connector.

[:]

Use the CAL:CONF:RES command to configure the reference resistor for
measurement at the Calibration Bus connector,

Related Commands: CAL:CONF:RES, CAL:STORE ADC

Usage CALVALUE:RESISTANCE <measured value>

Command CAL:CONF:RES
Sequence
{now measure ref resistor with external DM

CALVAL:RES «<measured value> Send measured vaiue to moduie

CAlLibration:VALue:VOLTage

CALibration:VALue:VOLTage <ref volts> sends the value of the DC reference
source to the module for A/D calibration.

Parameters
Parameter Parameter Range of Defauit
Name Type Values 1nits
ref_volts rumenc (float32) | must be within 10% of range nominal volts

Comments o ref volts may be specified in millivolts (mv).

o A measurement of the source voltage can be made with an external multimeter
connected to the H Cal, and L Cal terminals on the Terminal Module, or the VH
and V L terminals on the Cal Bus connector.

El

e Use the CAL:CONF:VOLT command to configure the on-board voltage source
for measurement at the Calibration Bus connector

= The value sent must be for the currently configured range and output (zero or full
scale) as set by the previous CAL:CONF:VOLT <range>, ZERO | FSCale
command.
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¢ Related Commands: CAL:CONF.VOLT, CAL.STORE ADC
Usage CALVALUEVOLTAGE <measured value>
Command CAL:CONF:VOLTAGE 4,FSCALE

Sequence
*OPC? Wait for vperation to complete

enter statement

{(now measure voliage with external DMM)

CALVALVOLT <measured value> Send measured value fo module

CAlibration:ZERQO?

CALibration:ZERO? corrects Analog to Digital converter offset for any drifi since
the last *CAL7 or CAL.ZERO7 command was executed,

Comments » The CAL:ZERO? command only corrects for A/D offset drift (zero). Use the
*CAL? common command to perform on-line calibration of channels as well as
A/D offset *CAL? perforrus gain and offset correction of the A/D and each
channel out {0 the field wiring module connector.

¢« Returned Value:

Value Meaning Farther Action
0 Cal OK None
-1 Cal Error Query the Hrror Queue (SYST.ERR7)
See Errotr Messages in Appendix B

The C-SCPI type for this returned value is int16.

= Executing this command does not alter the module’s programmed state (function,
range etc.).

¢ Related Commands: *CAL?
* *RST Condition: A/D offset performed

Usage CALZZERO?
enter statement here returns Dor -1
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The DIAGnostic subsystem allow vou to perform special operations that are not
standard in the SCPI language. This mcindes checking the current revision of the
Control Processor’s firmware, and that it has been properly loaded into Flash
Memory.

Subsystem Syntax DIAGnostic
:CHECksum?
:COMMand
SCPWRITE <reg addr><reg dato>
:CUSTom '
:LINear <table_ad range>,<table block>(@<ch_lisr>)
:PIECewise <table_ad range>,<table _block> (@<ch_list>)
:REFerence
"TEMPerature
INTerrupt
[[LINe] <intr line>
[:LINe]?
:OTDetect
[:STATe] ON! OFF(@<ch list>)
[:STATe]? (@<channel>)
QUERy
SCPREAD? <reg addr>
:VERSion?

DiIAGnostic:CHECksum?

DIAGnostic: CHECksum ? performs a checksum operation on Flash Memory. A
returmned value of 1 indicates that Flash memory contents are correct. A returned
value of 0 indicates that the Flash Memory is cortupted, or has been erased.

Comments » Returned Value: Returns 1 or 0. The C-SCPI type is int16.

Usage DIAG.CHEC? Checlksum Flash Memory, return 1 for OK,
0 for corrupted

DIAGnostic:COMMand . SCPWRITE

DIAGnostic: COMMand:SCPWRITE <reg_addr>,<reg_data> writes data to
custom Signal Conditioning Plug-on registers. Use to control custom SCPs created
using the HP E1413 Option 14 Breadboard SCP.
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Parameters
Parameter Parameter Range of Defauit
Name Type Valoes Units
reg_addr numeric (int32) 0-65,535 none
reg_data numeric (int32) 0-65,535 none

Comments o See Register Programming Section of your SCP Manual for parameter values

¢ Related Commands: DIAG.QUERy:SCPREAD

Usage DIAG:COMM: SCPWRITE 698,3 For Option 15 Current Scource, set channel
7 on SCP 2 to 488m4 with output enabled

DIAGnostic:CUSTom:LINear

DIAGnostic: CUSTom:LINear <table_range>,<table_block>, (@<ch_list>)
downloads a custom linear Engineering Unit Conversion table (in <table block>) to
the HP E1413. Contact your Hewlett-Packard System Engineer for more
information on Custom Engineering Unit Conversion for your application.

Parameters

Parameter Parameter Range of Default
Name Type Values Units

table range numeric (float32) | 0156251.03125].0625].125{.25|.5| volts

112141810321 64

table_block definite fength see comments none
block data
ch list channel list (string) 100 - 163 none

Comments e« <iable block> is a block of § bytes that define 4, 16-bit values. SCPI requires that
<table_block> include the definite length block data header. C-SCPI adds the
header for you.

o <table_ range> specifies the range of voltage that the table covers (from
-<table_range>to +<table_range>). The value you specify must be within 5% of
one of the nominal values from the table above.

s <¢h list> specifies which channels may use this custom EU table

¢ Related Commands: [SENSe: [JFUNCtion CUSTom

= *RST Condition: All custom EU tables erased

Usage program puts table constants into array table_block
DIAG:CUST:LIN table_block (@116:123)  send table to HP E1413 for chs 16-23
SENSFUNC.CUST:LIN 1 1(@116:123)  link custom EU with chs 16-23
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INITiate then TRIGger module

DiIAGnostic:CUSTom:PlIECewise

DIAGnostic:CUSTom: PIECewise <table_range>,<table block>, (@<ch_list>)
downloads a custom piecewise Engineering Unit Conversion table (in

<table biock>)to the HP E1413. Contact your Hewlett-Packard System Engineer
for more information on Custom Engineering Unit Conversion for your application.

Parameters

Parameter Parameter Range of Default
Name Type Values Units

table range numeric (fioat32) 0156251.03125).0625] 125} .25 volts

5]112]4(8]16132] 64
table block definite length see comments none
block data

ch_list channel list (string) 100 - 163 nong

Comments o <table block> is ablock of 1,024 bytes that define 512 16-bit values. SCPI
requires that <fable block> include the definite length block data header, C-SCPI
adds the header for you.

e <table range> specifies the range of voltage that the table covers {from
-<table_range>to +<table_range>).

e <ch list> specifies which channels may use this custom EU table
s Related Commands: [SENSe: JFUNCtion:CUSTom

+ *RST Condition: All custom EU tables erased

Usage program puts table constants into array table_block
DIAG:CUST:PIEC table_block,(@124:131) send table for chs 24-31 to HP E1413
SENSFUNC:CUSTPIEC 1,1,(@124:131)  link custom EU with chs 24-31
INiTiate then TRIGger module

540 HP E1413 Command Reference



DIAGnostic

DiIAGnostic:CUSTom:REFerence: TEMPerature

Usage

DIAGnostic:CUSTom: REFerence: TEMPerature extracts the current Reference
Temperature Register Contents, converts it to 32-bit floating point format and sends
it to the FIFO. This command is used to verify that the reference temperature is as
expected after measuring it using a custom reference temperature EU conversion
table.

your program must have EU table values stored in fable_block
downioad the new reference EU table
DIAG:CUST.PIECEWISE <fablerange=, <table_block> (@<ch_list>)
designate charmel as reference
SENSFUNC:CUST:REF <range> (@<ch_list>)
set up scan list sequence (ch O in this caseg)
ROUT.SEQ:DEF: LIST1 (@100,100)
initiate, trigger, and retrieve data from FIFO
INIT; TRIG;SENS:DATAFIFO?
dump reference temp register to FIFO
DIAG:CUST:REF.TEMP
read the diagnostic reference temperature value

SENS:DATAFIFO?

DIAGnostic:INTerrupt[:LINe]

Parameters

Comments

Usage

DIAGnostic:INTerrupt[:LiNe] <intr_line> sets the VXibus interrapt line the
module will use.

Parameter Parameter Range of Defauit
Name Type Values Units
intr_line numeric {int16) ¢ throngh 7 none

« Related Commands: DIAG INT.LINE?

e Power-on and *RS8T Condition: DIAG:INT.LINE |

DIAGINT.LINE 5 Module will interrupt on VXIbus interrupt
line 5

DiIAGnostic:iNTerrupt[:LINe]?

DiAGnostic:INTerrupt[:LINe]? returns the VXIbus interrupt line that the module
1§ set to use.

HP E1413 Command Reference 5-41



DIAGnostic

Comments ¢ Returned Value: Numernc 0 through 7. The C-SCPI type is int16.

o Related Commands: DIAGINT.LINE

Usage DIAG:INT? Fnter siatement will return 0 through 7

DiIAGnostic:OTDetect[:STATe]

Parameters

Comments

NOTE

Usage

DIAGnostic:OTDetect:STATe] <enable>,((@<ch_list>) enables and disables the
HP E1413’s "Open Transducer Detection” capability (OTD). When Open
Transducer Detection is enabled, a very high impedance path connects all SCP
channels to a voltage source greater than 16 volts. If an enabled channel has an open
transducer, the input signal becomes the source voltage and the channel returns an
input over-range value. The value returned 1s +9.91E+37 (ASCI).

Parameter Parameter Range of Default
Name Type Values Units
enable discrete (string) ON| OFF none
ch list channel list (stzing) 100 - 163 none

« Open Transducer Detection is enabled/disabled on a whole Signal Conditioning
Plug-on basis. Selecting any channel on an SCP selects all channels on that SCP
{8 channels per SCP).

e Related Commands: DIAG.OTDETECT.STATE?

o *RST Condition: DIAG:OTDETECT OFF

If OTD is enabled when *CAL?, or CAL: TARE is executed, the module will disable
OTD, wait 1 minute to allow channels to settle, perform the calibration, and then
re-enable OTD.

DIAG.OTD ONJ(@100:107,115:123) select OTD for the first and third SCP
{complete channel lists for readability only)
DIAG:OTD;STATE ON,(@100,115) same function as example above (only first

channel of each SCP specified)

DIAG:OTDETECT.STATE OFF (@108)  disable OTD jor the § channels on the
second SCFP fonly first channel of SCP
specified)
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DIAGnostic:OTDetect[:STATe]?

DIAGnostic: QTDetect[:STATe]? (@<channel>) returns the current state of
"Open Transducer Detection” for the SCP containing the specified channel

Parameters
Parameter Parameter Range of Defanit
Name Type Values Units
channel channel list {string) 100 - 163 none

Comments e channel must specify a single channel only.

¢ Returned Value: Retums 1 (enabled) or 0 (disabled). The C-SCPI type 1s int16.

o Related Commands: DIAG.OTDETECT:STATE ON | OFF
Uisage DIAG:OTD:STATE? (@108) enter statement returns either a 1 or a 0

DIAGnostic:QUERY:SCPREAD?

DIAGnostic: QUERy:SCPREAD? <reg_addr> retums data word from a custom

Signal Conditioning Plug-on register. Use to control custom SCPs created using the
HP E1413 Option 14 Breadboard SCP.

Parameters
Parameter Parameter Range of Defanlt
Name Type Values Units
reg_addr numeric (1nt32) (-63,535 none

Comments « See Register Programming Section of your SCP Manual for parameter values.
o Returned Value: retumns numeric register value, C-SCPI type 15 int32.

e Related Commands: DIAG:COMM:SCPWRITE

Usage DIAG:QUERY:SCPREAD? 192 read SCP's ID register
enter statement here returny SCP ID value

DIAGnostic:VERSion?

DIAGnostic: VERSion? retums the version of the firmware currently loaded into

Flash Memory. The version information includes manufacturer, model, serial
number, firmware version and date.
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Comments » Returned Value: An example of the response string format is:
HEWLETT-PACKARD,E1413,1413A00101,A.02 05, Thu Aug 5 2.38:07 MDT 1993
The C-SCPi type is string.

» Related Commands: *IDN?

Usage DIAGVERS? Returns version string as shown above
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Subsystem Syntax

Commenis

FETCh?

The FETCh? command returns readings stored in VME memory.

+ This command is only available 1n systems using an HP E1405B or HP E1406A
command module,

o« FETCHY does not alter the readings stored in VME memory. Only the *RST or
INIT... commands will clear the readings m VME memory.

e The format of readings retumed is set using the FORMat[.DATA] command.

¢ Returned Value: REAL 32, REAL 64, and PACK 64, readings are returned in
the IEEE-488.2-1987 Definite Length Arbitrary Block Data format. This data
return format is explained in "Arbitrary Block Program Data" on page 5-9 of this
chapter. For REAL 32, readings are 4 bytes in length. For REAL 64, and PACK,
64, readings are § bytes in length

o PACKed, 64 returns the same values as REAL, 64 except for Not-a-Number
{NaN), IEEE +INF and IEEE -INF. The NaN, IEEE +INF and IEEL -INF values
returned by PACKed,64 are in a form compatible with HP Workstation BASIC
and HP BASIC/UX. Refer to the FORMat command for the actual values for
NaN, +INF, and -INF.

= ASCiui is the default format.

e ASCII readings are returned in the form 1 234567E+123. For example 13.325
volts would be +1.3325000E+001. Each reading 1s followed by a comma (). A
line feed (LF) and End-Or-Identify (EOI) follow the last reading.

s Related Commands: MEMory Subsystem, FORMat[:DATA]

o *RST Condition: MEMORY :VME:ADDRESS 240000,
MEMORY:VME . STATE OFF, MEMORY :VME:SIZE 0
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Use Sequence MEM:VME:ADDR #H300000

MEM:VME:SIZE #H100000 1M byte or 262144 readings
MEMVME . STAT ON
* {set up E1413 Jor scanning)
*
TRIG:SOUR IMM let unit trigger on INIT
INIT program execution remains here until VAIE
memory 15 full or the HP E1413 has stopped
laking readings
FORM REAL 64 affects only the return of data
FETCH?

Note When using the MEM subsystem, the module must be triggered before executing the
INIT command (as shown above) unless you are using an extemal trigger (EXT
trigger}. When using EXT trigger, the trigger can occur at any time.
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Subsystem Syntax

FORMat[:DATA]

The FORMat subsystem provides commands to set and query the response data
format of readings returned using the [SENSe:IDATA FIFQO:...7 commands.

FORMat
[ DATA] <format>[,<size>]
[[DATA]?

Parameters

Comments

FORMat[:DATA] <format>|,<size>] sets the format for data retumed using the

Parameter Parameter Range of Default
Name Type Values Units
format discrete (string) REAL | ASCii} PACKed none

size mimeric for ASCii, 7 none

forREAL, 321064
for PACKed, 64

e The REAL format is IEEE-734 Floating Point representation.

o REAL, 32 provides the highest data transfer performance since no format
conversion step is placed between reading and returning the data. The default size
for the REAL format is 32 bits.

o PACKed, 64 returns the same values as REAL, 64 except for Not-a-Number
(NaN), IEEE +INF and IEEE -INF. The NaN, IEEE +INF and IEEE -INF values
returned by PACKed,64 are in a form compatible with HP Workstation BASIC
and HP BASIC/UX (see table on following page).

« REAL 32, REAL 64, and PACK 64, readings are returned in the
IEEE-488.2-1987 Arbitrary Block Data format. The Block Data may be either
Definite Length or Indefinite Length depending on the data guery command
executed. These data return formats are explained in "Arbitrary Block Program
Data" on page 5-9 of this chapter. For REAL 32, readings are 4 bytes in length
(C-SCPI type is float32 array). For REAL 64, and PACK, 64, readings are §
bytes in length (C-SCPI type 1s float64 array).

o ASCii is the default format. ASCII readings are returned in the form
+1.234567E£123. For example 13.325 voits would be +1.3325000E+001. Each
reading 15 followed by a comma (,). A line feed (LF) and End-Or-Identify (EOI)
follow the last reading (C-SCP1 type is string array).
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+ Related Commands: {[SENSc:JDATAFIFO:...7, [SENSe:]JDATA:CVTable?,
MEMory subsystem, and FETCh?

s *RST Condition: ASCI, 7
o After *RST/Power-on, each channel location in the CVT contains the IEEE-754

value “Not-a-number" (NaN). Channel readings which are a positive overvoltage
return [EEE +INF and a negative overvoltage retumn [EEE -INF. The NaN, +INF,

and -INF values for each format are shown in the following table.

Format IEEE Term |Value Meaning
ASCii +INF +9.9E37 Positive Overload
-INF -9.9E37 Negative Overload
NaN +9.91E37 No Reading
REAL,32 +INF TEROGO0015 Positive Overload
-INF FF80000015 Negative Overload
NaN TFFFFFFF 5 No Reading
REAL 64 +INF TFF0Q0...001¢ Positive Overload
-INF FFE000.. 0016 Negative Overload
NaN 7FFF..FFis No Reading
PACKed 64 +INF 47D2 9EAD 3677 AF6F1&  [Positive Overload
(+9.0E3710)
-INF C7D2 SEAD 3677 AF6F s [Negative Overload
(-9.0E3710)
NaN 47D2 A37D CED4 614316 |No Reading
(+9.91E3710)

Sef format to IEEE 32-bit Floating Point
Set formai to IELE 64-bit Floating Point
Set format to 7-bif ASCII

Usage FORMAT REAL
FORM REAL, 64
FORMAT ASCH, 7

FORMat[:DATA]?

FORMat{:DATA]? returns the currently set response data format for readings.

Comments ¢ Returned Value: Returns REAL, +32 | REAL, +64 | PACK, +64 | ASC, +7. The
C-SCPIi type is string, int16.

o Related Commands: FORMAT

e *RST Condition: ASCIL 7

Usage FORMAT? Returns REAL, +32 | REAL, +64 | PACK,

1641 ASC, +7
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The INITiate command subsystem moves the HP E1413 from the trigger idle state
to the Initiated state. When initiated, the instrument is ready to receive one
(:IMMediate) or more (:CONTinuous) trigger events. When triggered, one of four
scan lists (specified by ROUTe:SCAN LIST! through LIST4) will control the
instrument. See the SENSe subsystem to specify scan list contents. See the TRIGger
subsystem to specify the trigger source,

Subsystem Syntax INITiate

‘CONTinuous ON | OFF
[.IMMediate]

INITiate:CONTinuous

INITiate:CONTinuous <enable> . ON changes the trigger system from the Idle
state to a continuous Wait For Trigger state. A trigger cycle occurs for each received
trigger event. OFF cancels the CONTinuous mode and returns the instrument to the
Trigger ldle state after the currently trniggered scan 1s complete.

Parameters

Parameter Parameter Range of Befauii
Name Type VYalues Units
enable discrete (string) ON | OFF none

Comments »

Executing INIT:CONT:ON clears the FIFO and Current Value Table.

If a trigger event is received before the instrument is Initiated, a -211 "Trigger
ignored” error is generated,

If another trigger event is received before the instrumnent has completed the
current trigger cyvele (measurement scan), the Questionable Data Status bit 9 1s set
and a 3012 "Trigger too fast" error is generated

Sending the ABORt command will reset the trigger system back to its Tnigger Idle
state and terminate any scan in progress, [f INIT:CONT is ON, however, it will
immediately return to Wait For Trigger state, i TRIG:SOUR 1s IMM also, then
the module will resume scanning. Use INIT:CONT OFF to end a scan, then check
the "Measuring" bit (bit 4) with STAT:OPER:COND?

Sending INIT while the system is still in the Wait for Trigger state (already
INITiated) will cause an error -213,"Init ignored"”,

Related Commands: ABORt, CONFigure, TRIGger
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¢ *RST Condition: Trigger system is in the Idle state.

Usage INIT:CONTINUOUS ON Set for continuous scanning through
channel list on single trigger event
INIT:CONT OFF Finish scan (if triggered) and return to

Trigger Idle state AFTER the next trigger
event if already arined

INITiate[:IMMediate]

INITiate|:IMMediate} changes the trigger system from the Idle state to the Wait
For Trigger state When triggered, one or more (depending on TRIGger:COUN)
trigger cycles occur and the instrument retums to the Trigger Idle state.
ROUTe:SCAN LISTI through LIST4 specifies which of four scan lists to execute.

Comments » INIT-IMM clears the FIFO and Current Value Table.

o Ifatrigger event is received before the instrument is Imtiated, a -211 "Trigger
ignored” error is generated.

» If another trigger event is received before the instrument has completed the
current trigger cycle (measurement scan), the Questionable Data Status bit 9 is set

and a 3012 "Trigger too fast" error is generated.

= Sending INIT while the system 1s stiil in the Wait for Trigger state (already
INITiated) will cause an error -213,"Init ignored”.

o Sending the ABORt command will reset the trigger system back to its Idle state
and terminate any scan in progress.

o Related Commands: ABORt, CONFigure, TRIGger

» *RST Condition: Trigger system 1s in the Idle state.

Usage INIT _ Bath versions same function
INTIATE:IMMEDIATE
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The INPut subsystem controls configuration of programmable inpur Signal
Conditioning Plug-Ons (SCPs).

Subsystem Syntax INPut
FlLTer
[.LPASs]

FREQuency <cutoff freq>{@<ch list>)
FREQuency? (@<channel>}
[:STATe] ON | OFF (@<channel>)
[:STATe]?

‘GAIN <chan_gain> (@<ch_list>)

‘GAIN? (@<channel>)

INPut:FILTer[:LPASs]:FREQuency

INPut:FILTer[:LPASs]:FREQuency <cutoff freq>(@<ch_list>) sets the cutoff
frequency of the filter on the specified channels.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
autoff freg mumenic {float32) see comment | Hz
(string) MIN | MAX
ch _list channel list (string) 100 - 163 none
Comments « cutoff freq may be specified in killoHertz (khz). A programmable Filter SCP has

a choice of several discrete cutoff frequencies. The cutoff frequency set will be the
one closest to the value specified by cutoff freq. Refer to Chapter 6 for specific
information on the SCP you are programming.

« Sending MAX for the cutoff freq selects the SCP’s highest cutoff frequency.
Sending MIN for the cutoff freq sclects the SCP’s Jowest cutoff frequency. To
disable filtering (the "pass through" mode), execute the INP:FILT:STATE OFF
command.

¢ Sending a value greater than the SCP’s highest cutoff frequency or less than the
SCP’s lowest cutoff frequency generates a -222 "Data out of range" error.

o Related Commands: INPFILT FREQ7?, INP.FILT.STAT ON | OFF

s *RST Condition: set to MIN
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Usage INPFILT:FREQ 100,(@100:119) Set cutoff frequency of 100 Hz for first 20
channels
INPUT-FILTERFREQ 2/{(@155) Set cutoff frequency of 2 Hr for channel 55

INPut:FILTer[:LPASs]:FREQuency?

INPut:FIL Ter[:L.PASs]:FREQuency? (@<channel>) retums the cutoff
frequency currently set for channel.

Parameters
Parameter Parameter Range of Default
Name Type Values {inits
channel channel list (string) 100 - 163 none

Comments » channel must specify a single channel only.
e This command is for programmable filter SCPs only.

* Returned Valze: Numeric value of Hz as set by the INP.FILT-FREQ command.
The C-SCPI type is float32

s Related Commands: INP-FILT-LPAS, INP-FILT-STATE

» *RST Condition: MIN

Usage INPUTFILTER.LPASSFREQUENCY? (@155)Check cutoff freq on channel 553
INPFILT.FREQ? (@100) Check cutoff freq on channel 0

INPut:FIL Ter[:LPASSs][:STATe]

INPut:FILTer[:LPASs}[:STATe] <enable>(@<ch_list>) enables or disables a
programmable filter SCP channel. When disabled (enable=0FF), these channels are
in their "pass through" mode and provide no filtering. When re-enabled
(enable=0N), the SCP channel reverts 1o its previously programmed setting.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
enable discrete (string) ON | OFF none
ch_list channe] list (string) 100 - 163 none

Comments o Ifthe SCP has not yet been programmed, ON enables the SCP’s default cutoff
frequency.

s *RST Condition: ON
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INPUT.FILTER:STATE ON(@115,117)  Channels 115 and 117 refurn to previously
set (or default) cutoff frequency

INP.FILT OFF (@100:115) Set channels 0-15 to "pass-through" state

INPut:FiLTer[:LPASs][:STATe]?

INPut:FILTer[LPASs}{:STATe]? (@<channel>) retumns the currently set state of
filtering for the specified channel.

Parameters
Parameter Parameter Range of Default
Name Type Values Units |
channel channel lList (string) 100 - 163 none
Comments ¢ Returned Value: Numeric value either 0 (off or "pass-through”) or 1 (on). The
C-SCPI type is intl6.
s channel must specify a single channel only.
Usage INPUT:FILTER.LPASS:STATE? (@115) Fnter statement returns either 0 or 1
INPFILT? (@115) Same as above
INPut:GAIN
INPut: GAIN <gain>,(@<ch_list>) sets the channel gain on programmable
amplifier Signal Conditioning Plug-Ons.
Parameters
Parameter Parameter Range of Default
Name Type Values Units
gain numerc (float32) see comment | none
discrete (string) MIN | MAX
ch_list channel Hst (string) 100 - 163 none
Comments < A programmable amplifier SCP has a choice of several discrete gain settings. The

gain set will be the one closest to the value specified by gain. Refer to your SCP
manual for specific information on the SCP you are programming. Sending MAX
will program the highest gain available with the SCP installed. Sending MIN will
program the lowest gain.

s Sending a value for gain that is greater than the highest or less than the lowest
setting allowable for the SCP will generate a -222 "Data out of range" error.

e Related Commands: INP.GAIN?

e *RST Condition: gain setto ]
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Usage INP.GAIN 8,(@100:119) Set gain of 8 for first 20 channels
INPUT.GAIN 84,(@155) Set gain of 64 for channel 35

INPut:GAIN?

INPut: GAIN? {@<channel>) retums the gain cumently set for channel,

Parameters
| Parameter Parameter Range of Default
Name Type Values Units
channel channel list (string) 100 - 163 none

Comments « channel must specify a single channel only.

e If the channel specified does not have a programmable amplifier, INP:GAIN? will
retumn the nominal as-designed gain for that channel.

= Returned Value: Numeric value as set by the INP:GAIN command. The C-SCPI
type is float32.

o Related Commands: INP.GAIN

¢ *RST Condition: gain setto 1

Usage INPUT:GAIN? (@105) Checle gain on channel 5
INP:GAIN? (@100) Check gain on channel 0
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The MEMory subsystem allows using VME memory as an additional reading
storage buffer.

Subsystem Syntax MEMory
‘VME

‘ADDRess <424 address>
:ADDRess?
SIZE <mem_size>
SIZE?
STATe 1{0{ON|OFF
STATe?

NOTE This subsystem is only available in systems using an HP E1405B or HP E1406A
command module,

Use Sequence *RST
MEM:VME:ADDR #H300000

MEM:VME:SIZE #41100000 IM byte or 262144 readings
MEM:VME:STAT ON
* (sei up K1413 for scanning)
TRIG:SOUR IMM let unit trigger on INIT
INIT
OpPC? program execulion remains here until VAME

memeory is full or the HP E1413 has stopped
taking readings

FORM REAL 84 affects only the return of data
FETCH? return data from VME memory

Note When using the MEM subsystem, the module must be tniggered before executing the
INIT command (as shown above} unless you are using an external trigger (EXT
trigger). When using EXT trigger, the trigger can occur at any time.
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MEMory:VME:ADDRess

MEMory: VME:ADDRess <424 address> sets the A24 address of the VME
memory card to be used as additional reading storage.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
A24 address nmeric valid A24 address none
Comments « This command is only available in systems using an HP E1405B or HP E1406A

command module.
» The default (if MEM: VME:ADDR not executed) 1s 240000:6.
o A24 address may be specified in decimal, hex (#H), octal (#Q), or binary(#B).
s Related Commands: MEMory subsystem, , FORMat, and FETCH?

» *RST Cendition: VME memory address starts at 20000016. When using an HP
E1405/6 command module, the first HP E1413 occupies 20000016 - 23FFFF16.

Usage MEMVME.ADDR #H400000 Set the address for the VIME memory card to
be used as reading storage

MENMory:VME:ADDRess?

MEMory: YME:ADDRess? retumns the address specified for the VME memory
card used for reading storage.

Comments » Returned Value: numeric.

« This command is only available in svstems using an HP E1405B or HP E1406A
command module.

o Related Commands: MEMory subsystem, , FORMat, and FETCH?

Usage MEMVMEADDR? Returns the address of the VME memory

card.

MEMory:VME:SIZE

MEMory: VME:SIZE <size> Specifies the number of bytes of VME memory to
allocate for additional reading storage.
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Parameters
Parameter Parameter Range of Default
Namie Type Values Units
size DHmETic to limit of available VME memory none

Comments « This command is only available in systems using an HP E1405B or HP E1406A
command module.

o size may be specified in decimal, hex (#H), octal (#Q), or binary(#B}.
« bytes should be a multiple of four (4) to accommodate 32 bit readings.
¢ Related Commands: MEMory subsystem, FORMAT, and FETCH?

o *RST Condition: MEM; VME:SIZE 0

Usage MEMVME:SIZE 32768 Allocate 32 Kbytes of VME memory to
reading storage (8192 readings)

MEMory :VME:SIZE?

MEMory: VME:SIZE? returns the amount (in bytes) of VME memory allocated to
reading storage.

Comments « This command is only available in systems using an HP E1405B or HP E1406A
command module.

e Returned Value: Numeric.

e Related Commands: MEMory subsystem, and FETCH?

Usage MEM:VME:SIZE? Returns the number of bytes allocated to
reading storage.

MEMory:VME:STATe

MEMory: VME:STATe <enable> enables or disables use of the VME memory
card as additional reading storage.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
enable boolean 1{0jON]OFF none

Comments e This command is only available in systems using an HP E1405B or HP E1406A
command module.
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e When the VME memory card is enabled, the INIT command does not terminate
until data acquisition stops or VME memory is full.

e Related Commands: Memory subsystem, and FETCH?

o *RST Condition: MEM:VME:-STAT OEF

Usage MEMORY:VME:STATE ON enahle VME card as reading storage
MEMVME:STAT 0 Disable VME card as veading storage
MEMory :VME:STATe?

MEMory: VME:STATe? returned value of 0 indicates that VME reading storage is
disabled. Returned value of 1 indicates VME memory is enabled.

Comments - This command is only available in systems using an HP E1405B or HP E1406A
command module.

» Returned Value: Numeric 1 or ¢

» Related Commands: MEMory subsystem, and FETCH?

Usage MEM:VME:STAT? Returns 1 for enabled, 0 for disabled
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The OUTPut subsystem is wvolved in programming source SCPs as well as
controlling the state of VXIbus TTLTRG lines 0 through 7.

Subsystem Syntax OUTPut

:CURRent
AMPLitude <amplitude> (@<ch list>)
:AMPLitude? (@<channel>)
[:STATe] 1|0|ON| OFF(@<ch_list>}
[.STATe]? (@<channel>)

SHUNt 1] 0| ON| OFF(@<ch _list>)

‘SHUNt? (@<channel>)

TTLTrg
:SOURce TRIGger| FTRigger | SCPlugon | LIMit
SOURce?

TTLTrg<n>
[:STATe] ON| OFF
[:STATe]?

OUTPut:CURRent:AMPLIitude

QUTPut: CURRent: AMPLitude <amplitude>,(@<ch_list>) sets the Current
Source SCP channels specified by ¢k list to either 488 pA, or 30 pA. This current is
typically used for four-wire resistance and resistance temperature measurements.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
amplitude numeric (float32) MIN | 30E-6 | MAX | 488E-6 ADC
ch_list channel list {string) 100 - 163 nong

Comments « Select 488E-6 (or MAX) for measuring resistances of less than 8000 Ohms. Select
30E-6 {or MIN) for resistances of 8000 Ohms and above. amplitude may be

specified in pA (ua).

o For resistance temperature measurements ([SENSe: ]JFUNCtion: TEMPerature) the
Current Source SCP must be set ag follows:
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Required Current Temperature Sensor Types and
Amplitude Subiypes

MAX (488pA) | RTD,85| 92 and THER,2250
MIN (30pA) | THER,5000 | 10000

¢ When *CAL? is executed, the current sources are calibrated on the range selected
at that time.

o Related Commands: *CAL, OUTP.CURR. AMPL?
e *RST Condition: MIN
Usage OUTP.CURRAMPL 488ua,(@116:123)  Ser Current Source SCP at channels 16

through 23 to 488 pA

OUTP:CURR:AMPL 30E-6,(@105) Set Current Sonrce SCP at channel 5 to 30
p

OQUTPut:CURRent: AMPLtude?

OUTPut:CURRent: AMPLitude? (@<channel>) retumns the range setting of the
Current Source SCP channel specified by channel

Parameters
Parameter Parameter Range of Default
Name Type Values Units
channel channel! list (string) 100 - 163 none
Comments « channel must specify a single channel only.
o If channe! specifies an SCP which is not a Current Source, a +3007, "Invalid
signal conditioning plug-on" error is generated.
o Returned Value: Numenc value of amplitude set. The C-SCPI type 1s float32.
e Related Commands: OUTP.CURR:AMPL
Usage OUTP.CURRAMPLITUDE? (@163) Check SCP current set for channel 63

(returns +3.08-5 or +4.88F-4}

OUTPut:CURRent[:STATe]

OUTPut: CURRent|[:S5TATe] <enable>{{@<ch_list>) enables or disables current
output on channels specitied in <ch list>.
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Commentis

Usage

OUTPut

Parameter Parameter Range of Default
Name Type Values Units
enable numeric (uint16) 1| 0iON|OFF note
ch_list channel list (string) 100 - 183 none

o« QOUTP:CURR:STAT does not affect a chaunel’s arnplitude setting. A channel that
has been disabled, when re-enabled sources the same current set by the previous
OUTP:CURR:AMPL command.

o QUTP:CURR:STAT is most commonly used to turn off excitation current to
four-wire resistance (and resistance temperature device) circuits during execution
of CAL:TARE for those channels.

« Related Commands: OUTP:CURR:AMPL, CAL. TARE

¢ *RST Condition: OUTP:CURR OFF (all channels)

CUTP:.CURR OFF,(@100,108) turn off current source channels 0 and 8

OUTPut:CURRent[:STATe]?

Parameters

Comments

Usage

OUTPut:SHUNt

OUTPut:CURRent[:STATe|? (@<channel>) retums the state of the Current
Source SCP channel specified by <channel>.

Parameter Parameter Range of Defanlt
Name Type Values Units
channel channel list {string) 100 - 163 None

o channel must specify a single channel only.
e Returned Value: returns 1 for enabled, 0 for disabled. C-SCPI type 1s uint16,

e Related Commands: OUTP, CURR.STATE, OUTP.CURR: AMPL

OUTP:CURR? (@108) guery for state of Current SCP channel 8
execute enter statement here enter query value, either I or 0

OUTPut:SHUNt <enable>(@<ch_list>) adds shunt resistance to one leg of bridge
on Strain Bridge Completion SCPs. This can be used for diagnostic purposes and
charactenization of bridge response.
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Parameters
Parameter Parameter Range of Default
Name Type Values Units
enable boolean (uint16) 011|ON;OFF none
ch_list channel list (string) 100 - 163 none

Comments o If channel specifies a non strain SCP, a 3007 "Invalid signal conditioning

plug-on" error is generated.

» Related Commands: [SENSe;|JFUNCtion. STRain. .., {[SENSe:]STRain...

« *RST Condition: OUTP:SHUNT 0 on all Strain SCP channels

Usage OUTP:SHUNT 1(@116:123)

OUTPut:SHUNt?

add shunt resistance at channels 16 fhrough

QUTPut:SHUNt? {@<channel>) returns the status of the shunt resistance on the
specified Strain SCP channel.

Parameters
Parameter Parameter Range of Defaunit
Name Type Values Unmnits
channel channel list (string) 100 - 163 none
Comments » channel must specify a single channel only.

@

plug-on" error is generated.

L

Related Commands: OQUTP.SHUNT

Usage OUTPUTISHUNI? (@100)

OQUTPut:TTLTrg:SOURCce

If channel specifies a non strain SCP, 2 3007 "Invalid signal conditioning

Returned Value: Retums 1 or 0. The CSCPI type 15 nintl6.

Check status of shunt resistance on
channel 0

OUTPut: TTLTrg:SOURce <trig source> selects the internal source of the trigger
event that will operate the VXIbus TTLTRG lines.
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Parameters
Parameter Parameter Range of Default
Name Type Values Units
trig source discrete (string) TRIGger | FTRigger | SCPlugon | LIMit none

Comments o The following table explains the possible choices.

Parameter Value Source of Trigger
FIRigger Generated on the First TRigger of a multiple "counted
scan” (set by TRIG:COUNT <#rig_count>)
LMt Geperated when a channel’s limit test is exceeded
SCPlugon Generated by a Signal Conditioning Plug-on (SCP)
TRIGger (Generated every time a scan is triggered (see
TRIG:SQUR <trig_source>)

» FTRigger (First TRigger) is used to generate a single TTLTRG output when
repeated triggers are being used to make multiple passes through a scan list. The
TTLTRG line will go low (asserted) at the first trigger event and stay low through
subsequent triggers until the trigger count (as set by TRIG:COUNT) is exhausted.
At this point the TTLTRG line will return to its high state (de-asserted). This
feature can be used to have one HP E1413 trigger (set to OUTP: TILT:SOUR
FTR and QUTP: TTLT<n> ON) a second HP E1413 (set to TRIG:SOUR

TTLTRG<n>). The second module will be triggered in the ratio
1
TRIG.COUNT oduteiit”

For an example of this arrangement, see Timer Based Scans at Different Rates on
page 4-17.

e Related Commands: OUTP. TTLT<u>[STATE], OUTP. TTLT:SOUR?,
TRIG:SOUR, TRIG:COUNT

e *RST Condition: OUTP. TTLT:SOUR TRIG

Usage OUTP.TTLT:SOUR LIM taggle TTLTRGn line when limit fest
exceeded

OUTPut:TTLTrg:SOURce?

OUTPut:TTLYrg:SOURce? returns the current ssetting for the TTLTRG line
source.

Comments « Returned Value: Discrete, one of, TRIG, FTR, SCP, or LIM. C-SCPI type is
string.

s Related Commands: QUTPE.TTLT.:SOUR
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Usage OUTP.TTLT:SOUR?

OUTPut:TTLTrg<n>[:STATe]

enter statement will return on of FTR, LIM,

SCP, or TRIG

OUTPut: TTLTrg<n>:STATe <#tlitrg cntrl> specifies which VXIbus TTLTRG
line 1s enabled to source a trigger signal when the module is triggered. TTLTrg<n>
can specify line O through 7. For example, ... TTLTRG4, or TTLT4 for VXIbus

TTLTRG hine 4.
Parameters
Parameter Parameter Range of Defauit
Name Type Values Units
tthtrg_cntrl discrete {string) ON | QFF none

Comments ¢ Only one VXIbus TTLTRG line can be enabled simultaneously.

o Related Commands: ABORT, INIT..., TRIG. ..

e *RST Condition: OUTPut: TTLTrg<0 through 7> OFF

Usage OUTP:TTLT2 ON

OUTPUTTTLTRG7:STATE ON

OUTPuL: TTLTrg<n>[:STATe]?

Enable TTLTRG2 line to source a trigger

Enable TTLTRG7 line to source a trigger

OUTPut: TTLTrg<n>[:STATe]? returns the current state for TTLTRG line <n>.

s Returned Value: Retumns 1 or 0. The C-SCPI type is inti6.

s Related Commands: OUTP:TTLT<n>

Usage OUTP.TTLT2?

OQUTPUT.TTLTRGY.STATE?

See if TTLTRG? line is enabled (returns ]

or (i)

See if TTLTRG7 line is enabled
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The ROUTe subsystem controls which of four Scan Lists will be executed at the
next trigger event, and defines the channel content of each Scan List.

Subsystem Syntax ROUTe
:SCAN LISTY | LIST2 | LIST3 | LIST4 | LISTL
:SEQuence:
‘DEFine LISTI1|LIST2|LIST3 | LIST4 | LISTL | ALL(@<ch_list>)
‘DEFine?
‘POINts? LIST1]LIST2 | LIST3 | LIST4 | LISTL

ROUTe:SCAN
ROUTe:SCAN <scan_list> establishes which of the four Scan Lists will be used
for measurement scans.
Parameters
Parameter Parameter Range of Default
Name Type Values Units
scan_Jist discrete (string) LIST1 - LIST4 | LISTL none

Comments « When ROUT:SCAN is LISTL, the module will automatically sequence through
the scan lists specified by ROUT:SEQ:DEF LISTL (@<lists>).

NOTES 1. When ROUT:SCAN selects LISTL (List-of-Lists), each scan list it specifies
must contain at least 6 channels.

2. When CALC:AVER 15 ON, LISTL 1s not allowed.

« Normmally the specified scan list number becomes effective when the Trigger
System moves from the Initiated State to the Waiting for Trigger State. If
ROUT:SCAN is executed after this point, it will become effective for the next
scan. IfINIT:CONT 1s ON and TRIG:SOUR is IMM, ROUT:SCAN will generate

an error, Refer to Figure 5-2 for Trigger System event sequence,
o Related Commands: ABORt INIT..., ROUT.SEQ:DEF
o *RST Condition: ROUT:SCAN LIST1.

Usage ROUTE:SCAN LIST3 The next scan list executed will be LIST3
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Trggerldle | INIT:CONT GFF i
Slate :
INITIte MMediate
irdtiated
State
INIT:CONT O
and o
TRIG:SOUR not iMM
Gontrol Processor Reads
Scan List Number Here
TRIGCOUNT set >1
and remaining
count still >0
Waiting For
Trigger
NIT:CONT ON
Trigger Evenl and
TRIGSOUR i
Execuling
Sean List

Figure 5-3 Event Sequence for ROUTe:SCAN

ROUTe:SEQuence:DEFine

ROUTe:SEQuence:DEFine <scan list>((@<ch_list>} define channel content and
sequence for Scan List LIST<n>, or define the Scan List sequence for the
List-of-Lists {LISTL). LISTL allows Automatic Scan List Sequencing,

Parameters
Parameter Parameter Range of Defaukt
Name Type Values {nits
scan_list discrete (string) LISTI -LIST4]LISTL |ALL none
ch list channel list {string) | for LIST1-4 or ALL, use 100 - 163 | <cc>(00 none
- 63
for LISTL, )use 1-4

Comments » Channels can be specified in any order.

¢ When CALC:AVER:STATE 1s OFF, channels can be specified multiple times in
an mdividual Scan List. When CALC-AVER STATE is ON, each channel must
be appear only once in an individual Scan List.

e A channel list may contain as many as 1,024 entnies.

+ When ROUT:SCAN selects LIST! through LIST4, the specified scan list can
contain as few as two (2) channels (may be the same channel) When
ROUT:SCAN selects LISTL, each Scan List specified in the List-of-Lists must
contain at least 6 entries.
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e When scan_list is ALL, the channel specification is copied to all four Scan Lists.

e For LISTL, the <ch list> parameter can specify up to 1,024 Scan List numbers (1
through 4) in any order and any list number can be specified multiple times.

o For LISTI - LIST4 or ALL, the SCPI Relative Channel specification form can be
used to control the conversion, and storage destination of data measured during a
scan. The SCPI Relative Channel specification syntax is:

((@cc{nn, nn, nn:nn)}
where ¢c = card number, and nn = channel number.

For the ROUT:SEQ:DEF command the card number becomes the Channel Data
Modifier. The value can range from 1 through 7. The value controls whether
Engineering Unit conversion is performed and the internal destination of the
resulting value. The following table explains the effect of the Channel Data
Modifier:

Channel Data Pescription
Modifier

1 Perform EU conversion and store result in both FIFQ buffer and
Current Value Table

2% Leave measurement as voltage and store result in both FIFO and
CVT

3 Perform EU conversion and store result in CVT only

4% Leave measurement as voltage and store in CVT only

5 Perform EU conversion and store result in FIFO only

6% Leave measurement as voltage and store in FIFO only

7 Leave measurement as voltage and don’t store result in either

FIFQ or CVT. Use as dummny channel set

* Limit Checking (CALC:LIM: .} can not be performed on channels that are not
converted to Engineering Units.

s Both the standard and relative channel specification modes can be mixed within a
Scan List definition. For example:

ROUTE:SEQ:DEF LISTL(@100 115, 6(00:15))

specifies that the readings taken on channels O through 15 are to be converted into
engineening units and stored in both the FIFO data buffer and the Current Value
Table {CVT). In addition, channels { through 15 are to be read and the raw
voltage values are to be added to the FIFO buffer. The FIFO will contain 16
converted readings and 16 voltage readings. The CVT will contain a converted
reading for channels 0 through 135
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s After using ROUT:SEQ.DEF, use [SENSe:JFUNCtion ... to set each channel to a
specific function and range.

¢ Related Commands: ROUT:SCAN

+ *RST Condition: Scan List 1 = (@100:163), Scan Lists 2 through 4 have no
channels assigned to them,

Usage ROUT:SEQ:DEF LISTZ,(@100:131) EU conversion to both FIFQ and CVT
(standard)
ROUT:SEQ:DEF ALL(@100:131) Same channels and conversion as above but
to all four Scan Lists
ROUT:SEQ:DEF LIST1,(@2(00:31) Voltage readings to both FIFQ and CVT

(relative channe! specification using
Channel Modifier

ROUTe:SEQuence:DEFine?

ROUTe:SEQuence:DEFine? <scan_list>[,<mode>} When <scan list> is LIST1 -
LIST4, returns either the sequence of channels or the sequence of Channel Data
Modifiers for Scan List LIST<n> When <scan_fisf> is LISTL, returns the sequence
of scan list numbers.

Parameters
Parameter Parameter Range of Defanlt
Name Type Values Units
scan_list discrete (string) LIST1 - LIST4 | LISTL none
mode discrete (string) CHANnel | MODifier none

Commenis « The default for mode is CHAN.

= When <scan_lisf>is LIST1-4 and mode is CHAN, ROUT:SEQ:DEF? returns the
sequence of channels assigned to scan_list

e« When <scan_lisr>1s LIST1-4 and mode is MOD, ROUT:SEQ:DEF? retums the
Channel Data Modifiers assigned to the current Scan List channels. The meaning
of the Channel Data Modifier values are shown in the following table.
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Channel Data
Modifier

Description

i

Perform EU conversion and store result in both FIFO buffer and
Current Value Table

2*

Leave measurement as voltage and store result in both FIFO and
CvT

Perform EU conversion and store result in CVT only

4%

Leave measurement as voltage and store in CVT only

Perform BEU conversion and store result in FIFO only

6%

Leave measureret as voltage and store in FIFO only

7*

Leave measarement as voliage and don’t store result in either
FIFO or CVT. Use as dummy channel set

* Limit Checking (CALC.LIM: .} can not be performed on channels that are not
converted to Engineering Units.

s Returned Value: Retumed values are in the IEEE-488 .2-1987 Definite Length
Arbitrary Block Data format. This data retum format is explamed in "Arbitrary
Block Program Data" on page 5-9 of this chapter. Each value 1s 2 bytes in length
(the C-SCPI data type is an intl16 array).

¢ Related Commands: ROUT:SEQ:DEF, ROUT:SCAN

o *RST Condition: Scan List 1 = (@100:163) (Channel Data Modifiers are all 1),
Scan Lists 2 through 4 have no channels assigned to them, LISTL as no Scan Lists

agsigned to it.

Usage ROUT.SEQDEF? LIST2, CHAN query for channel sequence in LIST?
enter comma separated lisi of channels

ROUT:SEQ:DEF? LISTL query for scan list sequence in LISTL
enter comma separated list of Scan Lisis

ROUTe:SEQuence:POINts?

ROUTe:SEQuence: POINts? <scan_list> When <scan_list> is LIST1 - LIST4,
returns the number of channels defined in the specified Scan List. When <scan list>
is LISTL, returns the number of Scan Lists defined.
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Parameters
Parameter Parameter Range of Default
Name Type Values Units
scan_fist discrete {string) LIST1 - LIST4 | LISTL none

Comments » The number of channels returned with this command may not reflect the number
of readings that will be sent to FIFQ memory. This is because the Channel Data
Modifier (see ROUT:SEQ:DEF command) of 3, 4 or 7 can be used which does

not place the readings n FIFO.

L]

Related Commands: ROUT.SEQ:DEF

Usage ROUT.SEQDEF? LIST3

Returned Value: Numeric. The C-SCPI type is intl6.

*RST Condition: Scan Lists contain zero channels.

check number of channels defined jor scan
list 3 (returns a number between 0 and [024)
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The SAMPIe subsystem provides commands to set and query the interval between
channel measurements (pacing) for each of the four Scan Lists.

Subsystem Syntax SAMPle

“TIMer LIST1]LIST2 | LIST3 | LIST4 [LISTL | ALL, <inferval>
“TIMer? LISTI | LIST2 | LIST3 | LIST4 | LISTL

SAMPie:TIMer
SAMPle: TIMer <scan_list><interval> sets the time interval between channel
measurements for the specified Scan List, or ALL four Scan Lists. When
SAMP.TIM LISTL is specified, <interval> sets the time between channels for all
scan lists defined in LISTL, overridimg any timer settings for individual Scan Lists..
Parameters
Parameter Parameter Range of Default
Name Type Values Units
scan_list discrete (string) LIST1 - LIST4 | LISTL | ALL none
interval numeric (floai32) 1.0E-51032 768E-3} seconds
(string) MIN | MAX

Comments o The minimum interval is 10 1 seconds. The resolution for interval is .5p second.

interval may be specified in milliseconds (ms), or microseconds (us).

s Ifthe Sample Timer interval multiplied by the number of channels in the specified
Scan List is longer than the Trigger Timer interval, at run time a "Trigger too fast”
error will be generated.

e Related Commands: SAMP. TIMER?

e *RST Condition: Sample Timer for all Channel Lists set to 1.0E-5 seconds.

Usage SAMPLETIMER LIST31E-3

Pace measurements at 1 millisecond
intervals for channels in Scan List 3
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SAMPle:TiMer?
SAMPle: TIMer? <scen_list> retumns the sample timer interval for the specified
Channel List or List-of-Lists (LISTL).
Parameters
Parameter Parameter Range of Default
Name Type Values Units
scan_list discrete (string) LIST1 -LIST4 | LISTL none

Commentis ¢ Returned Value: Numeric. The C-SCPI type is float32.

+ Related Commands: SAMP. TIMER

o *RST Condition: Sample Timer for all Channel Lists set to 1.0E-5 seconds.

Usage SAMPLETIMER? LIST4

Check the interval between channel

measurements for scan list 4

572 HP E1413 Command Reference




[SENSe]

Subsystem Synifax [SENSe]
DATA
:CVTable? (@<ch_list>)
:RESet
FIFO
[-ALLY?
:COUNt?
‘HALF?
‘HALF?
‘MODE BLOCk | OVERwrite
:‘MODE?
‘PART? <n_readings>
‘RESet
FILTer
[-LPASs]
{:STATe] ON| OFF
[:STATe]?
FUNCtion
‘CUSTom {<range> {@<ch_list>)
‘REFerence [<range> J({@<ch_list>)
TC <type> [<range> |(@<ch list>}
RESistance <excite_current> [<range> [({@<ch_list>)
:STRain
‘FBENding [<range>(@<ch_list>)
‘¥BPoisson [<range>](@<ch_list>)
FPOisson [<range>(@<ch list>)
‘HBENding {<range>{@<ch_list>}
‘HPOisson [<range> {@<ch_list>)
[:QUARter] [<range> {@<ch list>)
TEMPerature <sensor type> <sub type>[<range> |(@<ch_list>)
:VOLTage[ DC) [<range>[(@<ch_list>)
REFerence <sensor type>, [<sub type> Y (@<ch_list>}
‘TEMPerature <degrees celsius>
STRam
‘EXCitation <excite v> (@<ch _list>)
EXCitation?
GFACtor <gage factor>(@<ch_list>)
‘GFACtor? (@<channel>)
‘POISson <poisson_ratio>(@<ch list>)
POI1Sson? (@<channei>)
UNSTrained <unstrained v>((@<ch _list>)
UNSTramed? {(@<channel>)
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[SENSe:]IDATA:CVTable?

Parameters

Comments

NOTE

Usage

[SENSe:]DATA:CVTable? (@<ch_list>) returns from the Current Value Table
the most recently measured values for the channels specified.

Parameter Parameter Range of Default
Name Type Values Units
ch_list channel list 100 - 163 none

[SENSe:]IDATA:CVTable? (@<ch lisr>) allows you to "view" the current
channel values even while a long measurement scan is taking place.

e The Current Value Table 1s an area of A24 memory that contains a copy of the
most recent measurement for each channel that has been measured since the last
*RST or INIT command.

o The format of readings returned is set using the FORMat[:DATA] command

o Returned Value: ASCH readings are returned in the form +1.234567E+123. For
example 13.325 volts would be +1.3325000E+001. Each reading is followed by a
comma (). A line feed (LF) and End-Or-Identify (EOI) follow the last reading.
The C-SCPI data type is a string array.

REAL 32, REAL 64, and PACK 64, readings are returned in the

1EEE-488.2-1987 Definite Length Arbitrary Block Data format. This data return
format 1s explained in "Arbitrary Block Program Data" on page 5-9 of this
chapter. For REAL 32, each reading is 4 bytes in length (the C-SCPI data type is a
float32 array). For REAL 64 and PACK 64, cach reading is 8 bytes in length (the
C-SCPI data type is a float6d array).

After *RST/Power-on, each channel location in the CVT contains the IEEE-754
value "Not-a-number” (NaN). Channels specified in the DATA CVT? command
that have not been measured during the scan will return the value 9. 91E37.

Channel readings which are a positive overvoltage return IEEE +INF and a negative
overvoltage return IEEE -INF (see table on page 5-48 for actual values for each data
format).

o *RST Condition: CVT contains [IEEE-754 ""Not a Number".

SENS:DATACVT? (@1(00:63)) Return entire CVT (64 channels)
DATACVTABLE? (@108,110) return latest values from channels 8 and 10
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[SENSe:]DATA:CVTable:RESet

[SENSe:}DATA:CVTable:RESet sets all 64 Current Value Table entries to the
IEEE-754 "Not-z-number”. '

Comments < The value of NaN is +9.910000E+037 (ASCII)

Executing DATA:CVT RES while the module is INITiated will generate an error
3000, "Tilegal while initiated”.

Related Commands: SENSE DATA:CVT?

-]

*RST Condition: SENSE:DATA .CVT:RESET

-]

l}sage SENSE:DATA:CVT.RESET Clear the Current Value Table

[SENSe:]DATA:FIFO[:ALL]?

[SENSe:]DATA:FIFO[:ALL]? retumns all readings remaining in the FIFO buffer
until all measurements are complete or until the number of readings retumed
exceeds FIFQ buffer size (65,024).

Comments » DATA FIFO? may be used to acquire all readings (even while they are being
made) into a single large buffer, or can be used after one or more
DATA FIFO:HALF? commands {o return the remaining readings from the FIFO.

» The format of readings retumed is set using the FORMat[: DATA] command.

s Returned Value: ASCII readings are returned in the form £1.234567E+123. For
example 13.325 volts would be +1.3325000E+001. Each reading 15 followed by a
comma (). A line feed (LF) and End-Or-Identify (EOI) follow the last reading.
The C-SCPI data type is a string array.

REAL 32 REAL 64, and PACK 64, readings are retumed in the

IEEE-488 2-1987 Indefintte Length Arbitrary Block Data format. This data retum
format is explained in "Arbitrary Block Program Data" on page 5-9 of this
chapter For REAL 32, each reading is 4 bytes in length (the C-SCPI data type is a
float32 array) For REAL 64 and PACK 64, cach reading is 8 bytes in length (the
C-SCPI data type is a float64 array).

NOTE Channel readings which are a positive overvoltage return IEEE +INF and a negative
overvoltage return IEEE -INF (see table on page 5-48 for actual values for each data
format}.
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= Related Commands: SENSE.DATA FIFO:HALF?

e *RST Condition: FIFO is empty

Usage DATAFIFO? return all FIFQ readings until
measurements complete and FIFO empty

Command set up scan lists and trigger

Sequence
SENSE:DATAFIFO.ALL?
now execute read statement read statement does not complete until
triggered measurements are complete and
FIFQ is empty

[SENSe:]DATA:FIFO:COUN{?

[SENSe:]DATA:FIFO:COUNt? returns the number of readings currently in the
FIFO buffer.

Comments « DATA:FIFO:COUNT? is used to determine the number of readings to acquire
with the DATAFIFO:PART? command.

o Returned Value: Numeric 0 through 65,024, The C-SCPI type is int32.

» Related Commands: DATA FIFQ:-PART?

-]

*RST Condition: FIFO empty

Usage DATAFIFO:COUNT? Check the number of readings in the FIFO
buffer

[SENSe:IDATA:FIFO:COUNt:HALF?

[SENSe:|DATA:FIFO:COUNt:HALF? retums a 1 if the FIFO is at least half full
{contains at least 32,768 readings), or 0 if FIFO is less than half-full

Comments  DATA FIFO:COUNT:HALF? is used as a fast method to poll the FIFO for the
half-full condition.

o Returned Value: Numeric 1 or 0. The C-SCPI type is int16.
» Related Commands: DATA FIFO:HALF?

o *RST Condition: FIFO empty

Command DATAFIFO:COUNT:HALF? Poll FIFQ for half-full status
Seguence
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DATAFIFC:HALF? returns 32768 readings

[SENSe:]DATA:FIFO:HALF?

Comments

NOTE

Command
Seguence

DATA:FIFO:HALF? returns 32,768 readings if the FIFO buffer is at least
half-full This command provides a fast means of acquiring blocks of readings from
the buffer.

« For acquiring data from continuous scans, your application needs to execute a
DATA:FIFO:HALF? command and a read statement often enough to keep up
with the scan reading rate.

o Use the DATAFIFO:ALL? command to acquire the readings remaining in the
FIFO buffer afier the Jast scan has completed.

« The format of readings returned is set using the FORMat{:DATA)] command.

o Returned Value: ASCH readings are retumed in the form £1.234567E£123. For
example 13.325 volts would be +1.3325000E+001. Each reading is followed by a
comma (,}. A line feed (LF) and End-Or-ldentity (EQOI) follow the last reading.
The C-SCPI data type is a string array.

REAL 32, REAL 64, and PACK 64, readings are returned in the

IEEE-488.2-1987 Definite Length Arbitrary Block Data format. This data retumn
format is explained in "Arbitrary Block Program Data" on page 5-9 of this
chapter. For REAL 32, each reading is 4 bytes in length (the C-SCPI data type is a
float32 array). For REAL 64 and PACK 64, each reading is 8 bytes in length (the
C-SCPI data type is a float64 array).

Channel readings which are a positive overvoltage retum IEEE +INF and a negative
overvoltage return [EEE -INF (sce table on page 5-48 for actual values for each data
format},

e Related Commands: DATA FIFO:COUNT:HALF?
« *RST Condition: FIFO buffer is empty
DATAFIFO.COUNT:HALF? poll FIFO for half-full status

DATAFIFOHALF? | returns 32768 readings
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[SENSe:]DATAFIFO:MODE

[SENSe:]DATA:FIFO:MODE <mode> sets the mode of operation for the FIFO
reading memory. The two valid modes are BLOCK and OVERWRITE. In Block
Mode when the FIFO has been filled, new readings are discarded and will not be
stored until the current FIFO data is read. In Overwrite Mode when the FIFO "fills
up", new readings overwrite the oldest readings In this situation, the FIFO contains
only the latest 64K readings.

Parameters
Parameter Parameteyr Range of Default
Name Type Values Units
mode discrete (string) BLOCK | OVERwrite none

Comments « o BLOCk mode, when FIFQ becomes full and measurements are still being
made, the new readings are discarded.

« Related Commands: SENSE:DATA FIFO-MODE?,
SENSE-DATA FIFO-ALL?, SENSE:DATA FIFO-HALF?,
SENSE-DATA FIFO-PART?. SENSE DATA FIFO COUNT?

o *RST Condition: SENSE:DATA . FIFO-MODE BLOCK

Usage SENSE:DATAFIFO:MODE OVERWRITE Set FIFO fo overwrite mode
DATAFIFOMODE BLOCK Set FIFO to block mode

[SENSe:]DATA:FIFO:MODE?

[SENSe:|DATA:FIFO:MODE? retumns the currently set FIFO mode.

Comments  Returned Value: String value either BLOCK or OVERWRITE. The C-SCPI type
is string.

o Related Commands: SENSE:DATA:FIFO-MODE

Usage DATAFIFOMODE? Enter statement returns either BLOCK or
OVERWRITE
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[SENSe:]DATAFIFO:PART?

[SENSe:]|DATA:FIFO:PART? <n_readings> retums n_readings from the FIFO

buffer.
Parameters
Parameter Parameter Range of Default
Name Type Values Units
n_readings numetic (int32) 1-2,147,483,647 none

Commenis »

Use the DATA:FIFO:COUNT? command to determine the number of readings in
the FIFO buffer.

The format of readings returned is set using the FORMat[ DATA] command.

Returned Value: ASCII readings are returned in the form £1.2343567E+123. For
example 13.325 volts would be +1.3325000E+001. Each reading is followed by a
comma (,). A line feed (LF) and End-Or-Identify (EOI) follow the last reading.
The C-SCPI data type is a string array.

REAL 32, REAL 64, and PACK 64, readings are retumned in the

IEEE-488 .2-1987 Definite Length Arbitrary Block Data format. This data return
format is explained in "Arbitrary Block Program Data" on page 5-9 of this
chapter. For REAL 32, each reading is 4 bytes in length (the C-SCPI data type is a
float32 array). For REAL 64 and PACK 64, each reading is 8 bytes in length (the
C-SCPI data type is a float64 array).

NOTE  Channel readings which are a positive overvoltage return IEEE +INF and a negative
overvoltage retum IEEE -INF (see table on page 5-48 for actual values for each data
format).

e

Related Commands: DATA FIFO.COUNT?

*RST Condition: FIFO buffer empty

Usage DATAFIFO:PART? 256 return 236 readings from FIFO
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[SENSe:]DATA:FIFO:RESet

[SENSe:]DATAFIFO:RESet clears the FIFO of readings. The FIFQ counter is

resetto 0,

Comments « Related Commands: SENSE-DATA FIFO...

s *RST Condition: SENSE DATA FIFO.RESET

Usage SENSEDATAFIFORESET

[SENSe:JFILTer[:LPASs][:STATe]

Clear the FIFO

[SENSe:]FILTer[:L.PASs][:STATe] <enable> enables or disables the A/D’s

low-pass filter.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
enable discrete (string) ON | OFF none
Comments ¢ The A/D low-pass filter when enabled affects all channels

The filter’s cut-off frequency is 12 KHz

s Related Commands: SENSE FILTER:LPASS:STATE?

o *RST Condition: SENSE:FILTER:LPASS:STATE QFF

Usage SENSE:FILTER ON

[SENSe:JFILTer[:LPASS][:STATe]?

Enable A/D low-pass filter

[SENSe:|FILTer[:LPASs]{:STATe]? returns the current state of the A/D’s

low-pass filter.

Comments « Returned Value: Returns numeric value 0 (off) or 1 (on). The C-SCPI type is

intl6

» Related Commands: SENSEFILTER:LPASS:STATE ON | OFF

Usage SENSEFILTER?

enter statement returns either [ or (0
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[SENSe:]JFUNCtion:CUSTom

FParameters

Comments

Usage

[SENSe:]FUNCtion:CUSTom [,<range>] (@<ch_Ilist>) links channels with the
custom Engineering Untt Conversion table loaded with the DIAG:CUSTLINEAR
or DIAG:CUST:PIECE commands. Contact your Hewlett-Packard System Engineer
for more information on Custom Engineering Unit Conversion for your application.

Parameter Parameter Range of Defanlt
Name Type Values Units
range numeric (float32) see first comment vDC
ch_list channel list (string) 100 - 163 none

o <range> parameter: The HP E1413 has five ranges: .0625VDC, 25VDC,
1VDC, 4VDC, and 16VDC. To select a range, simply specify the range value (for
example, 4 selects the 4VDC range). If you specify a value larger than one of the
first four ranges, the HP E1413 selects the next higher range (for example, 4.1
selects the 16VDC range). Specifying a value larger than 16 causes an error.
Specifying 0 selects the lowest range (.0625VDC). Specifying AUTO selects auto
range The default range (no range parameter specified) is auto range.

If an A/D reading is greater than the <table_range> specified with
DIAG:CUSTOM:PIEC, an overrange condition will occur.

s Ifno custom table has been loaded for the channels specified with
SENS:FUNC-CUST, an error will be generated when an INIT command is given.

& Related Commands: DIAG:CUST: ...
s *RST Condiﬁon: all custom EU tables erased

program must put table constants into array table_block

DIAG.CUST.LIN 1 table_block (@116:123) send table to HP E1413 for chs 16-23
SENS:FUNC:CUST 1,(@116:123) fink custom EU with chs 16-23
INITiate then TRIGger module

[SENSe:JFUNClion:CUSTom:REFerence

[SENSe:]FUNCtion:CUSTom:REFerence [<range>,j(@<ch_Iist>) links
channeis with the custom Engineering Unit Conversion table loaded with the
DIAG:CUST:PIECE command. Measurements from a channel linked with
SENS:FUNC:CUST-REF will result in a temperature that is sent to the FIFO and/or
CVT, as well as the module’s Reference Temperture Register. This command 1s
used to measure the temperature of an isothermal reference panel using custom
characterized RIDs or thermistors. Contact your Hewlett-Packard System Engineer
for more information on Custom Engineering Unit Conversion for your application.
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Parametiers

Comments

Usage

Parameter Parameter Range of Default
Name Type Values Units
raige numeric (floai32} see comments vDC
ch_list channel list {string) 100 - 163 none

9

See "Linking Chamnels with EU Conversions” in Chapter 3 for more information

The <range> parameter: The HP Ei413 has five ranges: .0625VDC, 25VDC,
IVDC, 4VDC, and 16VDC. To select a range, simply specify the range value (for
example, 4 selects the 4VDC range). If you specify a value larger than one of the
first four ranges, the HP E1413 selects the next higher range (for example, 4.1
selects the 16VDC range). Specifying a value larger than 16 generates an error.
Specifying 0 selects the lowest range (L0625VDC). Specifying AUTO selects auto
range. The default range (no range parameter specified) is anto range. range may
be specified in millivollts (mv).

If'yc')u are using ampliﬁer SCPS, you”shouid set them first and keep their settings'
in mind when specifying a range setting, Since there is no performance penalty
you can simply specify auto range.

The *CAL? command calibrates temperature channels based on Sense Amplifier
SCP setup at the time of execution. If SCP settings are changed, those channels
are no longer calibrated. *CAL? must be executed again.

Related Commands: DIAG:CUST.PIEC, SENS FUNC TEMP,
SENS FUNC.CUST-TC, *CAL?

*RST Condition: all custom EU tables erased

prograrm must put table constants into array table_block
DIAG:CUST:PIEC 1.table_block (@108)  send characterized reference transducer

table for use by channel 8

SENS:FUNC:CUST:REF .25,(@108) link custom reftemp EU with ch 8
include this channel in a scan list with thermocouple channels (REF channel first)
INITiate then TRIGger module
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[SENSe:JFUNCtion:CUSTom:TCouple

[SENSe:]JFUNCtion: CUSTom:TCouple <type>,|<range> W @<ch _list>) links
channels with the custom Engineering Unit Conversion table loaded with the
DIAG:CUST-PIECE command. The table is assumed to be for a thermocouple aad
the <type> parameter will specify the built-in compensation voliage table to be used
for reference junction temperature compensation. SENS:FUNC:CUST.TC allows
you to use an EU table that is custom matched to thermocouple wire you have
characterized. Contact your Hewlett-Packard System Engineer for more information
on Custom Engineering Unit Conversion for your application.

Parameters

Parameter Parameter Range of Defanlt
Name Type Values Units
fupe discrete (string) EIEEXT|JIK|NIRIS|T none
range numeric (float32) $E2 COMImeEnts vDC
ch list channel list (string) 100 - 163 none

Comimenis -

See “Linking Channels with EU Conversions" in Chapter 3 for more information

The <range> parameter: The HP E1413 has five ranges: .0625VDC, 25VDC,
1VDC, 4VDC, and 16VDC. To sclect a range, simply specify the range value (for
example, 4 selects the 4VDC range). If you specify a value larger than one of the
first four ranges, the HP E1413 sclects the next higher range (for example, 4.1
selects the 16VDC range). Specifying a value larger than 16 generates an error.
Specifying 0 selects the lowest range (.0625VDC). Specifying AUTO selects auto
range. The default range (no range parameter specified) 1s auto range. range may
be specified in millivollts (mv}).

If you are using amplifier SCPs, you should set them first and keep their settings
in mind when specifying a range setting. Since there is no performance penalty
you can simply specify auto range.

The sub_type EEXTended applies to E type thermocouples at 800°C and above.
The *CAL? command calibrates temperature channels based on Sense Amplifier
SCP setup at the time of execution. If SCP settings are changed, those channels

are no longer calibrated. *CAL? must be executed again

Related Commands: DIAG: CUST:PIEC, *CAL?,SENS:REF, and
SENS-REF. TEMP
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» *RET Condition: all custom EU tables erased

Usage program must put table constants into array table_block

DIAG:CUST.PIEC 1 table_block, (@100:107}send characterized thermocouple table for
use by channels 0-7

SENS:FUNC:CUSTTC N,.25 (@100:107) link custom thermocouple EU with chs (-7,
use reference temperature compensation for
N bype wire.

SENSE:REF RTD92 (@120) designate a channel to measure the
reference junction temperature

inchide these channels in a scan list (REF channei first)
iNITiate then TRIGger module

[SENSe:]JFUNCtion:RESistance

[SENSe:]FUNCtion:RESistance <excite current>,[<range>J{@<ch_list>) links
the EU conversion type for resistance and range with the channels specified by

ch_list.
Parameters
Parameter Parameter Range of Default
Name Type Values Units
excite_current discrete(string) 30E-6 | 488E-6 | MIN | MAX Amps
range numeric (float32) see first comment N
ch list channel list (string) 100 - 163 none

Comments s <range> parameter. The HP E1413 has five ranges: .0625VDC, 25VDC,
IVDC, 4VDC, and 16VDC. To select a range, simply specify the range value (for
example, 4 selects the 4VDC range). If you specify a value larger than one of the
first four ranges, the HP E1413 selects the next higher range (for example, 4.1
selects the 16VDC range). Specifying a value larger than 16 causes an error.
Specifying 0 selects the lowest range (.0625VDC). Specifying AUTO selects auto
range. The default range (no range parameter specified) is auto range. range may
be specified i millivolts {mv).

» Resistance measurements require the use of Current Source Signal Conditioning
Plug-Ons.

e The excite_current parameter {excitation current) does pot control the current
applied to the channel to be measured. The excite current parameter only passes
the setting of the SCP supplying current to channel to be measured. The current
must have already been set using the OUTPUT.CURRENT:AMPL command.
The choices for excite_current are 30E-6 (or MIN) and 488E-6 (or MAX).
excite_current may be specified in milliamps (ma) and microamps (ua).
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o If you are using amplifier SCPs, you should set them first and keep their settings
in mind when specifying a range setting. Since there is no performance penalty,
you can simply specify auto range.

e The *CAL? command calibrates resistance channels based on Current Source
SCP and Sense Amplifier SCP setup at the time of execution. If SCP settings are
changed, those channels are no longer calibrated. *CAL? must be executed agam.

e See "Linking Channels with EU Conversions" in Chapter 3 for more information
o Related Commands: OUTP:CURR, *CAL?

e *RST Condition: SENSE-FUNC:VOLT (@100:163)

Usage FUNC:RES 30ua,(@100,105,107) Set channels 0, 3, and 7 to convert voliage
to resisiaiice assuming current source set fo
30 wA use auto-range {defoult)

[SENSe:JFUNCtion:STRain
:FBENding
:FBPoisson
:FPOisson
'HBENding
:HPQOisson
[:QUARter]

Note on Syntax; Although the strain function is comprised of eight separate SCP1
commands, the only difference between them is the bridge type they specify to the
strain EU} conversion algorithm.

[SENSe:]JFUNCtion:STRain:<bridge_type> [<range>J{@<ch _list>} links the
strain EU conversion with the channels specified by ¢/ list to measure the bridge
voltage. See "Linking Channels with EU Conversions” in Chapter 3 for more
information.

bridge_type: is not a parameter but is part of the command syntax. The following
table relates the command syntax to bridge type. See the user’s manual for the
optional Strain SCP for bridge schematics and field wiring information.

HP E1413 Command Reference 5-85



[SENSe]

Command Bridge Type
FBENding Full Bending Bridge
:FBPoisson Full Bending Poisson Bridge
‘FPQisson Fuli Poisson Bridge
‘HBENding Half Bending Bridge
HPOQisson Half Poisson Bridge
['QUARter] Quarter Bridge (default)
Parameters
Parameter Parameter Range of Default
Name Type Values Tinits
range numeric (f1132) see comuments Vb
ch_list channel Hst (string) 100 - 163 none

Comments « Strain measurements require the use of Bridge Completion Signal Conditioning

Plug-Ons.

» Brndge Completion SCPs provide the strain measurement bridges and their
excitation voltage sources. ch list specifies the voltage sensing channels that are
to measure the bridge outputs. Measuring channels on a Bridge Completion SCP
only returns that SCP’s excitation source voltage

e The <range> parameter: The HP E1413 has five ranges: .0625VDC, 25VDC,
IVDC, 4VDC, and 16VDC. To select a range, simply specify the range value {for
example, 4 selects the 4VDC range). If you specify a value larger than one of the
first four ranges, the HP E1413 selects the next higher range (for example, 4.1
selects the 16VDC range). Specifying a value larger than 16 generates an error.
Specifymg 0 selects the lowest range ((0625VDC). Specifying AUTO selects auto
range. The default range (no range parameter specified) is auto range. range may
be specified in millivollts (mv).

L]

1f you are using amplifier SCPs, you should set them first and keep their settings

in mind when specifying a range setting. Since there is no performance penalty

your can simply specify auto range.

[]

L 3

Usage FUNC:STRAIN 1,

(@100:,105,107)

Related Commands: *CAL7?, [SENSE:JSTRAIN. ..

*RST Condition: SENSE:FUNC:VOLT 0,{(@100:163)

The channel calibration command (¥*CAL?) calibrates the excitation voltage
source on gach Bridge Completion SCP. '
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{SENSe:JFUNCtion: TEMPerature

[SENSe]

Parameters

ISENSe:|FUNCrion: TEMPerature <type>,<sub_type>|<vange> |{@<ch_list>}
links channels to an EU conversion for temperature based on the sensor specified in

type and sub_type. Not for sensing thermocouple reference temperature (for
that, use the SENS:REF <type>,<sub_type>,(@<channel>) command).

Parameter Parameter Range of Default
Name Type Values {nits
type discrete (string) RTD | THERmistor | TCouple nong
sub type numeric (float32) | for RTD use 8592 none
numeric {(float32) | for THER use 2250 | 5000 | 10000 Ohms
discrete (string) for TC use CUSTom | E [ EEXT | none

JIKINIRIS|T

range numeric {float32) SEE COMMEns vDC
ch_list channel list (string) 100 - 163 none

Comments e Resistance temperature measurements (RTDs and THERmistors) require the use
of Current Source Signal Conditioning Plug-Ons. The following table shows the
Current Source setting that must be used for the following RTDs and Themistors:

Reguired Current Temperature Sensor Types and
Amplitude Subtypes
MAX (488uA) for RTD and THER,2250
MIN (30pA) for THER, 5600 and THER, 10000

See "Linking Channels with EU Conversions” in Chapter 3 for more information

The <range> parameter: The HP E1413 has five ranges: .0625VDC, 25VDC,
LVDC, 4VDC, and 16VDC. To select a range, simply specify the range value (for
example, 4 selects the 4VDC range). If you specify a value larger than one of the
first four ranges, the HP Ei413 selects the next higher range (for example, 4.1
selects the 16VDC range). Specifying a value larger than 16 generates an error.
Specifying O selects the lowest range (0625VDC). Specifying AUTO selects auto
range. The default range (no range parameter specified) 1s auto range. range may
be specified in millivolits (mv}).

If you are using amplifier SCPs, you should set them first and keep their settings
in mind when specifying a range setting. Since there is no performance penalty
you can simply specify auto range.

The sub_type parameter: values of 85 and 92 differentiate between 100 Ohm (@
0°C) RTDs with temperature coefficients of 0.00385 and and 0.00392
Ohm/Ohm/°C respectively. The sub_type values of 2250, 5000, and 10000 refer to
thermistors that match the Omega 44000 series temperature response curve. These
44060 senes thermistors are selected to match the curve within 0.1 or 0.2°C_ For
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thermistors sub_type may be specified 1n Kohms (kohm).

The sub_type BEXTended applies to E type thermocouples at 800°C and above.

CUSTom is pre-defined as Type K, with no reference junction compensation
(reference junction assumed to be at 0 °C).

s The *CAL? command calibrates temperature channels based on Current Source
SCP and Sense Amplifier SCP setup at the time of execution, If SCP settings are
changed, those channels are no longer calibrated. *CAL? must be executed again.

¢ Related Commands: *CAL?, OUTP:CURR (for RTDs and Thermistors),
SENS.REF, and SENS:REF: TEMP (for Thermocouples)

o *RST Condition: SENSE:FUNC:VOLT 0,{@100:163)

Usage
Link ﬁr&t 20 channels to the X type thermocouple rempe}‘arure conversion
FUNC:TEMP TCOUPLE K (@100:118)
Link channel 20 to measure reference temperature using 3K thermistor
FUNC:REF THERM,5000,(@120)
Define Scan List | to measure reference channel first then TC channels
ROUTE:SEQ:DEFINE LIST1,(€2120,100:119)

Link channels 21 - 39 to the 10K ohm thermisior temperature conversion, range is
defanlted to auto-range

FUNC:TEMP THER,10kohm, (@121:139)

[SENSe:JFUNGtion:VOLTage

[SENSe:]JFUNCtion: VOL Tage[:DC] [<range>J{@<ch _list>) links the specified
channels to return DC voltage.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
range numeric (float32} see comments vDC
ch_list chanmnel list (string) 100- 163 none

Comments o <range> parameter. The HP E1413 has five ranges: 0625VDC, 25VDC,
IVDC, 4VDC, and 16VDC. To select a range, simply specify the range value (for
example, 4 selects the 4VDC range). If you specify a value larger than one of the
first four tanges, the HP E1413 selects the next higher range (for example, 4.1
selects the 16VDC range). Specifying a value larger than 16 causes an error.
Specifying 0 selects the lowest range ( 0625VDC). Specifying AUTO selects auto
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range. The default range (no range parameter specificd) is auto range, range may
be specified in millivolts (mv).

« If you are using amplifier SCPs, you should set them first and keep their settings
in mind when specifying a range setting. Since there is ne performance penalty
you can simply specify auto range.

» The *CAL? command calibrates channels based on Sense Amplifier SCP setup at
the time of execution. If SCP settings are changed, those channels are no longer
calibrated. *CAL? must be executed again.

» See "Linking Channels with EU Conversions” in Chapter 3 for more information

o Related Commands: *CAL?, INPUT:GAIN...

« *RST Condition: SENSE:FUNC:VOLT 0,(@100:163)

Usage FUNCVOLT (@140:163) Channels 40 - 63 measure voltage in

auto-range

[SENSe:]REFerence

NOTE

[SENSe:|REFerence <type>,<sub_type>,[<range>\(@<ch_list>) links channel in
<ch_list> 1o the reforence junction temperature EU conversion based on fype and
sub_type. When scanned, the resultant value is stored in the Reference Temperature
Register, and by default the FIFO and CVT. This 15 a resistance temperature
measurement and uses the on-board 122 uA current source.

The reference junction temperature value generated by scanning the reference
channel is stored in the Reference Temperature Register. This reference temperature
is used to compensate all subsequent thermocouple measurements until the register
is overwritten by another reference measurement or by specifying a constant
reference temperature with the SENSE:REF TEMP command. If used, the reference
junction channel must be scanned before any thermocouple channels.
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Parameters

Parameter Parameter Range of Default

Name Type Values Units

type discrete (string) THERmistor | RTD | CUSTom none

sub _type numeric {float32) for THER use 5000 Ohm

numeric (float32) for RTD use 8592 none

for CUSTom use 1 none

Tange numeric (float32) see comments vDC

ch_list channe!l list {string) 100 - 163 none

Comments = See "Linking Channels with EU Conversions” in Chapter 3 for more information.

s <range> parameter. The HP E1413 has five ranges: .0625VDC, 25VDC, 1VDC,
4VDC, and 16VDC. To select a range, simply specify the range value (for
example, 4 selects the 4VDC range). If vou specify a value larger than one of the
first four ranges, the HP E1413 selects the next higher range (for example, 4 1
selects the 16VDC range). Specifying a value larger than 16 causes an error.
Specifying O selects the lowest range (. 0625VDC). Specifying AUTO selects auto
range. The default range (no range parameter specified) is auto range. range may
be specified in millivolts (mv).

e The <type> parameter specifies the sensor type that will be used to determine the
temperature of the isothermal reference panel. <type> CUSTom is pre-defined as

Type E with 0°C reference juntion temp and is not re-defineable.

e For <type> THERmistor, the <sub_fype> parameter may be specified in ohms or
kohm.

s If you are using amplifier SCPs, you should set them first and keep their settings
in mind when specifying a range setting. Since there is no performance penalty
you can simply specify auto range.

e The *CAL? command calibrates resistance channels based on Current Source
SCP and Sense Amplifier SCP setup at the time of execution. If SCP settings are
changed, those channels are no longer calibrated. *CAL? must be executed again.

e Related Commands: SENSE.FUNC TEMP
e *RST Cordition: Reference temperatore is 0 °C

Usage

sense the reference temperature on channel 20 using an RTD
SENSEREF RTD.92.(@120)
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[SENSe:]REFerence: TEMPerature

[SENSe:]REFerence: TEMPerature <degrees c> stores a fixed reference junction
temperature in the Reference Temperature Register. Use when the thermocouple
reference junction 1s kept at a controlled temperature.

NOTE This reference temperature is used to compensate all subsequent thermocouple
measurements until the register is overwritten by ancther SENSE:REF. TEMP value
or by scanning a channel linked with the SENSE REFERENCE command. If used,
SENS:REF:TEMP must be executed before scanning any thermocouple channels.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
degrees ¢ numeric (float32) -126 to +126 none

Comments » This command is used to specify to the HP E1413 the temperature of a controlled
temperature thermocouple reference junction.

¢ Related Commands: FUNCTEMP TC. ..

o *RST Condition: Reference temperature is 0 °C

Usage SENSEREFTEMP 40 subsequent thermocouple conversion will
assume compensation junction at
40 degrees

[SENSe:iSTRain:EXCitation

[SENSe:]STRain: EXCitation <excite_v>,(@<ch_list>) specifies the excitation
voltage value to be used to conver strain bridge readings for the channels specified
by <ch list>. This command does not control the output voltage of any source.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
excite v numeric (f1132) 01-99 volts
ch list channei list (string) 100 - 163 none

Comments o <ch list> must specify the channel used to sense the bridge voltage, not the
channel position on a Bridge Completion SCP.

= Related Commands: SENSE:STRAIN...., SENSE FUNC-STRAIN...
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o *RST Conditien: 3.0V

Usage STRAIN:EXC 4,(@100:107)

ISENSe:]STRain:EXCitation?

sef excitation vollage for channels §

through 7

[SENSe:]STRain: EXCitation? <channel> retums the excitation voltage value
currently set for the sense channel specified by <channel>.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
channel channel list (string) 100 - 163 none

Comments o Returned Value: Numeric value of excitation voltage. The CSCPI type is f1t32.

e <chanrnel> must specify a single channel only.

¢ Related Commands: STRAIN;EXCitation

Usage STRAIN.EXC? (@107)

enter statement here

query excitation voltage for channel 7

returns the excitation voltage set by

STREXC
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[SENSe:]STRain:GFACtor

ISENSe:]STRain: GFACtor <gage factor>{@<ch_list>) specifies the gage factor
to be used to convert strain bridge readings for the channels specified by <ch_list>.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
gage factor numeric (f1t32) I-5 none
ch_list channel list (string) 10 - 163 nene

Comments » <ch lisr> must specify the channel used to sense the bridge voltage, not the
channel position on a Bridge Completion SCP.

e Related Commands: SENSE:STRAIN.GFAC?, SENSE:FUNC:STRAIN. ..
e *RST Condition: Gage factoris 2
Usage STRAIN:GFAC 3,(@100:107) set gage factor for channels 0 through 7

[SENSe:]STRain:GFACtor?

[SENSe:]STRain: GFACtor? <channel> returns the gage factor currently set for
the sense channel specified by <chanrel>.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
channel channel list (string) 100 - 163 AOne

Comments « Returned Value: Numeric value of gage factor. The CSCPI type 1s flt32.
o <channel> must specify a single channel only.

s Related Commands: STRAIN:GFACTOR

tisage STRAIN:GFAC? (@107) query gage faclor for channel 7
enter statement here returns the gage factor set by STR:GFAC
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[SENSe:]STRain:POISson

[SENSe:|STRain:POISson <poisson_ratio>(@<ch_list>) sets the Poisson ratio to
be used for EU conversion of values measured on sense channels specified by

<ch_list>.
Parameters
Parameter Parameter Range of Default
Name Type Values Units
poisson_ratio numeric (fit32) d-5 none
ch list channel 1ist (string) 100 - 163 none

Comments « <ch lisr> must specify channels used to sense strain bridge output, not channel

positions on a Bridge Completion SCP.

s Related Commands: FUNC:STRAIN..., STRAIN:POISson?

e *RS8T Condition: Poisson ratio is .3

Usage STRAIN:POISSON .5 (@124:131)

[SENSe:]STRain:POISson?

set Poisson ratip for sense channels 24

through 31

[SENSe:]STRain:POISson? <channel> returns the Poisson ratio currently set for

the sense channel specified by <channel>.

Parameters
Parameter Parameter Range of Default
Name Type Values Units
channel type 100 - 163 none

Comments « Returned Value: numeric value of the Poisson ratio. CSCP{ type is fit32.

o <channel> must specify a single channel only.

e Refated Commands: FUNC:STRAIN. .., STRAIN:POISSON

Usage STRAIN.POISSON? (@131)

enter statement here

[SENSe:]STRain:UNSTrained

query for the Poisson ratio specified for

sense channel 31

enter the Poisson ratio value

ISENSe:]STRain:UNSTrained <unstrained v>,(@<ch_list>) specifies the
unstrained voltage value to be used to convert strain bridge readings for the channels
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specified by <ch_fisr> This command does not control the output voltage of any

source.
Parameters
Parameter Parameter Range of Default
Name Type Values Units
unstrained v mumeric (132} -16 through +16 volis
ch list channel list (string) 100 - 163 none

Comments « Use a voltage measurement of the unstrained bridge sense channel to determine
the correct value for unstrained v.

s <ch_list> must specify the channel used to sense the bridge voliage, not the
channel position on a Bridge Completion SCP.

¢ Related Commands: SENSE STRAIN UNST?, SENSE.FUNC:STRAIN...
o *RST Condition: Unstramed voltage is zero
Usage STRAIN:UNST .024,(@100) set unstrained voltage for channel 0

[SENSe:]STRain:UNSTrained?

ISENSe:]STRain: UNSTrained? <channel> retums the unstrained voltage value
currently set for the sense channel specified by <channel>, This command does not
make a measureiment,

Parameters
Parameter Parameter Range of Default
Name Type Values Units
channel channel hist (string) 100 - 163 none

Comments « Returned Value: Numeric value of unstrained voltage. The CSCPI type is flt32.
e <channel> must specify a single channel only.

e Related Commands; STRAIN:UNST

Usage STRAINUNST? (@107) query unstrained voltage for channel 7
enter statement here returns the unstrained voltage set by
STR:UNST
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The STATus subsystem communicates with the SCPI defined Operation and
Questionable Data status register sets. Each is comprised of a Condition register, an
Event register, and an Enable register. Condition registers allow you to view the
current real-time states of their status signal inputs {signal states are not latched).
Event registers contain latched representations of signal transition events from their
Condition register. The HP E1413 has no programmable Transition Filter registers
so any low-to-high transition in a Condition register will cause the corresponding bit
in an Event register to be set to one. Querying an Event register reads and then clears

its contents, making it ready to record further event transitions from its Condition

register. Enable registers are used to select which signals from an Event register will
be logically ORed together to form a summary bit in the Status Byte Summary
register. Setting a bit to one in an Enable register enables the corresponding bit from
its Event register.

Condition

Enable

| Summary Bit to

== o o
Status Byte
/w
—o 14

Figure 5-4 General Status Register Organization

Subsystem Syntax STATus

:OPERation
:CONDition?
‘ENABIe <enable mask>
ENABle?
[LEVENt}?
PRESet
‘QUEStionable
‘CONDition?
‘ENABIle <enable masle
ENABIe?
['EVENt}?
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STATus

The Status system contains four status groups

[}

a

Operation Status Group
Questionable Data Group
Standard Event Group
Status Byte Group

This SCPI STATus subsystem communicates with the first two groups while
IEEE-488 .2 Common Commands (documented later in this chapter) communicate
with Standard Event and Status Byte Groups.

Bit

Register queries are returned using decimal weighted bit values. Enable registers can
be set using decimal, hex, octal, or binary. The following table can be used 1o help

set Enable registers using decimal, and decode register queries.

Status System Decimal Weighted Bit Values

bit# 15

14 13 12

11 % 9 817 /6514131219

value | always 0

16,38418,192 14,096

2048 1024 1512125612864 1321618 42

The Operation Status Group

The Operation Status Group indicates the current operating state of the HP E1413.
The bit assignments are;

Bit # {dec value) Bit Name Description

0 (1) Calibrating Set by CAL:TARE, and CAL:SETup. Cleared by
CAL:TARF?, and CAL:SETup?. Set while *CALY
executes and reset when *CAL? completes. Set by
CAL:CONFIG:VOLT or CAL:CONFIG:RES,
cleared by CAL-VAL.VOLT or CAL:VALRES.

4 (16} Measuring Set when instrument INITiated. Cleared when
instrument returns to Trigger Idle State.

8 (256) Scan Complete Set when each pass through a Scan List completed
{may not indicate all measurements have been taken
when INIT:CONT is ON or TRIG:COUNT >1).

9 (512) SCP Trgger An SCP has sourced a trigger event (future
HP 1413 SCPs)

10 (1G24) FIFQO Half Fuil The FIFO contains at feast 32,768 readings

11 ) {2048) Limit Test Exceeded | One or more limit tests was exceeded

1-3, 5-7, 11-15 Not used
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STATus:OPERation:CONDition?

Comments

Usage

STATus:OPERation: CONDition? returmns the decimal weighted value of the bits
set in the Condition register.

¢ The Condition register reflects the real-time state of the status signals. The signals
are not latched.

o Returned Value: Decimal weighted sum of all set bits. The C-SCPI type is
uintl6.

¢ Related Commands: *CAL?, CAL:ZERQ, INITiate[.IMMediate],
STAT:OPER:EVENT?, STAT:OPER:ENABLE, STAT:OPER:ENABLE?

¢ *RST Condition: No Change

STATUS OPERATION:CONDITION? Entey statement will return value from

‘condition register

STATus:OPERation:ENABIie

Parameters

Comments

STATus:OPERation:ENABle <enable _mask> sets bits in the Enable register that
will enable corresponding bits from the Event register 1o set the Operation summary
bit.

Parameter Parameter Range of Default
Name Type Values Units
enable mask numeric {uinti6) 0-32767 none

o Enable mask may be sent as decimal, hex (#H), octal (#Q), or binary (#B).

VXI Interrupts: When Operation Status Group bits (¢, 4, 8, 9, 10, or 1 1 are enabled,
VXI card interrupts will occur as follows:

When the event corresponding to bit 0 or 4 occurs and then is cleared, the card
will generate a VXI interrupt.

When the event corresponding to bit 8, 9, 10 or 11 occurs, the card will generate
a VX1 interrupt.

NOTE: In C-SCPI, the C-8CPI overlap mode must be on for VXIbus interrupts to
oceur.

e Related Commands: *STB?, SPOLL, STAT:OPER:COND?,
STAT.OPER.EVENT?, STAT.OPER:ENABLE?
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Cleared By: STAT:PRESet and power-on

*RST Condition: No change

Usage STAT:OPER:ENABLE 1 Set bit ( in the Operation Enable register

STATus:OPERation:ENABIle?

STATus:OPERation:ENABIle? returns the value of bits set in the Operation
Enable register,

Comments .

Returned Value: Decimal weighted sum of all set bits. The C-SCPI type is
uintle.

Related Commands: *STB?, SPOLL, STAT:OPER:COND?,
STAT:OPER EVENT?, STAT.OPER.ENABLE

*RST Condition: No change

Usage STAT:OPER:ENABLE? Enter statement returns curvent value of bits

set in the Operation Enable register

STATus:OPERation[:EVENI{]?

STATus:OPERation[: EVENt]? returns the decimal weighted value of the bits set
in the Event register.

Comments »

When using the Operation Event register to cause SRQ interrupts,
STAT.OPER.EVENT? must be executed after an SRQ to re-enable future
interrupts.

Returned Value: Decimal weighted sum of all set bits. The C-SCPI type is
uintl6.

Related Commands: *STB?, SPOLL, STAT:GPER:COND?,
STAT OPER.ENABLE, STAT:OPER.ENABLE?

Cleared By: *CLS, power-on, and by reading the register.

*RST Condition: No change

Usage STAT:OPEREVENT? Enter statement will return the value of bits

set in the Operation Fvent register
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STAT:QPER?

STATus:PRESet

Same as above

Comments

STATus:PRESet sets the Operation Status Enable and Questionable Data Enable
registers to 0. After executing this command, none of the events in the Operation
Event or Questionable Event registers will be reported as a summary bit in either the
Status Byte Group or Standard Event Status Group. STATus:PRESet does not clear

either of the Event registers.

o Related Commands: *STB?, SPOLL, STAT.OPER.ENABLE,

STAT:OPER:ENABLE?, STAT-QUES. ENABLE, STAT:QUES.ENABLE?

¢ *RST Condition: No change

- Usage STAT.PRESET

Clear both of the Enable registers

The Questionable Data Group

The Questionable Data Group indicates when errors are causing lost or questionable

data. The bit assignments are:

Bit # (dec value) Bit Name Description

0-7 Not used

8 (236) Calibration Lost | At *RST or Power-on Control Processor has found a
checksum error in the Calibration Constants. Read
error(s) with SYST.ERR7? and re-calibrate area(s) that lost
constants.

9 (312} Trigger Too Fast | Scan not complete when another trigger event received,

10 (1024} FIFQ) Attempt to store more than 65,024 readings in FIFQ.

Overflowed
11 (2048) Over voltage If the input protection jumper has not been cut, the input
Detected on relays have been opened and *RST is required to reset the
Input module. Overvoltage will also generate an emror.
12 (4096} VME Memory The number of readings taken exceeds VME memory
Overflow space.

13 {819 Setup Changed Channel Calibration in doubt because SCP setup may
have changed since last *CAL? or CAL:SETup
command. (*RST always sets this bit).

14-15 Not used
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STATus:QUEStionable:CONDition?

Comments

STATus:QUESHenable:CONDition? returns the decimal weighted value of the
bits set in the Condition register.

The Condition register reflects the real-time state of the status signals. The signals
are not latched.

Returned Value: Decimal weighted sum of all set bits. The C-SCPI type 1s
uintlé.

Related Commands: CAL:-VALUE:RESISTANCE, CAL:VALUE:VOLTAGE,
STAT-QUES:EVENT?, STAT.QUES ENABLE, STAT:QUES:ENABLE?

*RST Condition: No change

Usage STATUSQUESTIONABLE:CONDITION? Enter statement will return value from

condifion register

STATus:QUEStionable:ENABIe

STATus:QUEStionable:ENABle <enable mask> sets bits in the Enable register
that will enable corresponding bits from the Event register to set the Questionable

summary bit.
Parameters
Parameter Parameter Range of Defauit
Name Type Values Units
enable mask numeric (uint16} 0-32767 none
Comments « Enable mask may be sent as decimal, hex (#H), octal (#Q), or binary (#B).
o VXI Interrupts: When bits 9, 10, or 11 are enabled and C-SCPI overlap mode 1s
on (or if you are using non-compiled SCPI), VXI card interrupts will be enabled.
When the event corresponding to bit 9, 10, or 11 oceurs, the card will generate a
VXI intermupt.
» Related Commands: *STB?, SPOLL, STAT:QUES:COND?,
STAT:QUES:EVENT?, STAT QUES:ENABLE?
» Cleared By: STAT:PRESet and power-on
» *RST Conditien: No change
Usage STAT.QUESENABLE 128 Set bit 7 in the Questionable Enable register

HP E1413 Command Reference 5-101



STATus

STATus:QUEStionable:ENABIe?

STATus:QUEStionabie:ENABIe? returns the value of bits set in the Questionable
Enable register.
Comments o Returned Value: Decimal weighted sumn of all set bits. The C-SCPI type is
uintl6.

¢ Related Commands; *STB?, SPOLL, STAT:QUES:COND?,
STAT.QUES EVENT?, STAT.GQUES:ENABLE

s *RST Condition: No change

Usage STAT:QUESENABLE? Enter statement returns current value of bils
sel in the Questionable Fnable register

STATus:QUEStionable[:EVENt]?

STATus:QUEStionable[EVENt]? returns the decimal weighted value of the bits
set in the Event register.

Comments e When using the Questionable Event register to cause SRQ interrupts,
STAT:QUES:EVENT? must be exccuted after an SRQ to re-enable future
imterrupts.

o Returned Value: Decimal weighted sum of all set bits. The C-SCPI type is
uinti6.

o Cleared By: *CLS, power-on, and by reading the register.

¢ Related Commands: *STB?, SPOLL, STAT.QUES:COND?,
STAT:-QUES:ENABLE, STAT:QUES. ENABLE?

Usage STAT:QUES.EVENT? Enter statement will return the value of bits
sel in the Questionable Event register
STAT.QUES? Same as above
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The SYSTem subsystem is used to query for error messages, types of Signal
Conditioning Plug-ons (SCPs), and the SCPI version currently implemented.

Subsystem Syntax SYSTem
:CTYPe? (@<channel>)
‘ERRor?
:VERSion?

SYSTem:CTYPe?

SYSTem:CTYPe? (@<channel>) retums the identification of the Signal
Conditioning Plug-On installed at the specified channel,

Parameters
Parameter Parameter Range of Defaunlt
Name Type Values Units
chanmnel channel list (string) 100 - 163 none

Comments channel must specify a single channel only.

* Returned Value: An example of the response string format is:
HEWLETT-PACKARD,E1413 Option <option number and description> SCP,0,0

The C-SCPI type is string. For specific response string, refer to the appropriate
SCP manual. If <channel> specifies a position where no SCP is installed, the
module returns the response string:

0,No SCP at this Address, 0,0

Usage SYST.CTYPE? (@100) return SCP type install at channel 0

SYSTem:ERRor?

SYSTem:ERRor? returng the latest error entered into the Error Queue.

Comiments « SYST.ERR? retums one error message from the Error Queue (retumed error is
removed from queue). To retum all errors in the queue, repeatedly execute
SYST:ERR? until the error message string = +0, "No error"

e Returned Value: Errors are returned in the form:
t<error number>, "<error message string>"

e RST Condition® Error Queue is empty.
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tisage SYSTERR? returns the next ervor message from the
Frror Queue

SYSTem:VERSIion?

SYSTem:VERSion? returns the version of SCPI this instrument complies with.
Comments » Returned Value: String "1990". The C-SCPI type is string.

Uisage SYST.VER? Returns "1990"
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ARM ! TRIGger Sources

The TRIGger command subsystem controls the behavior of the trigger system once
it is initiated (see INITiate command subsystem).

Figure 5-5 shows the overall Tngger System model. The shaded area shows the
ARM subsystem portion.

ARM:SO_UR;:& <sgurce=
et NN - TRiGger Tikter <interval> Only white
RRNNASATES P | RSN INITCONT 5 ON
: - 1 & [T BT . : &
: e 4 Frigger |0 L TRIG:SOUR is BAM
SRS SR Tieer :
D2 I .
E e e ]
& : H
< .7 TRiGgenSOURce <source>

TiMer

BUS %
EXTemal E Internal
HOLD ] Trigger Trigger Signal
IWMediate H Erable
TTLTrgen> % b ]
M“EC:P Trig = 1
e Eger Counter |
TRiGgerCOUNt <count>
Figure 5-5 Logical Trigger Model
NOTE If TRIG:SOUR TIM is not set, and the Continous Mode (TRIG:SOUR IMM and

INIT:CONT ON), is not set the ARM:SOURce must be set to IMM or an Error
-221,"Settings conflict” will be generated.
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B

Subsystem
Syntax TRIGger

COUNt <irig_count>

COUNL?

[.IMMediate)

‘SOURce BUS|EXTemal | HOLD | SCP | IMMediate | TIMer | TTLTrg<n>

:SOURce?

TIMer
‘MODE SYNChronous | ASYNchronous
‘MODE?
[:PERiod] <frig_interval>
[[PERicd]?

TRIGger:COUNt

TRIGger:COUNt <grig_count> sets the number of times a trigger event will be
accepted after the module is INITiated. When t71g_count is exhausted, the tripger
system returns to the Trigger Idle State, waiting to be re-INTTiated.

Parameters
Parameter Parameter Range of Default
Mame Type Values Units
Trig count numeric {uint16) 010 65535 | none
{string) MIN | MAX | INF

Comments e When frig_count is set to 0 or INF, the trigger counter is disabled. Once the
module is INITiated, 1t will stay in the Waiting for Trigger State, and accept an
unlimited number of tngger events. ABORT will return the module 1o the Trigger
Idle State.

e The default countis 1
o Related Commands: TRIG:COUNT?

« *RST Condition: TRIG:COUNT |

Usage TRIG:COUNT 10 Set the module fo make 10 passes through a
Secan List
TRIG:COUNT 0 Set the module to accept unlimited triggers
TRIGger:COUNt?

TRIGger:COUNt? returns the currently set trigger count.

Comments o If TRIG:COUNT? retumns 0, the trigger counter is disabled and the module will
accept an unlimited number of trigger events
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e Returned Value: Numeric 0 through 65,535. The C-SCPI type is int32.
¢ Related Commands: TRIG:COUNT

s *RST Condition: TRIG:COUNT? retums |

Usage TRIG:COUNT? Query for trigger count setfing
enter stalement Returns the TRIG:COUNT setting
TRIGger[:IMMediate]

TRIGger|:IMMediate] causes one trigger when the module is set to the
TRIG:SOUR BUS or TRIG:SOUR HOLD mode.

Comments » This command is equivalent to the *TRG common command or the JEEE-488.2
"GET" bus command.

Related Commands: TRIG:SOURCE

Usage TRIG:IMM Use TRIGGER 1o start a measurement scar

TRIGger:SOURce

TRIGger:SOURce <trig source> configures the trigger system to respond to the
specified source.

Parameters
Parameter Farameter Range of Default
Name Type Yalues Units
trig_scurce discrete (string) BUS | EXT | HOLD { IMM | SCP | none
TIM | TTLTrg<n>

Comments « The following table explains the possible choices.
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Parameter Value Seurce of Trigger
BUS TRIGge:[. IviMediate], *TRG, GET (for HP-1B)
EXTemal “Trig” signal on terminal module
HOLD TRIGger]: IMMediate]
IMMediate The trigger signal is always true {continious triggering}.
SCP SCP Trigger Bus (future HP or SCP Breadboard)
TIMer The imfernal trigger interval timer
TTLTrg<n> The VXTbus TTLTRG lines {n=0 through 7)

» See NOTE on page 5-105

» The Trigger Source can be changed while the module is scanning (but not in the
Continuous Mode). This allows changing the TRIG:TIM interval "on-the-fly"
Change TRIG:SOUR to BUS or HOLD, change TRIG:TIM, then return to
TRIG:SOUR TiIM.

e While TRIG:SOUR is IMM, you need only INITiate the trigger system to starta
measurement scan.

@ Related Commands: ABORt, INITiate, *TRG

e *RST Condition: TRIG:SOUR HOLD

Usage TRIG:SOUR BUS Trigger with TRIG command

TRIGger:SOURce?

TRIGger:SOURce? returns the current trigger source configuration.
» Returned Value: Discrete; one of BUS, EXT, HOLDB, IMM, SCP, TIM, or

TTLTO through TTLT7. The C-SCPI type is string. See the TRIG:SOUR
command for more response data information.

Usage TRIG:SOUR? ask HP E1413 to return trigger source
configuration

TRiGger: TiMer:MODE

TRIGger: TIMer:MODE <trimer_mode> configures the trigger timer for either
synchrenous or asynchronous operation.
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Parameters
Parameter Parameter Range of Default
Name Type Values Tinits
trimer_mode discrete (string) SYNChronous | ASYNchronous none

Comments o The ASYNchronous mode causes the trigger timer to stop when the trigger count
is exhausted, then restart when the module is re-INITiated. If INIT:CONT is ON,
the asynchronous mode could cause jitter in the timing between the first
measurement of one scan and the first measurement of the next scan. With the
synchronous mode selected, the trigger timer continues to run while the module
returns to the INITiated state. This insures that scans are evenly paced.

¢ Related Commands: TRIG: TIM MODE?

e *RST Condition: TRIG:TIM:MODE ASYNCHRONOUS

Usage TRIG:TIMMODE SYNC Change trig timer mode to synchronous

TRIGger: TiMer:MODE?

TRIGger: TIMer:MODE? returns the currently set mode for the trigger timer.
Comments e Returned Value: Discrete, either SYNCH or ASYN. The C-SCFliype is string.
o Related Commands: TRIG: TIM:MODE
s *RST Condition: TRIGTIMMODE ASYNCHRONOUS
Usage TRIG:TIM:MODE? Query returns either SYNC ar ASYN

TRIGger: TiMer[:PERiod]

TRIGger: TiMer[:PERiod] <interval> sets the interval between scan triggers.
Used with the TRIG:SOUR TIMER trigger mode

Parameters
Parameter Parameter Range of Default
Name Type Valaes Units
inerval nutneric (float32) 1.0E-4 t0 6 5536 seconds
(string) MIN | MAX

Comments e In order for the TRIG: TIMER to start it must be Armed. For information on timer
arming see the ARM subsystem in this command reference.
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e The default interval is 1.0E-3 seconds. inferval may be specified in milliseconds
(ms}, or microseconds {us).

NOTES 1. TRIG:TIM can be executed while scanning is in progress. Change TRIG:SQUR to
HOLD or BUS, execute TRIGTIM <interval>, then return TRIG: SOUR to TIM.
2. To avoid a "Trigger Too Fast" error following INIT, the TRIG TIM interval
must be greater than: {(number of channels in scan hist+3)*SAMP: TIM)+30us.

+ Related Commands: TRIG:SOUR TIMER, ARM:SOUR, ARM:IMM, INIT,
TRIG:SOUR?

s *RST Condition: TRIG:TIM 1.0E-3

Usage TRIGTIMER 1.0E-2 Set the module to make a measurement scan
every {0 mS

TRIGTIMER 1 Sef the module to make a measurement scen
oice every second

TRiIGger: TiMer[:PERiod}?

TRIGger: TIMer|[:PERiod]? retumns the currently set Trigger Timer interval.
Comments « Returned Value: Numeric 1 through 6.5536. The C-SCPI type is float32.

o Related Commands: TRIG: TIMER

o *RST Condition: 1.0E-4

Usage TRIGTIMER? Query trig timer
enter statement Returns the fimer setting
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*CAL?

The following reference discusses IEEE-488.2 Common commands.

*CLS

NOTE

Calibration command. The calibration command causes the Channel Calibration
function to be performed for every module channel. The Channel Calibration
function includes calibration of A/D Offset, and Gain and Offset for all 64 channels.
This calibration is accomplished using intemnal calibration references.

e Returned Value:

Value Meaning Further Action

0 Cal OK None

-1 Cal Error Query the Frror Queue (SYST ERRY)
See Error Messages in Appendix B

The C-SCPI type for this returned value is int16.
e Related Commands: CALibration: SETup, CALibration:SETup?

e Executing this command does not alter the module’s programmed state (function,
range etc.).

If Open TransducerDetect {OTD) is enabled when *CAL? is executed, the module
will disable OTD, wait 1 minute to allow channels to settle, perform the calibration,
and then re-enable OTD_ If your program tums off OTD before executing *CAL7, 1t
should also wait 1 minute for setthing.

Clear Status Command. The *CLS command clears all status gvent registers
(Standard Event Status Event Register, Standard Operation Status Event Register,
Questionable Data Event Register) and the instrument’s error queue. This clears the
corresponding summary bits (bits 3, 5, & 7) in the Status Byte Register. *CLS does
not affect the enable bits in any of the status register groups. (The SCPI command
STATus PRESet does clear the Operation Status Enable and Questionable Data
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*ESE <mask>

Enable registers.) *CLS disables the Operation Complete function (*OPC
command) and the Operation Complete Query function (*OPC? command).

Standard Fvent Status Enable Register Command. Enables one or more events in the
Standard Event Status Register to be reported in bit 5 (the Standard Event Status
Summary Bit) of the Status Byte Register. You enable an event by specifying its
decimal weight for <mask>. To enable more than one event (bit), specify the sum of
the decimal weights. The C-SCPI type for <mask> is int16.

Bit# 7 6 5 4 3 2 i 0
Weighted Value 128 64 32 16 8 4 2 1
Event power-On| User |Command Execution| Device Dependent | Query | Request Operation
Request Error Error Error Emor | Control | Complete
*ESE?
Standard Event Status Enable Query. Returns the weighted sum of all enabled
(unmasked) bits in the Standard Event Status Register. The C-SCPI type for this
returned value is intl6.
*ESR?
Standard Event Status Register Query. Returns the weighted sum of all set bits i the
Standard Event Status Register. After reading the register, *ESRY clears the register.
The events recorded in the Standard Event Status Register are independent of
whether or not those events are enabled with the *ESE command to set the Standard
Event Summary Bit in the Status Byte Register. The Standard Event bits are
described in the *ESE command. The C-SCPI type for this returned value is intl6.
*IDN?

Identity. Returns the device identity. The response consists of the following four
fields (fields are separated by commas):

s Manufacturer

¢ Model Number

o Serial Number {returns 0 if not available}
» Driver Revision (returns 0 if not available)

The *IDN? command returns the following command string for the HP E1413:
HEWLETT-PACKARD, E1413,<serial number>,<revision number>
The C-SCPI type for this returned valug 1s string.
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NOTE

Common Command Reference

The revision will vary with the revision of the driver sofiware installed in your
system. This is the only indication of which version of the drver is instalied.

*OPC?

NGCTE

Operation Complete. Causes an instrument to set bit 0 (Operation Complete
Message) in the Standard Event Statas Register when all pending operations have
been completed. By enabling this bit to be reflected in the Status Byte Register
(*ESE 1 command), you can ensure synchronization between the instrument and an
external computer or between multiple instruments.

Do not use *OPC to determine when the CAL:SETUP or CAL. TARE commands
have completed. Instead, use their query forms CAL:SETUP? or CAL:TARE?

*RST

NOTE

Operation Complete Query. Causes an nstrument to place a 1 info the instrument’s
output queue when all pending instrament operations are finished. By requiring your
computer to read this response before continuing program execution, you can ensure
synchronization between one or more instruments and the computer. The C-SCPI
type for this returned value 1s int16.

Do not use *OPCY to determine when the CAL:SETUP or CAL:TARE commands
have completed. Instead, use their query forms CAL;SETUP? or CAL: TARE?

Reset Command. Resets the HP E1413 as follows:

o Sets all four scan lists to their default states:

~ Scan List I=ROUT.SEQ.DEF ({@100:163),

Scan List 2 through 4 are zero length (undefined)

~ SENSE:FUNC:VOLT AUTO,(@100:163) (all channels DCV, auto-range)
= Sets the tigger system as follows:

- TRIGGER:SOURCE HOLD

- TRIGGER TIMER 1E-4

- TRIGGER:COUNT 1

- ARM:SOURCE IMMEDIATE
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*SRE <mask>

SAMPLE: TIMER 10E-6

Aborts all pending operations, retumns to Trigger Idie state

Disables the *QPC and *OPC7 modes

MEMORY :VME:ADDRESS 240000; MEMORY ' VME:STATE OFF,
MEMORY VME:SIZE 0

e & & @

*RST does not affect;

s Calibration data

« The output queue

» The Service Request Enable (SRE) register
e The Event Status Enable (ESE) register

Service Request Enable. When a service request event ocours, it sets a
corresponding bit in the Status Byte Register (this happens whether or not the event
has been enabled (unmasked) by *SRE). The *SRE command allows you to identify
which of these events will assert an HP-IB service request (SRQ). When an event is
enabled by *SRE and that event occurs, it sets a bit in the Status Byte Register and
issues an SRQ to the computer (sets the HP-IB SRQ} line true). You enable an event
by specifying its decimal weight for <mask>. To enable more than one event,
specify the sum of the decimal weights. Refer to "The Status Byte Register” earlier
in this chapter for a table showing the contents of the Status Byte Register. The
C-SCPI type for <mask> is int16.

Bit #

7 6 5 4 3 2 1 0

Weighted Value

128 64 32 16 8 4 2 i

Event

Operation | Request : Standard | Message [Questionable | notused | not used | not used
Status | Service | Event | Available Status

*SRE?

*STB?

Status Register Enable Query. Retums the weighted sum of all enabled (unmasked)
events (those enabled to assert SRQ) in the Status Byte Register. The C-SCPI type
for this retumed value is int16.

Status Byte Register Query. Retums the weighted sum of all set bits in the Status
Byte Register. Refer to the *ESE command earlier in this chapter for a table
showing the contents of the Status Byte Register. ¥*STB7 does not clear bit 6
(Service Request). The Message Available bit (bit 4) may be cleared as a result of
reading the response to *STBY. The C-SCPI type for this returned value is int16.
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*TRG

Trigger. Triggers an instrument when the trigger source is set to bus (TRIG:SOUR
BUS command) and the instrument is in the Wait for Trigger state.

*TST?

Self-Test. Causes an instrument to execute extensive intemal self-tests and
returns a response showing the results of the self-test.

NOTES 1. During the first 5 minutes after power is applied, *TST? may fail. Allow the
module to warm-up before executing *TST?

2. The HP E1413 C-SCPI driver for MS-DOS® implements two versions of
*TST. The default version is an abbreviated self test that executes only the
Digital Tests. By loading an additional object file, you can execute the full self
test as described below. See the documentation that comes with the HP E1413
C-SCPI dnver for MS-DOS®.

Comments » Returned Value:

Value Meaning Further Action
0 *TST? OK None
-1 *TST? Error Query the Error Queue (SYST:ERR?)
See Emor Messages in Appendix B

The C-SCPI type for this returned value is int16.
¢ Following ¥*TST?, the module is placed in the *RST state.

o *TST? performs the following tests on the HP E1413 and wnstalled Signal
Conditioning Plug-ons:

DIGITAL TESTS:

Test# Descnption

1-3: Writes and reads patterns to registers via A16 & A24
4-5: Checks FIFQ and CVT

6. Checks measurement complete (Measuring) status bit
7: Checks operation of FIFO half and FIFO full IRQ generation
8-9; Checks trigger operation

ANALOG FRONT END DIGITAL TESTS:
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Test# Description
20: Checks that SCP ID makes sense
30-32:  Checks relay driver and fet mux interface with EU CPU
33,71 Checks opening of all relays on power down or input overvoltage
34-37:  Check fet mux interface with A/D digital
ANALOG TESTS:
Testd Description
40-42:  Checks internal voltage reference

ANALOG TESTS: (continued)

Test#

43-44:
45-46:
47-48:

49:

50-53:
34-55
56-57;
58-58:
60-63:

64:

65-70:

71

72-73:

74:
75
76:

*WAI

Description

Checks zero of A/D, internal cal source and relay drives
Checks fine offset calibration DAC

Checks coarse offset calibration DAC

Checks intemal +and -15V supplies

Checks mtemal calibration source

Checks gain calibration DAC

Checks that autorange works

Checks intemnal current source

Checks front end and A/D noise and A/D filter

Checks rzeroing of coarse and fine offset calibration DACs
Checks current source and CAL BUS relay and relay drives and OHM
relay drive

See 33

Checks continuity through SCPs, bank relays and relay drivers
Checks open transducer detect

Checks current leakage of the SCPs

Checks voltage offset of the SCPs

Wait-to-continue. Prevents an instrument from exccuting another command until the
operation begun by the previous command is finished (sequential operation).

NOTE Do not use *WAI to determine when the CAL:SETUP or CAL: TARE commands
have completed. Instead, use their query forms CAL:SETUP? or CAL: TARE?.
CAL:SETUP? and CAL:TARE? return a value gnly after the CAL:SETUP or
CAL: TARE operations are complete.
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The following tables summanze SCPI and IEEE-488.2 Common (*) commands for
the HP E1413A 64-Channel High-Speed A/D.

SCPI Command Quick Reference

Command

Description

ABORt

ARM
[:IMMediate]

8OURee BUS| EXT| HOLD| IMM | SCP | TTL Trg<n>

SOURee?
CALCulate
:AVERage
{:8TATe] ON|{OFF
[:STATe]?
COUNL <p>
{COUNY
(CLIMits
:FAIL
(:CUMulative]?
:CURRent?
FLiMits
[:CHANnels]
{:CUMulative]?
:CURRent?
(POINts
[:CUMuiative]?
{CURRent?
‘LIMit
[:STATe] ON|OFF (@<ch_list>)
[:8TATe)? (@<channel>)
:FAIL
[:CUMutative}? (@<channel>)
CURRent? (@<channel>)
JOWer
[:STATe] ON | OFF,(@<ch_ist>)
[:STATe)? (@<charnel>}
DATA <lower_lim>{(@<eh_list>)
‘DATAY (@<channel>)
‘UPPer
[:STATe] ON|OFF,{@<ch_list>}
[:STATe)? (@<charmel>)
‘DATA <lower_lim>(@-<¢h_list>)
‘DATA? (@<channel>)

CALibration
CONFigure
:RESistance
(VOLTage <range>, ZERQ | FSCale
SETup
:SETup?

Stops scanning immediately and sets trigger system to idle state (scan
lists are unaffected)

Arm if ARM:SOUR is BUS or HOLD (software ARM}
Specify the source of Trigger Timer ARM
Return current ARM sowrce

Enables/disables channe] measurement averaging

Returns the state of channel averaging

Sets the number of measurements averaged to produce a stored reading
Retumns the current sefling of measurements per reading

Returns composite [init test status since module was INITed
Returns composite limit test status for last completed scan list

Returns all channel’s limit test status since module was INITed
Returns all channel's limit test satus for last completed scan Hst

Returns count of channels exceeding limit tests since module INITed
Returns count of channels exceeding Hmit tests for lagt completed scan

Enazbles/diasables all limit testing
Returns state of limit testing

Returns BEmit test status for channel since module was INITed
Returns Emit test status for channel for last completed scan list

Enables/diasables lower ki testing

Returns state of lower hmit testing

Sets lower himit for specified channels

Returns lower limnit setting for specified channel

Enables/diasables upper lmit testing

Returns state of upper hinit testing

Sets upper kmit for specified channels

Returns upper limit setting for specified channel

Prepare 1o measure on-board references with an external multimeter
Configure 1o measure reference resistor

Cenfigure to measure reference voltage range at zero or full scale
Performs Channel Calibration procedure

Returns state of CAL:SETup operation {returns error codes or ¢ for OK}
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SCPI Command Quick Reference

Command
:STORe ADC | TARE

‘TARE (@<ch_list>)
‘RESet

‘TARE?

‘VALue
‘RESistance <ref ohms>
‘VOLTage <ref volts>

[ZERO?

DIAGnostic
:CHECksum?

:COMMand
SCPWRITE <reg addr><reg_date>
CUSTom
‘LiNear <table_ad range><table_block> (@<ch_tist>)
‘PIECewise <table ad range><iable block>{@<ch list>)
‘REFerence: TEMPerature
232
[:STATe] ON|OFF
[(8TATe}?
{INTerrapt[:LINe} <intr_fine>
INTerrupt[:1INe}?
{OTDetect[:STATe] ON | OFF, (@<ch_list>)
:OTDetect[:STAT2]? (@<channel>}
:QUERy
‘SCPREAD <reg_addr>
‘VERSBion?

FETCh?

FORMat

['DATA] <format>], <size>]
ASCii[, 7]

PACKed[, 64]

REALJ 32)
REAL, 64
[:DATA]?
[NITiate
CONTinueus ON | OFF

[:IMMediate]

INPut
FILTer
I:LPASs]

FREQuency <cutoff freq>{@<ch_list=}
FREQuency? (@<channel>}
[:STATe] ON | OFF, (@<channel>)
['STATe]? (@<channel>}

(GAIN <chan_gain>{(@<ch_lisr>)

(GAIN? (@<channel>)

Description
Store cal constants to Flash RAM for either A/D) calibration or those
generated by the CAL: TARE command
Calibrate out system field wiring offsets
Resets cal constants from CAL:TARE back 1o zero for 2l channels
Returns state of CAL:TARE operation (returns error codes or 0 for OK)

Send 1o instrument the value of just measured reference resistor
Send to instrument the value of just measured voltage reference
Correct A/D for short term offset drifi (returns error codes or G for OK)

Perform checksum on Flash RAM and retum a *1" for OK, 2 *0" for
corrupted or deleted memory contents

writes values to SCP registers

loads Hnear custom EU table
loads piecewise custom EU table
puls the contents of the Reference Temperature Register into the FIFO

Enables/disables 232 VXIbus data transfers (OFF=D16 transfers)
Returns state of D32 VXIbus transfers

Sets the VXIbus interrupt iine the moduie will use

Returns the VXTbus interrupt line the module is using

Controls "Open Transducer Detect” on SCPs contained in <ch_list>
Returns current state of OTD on SCP containing <channef>

Returns value from an SCP register

Returns manufacturer, model, serial#, revision #, and date

e.g. HEWLETT-PACKARD,E14134,1413A00001,A.01.00,

Wed Jul 08 11:06:22 MDT 1992

Retum readings stored in VME Memory (format set by FORM omd)

Set format for response data from {SENSeiDATA?

Seven bit ASCII format {not as fast as 32-bit because of conversion)
Same as REAL, 64 except NalN, +INF, and -INF format compatible
with HP BASIC

IEEE 32-bit floating point {requires no conversion so is fastest)

TEEE 64-bit floating point {not as fast as 32-bit because of conversion)
Returns format: REAL, +32 | REAL, +64 | PACK, +64 | ASC, +7

When ON, module returns to Waiting for Trigger state after each scan
When OFF, module goes 1o Trigger Idle state afier each scan
Put module in Waiting for Trigger state (ready to make one scan)

Control filter Signal Conditioning Plug-ons

Sets the cutoff frequency for active filter SCPs
Returns the cutoff frequency for the channe} specified
Tum filtering OFF (pass through} or ON {filter)
Return state of SCP filters

Szt gain for amphifier-per-channel SCP

Returns the channel’s gain setting
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SCPI Command Quick Reference

Command
MEMory
‘VME
:ADDRess <mem_address>
:ADDRess?
SIZE <mem_size>
:BIZE?
:8TATe 1|0} ON|OFF
:STATe?
QUTPW
OURRent

:AMPLitude <amplitude>{@<ch_list>}
:AMPLitude? (@<channel>)
:STATe ONOFE(@<ch_list=)
STATe? (@<channel>)
{SHUNt ON | OFF{@<ch _list>)
SHUNLY (@<channel>)
Tl Trg
:SQURce FTRigger | LIMit ] SCPlugon | TRIGger
:SOURce?
TTLYrg<n>
[:8TATe] ON|OFF
[:STATe}?
:VOLTage
(AMPLIde <amplitude> (@<ch_list>)
SAMPLitude? (@<channel>)
STATe ON|OFF (@<ch_iist>)
STATe? (@<channel>)
ROUTe
[SCAN LIST1{LISTZLIST3 | LIST4} LISTL
:SEQuence
‘DEFine LIST11LIST? | LIST3 [ LIST4] LISTL] ALL(@<ch fit)
:POINtGs? LIST1{ LIST2|LIST3| LIST4| LISTL
SAMPle
TiMer LISTIILIST2{LIST3|LIST4| LISTL| ALL <interval>

TIMer? LISTHILISTZ LIST3{LIST4 [ LISTL
[SENSe:j
DATA
{CVTable? (@<ch_list=}
‘RESet
FIFG
[tALL)?
{COUNE?
HALF?
"HALF?
‘MODE BLOCK | OVERwrite
‘MODE?
PART? <n_readings>
‘RESet
FilTer
[:LPASs]
{:STATe] ON{OFF
[:STATe}?
FUNCtion

Description

Specify address of VME memory card to be used as reading storage
Returns address of VME memory card

Specify number of bytes of VME memory 1o be used to store readings
Returns number of VME memory bytes allocate to reading storage
Enabie or disable reading storage in VME memory at INIT

Returns state of VME memory, 1=enabled, (=disabied

Set the Current Source SCP channe! te 488uA (MAX) or 30pA (MIN)
Retums the setting of the Current Source SCP channel

Enable or disable the Current Seurce SCP channeils

Returns the state of the Current Source SCP channe!

Adds shunt resistance 1o leg of Bridge Completion SCP channels

Returns the state of the shunt resistor on Bridge Completion SCP channel

Sets the internal tripger source that can drive the VXIbus TTLTrg lines
Returns the source of TTL Trg drive.

When module triggeved, source a VXIbus trigger on TTLTrg<n>
Returns whether the TTL tripger line specified by & is enabled

Set the Strain Bridge excitation voltage (Option 21}

Returns the setting of the setting of excitation voitage on SCP
Enable or disable the voltage source on SCF channels
Returns the state of the vollage source SCP channel

Selects the Scan List to be used in the next measurement set

Specify order of channel measurements for Scan LISTn or all Scan Lists
Returns the number of points (channels) in Scan LISTn

Sets the time interval in seconds hetween channel measurements for
Scan LISTn, or all four Scan Lists
Returns the timer interval in seconds for Scan LISTn

Returns elements of Current Value Table specified by ch_fist
Resets all entries in the Current Vajue Table io IEEE “Not-z-number”

Fetch all readings until instrument returns 1o trigger idle state
Returns the number of measurements in the FIFO buffer
Returns 1if at least 32,768 readings are in FIFO, else returns 0
Fetch 32,768 readings (half the FIFO) when available

Set FIFO mode

Returm the currently set FIFO mode

Foich n_readings from FIFQ reading buffer when avaiiable
Resct the FIFO counter to 0

Enables/disables A/D"s 6 KHz low-pass filter
Returns the state of the A/D's fow-pass filter
Lquate a function and range with groups of channels
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Comunand
(CUSTom [<range>[{@<ch_list>)

:REFerence [<range>Y(@<ch list>)
TC <pype>,[<range> K@<ch_list>}

‘RESistance <excite_current>[<range>(@<ch_list>)
:$TRain

‘FBENding [<range> Y @<ch_list>)

‘FBPoisson [<range> J@<ch_list>}

‘FPQissen [<range>J(@<ch_list>}

HBENding [<range> [(@<ch_list>)

‘HPQisson [<range> @-<ch_list>}

{:QUARter] [<range> J(@<ch_list>)

RTD, 85192
TCouple, CUST|E|EEX|T|K|N[SIT
THERmistor, 2256 | 5000 | 10600
TEMPerature <sensor_type>,<sub_type>,
[Crange= [({@<ch_list>}
VOLTage[:DCY [<range> {@<ch_list>)

RTD, 85|92
THERmistor,5000
E |
‘REFerence <sensor_type>,<sub_type>i<range>Y{@<ch lisf>)
‘TEMPerature <degrees c>
:8TRain
EXCitation <exoite_v>(@<ch_list>)
EXCiation? {@<channel>)
{GFACtor <gage factor>(@<ch_list>}
GFACter? (@<channai>)
POI8son <poisson_ratio> (@<ch_list>}
POISson? (@<channel>)
UNSTrained <unstrained v>,(@<ch_fisr>)
UNSTrained? (@<channel>)

ETATus
:OPERation

(CONTDtion?
:ENABle <enable mask>
ENABIe?
{EVEN]?
PRESet
QQUEStionable

:CONDition?

‘ENABIle <enable mask>
:ENABIe?

[EVENt]?

Description

Links channels to custom EU conversion table loaded by
DIAGCUST.LIN or DIAG:CUST:PIEC commands
Links channels to custom reference temperature EU conversion table
ioaded by DIAG:CUST:PIEC commands
Links channels to custom temperature EU conversion table joaded by
DIAG:CUST:PIEC, and performs ref temp compensation for <type>
Configure channels for two-wire resistance measurement
Links measurement channels as having read bridge voltage from:

Full BENding

Full Bending Poisson

Full POisson

Half BENding

Half Poisson

QUARter

two-wire RTDs
thermocouples
two-wire thermistors

Configore channels for temperature measurement lypes above:
excitation current comes from Current Ouiput SCP.
Configure channels for 2C vollage measurement

RTDs
thermistors

Configure channel for reference temperature measurements above:
Specifies the temperature of a contrefled temperature reference junction

Specifies the Excitation Voltage by channel to the strain EU conversion
Returns the Excitation Voliage set for <channel>

Specifies the (rage Factor by channel to the strain EU conversion
Retumns the Gage Factor set for <channel>

Specifies the Poisson Ratio by channel to the strain EU conversion
Retums the Poisson Ratio set for <channel>

Specifies the Unstrained Voitage by channei to the strain EU conversion
Returns the Unsirained Voltage set for <channel>

Operation Status Group: Bit assignments, 0=Calibrating, 4=Measuring,
8=8can Complete, 10=FIFO Half Fall

Returns state of Operation Status signals

Bils set to 1 enable status events to be summarized into Status Byle

Returns the decimatl weighted sum of bits set in the Enable register

Returns weighted sum of bits that represent Operation status events
Presets both the Operation and Questicnabie Enable registers to 0
Questionable Data Status Group: Bit assignments, 8=Calibration Lost,
9=Trigger Too Fast, 10=FIFO Qverflowed, 11=Cver vollage, 12=YME
Memery Overflow, 13=8etup Changed.

Returns state of Questionable Status signals

Bits set to 1 enable status events to be summarized into Status Byte

Returns the decimal weighted sum of bits set in the Enable register

Returns weighied surm of bits that represent Questionable Data events
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Command Quick Reference

SCPI Command Quick Reference

Conunand

SY8Tem

CTYPe? (@<channel>)

ERRor?

;VERSion?
TRiGger

COUNt <irig_count>

COUNL?

[TMMediate]

:8OURce BUS!EXT{HOLD | IMM | SCP | TIMer | TILTrg<n>
:8OURce?
‘TIMer

MODE ASYNchronous | 8YNChronous

Description

Returns the identification of the SCP at channea!
Retumns one element of the ervor queue "G" if no errors
Returns the version of SCPI this instrument complies with

Specify the number of trigger events that will be accepted

Returns the current trigger count setting

Triggers instrument when TRIG:SOUR is TIMer or HOLD (same as
*TRG and IEEE 488 1 GET commands.

Specify the source of instrument triggers

Returns the current trigger source

Sets the interval between scan triggers when TRIG:SOUR is TIMer
ASYNC; Trigger Timer runs only while module is INITed, SYNC,
Trigger Timer runs continovesly

MODE? Returns setting of Trigger Timer Mode
[:PERiod] <trig_interval> Sets the interval between scan triggers when TRIG:SOUR is TIMer
[:PERiod]? Returns setting of trigger timer
TFEE-488.2 Common Command Quick Reference
Category Command Title Descrption
Calibration *CAL? Calibrate Performs internal calibration on all 64 channels cut to the terminal
module connector. Retumns error codes or 0 for OK
internal Operation *ITINT {dentification Returmns the response: HEWLETT-PACKARD, E1413A,1413A< serial
number>, <revision number>
*RST Reset Resets all scan lists to zero length and stops scan triggering. Status
registers and oulput queue are unchanged
*T8T? Self Test Performs self test, Returns 0 to indicate test passed
Status Reporting *CLS Clear Status Ciears all slatus event registers and so their status summary bits (except
the MAV bit}.
*ESE <mask> | Event Status Enable Set Standard Event Status Enable register bits mask.
*LESE? Event Status Enable gquery Return current setling of Standard Event Status Enable rogister,
*ESR? Event Status Register query Return Standard Event Status Register contents
*SRE <mask> | Service Request Enable Set Service Request Enable register bit mask
*SRE? Service Request Enable query Return current setting of the Service Request Enable register.
*STB? Head Status Byte query Return current Status Byte value
Synchronization *QPC Operation Complete Standard Event register’s Operation Complete bit wili be 1 when all
pending device operations have been finished
*QPC? Operation Complete query Places an ASCIT 1 in the output queus when all pending operations have
finished
*WAI Wait to Complete
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Appendix A
Specifications

These specifications reflect the performance of the HP E1413 with the

HP E1413 Option 11 Straight-Through Signal Conditioning Plug-on. The
performance of the HP E1413 with other SCPs is found in the Specifications
section of that SCP’s manual.

Measurement ranges

DC Volts {Opt 11 or 12) +62.5mV fo +16V Full Scale

Temperature Thermocouples - -200 to +1700 °C
Thermistors - (Opt 15 required} -80 to +160 °C
RTD's - {Opt 15 required) -200 to +850 °C

Resistance (Opt 15 with opt 11} 512 ohms to 131 Kohms FS
Strain 25,000 pe or limit of tinear range of strain gage
Measurement resolution 16 bits {including sign)

Maximum reading rate 100K rdgs/sec divided by the number of channeis in the scan - for example,
. 100K rdgsfsec + 64 channels = 1.56K rdgsfsec/ch
100K rdgs/sec + 16 channels = 8.256K rdgs/sec/ch

Maximum input voitage Operating < +16 V peak Damage level > +42 V peak
{Normal mede plus commen mode)

Maximum commen mode OCperating: < £16 V peak  Damage level: > 242 V peak
voltage

Common mode rejection 0 to 80Hz -105dB

input impedance greater than 100 Mohm differential
On-beoard Current Source 122 pA £0.02%, with £17 Voits Compliance

Specifications A-1



Maximum tare cal offset

SCP Gain = 1 {Maximum tare offset depends on A/D range and SCP gain)

AJD range 1
iV F Scale |

Max Offset

3.2213

16

|
|
|

82101

23081

6.25

07581

0.0625

03782

Measurement accuracy

{90 days) 23°C +1°C {with *CAL.? done afier 1 hr warm up and CAL.ZERO?

DC Voits within 5 min.}. If autoranging is ON, add =.02% FS to accuracy specifications.
A/D range Linearity Offset Error Noise Noise*
+V F Scale % of reading 3 sigma 3 sigma

0625 0.01% 5.3 1V 18 v 8 uv
25 0.01% 10.3 uv 45 uv 24 pVv
i 0.01% 31V 110 1V 90 pv
146 gg};/’“ 122 pV 450 v 366 vV
? 488 uV 1.8 mVv 1.5 mV

* [SENSe JFiLTerf LPASS)[:STATe] ON (max scan rate - 100 rdgs/sec/ichannef)
Temperature Coefficients. Gain - 10ppmPC.  Offset - (0 - 40°C) 14pVPC, (40 - 55°C) BuV+.38uvieC
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Temperature Accuracy The following temperature accuracy curves include instrument and firmware
linearization errors. The linearization algorithm used is based on the
IPTS-88(78) standard transducer curves. Add your transducer accuracy to
determine total measurement error.

e Thermocouple Type E (-20010 800°C}. .. ..... ... .. ........ A45

® Thermocouple Type E (010 800°C) .. ... ... ... ... ... ... .. .. A-87

® Thermocouple Type EEXtended . ... .. ... .. ... .. ....... A-8,9

e Thermocouple Type J ... ... . o A-10,11
e Thermocouple Type K .. ... o A-1213
® Thermocouple Type R .. . ... .. . .. . A-1415
® Thermocouple Type S .. .. .. .. . A-16,17
© Thermocouple Type T ... .. . .. A-18,19
¢ Reference Thermistor &K .. ... ... ... .. oo oL A-20,21
e Reference RTD 1000 . ... ... . e e A-2223
e RTD1COG ... ... .. .. ... ... ... ... B A-24,25
® Thermistor 22500 .. .. . .. . A-2627
e Thermistor SKL . .. e A-28.29
@ Thermistor 10K . ... . A-30,31
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Appendix B
Error Messages

Possible Error Messages:

-108 *Parameter not allowed’.

-160 "Block data error’.

-211 "Trigger ignored’.

=212 ’Arm ignored’.

=213 *Init ignored’.

-221 *Settings conflict’.

=222 ‘Data out of range’,

-224 "Ilegal patameter value’.

-240 "Hardware error’. Execute ¥TST?.
-253 *Corrupt media’

-281 *Cannot create program’.

-282 "Illegal program name’.

-310 ’System error’.

-410 *Query INTERRUPTED’.

2601 "Invalid channel number’.

2003 “Tnvalid word address’.

20067 "Bus error’.

2008 *Scan list not initialized’.

2009 "Too many channels in channel list”.
2016 "Byte count is not a multiple of two’.
3000 "lllegal while initiated’.
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3001

3004

3005

3006

3007

3008

3012

3015

3019

3020

3021

3026

3027

3028

3030

3032

3033

"Illegal while continuous’.

"IHegal command. CAL:CONF not sent’. Incorrect
sequence of calibration commands. Send CAL:CONF
command before CAL: VAL command.

"THegal command. Send CAL:VAL:RES’. The only
command accepted after a CAL:CONFRES is a
CAL:VAL:RES command.

‘Illegal command. Send CAL:VAL:VOLT’. The only
command accepted aftera CAL:CONF:VOLTisa
CAL:VAL:VOLT command.

"Invalid signal conditioning module’. The command sent
to an SCP was illegal for its type.

"Too few channels in scan list”. A Scan List must have at
jeast two channels.

"Trigger too fast’. Scan list not completed before another
trigger event occurs.

"Channel modifier not permitied here’.

"TRIG:TIM 1nterval too small for SAMP: TIM interval
and scan list size”. TRIG'TIM interval must allow for
completion of entire scan list at currently set SAMP.TIM
interval. See TRIG:TIM in Chapter 5, the Command
Reference

"Input overvoltage’. Calibration relays opened (if
JM2202 not cut) to protect module inpuis, and
Questionable Data Status bit 11 set. Execute *RST to
close relays and/or reset status bit,

"FIFO overflow’.

*Calibration failed’.

"Unable to map A24 VXI memory’.

“Incorrect range value’. Range value sent is not supported
by instrument,

*Command not yet implemented!!”.
Ox1: DSP-Unrecognized command code”.

"0x2: DSP-Parameter out of range”.
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3034 *Ox4: DSP-Flash rom erass failure’.

3035 ’0x8: DSP-Programming voltage not present’.

3036 ’0x10: DSP-Invalid SCP gain value’. Check that SCP is
seated or replace SCP. Channel numbers are in FIFO.

3037 *(0x20: DSP-Invalid *CAL? constant or checksum.
*CAL? required.’.

3038 *0x40; DSP-Couldn’t cal some channels’. Check that
SCP is seated or replace SCP. Channel numbers are in
FIFO.

3039 *0x80: DSP-Re-Zero of ADC failed’.

3040 *0x100: DSP-Invalid Tare CAL constant or checksum’.
Perform CAL: TARE - CAL:TARE? procedure.

3041 *0x200: DSP-Invalid Factory CAL constant or
checksum’. Perform A/D Cal procedure.

3042 "0x400: DSP-DAC adjustment went to limit”, Execute
*TST?

3043 *0x800:; DSP Status--Do *CAL?".

3044 "0x1000: DSP-Overvoltage on input’.

3045 "(0x2000; DSP-reserved error condition’.

3046 *0x4000: DSP-ADC hardware failure’.

3047 *(0x8000: DSP-reserved error condition’.

3048 "Calibration or Test in Process’”.

3049 *Calibration not in Process’

3050 *ZERO must be sent before FSCale’. Perform A/D Cal
sequence as shown in Command Reference under
CAL:CONF:VOLT

3051 ’Memory size must be multiple of 4”. From
MEM:VME:SIZE. Each HP E1413 reading requires 4
bytes.
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3052

*Self test failed. Test info in FIFO’. A value of 1 through
99 is a failed test number. A value of 100 through 163 is
a channel number for the failed test. A value of 200
through 204 is a A/D range number for the failed test
where 200=.0625, 201=25V, 202=1V, 203=4V, and
204=16V ranges. For example DATA:FIFO? returns the
values 72 and 108. This indicates that test number 72
failed on channel 8.

Test numbers 20, 30-37, 72, 74-76 may mdicate a
problem with a Signal Conditioning Plug-on.

For tests 20, and 30-37, remove all SCPs and see 1f
*TST? passes. If so, replace SCPs one at a time until you
find the one cousing the problem.

For tests 72, and 74-76, try to re-seat the SCP that the
channel number(s) points to, or move the SCP and see if
the failure(s) follow the SCP. If the problems move with
the SCP, replace the SCP.

These are the only tests where the user should
troubleshoot a problem. Other tests which fail should be
referred to qualified repair personnel.

Refer to the Command Reference under *TST? for a list
of module functions tested.

NOTES 1.

HP E1413 C-SCPI dniver for MS-DOS® implements two versions of
*TST. The default version is an abbreviated self test that executes
only the Digital Tests. By loading an additional object file, you can
execute the full self test as described below. See the documentation
that comes with the HP E1413 C-SCPI driver for MS-DOS®.

During the first 5 minutes after power is applied, ¥*TST? may fail.
Allow the module to warm-up before executing *TST?

3033

3056

*Corrupt on board Flash memory’.

"Custom EU not loaded’. May have erased custom

EU conversion table with ¥*RST. May have linked
channel with standard EU after loading custom EU, this
erases the custom EU for this channel. Reload custom EU
table using DIAG:CUST:LIN or DIAG:CUST.PIEC,
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3058 "Hardware doesnot have D32, S/H, or new tnigger
capabilities’. Module’s serial number is earlier than
3313A00530.

3039 ’DSP firmware does not have LISTL, LIMIT, or
AVERAGE capability’. Firmware (stored in Flash
Memory) must be updated to version A.03.00 or later.

3060 ’Lower limit exceeds upper limit on ong or more
channels’. CALC:LIM:LOW:DATA set higer than
channel’s CAL.LIM:UPP:DATA

3061 *Can’t change scan list while running with AVERAGE
on’

3062 "LISTL not allowed with AVERAGE on’

3063 *Duplicate channels in list not allowed with AVERAGE
on’

3064 "TRIG:COUNT must be = CALC:AVER. COUNT if
INIT:CONT not on’

3065 "Scan list used in LISTL list must have at least 6
channels’

3066 ’Autorange not allowed with AVERAGE on’

3067 "Multiple attempts to erase Flash Memory failed’

3068 "Multiple attempts to program Flash Memory failed’

3069 "Programming voltage jumper not set properly’. See

Disabling Flash Memory Access in Chapter 1 (IM2201)
3070 Identificanon of Flash ROM incorrect’

3071 *Checksum error on Flash Memory®
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Appendix C
Glossary

The following terms are either unique to Hewlett-Packard’s VXIbus
modules or are unique to the HP E1413.

Control
Processor

Continuous
Mode

DSP
EU

EU Conversion

Flash or
Flash Memory

SCP

Terminal
Blocks

Terminal
Module

The Digital Signal Processor chip that performs all of the
HP E1413’s internal hardware control functions as well
as performing the EU Conversion process.

Fastest scanning mode. In effect when TRIGger:SOURce
is set to IMM and INITitiate:CONTinuous is set to ON.

Same as Control Processor
Engineering Units

Engineering Unit Conversion: Converting binary A/D
readings into readings of voltage, resistance, temperature,
strain, or pressure,

Non-volatile semiconductor memory used by the
HP E1413 to store its control firmware and calibration
constants

Signal Conditioning Plug-on: The HP E1413’s internal
plug-on signal conditioners.

The screw-terminal blocks you connect your system ficld
wiring to. The terminal blocks are inside the Terminal
Module

The plastic encased module which contains the terminal
blocks you connect your field wiring to. The Terminal
Module then is plugged into the HP E1413’s front panel.
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Appendix D
Register-Based Programming

About this Appendix

The HP E1413 64 Channel Scanning A/D module is a register-based
module which does not support the VXIbus word serial protocol. When a
SCPI command is sent to the module, the HP E1406A Command Module
(Series C) parses the command and programs the module at the register
level. The same is true for HP Compiled SCP! programming i the C
language. In this case the SCPI commands are pre-processed by C-SCPI and
replaced with function calls to driver libraries that perform register
programming.

This appendix contains the information you need for register-based
programming. The contents include:

e Tableof Registers .. ... ... ... i i D-3

e Register Addressing . ... ... ... ... b4

e Register Based Command Reference ................ .. D-25
System Commands
—~AVGRDGS ... . D-26
— ERRFLAGS? ... ... D-27
~FILTER ... . D-27
~ FILTER? ... D-28
-UPLIMIT ... D-28
—LOW LIMIT ... .. ... . D-28
- NO LIMIT .. ... ... D-28
—NULL D-28
— REVCODE? . ... . ... .. D-28
—~ SCBREAD? . ... ... ... ... ... e D-28
- SCBWRITE . ..... P D-29
Calibration Commands
- ADGAIN .. . D-31
- ADZERO? . . D-32
—CARDCAL ... . D-32
- READTEMP ... . . .. .. ... . .. D-33
-~ REFTEMP . ... D-33
-~ RESCAL . D-33
- RESIST ... D-33
-~ SOURCE . ... . . e D-33
— SPANHI .. .. . . D-33
— SPANLO ... ... ... B D-34
- STORECAL ... .. . D-34
— STORETAR ... .. ... ... ... ... R D-34
— TAREAPPEND . ... . ... ... . ... ... D-34
-~ TARECAL? ... . D-35
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- TARENULL ... .. ... ... ... . D-34

- UNHOOK ... .. ... . .. .. D-35
Scan List Commands
~ ADVRATEn ... ... ... ... .. ... .. ... ... ... .... D-35
-~ ADVRATEL ... . ... .. .. . L. D-35
- APPENDn ... ... ... .. .. . D-35
~ APPENDL .. ... ... . ... D-36
~ ASSIGN .. .. D-37
= NEWn ... D-38
—~ NEWL . . D-38
~ SCPGAINS ... .. B-39
- SCPCHAR ... ... . . . D-39
CVT Comimands
—~ CVTINIT .. . e D-39
Trigger Commands
—ARM .. D-39
- SCPTRIGEN ... ... . . D-39
~ TRIGCOUNT ... ... ... .. .......... e D-40
Debugging Commands
- AVERAGE .. ... ... ... .. . . ... D-40
— DSPEEK? . ... .. D-40
- DSPOKE ... ... D-40
- PSPEEK? .. D-41
o Register Based Programming Fundamentals . ... ... ... .. D-42
¢ Programming Sequence . ... ... ... .. ... . ... . ... .. ... D-49
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Table of Registers

Category Address Read Registers {return) Write Registers See Page...
Base + 0046 | ID Register D-6
Required VXI Base + 021 | Device Type D-8
Registers
Base + 044 | VXI Status Register VXI Control Register D-7, D-8
Base + 061g Offset Register D-§
Base + 0815 | Query Response Register Command Register D-9, D-10
Register-Based
Command and Base + 0Ass Parameter Register #1 D-16
Response
Registers Base + 0Cqg Parameter Register #2 D-10
Base + 0E s Parameter Register #3 £-10
Scan & Card Base + 101g Scan Status and Control Register BD-11, D12
Conirel
Registers Base + 1218 Card Control Register D-13
Interrupt Registers | Base + 1444 Interrupt Configuration Register D-15
Base + 1616 interrupt Status Register D-15
Base + 1A4s | Common Capabilities Reg 0-17
Virtual nstrument
Reglsters Base + 1C46 | Description Register D18
Base + 1E4s | Subclass Register D-11
Base + 2045 | FIFO MSW D-20
Base + 221 | FIFO L3W 0b-20
FIFO Registers
Base + 2445 | FIFO Status Register D-20
Base + 2A4¢ | FIFO Reading Count Reg D-21
Base + 2615 Software Trigger Register D-22
Trigger Registers Base + 2C4s Trigger Timer Register 0-22
Base + 2E1g Trigger Mode Register D-22
1 ‘Base +304s | HPIB Interrupt Status 0+ | HP-IB Interrupt Mask 0. | i
‘Base+3245 | HP-IB Intérrupt Statiis 1| HPAB Interrupt Mask 1
| Base s [AddressStas | o
s | Base+ 36 [BusStatus - . |AwdlayCMD ]
| Base + 3tis |'Address for extérnal'switch | Address Register
ClBasersan i SerialPoll
| Base 3_(':%5'- CMD) Pass Through Parallel Polf. :
Base + 3E1s | Data ln - .| Data Out

Register-Based Programming D-3



Register Addressing

Register addresses for register-based devices are located in the upper 25%
of the VXI A16 address space. Every VXI device {up to 256) is allocated a
64 (4015) byte block of addresses. Figure D-1 shows the register address
location within the A 16 address space.

The Base Address When you are reading or writing to a register, a hexadecimal or decimal
address is specified. This address consists of a base address plus a register
offset.

The base address is computed as:
49,152+LADDR*64
or

C00016+LADDR16%4014

where 49,152 (C00016) is the starting location of the register addresses,
LADDR is the module’s logical address, and 64 (4016) 1s the number of
address bytes per VX1 device. For example, the HP E1413’s factory set
togical address is 2410 (1815). If this address is not changed, the module will
have a base address of’

49,152424%64
49,152+1,536=50 688

or

CO0005+1816%4018
C00016+60016=C60014
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Register
FFFF1g e Oficet | 16-BITWORDS
ey 1 T FFFF1s 3615 | not defined for E1413
PRt 3C1s not defined for E1413
GOl REGISTER
ADDRESS » L4
SPACE” @ °
DDRES - -
A ESS -
SPACE 0E1s | Parameter Regfster #3
QC+s | Parameter Register #2
CO00s -
(49,152) CAi:s | Parameter Register #1
08 Command/Query
16 Response Register
0618 Offset Register
000015 0415 | Status/Control Register
024 Device Type Register
* Base Address = G000+ + (Iogical address * 64)1s 004g 1D Register
49,152 + {Ioglca! address * 64)10 HP E1413
Register Address = Base Address + Register Offset Register Map

Figure D-1. E1413 Registers within A16 Address Space.

Base Address with
HP Command
Modules

To calculate the base address when using the HP E1413 with HP Command
Modules (HP E1405B/E1406) add 1F00001¢ or 2,031,61619 to the VXIbus
Register Base Address.

Module Base Address =
1FCO0O001s + logical address1s * 4016
or
2,080,7681¢ + logical address1p * 6440

Register Address = Base Address + Register Offset
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Required VXI Registers

The required VXI registers inchude ID, Device Type, VXI Status, and VX1
Control registers.

The ID Register Base + 0016

Read only, returns 4FFF16: The module’s ID register indicates the
classification, addressing mode, and the manufacturer of the device.

Address 15 14 13 12 110

Base + 0015 Device Class Address Mode Manufacture ID

Device Classification; Bits 15 and 14 classify a device as one of the
following:

0 0 Memory device
0 1 Extended device
1 0 Message-based device
1 1 Register-based device

The HP E1413 and HP E1414 are extended devices.

Addressing mode: Bits 13 and 12 indicate the addressing mode used by the
device:

00 Al16/A24 address mode
$ 1 AI6/A32 address mode
19 RESERVED

11 Al6 address mode

The HP E1413 and HP E1414 both use the A16/A24 address mode.

Manufacturer ID: Bits 11 through 0 identify the manufacturer of the device.
Hewlett-Packard’s ID number is 4095, which corresponds to bits 11-0 being
setto "1™

The Device Type Register Base + 0218

Read only, retumns 51C416-E1413A 51C5;14-E1414A: The Device Type
register contains the required memory and model code for the HP E1413/14.
The HP E1413 retumns 51C4yg, the HP E1414 returns 31C556.
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Address 1512 110

Base + 0245 | Required Memory Code Model Code

Regquired Memory: The HP E1413 and HP E1414 both support A24 address
space. The size of the A24 space is specified as,

A24 address space = 2(23 - Required Memory Code)

Given that each module’s A24 space is 256 Kbytes, the Required Memory
field is 316

Mode! Code: The model code for the HP E1413 is 1C416. The model code
forthe HP E1414 is 1C516.

The VXI Status Register Base + 0415

Read only: The Status register indicates when commands and output data
can be sent, when query response and input data is available, and the error
status of the module.

Address 15 14 13-8 7 6 5-4 3 2 1 0

Base + Udqs | A24 Active | MODID* | unused | DONE | NOERR |unused | Ready |Passed | Query/Resp {Cmd/fParm
Ready Ready

A24 Active: A one (1) in this field indicates that the card’s A24 address
space can be accessed. This bit reflects the state of the Control Register’s
A24 Enable bit.

MODID*: A one (1} in this field indicates that the card 1s not selected via
the P2 MODID line. A zero (0) indicates that the device is selected by a
high state on the P2 MODID line.

DONE: A zero (0) in bit 7 indicates that the module 1s processing a
command and its parameters. Bit 7 is set to a one (1) to indicate that the
command is finished.

The validity of this bit is determined by bit 0, and in turn, bit 7 determines
the validity of bit 1. See "Status Bit Precedence” for more information.

NOERR: A zero (0) in bit 6 indicates that an error has occurred.

Ready: A zero (0) in bit 3 with a one (1) in bit 2 indicates that the module
has not completed its initialization process.
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Status Bit Precedence

Passed: A zero (0) in bit 2 indicates that the module is executing a reset or
has failed it self-test. A one (1) in bit 2 indicates that the reset has finished
or the self-test passed.

Query/Resp Ready: A one (1) in bit ] indicates that data returned by a query
command is available in the Query Response Register. The bit is cleared (0)
when the register is read.

Cmd/Parm Ready: A one (1) in bit 0 indicates that a command or parameter
op code can be written to the Command or Parameter Register. The bit is
cleared (0) when the command register is written to.

Certain status bits indicate the validity of other bits in the Status Register.
This solves race condition between the selected bits.

When Cmd/Parm Ready is zero (0), DONE is invalid. Thig allows the
module to clear DONE to indicate that a command is being processed,

When DONE 15 zero (0), NOERR and Query/Resp Ready are imvalid. This
allows the module to set those bits to the correct states based on the
conditions they represent.

The VXI Control Register Base + 0416

The Offset Register

Write only: The Control register is used to reset the module, and to disable
the module from drniving the SYSFAIL line.

Address i5 14-2 i 4

Base + 0445 | A24 Enable . unused | SYSINH | RESET

A24 Enable; Writing a one (1) to bit 15 enables accesses to the A24 address
space. Writing a zero (0) disables accesses to the A24 address space.

SYSINH: Writing a one (1} to bit 1 prevents the module from asserting the
SYSFAIL line. Writing a zero (0} allows the module to assert SYSFATL.

RESET: Writing a one (1) to bit 0 resets the module. Wnting a zero (0)
tums the reset function off. While bit 0 is 1, the module is held in the reset
state.

Base + 0615

Read/Write; The offset register defines the base address of the module’s
A24 address space. Because the HP E1413/14°s A24 address space is 256
Kbytes, only the bits 15 through 10 are used.
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Address 16-10 9.4

Base + 061s AZ4 Offset unused

NOTE  When reading the offset register, bits 9 through 0 always return zeros (0).

A24 Offset: These bits are the six most significant bits of the device’s A24
base address. The 18 least significant bits are all 0.

Register-Based Command and Response Registers

The Query Response Register  Base + 0846

Read only: When the module is sent a query command, the reply is sent to
the Query Response Register. See Register-Based Command Reference
starting on page D-23,

Address 159

Base + 0845 Query Response

Some query commands may return multiple query responses.
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The Command and Parameter Registers Base + 0846-0E16

Write only: Commands and their parameters are writien to the Command
and Parameter registers, See Register-Based Command Reference starting

on page D-25,
Command Register
Address i5-0
Base + 084s Command Op code
Parameter Register #1
Address i5-0
Base + DAg Parameter #1 Op code
Parameter Register #2
Address 150
Base + 0C1s Parameter #2 Op code
Parameter Register #3
Address 150
Base + 0B Parameter #3 Op code

NOTE The parameters associated with a command must always be writien before
the actual command op code. No command requires more than three
parameter words. Upon a write to the Command Register, the Cmd/Parm
Ready bit is deasserted (set LOW). It is subsequently asserted after the
control processor has removed the command word and associated
parameters from the parameter register buffers and is ready to receive
another command.

Scan and Card Control Registers

Scan Status & Control Register Base + 1046

Read/Write: This register controls and provides status of the execution of
scan lists. Note that bits 15 through 8 are read-only and are used to report
scan status, and bits 7 through 0 are read/write and are used to control the
scan.
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The Scan Control Biis

Writing to these bits (7-0) controls the arming and execution of scan lists.
When this register is read for scan status, bits 7-0 retum their currently set
values.

Address

7 6 5 4 3-2 1-0

Base + 101s

Scanstatus Abort | List of Lists | Auto-arm | Free-run | Reserved | Next List

NOTE

NOTE

Scan Status: Writing to the Scan Status bits has no effect.

Abort: Toggling this bit high then back low halts acquisition without
completing the current scan list. Data in the FIFO is undisturbed. The
number of valid readings in the FIFQO can be determined from the FIFO
Reading Count register. To flush the FIFO, assert and deassert the
FIFQCLR* bit in the Card Control register.

While the contents of registers are not disturbed, Abort resets all
configuration accomplished by executing register based commands.
Clearing both the Auto-arm and Free-run bits will end continuous scans
when the current scan in complete without disturbing other configuration.

The control processor does not return to the command mode until the Abort
bit is reset low again. Leaving the Abort bit high will cause the control
processor to stay in the Abort state, See Control Processor States on

page D-438

List of Lists: Writing a one (1) enables the "List of Lists". While enabled,
the Next List field is ignored. Writing a zero (0 is the default) re-enables the
Next List field.

Autoarm: When the module finishes executing a scan list, it will arm to
receive another trigger if this bit is set. The Next List ficld will be used to
determine the scan list to be executed when the next trigger is received. The
Autoarm bit 1s ignored in Free-run Mode.

Free-run Mode: When this bit is set, the scan list is executed continuously
after an initial trigger. Changes to the Next List bits after trigger won’t be
effective until scanning is stopped. If this bit is cleared when a scan is in
progress, the acquisition will be halted at the end of the scan hist.
Acquisition may be halted immediately by asserting the abort bit, or by
resetting the card.
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Reserved: Always write zeros 1o these bits,

Next List: This field denotes which of four previously defined scan lists will
be used for the next arm/trigger sequence. Note that in Free-run Mode, this
field is read only once.

The Scan Status Bits  Bits 15-8 are read-only and show the present state of the scan process.
Writing to this register has no effect on bits 15-8.

Address 15 14 13 12 4140 98 |70

Base + 1015 | Running*| Armed | Initiated | Free-run | Reserved | Current List '::$één"Cont'm.f :

NOTE Check for Running* high and Initiated low (both deasserted) before writing
to the Scan Control, Card Control, or Trigger Mode Registers.

Running?®: This bit is low (0} when the module is executing a scan list or
register based MEAS? command. The card cannot accept commands while
scanning (but other A 16 registers may be accessed as usual). Normally, one
should avoid A24 card accesses except for reads of the Current Value Table
when this bit is low. Accessing other portions of the module’s A24 address
space could interfere with the scan.

Armed: When asserted (1), this bit indicates that the module is initiated and
is waiting for a scan trigger. Armed is deasserted after the trigger is
recognized by the control processor. In Autoarm mode, Armed toggles.

Initiated: When asserted (1) this bit indicates that the module is initiated.
Initiated ts deasseried only when the scan or scans (in the case of Trigger
Count >1) are complete.

Free-run Mode: This bit i1s asserted (1) when the module is armed or
scanning in Free-run Mode. It may be different than the corresponding bit in
the Scan Control Register, because it indicates processor state rather than
register contents.

Reserved: These bits are reserved for future use. Their value is
indeterminate, and should not be relied upon.

Current List: When Running* is asserted (0), this field shows the scan list
presently being executed. When Running* is deasserted, but Armed is
asserted (1), this ficld shows the scan list which will be executed upon
receipt of a trigger. Under other circumstances, these bits are undefined.
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Card Control Register

Base + 1248

Read/Write: The card control register controls various functions on the card.

Address

5

14 13 12 11 i0-8 70

Base + 1215

Linused

FIFO Mode | unused | FIFO Clear | VPPEN | A24 Window | Open Transducer Detect

CAUTION

FIFO Mode: Writing this bit to a (0) sets the Block mode, writing a (1) sets
the Overwrite mode. Block mode stops readings when the FIFO fills.
Overwrite mode over writes oldest readings with new readings, leaving the
latest 64K readings availabie.

FIFO Clear: Setting this bit to a (1) reset the FIFO. The FIFO will remain in
reset until this bit is set to zero (0).

VPPEN: Setting this bit to a (1) turns on the programming voltage fo the
onboard flash memory. Setting this bit to zero (0) turns off this voltage.
VPPEN must be set high to store calibration constants or download card
control firmware to the module. In addition, the movable jumper IM2101
must be set to the Enable position.

A24 Window: These three bits allow A24 access to various 256 Kbyte
pages of the control processor’s memory. The following table and

Figure D-2 show the relationship between bits 10-8 and the memory page
mapped.

Controt Processor Memory to A24 Mapping

Bit 10 Bit3 Bitg Az4 Window shows:
gl Tor b0 | Current Value Table (default) co 1l <
g 0 t DSP Reserved, and RAM pages 1 to 3
0 1 0 RAM pages 4to 7 { MP E1414 only }
4] 1 1 RAM pages 8 fo 11 (HP E1414 only }
1 1 0 Flash Memory (writes require jumper
JM2201 to enabled position)
1 H 1 A/D RAM and DSP VO Space
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HP E1414 Only

~  Flash Memory

BFFFF o
L AD RAM
ROM Table 32k words
page 3 page 2
{high byte=FF}
ROM Table
page 2 page 1
32k words
258K byte
A24 window
{16 bit Words} Code page 3
Data Ram
page 1 Code page 2
Code page 1 SP YO
16k words P 64k Wos{ggce
D8P 4k Cal
Fixed Data
RAM page 0 3 Cal
cvT 32k words
output 8k Boot
0000044 T e R
+base enable JM22M1
to write
Card Contro! Register
A24 Window bits (10-8) ™ 000 00t 010 . 011 110 111

Figure D-2 A24 Memory Mapping

NOTE Nommally bits 10-8 are zero (0), so that the Current Value Table can be
accessed through A24 address space.

Open Transducer Detect: Writing a one (1) to a bit enables open transducer
detect on the particular signal conditioning module. Writing a zero (0) to a
bit disables open transducer detect.

Bit7 Bitg Bit5 Bit4 Bit3 Bit2 Bit 1 Bito

SCP7 | 8CPB | SCP5 | SCP4 | 5CP3 | SCP2 | SCP 1 SCP O
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Interrupt System Registers

interrupt Configuration Register Base + 1416

Read/Write: The Interrupt Configuration Register is used to select the VXI
interrupt level to be used when the module interrupts, and controls which
events are enabled to cause a VXI interrupt.

Address 15 14 13 12 11 10 9 8 7.3 | 20
Base + 1445 | Limit Test 3CP Trig Meas/Cal |Trig Too|Over V| Scan |FIFQ | FIFO |unused]Interrupt
Exceeded {E1413) Complete | Fast |Detect Complete| aver- | Half full Leve
HP-1B Interrupt flowed
{E1414}
Interrupt Mask (bits 15-8): Writing a one (1) to a bit enables that bits
interrupt. Writing a zero (U) to a bit disables that bits interrupt.
Interrupt Level: This field sets the mterrupt level that the module will
interrupt on. Setting the interrupt level to 0 will disable the card from
interrupting,
Bit 2 Bit 1 Bito inferrupt Level:
0 0 0 Disabled
o 0 1 IRQ1
0 1 0 IRG2
0 1 1 IRQ3
1 0 0 1RG4
1 0 1 IRQS
1 1 0 IRQE
1 1 1 IRQY
Interrupt Status Register Base + 1616

Read/Write: The Interrupt Status Register returns the state of all sources of
interrupt regardless of state of the Interrupt Mask Register. There are two
types of interrupts, level and strobed. Level interrupts are interrupts that
persist from an interrupt source and requires the host to service the interrupt
through reads and writes to the interrupt source. Strobed interrupts are
interrupts that do not persist and require the host to acknowledge the
interrupt by writing a one (1) back to the appropriate bit in the Interrupt
Status Register.
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Level Interrupts:

e FIFO Half Full
e HP-1B Interrupt (HP E1414 only)

Strobed Interrupts:

FIFO Gverflowed
Meas Complete
Over voltage Detect
Trigger Too Fast
SCP Trigger

Limit Test Exceeded

e & & @ 8

Address

15

14

13 12 " 10 g 8 7-0

Base + 1845

Limit Test
Exceeded

SCP Trig (1413}} Meas/Cal | Trig Too | OverV Scan FIFO FIFO | unused

HP-1B Interrupt flowed
{1414 oniy)

Complete’|” Fast Detect {Complete | Over- | Half Full

A one (1) in a bit indicates that the interrupt source is asserted. A zero (0} in
a bit indicates that the interrupt source is deasserted.

Limit Test Exceeded: (HP E1413 only) This bit will be set to one (1) at the
end of each Scan Last in which a channel has exceeded its limit tesi.

SCP Trigger: (HP E1413 only) A one (1) in this bit indicates that a Signal
Conditioning Plug-on {SCP) has triggered. A zero (0) indicates that an SCP
has not triggered.

HP-IB Interrupt: (HP Ei414 only) A one (1) in this bit indicates that the
HP-IB chip Is asserting ifs interrupt. A zero (0) indicates that the HP-1B chip
1s not asserting its interrupt.

Measurement/Calibration Complete: A one (1) indicates that the
measurement/calibration has completed.

Trigger Too Fast: A one (1) in this bit indicates that a trigger too fast
condition has been detected. A zero (0) indicates that no trigger too fast
condition has occurred,

Over Voltage Detect: A one (1) indicates that an SCP over voliage condition
has occurred. A zero (0) indicates that no over voltage condition has
occurred.
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Scan Complete: A one indicates that the module has completed a scan. i the
modaule is in the Free-run mode, Scan Complete is asserted at the end of
each scan.

FIFO Overflowed: A one (1) indicates that the FIFO has overflowed

FIFO Half Full: A one (1) indicates that the FIFO is half. To clear this
condition, the FIFO is read until the FIFO is less than half full.

Virtual Instrument Registers

The Virtual Instrument registers are used to identify what virtual instrument
functionality the HP E1413/14 modules have.

Common Capabilities Register Base + 1A1s

Read only, returns 5016: This register indicates whether the HP E1413 and
HP E1414 support certain optional registers.

Address 15-7 8 5 4 3 2 1 0

Base + 1A 0 Send Count | Rec Count | IRQ 1 | IRQ2 | Send Frame | Rec Frame | Slave Addr

Send Count: A one (1) indicates that the device has a Send Count register. A
zero (0) indicates that the Send Count register locations have some device
specific function(s).

Rec Count: A one (1) indicates that the device has a Receive Count register.
A zero (0) indicates that the Send Count register locations have some device
specific function(s).

IRQ 1. A one (1) indicates that the device has the IRQ Config | register. A
zero (0) indicates that the IRQ Config 1 register location has some device
specific function(s).

IRG 2: A one (1) indicates that the device has the IRQ Config 2 register. A
zero (0) indicates that the IRQ Config 0 register location has some device
specific function(s).

Send Frame: A one (1) indicates that the device has the Send Frame register.
A zero (0) indicates that the Send Frame register location has some device
specific function(s).
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Receive Frame: A one (1) indicates that the device has the Receive Frame
tegister. A zero (0) indicates that the Receive Frame register location has
some device specific function(s).

Slave Addr: A one (1) indicates that the device has the Slave Address
register. A zero (0) indicates that the Slave Address register location has
some device specific function(s).

The Description Register Base + 1C16

Read only, returns FA601s: The Description Register returns more
information on identification and functionality of the HP E1413 and

HP E1414. Note that the Send Data, Send Count, and Send Status registers
correspond to the FIFO MSW, FIFO LSW, FIF( Reading Count, and FIFO
Status registers.

Address | 15-14 | 13-11 | 108 7 & 5 4 3 2 1 0

Base + 1C1g| Rev Sub Mod 0 | A18 | VME Slave | VME Slave| VME Mast |VME Mast| LBUS | LBUS
Type | Type Send Rec Send Rec Send Rec

Rev: All ones indicates the current revision of the module.
Sub Type: all bits always set to ones (1).

Mod Type: The Mod Type indicates what type of module the HP E1413 and

El414 are.
Bit 10 Bit 9 Bits Meaning
0 1 1 Signal Acquisition/Conditioning Front Ends
LD Fee e 0 L Analagfinterval to Dightal Conversien i
1 1 g Data Slorage
1 1 G Data Processing
1 0 Y Digital to Analog Conversion
1 §] i Signal Distribution/Enhancement Rear Ends
Q 0 0 Resetved
0 y; 1 Cther

A16: A one (1) indicates that the Virtual Instrument Basic Registers, ( Send
Data, Send Count, Send Status, Receive Data, Receive Count, and Receive
Status }, are in the A6 address space. A zero (0) indicates that these
registers are in A24 or A32 address space starting a address offset 816. The
Send Data, Send Count, and Send Status registers are the FIFO MSW and
LSW Registers, FIFO Reading Count, and FIFO Status Registers
respectively.

VME Slave Send: A one (1) indicates that the device has the capability to
send data via its VMEbus slave registers, and implements both the Send
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The Subclass Register

Data and Send Status registers. A zero indicates that this capability is absent
on this device.

VME Slave Rec: A one (1) indicates that the device has the capability to
receive data via its VMEDbus slave registers, and implements both the
Receive Data and Recetve Status registers. A zero indicates that this
capability is absent on this device.

VME Mast Send: A one (1) indicates that the device is a VMEbus master
having the capability to send data to another Virtual Instrument device’s
Receive Data register. A zero indicates that this capability is absent on this
device.

VME Mast Recetve: A one (1) indicates that the device is a VMEDbus master
having the capability to recetve data from another Virtual Instrument
device’s Send Data register. A zero indicates that this capability is absent on
this device.

LBUS Send: A one (1) indicates that this device is capable of sending Local
Bus data. A zero (0} indicates that it is unable to send data over the Local
Bus.

LBUS Rec: A one (1) indicates that this device is capable of receiving Local
Bus data. A zero (0) indicates that it is unable to receive data over the Local
Bus.

Base + 1E4s

Read only, returns 7FFF16: The subclass register identifies the HP E1413
and HP E1414 as HP virtual instrument devices.
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FIFO Registers

The FIFO registers consist of the FIFO MSW, FIFO LSW, the FIFO Status,
and FIFO Reading Count Regisiers.

The FIFO MSW and LSW Registers

Base + 20416 and 2216

NOTE

The FIFO Status Register

Read only: IEEE 32-bit readings from the FIFO are read from these
registers. The FIFOQ MSW register returns the most significant word of the
reading, and the FIFO LSW register returns the least significant word.

FIFO MSW Register

Address 150
Base + 2015 Most Significant Word
FiFO LSW Register
Address 15-0
Base + 2216 Least Significant Word

Before reading these registers, the FIFO Data Ready bit in the FIFO Status
Register must be asserted. If these registers are read while the FIFO Data
Ready bit is deasserted, a bus error will oceur.

Base + 2418

Read only: The FIFO Status Register indicates when the FIFO is not empty,
and when a block of 32,768 readings is in the FiFO.

Address | 15-11 10-9 B-7 6-2 1 0
Base + 2446 | aliOs | Count Width | Data Width Bleck Size Block Ready | FIFO Ready
{16 bits=102) | {32 bits=112) | (32,768=011112)

Count Width: These bits indicate the width of the FIFO Reading Count
register. The count width is 16 bits.
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Bit 10 Bit 8 Meaning
o Y Na Count Register
¢ 8 bils
T L ey o O e e |- o1 T TPA L A S IR
1 4 32 bits

Data Width: These bits indicate the data width of the FIFO registers. The

data width is 32 bits.
Bit8 Bit7 Meaning
] G Reserved
4] 1 8 bits
4 o 16 bils
R o e Bobis e

Block Size: These bits indicate the number of readings that may be read
from the FIFO registers whenever the Block Ready bit is set. The number of
readings is encoded in binary such that Number of readings = 2", where n
is the value encoded in the Block Size field. For the HP E1413/14, n is equal
to 15, which makes the block size 32,768 readings.

Block Ready: A one (1) indicates that there is a block of data available to be
read from the FIFO registers. The number of readings that can be read is
encoded in the Block Size field. A zero {0) indicates that less than a full
block of readings is available.

FIFO Ready: A one (1) indicates that there is at feast one reading in the
FIFO. A zero (0) indicates that there 1s no valid data in the FIFG.

The FIFO Reading Count Register Base + 2A1s
Read only; The FIFO Reading Count Register contains the number of 32-bit
readings in the FIFO,

Address 1540
Base + 2A45 Number of readings in FIFO
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Trigger System Registers

Software Trigger/ARM Register Base + 2616

Write only: A write to this register triggers a measurement scan if the trigger
system is enabled and software trigger is selected as a trigger source, If the
above is true and bit 9 of the Trigger Mode Register is set, a write to this
register arms {starts) the trigger imer,

Address £5-0

Base + 2644 write any data

Trigger Timer Register Base + 2C1¢

Read/Write: A write to this fegister sets the time interval between timer
triggers. The resolution is 1.0E-4 seconds. The minimum interval is 1.08-4
seconds. The trigger interval in seconds = (1.0E-4*reg value)+1 0E-4

Address 15-0
Base + 2C1s rigger interval (0-85535)
The Trigger Mode Register Base + 2E1s
Read/Write: The Trigger Mode Register is used configure the trigger system.
Address 15 14-13 12-11 10 9 88 5.4 30
Base + 2E1g | undefined | SCP Trig | Output Trigger | Trig Timer Select Trig Out | Trig Mode | Trig/Arm
{write 0} | Source Source Continuous | Trigger Timer Source

SCP Trigger Source: Selects the source to drive the SCP trigger line.

Bit 14 | Bit 13 SCP Trigger Source
0 0 None
0 1 Trigger in
1 0 Reserved
1 1 Reserved
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Output Trigger Source: Selects the source driving the TTLTRGn line when
the Trig Mode is "Output”.

Bit 12 ; Bit 11 Qutput Trigger Source
0 ; Trigger In
o 1 First Trigger
1 0 Limit Test Exceeded
1 1 SCP Trigger

Trig Timer Continuous: A one (1) causes the trigger imer to run
continuously after the first arm event (synchronous mode). When this bit is
zero (0), the trigger timer will run only while the HP E1413 is initiated
{asynchronous mode).

Select Trigger Timer: A one (1) selects the Trigger Timer as the trigger
source. The Trig/Arm Source becomes the Trigger Timer Arm Source. A
zero (0) selects the trigger source as set by the Trig/Arm source bits.

Trigger Out: The Trig Out field is used to select one of the TTLTRG*
trigger for the trigger system to source,

Bit 8 Bit7 Bit s Trigger Output:
0 0 0 TTLTRGO
iy 0 TTILTRGH
0 1 Q TILTRGZ
0 1 3 TTLTRG3
1 O G TTLTRG4
1 o 1 TTLTRGS
1 7 0 TTLTRGE
1 1 1 TTILTRGY

Trig Mode: The Trig Mode field is used to select the trigger protocol.

Bit 5 Bit4 Trigger Output:
0 0 Synchronous
0 1 Semi-synchronous
1 0 Asynchronaus
1 1 Output R
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Trig/Arm Source: The Trig/Arm Source field is used to select the trigger or
Arm source. When Bit 9 (Select Trigger Timer) is set to 0, the sources in the
following table are the trigger sources. When Bit 9 is set to 1 (timer is
trigger source), the following become ARM sources for the Trigger Timer.

Bit 3 Bit2 Bit1 Bito Trigger/Arm
Source:
0 0 0 G TTLTRGO
0 3] 0 1 TTLTRG
0 0 3 0 TTLTRG2
0 0 1 1 TTLTRGS3
0 1 0 0 TTLTRG4
0 1 0 1 TTLTRGS
0 1 1 0 TTLTRGE
0 1 1 1 TTLTRGY
i 0 0 Y Software
1 4] 0 1 External
1 0 1 0 scp
i 0 1 1 Trigger
Immediate
1 1 X X none selected

Using the Trigger To support the various trigger modes the correct values must be set in each
Mode Register of the fields of the Trigger Mode Register. Below are examples settings for
the trigger modes supported.

Sync: To support the VXI trigger mode sync, the Trigger Mode field is set

to "Sync", and the Trigger Source field set to one of the TTLTRG* lines. It
does not matter what the Trig Out ficld is set to. See the VXI document for
more information on this trigger protocol.

Semi-Sync: To support the VX1 trigger mode Semi-sync, the Trigger Mode
field is set to "Semi-sync”, the Trigger Source field set to one of the
TTLTRG* lines, and the Trig Qut field set to the same TTLTRG* line,
which was set in the Trigger Source field. See the VXI document for more
information on this trigger protocol.

Async: To support the VXI trigger mode Async, the Trigger Mode field is
set to "Async”, the Trigger Source is set to the lower line of a TTLTRG*
line pair, and the Trig Out field is set to the higher line of the TTLTRG* line
pair. See the VXI document for more information on this trigger protocol.

Output: This is not one of the defined VXI trigger protocols. This mode is
used when 1t 1s necessary to trigger other modules in the system when
another module has been triggered. To set up for this mode, the Trigger
Mode field is set to "Output”. The Trigger Out field is set to the TTLTRG
trigger line that 1s to be triggered. And, the Trigger Source field is set to one
of the trigger sources other than the one set in the Trigger out field.
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Register Based Command Reference

This section describes the low level register commands of the HP E1413
module. Commands are sent to the module through the Command Register
{0816) and Parameter Registers (0A 1, 0C16, 0E16). Commands to the card
are either a command word only or a command word and one to three
parameter words. When a command includes parameters, the command
word is sent only after the parameter word(s) have been sent. For query
commands, data is returned through the Query Response Register (0816).
There is only one Query Response Register, there is no response buffering,
Therefore any response left in the Query Response Register will be lost
(over written) by the next query command. Always read query responses
before executing the next query command. For example the value 9.9E+37
1s 7E94F36A 15, TE9416 is sent to the lower numbered parameter register,
while F56A 16 goes to the higher numbered parameter register.

Note on Number Where commands have the parameter names <highword> and <lowword>,
Format the values taken together represent a 32-bit floating point value in the
Motorola format. That is, the high 16-bit word goes to the lower numbered
parameter register, the low 16-bit word goes to the higher numbered
parameter register. For example the value 9.9E+3710 is TE94F56A 16,
TES4 15 is sent to the lower numbered parameter register, while F36A 16 goes
to the higher numbered parameter register,

Note that the ASCII command names shown here are a descriptive
convenience only. The actual command is a sixteen-bit word, shown to the
right of the command name. Where the command name ends with a
lower-case "n," bits 1-0 of the command word control which of four
possible scan lists are referenced by the command. The Register Based
Commands are divided into the following categories:

e System Commands

— AVGRDGS ... .. D-26
— ERRFLAGS? ... 0o D-27
S FILTER ...t D-27
CFILTER? o D-23
CUPLIMIT .« D-28
CLOW LIMIT .o D-28
~NO LIMIT .o D-28
~ NULL ...... e D-28
CREVCODE? .. D-28
“SCBREAD? ... o D-28
CSCBWRITE ... D-29

e Calibration Commands
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- ADGAIN ... ... . D-31

- ADZERO? ... ... . .. . D-32
- CARDCAL . ... .. ... .. D-32
- CARDCAL? ... . ... ... .. .. ... D-33
- READTEMP ................ e D-33
- REFTEMP ... . ... . D-33
- RESCAL ... ... ... ... .. D-33
- RESIST .. D-33
-~ SOURCE . ... . ... .. ... D-33
- SPANHI ... ... .. ... ... ... . ..., . D-33
-~ SPANLO ... .. ... D-34
- STORECAL ... ... ... .. ... . ... D-34
~STORETAR . ... ... ... ... . .. ... ... ... D-34
— TAREAPPEND ............ ... .............. D-34
- TARECAL ... ... .. . .. . . ... D-34
- TARECAL? .. .. .. ... .. . . .. ... D-35
—~ TARENULL ... ... ... ... ... .. ..., D-34
- UNHOOK ... ... D-35
e Scan List Commands
-~ ADVRATEn . ... ... . ... . . ... .. ..., D-35
- ADVRATEL . ... .. . . D-35
- APPENDn ... . ... . ... D-35
- APPENDL . ... . ... .. D-36
— ASSIGN ... . D-37
= NEWn...... ... ... D-38
- NEWL ... D-38
- SCPGAINS . ... . . . b-39
~ SCPCHAR ... ... .. . ... -39
¢ CVT Commands
- CVTINIT ... . . e D-39
e Trigger Commands
~ARM ... D-39
- SCPTRIGEN ........ .. ... ... ... ... e D-39
- TRIGCOUNT ...... .. .. ... ... ... ... ... ... D-40
e Debugging Commands
~ AVERAGE? . ......... ... .. ... .. ... D-40
- DSPEEK? . ... ... D-40
-DSPOKE .. D-40
- PSPEEK? ... ... ... D-41

System Commands

The System commands provide for checking errors, and communicating
with the Signal Conditioning Plug-ons.

AVGRDGS <enable> <n_readings> 00601s

This command sets the number of readings to be averaged for each reading
stored in the FIFG or CVT. <enable> is 1 for enabled, 0 for disabled. It
takes n scan triggers to obtain the n readings to average. No channel should
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NGTE

NOTE

be repeated in the scan list. Valid values for <n_readings> are 2, 4, 8, 16,
32,64, 128, and 256

ERRFLAGS? 202015

This command returns the contents of the Error Flag Word in the VX1
Query Response Register. The Error Flag Word provides additional
information about the previously executed command.

Any other command will update/add the contents of the Error Flag Word.
Error flag bits accumulate in the Error Flag Word until an ERRFLAGS?
query is processed. ERRFLAGS? resets all flag bits to zero.

The following error flags are defined:

Bit Description
0 DSP-Unrecognized command code
1 DSP-Parameter out of range
P4 DSP-Flash rom erase failure
3 DSP-Programming voltage not present
4 DSP-invalid SCP gain value
5 DSP-invalid *CAL? constant or checksum. “CAL? required.
5] DSP-Couldn't cal some channels
7 DSP-Re-Zero of ADC failed
8 D3P-invalid Tare CAL constant or checksum
g PSP-invalid Factory CAL constant or checksum
i0 DSP-DAC adjustment went to limit
14 DSP Status—-Do "CAL?
12 DSP-Overvoltage on input
13 DSP-reserved error condition
14 DSP-ADC hardware failure
15 DSP-reserved error condition

Bits in the Error Flag Word are asserted when high.

If the module does not pass its Self Test, the ERRFLAGS? command can
not be executed. However, if the control processor is able, it will place the
Error Flag Word into the Query Response Register.

FILTER <enabie> 230048

Enables (1) or disables (0) the A/D filter.
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FILTER? 231018

Returns the status of the A/D filter in the Query Response Register. | means
enabled, 0 means disabled.

UP_LIMIT <channel> <highword> <lowword> 00304s
Sets the upper limit for limit-checking readings from the channel specified

by <channel>. <highword> and <lowword> combine to become a 32-bit
Motorola format floating point value.

LOW _LIMIT <channel> <highword> <lowword> 004016

Sets the lower limit for limit-checking readings from the channel specified
by <channel>. <highword> and <lowword> combine to become a 32-bit
Motorola format floating point value.

NO_LIMIT <channei> 005016

Tums off limit checking for the channel specified by <channe!>.

NULL 000045

This command takes no actions and causes no errors.,

REVCODE? 002045
Returns the revision code for the module’s firmware stored in s flash
memory.

SCBREAD? <regaddr> 80045

Returns a sixteen bit value which is the contents of the requested register on
the SCP Bus. <regaddr> is an 11-bit address, which has the two formats
shown below,

Accessing SCP Channel Registers
10 g 86 5-3 2.0

CAL | ‘CHN=1 | Plugon# | Chan_addr | Reg_addr

Accessing Whole SCP Registers

10 9 8-6 53 20

CAL | CHN=0 | Plug-on# Reg_addr

To access registers which apply to the whole SCP, set the CHN bit to zero.
To access registers for individual channels, set CHN bit to one. The CAL bit
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is zero when accessing SCPs, and one when accessmg registers which
control the calibration relays.

SCBWRITE <regaddr> <word> 08101s

Writes the sixteen bit value, <word>, to a location on the SCP Bus
determined by <regaddr>. The format of <regaddr> is documented above.

Required Signal Conditioning Plug-on Registers
Signal Conditioning Plug-ons have several required registers. There are two
major categories of SCP registers: Whole SCP registers (CHN bit=0) in

which the register has effect on the entire SCP; and Channel registers
{CHN bit=1) which effect only a single SCP channel.

Whole SCP Registers (CHN bit=0)

ID Register (Read, regaddr=00ppp0000002)

15-8 70

D sSuB 1D

Sub ID is an eight-bit field which identifies the particular version of the
SCP. Substantially similar SCPs may be available in several versions,
distinguished by filter cutoff frequency or some other parameter which does
not affect the software driver. The eight-bit 1D field determines which
software driver to use. Simple SCPs may return the same number in both
fields.

Scale register (Read/Write, regaddr=00ppp0000012)

15-4 3 20

don't care Sign Scale

The low four bits of this register are significant. They consist of a sign plus
a three-bit integer. Thus -7 <= SCALE <= 7. This is the weight of the least
signiﬁcant bit in the Channel Gain Registers. See "Channel Gain," below,
for details. SCALE may be fixed, or it may be programmable.

Channel Registers (CHN bit=1)

Gain Registers (Read/Write, regaddr=01pppccc0012)
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154 30

don't care Gain

The low four bits of this register are significant. They consist of an unsigned
integer, 0 <= CHGAIN <= 15. This number, in combination with SCALE,
describes how voltage measurements on the particular channel should be
translated into actual volts. This is described in the following paragraph.
CHGAIN may be fixed, or it may be programmable.

Channel Gain:

Channel gain is computed as a LEFT SHIFT value obtained by multiplying
channel gain bit value by the value in the Plug-on Scale Register. The
resultant value is the channel’s (base two) gain exponent. For each channel,
compute:

SHIFT = SCALE * CHGAIN

This is the number of binary left shifts represented by the gain or attenuation
through the SCP.

Example 1. An SCP module has SCALE=0010b, and CHGAIN
programmable. Then if CHGAIN=0000, the channel has unity gain
(SHIFT=0). iIf CHGAIN=0001b, the channel has a gain of x4 (SHIFT=2). If
CHGAIN=0010b, the channel has a gain of x16, and so forth.

Example 2: An SCP module has SCALE=0000b (fixed). Since SHIFT is
always zero, the SCP module has gain permanently fixed at unity for all
channels.

Example 3: An SCP module has CHGAIN=0001b (fixed) for all channels.
The bottom three bits of SCALE are programmable; the sign bit is fixed at
1. Then the SCP is a programmable attenuator, and attenuation is
programmed (for the entire SCP) as follows:

Scale Shift function
1000, 0 unity gain
10017 1 divide by 2
10102 -2 divide by 4
10112 3 divide by 8 efc.

Note that the E1413 does not support attenuation by greater than 2, due to
fixed-point arithmetic limits. This does not prevent SCPs from
implementing larger aftenuation factors, but such factors won’t work
correctly on the HP E1413. Configuring an SCP for a larger attenuation will
cause an error during execution of the CARDCAL command.
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NOTE The Control Processor needs to "know" the SCP channel gain settings to
properly perform an EU conversion for each channel. The SCPGAINS
command reads all channel gains and must be executed once the gains are
set and scan lists are defined (see ASSIGN and APPEND commands.

Calibration Commands

The Calibration commands provide for four levels of calibration:

e "A/D Calibration"; In these procedures, an extemnal multimeter is
used to determine the actual voltage or resistance values of the
HP Ei1413’s internal calibration sources. The known values are then
sent to the HP E1413 where they are stored and used to perform
internal A/D calibration. These procedures each require a sequence
of several calibration commands.

¢ "Channel Calibration"; This function corrects for offset and gain
errors for each module channel. The internal current sources are also
measured. This calibration function corrects for thermal offsets and
component drift for each channel out to the input side of the Signal
Conditioning Plug-on (SCP). All calibration sources are on-board
and this function is invoked using the single command CARDCAL.

e "A/D converter Zero”; This function quickly compensates for any
short term A/D converter offset drift. This would be called the
auto-zero function in a conventional voltmeter. In the HP E1413
where channel scanning speed is of primary importance, this function
is performed only when the ADZEROQ, and CARDCAL commands
are executed. ADZERO is much faster than CARDCAL

s "Channel Tare"; This function (TARECAL) corrects for voltage
offsets in external system wiring. Here, the user places a short across
transducer wiring and the voltage that the module measures 1s now
considered the new "zero" value for that channel. The new offset
value can be stored in non-volatile calibration memory
(STORETAR) but is in effect whether stored or not. System offset
constants which are considered Iong-term should be stored. Offset
constants which are measured relatively often would not require
non-volatile storage.

ADGAIN <range> 1020+4s

Generates the Gain Correction Constant for the indicated A/D range. The
"hi" and "lo" values of the on-board calibration source (for the given range)
must previously have been measured with a transfer-quality external
voltmeter, and the measured values must have been given fo the card using
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the SPANHI and SPANLO commands. The following is the recommended
command sequence for each <range>:

SOURCE <range> <(>

[measure source voliage with external voltmeter on "autorange”]
SPANLO <range> <Volts (msw)> <Volts (Isw)>

[execute "range hold" function on external voltmeter]

SOURCE <range> <1>

fmeasure source voltage with external voltmeter]

SPANHI <range> <Volts (msw)> <Volts (Isw)>

ADGAIN <range>

KNSR LR

The Gain Correction Constant is loaded into the A/D subsystem’s register
file (and is kept in CPU data RAM), but is not stored in Flash Memory until
receipt of a STORECAL command.

ADZEROQ? 10101s

Generates the A/D Coarse Offset, and the A/D Fine Offset correction
constants for each A/D range, based on the card’s internal short. ADZERQ
is intended to be executed more frequently than CARDCAL. It executes
much more quickly, because it only updates constants associated with the
A/D Converter offset voltage. This command corrects any short-term drift
due to temperature changes in the A/D Converter. This command sets the
calibration relays to their normal (measurement) position at its conclusion.

CARDCAL 100016

CARDCAL calibrates the HP E1413 for gain and offset voltage of the
Signal Conditioning Plug-ons (SCPs). Every channel containing in
input-type SCP is calibrated for every usable A/D measurement range. If
programmable SCPs are present, the CARDCAL command calibrates for
the present SCP gain and filter settings. CARDCAL calibrates the on-card
current source, using the resistor valie stored by the RESCAL command.
CARDCAL then reloads the A/D subsystem’s register file with the new
calibration constants. The derived channel constants are valid only for the
current SCP module settings. If these settings are changed, the CARDCAL
command should be executed again before making further measurements.
When execution is complete, CARDCAL sets the calibration relays to their
normal (measurement) position.

NOTE Apply power to the HP E1413 and allow 1 hour for its temperature to
stabilize before issuing the CARDCAL command.
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CARDCAL? 103016

Returns the results of the latest CARDCAL command via the Query
Response Register (base+0816). The meaning of the bits in the response is
the same as those in the Error flag Word (see table on page D-27)

READTEMP 200046

HP E1413 only: Reads the value of the reference junction temperature
(either measured or set with the REFTEMP command) . The value is
returmed in the FIFO buffer as a 32 bit IEEE floating-point number (degrees
C). Temperature range is 128 °C.

REFTEMP <highword> <lowword> 201045

Sets the reference temperature value used for thermocouple compensation.
The concatenation of <highword> and <lowword> is an IEEE floating point
number in Motorola format interpreted as degrees Celsius. The principal use
of this command is in situations where the reference junction is
servo-controlled to a fixed value and is never measured.

RESCAL <highword> <lowword> 104016

Tells the CPU the value of the on-card resistance reference, as measured by
an external DMM. The concatenation of <highword> and <lowword> is an
IEEE floating point number in Motorola format representing resistance in
ohms. Nominal value of on-card resistor 1s 7500.0 Ohms

RESIST 402016

The Calibration Bus Relay and the Ohm Relay switched to allow
four-wire-ohms measurement of the on-card reference resistor by an
external DMM using Calibration Bus connectors.

SOURCE <range> <lowhigh> , 401046

Configures the Calibration Bus Relay and associated multiplexers to allow
the on-board calibration source to be measured by an external voltmeter.
The output voltage depends on the parameters <range> and <lowhigh>. If
<lowhigh> = 0, the output voltage is approximately zero volts. If <lowhigh>
=], the output voltage is approximately 90% of A/D full scale for the
indicated <range>

SPANHI <range> <highword> <lowword> 4089015

Tells the CPU the voltage of the on-card source, as measured by an external
DMM after the source has been set up by a SOURCE <range> <1>
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command. The concatenation of <highword> and <lowword> is an IEEE
floating point number in Motorola format representing the source voltage.

SPANLO <range> <highword> <lowword> 404016

Tells the CPU the voltage of the on-card source, as measured by an external
DMM afier the source has been set up by a SOURCE <range> <0>
command. The concatenation of <highword> and <lowword> is an [EEE
floating point number in Motorola format representing the source voltage.

STORECAL 80001s

If the Flash Memory Enable jumper (JM2201) is enabled, calibration
constants which apply to the A/D subsystem, and channel gain and offset
are copied into Flash Memory.

STORETAR 80101s

HP E1413 only: If the Flash Memory Enable jumper (JM2201) is set to
enable, the Channel Tare offset constants are copied into Flash Memory.

TARENULL 310048

HP E1413 only: Clears the Tare Channel List used by the TARECAL
command. Add channels to the list with TAREAPPEND.

TAREAPPEND <channel> 311046

HP E1413 only: Adds <channel> to the Tare Channel List. The Tare
Channel List is cleared with the TARENULL command. The Tare Channel
List is used by the TARECAL command. Issue this command repeatedly,
once for each channel requiring TARECAL.

TARECAL 108016

HP E1413 only: Denves the offset constants necessary to make the channels
included in the Tare Channel List read zero. Use TAREAPPEND to define
the Tare Channel List. These values are stored in RAM, and loaded into the
A/D subsystem’s register file. They are not copied into Flash Memory until
receipt of the STORETAR command. A CARDCAL command should
always be executed before TARECAL in order to decouple internal offsets
from external (tare) offsets. TARECAL can also be used for limited-range
nulling of strain gages. One would not normally store the tare constants in
this case.
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Scan List Commands

TARECAL? 109046

Returns results of the most recent TARECAL command in the Query
Response Register, The meaning of bits in the response are the same as the
Error Flags (sce table on page D-27).

UNHOOK 400016

Disconnects the Calibration Bus from the connector panel and sets the cal
relays to their measure positions. The bus is reconnected by a SOURCE, or
RESIST command. Note that the ADZERQ and CARDCAL commands
also do this as a side effect.

These commands are used to assign a conversion algorithm to each module
channel; establish which channels are to be assigned to each scan list; and
establish the pace of measurements during the scan.

ADVRATEN <clocks> 020045 - 020345

Sets the interval between successive samples for scan list n. The sample rate
is 2 MHz / ( <clocks> + 1). The minimum value for <clocks> is 19

(decimal), corresponding 10 pS advance interval. For values smaller than
19, 19 will be used.

ADVRATEL <clocks> 020446

Sets the interval between successive samples for ali scan lists in the "List of
Lists. The sample rate is 2 MHz / ( <clocks> + 1). The minimum value for

<clocks> is 19 {decimal), corresponding 10 uS advance interval. For values
smaller than 19, 19 will be used.

APPENDn <channel> <range> <data_flags> 011046 - 011316

Adds an item to scan list n where n is 0 - 3 and is determined by the last
op-code digit. <channel> is the channel on which to make the measurement.

- <range> is an wnteger from -1 to 4, where 4 indicates the highest range. A

value of OFFFFh is also allowed, and indicates autorange. The <data_flags>
parameter has the format ddc, where dd are destination bits and ¢ is the
conversion flag bit. The destination bits control the disposition of the
measurement data, and the conversion flag determines whether the
measurement is converted as specified in the ASSIGN statement for that
channel, or reported in raw volts. This is summarized in the table which
follows:
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Data Flags Meaning
(Bits 2-0}
oz No data destination (ref. temperature can be updated)
O1x2 Data destination is the Current Value Table (CVT)
10x2 Data destination is First-in-First-Out Buffer (FIFQ)
11x2 Data destination is both the CVT and the FiFO
XXz Meastrement is reported in Engineering Units (EU)}
%02 Measurement is reported in voltage (with reference junction
compensation where appropriate)

x=don’t care

Example values of <data_flags>:

000715 = Convert to Engineering Units and store in FIFO and CVT
000515 = Convert and store in FIFO only

000216 = No conversion (leave as voltage) and store in CVT only

APPENDL <iist> 011416

Adds a scan list to the "List of Scan Lists”. <list> is the scan list to add and
can take on the value 0 through 3.
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ASSIGN <channel> <conversion> <compensation> 00101s

Loads the specified channel’s linearization table area with the correct values
for the indicated conversion. If <conversion> is non zero, it indicates a
standard linearization, such as a RTD or a type K thermocouple.
Thermocouple conversions incorporate reference junction compensation.
Some conversions are specifically for transducers measuring a reference
junction. If <conversion> is zero, no conversion is performed and the
channel returns voltage. The supported conversions are:

Code EU Conversion Use Range:
O Volts 0-4| FFFF1s
T4 Reserved straight-line conversion
218 Ohms, 31 pA FFFFis
348 Ohms, 488 pA FFFFis
448 Reference, Thermistor, 8K, 122 pA 3
515 Reference, RTD, 85, 121 pA o
615 Reference, RTD, 82, 121 pA Y
16 Reference, Custam g
816 Thermocouple, Type J 0
s Thermocouple, Type K 0
ST Thermocouple, Type T 0
Bis Thermocouple, Type E (high accuracy) 0
Cis Thermocoupie, Type E (extended range} 1
Dis Thermacouple, Type R 0
E1s Thermacouple, Type S 0
Fis Thermocouple, Custom, no compensation ]
11s Thermistor, 2.25K, 488 pA FFFF1s
1148 Thermistor, 5K, 31 pA FFFF1s
1248 Thermistar, 10K, 31 pA FFFF1s
1348 RTD, 85, 488 pA G
t4dis RTD, 92, 488 uA 0
1546 Thermaocouple, Type N 0

164s-1E1s Reserved (hot used)
1F1s Custorm downloaded on a pef-channel basis 1

The <compensation> parameter has the following values for thermocouple
reference compensation:

Code EU Conversion
0 No Compensation
J Type Compensation
K Type Compensation
T Type Compensation
E Type Compensation
N Type Campensation
R Type Compensation
S Type Compensation

~N kW N~
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NOTES 1. The Control Processor needs to "know" the SCP channel gain settings
to properly perform an EU conversion for each channel. The
SCPGAINS command reads all channel gains and must be executed
once the gains are set and scan lists are defined.

2. Thermocouple measurements {except for conversion code F) are
always compensated for the current reference temperature.

3. There are two types of conversions. Most conversions involve a
piece-wise linear interpolation from tables stored in RAM. An

alternative conversion method consists of a simple (M+B)2E
computation. This "straight-line" computation is valid for the entire
measurement range of the A/D, and is used for reading voltage and
resistance,

4. It is possible to download tables into RAM by direct memory access
from A24. If a custom downloaded conversion will be used for
channel <n>, the table for that channel should be loaded into the EU
Conversion RAM at the address corresponding to that channel
number.

5. When custom downloaded tables are present, that channel should be
ASSIGNed a conversion type of 001F 5. This conversion type code
instructs the EU Converter to use the RAM table as-is, and not load a
library table into that space.

6. All Piece wise EU Conversions have 16-bit dynamic range. Linear
EU conversions have full dynamic range of the HP E1413.

7. Piece wise EU Conversions use y=Mx+B, where x is the low-order 9
bits, and M and B coefficients are fetched based on the high-order 7
bits of the A/D converter reading.

8. Linear EU Conversions use y=Mx+B, where x is entire 16-bit A/D
reading, M and B are constants.

NEWn 010046 - 010346
Imtializes scan list n to null. Any previous scan items assigned to this list are
lost,

NEWL 010445

Initializes "List of Lists" to null. Any previous Scan Lists assigned to this
list are lost.
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SCPCHAR <scp_number> <attributes> 08301s

Sends an SCP attributes word to the Control Processor describing the
characteristics of the SCP at installed at <scp_number>. The format of the
attributes word 18

CVT Commands

15 146 5 4 3 2 1 0
SCP Not Gainis 1 SCP can SCP can SCP has SCP has SCP has
Present | Assigned | +2ppm autput sense programmable | programmable | programmable
signats voltage current cutoff frequency gain
SCPGAINS 08204

Causes the Control Processor to access SCP registers to determine the
channel gain settings for each ASSIGNed channel. The channel gain
settings are used to relate A/D output to input voltage for EU conversions
and voltage readings. Execute SCPGAINS command after establishing
channel to EU conversion linkage with the ASSIGN command.

CVTINIT 0420146

This command causes the entire Current Value Table to be loaded with
IEEE-754 Not-A-Number (7FFF FFFF hex).

Trigger System Commands

ARM <custom> 040018

This command causes the DSP to load its runtime code into fast RAM, and
pre-settle the first channel of the scan list designated in the "Next List”" field
of the Scan Control Register. The processor then enters the "Armed" state,
and indicates that it is ready to accept a scan trigger by asserting the
"Armed" bit in the Scan Status Register.. The <custom> parameter should
normally contain zero. If <custom> is set to a value of one, the Control
Processor will load 2k of user code from location 0COOh in its Pata Space
RAM in place of the normal runtime routine.

SCPTRIGEN <enable> 086016

When <enable> is one (1) SCP triggers are enabled, when zero (0) SCP
triggers are disabled.
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TRIGCOUNT <count> 233018

Sets the number of trigger events that will be accepted. The value of
<count> can be 0 to 65535, The default value is 1. Setting <count>to 0
allows unlimited trigger events to be accepted.

Debugging Commands

AVERAGE <channel> <range> <m> 04801¢

Takes 2™ readings (1<m<16) on the specified channel and range, and
returns the mean value, and mean-squared value as IEEE floating point
numbers in the FIFO buffer. The mean is returned first. No conversions are
supported: the results are in raw volts, and volts® respectively. Reference
junction compensation is not used, and the Current Value Table is
unaffected. If <m> is greater than 7, the readings are taken over an even
number of line cycles at 50 and 60 Hz, e.g. <m>=8 yields 256 samples
spaced over .1 second. The mean-squared value is intended to be used to
calculate the rms noise on a channe! as follows:

rms noise= \/(mean squared value)—(mean value)2

Due to fixed-point anithmetic limits, overflow may occur while
accumulating the mean-squared value when <m> is large. In these cases, a
"very large number” is returned. Autoranging 1s supported by AVERAGE as
follows: The first reading is taken with autoranging, and subsequent
readings are taken on the same range as the first.

DSPEEK? <address> <data_page> 20401s¢

Reads a 16-bit word from the control processor’s Data Space RAM and
returns it in the Query Response Register. Addressing is based on the
Control Processor’s memory map, and thus depends on how the data page
bits (BD0-BD3) are set. Values of <data_page™ between 0 and 15 inclusive,
specify which page to read. If a value of FFFFis is specified for
<data_page>, the current page is read. The value of <data page> is
irrelevant for addresses below 800016. Some low addresses may appear to
have different contents when read via A24 access. This is because the
control processor’s intemal RAM and registers are not available via A24.

DSPOKE <address> <data_page> <data> 20801¢

Whites the 16-bit word specified in <data> to the Control Processor’s Data
Space RAM. Many Control Processor registers are mapped into low RAM.
Use this command carefully! The <address>, and <data_page> parameters
have the same meanings as for the DSPEEK? command,

D-40 Register-Based Programming



PSPEEK? <address> <code_page> <table_page> 210046

Reads a 16-bit word from the control processor’s Program Space memory.
Since the subsystem uses paging when accessing the Program Space, the
<code_page> and <table_page> parameters are necessary, Valid values of
<table_page> are 0, 1, or FFFF16 with the latter specifying "use current
page”. The value of <table_page> is irrelevant for addresses below 800016.
Valid values for <code_page> are 0, 1, 2, 3, or FFFF16. The value of
<code_page> matters only for the address range 400015 through 7FFFi1s. In
general, the PSPEEK? command reads flash memory, but for the address
range 200016 through 23FF ¢, it "usually” reads control processor RAM
mapped to Program Space. A24 accesses can be used o view this region
however.
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Register Based Programming Fundamentals

Register based programming begins with a few fundamental register based
operations. They are:

® Resctiing the module

e General register access

¢ Executing register based commands
e Querying the module

These operations are explained here in detail. In the next section,
"Programming Sequence” they will each be shown as a single operation.
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Resetting the Resetting the module places it in the Ready for Program State. The module
HP E1{443 isresetaccording to the following figure:

( START)

+

White a "1 to
Control Register
Bit 1

(SYSINH) 10
anda"0"
to Bit 0
(RESET)

Vrite 2 1" to
Control Register 1
Bits1and 0
(SYSINH/RESET)

Virite a "1" to
Control Register
Bit 1

(SYSINH) 10
and a “0"
to Bit 0
(RESET)

Check
Status Register
Bits 2&3
(Passed &
Ready)

White a "0" to
Control Register 0o
Bit1

(SYSINH)

Ready for See State Diagram on page
Command §-48

Figure D-3. Resetting the E1412A

Comments 1. The registers used are;

— Control Register (base+046){write)
~ Status Register (base+0416)(read)

2. Writing a one (1) to bit | prevents the module from asserting the
SYSFAIL line when the module is reset.
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General Register Any ofthe A16 registers can be read from while the module is in any state
Access (see State Diagram on page D-48). You should avoid accessing the
module’s A24 areas other than the CVT while the module is scanning. In
order to avoid unpredictable results, the Scan Control, Card Control, and
Trigger Mode registers should not be written to unless the module is in the
Waiting for Command State. To assure this, use the following procedure to
write to these registers.

~ Check Scan

Status Register
Bit15

{Running™}

Check Scan
Status Register
Bi{ 14 (Armed)

Check VXI
Status Register
Bit 7 {Done)

VWrite new value to
selecled register

{ sTOP ’

Figure D-4. Genera! Regisier Access

Executing Register While some features of the HP E1413 are controlled by writing bit patterns

Based Commands to the various registers described in the previous section, other more
complex operations are performed by the on-board microprocessor.
Directing the microprocessor to perform these operations involves writing
parameter values (if necessary} to one or more of the parameter registers
and then writing the Register Based Command op code to the Command
Register. Execute Register Based Commands according to the following
figure:
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Check Scan
Status Register
Bit 15
(Running*)

Check VX1
Status Register
Bit 0 (Cmd/Parm
Ready)

Check VXi
Status Register
Bit7
{Done}

Write parameter <n> to
Parameter Register<n=

More
Parameters
7

Yes |

No

White op code fo
Cemmand Register

Check VXI
Status Register
Bit 7
{Done}

Check VXI

Status Register Execute ERRFLAGS?
Bite {See Figure D-6)
{NOERR)

Finure D-6. Executing Commands
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Comments 1. The registers used are:

- Status Register (base+041¢)
- Parameter Register(s) (base+0A1s, 0Cy6, OF16)
- Command Register (base+08¢)
~ Scan Status & Control Register (base+1016)
2. The parameters must be written to their registers before the command
is written. Execution begins as soon as the command is written.
3. If command retumns data, query for it before executing the
ERRFLAGS? command.

Querying the Module Some ofthe register based commands return information kept by the
on-board microprocessor. When a command retums data (denoted in the
Register Based Command Reference by the command name ending with a
"7" character), that data will be accessed from the Query Response Register
(base+0815) as follows:
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Check
Status Register
Bito

{Cmd/Parm
Ready)

Write parameter <n>to
Parameter Register<n>

More
Parargeters

es

VWrite op code to
Command Register

Check VXI
Status Register
Bit 7
(Done}

Check
Check )
Status Register 1 {no error) StatusB ;??glster
Bt 8
(Query Resp.
(NOERR) iory e

0 (error}

dV
Execute ERRFLAGS? Q;?:; Rez;;j.eRigiger

(a normal Query Cmd)
STGP

Figure D-6. Executing Queries

Comments I. The registers used are:

— Status Register (base+0416)
— Parameter Register(s) (base+0A1s, 0C16, OE16)
-~ Command Register (base+081¢)
~ Query Response Register (base+0816)
2. This procedure is simply executing a register based command (a
query command) with the addition of monitoring the Query Response
Register to determine when the returned value is available.
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Control Processor The following state diagram shows the relationships between the control
States processor’s states.

Reset and Abort are bits written to the Reset
VX! Control Register {Base + 041g)

Passed and Ready are bits read from the
VXI Status Register {Base + 044g)

Running® is & bit read from the Scan Status
Register (Base + 1045)

ARM is a Register-Based command sent o the
Command and Parameter Registers {Base +

0846 through DE1s) l i—“asse-.cif
and Ready

Abort
P set e

Ready for

Abort T Abort _—w Command

clear
f Abort scan ARM
Aé);ﬁ set complete command

Running* Running™*
Asserted Armed Asserted
S . trigger ——

event

Figure D-7 Control Processor State Diagram
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Programming Sequence

This guide is only a sequence of Register offsets and values to write to
them. It is assumed that you have already studied the details of accessing
registers and executing register-based commands in this chapter. You must
follow register sequence exactly as shown.

Notes 1. See VXlbus Specification section C.2.1.1.2 and C.4.1.3 for address
map configuration, Example shown programs HP E1413’s A24 map
to begin at address 20060016

2. After every Command written to Command Register 08, the
controller must wait for DONE (bit 7) and READY (bit 3) to be
asserted in VXI Status register 04 before writing the next command.

3. After every Query written to Register 08, the controller must wait for

DONE (bit 7) and Query Response Ready (bit 1) to be asserted in
VXI Status Register 04 before reading Query Response from Query

Response Register 08.

4. When sending a command which includes parameters, the Parameter
Registers (0A16, 0C16, 0E16) must be written before the Command
Register 08,

5. Examples here may change to match measurement requirements.

6. ARM command does not set DONE (bit 7) in VXI Status Register 04
until measurement is complete. Wait for INITIATED (bit 13) in Scan
Status Register 1016 before issuing any triggers.

Reset Module to Defauit State

Set up A24 Memory  Reg Offset (hex) Value (hex)
06 2000 note |
04 FFFC
Reset DSP Chip  Reg Offset (hex) Value (hex)
04 80062
04 3003
04 8002
Loop reading VXI Status Reg 04 until bits 3 & 2 set (Passed and Ready)
04 8000
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Reset CVT  Reg Offset (hex) Value (hex)

08 0420 (CVTINIT cmd) note 2
Set Trigger Mode Reg Offset (hex) Value (hex)
2E 0008 (software trigger)
Set Trigger Count  Rep Offset (hex) Value (hex)
0A 0001 (trigger count param) note 5
08 2330 (TRIGCOUNT cmd) notes2.4
Interrupt Config  Reg Offset (hex) Value (hex)
14 0061 {Inton IRQ)
Read all SCP IDs  For each SCP address (total of eight times):
Reg Offset (hex) Value (hex)
0A 40 X SCP Address
08 0800 (SCBREAD cmd) note4

Read SCP ID response from Query Response Register 08 note 3

Set SCP Characteristics  For each SCP address (total of eight times):

Reg Offset (hex) Value (hex)
0A SCP Address (0-7)
oC SCP attributes (see D-39)
08 0830 (SCPCHAR cmd) note2

Programming Module After Reset Sequence

Clear FIFO  Reg Offsct (hex) Value (hex)
12 1000
12 0000
Link Channels to EU  Reg Offset (hex) Value (hex)
Conversions 0A 0000 (channel number)
0C 0000 (EU code for volts) note 5
08 0010 (ASSIGN cmd) notes2.4
CA 0001 (channel number)
oC 0004 (EU code for ref thermistor) note 5
08 0010 {ASSIGN cmd) notes24
0A 0002 (channel number)
oC 0008 (EU code for J thermocouple) note 5
08 0010 (ASSIGN cmd) notes2 4
0A 0003 (channel number)
oC 0008 (EU code for J thermocouple) note s
08 0010 (ASSIGN cmd) notes2.4
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DSP checks SCP Gains

Clear Scan List 1

Define Scan List 1

Select Scan List 1

Arm the Module

Send Software Trigger

A 0004 (channel number)
oC 0008 (EU code for ] thermocouple) netes
08 0010 {ASSIGN cmd) notes24

Continue for all 64 channels

Reg Offset (hex) Vahie (hex)
08 0820 (SCPGAINS cmd) note2
Reg Offset (hex) Value (hex)
08 0100 (NEWn cmd for Scan List 1) note?2
Perform for each channel you want in scan list I
Reg Offset (hex) Value (hex)
0A 0000 (channel number)
oC FFFF (range code , FFFF=autorange)
0E 7 (data_flags, 7=EU converted to FIFO & CVT)
08 0110 (APPEND cimd) mnotes24
Reg Offset (hex) Value (hex)
10 0000 (See Scan Control Bits page D-11)
Reg Offset (hex) Value (hex)
OA 0000
08 0400 (ARM cmd) notes246
Reg Offset (hex) Value (hex)
26 0001
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ARM subsystemn, 5-14 - 5-16
ARM:S0URce, 3-15
ARM:SOURce?, 5-16
AVERage

CALCulate: AVERage: COUN17, 5-19
CALCuiate: AVERage[:STATe], 5-18
CALCulate:AVERage[:STATe]?7, 5-18

B

Base Address, D-4

computing, D-4

HP Command Module, D-3
Builetin Board, HP T&M Help Line, 1-9
Byte, enabling events to the status, 4-22
Byle, reading the staws, 4-22

C

CAL:.CONFRES, 3-30
CAL:CONF:VOLT, 5-30

CAL:SETup, 5-31

CAL:SETup?, 5-31

CAL:STORe, 3-32

CAL:TARE, 5-33

CAL TARE, maximum capability, 4-28
CALTARE, Special Considerations, 4-28
CAL: TARERESet, 4-28, 5-35
CAL.TARE?, 5-35

CAL: VAL RESistance, 3-35
CAL:VAL:VOLTage, 3-36

CAL.ZERQ?, 53-37

CALCulate subsystem, 3-17 - 5-27
CALCulate: AVERage:COUNt, 5-18
CALCulate: AVERage: COUNt?, 5-19
CALCulate: AVERage[:STATe], 5-18
CALCulate: AVERage[:STATe]?, 5-18
CALCulate: CL.IMits: FAIL?, 5-19 - 5-20
CALCulate: CLIMits FLIMts?, 5-20
CALCulate: CLIMits FLIMits: CURRemt?, 5-21
CALCulate:CLIMits FLIMits: POINts?, 5-21
CALCulate:LIMit FAIL?, 3-23
CALCulate LIMit LOWer DATA, 5-24
CALCulate: LIMit LOWer DATA?, 3-235
CALCulate: LIMitTOWer[:STATe], 53-24
CALCulate: LIMit: LOWer[:STATe]?, 5-24
CALCulate LIMit:UPPerDATA, 3-26
CALCulate:LIMit:UPPerDATAY, 5-27
CALCulate: LIMit; UPPer[:STATe], 5-25
CALCulate:LIMit UPPer[.STATe]?, 5-26
CALCulate:I IMt[:STATe], 5-22
CALCulate: LIMit[:STATe]?, 5-22
CALibration subsystem, 3-28 - 5-37
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Calibration, channel
*CALY, 3111
Calibration control of, 1-7
Calibration, performing channel, 3-16
Channei calibration
*CAL?, 3-111
CHECksum?
DIAG.CHBECK?, 5-38
Cheosing the data retrieval method, 4-4
Clearing event registers, 4-24
Clearing the enable registers, 4-23
CLIMits: FAIL
CALCulate:CLIMits:FAIL?, 5-19 - 3-20
Command
Abbreviated, 3-6
Implied, 5-7
Linking, 53-10
Separator, 5-6
Command Quick Reference, 5-117 - 5121
Commeand Reference, Common
*CAL?, 5-111
*CLS, 5-111
*ESE, 5-112
*ESE?, 5-112
*ESR?, 3-112
*IDN?, 5-112
*0PC, 5-113
*OPC?, 5-113
*RST, 5-113
*SRE, 5-114
*SRE?, 5-114
*5STB?, 5-114
*TRG, 5-115
*TST?, 5115
*WAIL 5-116
Command reference, register-based, D-25
Command Reference, SCPI, 3-12
CALCulate:LIMit, 3-22
ABOR! subsystem, 5-13
ARM subsystem, 5-14 - 3-16
. ARM:IMMediate, 5-15
ARM:S0URce, 5-15
ARM:SOURce?, 3-16
CAIL Culate subsystem, 5-17 - 5-27
CAILCulate: AVERage:COUNt, 5-18
CALCulate: AVERage:COUNt?, 3-19
CALCulate: AVERage].STATe], 5-18
CALCulate: AVERage[:STATe]?, 5-18
CALCulate: CLIMits FAIL?, 5-19 - 5-20
CALCulate: CLIMits FLIMits?, 5-20
CAL Colate: CLIMits FLIMits:CURRent?, 3-21
CALCulate: CLIMits FLIMits: POINts?, 3-21
CALCulate: LIMit FAIL?, 5-23

CALCulate LIMit LOWerDATA, 5-24
CALCulate LIMit LOWer DATA?, 3-25
CALCulate LIMit LOWer[:STATel, 5-24
CALCulate: LIMit:LOWer[:STATe]?, 5-24
CALCulate:LIMit. UPPer:DATA, 3-26
CALCulate: LIMit: UPPer:DATA?, 5-27
CALCdlate: LIVt UPPer| . STATe], 5-23
CALCulate: LIMit. UPPer[:STATe]?, 5-26
CALCulate: LIMIt[:STATe], 5-22
CALibration subsystem, 5-28 - 3-37
CALibration CONFigure: RESistance, 5-30
CALibration: CONFigure: VOL Tage, 5-30
CALibranon:SETup, 5-31

CALibration: SETup?, 3-31
CALibmation:STORe, 3-32

CALibration. TARE, 5-33
CALibration TARE RESet, 5-35
CALibration:TARE?, 5-353
CALbmtion VALue: RESistance, 5-33
CAlibraton: VALue:VOLTage, 5-36
CALibration:ZERQ?, 5-37

DiAGnostic subsystem, 5-38 - 5-44
DIAGnostic: CHECksum?, 5-38
DIAGnostic: COMMand. SCPWRITE, 5-38
DIAGnostic:CUSTom:LINear, 5-39
DIAGnostic:CUSTom:PIECewise, 5-40

DIAGnostic: CUSTom:REFerence TEMPerature, 3-41

DIAGnostic: INTermupt:LINe, 5-41
DIAGnostic:INTermpt:LINe?, 5-41
DIAGnostic:OTDetect:STATe, 5-42
DIAGnostic:OTDetect:STATe?, 543
DIAGnostic:QUERy . SCPREAD, 5-43
DIAGnostic: VERSion?, 5-43
FETCh?, 5-45

FETCh? subsystem, 545 - 5-46
FORMat subsystem, 547 - 5-48
FORMat.DATA, 5-47

FORMat DATA?, 548

INITiate subsystem, 5-49 - 5-50
INITiate:CONTinuous, 5-49
INTTiate:IMMediate, 5-30

INPut subsystern, 3-51 - 5-34

INPut FILTer,LPASs:FREQuency?, 5-52
INPut:FlL Ter LPASs:8TATe, 5-52
INPut.FH.Ter:LPASs:STATe?, 5-533
INPut:GAIN, 5-53

INPut: GAIN?, 5-34

INPut: LPASs:FH Ter FREQuency, 5-51
MEMaory subsystem, 3-35 - 3-58
MEMory:VME:ADDRess, 5-56
MEMory:VME:ADDRess?, 5-56
MEMory: VME SIZE, 3-36

MEMory VME:SIZE?, 5-57
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MEMory VME:STATe. 5-37
MEMory VME:STATe?, 5-38
QUTPut subsystem, 5-39 - 5-64
QUTPut:CURRent: AMPLItude, 5-59
OUTPut:CURRent: AMPLitude?. 3-60
QUTPut:CURRent:STATe. 5-60
QUTPut:CURRent: STATe?, 5-61
QUTPut:SHUN, 3-61
OUTPut:SHUNt?, 5-62
QUTPut:TTLTrg:SOURce, 5-62
QUTPut, TTLTrg: SOURce?, 3-63
OUTPut:TTLTrg :STATe, 5-64
OUTPut TTLTrg :STATe?, 5-64
ROUTe subsystem, 5-65 - 5-70
ROUTe:SCAN, 5-63
ROUTe:SEQuenceDEFine, 5-66
ROUTe:SEQuence:DEFine?, 5-68
ROUTe:SEQuence: POINis?, 5-69
SAMPle subsystem, 5-71 - 3-72
SAMPle TIMer, 3-71
SAMPle:TIMer?, 5-72

SENSe subsystem, 3-73 - 5-95
SENSe:DATA:COUN-HALF?, 5-76
SENSe:DATA CVTable:RESet, 5-73
SENSe:DATA:CVTable?, 5-74
SENSe:DATAFIFQO:ALLY, 5-75
SENSeDATAFIFO:COUNt?, 5-76
SENSe.DATA-FIFO:HALF?, 5-77
SENSeDATAFIFOMODE, 5-78
SENSe DATAFIFOMODE?, 5-73
SENSe:DATAFIFOPART?, 5-79
SENSe:DATAFIFO:RESet, 5-80
SENSeFILTer LPASs:STATe, 5-80
SENSe FILTerLPASs:STATe?, 5-80
SENSe:FUNCtion:CUSTom, 5-81

SENSe FUNCtion:CUSTom:REFerence, 5-81

SENSe:FUNCton:CUSTom: TCouple, 5-83
SENSe:FUNCtion:RESistance, 5-84
SENSe-FUNCtion:STRain:FBEN, 5-85
SENSe FUNCtion:STRain:FBP, 5-85
SENSe:FUNCtion:STRainFPO, 5-85
SENSeFUNCtion:STRainHBEN, 53-83
SENSe FUNCtion:STRainQUAR, 5-85
SENSe:FUNCtion: STRainHPO:, 5-85
SENSe FUNCtion: TEMPerature, 3-87
SENSe:FUNCtion: VOLTage, 5-88
SENSe:REFerence, 5-89
SENSe:REFerence TEMPerature, 5-91
SENSe:STRain EXCitation, 5-91
SENSe:STRainEXCitation?, 5-92
SENSe:STRain:GFACtor, 5-93
SENSe:STRain:GFACtor?, 5-93
SENSe:STRainPOISson, 5-94

SENSe:STRainPOlSson?. 5-94
SENSe:STRainUNSTrained, 5-94
SENSe:STRain UNSTrined?, 5-95
STATus subsystem, 3-96 - 5-102
STATus:OPERation:CONDition?, 5-98
STATus:OPERation’ ENABle. 5-98
STATus OPERaton ENABIle?. 5-99
STATus:OPERation EVENL?, 5-99
STATus:PRESet, 5-160
STATus:QUEStonable:CONDition?, 5-101
STATus:QUEStHonable:ENABIe, 5-101
STATus:QUESHonable: ENABIe?, 5-102
STATus:QUEStionable EVENt?, 5-102
SYSTem subsystem, 5-103 - 5-104
SYSTem:CTYPe?, 5-103
SYSTem:ERRor?, 5-103
SYS8Tem: VERS10n?, 5-104
TRIGger subsystem, 5-103 - 3-110
TRIGger:COUNt, 3-106
TRIGger:COUNt?, 5-106
TRIGger:IMMediate, 5-107
TRIGger:SOURce, 5-107
TRIGger:SOURce?, 5-108
TRIGgerTIMer, 5-109
TRIGger TIMerMODE, 5-108
TRIGger TMer-MODE?, 5-10%9
TRIGger TIMer?, 5-110
Command sequences, defined, 1-9
Commands, FIFQ reading transfer, 4-2
Commands, FIFQO status, 4-2
Common Command Format, 5-6
Common mode rgjection, A-1
Common mode voltage
Maximom, A-1
Compensating for systemn wiring offsets, 4-27
Compensation, thermocouple reference, 4-29
CONDition
STAT:OPER:CONDition?, 5-98
CONDition?
STAT:QUES:CONDition?, 5-101
Configuring the HP E1413, 1-1
Connection
recommended, 2-6
signals to channels, 2-6
CONTinuous
INIT:CONT, 5-49
Controlled reading count, 4-4
Controlling data conversion and destination, 4-7
Conversion, EU, C-1
Conversion, linking channels to EU, 3-7
COUNt
CALCulate; AVERage COUNt, 5-18
Count, controlied reading, 4-4
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COUN?

SENS.DATAFIFO.COUN?, 3-76
CTYPe?

SYSTCTYPe?, 5-103
CURRent

CALCulate: CLIMits FL.IMits:CURRent7, 5-21

Current Value Table
SENSeDATA:CVTable?, 5-74
CUSTom
SENS:FUNC:CUSTom, >-81
Custom, Lirking Custom EU Tables, 3-13
Cutoff, setting filter, 3-6
CVvVT
Accessing the CVT, 3-23
Resetting the CVT, 3-24
SENSeDATA:CVTable?, 3-74

D

DATA
CALCulate: LIMit:LOWer DATA, 5-24
CALCulate: LIMit:UPPer.DATA, 3-26
FORMat:DATA, 547
FORMat.DATA?, 5-48
Data conversion/destination, controlling, 4-7
Data, retrieving, 3-23
DATAFIFOALL?, 5-75
DEFine
ROUT:SEQ:DEF, 5-66
ROUT:SEQ:DEF?, 5-68
Description, medule, 3-3
Detecting open transducers, 4-29
DIAG:CHECK?, 5-38
DIAG:CUST:REF. TEMP, 541
DIAGINTLINg, 5-41
DIAGINT.LINe?, 541
DIAG:OTD:STATe, 542
DIAG:OTD:STATe?, 5343
DIAG:VERSion?, 5-43
DIAGnostic

DIAGrostc: COMMand: SCPWRITE, 5-38

DIAGnostic:CUSTom:LINear, 3-3%

DIAGnostic:CUSTom:PIECewise, 3-40

DIAGnostic:QUERy:SCPREAD, 5-43
DIAGnostic:COMMand: SCPWRITE, 5-38
DIAGnostic:CUSTom:LINear, 5-3%
DIAGnostic:CUSTom:PIECewise, 5-40
DIAGnostic:QUERy :SCPREAD, 543
Directly, reading status groups, 4-24
Disabling flash memory access (optional), 1-7

Disabling the input protect feature (optional), 1-7

DSp, C-1
Dummy channel

Channel Data Modifier 7, 4-8
Data Conversion and Destination, 4-7

E

ENABle
STAT:OPER:ENABIe. 5-98
STAT.QUES:ENABIe, 5-101
ENABle?

STAT:OPER:ENABIle?, 5-99
STAT:QUES:ENABIe?, 5-102
Enabling events to the status byte , 4-22

Error Messages, B-1
Self Test, B4
ERRor?
SYST ERR0:?, 5-103
EU, C-1
EU Conversion, C-1
EVENY?
STAT:OPEREVENL?, 5-99
STAT:QUES:EVENLY, 5-102
Example program, 3-25
Fxample programs from the HP BBS, 1-9
Example programs, about, 1-9
Examples, operation status group, 4-22
Examples, questionable data group, 4-22
Examples, standard event group, 4-22
EXCitation
SENSe:STRain:EXCitation, 5-81
SENSe:STRain: EXCitation?, 5-92

F

FALL

CALCulate: LIMitFAIL?, 5-23
Fastest reading wansfer, 4-6
FIFO reading transfer commands, 4-2
FIFQ status commands, 4-2
FIFO, accessing the, 3-24
Flash Memory, C-1
Flash memory access, disabling, 17
FLIMits

CALCulate: CLIMits: F1L.IMits?, 5-20
Format

Comron Command, 3-6

SCPI Command, 5-6
Format, specifying the data, 3-21
FORMat DATA, 5-47
FORMat.DATA?, 5-18
FREQuency

INPut: FILT:FREQ, 5-51
FRECQuency?

INP-FILT-FREQ?, 5-52
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G

GAIN
channei, 5-111
INPut:GAIN, 5-53
GAIN?
INP:GAIN?, 5-54
Gains, setting SCP, 3-5
GFACtor
SENSe:8TRain:GFACior, 5-93
SENSe:STRain:GFACtor?, 5-93
Glossary, C-1

H

HALF?
SENS:DATA FIFO:COUNtHALF?, 5-76
SENS:DATA FIFO:HALF?, 5-77

Help Line, HP T&M Bulletin Board, 1-9

HP E1413, configuring the, 1-1

IEEE +/- INF, 548
IMMediate
ARM:IMMediate, 5-15
INIT:IMM, 5-50
TRIG: IMMediate, 5-107
Impedance, input, A-1
Implied Commands, 5-7
INF, [EEE, 5-48
INIT:CONT, 5-49
INIT:IMM, 5-50
INITiate subsystem, 5-49 - 5-50
INPFILT.FREQ?, 5-52
INPFILT.LPAS:STAT, 5-52
INP:FILT:LPAS:STAT?, 5-533
INP.GAIN?, 5-54
Input impedance, A-1
Input protect feature, disabling, 1-7
INPut subsystem, 5-51 - 5-54
INPut: FILT:FREQ, 5-51
INPut: GAIN, 5-53
Installing signal conditioning plug-ons, -3
Inut voltage, maximum, A-1

L

LPMit
CALCulate: LIMitLOWer[:5STATe], 5-24
CALCulate LIMit: LOWerl:STATe]?, 5-24
CALCulate: LIMit: UPPer{:STATe], 5-25

CALCulate: LIMit:UPPer[:STATe]?, 5-26
CALCulate LIMit].STATe], 5-22
LIMitLOWer:DATA
CALCulate:LIMitLOWer DATA?, 5-25
LIMit:UPPer DATA
CALCulate:LIMit:UPPerDATA?, 5-27
LiNe
DIAG:INT:LINe, 541
LINe?
DIAG:INTLINe?, 5-41
Linking Commands, 5-10
Linking Custom EU Tables, 3-15
Linking resistance measurements, 3-8
Linking strain measurements, 3-13
Linking temperature measurements, 3-10
Linking voliage measurements, 3-8
Lists, defining the scan, 3-17

M

Maximum

Common mode voliage, A-1

Input voltage, A-1

Reading rate, A-1

Tare cal offset, A-2
Maximum CAL:TARE Offsets, 4-28
Maximum tare capability, 4-28
Measurement

Ranges, A-1

Resolution, A-1
Measurements, linking resistance, 3-8
Measurements, linking strain, 3-13
Measurements, linking temperature, 3-10
Measurements, linking voltage, 3-8
Measurements, thermocouple, 3-11
Measuring the reference temperature, 3-12
Meaurement

Accuracy DC Volts, A-2
MEM:VME:ADDR, 5-56
MEM:VME:ADDR?Y, 5-56
MEM. VME:SIZE, 5-36
MEM:VME;SIZE?, 3-57
MEM:.VME:STATe, 5-57
MEM:VME:STATe?, 5-58
Messages, error, B-1
Method, choosing the data retrieval, 4-4
MODE

SENS DATAFIFO:MODE, 5-78

TRIG: TIM:MODE, 53-108

TRIG: TIM:MODE?, 5-109
Mode, selecting the FIFQ, 3-22
MODE?

SENS:DATAFIFOMODE?, 5-78

index 5



Modes, Trigger, 4-11
Module description, 3-3

N

NaN, 548
Not-a-Number, 5-48

O

Offset

A/D, 5-31, 5-111

channel, 5-31, 5-111
Offsets, compensating for system wiring, 4-27
Offsets, unexpected, 4-28
Opening and wiring the terminal modude, 2-8
Operation status group examples, 4-22
OUTP:CURRent: AMPLitude, 5-59
OUTP.CURRent: AMPLitude?, 5-60
OUTP:SHUNL, 5-61
OUTP:SHUNt?, 5-62
OUTP:TTLT :STATe, 5-64
OUTP.TTLT :STATe?, 5-64
OUTPut subsystem, 5-39 - 5-64
OUTPut:CURRent:STATe, 5-60
QUTPut.CURRent:STATe?, 5-61
OUTPut:TTLTrg:SOURCce, 5-62
OUTPut: TTL T rg: SOURce?, 5-63
Overload readings, unexpected, 4-28

P

Paced scans, timer, 4-12
Parameter data and returned value types, 5-10
PART?
SENS:DATA FIFG:PART?, 5-79
Planning
grouping channels to signal conditioning, 2-2
planning wiring layout, 2-1
sense vs. output SCPs, 2-3
thermocouple wiring, 2-4
Plug-ons, installing signal conditioning, 1-3
Plug-ons, setting up signal conditioning, 3-5
POINts
CALCulate: CLIMits: FLIMits:POINts?, 5-21
ROUT:SEQ POINts?, 5-69
POISson
SENSe:STRain:POISson, 5-94
SENSe:STRain’POISson?, 5-94
PRESet
STAT-PRESet, 5-100
Program, example, 3-25
Programming sequence, 3-4

Q

(Questionable data group examples, 4-22
Quick Reference, Command, 5-117 - 5-121

R

Ranges, measurement, A-]
Reading condition registers, 4-24
Reading event registers, 4-24
Reading rate, maximum, A-1
Reading status groups directly, 4-24
Reading the status byte, 4-22
Recommended measurement connections, 2-6
Reducing settling waits, 4-31
REFerence
SENS.FUNC:CUST:REF, 3-81
SENS:REFerence, 5-89
Reference junction, 2-7
Reference temperature sensor connections, 2-3
Register address space, D-4
Register addressing, D-4
Register addressing, base address, D-4
Register map, D-4
Register, the status byte group’s enable, 4-23
Register-based command reference, D-25
Registers, clearing event, 4-24
Registers, clearing the enable, 4-23
Registers, reading condition, 4-24
Registers, reading event, 4-24
Rejection, common mode, A-1
Reset
*RST, 5-113
Resetting the CVT, 3-24
SENS:DATA.CVT:RESet, 5-75
SENS.DATAFIFO:RESet, 5-80
RESistance
CAL:CONF.RES, 5-30
CAL:VAL:RESistance, 5-35
SENS:FUNC:RESistance, 5-84
Resclution, measurement, A-1
Retrieval, advanced FIFO data, 4-1
ROUT:SCAN, 5-65
ROUT:SEQ:DEF, 5-66
ROUT:SEQ:DEF?, 5-68
ROUT:SEQ:POINts?, 5-69
RQUTe subsystem, 5-65 - 5-70
RTD and thermistor measurements, 3-10
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S

SAMP: TIMer, 5-71
SAMP TiMer?, 5-72
SAMPle subsystemn, 5-71 - 3-72
SCAN

ROUT,SCAN, 5-65
Scan Mode

Timer Paced, 4-12
Scanning

Continuous mode, 4-8

Counted mode, 4-8

Default mode, 4-8

reducing settling waits, 4-31
SCP, C-1

grouping channels to signal conditioning, 2-2

sense vs. oufput SCPs, 2-3
SCPI Commands, 5-1

Format, 5-6
Selecting the trigger source, 3-19
Selecting timer arm source, 3-20
Self Test, error messages, B-4
SENS:DATA:CVTRESet, 5-75
SENSDATA FIFO:.COUNtHALF?, 3-76
SENSDATAFIFO.COUN{?, 5-76
SENS:DATAFIFO:HALF?, 5-77
SENS:DATAFIFO:MODE, 5-78
SENS:DATAFIFO:MODE?, 3-78
SENS:DATA FIFO:PARTY, 5-79
SENS:DATAFIFO:RESet, 5-80
SENS:FILT:LPAS:STATe, 5-80
SENS-FILT:LPAS:STATe?, 5-80
SENS:FUNC:.CUST:REF, 5-81
SENS:FUNC:CUST:TC, 5-33
SENS:FUNC:RESistance, 5-84
SENS:FUNC:STRain, 5-83
SENS:FUNC:TEMPerature, 5-87
SENS:FUNC:VOLTage, 5-88
SENS:REF TEMPerature, 5-91
SENS:RFEFerence, 5-89
SENSe subsystern, 5-73 - 3-93
SENSe DATA:CVTable?, 5-74
SENSe: FUNC:CUSTom, 5-81
SENSe:STRain:EXCitation, 5-91
SENSe:STRainEXCitation?, 5-92
SENSe:STRain:GFACtor, 5-93
SENSe:STRain;GFACior?, 5-93
SENSe:STRain POlSson, 5-94
SENSe:STRainPOISson?, 5-94
SENSe:STRain UNSTrained, 5-94
SENSe: STRainUNSTrained?, 5-95
Separator, command, 5-6

Sequence, programming, 3-4
Setting current sources, 3-6
Setting filter cutoff, 3-6
Setting SCP gains, 3-5
Setting the logical address switch, 1-2
Settling
reducing settling waits, 4-31
SETup
CAL:SETup, 5-31
CAL:SETup?, 5-31
SHURN
QUTP:SHUN, 5-61
OUTPut;:SHUNt?, 5-62
Signal, connection to channels, 2-6

SIZE

MEM:VME:SIZE, 5-56
SIZE?

MEM:VME:SIZE?, 5-57
SOURce

ARM:SOURce, 5-15
ARM:SOURce?, 5-16
QUTPut:-TTLTrg:SOURCce, 5-62
TRIG:SOURce, 5-107
Source, selecting the trigger, 3-19
Source, selecting timer arm, 3-20
SOURce?
TRIG:SOURce?, 5-108
Sources
arm, 3-19
trigger, 3-19
Sources, setting curreat, 3-6
Special Considerations, CAL: TARE, 4-28
Specifications, A-1
Standard Commands for Programimable Instruments,
SCPL, 5-12
Standard event group exarnples, 4-22
STAT:QPER:CONDition?, 3-98
STAT:OPER:ENABIe, 5-98
STAT:OPER:ENABIe?, 5-99
STAT:OPER.EVENt?, 5-99
STAT-PRESet, 5-100
STAT:QUES:CONDition?, 5-101
STAT:QUES'ENABIe, 5-101
STAT.QUES:ENABIe?, 5-102
STAT:QUES:EVEN{?, 5-102
STATe
DIAG:OTD:STATe, 5-42
DIAG:OTD.STATe?, 543
INP-FILT:LPAS:STATe, 5-52
INP.FILT.LPAS:STATe?, 5-53
MEM:.VME:STATe, 5-57
MEM:VME:STATe?, 3-38
QUTPut: CURRent: STATe, 5-60
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OUTPut:CURRent:STATe?, 5-61

SENSFILT:LPAS:STATe, 5-80

SENS:FILT'LPAS:STATe?, 5-80
Status bit precedence, D-8
STATus subsystem, 5-96 - 5-102
Step 1 setting wp signal conditioning plug-ons, 3-5
Step 10 retrieving data, 3-23
Step 2 linking channels to EU conversion, 3-7
Step 3 performing channel calibration, 3-16
Step 4 defining the scan lists, 3-17
Step 5 setting the sample timer, 3-18
Step 6 setting up the trigger system, 3-19
Step 7 specifying the data format, 3-21
Step 8 selecting the FIFO mode, 3-22
Step 9 initiating the trigger system, 3-22
STORe

CAL:STORe, 5-32
STRain

SENSFUNC:STRain, 5-85
Sub subsystem, 5-38 - 5-48, 5-55 - 5-58
Subsystem

ABORT, 5-13

ARM, 5-14 - 5-16

CALCulate, 5-17 - 5-27

CAlLibration, 5-28 - 5-37

DIAGnostic, 5-38 - 5-44

FETCh?, 5-45 - 5-46

FORMat, 5-47 - 5-48

INTTiate, 5-49 - 5-50

INPut, 5-51 - 5-54

MEMoty, 5-55 - 5-58

OUTPut, 5-59 - 5-64

ROUTe, 5-65 - 5-70

SAMPIe, 5-71 - 5-72

SENSe, 5-73 - 5-95

STATus, 5-96 - 5-102

SYSTem, 5-103 - 5-104

TRIGger, 5-105 - 5-110
Supplying the reference temperature, 3-13
Switch, setting the logical address, 1-2
Syntax, Variable Command, 5-7
SYST:CTYPe?, 5-103
SYST:ERRor?, 5-103
SYST:VERSion?, 5-104
SYSTem subsystemy, 5-103 - 3-104
Systern, initiating the trigger, 3-22
Systeny, using the status, 4-21

T

TARE
CAL:TARE:RESet, 5-35
CALTARE?, 5-35

Tare cal offset, maximum, A-2
TARE?

CAL:TARE, 5-33
TCouple

SENSFUNC:CUST:TC, 5-83
TEMPerature

DIAG:CUSTREF: TEMP, 5-41

SENS:FUNC:TEMPerature, 5-87

SENS:REF: TEMPeratuse, 5-91
Temperature accuracy, A-3
Temperature sensor conneclions, 2-5
Temperature, measuring the reference, 3-12
Temperature, supplying the reference, 3-13
Temperature, thermocouple reference, 3-12
Terminal Blocks, C-1
Terminal Module, C-1

description, 2-7
Terminal module, opening and wiring, 2-8
The status byte group’s enable register, 4-23
Thermistor and RTD measurements, 3-10
Thermocouple measurements, 3-11
Thermocouple reference compensation, 4-29
Thermocouple reference temperature, 3-12
Timer

SAMP: TIMer, 5-71

SAMP: TiMer?, 5-72

TRIG:COUNE, 5-106

TRIG: TIMer, 5-109
Timer Paced Scans, 4-12
Timer, setting the sample, 3-18
TiMer?

TRIG: TIMer?, 5-110
Topics, additional, 3-25
Transducers, detecting open, 4-29
Transfer, fastest reading, 4-6
TRIG:COUNEe, 5-106
TRIG:COUNL?, 5-106
TRIG: IMMediate, 5-107
TRIG:SCURce, 5-107
TRIG:SOURce?, 5-108
TRIG:TIM:MODE, 5-108
TRIG:TIM:MODE?, 5-109
TRIG: TDMer, 5-109
TRIG: TIMer?, 5-110
Trigger Modes, 4-11
TRIGger subsystem, 5-105 - 5110
Trigger system

ABOR! subsystem, 5-13

ARM subsystem, 5-14 - 5-16

INITiate subsystem, 5-49 - 5-50

Step 6 setting up, 3-19

TRIGger subsystem, 5-105 - 5-110
TTLTrg:SOURCce

Index 8



OUTPut:TTLTrg:SOURce?, 5-63
TTLTrg

QUTP:TTLT :STATe?, 5-64

OUTP: TTLTrg :STATe, 5-64

U

UNSTrained
SENSe:STRain:UNSTrained, 5-94
SENSe:STRain:UNSTmined?, 5-95

Using the status system, 4-21

V

Value types

parameter data, 5-10

retumed, 5-10
Varigble Command Syntax, 5-7
Verifying a successful configuration, 1-10
VERsion

DIAG:VERSion?, 5-43
VERsion?

SYST:VERSion?, 5-104
VOLTage

CAL:CONF:VOLT, 5-30

CAL:VALue:VOLTage, 5-36

SENS:FUNC:VOLTage, 5-88

W

Waits, reducing settling, 4-31
Wiring
planning for thermocouple, 2-4
planning layout, 2-1
signal connection, 2-6

Z

ZERQO?
CAL:ZERQ?, 5-37
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. neatquarters offices.

NORTH/CENTRAL AFRICA
Hewlett-Packard S.A.

7. tue (u Heis-du-Lan

¢ CH-1217 MEYRIN 1, Switzerland
Tel {022}83 12 12

Talex: 27835 himea

Cable: HEWPACKSA Geneve

i ASEA

Hawiatl-Packard Asia Lid.

4T/F, 26 Harbour Rg,

! Wanchai, EONG KOG

I VPO Box 863, Hong Kong
el 5-83300833

Telex: 76793 HPA HX

Cable: HPASIAL TO

EASTERN EUROPE
Hewtett-Packard Ges m.bh
Liebigasss 1

POBox T2

A-$222 YIENNA, Austnia
Tel {2272} 25000

Telax: 134425 HEPA A

NORTHERN EURQPE
Hewialt-Packard S A

V. [ Hooplaan 241

P Q Box 389

NL-1183 AG AMSTELVEEN
The Netherlands

Tel: 20 5473499

Talex: 18 919 hpner

SOUTH EAST EUROPE
Hewlett-Fackard S A,

Worid Trade Center

110 Avenue Louis Casai

1215 Cointrin, GENEVA, Switzerdand
Tet: {022) 98 96 51

Talex: 27225 hpser

EASTERN USA
Hewlett-Packard Ce.
4 Choke Cherry Road
ROCKVILLE, MD 20850
Tel {301) §48-6379

MIDWESTERHN USA
Hewlett-Packard Co

5261 Tollview Drive

ROLLING MEADOWS, IL 80008
Tel: (342) 255.9800

SOUTHERN USA
Hewlatt-Fackard Cao.
2000 South Park Place
ATLANTA, GA 30333
Tak: {484} 855-1560

WESTERN USA
Hewletl-Packard Co.

5161 Lankarshim Bivd.

HORTH HOLLYWOGS, CA 51601
Tel: (8 48) 505-5600

MEMITERRANEAN

AND MIDDLE EAST
Haewlett-Packard S.A.
Mediterranean and Middle East
Operations

Atrina Centre

3% Kifissias Ave
Paradissos-Amarousion, ATHENS
Greege

Tei: 682 88 11

Telex: 21-6588 HPAT GR
Cable: HEWPACKSA Athens

OTHER INTERNATIONAL
AREAS

Hewlelt-Packard Co
intercontinental Haadquarters
3495 Deer Creek Road

PALD ALTO, CA 94304

Tei {415) 857150

Telex: 034-8300

Cabla: HEWPAGK

SALES & SUPPORT OFFICES [,

Arranged alphabetically by country 0

ARGENTINA
Hewlett-Packard Argentina S A
Montaneses 2140/50

1428 BUENQS AIRES

Tel: 781-4058/89

Cabie: HEWPACKARG

AUSTRALIA

Hewtelt-Packard Australia Lid
31-41 Joseph Slreet

PO Box 221

BLACKBURH, Victoria 3130
Tel: 895-2885

Telex: 31-024

Cable: HEWPARD Melbourne

Hewlet-Packard Australia Lid.
17-23 Talavera Read

P G Box 308

MORTH RYDE, .80 2113
Tel: §88-4444

Tetax: 21581

Cabie: HEWPARD Sydney

AUSTRIA
Hewlelt-Packard Ges.m.b.h.
Ligbigasse 1

PQ. Box 72

A-1222 YIENNA

Tak {0222) 25000

Telax: 134425 HEPA A

BELGIUM

Hewlelt-Packard Belgium S A /MY
Bivd de ia Woluwe, 180
Woluwadal

8-1200 BRUSSELS

Tel: (02) 762-32-00

Telax: 23-454 paichen bry

BHAZIL

Hawlett-Packard do Brasi
jieC Lida

Aiamada Rio Negro, 750
ALPHAVILLE

06400 Barueri SP

Tak: (011) 421 1311

Telax: (011} 33872 HPBR-BR
Cable: HEWPACK Sao Paulo

Hawlett-Packard do Brasit

1e( tida

Praia de Botafago 228

§° Andar-conj §14

Edificio Argentina - Aj2 A

22250 RIG DE JANEIRQ, RS

Tal: (021} 552-8422

Telax: 21805 HPBR-BR

Cabla: HEWPACK Rio de Jangiro

CANADA

Hawleti-Packard (Canada) {.id
11120-178th Strest
EDMONTON, Alberta T35 P2
Tal: {403} 486-6656

Hawiatl-Packard [Canada) Lid,
17500 Trans Canada Highway
South Service Road
KIRKLAND, Guabec H3J 2X8
Tel: {514} 687.4232

Talox: 058-21521

Hewtait-Packard {Canada) Lid
6877 Goreway Drive
MSSISSAUGA, Ontario L4V 1M8
Telh (418) 675-343C

Telex: DE9-8644

Hewtetl-Packard {Canada} Lid
2670 Gueensview Dr.
QTTAWA, Ontario K28 8K1
Tat: {513} 820-6483

CHIMA, Peopie’s

Republic of

China Hewlett-Packard Co., Lid
P.0. Box 9610, Beijing

4ty Floor, 2nd Watch Factory Main
Bidg.

Shuang Yu Shou, Bei San Huan Read
Hai Dian District

BELING

Tal: 28.0587

Teiax: 22601 CTSHP CN

Cabie: 1930 Beifing

DENMARK :
Hawlett-Packard A/S
Kangavejen 25
D¥-3460 BRKERCED
Tal: (52) B1-86-40
Telex: 37409 hpas dk

FINLAND
Hewlatt-Packard Oy
Piispankalliontie 17
02200 E8POOQ

Teh Q0358-0-88721
Tefex: 121563 HEWPA SF

FRANCE
Hewtatt-Packard France
Chamin des Mouilles

Boita Postals 162

69131 ECULLY Cedex (Lyon)
Yel: (78} 133-81-25

Talex: 310617F

Hawlell-Packasd France

Pere d'activités du Bois Briard
Avenue du Lac

81040 EYRY Cedax

Tek: (B0} 77-83-83

Telex: 6923 15F

Hewlet-Packasd France

Zona indusirislie de Courtabosuf
Avanus des Troplques

91947 LES ULJB Cadex {Orsay}
Tel: (69} 07-78-25

Tetax: 0004BF

GERMANMN FEDERAL
REPUBLIC
Hewlett-Packard GmbH
Vartrigbszentrum Mitte
Hewiatt-Packard-Slrasse
[-6380 BAD HOWMBURG
Tel (06172} 15-0

Fax: {PB172) 16-1308

Hewlett-Packard GmbH
Vertrisbszentrun Sidwast
Schickardsirasse 2
DB-7030 BOBLINGEN

Tel: {07031} 14-0
Fax: (07031) 14-8429

Hewiett-Packerd GmbH
Vertriabszantrum $id
Eschansirasse 5
{-8028 TAUFKIRCHEN
Tel: (089) 512070
Fax: {088} 64207-390

GREECE

Hewlett-Packard AE

178, Kifissias Avenue

6th Fioor

Helandri-ATHEKS

Greeca

Tol: 6471543, 6471673, 6472471
Talex: 221 286 HPHLGA

A

HONG KONG
Howiatt-Packard Hong Keng. Lid.
G20 Box 795

5th Floar, Sun Hung Kat Centrs
30 Harbour Road

HONG KONG

Tel: 5-8323211

Tolax: 66678 HEWPA HX

Cable: HEWPACK HONG KONG

ICELAND
Hewiatt-Packard icaland
Heelfdabakks 9

110 REYKJAYEX

Tai:{1) 67 1000

INDIA

Blue Star Lid.

13 Communilty Canter
New Friends Colony
NEW DELHI 110 085
Tetk: 633182, 836674
Telex: 031-61120
Gatle: BLUEFROST

IMDONESIA

BERCA Indonesia P.T

P O.Box 24977kt

Antara Bidg ., 11th Flgar

JI. Medan Merdexa Seiatan 17
SAKARTA-PUSAY

Tel: 343389

Telex: 46748 BERSAL 1A

IRELAND
Hewielt-Packard irefand Ltd.
82/83 Lower Leeson Street
GUBLIN2

Tel: 0031 638808

Telex: 30439

ISRAEL

Computation and Measyrement
Systams [CMS) Lid

11 Masac Streat

67066

TEL-AYIY

Tel: 288 388

Yetox: 33568 Motii il

ITALY

Hewlett-Packard ltaiana S p A,
Via G di Vittorio 9

1-20063 CERNUSCO SUL
RAYIGLIO

(Mitana)

Tel: (02} 923691

Telex: 334632

Hewletl-Packard Itaiiana S.0.A.
Viale C Favese 340

100144 ROMA EUR

Tel: (05} 54831

Tetax; 510514

JAPAN
Yokogawa-Hewlett-Fackard Lid.
Chuo Bldy.,

4.20 Nishinakajima, 5 Choree
Yodogawa-ku

OSAKA, 532

Tak: {06) 304-6021

Telex: YHPOSA 523-3624

‘Yokogawa-Hewletl-Packard 11d.
28-21 Takaido-Higashl, 3 Chome
Suginami-ku TOKYQ 168

Yai; (03} 331-6114

Tolex: 232-2024 YHPTOK

Yakogawa-Hewlett-Packard Ltd,
Yasuda Seimei Nishiguchi Bldg
30-4 Tsuruya-cha, 3 Chome
Kanagawa-ku, YOKOHAMA 221
Tei: (0453 312-1252
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KOREA

Samsung Hewlatt-Packard Co. Lid
Dongbang Yaoeuida Sullding
12-16th Floors

36-1 Yeoauido-Dong
Youngdeungpa-Ku

SEOUL

Tel: TB4-4668, 784-2668

Telex: 25166 SAMSAN K

MALAYSIA

Hewlett~-Packard Sales {Mataysia)
Sdn Bhd

Sth Floor

Chung Khiaw Bank Bullding

46, Jaian Raje Laut

50350 KUALA LUKPUR

Tal: 2986555

Tetex: 31011 HPSM MA

MEXICO

Hewlsll-Packard de Mexico,
SAdaCV.

Manta Palvoux No. 111

Lomas da Chapullepac

000 MEXICO, BF.

Tsl: 5-40-62-28, 12-86, 50-25
Tslax: 17-74.507 HEWPACK MEX

NETHERLANDS
Hawlelt-Packard Nederfandg B.Y.
Startbaan 16

NL-1187 XF AMSTELVEEN

PO Hox 867

NL-1180 AR AMSTELVEEN

Tet: {020} 547-69 14

Tefex: 13 216 HEPA NL

NORWAY

Hewiett~Packard Norgs A/S
Gsterndalen 16-18

PO Box 34

N-1345 OESTERAAS

Tek: 0047/2/24 60 80

Tefex: 76621 hpnasn

FPUERTO RICO
Hewlatt-Packard Puerto Rico
101 Munioz Rivera Av

Esy Calle Ochoa

HATOD ARY, Puerio Rica D018
Tai: (8G9) 754-7800

SAUDI ARABIA

Modern Eiectronics Establishment
Hewlett-Fackard Division

P.O Box 1228

Redec Plaza, 6th Floor

JEDDAH

Tel 644 96 28

Telex; 4027 12 FARNAS 54
Cable: ELECTA JEDDAH

SINGAPORE

SPAIN

Hewlati-Packerd Espafiole, 5.4,
Cria. de is Corufia, Km. 16, 400
Las Rozas

£-MARRID

Tei: {1) 637.00.11

Telex: 23515 HPE

SWEDEN
Hewlelt-Packard Sverige AB
Skatholtsgatan &, Kista

Box 18

5-15393 SPANGA

Tei {OB} 750-2000

Telox: (854) 17886

Teletax: (08) 7527781

SWITZERLANRD
Hewiatt-Packard {Schwelz) AG
7. rus du Bols-du-Lar

{ase postale 388

CH-1217 MEVYRIN 1

Tal: {8041} 22.83-11-11
Telex:27333 HPAG CH

TatWwAN

Hewiatt-Packarg Taiwan 14d.

Bth Floor, Hewletl-Packard Buitding
337 Fu Hsling North Road

TAIPE]

Tel: (02) 712-0404

Telex: 24438 HEWPACK
Cable:KEWPACK Taipe!

TURKEY

Teknim Company Lid.
tran CaddesiNo. 7
Karaklidare

ANKARA

Tal: 275800

Taiex: 42155 TKhM TR

URITED KINGDOR

ENGLAND
Hewlett-Packard Lid,
Heathslde Parl Hoad
Cheadia Heath
STDCKPGRT
Cheshire

SK3 OFB

Tol: 061-428-0828
Telex: 558068

Hewiatt-Packard Lid.
King Street Lane
Winnersh, WOKINGHAM
Berkshira RG11 5AR
Tob: G734 784774
Talex: 847178

SCOTLAND

Hewfati-Packard Lid.
SOUTH QUEENSFERAY
Wast Lothian, EHI0 9TG

Hewlelt-Packard Singapore (Sales) Tel 531331 1188

e Lid

#08-80 Inchcape House
450-2 Alexandra Road
Alexandra P.Q. Box 58
SIMGAPORE, 8115

Tol 4731788

Teigx: 34209 HPSGSG RS
Cable: HEWPACK, Singapore

SOUTH AFRICA
Hewlett-Packard So Alfrica (Pty.) Lid
8 Eastern Service Read

Eastgate £x1 3

SANDTON 2144

Tei: 802-5111, 802.5125

Tolax: 4-20877 SA

Cable: HEWPACK Johannesburg

Telex: 72682
UMITED STATES

Alabama
Hewlett-Packard Ca.
428 Wynn Drive
HUNTSVILLE, AL 35805
Tek: {205} 830-2000
Arizona
Hewlati-Packard Ce.
BUED Pointa Parkway Was!
PHOENIX, AZ 85044
Tel. {602} 273-8000
Californis
Hewlett-Packard Co
14218 Manhaitan Av.
FULLERTON, CA 926831
Tal: {714)959-6700

SALES & SUPPORT OFFICES
Arranged aiphabelically by country

Hewleil-Packard Co.

5651 West Manchester Ave
LOS ANGELES, CA 90045
Tal: {213} 337-8000

Talex: §10-325-6608

Hewlett-Packard Co.
9806 Aero Drive

SAN DIEGO, CA 92123
Tel: (619} 273-3200

Hawlall-Packard Co
3003 Scott Boulevard
SANTA CLARA, CA 95054
Tel: (408) 9887000
Telgx: 910-338-0586

Colorado
Hewiall-Packard Co

24 Inverness Place, East
ENGLEWOOD, CO 80312
Tek (363} 549-5000

Connecticut
Hewistl-Packard Co.

47 Barnes Industrial Road South
VWALLINGFORD, CT 05452

Tek {203) 265-7804

Florida

Hewialt-Packard Co.

2901 N.W. 62nd Straet

FORT LAUDERDALE, FL 33389
Tel: {365} 973-2600

Hewlatt-Packard Co
5177 Lake Ellanor Drive
ORLANGO, FL 32809
Tal: {305} 859-2900
Georgia
Hewlett-Packard Go.
2000 South Park Place
ATLANTA, GA 30339
Tal: {404} 955-1500
Talex: B10-766-4890

Hlinois
Hewlatt-Packard Co
5201 Toliview Drive
ROLLING MEADDWS, iL 80008
Tel: (312) 255-8800
Telex; 910-887.1066
indiana
Hewlell-Packard Co.
11811 N, Maridian St.
CTARMEL, IN 46032
Tal: (317) B44-4100

Louisiana
Hewleti-Packard Lo
164 James Drive East
§T.ROSE, LA 70087

F Q. Box 1448
KENNER, LA 70063
Tel: {504) 467-4100

Maryland
Hawlett-Fackard Co.
3701 Koppars Strast
BALTIMORE, MD 21227
Tol: {301} 644-580¢
Telex: 715-862-1843

Hewlatt-Fackard Co.

2 Choke Cherry Road
ROCKVILLE, MD 20850
Tel (301)348-6370
Massachuseils
Hewlatt-Packarg Co.
1775 Minyteman Road
ANDOVER, MA 01810
Tal: (517} 682-1500

Michigan

Hewiatt-Packard Co.

39550 Drchard Hill Place Drive
KOV, M1 48050

Tal; (313) 348-9200
Minnesota
Hewlatt-Packard Co.

2025 W, Larpenteur Ava.
ST.PAUL, MN 55113

Tel: {612) 6441100
Missouri

Hewlett-Packard Do.

1001 £ 1415% Terrace Sulte 120
KANSAS CITY, MO 64131-3368
Tal {818} 9410411

Hewlgtl-Packard Co
13001 Holtenbarg Drive
BRIDGET(HR, MO 63044
Tal: {314) 344-5100
New Jersey
Hewlatl-Packard Go.
120 W. Century Road
FARAMUS, NJ 07653
Tal: {201} 265-5000

New Mexico
Hewlell-Packard Co
7801 JeHlerson NE.
ALBUQUERQYUE, NM §7 108
Tel: (5015} 823-61G0

Mew York
Hewiet!-Packard Co
G600 Mair Sireet
CLARENCE, NY 14031
Tel; {716) 759-8621

Hawiett-Packard Co
7641 Henry Clay Bivd
LIVERPOOL, NY 13088
Talh {315} 451-1820

Hewlett-Packard Co.

3 Crossways Park West
WOGDBURY, NY 11797
Tel: (816} 6B2-7800

Morth Carolina
Hewiett-Packard Co
5805 Roanne Way
GREENSBORD, NG 27420
Tal: {919} 852-1800

Ohio
Hewistt-Packard Co
15885 Sprague Road
CLEVELAND, OH 44136
Tel [218) 243-7300

Hewlell-Packard o
8080 Springboro Pika
HMIAMISBURG, OH 45342
Tel: (513) 433-2223

Hawlglt-Packard Go.
675 Brooksedge Bivd.
WESTERYILLE, OH 43081
Tal: {614} B91.3344

Oklahoma
Hewleti-Packard Co

3525 N.W. 58th 5t

Suite C-100

OKLAHOMA CITY, OK 73112
Tal: {405) 946-9493

Oregon
Hewleli-Fackard Co.
92553 W. Ploneer Court
WILSOXVILLE, OR 97070
Tal: {303} 632-80G0

Pennsylvania

Hewlatt-Packarg Co.
111 Zeta Driva
PITTSBURGH, PA 15238
Tal: {412) 782-0400

Hewlatl-Packard Co
2750 Monroe Boulevard
YALLEY FORGE, PA 19482
Tel: {215} §66-3000

Texas
Heawlett-Packard Co.
1826-F Kramer Lane
AUSTIN, TX 78758
Tal: {512) B35-6771

Hewletl-Packard Co.
10533 Harwin Drlve
HOUSTON, TX 77038
Tal: {713) 775-8400

Hewlett-Fackard Go.
934 E. Camphall Rd
RICHARDSON, TX 75081
Tel: {¢14) 231-6101

Hewistt-Packard Co.

1320 Central Parkway South
SAM ANTONIO, TX 78232

Tal {512} 494-3336

Utah

Hewlatt-Packard Co.
3530 W 2100 South St
SALT LAKE CITY, UT 84139
Tel B8} 574- 1700
Virginia
Rewlatt-Packard Co

4305 Gox Road

GLER ALLEN, VA 23060
Tal: (804} 747-7750

Washington
Hewlatt-Packard Go
15815 S E 37th Strest
BELLEVUE, WA 98006
Tek: {206} 843-400C

Wisconain
Hawlett-Packard Co.
275 N. Corperate Or.
BROOKFIELD, WI 53005
Tal: (414) 794-8800

VENEZUELA

Hewlell-Packard de Venezueia C.A
3A Transversal Los Ruices Norte
£aificio Segre 24 3

Apanade 50833

CARACAS 1090

Tel: (582) 239-4133

Telex: 251046 HEWPACK

YUGOSLAVIA
Rao Hermas

Gensral Zdanova 4
Y-11000 BEOGRAD
Tek {011) 342 644
Telax: 11433









