


Introduction HP 2240A Application Note 224-1. This document pro- 
vides a~~ l l ca t i ons  information on the HP 2240A, includina , , - 

The HP 2240A Measurement and Control Processor is an Programming information intelligent analogidigital subsystem that simplifies product Measurement and control application examples 
test and equipment control in manufacturing and engineer- 
Ing applications. Using advanced m~croprocessor technol- 
ogy, the HP 2240A Ofters a new concebt in measurement HP 2240A Application Note 224-2. This document pro- 
and control-com~uter-inde~endent task execution. To- vldes lnformatlon on how to use the HP 22914A Breadboard 
gether with associated products and accessories, the HP Card for signal conditioning to the HP 2240A, including 
2240A Drocessor comDrlse a ~owerful subsvstem that aives ~, ~ 

you a cbmplete set of iools fo) easy, low-cost automati& for Suggested design procedure for special conditloning 
your measurement and control application. Signal condit~oning circuit layout examples 

The HP 2240A Measurement and Control Processor in- 
cludes the mainframe with a microprocessor-based control HP 1000 Computer Systems Measurement and Conrol 
card and Internal power supply. The HP 2240A product line Specifier. This document provides recommendations for 
also offers associated products and accessories, inciud~ng use of various HP measurement and control subsystems, 
a flexible mix of function cards and separate signal condi- including the HP 2240A, with the HP 1000 Computer System. 
tionlng products, that will enable you to get all the Your application's test characteristics form the basis for rec- 
capabillt~es needed to solve your measurement and control ommended selections. 
problems. 

Content and organization of this data book HP 1000 Computer Systems Technical Data. This 
' 

document provides technical information and data sheets on 
This document describes the HP 2240A and its associated the Hp 1000 computer family, including 
products. The data book is organized into sections that 
include the HP 2240A product overview, programming in- HP 1000 concept and systems 
formation, data sheets on the 2240A hardware and as- Computers, memory systems, and accessories 
soclated products and accessories, extended performance System C O ~ S O ~ ~ S  

option description, benchmark performance data of the System disc memories 
2240A uslng various computing controllers and withiwithout Product support information 
extended performance option, and product support Site planning information 
~nformation. 

For fast, easy location of a particular section of 2240A pro- HP 1000 Computer Systems Configuration and Site 
duct line information in this book, use the Qulck Reference Preparation Guide. This document provldes configuration, 
lndex on the facing page (B). A Technical Data lndex is price, prerequisite, and site preparation information for HP 
provlded on page (C) for reference to coverage of specific Computer Systems, options, accessories, and support 
products by model number. services. 

Other related ~~blications 
HP 9825A Desktop Computing System Technical The following publlcatlons provide supplementary Data. This document provides technical lnformatlon on the technical data, p rong  and conflguratlon lnformatlon, and 

I a ~ ~ l ~ c a t ~ o n  notes HP 9825A Desktop Computer, lncludlng 

HP 2240A Measurement and Control Processor Con- 
figuration Guide. This document provides conflgurlng in- 
formation for the HP 2240A, associated products and ac- 
cessories, including: 

Signal conditioning and field wlring connect~ons 
Application configuring worksheet 
Mounting alternatives 
Computers and accessories checklist 
Ordering lnformation 

Specifications 
Read-only memories (ROMs) 
9825A interfaces 
Ordering information 

HP 9835A and HP 9845A ~ e s k t o i  Computing Sys- 
tems Technical Data. HP 9835A and 9845A Desktop 
Computers technical data documents are available from 
your local HP Sales and Service Offices. 
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The HP 2240A Concept: Common Interrupt (Event Sense) Card (22903A). 16 
channels TTLor CMOS levels individual channel enable 

automated measurement and control and transition dlrectlon interrupt test 

capabilities at an affortlable price CounterIStepper Motor Card (22905~) .  4 channels indi- 
vidually conftgured for event counting, frequency mea- 
surement, period measurement or stepper drive output. 
Internal self-test clock, TTL compatible. 

A flexible mix of analog and digital capability Control Function Cards 
The HP 2240A Measuremert and C:ontrol Processor and 
associated products, togethl?r wlth 3 c o m p ~ ~ t ~ n g  controller, 
form a powerful automated system that g i v ? ~  you all the 
capabtlltles needed to solve your measurement and control 
problems The baslc HP 2240A mainframe controls 128 
analogidig~tal 110 channels that are expancable to 256 
channels wlth the addltion of an HP 2241A Extender It takes 
measurements at burst rates up to 20,000 readtngssecond, 
stores the measurements and transm~ts results to your 
computer at speeds up to 200,000 bytes/sc:cond The HP 
2240A product line includes a flexltlle mlx of measurement 
and control functlon cards and slgrial cond~tioning cards 
that you select from to get both analog and cllgltal functtons 
In one subsystem 

Analog Output Card (22901A). 4 channels. 0 to 10V, or 
-10 to +lOVoutput, 10 b ~ t s  with dual level storage Auto 
readback from first level 4-lead remote sense (Kelvtn) 
connections 
Analog Output Card (229018). 4 channels, 0 to 1 OV, -10 
to +10V, or 4 to 20 mA outputs, 12 blts with dual level 
storage Auto readback from flrst level 4-lead remote 
sense (Kelvln) connections 
Dlg~tal Output Card (22904A) 32 channels, TTL or CMOS. 
open-coilector output, dual level storage, auto readback, 
level or pulse outputs 

Signal Conditioning Cards 

Measurement Function Cards Relay Output Card (22912A). 16 channels, 2 Amps, 250 
VAClDC, 60 VA rating, Form C (SPDT) hermetically sea- 

* Analog Input Card (22900A). 32 :;ingle-erided or 16 dif- led relays. 
ferential channels, ~ 1 0 V .  12 bits including sign, 20 kHz isolated Digital input Card (22913A). 16 channels, DC (5 
samplelscan rate. Auto correction for gain and offset to 120V) and AC (16 to 230V) with selectable response 
temperature drift Diode overvoltage protection tlmes and overload fuses. Pin separation (spacing) has 
Digital Input Card (22902A). 32 channels, TTL or CMOS been successfully tested against UL's dielectric strength 
levels. (breakdown) requirements. 



General Purpose Breadboard Card (2291 4A). 16 c han- 
nels for analog or digital, input or output user signal 
conditioning. Pad layouts for standard instrumentation 
amplifiers, relays, filters, fuses, resistors, and voltage 
regulators. 

Low Level Analog lnput Card (22915A). 16 low-level 
analog input channels, jumper-selectable gains 220 mV, 
k50 mV, ?I00 mV, 2500 mV and ?10V. 

Low Level Analog lnput Card (2291 58). 16 low-level 
analog input channels, jumper-selectable gains 220 mV, 
"50 mV, ?1.25V, ?5V and k10V. 

Screw Terminations (22922A). 28 screw terminations on 
each connector. Two connectors (56 screw terminals) for 
field wiring (14-22 AWG) connections which connect to 
the signal conditioning cards. 

A HP 229098 Verification Kit is available for off-line verifica- 
tion of the HP 2240A, troubleshooting down to the board 
level, and can be used as an 110 simulator for program 
development. 

The figure shown below illustrates typically how the HP 
2240A products can be simply interconnected to form an 
intelligent measurement and control subsystem for your 
HP-IB computing controller. 

- - - - - - - 

HP 2240A Control Card with HP developed 
silicon-on-sapphire components 

16-bit microprocessor 
6K ROM for control and diagnostics 
1 K RAM for buffer memory and built-in clocks 
HP-IB Interface Processor 

Universal connection to local or remote 
HP 1000 Computer System with micro- 
processor-controlled interface 

HP 2240A Measurement and Con 
Processor, including control card; 
to 128 110 channels in 4 function 

additional function card slots 
to extend to a total of 256 
110 points 

HP 22922A screw termination strips and 
unterminated cables. Hooded connectors HP 22920A Signal Conditioning Tray 
connect to the rear of HP 2240A and HP 2241 A. rack mountable with up to  sixteen 

3-wire screw terminations. Shown 
with signal conditioning card installed. 

HP 22909A Test Fixture for off-line 
verification using HP 2240A ROM 
diagnostics 

Typical 2240A Measurement and Control Subsystem 



An intelligent approach to processing measurement 
and control signals 

The HP 2240A Measurement and Control Processor con- 
tains built-~n m~croprocessor intelligence that gives you a 
new approach to processing measurement and control sig- 
nals. Real-Time measurement and control tasks previously 
handled by a computtng controller can now be delegated to 
the HP 2240A. All timing, scanning, buffering. formatting and 
interrupt handllng functions are also decoipled from the 
computer and handled independently by the HP 2240A, 
enabling more predictable and repeatable task perfor- 
mance Decoupling these tasks from the computer allows 
your controller to perform other tasks, resulting In higher total 
system throughput. 

A powerful command set 1s Included In tne HP 2240A 
flrmware so that you can easlly prclgram tasks on HP com- 
putlng controllers In common h~gh-level languages such a 
FORTRAN, BASIC, HP Assembly and HPL Because of thls 
programrrllng ease, the HP 2 2 4 0 ~  1s a logical way to help 
reduce applicat~ons softwale costs, 

Standardized interface to easy-to-use c:omputers 

The HP 2240A 1s deslgned to operate with computers that 
are compatible with the Hewlett-Packard Interface Bus (HP- 
IB), our implementatton of IEEE Standard 488-1978 "Digital 
Interface for Programmable Instrunientatior~", and identical 
ANSI Standard MC 1.1. A single cable confection is all that 
is required to link your corrlputlng controll€!r to the 2240A 
and ~ t s  assoctated products creailrlg the nucleus of a hlgh- 
performance measurement and control sy:,tem 

Hewlett-Packard offers a w113e varletv of comDuters - from 
desktop models to larger models fo; hlgher computational 
and control appllcat~ons Uslng the standarc HP-IB Interface 
you can easlly plug together the msasurerrent and control 
setup that flts your appllcatlon, lncludlng local and remote 
connection capablllty to your computlng ccntroller wlthout 
the need for specla1 hardware or software dfs lgn or support 
And wtth the HP 12050A Flber Op IC HP-IEi L~nk you can 
locate your 2240A measure.nent a i d  control statlon up to 

100 metres from your computlng controller The flber optlc 
transmsslon medlum provldes excellent electromagnet~c 
nolse mmun~ty and electrical lsolatlon between computlng 
controller and ~nstrumentat~on, whlch 1s Ideal for industrial 
measurement and control appllcatlons In severe 
environments 

Adapts to your growing measurement and 
control needs 

The HP 2240A approach adapts to your growing measure- 
ment and control requirements. HP's Real-Time Executive 
(RTE) operating system on HP 1000 computers enables 
real-t~me scheduling of multiple programs by priority, event, 
time clock, or by another program. This "multiple program- 
ming" capability allows you to add more HP 2240A mea- 
surement and control stations, either on the same HP-IB 
cable or with additional HP-IB cables. Multiple HP 2240A's 
and their display terminals share the resources of the one HP 
1000 computer automatically under the control of the HP 
1000's RTE software. 

Additional HP 2240A stations can be locally or remotely 
connected. The HP 12050A Fiber Optlc HP-IB link extends 
your HP-IB capability to 100 metres. With a HP 37201A 
HP-IB Extender you can connect a 2240A station up to 1000 
meters over a slngle twisted palr of wires. For extremely 
remote locations you can use the HP 37201A and industry 
standard modems to delegate tasks over phone lines, thus 
savlng you the expense of an additional computing control- 
ler at the remote slte. 

Your measurement and control may grow to the point where 
you have multiple computing controllers with their 2240A 
stations. With off-the-shelf distributed processing software 
for the HP 1000 Computer Systems, you can tie together 
your measurement and control automation areas into a 
computer-to-computer network. This allows you to share ex- 
pensive line printers for reports and disc memories for com- 
mon programs and test data. You can pass automatically- 
collected work station data to central manufacturing for 
standards and variance analysis. You can even share com- 
puting needs with other computers in your network, allowing 
you to reduce the computing power (and cost) required at 
remote test stands. 



HP 2240A Operation: 
easy steps to automation 

You can understand and use the HP 2240A n lust a few 
hours and start to implement your measurement and control 
solut~ons The d~agram shows the simplic~ty of the 2240A 
approach The computer controller 1s connected to the 
2240A vla a slngle HP-IB Interface cable, and connect~on of 
the 2240A to your appllcatlon is vla common lndustra sen- 
sors and devlces For more versat~lity requ~red by your ap- 
plcat~on, you may add other HP-IB compat~ble instruments 
to your 2240A station ~n a test or control cluster all controlled 
by a common HP-I8 connection to the computng controller 

A self-teaching users n ian~a l  with riullerous mzas~~re-ne i~ t  
and control examples 1s delivered w th  every 2210A Gett~rig 
started takes a matter of hours and does 101 reydre 
spec~al~zed tralnng courses away from your faclty In atic!~- 
t~on  stra~ghtforward nstructlons ~n tne HP 2240A n s t a a t ~ o n  
a i d  service manual along w ~ t ?  the use of the HP 229098 
Ver~f~cat~on Kit make nstallat~ori w~thout special tralliing a 
realrty lnstallat~on plannng and field wrlng dagrams 
s~mpl~fy sensor and control po111t connections for uotti the 
electr~cian and the programmer 

Connect the HP 2240A and HP computer 

Select the HP computer w ~ t h  the computat~onal power and 
rnemorv that meets vour measurement and control reauire- 
ments and connect l i  to your HP 2240A vla the s~ngle H'P-16 
cable The HP-I8 IEEE 488-1978 interface standard el~ml- 
nates the need for spec~al des~gn of computer-to-~nstrument 
Interface loglc and cables By us~ng the Industry standard 
interface and p u t t ~ ~ g  more of the Interface control software 
~nto  the 2240A s mlcroprocessor HP frees you from the 
programmlng details of t lm~ng and Interface control And ~f 
your apgl~cat~on requlres local and remote ~nstallat~ons of 
several 2240As there are no com~l ica t~ons to your opera 
t~ons because with the use of staidard HP IB Interface mes- 
sage protocol local or remote programmlng 1s ident~cal 

Connect the HP 2240A to your appllcat~on 

The HP 224OA connects to yoLr measurement and control 
appl~cat~on v a  coilimon ind~~s t r~a l  sensors or control points 
A s n y e  2230A mainframe accepts botn analog and d ~ g ~ t a l  
~ rpu ts  and o ~ ~ t p u t s  and several ~nterrupt-dr~ven nputs to 
make t easier for you to i~ter face to real-t~me processes 
You can add specla sigr~al condltonng w~l t i  s~mple screw 
termnal connections ~n a separate structure so that your 



2240A is isolated from any electrical noise or interference 
emanating from your measurement points. The HP 2240A 
has a full ranae of measurement and control functions, and 
you can add special purpose instrumentation via the HP-IB 
without any special hardware or software interface design. 

Delegate tasks to the HP 2240A 

The HP 2240A has a high level of intelligence that allows you 
to delegate real-time tasks from the comput2r controller. A 
single program statement can delegate a complete 
measurementicontrol task to the 2240A. Wil hout further in- 
teraction with the computer, the 2240A hold: the delegated 
task instructions in its memclry and executes them in se- 
quence. A complete task can inclucle synchronizing 2240A 
operation with an external event, pc?riodically acquiring a 
group of measurements, starting a control sequence at a 
specified time, or repeating an entire series of commands. 
Buffering of measurement and control output:; is handled by 

0 the 2240A microprocessor and its fast read and write mem- 
ory. Results are automatically formztted by the 2240A for 
transmission to the controller, further reducing computer 
overhead 

The powerful command set in the HP 2240A is easy to 
understand and use. The high level statements of the com- 
mand set make system programming easier, while the task 
delegation capability frees the computer for other uses and 
reduces program timing constraints. 

Easy self-testing and servicing 

A significant advance in self-testing capability has been 
designed into the HP 2240A that allows you to test your 
measurement and control interface independent of the 
computer system. Remote measurement stations no longer 
need a separate terminal link back to the computer to run 
computer-based diagnostics. Over 2K words of diagnostics 
in the 2240A firmware, combined with the capabilities of the 
HP 22909A Test Fixture, makes testing and servicing of the 
HP 2240A easy and reduces downtime and maintenance 
costs. 

Power on self test. The HP 2240A runs self tests to verify 
control circuit operation every time power is applied to 
the unit. It tests the microprocessor, RAM and ROM 
memory patterns, HP-IB Interface chip, and 2240A 
backplane circuits. 
Subsystem configuration check. A single command 
checks the configuration of all function cards in the HP 
2240A mainframeiHP 2241 A extender. Commands to the 
analog Input function card quickly check the ADC for OV 
and 10V full scale operation. 
InpuVOutput signal simulation. The HP 22909A Test Fix- 
ture can be used to simulate your signal inputs and test 
2240A control outputs before you connect up to your 
applicat~on's test stand or process. 

The test fixture, ROM memories and service manual allow 
you to qu~ckly isolate failures to the HP 2240A funct~on card 
level. You can then replace the board and take advantage of 
HP's fast and effect~ve worldwide board exchange program. 

Control c: 
interface 
cable 

Simulated sensor 
and control s~gnals 
to funct~on cards 

HP 22909A test fixture and cables allow complete ver~hcatron of all 
HP 2240A anof HP 2241 A analog and digrtal function cards, inde- 
pendent of the computer controller. 



HP 2240A Programming Simplicity . . . 
with HP-MCL 
Programming the HP 2240A Measurement and Control Pro- 
cessor is easy because of its powerful, built-in micro- 
processor and the flexible IEEE 488-1975 Interface bus. The 
microprocessor prov~des the HP 2240A with an easy-to- 
learn command set, called HP-MCL (Hewlett-Packard's 
Measurement and Control Language), that is tailored to pro- 
duct test and equipment control applicat~ons. The IEEE 
488-1975 (HP-IB) interface bus allows you to program the 
HP 2240A from any comput~ng controller w~th the standard 
Interface. 

With the power of HP-MCL and flexlbll~ty of HP-IB, a comput- 
Ing controller can now delegate complex measurement and 
control operat~ons to the HP 2240A, wh~ch frees the control- 
ler (and programmer) from deta~led tasks ~t previously had to 
control The delegated operatlons can be one or more 
HP-MCL commands to gather analog and dig~tal data, Walt 
for d~g~ta l  tr~ggers pace read~ngs, or control events vla 
analog or d~gital outputs, make dec~s~ons, and manage re- 
~ea ted  execution of measurement tasks 

Communications between the computing controller and the 
HP 2240A is achieved through simple HP-IB data messages. 
The messages convey requests, results, status information 
and control signals, such as the interrupts shown on the 
simplified HP 2240A Measurement and Control Processor 
block diagram shown below. Programming the HP 2240A 
therefore is via the use of REQUEST and RESULT data 
messages. A REQUEST message is one or more commands 
to the HP 2240A grouped together. A RESULT message is 
the data returned by the HP 2240A. 

HP-MCL . . . Requests that get results 
The HP-MCL command set built into the HP 2240A consists 
of easily recognized mnemonics that can be grouped to- 
gether in many combinations into an alphanumeric RE- 
QUEST message and sent to the HP 2240A with a simple HP 
BASIC, FORTRAN, or HPL statement used by HP computing 
controllers The HP 2240A memory interprets the REQUEST 
message and executes the commands in sequence with no 
further Interaction with the computer, then formats a RESULT 
message in ASCII for the computer to read. The computer 
reads the RESULT message, again, via a simple HP BASIC, 
FORTRAN, or HPL statement. 

The HP-MCL command set for the 2240A is summarized in 
the table on page 2-1. The commands are grouped into 
types and each command is marked as to its compatability 
with the measurement and control function cards available 
for the HP 2240A. Note that most commands require other 
parameters to be specified with the command mnemonic, as 
shown in the simple example REQUEST message shown 
below: 

Al. 4. 1. 4 ! 

Mnernonc t e r r n l n a t o r  

HP 2240A slot # 2 

Number of channels 

COMPUTER 

MICROPROCESSOR CONTROL 

REAL 
WORLD 
INPUTS 

AN0 
OUTPUTS 

HP 2240A Measurement and Control Processor Block Diagram 



HP-MCL COMMAND SUMMARY 

I Analog and Digital I10 Commands 

For use with the 22900A Analog lnput and 22915NB Low Level 
Analog lnput Cards r 

Al - Sequential Analog lnput (across a number of 
channels) 

AU -- Sequential Analog lnput (Uncorrected for temperature 
drift) 

RI - Repeated Analog lnout (on lone channel) 
RU - Repeated Analog lnout (Unc.orrected for temperature 

I drift) 

1 For use with the 22901 N B  Analog Output Card:, 

A0  - Analog Unipolar Output 
AB - Analog Bipolar Output 
RO - Repeated Analog Unipolar C)utput 
RB - Repeated Analog Bipolar O~~ tpu t  

For use with the 22902A Digital lnput an11 22903P Common Inter- 
rupt Card 

Dl - Digital (point) lnput 
FI - Field lnput (16 digital pointsifield) 

1 For use with the 229034 Comrron lnterrupt Carc 

MI - Mask Register Status lnput (Read) 
MO - Mask Register Output (Set) 
SI - Sense Register Status lnput ((Read) 
SO - Sense Register Output (Set) 

1 For use with the 22904A Digital Output Card 

DO - Digital (point) Output 
FO - Field Output (16 digital point:;ifield) 

I For use with the 229054 CounterISteppttr Card 

RC - Read Count 
CR - Counter Reset 
ST - Start Totalize 
SF - Start Frequency or Period 
SS - Start S t e ~ ~ e r  

Synchronizing, Timing, and Pacing Commands 

WB - Wait Before Each Data Transfer (specified time) 
WN - Wait Now (specified time) 
WR' - Wait and Reset Internal Timer (specified time) 
WT - Wait for Trigger (from Dig~tal lnput or Common 

lnterrupt Card) 
TP - Timer Preset (to specified time) 
TE - Read Time Elapsed 
WU - Wait Until Elapsed Time (specified) 
TI - lnterrupt Computer after specified Time Interval 

Task Supervision Commands 

RP-NX - Repeat - Next (loop~ng capability) 
IF-El' - IF-End IF (decision making capability) 
IC - lnterrupt Computer upon Task Completion 
IN - lnterrupt Computer Now 
IE' - lnterrupt Computer upon Error 
SN - System Normalize (Reset 2240 and all Cards to 

Normal State) 
PM - Processor Mask (Selectively disable internal 

2240A interrupts) 
SM - Set Require Service Mask (set which 2240A con- 

ditions issue a computer interrupt) 
BK - Block Current Result (Transmit current result as 

multiple data messages) 
ED - Block Default (Transmit all future results as multiple 

data messages) 
MB' - Mark Bin (Subdivide 2240A Buffer into user 

defined "bins") 
CB' - Close Bin (Seal current bin and continue to next 

bin) 
EX' - Exit a specified level of RP-NX loops (or terminate 

request) 

Test and Verification Commands 

AC - Analog Calibration 
AE - Analog Autocallbration Enable 
AD - Analog Autocalibration Disable 
CT - Counter Test 
VE - Verification Echo (for HP-IBcommunications testing) 
OT - Offline Test (for 2240A control card testing) 
SC - Read System Configuration 

Available with Extended Performance Opticin (see section 6). 

For specific function card programming examples, consult the data sheets in section 3. 



TIRE 

- 

Tire Equipment Measurement and Control Example 

Simplified Programming Example 
A tire equipment measurement and control application will 
demonstrate the simplicity of programming the HP2240A. In 
this application the HP 1000 computing controller delegates 
HP-MCL to the HP 2240A to measure out-of-round forces on 
a rotating tire (see test setup diagram). This is done simply 
with two HP FORTRAN statements: 

REQUEST 

L acquire analog lnputs 
from 2240A card #2. 
load cell channels 1 to 10 

L synchronize (or wait for trigger) 
the data acquisition with the tire 
sector pulse on channel 2, card 
slot 3, wait for pulse to go to 
h~gh  state (1 ) 

L repeat the following series 
of commands 20 times 

header. In the FORTRAN READ statement, 12 is the HP-If3 
device number and CODE IS the HP-If3 condition code (0 = 
no errors In executing task). The 200 analog readings are 
read in "free-field:: format ('), stored in an integer array 
MVOLT, and are immediately available for processing. 

HP 2240A Immediate Status 

The HP 2240A uses HP-IB secondary addresses or speclal 
character sequences to dlfferent~ate status reads from nor- 
mal requests Your program can ask for HP 2240A status at 
any tlme, even ~nterruptlng the transmlsslon of a long re- 
quest or result message The HP FORTRAN statements are 
shown below 

STATUS 
2240A busy working on CMD #5 

8, 0,  5, 0 

I NO errors 

The RP,20 . . . NX loop decouples the 2240A from the HP 
controller for 20 tire sector scans of 10 readings each. The The HP2240A immediate status addresses are summarized 
2240A buffers all 200 readings, formats the data and waits in the table below. 
for HP controller to read the result with the single FORTRAN 
statement: HP 2240A IMMEDIATE STATUS 

RESULT 

L reading #200 
dition 2240A code -I I 875 millivolts 

L reading #1 
350 millivolts 

Result data is returned in the same order as it was requested 
by the commands, with a condition code as a message 

INFORMATION 

2240A summary status (busy, 
result, ready, error, etc.) 

More details on 2240A status 
(error type, command being pro- 
cessed, etc.) 

Why the 2240A interrupted. One 
status READ captures all pending 
interrupts from processor and 
functkn cards, down to the single 
channel level. 

TYPE 

Summary 

Extended 

Interrupt 

SECONDARY ADDRESS 
(SPECIAL CHARACTERS) 

1 ($TI) 

2 ($T2) 

3 ($T3) 



i240A can 2240A functlon cards capNre 
reCelve requests data and store into 2240A 
at up to ?OK ~.har/rec Buffer at hlgh rater e g Analog 

AN0 CONTROL 
Inputs at 20K rampleslrec 

PROCESSOR 

2240A typncally responds to 
BUFFERS DATA ~nterruptr ~n 3JOuoec 
INTERPRETS 

2240A can . FORMATS 
t~anrm~t 2240A functeon cards control 
furmatted outputs from 2240A Buffer at 
nmlts at up tm> hlgh rater e g . Analog Outputs 
200K charlrer at 5K po$nn/lac 

I 

Typical HP 2240A Decoupled Data Rates 

HP 2240A Performancle: control portlon of your appllcatlon Typ~cal HP 2 2 4 0 ~  de- 
coupled data rates are shown on the s~mpllfled 2240A pro- 

decoupled operation allows better cessor dlagram 

performance prediction 
Uslng known execution tlmes of the 2240A processor, the 
delegated HP-MCL task becomes more self-conta~ned and 

Wlth decoupled HP-MCL task operation ycur HP 2240A IS Its Performance more predictable The task timing can be 
relleved from computer software uncertalntles, allow~ng bet- computed by adding UP the eh-~-~ents of request execution 
ter predlctlon of the performance of the measurement and 

Timing Elements 01 an HP MCL Request 

\ 
-- 

A1.2.1,lO +, 
_1/ 

P a r t ~ a l  R e q u e s t  

F I I ~ I  
C ' 1 3 r d C l e r  

I-- 2 0 + 910 751 8 75 ms- , , , Requerl Request Command5 10 readsngr readlngr corrected 
Tranrm~srlon Starrup before AI In er~reted captured lotmaned and raved 

0 000 0 0 0 

000 0 10 readlngr . 
-- 
200WHz 05mr 

You can add up the tlmlng elemeitsol ariv request 12 pred ct 11s vorst case executon 

I tne 

a Request Transm~ss~on or Startup 

Alter rece v ng a request at up to 70 000 characters sec and 0 7 ms lor Startup the 

2240A beg ns executing commands I t  wxhs left to rlghl procecs ng each command 

drld IS dala t'rltlrey before gong on to the next 

Command Execut~on 

Tlie 2240A ptocesses all commands s ntlarlv whether lhey capture data control 

OIIIPUIS synchron ze or s u ~ e r u  se 

@ t nterprets the command and prt3pares any output dat. 

@) t rap~dly captures a1 data for a measurement command rir updates a output 

channels for a control cofrmand 

@ II corrects (analog) formats and a v e s  n !lie buller an i  captured data 

@ Cleanup and Result Transm~ss~on 

Alter the last t ornmand s executed pu '  0 5 ms lot cleanup the 2240A s ready to 

begln transmlltlng the res~ l t  at up lo ZCO 000 characters sec 

time, as s~nmar lzed at the left 

Sample computation of performance 

Tak~ng the tlre equipment measurement and control appllca- 
t~on example glven previously In page 2-2, the measurement 
of ten load cell sensors IS triggered by the rotatlng tlre sector 
pulses The computat~on of sampllng tlme for each sector 
and for the complete request IS shown below The task IS 

deflned by the s~ngle request statement 

"RP, 20, WT, 3, 2.1, Al, 2, 1, 10; NX !" 

HP-MCL EXECUTK)N TIME 
COMMAND IN MILLISECONDS 

Request recelpt 

RP, 20 .55 ms 

WT 3 2, 1, 9 ms 

N X 3 5  ms 

Request cleanup and 5 +  200 x 6 bytes = mS 
result transm~ss~on 2OOK byteslsec 

The predlcted executlon tlme for 

or 

per second 

The total executlon tlme for 

thls lnner measurement loop n the 2240A RequestlResult IS 

9 + 8 7 5 +  3 5 = 1 0 0 m s  1 I +  5 5 + 2 0 ( 1 0 0 1 + 6 5 = 2 0 8 m s  

or 

the maxlmum number of  loop the max~mum number of  such tasks 

executions per second 

-- 
lo ms - 100 loops per second - 2A8 = 4 8 tasks per second 

This computation glves a good estlmate of worst case per- 
formance Transmlss~on rates may be llrnlted by your control- 
ler Interrupts may delay executlon about 300 psec per 
Interrupt Where tlmlng IS crltlcal, a command Can be used to 
shut of f  Interrupt sources durlng the remainder of the 
request 

The following table glves performance In a simple-to-use 
form for several commands Use those numbers as we have 
In the sample at the left to pred~ct 2240A performance In 
your appllcatlon 



PERFORMANCE OF SELECTED HP-MCL COMMANDS 

Execution Times are worst case ignoring delays due to interrupts. Note 
that the times shown for additional channels include the time for cor- 
rection and formatting and do not indicate the rate at which channels 
are actually scanned or updated. See the comments below keyed to 
each command for typical rates. 

2240A 
Command 

EXECUTION TIME 
IN MILLISECONDS 

I MEASLIREMENT Keyed Comments* 

First 
Channel 
or Field 

(ms) 

A1 

RI 

D I 

F I 

RC 

Each 
Add'l. Channel 

or Field 

(ms) 

rate of 90 psec per point (1 1,000 pointslsec). 
C 16-bit fields of digital points are gathered into 2240A buffer at a 

rate of 70 psec per field (14,000 fieldlsec). 

D Totalizer counts at 500 kHz maximum. Frequency counter at 500 kHz 
maximum. Period counter at 100 kHz maximum. 

E Maximum analog output update rate from 2240A buffer is 200 psec 

F Sequential digital output points are updated from 2240A buffer at a 
rate of 450 psec per point (2,200 pointslsec). 

G Sequential 16-bit fields of digital outputs can be updated from 2240A 
buffer at a rate of 250 psec per field (4,000 fieldslsec). 

H Adjustable stepper pulse output rates to 500 pulseslsec. 
I Interval Timer (TI) and elapsed time counter (TE) are updated every 

10 milliseconds. 
J Time for each ASCII integer to be echoed on HP-IB. 

K Allow 3 seconds for Offline Verification Test before initiating further 

Data gathering and update rates are typical. 

Complete Command Timing for all 48 commands is available in the 
HP 2240A Users Manual (02240-93001). Contact your local HP 
Systems Engineer for performance predictions tailored to your 

status interrupting card 

2.0 

2.0 

1.2 

1.5 

1.5 

.75 

.75 

,251 

.65 

.65 

A 

A 

C 

D 

A Maximum 20 kHz scan rate into buffer across channels, or 20 kHz 
sample rate on one channel for 250 - 300 sample buffer load. This 
rate can be guaranteed using a special command which inhibits 
interrupts. An additional 0 - 50 psec is required when crossing a card 
boundary. 

B Sequential digital points are gathered into HP 2240A buffer at a 



1 I processor extender 
e 

models 
2240A 
2241A 

Features 

- - - -- 

HEWLETT TPACKAXD u 

Microprocessor control of measurement and 
control cards 

Measurement and control 
processor 

Measurement and control 

Combined digital and analog I/O capability 

Easy to  understand operation 

Powerful high level HP-MCL programming 

HP-IB* compatibility gives flexibility of choice of 
computing controllers 

Adaptive drift correction for analog input 

Verification without need for computer cs~ntroller 

Submitted for UL listing 

Description 
HP 2240A MEASUREMENT AND C:ONTRC)L 
PROCESSOR MAINFRAME 

The 2240A Measurement and Control Processor consists 
of a bench top or rack mountable mainframe with self- 
contained power supply, printed circuit backplane, and a 
control card. The control card (see functional block dia- 
gram below) contains the microprocc!ssor, HF'-IB interface, 
firmware routines (6K x 16-bit ROM's) for execution of 
measurement and control functions and verification tests 
inconection with an available test fixture, anti 2K bytes 
of RAM memory for command and data storage. 

The 2240A holds four optional measurement or control 
function cards which can provide a rrtix of up to  128 ana- 
log and/or digital I/O points. A 2241 A Extender holds an 
additional four optional function car13s which are addressed 
through the 2240A for a total capaci.ty of 2513 analog and/ 
or digital I/O points. 

*HFs implementation of IEEE Standard 4.98 and A,VSI Standard 
MCI.  I "Digital Interface for Programmable Instrur~entation." 

The 2240A mainframe has a ready lamp which shows the 
2240A has passed a self-test which is administered by the 
microprocessor a t  power on or under program control. With 
the front cover removed, the 2240A has an additional 5 in- 
dicator lights that provide error information during the 
microprocessor controlled self test and a summary of activ- 
ity during normal operation. This same activity information 
is available as summary status under program control. 

HP 2241A MEASUREMENT AND CONTROL 
PROCESSOR EXTENDER 

The 2241 A Extender is identical to  the 2240A mainframe 
minus the microprogrammed HP-IB control card. Intercon- 
necting cables to  the 2240A are supplied with the 2241A. 

I iP 2240A Control Card Functional Block Diagram 
3-1 

HP IB 2240A 

I Backplane 
I 
I 

I I REFERENCE 

I I 

I 
PROCESSOR BUS DATA 22401 

Mcaurement 

FUNCTION I and Conaol 

CARD 
Function 

I INTERFACE INTERRUPTS Cardl 

I I ROM r 161 x 16 bltri 
I - 

Mncroprograr?med for 
HP IB anterface 

command ,nterpretat#on . backplane I ontrol - ddrd convelston 
and correctlon . ontavrupt a,,d 

RAM (1K x 1 6  bltrl 
COMMANDS & CONTROLS . ~ncernal umer 

elapssd tlme . conf ,gu,a t,on 
200 words 

.correction tables i 
a Task Buffer - 1  800 words - 1 



TEST FIXTURE 
CONNECTOR POWER ON LIGHT 
Provides power to  Indicr'tes on board Power Regulator 

Test Fixture i s  working 
ENABLE LIGHTS Four Analog or Digital. Input or Output 
Indicates that card is communicating function cards. Any function can f i t  in 

any of the four slots (see also @)) 

;q 
f:q J e :  

s; 

HP 2240A Activity Verification Test Buttons 
Indicators (see chart 

Test button and Lights. Used in con- 
for meaning) junction with HP 22909A 

Test Fixture and ROM's 
on control card t o  verify 
operation of control card 
and all function cards in 
HP 2240A and HP 2241A 

FRONT VIEW OF HP 2240A 

(with front panel cover removed) 



HP2240Al2241A INTERCONNECTION ;see photo below) 

@ HP-IB Interface - The HP-IB cable from the HP-IB con- 
troller hooks easily to the 224.0A. Up to 14 total 2240Al 
2241A sets can be connected to one kP-lB port giving 
up to 3584 analog andlor digital 110 points. 

@ Simple 2240Af2241A Interconnectior~ - The 2240A i s  
easily connected to the 2241 F\ via 2 cable assemblies. 
The slot control cable assembly allows the 2240A to 
specify which slot is addressecl in the 21241A and provides 
for the communicatiorl of interrupts (l3equire Service) 
from the card in the 2241A. The control bus cable assem- 
bly provides for data and command flow between the 
2240A and 2241 A. 

@ Plug-in Cards - Up to 8 110 cards can be controlled 
by each 2240A. A total of 11 2 110 cards with multiple 
2240A's is possible on one HP-IB interface. These cards 
can be mixed in any order and type within mainframes 
or extenders. 

@ Flexible Addressing via Single Channel or Multiple Chan- 
nel Commands - Each of the slots in the 2240A and 
2241 A is separated into 2 groups of 16 channels each 
called a field. With the appropriate card in the slot, each 
of the fields may be addressed on a single channel basis 
or as a 16 channel field. 

-- 
9.- 
g 

,, ., , 
: , ,  ' ( '  

To HP-I6 Controlle 

Rear View of HP 2240AlHP 2241A Interconnection 

PROGRAMMING STRUCTURE 

0 
There are 48 HP-MCL commands that are associated with system or that apply to multiple cards. The remaining 24 
the 2240A12241A and the function cards. 'These commands HP-MCL commands using Request/Result appear with the 
use the RequestIResult protocol debscribed :arlier for com- specific function card to which they apply. In addition, a 
munication between the controller and the 2240Al2241A. special protocol allows the user to determine at any time 
Tables 1 through 3 show 24 of these commands in func- the internal condition of the 2240A, including pending 
tional groups that pertain to the 2240A12241A as a sub- interrupts. This i s  shown in Table 4. 



Test and Verification Commands Task Supervision Commands 

Testing of the 2240A off-line, establishing the system con- 
figuration, verifying the operation of the HP-IB interface 
and checking the operation of the ADC and common inter- 
rupt card are accomplished by this set of commands. In 
addition, these functions can also be done under program 
control. Additional off-line testing of function cards is ac- 
complished by using the 22909A Test Fixture. 

Th~s set of commands prov~des the 2240A Measurement 
and Control Processor w ~ t h  the capab~lity to request servlce 
from a controller at an appropriate time during a test or 
process, set up loops w~th in  ~ t s  own requests, block data 
into the optimum format, and normalize to a known ready 
state. 

Table 1 

Table 3 

1 COMMAND I FUNCTION I 
COMMAND 

IC 

IN 

OFFLINE TEST: Abandon current request, 
go offline from HP-IB, run self test, and re- 
initialize the 2240A. (Also occurs at power- 
on.) 

SYSTEM CONFIGURATION: Return card 
types, and number of channels for all 8 pos- 
sible slots. This information is gathered and 
saved only at initial power-on and following 
execution of the OT command. 

FUNCTION 

INTERRUPT ON COMPLETION: lnterrupt 
controller (Require Service) upon comple- 
tion of the current request. 

INTERRUPT NOW: lnterrupt controller 
(Require Service) when command is en- 
countered, and then proceed to process any 
other commands in the current request. 

SEQUENTIALLY WRITE SIMULATED 
INTERRUPTS: Allows simulation of inputs 
to common interrupt card to  test for the 
proper operation of the sense and mask 
registers in generating interrupts. 

REPETITIVELY READ ADC 10 OR 0 V 
REFERENCE: Verifies proper operation of 
majority of ADC card without disconnection 

RP 

NX 

SN 

PM 

ing of the current request. 

-E-I 

REPEAT: Repeat the following series of 
commands, between the RP and the NX 
command, for the specified number of times. 

NEXT: End of the repeat series initiated by 
the last RP command. 

SYSTEM NORMALIZE: Resets cards, inter- 
nal timer, interrupts, blocking, and interrupt 
(Require Service) mask; re-enables ADCauto- 
calibration. 

PROCESSOR MASK: Select which internal 
functions are permitted to interrupt process- 

I Select which conditions can cause a control- 
ler interrupt (Require Service). Power ON 

VE VERIFICATION ECHO: Echo the specified 
parameters back to  controller to  verify the 
HP-IB operation or t o  simulate data input. 

Synchronization Timing, and Pacing Commands 
BK These commands enable the 2240A Measurement and 

Control Processor to synchronize the inputs and outputs 
of function cards and to  utilize an 8-hour clock for time 
interval interrupt capability and elapsed time monitoring. 
Basic timing is derived from a 0.01% crystal reference. For 
a complete discussion on timing and the effect of interrupts 
on accuracy, see the HP 2240A User's Manual. 

default values determined by swltch on front 
of control card. 

BLOCK CURRENT RESULT. Transmlt cur- 
rent result as multiple data messages. Set 
maximum number of free-field data items 
for each messaae. 

BD BLOCK DEFAULT: Transmit current and I future results as multiple dat~messages. Set 
maximum number of free-field data items 

, for each message. 1 
Table 2 

1 COMMAND 1 FUNCTION Immediate Status 

The 2240A uses HP-IB secondary addresses or character 
sequences (e.g., $T I )  to  differentiate status reads from 
normal requests. A program can ask for status at any time, 
even interrupting the transmission of a long request or 
result. 

I 

1 or outputs to cards in the current request. 
(1 ms resolution.) I 

WB* 

WAlT NOW: Wait the specified time before 
proceeding with request processing. (1 ms 
resolution.) 

WAlT BEFORE EACH CARD 110: Wait the 
specified time before all subsequent inputs 

Table 4 I WT* I WAlT FOR TRIGGER: Wait until specified 
logic level occurs on a digital input or corn- 1 
mon interrupt channel. 

UNTIL: Wait until elapsed time is Information 

Current activity of 2240A: Re- 
quest being received, busy execut- 
ing, result ready, error in last re- 

quest, or Interrupt pending. 

More details: which command IS 

being executed, type of error, i f  
any. 

Why the 2240A interrupted: pend- 
ing interrupts from processor and 
function cards down to  the single 
channel level. Clears pending in- 
terrupts. 

Type 

Summary 

Extended 

lnterrupt 
ELAPSED TIME PRESET: Preset elapsed 
time clock. Count will roll over to 0 at time 
of 28800 seconds (8 hours). (10 ms resolu- 

Secondary 
Address 
(special 

characters) 

1 
( $ T I )  

2 
($T2) 

. 3 
($T3) 

TE 

T I  

I tion.) 

Interrupts may be disabled for best  timing/triggerinp accuray. 

equal to or greater than the time specified 
in the command. (1 ms resolution.) 

READ TIME ELAPSED: Read time ins sec 
and msec from elapsed time counter. (10 ms 
resolution.) 

TIME INTERVAL PRESET: Preset the 
interval timer to  interrupt the controller 
(Require Service) after the specified time 
delav. 



Specifications 

Interface Specifications: 

The 2240A requires an electric and me1:hanical interface 
compatible with IEEE Standard 488-1078. In addition, 
the programming interface must be capable of handling 
5messages sent or received on the HP-16. These five are: 
Data message, Require Service message Status Byte 
message, a Clear message, and an ABorr message. Details 
on these messages can be found in HP ;!240A Measure- 
ment and Control Processor User's Manual (02240-93001). 

Physical Dimensions (width x hei!jht x del~th):  
2240A: 48.26 cm (19 inches) .K 22.23 :m (8-314 inches) 

x 35.56 cm (14 inches); Nel: Weight: 13.8 kg (30.4 Ib.) 
2241A: 48.26 cm (1 9 inches) :< 22.23 I:m (8-314 inches) 

x 35.56 cm (14 inches); Net Weight: 13.1 kg (28.8 Ib.) 

(Net weight of 2240Al2241 A does not include func- 
tion cards.) 

Environmental: 
Temperature: 

Operating: 0 to 55O C (224C1A air inrake ambient) 
Non-operating: -40' C to  75O c 

Humidity: 10 to 95% relative huniidity non-condensing 
@ 40°c 

Power Requirements: 
Voltage fAC single-phase): 120V +6%, -28%; 240V +6%. 

-28% 
Current: 1.4A maximum @ 127 VAC, 0.7A maximum @ 

253 VAC, including worst-case card!;. 
-Powel-: 130 watts maximum (including function cards) 
Frequency: 48 - 66 Hz 

Product Safety: The HP 2240A12241 A has been submitted 
to Underwriters Laboratories f l ~ r  listinc (bench top ver- 
sion only) and recognition (rack mounted version) under 
the Process Control Standard 1092, with complimentary 
listing and recognition under Data Processing Equipment 
(UL478) and Office Appliance!; (UL114). 

In addition, the signal conditio~iing cards (2291 2A, 
22913A, 22914A). the signal conditioning tray (22920A) 
and the general purpose screw t:erminaton tray (22922A), 
are in the process of being submitted to Underwriters 
Laboratories for recognition under the same categories. 

Prerequisites 

2240A: HP-I6 Interface and cable and one 22909A Test 
Fixture (pg. 24) per facility for installation 

2241A: 2240A (one 2241A per 2240A: 

Hardware Supplied 

HP 2240A Measurement and Control Processor including 
AC power cable, and microprocessor-based control card 
with HP-I6 interface. I t  includes ROM's (firmware) which 
implements the following request/result protocol, all com- 
mands to all function cards, immediate status, self tes t ,  and 
function card verification. 

HP 2241 A Measurement and Control Processor Extender 
including AC power cable, slot control line cable (02241- 
60002), and control bus cable (02241-600C13). 

Input/output cables from the function card:; in the 2240A 
or 2241 A to  signal conditioning cards in the 22920A and to 
termination strips (22922A) are not provided with the 
2240A or 2241A. See the Cable As!;emblies data sheet 
(Models 22906A, 22907A, and 22908A) fat. ordering infor- 
mation. 

Software Supplied 

2240A: None required. User program communicates directly 
with 2240A firmware via READ and WRITE statements 
or equivalent. 

2241 A: None required. 

Documentation Furnished 

2240A: HP 2240A lnstallation and Service Manual (02240- 
93003), HP 2240A Measurement and Control Processor 
User's Manual (02240-93001 ), and HP 2240A Quick 
Reference Guide (02240-93005). 

2241A: All information on the 2241A function cards, sig- 
nal conditioning and accessories are also included in the 
manuals supplied with the 2240A. 

Accessories 
229096: The 229098 consists of a test fixture, a func- 

tion card extender board, and control and function 
card cables that allow calibration and maintenance 
adjustments. Complete maintenance of the 2240A 
require spare boards and parts in addition to tes t  
equipment specified in the 2240A Installation and 
Service Manual. 

2291 06: The 2291 0B consists of a power supply ex- 
tender that allows withdrawal of the internal 
2240Al2241A power supply for dynamic testing. 

2291 1A: Bench top cover for the 2240Al2241A. 
Required for bench top applications (not used in 
rack mounted applications). Physical dimensions 
(width x height x depth): 48.26 cm (1 9 inches) x 
22.23 cm (8.75 inches) x 33.66 cm (13.25 inches); 
Net Weight: 144 kg (3.25 Ib.) 

Ordering Information 

For the entire 2240A family, the products are ordered as 
the product number with the appropriate option number 
if required. Field upgrades use the same product numbers. 

Installation 

The 2240A12241A mainframe, function cards, signal con- 
ditioning, and accessories are customer installed products. 
A t e s t  fixture (22909A) i s  required per customer facility 
for operational checks of the function cards. Complete in- 
structions for installation are contained in the HP 2240A 
lnstallation and Service IManual. Hewlett-Packard will Pro- 
vide installation services on a time and material basis. Cus- 
tomers desiring this installation service should contact their 
local Hewlett-Packard sales office. 

Warranty 

All Hewlett-Packard software products, computers, compo- 
nents, and systems are covered by warranty for a minimum 
of 30 days or a maximum of 90 days, depending upon the 
type of product and the conditions of purchase. For speci- 
fic information, contact your Hewlett-Packard Sales 
Representative. 



Features 
16 non-isolated differential or 32 non-isolated, single- 
ended, solid state multiplexed channels (jumper. 
selectable) 

CMOS Multiplexer with 12-bit, 20 kHz successive 
approximation ADC and sample and hold 

Operates in 3 modes - random, sequential, and repeti- 
tive (single-channel sampling) 

+10V inputs, overvoltage protection 

Adaptive temperature drift correction 

Description 
The 22900A A/D Converter and Multiplexer card provides 
the capability of converting 32 single-ended or 16 differ- 
ential analog voltage inputs to digital form. Each card is 
dedicated for either differential or single-ended inputs. 

A unique feature of this card is a self-check and adaptive 
drift correction feature using a highly stable reference sup- 
ply and a temperature sensing circuit. The adaptive drift 
correction is  performed automatically or i t  can be requested 
under program control. 

Specifications 
Resolution: 12 bits including sign; LSB = 5 mV 
lnput Channel Span: 20 volts 
lnput Channel Range: -10 to + I0  volts 
Common Mode Rejection (CMR): Z 80 db DC to 100 Hz 

Sample and Hold: 
Aperture Time: < 250 ns 
Delay: < 220 ns 

Crosstalk (differential mode): 
Common Mode Crosstalk: 80 db DC to  100 Hz 
DC Crosstalk: 80 db 

lnput Overload Crosstalk: Readings on other channels in 
specification with a maximum of f 15V on any one 
channel. 

lnput Overload Protection: Diode resistor clamping 
Steady State: Up to f 15V on any one input line to 

ground or to another input. 
Transient: k42V for 500 ms without damage. 

I BACKPLANE 1 
I 

SUPPORT & 

TEMPERATURE TIMING LOGIC 
SENSOR 

32 

AOC 

DIFF. TO 
SINGLE-ENDED 
AMPLIFIER1 
CONVERTER 

POYlER SUPPLY - A N D  CALIBRATION 
REFERENCE 

HP 22900A Functional Block Diagram 

Effective lnput Impedance: 
Power Off: 1 KR (f 10%) to ground, 2 K n  (*20%) to any 

other channel. 
Power On: 2 5 M n  
Source Impedance: Up to 1 KR 
Source Imbalance: Up to 'I KR 
Common Mode Return: Up to 10Kn maximum 



Accuracy: * 
With Drift Correction: 

Prerequisite 

Accuracy at 0 -  5 5 ' ~  ambient: t0.05'X of input 
channel span f% LSB (after 5-minute warmup). 

110 Drift Correction: 
Accuracy at 2 5 ' ~ :  *0.037% of input channel span 

f% LSB (after 5-minute warmup), +0.02%/30 days 
of input channel span. 

Temperature Coefficient: f 0.002%/'(: of input chan- 
nel span. 

Maximum Voltage for Rated Accuracy: 
Differential Input: Differential Q k1OV; common 

mode voltage Q +10V; sum Q +-lo\/. 
Single-Ended Input: Between input ar~d common 

< +I ov. 
Repeatability: ?0.025% input chantiel span 
Throughput to 2240A Buffer: Up to 200 - 300 samples (de- 

pending on the magnitude) at 20 kHz rate with micro- 
processor interrupts disabled. (See HP 2240AlHP 1000 
System Performance, pages 16 - i 7.) 

Physical Characteristics: 
PC Board: 34.80 cm ( 1  3.7 inches) long; 218.91 cm 

(1 1.38 inches) wide. 
Net Weight: 0.7 kg (1.6 Ib.) 

Power Required: 8 watts 
Environmental: Same as 2240A Measuremer~t and Control 

Processor. 

With respect to the voltage standard used as the rt?ference during 
user calibration. Accuracv includes linearity, offsc?ts, gain calibra- 
tion transfer and dynamic response erron, ~ 1 0 %  line voltage varia- 
tion. I t  includes multiplexer, sample ancf hold, amplifier and ADC. 

2240A or 2241 A (1 slot) 

Hardware Supplied 

22900A 20 kHz 12-bit ADC 

Software Supplied 

None required 

Programming Example 

Scan I 6  analog channels from 22900A in slot 1 and return 
the data in corrected millivolts. 

A REQUEST n 

Where: 
A l  = READ Sequential ADC channels and return 

readings as corrected millivolts. 
1 = Start at slot 1 
1 = Start at channel 1 

16 = Scan 16 channels 

0 = Condition code, 0 or I 
0 = no errors 

9870 = 9870 mV = 9.870V (Channel 1) 
-651 5 = -651 5 mV = -6.51 5V (Channel 2) 

kxxxxx = General format of returned data, -10000 to 
+I0000 mV, step size 5 mV. 

TABLE OF 22900A HP-MCL COMMANDS 

FUNCTION 

ANALOG CALIBRATE: Perform a temperature calibration on an analog input card, to update drift 
correction factors. 

ANALOG AUTOCAL DISABLE: Inhibits Auto Calibration cycle, which prevents automatic update 
of drift correction factors. 

ANALOG AUTOCAL ENABLE: Allows automatic updating of drift correction factors when tempera- 
ture changes. 

I A l  1 ANALOG INPUT: Reads sequential analog input channels and corrects for temperature drift. I 
ANALOG UNCORRECTED INPUT: Reads sequential analog input channels uncorrected for tempera- 
ture drift. 

REPEATED ANALOG INPUT: Repeatedly reads analog inputs from a single channel and corrects for 
temperature drift. 

a Note: For more details on 22900A commantls, see HP 2240A User's Manual (02240-93001). 

RU REPEATED ANALOG lJNCOR RECTED INPUT: Repeatedly reads analog inputs from a single channel 
which are uncorrected fc'r temperature drift. 



model 
22901 A 
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Features 
4 independent channels 

4-C hannel dig ital-to-analog 
voltage converter 

10-bit non-isolated voltage D/A converters 

Bipolar or unipolar operation (jumper selectable) 

Kelvin connection per channel to maintain accuracy 
at load 

Automatic readback before output on first level 
storage for error checking 

Description 
The 22901 A D/A Voltage Converter card provides 4 inde- 
pendent digital-to-analog converter channels. Each channel 
is  jumper selectable for bipolar or unipolar operation. Kel- 
vin connections per channel compensate for line resistance 
giving more accurate outputs. Dual level storage for error 
checking (switch selectable) is also provided. 

Specifications 

Analog Output: 10-bit voltage output, non-isolated. 
Unipolar: 0 - 10.23 VDC @ 5 ma 
Bipolar: -10.24 to  +10.22 VDC @ 5 ma 
Resolution: Unipolar 10 mv 

Bipolar 20 mv 

Accuracy: +0.1% full span @ 2 5 ' ~  
Temperature Coefficient (0  - 5 5 ' ~  ambient) : 

Offset: i0.003% full  span/'^ 
Gain: +-0.010% full spanIoc 

Ripple and Output Noise: 5.0 mv P-P maximum, DC to 
500 kHz 

Settling Time: 100 ps to  0.1% of final value 

Maximum Analog Output Update Rate From 2240A 
Buffer: 200 ps per point (5000 pts./sec). (See HP 2240A1 
HP 1000 System Performance, pages 16 - 17.) 

Output Protection: can withstand indefinite short circuits. 
Data Output Format: + Millivolts HP 22901A Functional Block Diagram 

Physical Characteristics: 
PC Board: 34.80 cm (1 3.7 inches) long; 28.91 cm (1 1.38 Hardware Supplied 

inches) wide 22901 A 4-channel DAC 
Net Weight: 0.6 kg (1.3 Ib.) 
Power Required: 9.3 watts 

Software Supplied 

Environmental: Same as 2240A Measurement and Control None required 
Processor. 

Prerequisite 

2240A or 2241 A (1 slot) 



Programming Example 

Output 8.6V. -3.2V, 1.24V, and -9.88V from 4 bipolar Where: 
channels on DAC card in slot 2 of :2240A. AB = analog bipolar output 

2 = Start a t  slot 2 
1 = start at channel 1 
4 = Output 4 channels 

8600 = output value in millivolts channel 1 
-3200 = output value in millivolts channel 2 

1240 = output value in millivolts channel 3 
-9880 = output value in millivolts channel 4 

0 = Condition code, 0 or 1 
0 = no errors 

TABLE OF 22901A HP-MCL COMMANDS 

COMMAND FUNCTION 

ANALOG BIPOLAR OLITPUT: Writes sequential bipolar analog output. 

ANALOG UNIPOLAR OUTPUT: Writes sequential unipolar analog output. 

REPEATED UNIPOLAFt ANALOG OUTPUT: Outputs a sequence of voltages to a single unipolar analog 
output channel. 

REPEATED BIPOLAR ANALOG OUTPUT: Outputs a sequence of voltages to a single bipolar analog 
output channel. 

4B Note: For more details on 2290 I A  commarlds, see HP 2240A User's Manual (02240-9300 1). 



Features 

- - - - - - 

Voltage or current outputs 

12 bit D/A Converter 

4 independent channels 

Bipolar or Unipolar Voltage Outputs 

4-C hannel digital-to-analog 
converter with voltage model 

22901 B 
or current outputs 

Kelvin connections per channel to maintain accuracy 
at load (Voltage mode) 

0 

Automatic readback before output on first level 
storage for error checking 

Description 

The 22901 B D/A converter card provides 4 independent 
digital-to-analog converter channels. Each channel i s  
jumper selectable for Unipolar or Bipolar Voltage opera- 
tion or 4-20 mA current operation. 

Specifications 

Analog Output: 12 bit voltage or current output, non 
isolated. 

Unipolar: 0 to 10.23 VDC @ 20 mA 
Bipolar: - 10.24 to  10.22 VDC @ 20 mA 
Current: 4 to 20.376 mADC, 700 ohm load 

max using internal supply, 1000 ohm 
load max with external 24 VDC power 
supply. 

Resolution: Unipolar 2.5 mV 
Bipolar 5 mV 
Current 4pA  

Accuracy: 20.025 full span (25 '~ ) ,  k.  1 % (current) 
Offset: Unipolar + 0.0005% full spaa/'c 

Bipolar 2 0.002% full span1 C 
Current + 0.0045% full span f~  

Gain: Voltage + 0.004% full  span/'^ 
Current + 0.006% full 

Ripple and noise: 5.0 mV P-P max DC to 500 KHz 

Settling Time: 1OOyS to 0.1% of final value 
Maximum Analog Output Update rate from 2240A 
Buffer: 200psec/point 

Output protection: Can withstand indefinite short circuit 
(voltage mode) or open circuit (current mode) 

Data Output Format: Voltage mode + millivolts; 
current mode % of .4-20 mA span; 0=4 mA, 
1000=20 mA (1 000=100% of span). 

Physical Characteristics: 
PC Board: 34.80 (13.7 inches) long; 28.91 (1 1.38 

inches) wide 

22901 B Functional Block Diagram 

Net Weight: 0.6 Kg (1.3 Ibs) 
Power Required: 10 Watts 

t24 VDC @ 80 mA/Card for current 
outputs capable of driving 700-1000 Ohm 
loads (20 Volt compliance) 

Environmental: Same as 2240A Measurement and 
Control Processor 

Prerequisite 
2240A or 2241 A (1 slot) 

Hardware Supplied 
22901 B 4-channel DAC 

Software Supplied 
None required. 



Programming Example 
Where: 

Output 8.6V, 55% of 4-20 mA, 12.4% of 4.20 mA, and 
9.88V from 4 channels on DAC in card slot 2 of 2240A. 
Channels 2 and 3 are 4-20 mA outputs. 

AO, 2, 1,4,8600, 5500, 1240, 9880! CL*~ 
A0 = analog output 

2 = start a t  slot 2 
1 = start a t  channel 1 
4 = output 4 channels 

8600 = output value in millivolts channel 1 
5500 = % of 4-20 mA span in .01% 

steps channel 2 
1240 = % of 4-20 mA span in .01% 

steps channel 3 
9880 = output value in millivolts channel 4 

TABLE OF 22901B HP-MCL COMMANDS 

I COMMAND I FUNCTION 1 
ANALOG BIPOLAR OUTPUT: Writes sequential bipolar analog output. 

ANALOG UNIPOLAR OUTPUT: Writes sequential unipolar analog output. 

REPEATED UNIPOLAFI ANALOG OUTPUT: Outputs a sequence of voltages to a single unipolar analog 
output channel. 

REPEATED BIPOLAR ANALOG OUTPUT: Outputs a sequence of voltages to a single bipolar analog 
output channel. 

Note: For more details on 229018 cornrnaods, see HP 2240A User3 Manual (02240-93001). 



Features 
32 channels per function card 

TTLICMOS compatible logic levels 

lnput i s  single-ended, non-isolated voltage or contact 
sense (internal pull-up to 5V with no filter) 

Schmitt trigger input for improved noise immunity 

Monitors the binary state of each channel or in groups 
of 16 channels (a field) at a time. 

- -- - - - 

HEWLETT SPACKARD La 

Description 

32-Channel digital input model 
22902A 

The 22902A Digital lnput card accepts 32 channels of either 
TTL or CMOS level inputs. Internal pull-up to +5V (with 
no filter) i s  provided for contact sense applications. 

Specifications 

Signal Input: 
Voltage: HI: Maximum 15.OV 

Minimum 4.3V ] (~og i c  1) 

LO: Maximum 0.7V 
Minimum -1 .OV } Logic 0) 

Current: HI: @ 15V; 3.3 mA maximum 
@ 4.3V; -0.3 mA maximum ] (Logic 11 

LO: @ 0.7V; -1.5 mA maximum 
@ -1 .OV; -2.0 mA maximum ] (Logic 01 

Source Contact Resistance (for Contact Sense): 
HI (Contact Open): 2 25KR 
LO (Contact Closed): < 500R 

Maximum Operating Voltage: 
-1 < (common mode + signal) < + 15V 

Maximum lnput Rate to 2240A Buffer: 
Sequential Digital Points: 90 ps per point (1 1,000 

pointslsec) 
16-Bit Fields: 70 ps per field (14,000 fieldslsec) 
(See HP 2240AlHP 1000 System Performance, pages 
16-17.) 

lnput Protection: lnput voltages between -lOV and +20V 
with reference to 2240A ground will not cause damage. 

Physical Characteristics: 
PC Board: 34.80 cm (13.7 inches) long; 28.91 cm (1 1.38 

inches) wide. 
Net Weight: 0.5 kg (1 .O Ib.) 

Environmental: Same as 2240A Measurement and Control 
Processor. 
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HP 22902A Functional Block Diagram 

Power Required: 2.5 watts maximum 
Heat Dissipation: 3.1 watts maximum 

Prerequisite 

2240A or 2241 A (1 slot) 

Hardware Supplied 

22902A 32-Channel Digital lnput card 

Software Supplied 

None required 



Programming Example 

Read 2 fields of 16 channels sequentially and return decimal Where: 
equivalent of each 16-bit field from 22902A card in slot 3. 

F1,3,1,2! 

RESULT 

FI = Read sequential 16 channel field 
3 = Start at slot 3 
1 = Start in field 1 
2 = Read 2 fields 

0 = Condition code, Oor 1 
0 = no errors 

11 = Decimal equivalent of 16-bit field number 1 
5 = Decimal equivalent of 16-bit field number 2 

Binary Bit Pattern of Field 1 

input channels 

TABLE OF 22902A HP-MCL COMMANDS 

COMMANDS I FUNCTION 

I D l  I DIGITAL INPUT: Rssads sequential single channel digital inputs. 

@ 
Note: For more details on 22902A commands, see HP 2240A User's Manual (02240-93001). 

FI FIELD INPUT: Reacls sequential 16 channel fields of digital input. 



1 6-C hannel common interrupt model 
22903A 

Features 

16 channels per function card 

All single events saved until controller can respond 

lnput characteristics same as HP 22902A 

Individually enabled channels under program control 

Programmable transition sense 

* Ideal for event sense, or process interrupt applications 

Channels not required for interrupt monitoring can be 
status inputs 

Description 
The 22903A Common Interrupt card generates an asyn- 
chronous interrupt (requires service message on HP-IB) on 
change of state of any channel. I t  stores and identifies the 
interrupting channel. User can read interrupt status to find 
out details on card interrupt. Selection of which channels 
can interrupt (mask register) and the direction of the change 
of state (sense register) are both under program control. 
When the input line changes from the programmed sense 
state (0 or 1 ) the sense gate generates a store signal for the 
event register. The event register stores this event and gen- 
erates an interrupt if the mask register i s  set for that chan- 
nel. The card can also serve as a 16-channel digital input 
card in which case the data goes directly from the input 
register to the cardl2240A interface and is available to be 
read by the HP-IB controller. 

I.* SEOATA I 
Specifications 

Signal Input: HP 22903A Functional Block Diagram 

Voltage: HI: Maximum 15.OV } (Logic 1 ) 
Minimum 4.3V . Input Protection: Input voltage between -lOV and +20V 

LO: Maximum 0.7V } (Logic 01 
with reference to 2240A ground will not cause damage. 

Minimum -1.OV 
Set-Up Time (TS): lnput must remain LO (HI for negative- 

Current: HI: @ 15V; 3.3 mA maximum going input) for a minimum of 25 psec before i t  switches 
@ 4.3V; -0.3 mA maximum ' ) 

to HI (LO). . . 
LO: @ 0.7V; -1.5 mA maximum 

@ -1 .OV; -2.0 mA maximum 
} (Logic 01 Pulse Duration (Tp): 25 p s  minimum to insure event sense 

Source Contact Resistance (for Contact Sense): 
HI (Contact Open): 2 25Ka 
LO (Contact Closed): < 500a 

Maximum Operating lnput Voltage: 
-1 < (common mode + signal) < + 15V 

Maximum lnput Rate to 2240A Buffer (when used as a 
16-channel digital input card): 
Sequential Digital Points: 90 p s  per point (1 1,000 

points/sec) 
16-Bit Fields: 70 p s  per field (14,000 fieldslsec) 
(See HP 2240AlHP 1000 System Performance, pages 
16-17.) 3-14 

POSITIVE-GOING NEGATIVE-GOING 
INPUT INPUT 

POSITIVE-GOING 

TRANSITION 



Specifications (continued) Interrupt Example 

Number of Interrupts: After the first event on a channel no 
additional events on that channel are recorded until the 
first event has been read. Interrupts on other channels 
are still recorded. Interrupt handling of recurring events 
is a function of the rate a t  which the interrupts are read 
by the HP-IB controller. The HP 2240A can typically 
process an interrupt from the 22903A and send the 
HP-IB Require Service message (SRO) in 300 ps.  

Physical Characteristics: 
PC Board: 34.80 cm (13.7 inches) long; 28.91 cm (1 1.38 

inches) wide 
Net Weight: 0.5 kg (1.1 Ib.) 
Power Required: 1.6 watts maximum 
Heat Dissipation: 1.9 watts maximum 

Environmental: Same as 2240A Measuremert and Control 
Processor 

A common interrupt card is in slot 4. The controller was 
interrupted by a Require Service message on the HP-IB. A 
serial poll identified the 2240A as the source of the inter- 
rupt. The interrupt service program resident in the controller 
then reads status information. 

INTERRUPT STATUS 

Where: 

8 = Slot 4 has interrupted (0000 1000' 
3 = Decimal equivalent of 16-bit field. In this 

case, both channels 1 and 2 have recorded 
events (0000 0000 0000 001 1 ) 

Prerequisite 

2240A or 2241 A (1 slot) 

Hardware Supplied 

22903A 16-Channel Common Interrupt card 

Software Supplied 

None required 

TABLE OF 22903A HP-MCL COMMANDS 

COMMAND FUNCTION 

DIGITAL INPUT: Reads sequential single channel digital input values. 

I FI  I FIELD INPUT: Reads secluential 16-channel fields of digital input. There i s  one input field on each I 
I ( common interrupt card. I 
I MI  I MASK REGISTER INPUT: Reads current state of interrupt mask register as a 16-channel field. I 
I M0 I MASK REGISTER OUTPUT: Writes a single 16-channel field to the mask register to select which chan- 

nels can cause event interrupts. 

I SI I SENSE REGISTER INPUT: Reads current state of interrupt sense register as a 16-channel field. I 
I I SENSE REGISTER OUTI3UT: Writes 16-channel fields to the sense and mask registers. The sense field 

selects for each enabled channel the direction of input transition which causes an interrupt. 

Note: For more details on 22903A commands, see HP 2240A User's Manual 102240-93001). 



Features 

- - 
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32 channels per function card 

32-Channel digital output model 
22904A 

Outputs are single-ended TTLICMOS from open 
collector NPN transistors 

32 channels can be individually output or in 2 groups 
of 16-channel fields 

Each 16-bit field i s  jumper selectable for level or pulse 
output (4 pulse widths) 

Dual rank storage allows readback before output 
(manually selectable) 

Description 

The 22904A Digital Ouptut card provides 32 open collector 
NPN switch outputs utilizing an external DC power source 
(supplied by user). Dual rank storage for the 32-bit output 
cards allows convenient checking of the data before output. 
Output levels can be either TTL or CMOS (depending on 
voltage chosen by user) with the additional capability of 
pulse outputs of variable duration (switch selectable) for 
applications such as process instrumentation. 

Specifications 
Signal Output: 

Open Circuit Voltage: Maximum 13.2V (supplied by 
user) 

Steady State Current: Maximum 30 mA 
Voltage Drop: 0.8V @Maximum output current 

Types of Output (Jumper Selectable): 
Level: Output switch maintains OFF or ON state until 

user commands change of state. 
Pulse: Pulse durations are jumper selectable separately 

for each independent field of 16 channels. 
Pulse Durations: 10 ms, 100 ms, 400 ms, 1000 ms 

Tolerance: ? I  % 
Fixed or extended pulse mode is switch selectable. 
Pulse length extension is accomplished by repro- 
gramming of the appropriate channel. 

Maximum Digital Output Update Rate From 2240A 
Buffer: 

Sequential Digital Output Points: 450 ps per point 
(2,200 points/sec) 

Sequential 16-Bit Fields: 250ps per field (4,000 
fieldslsec) 

(See HP 2240AlHP I 000 System Performance, pages 
16-17.) 

Physical Characteristics: 
PC Board: 34.80 cm (1 3.7 inches) long; 28.91 cm (1 1.38 

inches) wide. 
Net Weight: 0.5 kg (1.1 Ib.) 

Power Required: 1 watt 
3-1 6 
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HP 22904A Functional Block Diagram 

Heat Dissipation: 1 watt plus external power supplied to 
output transistor 

Environmental: Same as 2240A Measurement and Control 
Processor 

Prerequisite 

2240A or 2241 A (1 slot) 

Hardware Supplied 

22904A 32-Channel Digital Output card 

Software Supplied 

None required 



Programming Example - - 
Set channels 1, 3, 4, and 6 of field #1 (Bit Pattern 
0000000000101 101) to a logic level 1 on card in slot 4. 

There are two ways to do this, using a DCI (Digital Out) or 
FO (Field Out) command. Using FO is generally faster. 

Using DO command: Using FO command: 

Where: 
DO = Digital output sequential channels 

4 = Start a t  slot 4 
1 = Start a t  channel 1 
6 = Number of channels output 

1,0,1,1,0,1 = Logic level values for channels 1 - 6  

0 =Condition code, 0 or 1 
0 = no errors 

Where: 
FO = Field output of decimal equivalent of 

16-channel field 
4 = Start a t  slot 4 
1 = Start at field 1 
1 = Number of fields, in this case 1 

45 = Decimal equivalent of bit pattern 

0 = Condition code, 0 or 1 
0 = no errors 

'TABLE OF 22904A HP-MCL COMMANDS 

I DO I DIGITAL OUTPUT: B1rites sequential single channel digital output as either levels or pulses. I 

COMMAND 

D l  

( FI I FIELD INPUT: Reads sequential 16-channel fields of digital input. FI of digital output card is current 1 

FUNCTION 

DIGITAL INPUT: Reads sequential single channel input. Dl  of digital output card is current state of card. 

I 1 state of second level storage register. I 

Note: For more details on 22904A commands, see HP 2240A User's Manual (02240-93007). 

I FO FIELD OUTPUT: Writes sequential 16-channel fields of digital output as either levels or pulses. 



Features 

- - - 

b 

4 independent 16-bit counters with associated control 
logic to perform Frequency Measurement, Period Meas- 
urement, Totalizing, and to act as Stepping Motor Con- 
troller 

4-C hannel counterlstepper 22905A model 

Single-ended, non-isolated, TTLICMOS level input 

Single-ended, non-isolated, TTL level stepper output 

Maximum count in totalize mode 65,53510 

Presetability under program control of any counter to 
any count between 0 - 32,76710 

Program controlled reference signal for testing 

Voltage or contact sense (internal pull-up to 5V with 
no filter) 

Description 

The 22905A Counter/Stepper card consists of 4 ident~cal rogated and the current value read. Frequency gate time, 
channels which are individually configurable by manual number of periods averaged and stepper motor drive pulse 
switches into one of 4 modes: frequency measurement, rate are also individually switch-selectable for each channel. 
period measurement, event counting (totalize), and stepper A self-checking feature allows a 10 kHz reference signal to 
motor drive. Any mix of the 4 modes is  possib\e. An asyn- be introduced under program control (not included in self- 
chronous interrupt is switch-selectable for each channel on test function) for testing of counters and interrupt func- 
overflow. Under program control, any counter can be inter- tions. 

10 kHz SELF CHECK 

+5v 
REFERENCE 

STEPPER 
RATE LATCH 

FROM 
BACKPLANE LATCH t DIRECTION 

CONTROL - 
L/ LINE 

HP 22905A Functional Block Diagram 
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S = stepper 
P = period 

i 1.10, loo, 
F = frequency 
T - totalize 
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Specifications 

Period Mode Specifications 
lnput Period: 0.327 sec maximum 
lnput Frequency: 100 kHz maximum 
Number of Periods Measured: 1, 10, 100, 1000, 10000 

(manually selectable) 
Resolution: 10 p, I ps, 100 ns, 10 ns, 1 ns 
Full Range: 327 ms, 32 ms, 3.2 ms, 327 ps, 32 ps 
Time Base: 100 kHz 
Accuracy: f0.01% of reading 2 Trigger Ifrror" 
Maximum Count: 32,767,,, 
Programmable self check @ 100 ps 

Period in Sec = lo-' x 
Data Retur~ied 

number of periocls measured 

 rigger Error: Maximum transition time for input voltage to go 
from 0.7V to 4.3V. 

Period Mode Programming Example 

Uses the SF (Start Frequency or period measurement) and 
RC (Read Count) commands as shown in Frequency Mode 
Programming Example. The card responds in the manner to 
which it has been configured by the user. 

Common Specifications 

Signal lnput (Frequency, Period, Totalize Modes) 
Voltage: HI: Miximum 15V 

Minimum 4.3V 
} (Logic I I 

LO: Maximuni 0.7V 
Minimum -1 .OV 

} (Logic 01 

Current: HI: @ 15V; 3.3 mA maximum 
@ 4.3V; -0.3 mA maxirr~um ) (Logic 1) 

LO: @ 0.7V; -1.5 mA maxirr~um 
@ -1 .OV; -2.0 mA maximum 

) (Logic 01 

Source Contact Resistance (for contact closure): 
HI (Contact Open): 2 25KCL 
LO (Contact Closed): < 500C2 

Maximum lnput Voltage: 
-1 < (common mode + signal) < + 15V 

lnput Protection: lnput voltages between --10V and +20V 
with reference to 2240A ground will not cause damage. 

Physical Characteristics: 
PC Board: 34.80 cm (1 3.7 inches) long; 28.91 cm (1 1.38 

inches) wide 
Net Weight: 0.57 kg (1.25 Ib.) 
Power Required: 1.3 watts maximum 
Heat Dissipation: 1.5 watts maximum 

Environmental: Same as 2240A Measurement and Control 
Processor 

Prerequisite 
2240A or 2241A (1 slot) 

Frequency Mode Specifications 
Frequency: Maximum 500 kHz 
Pulse Width: Minimum 1 ps 
Pulse Gap: Minimum 1 ps ->k 
Will measure any signal that is HI for 1 ps and LO for 

1 ps. 
Gate Time: 1 ms, 10 ms, 100 ms, 1 sec. 10 sec (manually 

selectable) 
Resolution: 1000 Hz, 100 Hz, 10 Hz, 1 Hz, 0.1 Hz 
Range: 500 kHz, 500 kHz, 327 kHz, 32 kHz, 3.2 kHz 
Accuracy: f 0.01% of reading f 1 count 
Programmable self check @ 10 kHz f 1 Hz 

Frequency in Hz = 
Data Returned 

Gate Time 

Frequency Mode Programming Example 

Measure 5 kHz frequency using 22905A card in slot 3 and 
channel 1 which has been set for frequency measurement. 
Gate time set at 1 second. 

Requires two commands, one command to start the meas- 
urement and another one to read the counter. 

Where: 
SF = Start frequency measurement 

3 = Start at slot 3 
1 = Start at channel 1 
1 = Number of channels 

0 = Condition code, 0 or 1 returned 
0 = no errors 

RC, 3,1,1 ! 

R ESLl LT 
Where: 

RC = Read count 
3 = Start at slot 3 
1 = Start at channel 1 
1 = Number of channels 

0 = Condition code, 0 or 1 returned 
0 = no errors 

5000 = data returned = frequency x gate time 

Hardware Supplied 
22905A CounterIStepper card 

Software Supplied 
None required 



Totalize Mode Specifications 
Count Rate: 500 kHz maximum 
Presettable Count Range: 0 - 32,76710 

Continuous counting after limit is reached. 
Will interrupt when preset count has been reached 
if interrupt control switch i s  set. 

Maximum Count: 65,535 
Accuracy: f Trigger Error* 
Self Check: Counts internal 10 kHz self check signal 
Event Count 

Preset Mode: Generates interrupt when limit is reached 
if switch is set 

Count Mode (preset to 0): Simple counting of events 
Range 0 - 32,767 
count = data returned 
Range 32,768 - 65,535 
count = data returned + 65,536 

*rrigger Error: Maximum transition time for input voltage to go 
from 0.7V to 4.3V. 

Stepper Motor Output Specifications 
Two solid state switches per channel to control the two 
input lines to a stepper motor translator; stepper pulses 
are on one line and the direction information is on the 
other line. 

Output pulse rates (manually selectable): 62.5, 125, 250, 
500 pps; 50% duty cycle. 

Maximum Number of Pulses Available: 32,76710 

Direction Line: OV level for positive number of steps 
+5V level for negative number of steps 

Signal Output (stepper pulse and direction line): 

Voltage: HI: Maximum 5.1V 
Minimum 4.5V )(Logic 1 1 

LO: Maximum 0.4V 
Minimum OV ] (Logic 01 

Current: HI: Source minimum -0.4 rnA @ 4.5V (Logic 1 ) 
LO: Sink maximum 2.1 mA@0.4V (Logic 0) 

Totalize Mode Programming Example Stepper Motor Programming Example 

Using the 22905A in slot 5 (2241A Extender), preset the 
counter to 28,,, on channels 1, 2,3 which all have been 
manually set to interrupt when the preset limit is reached. 

ST, 5, 1,3,28,28,28 ! 

Where: 
ST = Start totalizer 

5 = Start at slot 5 
1 = Start at channel 1 
3 = 3 channels 

28, 28, 28 = Preset levels of 3 channels 

Output from 22905A in slot 4, channel 3.32 steps and pull 
the direction line HI (Logic 1) to  the motor translator. 

SS, 4, 3, -32 ss 
Where: 

SS = Start stepper 
4 = Slot 4 
3 = Channel 3 

-32 = Negative (-) means drive direction line HI 
(Logic 1 ), 32 = 32 steps 

0 = Condition code, 0 or 1 returned 
0 = no errors 

0 =Condition code, 0 or 1 returned 
0 = no errors 

A serial poll would be initiated by the controller upon re- 
ceipt of the interrupt and then an interrupt service routine 
would then ask for more information and take appropriate 
action. 

TABLE OF 22905A HP-MCL COMMANDS 

Note: For more details on 22905A commands, see HP 2240A User's Manual (02240-93007). 
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COMMAND 

C R 

CT 

R C 

SF 

SS 

ST 

FUNCTION 

COUNTER RESET: Stops channel operation. 

COUNTER TEST: Initiate channel self-test using 10 kHz clock. Do not use on channels in stepper mode. 

READ COUNT: Reads most recent frequency (period) from channel storage or current state of totalize 
input or stepper output. 

START FREQUENCY (or Period): Initiates measurement sequence with gate time (or number of periods 
per gate) specified by card switches. 

START STEPPER MOTOR: Presets counter to number of steps and starts stepper at output rate specified 
by card switches. Polarity of number of steps sets level of direction bit. 

START TOTALIZE: Presets counter to specified count and enables input to counter. An interrupt occurs 
upon completion of count if interrupt control switch is set on function card. Simple count mode 
initiated by preset to  zero. 



Features 

1 H E w m T T E m c K A m  1 
16 Form-C (SPDT) Relays 

Twin Contact Sets and hermetic seal for high reliability 
Maximum Switching Voltage: 250V AC/C)C (secondary 

1 1 &Channel relay output 2291 2A 

only 
Maximum Switching Current: 2A 

60 VA Maximum Rating 
Frequency Range: DC - 100 kHz for signal routing 

Description 
The 22912A Relay Output card provides 16 independent 
SPDT, hermetically-sealed relays for routing ~f external 
voltages. The Relay card requires external power for coil 
operation and a 22904A Digital Output card for sinking of 
coil current. 

Specifications 
Data Input: Operates in conjunction with digtal output 

card (22904A). Program information is shown in Table 1. 
Maximum Total Contact Resistance: 0.5R (reasured from 

22920A field connections) 
Typical Total Contact Resistance: 0.1 5R 
Relay Data ( a t  2 5 ' ~ ,  50% RH unless noted)(switching 

voltages do not include primary AC line vcltages): 
Type: 16 Form C (SPDT) hermetically sealed general 

purpose relays 
Operate Time to Open or Close: 10 ms marimum 
Release Time: 5 ms maximum 
Coil Resistance: 500R 510% 
Maximum Power Switched: 60 VA peak or continuous 
Maximum Break Current: 2.0 amps @ 30 L'DC 
Maximum Carrying Current: 3.0 amperes 
Maximum Break Voltage: 250 VAC @ 0.10A 
Initial Contact Resistance: .050R maximum 
Thermal Offset: Maximum 100 p V  @ 25'~: 
Breakdown Voltage: 750 VDC minimum between all 

mutually isolated terminals 
Insulation Resistance: Contact (NO) to  Coitact (NC) 

10'R @ 300 VDC, ~o 'c ,  95% RH 
Maximum Capacitance: Between any m u t ~ a l l y  isolated 

terminals 10 pf 
Mechanical Life: l o 7  operations 
Contact Life Within Operating Envelope: 

After l o 6  operations 90% of tho paths v ~ i l l  be < 0.5R 
Crosstalk: 0 - 100 kHz 

Channel-to-Channel: Better than -70 dE with 50R 

0 
termination; better than -50 dB with 600R termi- 
nation. 

Between Open Contacts on Same Channel: 

TYPICAL ONE OF 16 CHANNELS 

- - - - - - - - - - - 

1 
(22920Al 

i 
I I +12v 

(USER* 
SUPPLIED) 

PROTECTION 

' DIGITAL 
OUTPUT 

- - - - - - - - - - - 1 
f e e  prerequisites (pg. 42) 

HP 22912A Functional Diagram (each channel) 

Better than -60 dB with 5052 termination; better 
than -40 dB with 600R termination. 



Relay Power Requirements: External power supplied by 
user; 12 VDC 25% @ 0.5A per 22912A (see prerequisite 
below). 

Environmental: 
Temperature (operating): 0 - 5 5 " ~  
Humidity (operating): 95% RH @ 40°C non-condensing 
Shock (non-operating): 30 G, 11 ms duration, 1 /2 sine 

wave 
Vibration (operating): 

Frequency: 5-55-5 Hz (1 5 minutes duration) 
Amplitude: 0.38 mm (0.1 5 inch) peak-to-peak 
Dwell at Resonance: 10 minutes 

Hermetic Seal: Sealed at time of manufacture against 
H2S, SO2 gas, high humidity, dust and oil. 

Physical Characteristics: 
PC Board: 34.80 cm (1 3.7 inches) long; 28.91 cm 

(1 1.38 inches) wide 
Net Weight: 0.54 kg (1.1 9 Ib.) 
Power Required: 6 watts maximum (coil power require- 

ments) 
Power Dissipation: 10 watts maximum 

Prerequisite 

Hardware Supplied 

2291 2A 16-Bit Relay Output card 

Software Supplied 

None required 

Programming Information 
The 22912A works in conjunction with the 22904A Digital 
Output card. The example below shows the relationship be- 
tween the outputs of the 22904A using one of the output 
commands - the DO command - and the resulting state of 
the relay contacts (see Table I ) . "  

Programming Example 

Use a system normalize command to normalize the system 
and bring the state of the relay contacts back to  their orig- 
inal state, i.e., NO (Normally Open) to open and NC (Nor- 
mally Closed) to closed state. On channels 5, 6, 9, 12 and 
16 cause the NC (normally closed contact) to  be open and 
the NO (normally open contact) to be closed. On channels 
1, 2, 3,4,7,8, 10, 1 1, 13, 14 and 15 cause the reverse to  
happen. The Digital Output card i s  in slot 3. 

Requires one 22920A Signal Conditioning Tray and one 
22906A Option 002 Cable per card and 22904A Digital 
Output card (1 6 channels of card per 2291 2A relay card) 
and external power for relay coils supplied by user; 12 VDC 
25% @ 0.5A per 2291 2A. An example of the complement 
of equipment that i s  recommended for use with the HP 
6201 2 series modular power supplies i s  shown below. 

Supply and Rack 
(Power supply tray may also be used to house 

Dower suoolies for 22914A breadboard) 

Product No. Description 

12V, 6.0 Amp Power Supply (handles up 
to 12 HP 22912A Relay cards) 

Power Supply Tray for rack mounting 

Rear panel for 62410A Tray with power 

plug 
Front panel for 62410A Tray 
(Wire for connection to HP 22912A sup- 
plied by user.) 

where: 
DO = Digital output channels 

sequentially 
3 = Start at slot 3 
1 = Start at channel 1 

16 = Number of channels 
output 

0,0,0,0,1,1,0,0,1,0,0,1,0,0,0 1 = Logical level values for 
\ / channels 1 -16 
\ ' 0 = Condition code, 0 or 1 

Chan. 1 Chan. 16 0 = no errors 

Table 1. Relationship of Request t o  Relay State 

CHANNEL NUMBER 
1 2  3 4 5 6 7 8 9 10 11 12 13 14 15 16 

'This is equivalent to using a FO command and asking for -3041610 as the output. 

4-2 

Logic levels 
requested via 
D O  command' 
of 22904A 

Digital output 
card logic state 
(22904A) 

Normally Open 
(NO)  contact 
state 

Normally Closed 
(NC) contact 
state 

1 

open 

closed 

1 

open 

closed 

0 0 0 0 1  

1 

open 

closed 

1 

open 

closed 

open 

closed 

0 

closed 

open 

closed 

open 

1 

open 

closed 

1 0 0 1  

closed 

open 

1 

open 

closed 

0 0 0 1  

open 

closed 

open 

closed 

1 0 0 1 0 0 1  

0 

closed 

open 

1 0  

closed 

open 

1 

open 

closed 

1 

open 

closed 



Features 

e 

16 channels of isolated digital input 

Jumper selectable voltage ranges: 5 VC)C to 120 VDC; 
16 VAC to 230 VAC 

Full isolation between all channels and from channels 
to common 

All channels fused for overvoltage protection 

Selectable response times for DC inputs for improved 
noise immunity 

lnput current (5 mA) aids noise immur~ity 

Schmitt trigger input circuit for high noise immunity 

Reverse polarity protection 

- - - 
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Description 

The 22913A Isolated Digital lnput card is 3 signal condi- 

model 16-Channel isolated digital input 22gl,A 

tioning card that couples a range of AC and DC digital in- 
put signals to the HP 22902A Digital Input: card or the HP 
22903A Common Interrupt card, or the HP 22905A 
Counter Stepper card. In addition, the card provides a high 
degree of electric isolation via photo isolators between each 
input circuit, the 2240A function card, anti other circuits. 
This isolation may be necessary to prevent ground loops, to 
permit isolated power supplies for safety or noise immunity 
reasons, and to permit floating sense circuits above earth 
grounds with an AC or DC voltage potential of up to 230V 
AC or DC. 

SELECTION 
RESISTORS 

INPUT 
VOLTAGE 

PHOTO ISOLATORS - 1  
I I 

This circuit is designed to sense active circuits or for sensing 
contact closures which are externally excited. In  either case, HP 22913A Functional Block Diagram Each Channel 
the sensed circuit must produce a minimum of 5 mA a t  any 
of the indicated full range voltages. 

The 5 mA input current serves to reduce the possibility of 
false indications due to contaminated (leaky) contacts or 
wiring. The current also serves to reduce the buildup of in- 
sulating oxide films on contacts which may occur under 
dry switching conditions. 

The Schmitt trigger input circuit typically provides a 10% to 
20% differentiation between turn-on and turn-off voltages 
further increasing immunity to electrical noise or source 
voltage fluctuations common during start up and shut down 
sequences. 



Specifications 

Input Voltage Ranges: typical turn-on ( Input-  HI)  and minimum and typical 
DC: 5V, 1 2V, 24V, 48V. (72V, 1 20V)* turn-off (Input - LO) levels for each range are shown in 
AC: (16V, 72V)**, 11 5V, 230V Table 1. This threshold is generally one-half the nominal 
Each of the 16 channels is ~ndividually jumper selectable value wlth a maximum voltage of 314 to turn-on and a 
to interface with field wiring voltages. The maximum and m~nimum voltage of 114 nominal to turn-off. 

Table 1. Turn-OnITurn-Off Levels 

* Equivalent DC range of  115 VAC and 230 VAC jumper positions respectively with or without AC jumper installed, 
* * 

Equivalent AC range of  24 VDC and 48VDC jumper positions respectively with AC jumper installed on DC range 

Overvoltage Protection: Fuse blows at voltages greater than Vibration (operating): 
the maximum continuous voltage (see table 1 ). Frequency: 5-55-5 Hz (1 5 minutes duration) 

Voltage 
Jumper 

Configuration 

5 VDC 
12 VDC 

24 VDC (16 VAC)"' 
48 VDC (72 VAC)"" 
11 5 VAC (72 VDC)* 

230 VAC (1 20 VDC)' 

Isolation Voltage Between Any Two lnput Channels: 
250 VACl300 VDC Rated Working 

Turn-off 
Voltage 

Min. 0 - 5 5 ' ~  

2 VDC 
3 VDC 

6VDC (4 VAC) 
12 VDC (1 6 VAC) 
30 VAC (20 VDC) 
60 VAC (35 VDC) 

Breakdown Voltage Between Any lnput Connection to 
2240A Ground: 2500 VDC @ 2 5 " ~ ,  45% RH 

Maximum 
Continuous 

Voltage 

10VDC 
18 VDC 

36VDC (26VAC) 
65 VDC (75 VAC) 

130 VAC (100 VDC) 
250 VAC (1 80 VDC) 

Capacitance: 1 pf @ 1 MHz (Input-Output) 

Turn-on 
Voltage 

Max. 0 - 5 5 ' ~  

4 VDC 
9 VDC 

18VDC (12 VAC) 
36 VDC (50 VAC) 
90 VAC (60 VDC) 
170 VAC (90 VDC) 

Typical @ 2 5 ' ~  

lnput Signal Timing Requirements: 
IMinimum Pulse Width of lnput Signal During On State 
(signal > maximum turn-on voltage) 

with AC jumper installed (AC or DC input): 
100 ms minimum 

w ~ t h  AC jumper removed (pulsed DC input): 
300 ps min~mum 

I 
I Minimum Pulse Width of Input Signal During Off-State 

(signal < minimum turn-off voltage) 
with AC jumper Installed (AC or DC input): 

120 ms minimum 
with AC jumper removed (pulsed DC input): 

200 ps minimum 
Maximum Frequency From HP 22913A lnput to 
Associated Function Cards (AC jumper removed): 

1.5 kHz (50% duty cycle) 
AC Signal lnput Frequency Range (AC jumper installed) 

I 

to  guarantee a steady state level at output to  function cards: 
47 Hz minimum to  1.5 kHz maximum 

Power Supply Requirements: No external power supply re- 
quirements when used with the 22902A, 22903A, or 
22905A. 

Physical Characteristics: 
PC Board: 34.80 cm (1 3.7 inches) long; 28.91 cm (1 1.38 

inches) wide 
Net Weight: 0.57 kg (1.25 lb.) 
Power Dissipation Capacity in 230V Range: 10 watts 

Environmental: 

I Temperature (operating): 0 - 5 5 ' ~  
Humidity (operating): 95% RH @ 4 0 ' ~  non-condensing 

I Shock (non-operating): 30G, 11 ms duration, 112 sine wave 

ON 

3.4 VDC 
6.2 VDC 

11 VDC (8.6VAC) 
25 VDC (75 VAC) 
70 VAC (38 VDC) 

150 VAC (73 VDC) 

Amplitude: 0.38 mm (0.1 5 inch) peak-to-peak 
Dwell at Resonance: 10 minutes 

OFF 

3.1 VDC 
5 VDC 

8VDC (7.2 VAC) 
17 VDC (30 VAC) 
51 VAC (20 VDC) 
110 VAC (49 VDC) 

Prerequisite 

22920A Signal Conditioning Tray, 22906A Option 002 
Dig~tal lnput cable, and a 22902A D~gital lnput card, 
22903A Common Interrupt card, or 22905A Counter1 
Stepper card. (Note that the input signals to these function 
cards are affected by the frequency response of the 2291 3A.l 

Hardware Supplied 

2291 3A Isolated Digital lnput card 

Software Supplied 

None required 

Programming Data 

Data returned (results) 
from D l  or F I?  command 
to  read the single channel 
on a 22902A or 22903A 

Single channel input data 
state to 2291 3A 

2291 3A single channel 
output state (input to  
22902A, 22903A, or 
22905A') 

*Data  returned from commands requesting frequency, perrod, or 
totalrze measurements from the 22905A will reflect the inversion 
that takes place between the input to the 22913A and the Input 
to the 22905A. See 2240A Measurement and Control Processor 
User's Manual (02240-93001) for further rnformat~on. 

The total data returned from an F I  command is the decimal 
equivalent of  the bit pattern o f  the 16 channels of  the 22913A. 

HI (ON) 
(Logic 1 ) 

LO 

LO (OFF) 
(Logic 0)  

HI 
(Logic 0 )  (Logic I) 



Features 
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HEWLETT f PAcKARD b i  

Convenient circuit module layout for us,er mounted: 
- Amplifier per channel signal conditioning 
- Current loops to voltage conversion resistors 
- Active or passive filters 

16 o r  32 C h a n n e l  
g e n e r a l  purpose  model 

2291 4A 

b r e a d b o a r d  c a r d  

- Multi-pole relays 
- Signal attenuation or level shifting 

Mounts in separate shielded tray for easy access and 
noise shielding 

Convenient interface to field wiring for power pro- 
visioning 

Provision for mounting of 3-terminal regulators 

Provision for sixteen 3AG fuses per channel 

Description 
User-designed input circuits for analog or digital signal 
conditioning can be mounted on this card. 'The card has 
16 circuit layout areas usinq a 0.1-inch qrid with some 

TO FIELDWIRING CONNECTIONS , 

- - 
0.15-inch centers for relays. Amplifier-per-channel signal 
conditioning using module or monolithic instrumentation 
amplifiers can easily be implemented. Layo~~ts for 8, 10, 
and 12 pin TO-92 or TO-5 packages are alsc~ available. A 
typical layout for one of 16 redundant channels could con- cables, this provides the capability of 16 differential cham 

tain three 14-pin dual in-line op-amps and 15 discrete com- nels. 
ponents. 

A Buffer zone a t  the front and rear of the board providesfor 
Sixteen sets of three traces (H I-LO-SH I E LC)) are provided mounting of safety resistors where required. Power buses 
for "feed-through" connections of non-sign,sl conditioned run on the board for convenient access to user-supplied 
channels. These traces can easily be interrupted to divert to power. There are also layouts for 6 TO-3 type packaged 
a signal conditioning circuit layout area. Wii:h appropriate 3-terminal regulators. 

Specifications 

Physical Characteristics: 
PC Board: 34.80 cm (13.7 inches) long; ;!8.91 cm (1 1.38 

inches) wide 
Weight: 0.3 kg (0.6 Ib.) (unloaded) 
Power Dissipation Capacity: 10 watts 

Maximum Dissipation per Regulator: 2.5 watts 
Trace Current: 0.5A maximum 
Maximum Supply Voltage: +40V 

Environmental: Same as 2240A Measurement and Control 
Processor. 

Prerequisites 
Analog: 

1. 22920A Signal Conditioning Tray. 
2. 22907A Option 001 Analog lnput Cable per 8 

Differential Channels or 22907A Option 003 
Analog lnput Cable per 16 Single-ended channels. 

Digital: 
1. 22920A Signal Conditioning Tray. 
2. 22906A Option 002 cable per 16 digital channels. 

Hardware Supplied 

( Caution: The electrical interface between user mounted corn- 1 22914A General Breadboard 

Power Requirements: User must supply external power for 
operation of mounted circuits. 

ponents and the 2240A/2241A function cards 
122900A - 22905Al must conform to the input/ 
output specifications of these cards S E ' ~  specifica- 
tions on pages 2 5  through 37 for further inforrna tion. 

Software Supplied 

None required 
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Features 

1 6 Channel low-level 
analog input 

16 amplifierlchannel low level analog inputs 

Jumper selectable voltage ranges: 
220 millivolts to 210 volts 

lnput overvoltage protection (+20V) 

Mounting pads for customer components 

20 kHz scanning across channels 

Description 
The 2291 5A/B Low Level Analog Input card provides 16 
differential amplifiers with jumper selected gains for amplify- 
ing low-level signals for digital conversion by the 22900A 
Analog lnput Card: Mounting pads on the 22915AlB allow 
installation of RC low pass filters, open thermocouple detec- 
tion, and current loop monitoring resistors. 

Specifications 

Temp 2 3 ~ 2 % .  Relat~ve Hurnid~ty 20 to 80% 
' Referred to lnpul 

Temp 2322%. Relat~ve Hum~d~ty 20 to 80% 
' Referred to lnpul 

Repeatability (including HP 22900A:) 20.06% F.S. 
lnput Overload Protection: k20 Volts (any 1 input) 

to ground or to any other 
input without damage. All 
inputs at once, +20V to 
ground for 10 seconds. 

lnput Impedance: 10 megohm 
Common Mode Voltage: Signal x Gain + CMV < 10.5 volts 
Common Mode Rejection: See HP 22900A 
Source Impedance: 1 K Ohm maximum 
Source Imbalance: 1 K Ohm maximum 
Common Mode Return Impedance: 10K Ohms maximum 
Throughput: Same as HP 22900A 
Signal Input Bandwidth: 500 Hz max., Vout < 20V p-p 

Physical Characteristics: 
PC Board: 34.8 (1 1.37 inches) long x 28.91 (1 1.38 

inches) wide 
Weight: 0.5 Kg (1.llbs) 
External Power Required: + 18.0 Volts DC @ 330 mA 
Environmental: Same as HP 2240A except 20-80% 

relative humidity. 

EXTIRN&L POWER SUPPLY 16 HIGH OUTPUTS COMMON LO.+ L ~ V L T I P L E X ~ R  
TOCHAh i 160N 

ll8V GND I B Y  Y P 1 I O O O A I D C  
OUTPUT TO CONTROL FROM 
HP 2-6 I D C  HP 219MI\ &DC 

DC POWE0 
RtGULi i iOR MULTIPLEXER LDGiC 

I\MPLIFIER 



Prerequisite 
HP 2240A and HP 22900A. Also requires one HP 
22920A Signal Conditioning Tray, 2 each HP 62018 

e (A,E,G) Series power supplies or equivalent. One HP 
22915A-001 verification k i t  is required per facility. 

Hardware Supplied 
22915-60001 Analog lnput Signal Conclitioning Card 
2291 5-60002 Interface Cable 
03240-60009 Connector Ki t  
22920:20001 Connector 
Option 001 : adds self test cable and calibration 

connector 

Software Supplied 
Not required. 

Programming Example 

16 low-level analog input channels are amplified by an 
HP 22915A connected to  channels 1-16 of an HP 22900A 
Analog Input Card in slot 4 of an HP 2240A measurement 
and Control Processor. The first five channels on the 
22915A are jumpered as follows: Channel 1, x 500 gain 
(+20 mV full scale); Channel 2, x 200 gain (f50 mV full 
scale); Channel 3, x 100 gain (+I00 mV full scale); 

Channel 4, x 20 gain (20.5 volt full scale); Channel 5, x 1 
gain (+ I0  volts full scale). Channels 1-5 have 5.53 millivolts, 
-47.5 millivolts, 86.7 millivolts, -373 millivolts, and 8.735 
volts applied to their respective inputs. 

REQUEST 
Al, 4. 1, 5! 

,2765, -9500,8670, -7460,8735 
RESULT 

Where: 
A l  = Analog lnput Channels Sequentially 

4 = Start at Slot 4 
1 = Start at Channel 1 
5 = Number of Channels to  lnput 

0,2765, -9500,8670, -7460,8735 = RESULTS 

0 = Condition Code, 0 or 1, 0 = no errors 
2765 = 5.53 millivolts (2765 millivolts/x 500 gain) 

-9500 = -47.5 millivolts (-9500 millivolts/x 200 
gain) 

8670 = 86.7 millivolts (8670 millivolts/x 100 gain) 
-7460 = -373 millivolts (-7460 millivolts/x 20 gain) 
8735 = 8735 millivolts (8735 millivolts/x 1 gain) 
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Houses one signal conditioning card 

Signal conditioning tray model 
22920A 

Easy-to-use screw terminations (56) for field wiring 
(14- 22 gauge gas tight) 

19-inch rack installation includes provision for routing 
and securing field wiring cables 

Snap-together construction requires only a few common 
tools for assembly 

Front access to cards without disconnecting field wiring 

Each tray requires only 1.75 inches of rack height 

Description 
The 22920A is a signal conditioning tray that i s  used to hold 
either the 2291 2A Relay Output card, the 22913A Isolated 
Digital Input card, or the 22914A General Purpose Bread- 
board card. There is provision for field wiring (14-22AWG) 
connection to 56 screw terminal connectors which con- 
nect to the signal conditioning cards. 

Mounting 

The tray may be racked in small bench-type racks that meet 
the ANSI Rack Standard gC83.9-1922 (or the EIA Standard 
RS-310-8) or in standard HP racks. 

Specifications 

Signal 
Conditioning 

Trays 

22922A 
Screw 

Terminations 

Physical Characteristics: 
Size: 

4.45 cm Power Dissipation Capacity: 10 watts maximum 
(1.75 in.) 

18.26 crn -4 Compatible Cables (Terminated): 
22906A-002 Digital 110, 16 channels 

Net Weight: 1.67 kg (3.69 Ib.) 
Environmental: 

Temperature (operating): 0 - 5 5 ' ~  
Humidity (operating): 95% RH @ 4 0 " ~  non-condensing 
Shock (non-operating): 30G. 11 ms duration, 112 sine 

wave 
Vibration (operating): 

Frequency: 5-55-5 Hz (1 5 minutes duration) 
Amplitude: 0.38 cm (0.1 5 inch) peak-to-peak 

Dwell a t  Resonance: 10 minutes 

Cooling and Field Wiring Routing: For enclosed cabinets 

I 
bottom-to-top air flow is recommended. This requires 
that a gap of a minimum of 1-314 inches be between 
the top of the signal conditioning array and bottom 
of any instrument mounted above The same require- 
ment exists for the bottom of the array (see above 
photo of multiple units installation). A gap is not re- 
quired between units of the same array or between 
signal conditioning tray and screw termination trays. 
Open environment without guaranteed air flow is not 

r 
35.56 cm 
(14.00 in.) 

I - 

22907A-001 Analog In, 8 channels, differential 
22907A-003 Analog In, 16 channels, single ended 
22908A-001 Analog Out, 4 channels 

Two 28 screw terminal connectors 4 t- recommended. 

: 
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Hardware Supplied 

22920A Signal Conditioning Tray 
Option 001 : Adds secondary connector for connection 

with 2240A when using 22914A breadboard if desired. 

Software Supplied 

None required 



General purpose model 

screw termination tray 22922A 

I 
Features 

Easy-to-use screw terminations for use with unterminated 
2240A cables and your field wiring 

Up to 50 field wiring connections per unit (14- 22 
gauge gas tight - up to three wires per terminal) 

Easy access screw terminals on both sides of block 

19-inch rack installation includes provision for routing 
and securing field wiring cables 

Snap-together construction requires only a few common 
tools for assembly 

Each unit requires only 1.75 inches of irack height 

Description 

For those applications in which screw terninations for field 
wiring i s  required without the need for signal conditioning, 
the 22922A provides up to 50 terminal connections to any 
function card that can be put into a 2240t1. This connection 
to the 22922A is done via a standard HP cable which has a 
connector to a 2240A function card on orle end and is un- 
terminated on the other end for customer connection to the 
screw terminal connectors. Field wiring is also brought into 

0 this same terminal block (see drawing below). A mixture of 
function cards may be connected to the 232922A. However, 
proper precautions should be taken to sepijrate Digital I/O 
from Analog 110 to minimize noise. 

Mounting 

This structure may be mounted in a standard HP cabinet 
with 18 511 6-inch mounting centers (as shown in the photo 
of multiple installation) or in any rack whi.sh meets the 
ANSI (C83.9-1972) or ElA (RS-3104%) standard. A 1-314 
inch gap between the top of a multiple uni.t array and the 
bottom of any instrument mounted above is required for 
field wiring access. The same requirement exists for the bot- 
tom of the array. A gap is not required bet~neen units of the 
same array or between screw termination trays and signal 
conditioning trays. 

Specifications 
Physical Characteristics: 

Size: 

50 dual screw terminations 

22920A 
Signal 

Conditioning 
Trays 

22922A 
Screw 

erminations 

Net Weight: 1.39 kg (3.06 Ib.) 
Environmental: 

Temperature (operating): 0 - 5 5 ' ~  
Humidity (operating): 95% RH @ 4 0 ' ~  non-condensing 
Shock (non-operating): 30 G, 11 ms duration, 112 sine 

wave 
Vibration (operating): 

Frequency: 5-55-5 Hz (1 5 minutes duration) 
Amplitude: 0.38 mm (0.1 5 inch) peak-to-peak 

Dwell at Resonance: 10 minutes 

Compatible Cables (Unterminatedl: 
22906A Digital 110, 16 channels 
22907A Analog In, 8 channnels, differential 
22907A-002 Analog In, 16 channels, single ended 
22908A Analog Out, 4 channels 

Hardware Supplied 

22922A General Purpose Screw Terminations 

Software Supplied 

None required 

4.45 cm 
(7.75 in., 

b- 48.26 crn -- 
(19.00 in.) 

4 
4-9/4- 1 0 





models 

Cable assemblies 22906A 
22907A 
22908A 

The inputloutput cable assemblies available for interfacing with various HP 2240AlHP 2241A function cards to external 
sensor points or to HP supplied signal conditioning modules are listed in the table below. 

Digital InputlOutput Cable (Note 1 ) 
16 channel unterminated with com- 
mon ground 
4 meters (13.1 ft .)  
Net Weight: 0.34 kg (0.75 Ib.) 

Digital InputlOutput Cable 
16 channel (common gr01~nd) 
with connector to  Teledyne 
Signal Conditioning 
4 meters (13.1 ft .)  
Net Weight: 0.34 kg (0.7!j Ib.) 

Connects 
To: No.lOption 

Description 

User terminations or 
HP 22922A General 
Purpose Screw 
Terminations 

Teledyne Series 671 P 
Mounting Panel 

Connects 
TO: 

2240A Terminated or 
Connection End Unterm. End 

Opt. 001 

Opt. 002 

Opt. 003 

22908A 

ODt. 001 

Opt. 002 

Analog lnput Cable 
8 channel, differential, unter- 
minated, individually shielded 
twisted pairs 
4 meters (13.1 ft.) 
Net Weight: 0.34 kg (0.75 Ib.) 

Analog lnput Cable 
8 channel, differential, indi- 
vidually shielded twisted 
pairs with connector to HP 
Signal Conditioning 
1.5 meters (4.9 ft .)  
Net Weight: 0.34 kg (0.7!i Ib.) 

Analog lnput Cable 
16 channel, single-ended, un- 
terminated twisted pairs 
with overall shield 
4 meters (13.1 ft.) 
Net Weight: 0.34 kg (0.7!i Ib.) 

Analog lnput Cable 
16 channel, single-ended, 
twisted pairs w ~ t h  overall 
shield with connector to 
HP Signal Conditioning 
1.5 meters (4.9 ft.) 
Net Weight: 0.34 kg (0.75 Ib.) 

Analog Output Cable 
4 channel, unterminated 
(8 twisted pairs) 
4 meters (13.1 ft.) 
Net Weight: 0.34 kg (0.75 ~ b . )  -- 
Analog Output Cable 
4 channel with connector to  
HP Signal Conditioning (El 
twisted pairs) 
4 meters (13.1 ft.) 
Net Weight: 0.34 kg (0.75 Ib.) 

Digital InputiOutput Cable (Note 2) 
16 channel with connectcr to HP 
Signal Conditioning 
1.5 meters (4.9 f t )  
Net Weight: 0.34 kg (0.7:~ Ib.) 

User terminations or 
HP 22922A General 
Purpose Screw 
Terminations 

- 

HP 22914A in 
22920A Tray 

22902A 
22903A 
22904A 
22905A 

User terminations or 
HP 22922A General 
Purpose Screw 
Terminations 

HP 22914A in 
22920A Tray 

I 
b-0 -- -= - -- 

User terminations or 
HP 22922A General 
Purpose Screw 
Terminations 

HP 22912A. 
HP 2291 3A. 
HP 22914A in 
22920A Tray 

HP 22914A in 
22920A Tray 

Notes: 1. The rise and fall times of the input digital signals should be restricted as follows: > 10 ps for source impedances > 100.Q; > 1 p for 
source impedance < 100.Q. A 0.01 pf capacitor between the signal and the cable common will ensure compliance with these require- 
ments over the source impedance range. In addition, source impedances > 1K.Q should not be used. 

2.  Same as note 1 except for the following: 2 p replaces 10 ps; 0.25 ps replaces 1 ps; 0.005 pf replaces 0.01 pf. The 1 K.Q restriction 
still applies. 

5- 1 
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Verification Kit Models 
22909B 

Power Supply Extender Board 2291 OB 
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CONTROL CARD 1 FUNCTION CARD 
CABLE 

22909-60004 
TEST FIXTURE 

HP 22909A 
CABLE 

22909-60005 

Note: Function card extender board 
22909-60001 not shown. 

HP 229098 Verlficat~on Kit 

Features 
Functionally tests all 2240A function cards in conjunction 
with 2240A standard firmware 
Easy-to-follow, step-by-step verification procedure 
supplied in 2240A Installation and Service manuals 
Can be used as an 110 simulator for program development 
Troubleshooting down to board level is fast and service is 
easy in conjunction with the HP board exchange program 
Portable, rugged, and easily attaches to the 2240A on a 
bench or racked in a cabinet 

Description 
The 22909B Veriflcatlon Kit ~rov ldes the capability of func- 
tlonally verifying all the 2240Af2241A plug-ln function 
cards Each of the digital cards, input or output can be 
checked for proper operational levels The logic circuitry of 
the cards IS checked durlng the 2240A self-check generated 
by program control and at power on The analog input is 
funct~onally checked In a differentla1 or analog configuration 
In order to easlly check the analog output card, a set of 
terminals 1s mounted on the test flxture to which a HP 3495A 
or equivalent voltmeter should be attached 

Th~s verification kit does not perform verification of the 
s~gnal  conditioning cards, HP 2297 2A, HP 2297 3A or HP 
2297 4A. Service of these cards is easily accomplished and 
is described in the 2240A Installation and Serv~ce Manual 
(02240-93003). 

POWER SUPPLY 
EXTENDER ASSY 

22909-60003 

- - - - 

HP 2291 06 Power Supply Extender Board 



Simulation of ~nputs and outputs is also useful as a pro- 
gramming aid. Certain Inputs andlor interrupts can be gen- 
erated to test the response of the measurenent and control 
program thereby savlng time and expenske on-line testing. 

The HP 229098 Verificat~oi Kit consists of the HP 22909A 
Test Fixture, a control card cable, a function card cable and 
a card extender assembly 

The HP 229108 Power Supply Extender ~ l l o w s  the power 
supply In the HP2240A to be withdrawn frorn the ma~nframe 
during dynamic testing or troubleshooting. 

Specifications 
Physical Characteristics: For HP 22909,4 Test Fixture. 
Dimensions: 33.02 cm (13 ~nches) x 5.08 cm (2 inches) x 
20.32 cm (8 inches) (width x height x depth). 
Net Weight: 1.36 kg (3 Ib.) 
Environmental: Same as 2240A Measurement and Control 
Processor. 

Power Requirements: +12V (provided by 2240A control 
card cable assembly connection). 

Prerequisite 

2240A. 

Hardware Supplied 

Test Fixture (22909A) 
Control Card Interface Cable (22909-60004) 
Function Card Interface Cable (22909-60005) 
Function Card Extender Board (22909-60001) 
Power Supply Extender Assembly (22909-60003) 

Software Supplied 

None required. 

Manuals Furnished 

Installation and Service Manual supplied with 2240A 



Other Recommended Accessories 
Fiber Optic HP-IB Products 

Fiber Optic HP-IB Link products provide a high speed and 
h~ghly reliable extension of the Hewlett-Packard Interface 
Bus*. The products include the HP 12050A Fiber Optic 
HP-IB Link and the 39200 Series of fiber optlc cables avail- 
able in five standard incremental lengths up to 100 metres. 
These products enable the user to locate HP-IB ~nstrumenta- 
tion (or other HP-IB devices) remotely from the computer in 
accordance with specific application needs. 

The optical data path ensures complete electrical isolation 
between the computer and instrumentation at the remote 
site Electrical isolation is Important in applicat~ons where 
large ground potentla1 differences and other common mode 
voltage effects can degrade electrical signal integrity. Opti- 
cal isolation can protect your computer from electr~cal trans- 
ients due to power system surges and other unexpected 
events at the remote site. Thus, the effects of a lightening 
strike strike cannot be propagated over the fiber opt~c  cable. 
Electrical  sola at ion is also Important in precision measure- 
ment applications where measurements must be made In an 
electr~cally clean area, such as an RFI screen room 

Fiber optic cable can be run safely in explosive environ- 
ments where the spark from a broken wire cable could prove 
disastrous. The leak~ng light energy from a damaged fiber 
optic cable is harmless in such an area. 

In summary, the Fiber Optic HP-IB Link is ideally suited for 
many demanding Industrial and laboratory applications. 

HP-IB Cables 

For additional HP-IB 
cables beyond what is 
supplied with the com- 
puting controller HP-IB 
interface, order per the 
product numbers below. 

Note: There is an HP-IB length restriction of 2 meters per 
device to a maximum of 20 meters. 

Model No. 

10631 A 

10631 B 

HP-IB Extender 

- 

Hewlett-Packard's 37201A overcomes the range limitation 
and broadens the scope of HP-IB systems by converting 
parallel data from the interface bus into serial form suitable 
for transmission over twin-pair cable or via full duplex mod- 
ems and the telephone network. A second 37201A, at the 
remote end of the data link reconverts the serial data into 
bit-parallel HP-IB format for the remote devices. An HP-IB 
system can therefore be split into two or more discrete parts, 
separated by HP-IB Extenders and a serlal data link. 

Each group of HP-IB dev~ces is still subject to the maximum 
cable length constraint, but the groups may now be sepa- 
rated by up to 1000m of twin-pair cable, or by virtually 
unlimited distances if a modem link is used. 

10631 C 

Meters 

1 

2 

lnterconnect~ng a number of widely scattered HP-IB systems 
1s simple, and a single controller can control the entire net- 
work from a central site. With the exceptions of Parallel Poll 
and Pass Control, the 37201A supports the full range of 
HP-IB functions. A maximum of 14 HP-IB devices may be 
connected directlv to each Extender. 

Feet 

3.3 

6.6 

16-Channel digital I10 signal conditioning cable 

The cable (22906A-001) is designed to interface between 
digital 110 function cards of the HP 2240A and Teledyne 
671 P Series Solid State 110 Converter modules which mount 
on a Teledyne 671 P Series mounting panel. Each panel 
accepts up to 16 optically isolated modules and fits on the 
front of a standard 19-inch rack. These modules are used 
with the HP 2240A in applications which require faster AC or 
DC switch~ng times or higher load current than handled by 
the HP 22912A Relay Output Signal Conditioning card. 

An external 5V DC power supply (e.g., one of the HP 62005 
series) is required to operate the Teledyne 110 modules. The 
22906A-001 cable has convenient terminations for connec- 
tion to this power supply. 

Additional information on the Teledyne Relays S o l i d  State 
AC and DC 110 Converters (Series 671 optically isolated) 
and on the Series 671P mounting panel can be found on 
Teledyne data sheets. 

I 
8.89 cm 
(3.5 in.) 

1 - 
.. . .  UP 
to 16 on 
one panel 

Teledyne Solid State 110 Converter Modules 



Cabinet Mounting of Measurement and 
Control Subsystems 

- 
2240A Measurement and Control !System Mounted in 
Vertical Cabinets 

The HP 2240N2241A can be ordered with an HP 294028- 
400 or 410 cabinet and HP 1000 Computer System. 
Hewlett-Packard will rack mount the HP 2:!40A and HP 
2241A in the locations des~gnated In the diagram to the right. 

The HP-IB interface will be connected to the HP 1000 and a 
software functional test will be run in the HP 1000 to ver~fy 
operation of the HP-IB interface anc data and interrupt trans- 
fers from the HP 2240A Control C.srd. 

Installation and verification of function card operation at cus- 
tomer site is the responsibility of the customer, using the 
built-in self test features of the HP 2240A and the HP 22909A 
Test Fixture. 

This space is designated for HP 22E120A Signal Conditioning 
Trays with signal conditioning cards, HP 2'2922A Screw 
Terminations, and HP 62000 series slot poNer supplies for 
powering relay cards, low level cards, or ~:ustomer bread- Screw Terminations 

boards. Since applications vary considerably in mix of 
analog and digital signals, both inputs and outputs, HP does UNAVAILABLE 

not install these items. This gives the custorr~er an opportun- 
ity to tailor his rack mounting to his applicat~on and allows 
the electrician to install fleld wiring i11 the rack first, before the 
electronic technician installs the slgnal co~iditioning trays 
and cards. 

2240A Measurement and Control System Mounted 
in Mini Rack 
The HP 2240A can also be mounted in a mirlirack configura- 
tion as shown in the illustrations to the right. Option 301 can 
be ordered with a 2240A to provide the following: 

1. Rack mount a 2240A in a roll-around mini rack with door. 
2. Provides space for mounting of a screw termination 

andlor signal conditioning assemblies. 
3. Provides 120 VAC power distribution and a 3-receptacle 

power strip for auxiliary power :supplies required by sig- 
nal conditioning cards. 

Option 301 provides an attractive match for desk style HP 
1000 computer systems for lab or light mariufacturing envi- 
ronments, and is a convenient package for !;mall point count 
remote 2240A applications. Option 301 is also a convenient 
package on which to place any of HP's 9800 Series Desktop 
Computers. 



HP 2240A Extended Performance 
Option: provides even more built-in 
HP 2 2 4 0 ~  capability 

The extended performance optlon for the HP 2240A pro- 
vides it with additional intelligence to handle more sophisti- 
cated measurement and control tasks. The resulting higher 
level of decoupled 2240Ncomputer operation improves total 
system throughput by allowing each device to better handle 
the tasks it does best. With the extended performance option 
the HP 2240A can handle these advanced measurement 
and control tasks: 

Acquire large amounts of high speed data continuously 
wlth a single programmed request 
Monitor a process or machine for critical event occur- 
rence and save important data that led up to the event 
Combine continuous data acquisition wlth simple local 
control loops using dig~tal decision making commands 
Perform an orderly process, equipment or machine shut- 
down upon an alarm condition 
Lower computer formatting overhead and improve sys- 
tem throughput by binary results transmission 
Interrupt the computer upon measurement task error 
detection 
Streamline request programming through enhanced HP 
2240A command set 

New commands 

The HP 2240A extended performance option provides addi- 
tional new commands to the HP-MCL command set. These 
additional commands provide more power and flexibility to 
optimize HP 2240A operation, and are summarized in the 
table on the rlght. 

More results in less time 

Commun~cat~ons between the 2240A and the computer IS 

st111 achleved through HP-IB messages that carry request. 
result, status and Interrupt lnformat~on Requests, for In- 
stance, are made up from the same h ~ g h  level, eas~ly recog- 
nlzed set of HP-MCL commands and sent to the 2240A vla 
fam~l~ar computer languages llke FORTRAN, BASIC and 
HPL. 

Additional HP-MCL commands ~ncluded with the extended 
performance HP 2240A 

However, w ~ t h  the extended performance optlon you'll see 
two Important changes from the standard HP 2240A opera- 
tlon F~rst, results are now stored and transm~tted by the 
2240A in a 2's complement blnary format, and thus the 
2240A formatter IS el~m~nated, result~ng In Improved com- 
mand execution speed Secondly, the 2240A can acqulre 
and transmlt data cont~nuously from a slngle request, re- 
quests do not need to be resent every tlme ~ t s  buffer is 
emptled These two d~fferences enable the HP 2240A ex- 
tended performance opt~on to acqulre data and return ~t to 
the computer at average cont~nuous rates up to 10,000 
read~ngslsecond 

COMMAND 
MNEMONIC 

MB 

CB 

IF-El 

RP-NX 

EX 

IE 

WR 

Other features are also included w~th  the HP 2240A ex- 
tended performance option. The following two examples, 
using the tire equipment measurement and control example 
previously used, will show the benefits of these other fea- 
tures. Refer to the 2240A processor wlth extended perfor- 
mance block diagram and the tire equipment with extended 
performance test setup diagram. 

HP 2240A Processor with extended performance option, block diagram 
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EXAMPLE 
COMMAND 

MB.0.202 or MB.1,202 

CB 

IF.5.3.1: 
... EI,A1.2.1.8 

RP.10: . .  RPS: ... NX: ... NX; 

EX.2 or EX.0 

IE 

WR.O.50 

RESULT 

Sets up bln mode (Mark Bin) and allows 
user to spec~ly ellher continuous (0) or his- 
tory (1) data acquis~tlon mode and deflne 
b ~ n  size (202 = 200 readinqs + 2 control 
words). 

Makes resuns ~n current bln available for 
transmlsslon (Close Bin) and albws further 
resuns lo be taken and put in next bm 

IF channd 3 or digital input card In slot 5 
is high (1)  then proceed with follow~ng com- 
mands. If not, then branch to EYEnd-IF) 
and sequentialty scan channels 1 through 8 
of analog Input card In slot 2. These El-IF 
pars may be nested. 

Identical to standard 2240A repeat-next 
loops except up to 6 pairs may be nested 
with Extended Performance HP 2240A. 

EX1 2 levels of nesled RP-NX bops. Exit. 
0 terminates the request and returns data 

Intwrupt conbolkr upon an Error cond~tlon. 

Wait 50 milliseconds and Reset elapsed 
time clock. Used for t~med pacing. 



Example #1: continuous data acquisition mode Results (in millivolts) are returned continuously with a condi- 
tion code sent for each group of 200 readings. 

In the 2240A tire equipment example in Seclion 2, a task was 
delegated to the standard 2240A to measure out-of-round 
forces on a rotating tire. The 2240A gathered data for 20 tire 
sector scand of 10 readings each. Corresponding to the A n A 
out-of-round forces measured for one tire revolution, the 
results were returned to the computer at completion of the 
task. If the identical task were to be performed again, the 
2240A request would have to be resent by the computer 
every time results were returned 

Let's assume that these measurements are to be made for 
long periods of time rather than for a single revolution. This 

MULTIPLE BINARY RESULTS 

coild be the case for instance in tire life-c)rcle testing. The Examples of reading the binary results is shown below, 
test can be done more efficiently with less interrelated Many of these input statements will be issued to read data 
2240A-computer overhead by making use of the continuous from the one request, 
data acauisition mode of the Extended Performance HP 
2240A. AS in the earlier example standard FORTRAN or 
BASIC statements are used to send the request. 

HP 1000 FORTRAN HP 9835145A BASIC HP 9825A HPL 
The request, shown below, is sent just once. 

READ (12) IDATA ENTER 12 NOFORMAT;ldata(') tfr 701, "ldata" 

ONE REQUEST 

The request can be analyzed as a simple program: 
Example #2: history data acquisition mode 

MB.O,PM; - Subdivide the buffer into resun "bins" (Mark Bin) 
of 200 readings each. (202 = 200 readings + 1 condi- 
tion code + 1 control word = Bin Size.) Specify con- 
tinuous data acquisition (0). 

RP.0; - Repeat everything in outer RP-NX bop indefiniteiy. 

RP.20; - Repeat everything in inner RP-NX bop 20 times 

Wr,3,2.1; - Synchronize (Wait for Trigger) the data gathering 
with tire sector pulse on channel 2, card slot 3, wail 
for pulse to go to high state. 

A1,2,1,10; - Acquire analog Inputs from 22404 card slot 2, 
load cell channels 1 to 10. Put results in current bin. 

NX; - Inner bop completion. 

CB; - Close Current Bin, make 200 readings (each 
revolution = 20 scans of 10 readings each) available 
for transmission to computer. Make next bin available 
for results. 

NX! - Outer bop completion 

While continuous data is required for applications like the 
one described on the previous page, others require only the 
data leading up to an event. Consider the application de- 
scribed below and diagrammed on the next page. 

Certain tires will be subjected to destructive testing by run- 
ning them for extended periods of time at over-inflated con- 
ditions and in the presence of changing temperatures. It's 
desired to analyze the sidewall forces resulting just prior to a 
blow out, e.g., the last 30 to 40 or so revolutions worth of 
measurements. Results obtained up to this time are of no 
interest and, in fact, unwanted because saving them will 
occupy computer time as well as use peripheral storage 
space. 

Each sector is read for s~dewall loads. The history of one 
sector is shown in the diagram, with data taken during the 
shaded portion of the figure being of interest. Recovery of 
this data is ideally suited for the history data acquisition 
mode of the Extended Performance HP 2240A. 
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It can be analyzed as a simple program; 

MB.1,22: - Set up resuh bins for 20 readings each (Mark Bin) 
(22 = 20 readings + 1 condition code + 1 control 
word = 

Bin Size). Specrfy history data acquisition mode (1). 

RP,O; - Repeat everything in outer RP-NX bop indefinitely. 

IF,3,4,1: - IF a bbw out is sensed via limit switch wired to 
channel 4, card slot 3, via signal high (1) then EX; 
if not, then El. 

EX.0; - Terminate the request (EXIT) and return the 
stored data. 

El; - End IF; proceed with request. 

RP,20; - Repeat everything in inner loop 20 times. 

WT.3,2,1; - Synchronize (Wait for Trigger) the data gather- 
ing with t ie  sector pulse on channel 2, card slot 3, 
wait for pulse to go to high state. 

A1,2,11,1; - Read the sidewall load cell connected to channel 
11, card slot 2. 

NX; - Inner loop completion. 

CB; - Cbse Bin and make next bin available to store 
results. 

NX! - Outer bop completion. 

30-40 REVOLUTIONS 
OF PRESSURE 
READINGS' 

DISCARDED DATA 

TIME PERIOD OF 

INTEREST 

-20 READINGSIREVOLUTION 

HP 2240A Extended Performance: 

Results, (in millivolts), returned only upon task completion, 
are shown below; a condition code will be sent with each 
bin. 

MULTIPLE BINARY RESULTS 

0,100 ... 125 0,130 ,... 210 0,950 ... 985 
.-- e 

Reading these binary results is similar to the previous 
example. 

History data acquisition differs from continuous data acquisi- 
tion in that results are returned to the computer only when 
the task completes, i.e., via the EX,O command. Data is 
acquired and, in the absence of a blowout condition, d ~ s -  

reduced communications overhead 

carded to make room for new data. Note the use of IF-END IF 
History data a c q u ~ s i t i o n  mode diagram pair. This built-in decision making capability allows the Ex- 

tended Performance HP 2240A to alter its measurement task 
based on the status of a digital input. At any one time the 
results from the latest 32 revolutions (determined from result 
buffer capacity) could be available for transmission if a 

The request, again, is sent just once. blowout occurred. Also, if required, satisfaction of the IF test 
condition could be followed by additional commands before 

ONE REQUEST termination, e.g., the elapsed time for the blow-out to occur 
after start of test could be obtained using the TE command. 

MB,1,22;RP,O;IF,3,4,1 ;EX,O;El;RP,PO; 
WT,3,2,1 ;A1,2,11,1 ;NX;CB;NX! 

and faster command execution 

With the extended performance option the HP 2240A can 
operate with less computer intervention because continuous 
results can be obtained from a single task request. The 
extended performance features do not affect HP 2240A 
function card hardware specifications. Real time response to 
interrupts, and the acquisition of analog and digital data still 
proceeds at the defined hardware rates from the function 
cards to the 2240A. However, since results are sent in binary 
format, ASCII result formatting is no longer done and the 
2240A formatter is eliminated, resulting in faster command 
execution time. 

As in the case of the standard HP 2240A, task timing is done 
by simply adding up the appropriate command execution 
lines. However, calculating continuous data acquisition rates 
through the 2240A to the HP-I5 involves a different proce- 
dure because the one time request transmission and startup 
overhead is usually unimportant; only execution and result 
transmission times need be considered. The timing ele- 
ments of a request with extended performance option is 
summarized on the next page. 



REQUEST 

1-0 5 rnr 2 W K  Byresirec 
$ 

A l  10 readlngrcorrerled C c r m m ~ n d r  Reru l l  
l n r e r ~ r e t e d  CdDlvred and mved . l l !e ,  A l  Trdnsm,rrlon 
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@ Request Transmission and Start-Up - As with 
the standard HP 2240A, requests are received at up 
to 70K characterslsec. and require about .7ms for 
start-up. However, in the case of continuous or his- 
tory data acquisition modes, this request transmis- 
sion and start-up overhead is incurred just once, 
regardless of the number of result transmissions. 

Command Execution 

Command processing proceeds left-to-right, one 
command at a time. 

@) Commands are interpreted and output data is 
prepared. 

@) Data is captured for a measurement command, out- 
put channels are updated for a control command. 

@) Analog results are corrected as before. However, no 
ASCII formatting is done; i.e., results are saved in 
binary format in the 2240A buffer. Elimination of the 
results formatter greatly reduces execution time. 

@ Result Transmission -When a bin has filled it is 
ready for transmission. After 1 ms for bin closing 
results are transferred to the computer at 200 
kbytesisec. Binary format uses only 2 bytes per 
reading so result transmission times become faster. 
When result transmission completes (and the re- 
quest i not terminating) execution resumes with 
step 6 . 



Sample computation of HP 2240A extended 
performance operation 

Again using the tire equ~pment measurement and control 
example, performance calculations for both standard and 
extended performance 2240A operation are shown in the 
table below. Comparing standard and extended perfor- 
mance f~gures show that the latter results in lower execution 
t~me and higher throughput. 

Standard HP 2240A I Extended Performance HP 22404 Execution Time on Milliseconds 

Command Execution T ~ m e  in I /  Command (Succeeding Bins of 
Milliseconds (First Bin of 200 Readings)) 200 Readings) 

1 Request recept I 28 bytes _ 7 = I I Request recept I 48 bytes * , = 1 4 0  1 and stanup 
- 

70K char sec and stanup 70K char sec 

Inner W T 3 2 1  90 WT 3 2 1 90 90 -t 2 0 + 9 ( 7 5 1 8 7 5  A12110 1 5 + 9 ( 2 4 ) = 3 6 6  3 66 

- - - - - - - - - 

Request cleanup 

i +  
200 x 6 bytes 

Result 
ZOO A 2 bytes 200 n 2 bytes 

and result (bin) 1 0 +  
transm~sson' = 3 0 0  l o +  = 3 0 0  

200Kb sec 

= 

t r x  
200Kb sec ZOOKbISec 

Total t~me for Total tlme 

onner loop 90 + 8 75 + 35 = 10 Oms lnner measurement 9 0 + 3 6 6 +  3 5 = 4 9 1  ms 90 + 3 66 + 35 = 4 91 ms 
(sector time) loop (secior t~me) 

Max~mum number Maxrnum number o l  1 1 
1 

I 
of inner Imp  execu- = 100 loops sec lnner loop execu- - =  203 bopslsec - = 203 loops~sec 
tlons per second tons per second 4 91 ms 4 91 ms 

Total tlme 
for entlre task 
(one tlre revdulan) 

Th~s rate does not albw for computer overhead in readong results and assumes the computer can read results at HP 2240A transmosson speeds In the case of 
continuous data acquoslt~on mode, results must be read by thecontrolkr at an average rate faster than they are belng acqulred So no results will beovelwrlnen and 
lost When data acquosoton tlmlng IS critical a command can be used to shut oft Interrupt sources (~nctud~ng result transmlssons) dur~ng parts of the request 

Marlmum number 
of tasksisec 
(tlre revslsec) 

1 I +  55+201100)'6 5 
= 208 15 ms 

I I Maximum number of 1 
4 8 revolut1on9sec tlre revolutoons sec Not appl~cable 

Total tune 

for outer loop 
(one tlre revoluton) 

1 4 0 +  80+ 55+ 55+ 55+20(4 91)+ BO 

20(491)+BO+35+30O-l0565rns +35+300=10290ms 



The table below shows command execut~m times with the 
Extended Performance HP 2240A. Compare these figures 
with the standard HP 2240A on page 2-L. and predict the 
performance of your particular application. 

I MEASUREMENT 

EXTENDED PERFORMANCE HP-MCL COMMAND EXECUTION TIMES 

Keyed Comments* 

I 

1 2240A 
Command 

A Maximum 20 kHz scan rate into buffer across channels, or 20 kHz 
sample rate on one channel for 700 - 800 sample buffer load. 'This 
rate can be guaranteed using a special command which inhibits 

.95 interrupts. An additional 0 - 50 psec is required when crossing a card 
I 

RC 1 .O 
boundary. 

B Sequential digital points are gathered into HP 2240A buffer at a 

CONTROL & STIMULUS rate of 90 psec per point (1 1,000 pointslsec). 
C 16-bit fields of digital points are gathered into 2240A buffer at a 

A 0  1.6 rate of 70 psec per field (14,000 fieldlsec). 
DO 1.6 .6 D Totalizer counts at 500 kHz maximum. Frequency counter at 500 kHz 

FO 1.5 .65 maximum. Period counter at 100 kHz maximum. 

E Maximum analog output update rate from 2240A buffer is 200 psec 
SS 1.5 per point (5,000 pointslsec). 

F Sequential diaital outout ooints are uodated from 2240A buffer at a 
SYNCHRONIZATION AND TIMING rate of 450 piec per' poikt (2,200 pdints~sec). 

WT .9 G Sequential 16-bit fields of digital outputs can be updated from 2240A 
buffer at a rate of 250 psec per field (4,000 fieldslsec). 

WB .5 
H Adjustable stepper pulse output rates to 500 pulseslsec. 

TI .9 I Interval Timer (TI) and elapsed time counter (TE) are updated every 

TE .40 10 milliseconds. 
J Additional set-up time is required when the data is read immediately. 

TASK SUPERVISION K .06 psecs are required for each additional character between IF and 
and El or between EX and NX. 

R P .55 

Execution Times are worst case ignoring delays due to interrupts. Note 
that the times shown for additional channels include the time for cor- 
rection and do not indicate the rate at which channels are actually 
scanned or updated. See the comments below keyed to each com- 
mand for typical rates. 

EXECUTION TIME 
IN MILLISECONDS 

v l - v l  * Lhta gathering and update rates are iypica,. 

EXTENDED PERFORMANCE COMMANDS 

First 
Channel 
or Field 

(ms) 

1 1;: 1 .06 1 K 1 
.- 

Complete Command Timing for all commands is available in the 
HP 2240A User's Manual (02240-93001) and User's Manual Sup- 

Each 
Add'l. Channel 

or Field 
(ms) 

EX .65 plement (02240-93007). Contact your local HP Systems Engineer 

WR .- for performance predictions tailored to your application. 
.7 



- ! - - 1 1  Measurement and control I 

Features 

HEWLETT h P A C K A R D  hi  

Acquire and return data continuously to the computer 
at average rates up to 10,000 readingslsec. from a 
single request. 

History data acquisition for recovery of data leading 
up to and following a critical event (pre and post 
trigger capability). 

I I 

models 
processor extended performance 2240A Opt. 001 

option and field upgrade kit 2291 9A 

Built-in decision making capability for request 
branching based on a digital input status. 

r) A-: 

Larger HP 2240A result buffer capacity and faster 
throughput in data acquisition and control 
applications. 

Nested repeatlnext loops for programming 
convenience and efficiency. 

Seven new programming commands for greater 
programming flexibility. 

Same high level command capabilities of HP 2240A. 

result item takes seven bytes in the standard 2240A buffer. 
The Extended Performance Option directly stores the 2's 
complement binary results relieving the 2240A from ASCII 
formatting activity. So, the 2240A command set execution 
times are faster using the Extended Performance Option. 
Furthermore, each result item takes only two bytes of the 
2240A result buffer, a 3 to 1 increase in buffer capacity. The 
larger capacity means less frequent buffer emptying and 
consequently, less 2240AJcomputer interactive overhead. 

Results are also transmitted in this binary format, providing 
greater transmission efficiency since only two bytes per 
reading is sent back to the computer. Some computers can 
perform numerical operations directly on the results without 
any need for reformatting. 

This binary result handling capability does not change the 
manner in which requests are sent to the HP 2240A. Requests 
are still built from the same high level 2240A command set 
and sent to the 2240A using the standard programming 
conventions. That is, requests are transmitted in ASCll 
format; results are returned in 2's complement binary format. 

Description Multiple Results from a Single Request 
Overview: 

The HP 2240A Extended Performance Option replaces the 
standard 2240A ROM set with ROM's providing enhanced 
2240A performance that may be required in certain appli- 
cations. This improved performance results specifically from 
(1) storage and transmission of results in 2's complement 
binary (rather than ASCII) format that effectively increases 
buffer size and data rate throughput over the HP-IB link back 
to the computer and (2) a more efficient management of the 
2240A data buffer that permits the 2240A to acquire and 
return data to the computer continuously from a single re- 
quest. Furthermore, new features such as built-in decision 
making capability and additional programming commands 
are included with the Extended Performance Option. 

The standard HP 2240A limits the number of results obtained 
from a single request to the quantity that fills the 2240A result 
buffer. Everytime the buffer is emptied, a request must be 
reissued to the 2240A. 

The Extended Performance Option offers a more flexible 
buffer organization for the HP 2240A. The buffer is divided 
into segments called "bins". Each bin stores a user defined 
set of results, e.g., the results for one or more analog scans. 
The results of many such scans can reside in 2240A result 
buffer concurrently. The user specifies how results are re- 
turned to the controller by specifying the appropriate "bin 
mode", i.e., either "continuous data acquisition mode" or 
"history data acquisition mode". In either case only one re- 
quest is sent to the 2240A regardless of the number of scans 

The overall impact of the Extended Performance Option is to 
that are processed, 

make the HP 2240A an even more independent, intelligent 
device. Interrelated 2240AJcomputer activity is reduced 
allowing each more time to spend on the specific tasks it was An important difference between continuous and history data 

designed to do. acquisition modes is the way results are made available to 
the computer. In continuous data acquisition mode, filled 

Use of the Extended Performance Option precludes all bins are read continuously by the computer; in history data 
ASCll results transmission and will require programmer acquisition mode, the reading of filled bins is done once and 
responsibility to insure Proper reading and manipulation of only after occurence of a digital event, e is tory data acquisi- 
the 2's complement binary results. tion mode implies that bins are emptied of old results as new 

results become available to fill the bins. These old results are 
Binary Results Storage and Transmission no longer available to be read by the computer. When history 
With the standard HP 2240A, results are obtained in a binary data acquisition mode terminates, all filled bins (containing b.) 

. . 
representation, formatted, and then stored in an ASCII the most recently acquired data) become available for 
format in the 2240A buffer. A five digit + sign + comma transmission to the computer. 



RESULTS 

REQUEST 

2240A BUFFER 
ORGANIZATION 

2240) EXTENDED 
PERFORlrOANCE OPTION 
BUFFER ORGANIZATION 

Continuous Data Acquisition Mode 

periods of uniform data acquisition must be interleaved with 
periods of no data acquisition. For example, a single channel 
can be sampled repetitively at 20,000 readings per second 
until a bin is filled (e.g. 250 readings); then sampling will stop 
(typically for several milliseconds) for internal 2240A result 
processing, bin closing, possible result transmission, and 
further command interpretation before resuming data 
acquisition. 

Likewise, a single multiple channel scan can be completed at 
20,000 readingslsecond; however, at scan completion, 
scanning will be suspended for these same reasons. 

Many applications can afford this suspension while waiting 
for the next scan to begin. With this type of operation aggre- 
gate rates at which data can be acquired and continuously 
returned to the computer will be maximized assuming 1) the 
analog input card(s) (22900A) acquire data at full unpaced 
(and uncorrected for temperature drift) speeds, i.e., 20,000 
readingslsec. into the 2240A buffer, and 2) the computer be 
able to read results at full 2240A transmission speed (200K 
byteslsec.). 

Increasing the number of channels per scan increases the 
aggregate continuous rate at which data is acquired and 
returned to the computer. Rates as high as 10,000 readings1 

In continuous data acquisition mode, each bin is filled and it second are obtainable when each scan includes the full 
becomes available for transmission to the computer. At the 2240A complement of 256 channels, 
same time the next bin is allocated and starts filling using the 
request residing in the request buffer. The computer is able to 
continuously read full bins even while another bin has started 
filling (however, actual 2240A data acquisition is suspended 
during result transmission). Bins that have Ibeen read are 
again available for new result storage. Full bins need not be 
read immediately; this "elastic buffering" decouples the com- 
puter from the real time data gathering of the 2240A. How- 
ever, the computer must be able to read results at an average 
rate that always provides one empty bin for new incoming 
results. This prevents results from being over~ritten and lost. 
Each bin returns a condition code indicating whether data in it 
is valid. The process continues until termination of the con- 
tinuous data acquisition mode. Because the! 2240A can re- 
turn data to the computer continuously from one request, 
overhead incurred by repeated computer requests is elimi- 
nated, resulting in higher system performarce, 

Continuous data acquisition mode can be llsed to perform 
repeated multiple channel scanning at highest possible 
2240A speeds while minimizing 224OAlcomputer communi- 
cations overhead. It is intended for applications where it is 
important to scan a group of channels at high speeds and 
transmit the readings to the computer while waiting for the 
start of the next scan. This can be done continuously from 
one request. Continuous data acquisition mode is valuable in 
many machine and process monitoring, contl.ol, test and data 
acquisition applications. These applications benefit from the 
ability to return multiple channel scan results continuously to 
the computer from a single request. Aggregate data acquisi- 
tion rates for multiple channel scanning (aggregate meaning 
# scanslsec times # channelslscan) achieved using con- 
tinuous data acquisition mode are much higher than can be 
achieved by the standard HP 2240A. 

However, this mode of operation is not well suited to high 
speed continuous signal construction applications because 

History Data Acquisition Mode 

Bin mode operation can also be used in history data acquisi- 
tion. History data acquisition allows data to be continuously 
sampled and subsequently discarded in the absence of a 
specific event occurence. If a specific event (e.g., closing an 
alarm switch) occurs the data taken immediately prior to, and 
possibly after, the event can be recovered for analysis and 
correlation. Although the recovered data may be analog 
andlor digital in nature, the event that initiates the data re- 
covery must be sensed as a digital input. 

The operation of history mode is basically the same as con- 
tinuous data acquisition mode. The difference is that results 
are transmitted only once, at the completion of the task. 
Hence, at the completion of a single scan, data acquisition is 
suspended for internal 2240A result processing, further 
command interpretation, and bin closing; however since re- 
sults are transmitted only once the overall data acquisition 
suspension period will be less than for continuous data ac- 
quisition mode. 

Decision Making and Branching Capability 

The Extended Performance Option provides decision making 
and branching within a request. The IF-End IF format allows 
two independent courses of action to be taken depending on 
the status of a digital input (for instance, a push button or limit 
switch). Digital input sensing and branching is completely 
built in the Extended Performance Option, i.e., no computer 
intervention is required when making a decision of this type. 
Any number of IF-End IF commands may be nested in the 
request. IF-End IF pairs can be used along with the EXIT 
command to terminate the continuous and history data 
acqu~sition modes. 



Additional New Programming Conveniences 

New programming features have been added to the HP 2240A 
by the Extended Performance Option. Nested Repeat- 
Next (RP-NX) loop capability conserves task buffer space. 
Up to six RP-NX pairs may be active at one time.The EX 
command allows branching out of RP-NX loops. A new Wait 
and Reset (WR) command simplifies paced sampling and 
scanning and automatically resets the 2240A elapsed time 
clock after the sampling occurs. The Interrupt on Error (IE) 
command lets the 2240A ~nterrupt the controller immediately 
upon an error condition. The returned condition code (or 
codes In the case of a bin mode) indicates whetherthe stored 
data is valid. 

Choosing Between Standard and 
Extended Performance Features 

Many applications can benefit from use of the HP 2240A 
Extended Performance Features. Three broad groupings of 
these applications include: 

1. A measurement task continuously repeated for long 
periods of time. In this application the user is interested in 
large amounts of data acquired from multiple sensor 
scans. The results may be processed immediately by the 
computer or analyzed offline. The application will also be 
characterized by minimal need to change the request 
executing in the HP 2240A; i.e., almost all communica- 
tions will be from the HP 2240A to the computer. 

By eliminating the need to reissue a request to the HP 
2240A every time the result buffer is read, the Extended 
Performance Option reduces 2240A request handling 
overhead and increases the time the 2240A is available to 
gather data. Faster 2240A command execution times 
further improve data acquisition performance. Binary re- 
sult transmission eliminates formatting time at the com- 
puter end of the link. 

The HP 2240A Extended Performance Option will be ideal 
in applications requiring fast, continuous, multiple channel 
scanning. This requirement is found in many machine and 
process monitoring, control, and test applications. The 
Extended Performance Option may be mandatory to 
satisfy such applications. 

2. Indefinite repetition of a measurement task where 
subsequent results are of no interest unless they are 
accompanied or initiated by a specific unpredictable 
event occurrence. This type of operation, known as 
"history data acquisition" or "sequence of event 
recording", implies both pre and post triggering capa- 
bility for data acquisition. For example, monitoring of a 
continuous process is required to isolate, identify, and 
analyze a failure occurrence. During steady state 
operation the process variables may be well behaved 
and predictable. However, transient process variable 
changes may immediately precede an alarm condition. 

The HP 2240A Extended Performance Option permits the 
user to discard unwanted steady statc data rather than 
store it using an expensive peripheral device. Tr~pping 

of the alarm swttch ~nittates the recovery of stored data 
that represents the process var~able changes as they 
occurred prior to the alarm condition. Furthermore, 
trlpplng of the switch may also in~tlate an emergency 
shutdown procedure that stops machinery and alerts 
personnel. 

The same operation may be used in "sequence of events 
recording" where the recovered information of interest is 
mainly digital in nature. For instance the results may indi- 
cate the sequence of relay and contact closures that pre- 
ceded a jammed machine condition in a materials handl- 
ing application. 

3. Tasks that require fast local response to machine, 
process, or operator inputs (e.g. relays, limit switches, or 
push buttons) because the task is to change in accord- 
ance with the state of these digital input devices. The 
HP 2240A Extended Performance Option puts this deci- 
sion making and branching capability in the 2240A where 
execution speeds are not affected by 2240A/computer 
communications. 

This capability gives the HP 2240A simple closed loop 
control capabilities. An example is the case where a po- 
tential tank overflow condition (level switch closing) re- 
quires positioning several valves to reduce the tank level. 
Until the switch closes the 2240A could be acquiring ther- 
mal data describing material in the tank. When the switch 
closes, analog outputs could be provided for the value 
actuators. When the level returns to its normal state, the 
thermal data acquisition would be resumed. 

Decision making capability is beneficial in continuous and 
history data acquisition applications as one means of task 
termination. 

Unless the application specifically has one of these 
requirements, the Extended Performance Option may not be 
necessary or even desirable. If these requirements do not 
exist, the determining choice factors include: 

1. There is no ASCII result transmission capability with the 
Extended Performance Option. All results are returned in 
2's complement binary representation. 

2. Reading binary results may be less straighfforward than 
reading ASCII results for some computerllanguage com- 
binations. (Consult the specific computer programming 
manuals for more details.) If floating point calculations are 
to be performed on the results, then conversion from 2's 
complement binary to the appropriate floating point rep- 
resentation must be done at the computer. 

3. Due to 1 and 2, exrstrng programs now runn~ng rn 
2240's wrll require modrfrcat~on (only for reading results) 
to use the Extended Performance Opt~on, whether the 
new features are needed or not. 



Summary of HP 2240A Commands Ad'jed By 
The Extended Performance Option Compatibility of Extended Performance 

Option with User Programs and 
HP 2240A Accessories 

MARK BIN: Subdivides the bufier into two or 
more result bins and allows user to speclty With exception in the following areas, programs written for the 
either continuous or history data acquisition standard HP 2240A do not require modification when used 

with the Extended Performance Option. 
CLOSE BIN Seals the data In the bln and 
allows further results to be taker1 and put Into 
the next bln In wntlnuous data acqulsltlon 
mode a "closed b ~ n  1s ~mmedlately available 

RP-NX 

IF-El 

1. Reading 2's complement binary results will require dif- 
ferent or modified computer input statements. Conversion 
to floating point representation must be done by the com- 

to be read In hlstory mode, the data 1s avail- 
able when the request termlnatl?s. 

IF-END IF. Allows branch~ng (wrthln a request) 
based on testlng the condlt~on that follows the 
IF wr t~on  of the command If t r ~ ~ e .  commands 

puter if floating point calculations are made using the 
results. Consult the appropriate computer programming 
manual for details. 

IMPORTANT NOTE: The user does not have ASCII result 

REPEAT NEXT: ldentlcal to RP-NX in standard 
2240A except these paws can baa nested with 
six levels active concl~rrently. Also permlts in- 
deflnltely long data acquisition vthen used in 
bin mode. 

EXIT: Used withln an IF-El statl?ment to ter- 
mlnate the request and return data or exit to a 
given level of nested RP-NX loc~ps. 

WAIT AND RESET: lJsed to pace data 
samples or scans (at 10 ms or greater ~ntervals) 

following the IF are executed. If riot true, com- 
mands following the El are executed. 
Nested IF-El palrs are permtttetl. 

Status results are also binary with Summary, Extended, 
and Interrupt status returning one, four, and ten words 
respectively. 

transmission capability when using the HP 2240A Ex- 
tended Performance Option. 

2. If HP 1000 BASIC is used, a user written FORTRAN sub- 
routine must be called to read the binary results. 

3. The BK (Blocking) and BD (Block Default) commands are 
not included in the HP 2240A Extended Performance 
Option. The MB and CB commands ~erform a similar func- 

INTERRUPT ON ERROR: Causes Request 
Service message to he sent to the computer 
upon detection of an error. 

by using the 2240~ 's  elapsed time clock. 
Provides improved execution speed in tight 
timing loops. 

4. Routines C2240 and R2240 (for ASCl Ilbinary conversion) 
included in the 92400A DAS Utility Library are not ap- 
plicable to the Extended Performance HP 2240A. 

tidn for binary data by allowing resulis to be transmitted in 
small, well defined groups. 

I I 

Specifications 
Interface Specifications 

All interface specifications applicable to the HP 2240A Ex- lnstallation and Warranty 
tended Performance Option are identical to the standard Installation and Warranty is identical to that of the standard 
HP 2240A (see HP 2240A Technical Data Book 5952-8532). HP 2240A. 

Prerequisites 
22919A: HP 2240A Extended Performance Field 

An HP 2240A with its standard prerequisite:; (found in Upgrade Kit 
HP 2240A Technical Data Book) is required for use of the 
Extended Performance Option. 

Field upgrades of standard HP 2240A's can be done by the 
Hardware and Software Supplied user via the 22919A Field Upgrade Kit. This kit provides the 

The Extended Performance Option replaces the standard user with the Extended Performance ROM set and the follow- 

HP 2240A ROM set with the Extended Performance Option ing 
ROM set. All other HP supplied hardware a~ id  software is 1. HP 22919A Installation and Service Manual (22919- 
identical to the standard HP 2240A. 90001). 

Documentation Furnished 2. HP 2240A Extended Performance Option Users Manual 
Supplement (02240-93007). 

The Extended Performance Option provides the followinq 
additional documentation to the HP.2240~. 

- 
3. HP 2240A Quick Reference Guide (02240-93005). 

02240-93007 HP 2240A Extended Per- 
formance Option User's 
Manual Supplement. 

Ordering Information 

The 22919A Field Upgrade Kit is compatible with all existing 
HP 2240A's and their associated hardware. Modifications to 
existing 2240A programs will be needed to use the upgrade 
kit. Refer to the discussion found earlier in this document. 

Order HP 2240A Option 001 to replace the star~dard HP 2240A lnstallation of the 22919A upgrade kit is a user responsibility. 
ROM set with the HP 2240A Extended Performance Option The HP Computer Systems Group parts warranty applies to 
ROM set. the 22919A Upgrade Kit. 



HP 2240A,/Computer System Multiple Channel Scanning 

Performance a Standard 2 2 4 0 ~ :  The Execution tlme ~n m~ll~seconds" 
figure IS the tlme taken to perform the following 

Uslng standard hlgh level 110 commands llke BASIC's 
' READIPRINT, ' FORTRAN's 'READIWRITE ' and HPL's 
"rediwrt' , you can offload your computer by lettlng the l-ts-l 

2240A execute measurement and control tasks wrltten In 
HP-MCL The Interpretation and execution of these tasks by 
the 2240A IS Independent of the computer, hence tasks 
wrltten In HP-MCL execute In the 2240A at the same speed 
regardless of whlch computer IS used And whlle they are 
executing, the computer IS free to do other work However. it 4- Execut~on tlme In m~ll~semnds - 
IS sometlmes necessary to perform more complicated func- 
tlons using a computer for data reduction, analysis, and 
declsion making algorithms. For these cases you will want to 
know the performance of the combined computeri2240A The time, t s  is the time the Standard 2240A takes executing 
system. the HP-MCL request. It is independent of the computer 

~h~ benchmark measurement and control tasks described being used and can be determined using information found 

and exem~lified on the next few Daqes allow you to estimate On page 2-4. 

the applicability of the 2240A and your computer in several 
common measurement and control situations. A typical b. Extended Performance 2240A: Continuous data acqul- 

block diagram of a 2240Alcomputer configuration used to sition mode IS used. The following shows what actually 

test system performance is shown below. takes place in continuous data acquisition mode. 

Computer 
reads 
results 

Computer sends 
HP-MCL request 

shown 

2240 executes HP-MCL 
request acqu~ring analog 

data on N channels 

2. Choose the measurement and control task of interest to 
you and read across the faclng pages. The left page Note that each bin contains 256 readings or M scans of 
contains data for the Standard 2240A; the right page data, where 
contains data for the Extended Performance 2240A. 

M = 256lN (N = # of channelsiscan). 
3. Performance, as given by the "performance definition" 

is the inverse of the "execution time in mill~seconds." Thus, "execution time in milliseconds" = TIM which is 
4. Interpret the performance data using the following in- the average time it takes to acquire one N-channel scan 

formation for the benchmark measurement and control of data and transmit it to the computer. Since, the 
tasks. 

How to Use Combined System 
Perfomance Information 

HP 1000 COMPUTER 

HP 9800 SERIES HP-IB 
DESKTOP 

COMPUTER 

The following steps enable you to determine the perfor- 
mance of the 2240A with your HP Computer: 

HP 2240A 
MEASUREMENT 

AND 
CONTROL 

PROCESSOR 

16256 CHANNELS 

INPUTS 

1 .  Unfold page 7-2. With this page unfolded, turn to the 
pages that speclfy 2240A performance with your com- 
puter. (HP 1000, HP 9825, or HP 9835). I 

ANALOG 4 CHANNELS 
OUTPUTS 

DIGITAL 
32 CHANNELS 

sends 
HP-MCL request 

INPUTS 

2240A executes 
HP-MCL request. 

filling one 
256 reading b ~ n  
wtlh andog data 

Computer reads 
one btn 

af results 

OUTPUTS /&- 
' I '  u ALARM ACTION 

2240A execu ls  
HP-MCL request. 

llllhng one 
256 ,eadlng bin 
with analog data 

Typical Block Diagram of the Computer HP 2240A Configuration 

7-0 

Computer reads 
one btn of 

results 



HP-MCL request is issued just once t ~ y  the computer, 
the time to and the request is small when many bins are 
read in a continuous mode of clperatior~. Hence, request 
time, is ignored. 

The time, t,,, of course is independent of the computer; 
it can be calculated uslng page 6-5 ,3nd the HP-MCL 
request 

RP,M;AI,I ,I .N;NX 

where M and N are described above. 

c. To determine average continuous data acquisition 
rates, multiply appropriate "n~mber  of N-channel 
scanslsec" by the number of channel;lscan, "N." This 
rate is from the 2240A to computer main memory. Long 
periods of data acquisition may requirt? a mass storage 
device; outputting the data to such a .device is a user 
responsibility. 

d.  Numbers in parentheses refer to HP-IvICL request in 
parentheses, i.e., faster rates can be achieved using AU 
(uncorrected for the temperature drift) command. 

Burst signal reconstruction 
For both the Standard and Extended Perforrnance 2240A the 
"Execution time in milliseconds" is 

2240A executes HP-!dCL 

at 20 kHz rate 

Executor7 tlme 
In mlll~seconds - I 

The times t, and t,, are the times taken by tlie Standard and 
Extended Performance 2240A respectively to acquire and 
process the N samples. Refer to pages 2-4 and 6-5 respec- 
tively for determination of these times. They are independent 
of the computer being used. Numbers in parentheses refer 
to RU (uncorrected for temperature drift) command. 

Digital input scanning 

For both the Standard and Extended Performance 2240A, 
the operation and def~nition of "Execution time in mil- 
liseconds" is shown below. 

Executan time 
in mrlisecords 

Cornpurer serds 
HP-MCL request 

The times t, and t,, are the times taken by the Standard and 
Extended Performance 2240A respectively to acquire and 
process the N samples. Refer to pages 2-4 and 6-5 respec- 
tively for determination of these times. They are independent 
of the computer being used. Continuous data acquisition 
mode of the Extended Performance 2240A was not used for 
digital point scanning. 

Supervisory control 

2240A executes HP-MCL 
request acquir~ng d~grtd 

data uslng either Dl 
or FI commands 

The scenario is the same for both the Standard and Ex- 
tended Performance 2240A. 

Computer 
reads resutts 

t, and t,, again refers to the time taken by the Standard or 
Extended Performance 2240A to execute the HP-MCL re- 
quest shown. They are ~ndependent of the computer being 
used. 

I t, or ter, 

Closed loop alarm response 

The following applies to both the Standard and Extended 
Performance 2240A. 

Computer 
computes new 

a. Using the computer, the "Execution time in mil- 
liseconds" is the time from detection of an alarm condi- 
tion vla the 2240A common Interrupt card to the time an 
alarm is actuated by the 2240A digital output card. This 
requires a user written computer alarm routine and can 
be done with both the Standard and Extended Perfor- 
mance 2240A. 

Execution time It---- in m~lltseconcis - 
2240A updates 

4 outputs 

Computer sends 
HP-MCL request 
with new analog 

output values 

b. The Extended Performance 2240A can check status on 
a digital line using local intelligence. If necessary it can 
initiate an alarm routine without the computer. The 
"Execution time in milliseconds" is the maximum time 
the 2240A takes to execute the HP-MCL command 
shown. It is independent of the computer used. 

History data acquisition 

* ~ a ~ ~ ~  
inputs 

The "Execution time in milliseconds" is the time taken to 
execute the HP-MCL request shown. It is independent of the 
computer being used. 

~ ~ p ~ z  
inputs 



HP 2240AlCOMPUTER 
SYSTEM PERFORMANCE DATA 

(UNFOLD THIS PAGE) 

0 



e 
HP 1000/HP 2240A EXTENDED PERFORMANCE 

EXECUTION 
TIME IN PERFORMANCE 

MILLISECONDS (SEE PERFORMANCE DEFINITKIN) PERFORMANCE 
DEFlNillOM 

N BASIC4 FORTRANS FORTRANB BASIC4 FORTRAN6 FORTRANB 

N A 200(250) 250(333) Number of N-channel scanslsec 
N A 143(200) 143(200) 
N A 41.7(62.5) 45.5(71.4) 
N A 23.3(32.3) 24.4(40) 

N A 16.4(21.7) 20.8(30.3) Number of N-Sample acquisitiondsec. 
N A 6.2(8.6) 8.3(13.2) 

N A 55.6 62 5 Number of 32 point digital scansisec 

N A 58.8 62.5 Number of 32-bit (2 fields) updateslsec. 

N A 47.6 50.0 Number of control I m p  updatedsec. 

- N A 38 36 N A 26.3 27.8 Number of actionslsec. 

- N A 3 3 N A 333 333 Number of actionslsec. 

- N A 8 8 N A 125 125 Number of 32 channel scandsec. 

NOTES (continued): 
Interrupt service program in maln memory at time of interrupt. 
BASIC must call a user written FORTRAN wbroutine to use the Extended Performance 2240A. 
FORTRAN using READIWRITE statements and standard RTE formatter for requests Binary results of Extended Performance 2240A are 
available for immediate processing by the HF) 1000 without further formatting (i.e., FORTRAN unformatted READ statements were used). 
FORTRAN using WRITE statement and stancard RTE formatter for requests. EXEC read used for binary results. Results are available for 
immediate processing. 



HP 9825Al2240A STANDARD PERFORMANCE 

EXECUTION TIME PERFORMANCE 
IN MILLISECONDS (SEE PERFORMANCE DEFINI'TION) 

FORMATTED BUFFERED FORMAlTED BUFFERED PERFORMANCE 
N READ1 READ2 READ' READ2 DEFINITION 

16 78(76) 25(23) 12.8(13.2) 40.0(43.5) Number of N-channel scanslsec. 
32 148(146) 39(37) 6.8(6.8) 25.6(27.0) 

128 566(559) 129(120) 1.8(1.8) 7.8(8.3) 
256 1 130(1120) 246(233) .9(.9) 4.1 (4.3) 

250 lllO(1090) 242(226) .9(.9) 4.1 (4.4) Number of N-sample acqu~s~tions/sec. 
750 N A N A N A N A 

47.6 Number of 32 point digital scanslsec. 

90.9 Number of 32-bit (2 f~elds) updateslsec 

Number of control loop updateslsec. 

45 5 Number of such act~onslsec. 

N A Number of such actionslsec 

N A Number of 32 channel scansisec. 

Benchmark test setup conditions 
All tests done on HP 9825A with HP-18 interface, extended I10 ROM, string advanced programming ROM, and 24K bytes memory 
Voltage values measured were typical (9.995 volts). 

NOTES: 
' ASCII results formatted uslng red 701 ,E,V(l),V(2),. . .V(N) or equivalent "for-next" ~nput loops. Data available for immediate processing. 

ASCII results read using fast readlwrite into "Type 3" 110 buffer. Data IS available for Immediate processing. 



HP 9825A12240A EXTENDED PERFORMANCE 

EXECUTION TIME PERFORMANCE 
IN MILLISECONDS (SEE PERFORMANCE DEFINITION) 

FORMATTED UNFORMATTED FORMATTED UNFORMATTED PERFORMANCE 
N READ3 READ4 READ3 READ4 DEFINITION 

16 87(86) 5(4) 11.4(11.6) ZOO(250) Number of N-channel scanslsec 
32 158(156) 8(7) 6.3(6.4) 125(143) 

128 595(588) 43(23) I .6(1.7) 23.3(43.4) 
256 11 85(1170) 85(44) 8(.8) 11.7(22.7) 

250 11 60(1150) 71 (55) .9( 9) 14.1(182) Number of N-sample acqusitions/sec. 
750 3490(3450) 190(145) .3(.3) 5.3(6.9) 

6.6 62.5 Number of 32 polnt digital scanslsec. 

41.6 100 Number of 32-b~t (2 fields) updateslsec 

55.6 Number of control loop updateslsec. 

k. 

52 6 Number of such act~onslsec 

333 Number of such act~onslsec 

125 Number of 32 channel scanslsec. 

NOTES (continued). 

Binary results read using fast readlwrite into "T!/pe 3" I10 buffer and then formatted uslng itf statement. Formatt~ng time is included. Data 
IS then available for Immediate processing. Continuous data acquisition mode of 2240A not used in any of the described tasks. 
B~nary results read using fast readlwr~te into "Type 3" 110 buffer. Binary results are not in format for processlng. Thls must be done at a 
later time. 



HP 9835A12240A STANDARD PERFORMANCE 

EXECUTION TIME 
IN MILLISECONDS 

FORMATED UNFORMAlTED 
N READ' READZ 

PERFORMANCE 
(SEE PERFORMAMCE DEFINITION) 

FORMATED UMFORMAlTED PERFORMAMCE 
READ1 READ2 DEFlMITlON 

4.6(4.6) 21 3(21.3) Number of N-channel scanslsec. 
2.6(2.6) 17.9(19.2) 

.7(.7) 6.3(7.2) 

.3(.3) 3.4(3.9) 

250 2864(3849) 291 (250) .3(. 4) 3.4(4.0) Number of N-Sample acquisit~ons/sec 
750 N A N A N A N A 

- 281 43 3.6 23.3 Number of 32 point digital scanslsec. 

-- 59 4 1 16.9 24.4 Number of 32-bit (2 fields) updateslsec. 

Benchmark test setup conditions 

All tests done on HP 9835A with HP-IB interface and 110 ROM 
Voltage values measured were typical (9.995 volts). 

Number of control loop updateslsec. @ 

Number of such actionslsec. 

Number of such actionslsec. 

Number of 32 channel scanslsec. 

NOTES: 

In all cases refer to HP 9835A 110 Programming Manual 09835-90060 for details. 
I ASCII data read using appropriate IMAGE statement. Data is available for ~mmediate processing. 

ASCII data read into string array using byte fast handshake transfer. Data must be formatted later for processing 



HP 9835Al2240A EXTENDED PERFORMANCE 

EXECUTION TIME PERFORMANCE 
IN MILLISECONDS (SEE PERFORMANCE DEFINITION) 

FORMATTED INTEGER FORMATTED INTEGER PERFORMANCE 
N READ3 FORMATTED READ4 READ3 FORMATTED READ4 DEFINITION 

16 117(117) 5(4) 8.5(8.5) 200(250) Number of N-channel scanslsec 
32 193(193) '3(7) 5.1(5.l) l l l ( 1 4 3 )  

128 650(649) 42(24) I .5(1.5) 23.8(41.6) 
256 1275(1260) 84(47) .7(.7) 11.9(21.2) 

250 261 (246) 80(65) 3.8(4.1) 12.5(15.4) Number of N-Sample acquisitbns/sec. 
750 748(640) 199(155) 1.3(1.6) 5.0(6.5) 

Number of 32 point digital scanslsec. 

Number of 32-b~t (2 fields) updateslsec. 

Number of control loop updatedsec. 

12.5 Number of such actionslsec. 

333 Number of such actionslsec. 

125 Number 9f 32 channel scanslsc 

NOTES (continued): 
Binary data read using appropriate IMAGE statement. Data is available for immediate processlng. Cont~nuous data acquisition mode 
of 2240A not used in any of the described tasks. 
Binary data read into integer array using byte fast handshake transfer. Integer data available for immediate processing. 
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