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L.earn the parts of a 22%0 system and the acronyms associated with thewm.

Understand the principles of electrostatic discharge and demonstrate
the ability to follow ESD prevention practices at all times. R

Demonstrate the ability to use over 472 of the MUY and MCL commands.

Understand the correct wiring techniques and averaging routines to make
good analog measurements.

Demonstrate the procedurse to input and ouvtput digital signals to momitor
and control an external device. )

Develop the ability to recognize a correct self-test sequence and
Find the status of the 228%0.

Develop proficiency in troubleshooting the Z2%0 uwsing the diagnostic
hardware and softuware.

Understand the procedures dinvolved in installing a 22%0 syatem.
Demonstrate the procedures to calibrate the analog beards in the 22%0.

Acguire the ability to take a logical problem-solving approach o any
22%0 problem.
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Establish communications between the 2250 and the host computer. If
the host cannot communicate with the 22%0, check the cables and select
codes. Replace the HP-IB board if needed.

If communications between the host and the Z2%0 is established, send
a command to some of the 22%0 function boards. 14 none of the boards
operate, the MLI or the RIF boards should be replaced.

1 all function boards operate except one, that board should be
replaced. If the replacement board does not work, check the backplane
and its connectors.

If digital function boards are not reading inputs or outputting
correct voltages, check the programming. Some digital boards
invert the input and output signals. If this does not correct the
problem, replace the signal conditioning module on that channel.

If analoeg function boards are not reading inputs correctly, check
the input signal. Insure that the signal is large enough to be
sensed by the function card and low enough to prevent overflow.
Also check the voltage for variance and common mode. If the signal
is correct, replace the multiplexer function board. If this does
net correct the problem, replace the ADC hoard.

I+ thermocouple measvrements are not correct, verify that the
thermocouple reference connector is receiving power from the function
board. TInsure that the thermocouple is outputting the correct voltage
faor that temperature. Read the reference temperature of the TRC.
Double-check the programming. If all of these steps do not correct

the problem, change the TRC. IFf this fails to correct the problem,
change the function board.

llse the status registers to follow the operation of a task. Many
"hardware failures" are actually a result of incorrect software.

Aluways check the following items in addition to the hardware.

Programming code f(gains, interrupts, results storage,
results format, status, etc)

Function card confiquration (read configuration registers)

Incoeming or outgoing signal at the function board

Signal Conditioning Module application

THE STATUS LIGHTS ARE THE FIRST CLUE OF WHICH 22%0 BOARD TO REPLACE. USE
THE ENCLOSED TABLE TO TRACK HARDWARE FAILURES.



SCHED : WU : 24 (834047.4921"
2250 HARDWARE MAINTENANCE SEMINAR
(October 24 - October 28)

Morning 8:30-42:00 Afternoon 1:00-5:00
Day 1T (7:30 A.M. - Breakfast) fW&ﬁk%ﬂ%ESD review
{fkintroductions ffﬁardware
) % System Introduction ngv;; con?iguratiohs
f?:,y tﬂ hardware familiarization } processor unit
; system block %@agqan ] measurement & control unit
L ER YR PR Rl R >
" Data Acquisition & Control Review
thermocouples
7, Bt : guarding/CHR
| analog-to~digital converters
control techniques
Day II JVSoFtware '{ﬂﬁeasurement & Control Lang
L introduction bl |
MCX
Day III Measurement & Control Language | Selftest

with Fortran P
w7 Instrument Status

Day IV ' Diagnostic Software - Warranty Policy
~ DSP
Day V¥ _ Installation , EEvaluation

CRAAX -0 K S

' Calibration | Bervice Notes

Wiz <. Plant Tour (optional)



2250 SPECS CHANGES
September 1, 1983

© A=sembly New 8Spec —
25510A/R *30VAC RMS isolation, channel/channel & channel/ground
25504A/RB/C ¥Maximum common mode Z25VUAC RMS, chan/chan & chan/gnd.

SN

For safety purposes, all connections to a single board must.
be considered as a single node. (Because of potential relay
shorting.) C - S .

-

25514A/R *250VAC RMS isolation, contacts/ground and between contact sets
25533B/C/D ) ®250VAC RMS iselation, chan/chan and chan/gnd
E/F/G/H/T ) :
25537P/Q/R )
S/T/U/V/W )
23539A/E/ )\ 250VAC RMS iselation, contacts/gnd and between contact sets.
G/H/T )
e
25543N #280VAC RMS isolation, chan/chan and chan/gnd
25545P %2250VAC RMS isolation, chan/chan and chan/gnd
25551A/E 1 Max common mode voltage determined by the card to which the
- assembly is connected. Not to exceed 250VAC.
¢ A
 25550A/B Max common mode voltage determined by the SCM to which the
' assembly is connected. Not to exceed 250VAC.
255244 y Max common mode voltage determined by the card to which the

assembly is connected. Not to exceed 2T0VAC,

*8pecs which are explicitly published in the existing literature, as opposed

te being implied by the system configuration,



LAB #Q: LEARNTI:HG TQ USE MCX

###% MEASUREMENT AND CONTROL PROCESSOR EXERCISER ##%#

PURPOSE: This lab 1s designed to familiarize you with MCX commands,

MCX i{s probably the most powerful means of developing and debugging vyour
application program, wWithout proper understanding of MCX’s importance andg
flexibility, you may £ind the understanding of MCL/50 programining harder
than it really is, MCX glves you the capability of interrogating your
tasks that are running in the 2250, You can also simulate the interraction
of the Host computer progranm gathering data and controlling the 2250,

And, of course, you can use MCX as a virtual front panel to the 2250 so
that analog and digital polnts can be tested after hookup.

EQUIPHMENT REQUIRED:

2250 configured to use the demo consolete
HP 1000 or 9816/26/36 Desktop computer
MCX software disc for Desktop computer

OVERVIEW: Your 1instructor has provided vyou with both an MCX and MCL/SO
Language Reference guide, Although the MCX Language Reference guide w#ill
be primarily used during this lab, you may find it useful to have the
MCL/50 Lang, Ref, guide handy. This brings up a point. During the
explanation of #4CX commands, it will be necessary to use MCL/50 commands
that have not been covered yet in your lecture. Don’t be alarmed! This
lab {s structered such that the MCL/50 examples provide a stimulas or
condition in the 2250 so that MCX can interrogate those conditions.

The MCX Lang,., Ref, is essentially a printout of all the help flle
summaries available when running McCX. These summaries have been printed
out and organized for your convenience. This is especially helpful 1if
you have a terminagl without much memory for displaving several commands at
one time,

Please take the time right now to look over the MCX Lang., Ref sc that
you will pbe familiar with the location of command summaries during the
rest of this 1lab,

I - Invoking MCX

Your instructor has assigned you to a particular 2250 and its associated
Host computer, If you are using a desktop computer, you will have the
HP-IB interface select code and the 2250 HP~IB address defined, and you
will have a copy of MCX on disc which you will load in the following
manner:

LUOAD "MCx26"

If you are using the Hp 1000, vou will have a LOG=ON name given you
with whicn to access the system, and you will be given the LU of the 2254,
MCX will be available via the disc cartridqe that has been allocated for
you., Please LOG=0M at this time, ‘

The next step for either dJdser is to run MCX:

RU,MCX HP 1000



B Press the RUN key. 9816/26/36

= you will be prompted to enter the LU(CHP100Q) or the HP-IB interface
select code and instrument address. 0o so at this time,  Be sure
the 2259 is turned ON and the HP~IB cables are properly installed
s you have problems at this point,

IT - #ACX Help Summaries

As stated previously, the MCX program provides command summaries while
it is running. Let’s cause a couple of these summaries to be output to
the screen,

NOTE

During the course of this lab, you will be asked to
"enter in the following:". When asked this, simply

type in the given text and press RETURN (HP1000) or
ENTER (9816/26/736), unless otherwise told, Also

note that you should enter in exactly what is given

for each MCX command in this lab ynless you are familiar
with the abbreviations for MCX commands.

Please enter in the following:
? HELP (MCX command)

- a summary of MCX commands will be output to your screen just like the
printout given in your MCX Lang. Ref., guide,

As you already have noticed, each command can also be summarized by using
the "?" symbol and the command name. Enter in the following:
? READ (MCX command)
= a summary of the MCX command READ will be output to your screen,
Now see that you can also get summary descriptions of the different
MCL/S0 commands, Enter in the following:
? A : (MCX command)

- 3 command summary of the AI command will be given, Thils is very
limited as far as important inforration being made avalable, It
is suggested that you use your YCL/50 rLang. Ref, instead so that
special considerations when using commands together can be
noted,

Try a few more commands 1f you so desire, All but the individqal

MCL command summaries are given i{n you MCX Lang. Ref, guide,

IIT - MCX Setup and Configuration comrands,



The LOG command {s very useful when you need to get a hard copy of ,3
of all the lines entered and data results returned when running MCX.
This can most important when developing vour application programs
or ‘tasks because every input you make and every data result you get
can be output to a disc file or printer, The default condition
when 11CX 1s invoked is no log device, 1Instead, every input you make
and every result you get is already returned to the screen, Unless
you have the cooperation of the other HP 1000 system users, it is
best to leave the log mode as it is. Otherwise, there will be conflicts
when more than one MCX program tries to use the only printer on the
system, If you do need a hard copy, the LU of the printer is 6.

For desktop users, the LOG ON address of the printer will be 700,
You would enable logging to the printer in the following way:

LOG QN b - HP 1000 Users (MCX command)

LOG 0N 700 - Desktop Users (MCX command)

Please check with everyone else first and don“t leave your MCX prcgranm
linked to the printer after your done,..use the LOG OFF command,

What 1f you want to know what cards are present 1In your 2259, Enter
in the following:

CARDS , (MCX command)

« this will give you a 1list of the cards in each MCU present in your
2259, It may also inform vou of cards that are not working properly.
Also note that the cards are positioned such that analog cards start
from slot ! and move upwards in slot numbers; digital cards start at
slot 8 and move downwards in slot numbers, This maintains isclation
between the two different types of cards.

If you desire, you can get a listing of the cards in your 2250 by
using the LOG ON ¢ command, But please turn logging OFF right away
when others are on your systen,

There are commands that set up the MCX program to read and display
results in a cerain way, The following i{s a 1ist of the SET command
defaults for MCX:

A SET RESULTS JN ( Default condition; ¥CX command)

= All data output to the primary address (LU or HP=-IB address)
will be read immediately, 1f present, following the task
terminator (!), This means that MCX issues a READ statement to
the primary address of the 2250, For example, enter in the
following:

AI(CL,1) ! MCL/50 Command

« This command informs the 2250 to make a voltage measurement on
channel 1 of the ADC in slot 1 and return the result in millivolts.
The result data, output to the primary address because no
provisions were made to store the data locally in the 2250,

Wwith SET RESULTS 04, MCX plcks up the result data immediately and
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displays it on the screen, If LOG ON 6 or LOG ON 700 is in effect,
the result also goes to the printer.

SET POLLING ON 10 (Default condition, MCX commar

o

= This command informs MCX to poll the 2250 continuously to see
if any data is available, 1If not, another MCX prompt is issued
to the screen after 10 seconds, If polling is OFF and result
data Is read using the READ command when there is no data available,
MCX will hang until the HP=IB times out,

SET MODE INTEGER (Default condition, MCX command)
- All data results returned from the 2250 are in integer format
(=32768 to 32767).
SET STOP ON (Default condition, MCX command)
= If any run=time, CDA, or communication errors occur, MCX flags you
of such and gives you the chance to abort the current operation.
This 1s typically used when you are downloading an MCL/50 command
file to the 2250 and a compile error has been found, Obviously,
you would want to stop the transfer and correct the error before
downloading the file again,
- SET ECHO ON (Default condition, MCX caomman.
= When downloading an MCL/50 and/or MCX command flle, all commands
In the file are echoed to the screen which are found in the file.

All except the SET MODE command are typilcally left in their default

state, The SET MODE command lets you display the received data in either
Integer, Qctal, or REAL format. For example, enter in the following:

AIRC(1,1) ! (MCL/50 command)
example result: 16773 7682
- The result data is two integer words with SET MODE INTEGER, The data
needs to be converted before you can understand the results, Enter

in the following:

SET MQODE REAL (MCX command)
AIR(C1,1)! (MCL/5G command)

example result: 1.0274999

= The result data is now a single reading in REAL format. Note.that
this command is used with the AIR command only or when obtaining -
results from downloaded subroutines. «

The other SET MODE command sets up the result data in octal format. This
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becomes useful when you write octal values to digital cards and would like
to read octal values back instead integer format. For example, enter 1in
the following:

SET MODE OCTAL (MCX command)
FO (6,1) %17 ! (MCL/50 command)
RFO (6,1) ! (MCL/50 conmand)

results 000017

= HNote that the result is the same as the output value, If integer
mode was still Iin effect, the result would have been: 15,

Now return CX to SET MODE INTEGER before proceeding onto the next section.

IV = MCX Read, Write, and Status Commands

The READ, WRITE, and STATUS commands wlll be used more than any other
commands in MCX. They provide you with stimulas (WRITE) and respcnse
(READ and STATUS) when analyzing tasks, The READ and WRITE are used
most often to read/alter the values of variables or buffers that are
present in a task, They c¢an also be used to read the data present at
the 2250 secondary addresses, The following is a printout of the
secondary address assignments found in your MCX Lang. Ref,:

2250 Secondary addresses:

read 1: system status

read 2: main task status
write 3: task to tell about
read 3: resident task status
read 4: interrupt status

write 5: write buffers

write 6: buffer, length to send back
read 6: read buffers ’

write 7: write variables

write 8: varlable, count to send back
read B8: read variables

write 9: download subroutines
read 11: port A
read 12: port B
read 13: port C
read 14: port D

The following examples will use pre-written MCL/S0 tasks to illustrate
the.accessing of buffers, varlable, ports, and secondary addresses., The
INCLUDE command will be used to downlcad the MCL tasks to the 2259,

You are not expected to understand exactly how each task works, C0nly
the fact that the task is changing the values of variables and buffers
and whether or not the variables and buffers are to be output to the
host 1s of your concern, Later, when you conduct further labs, you-
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will remember the capabilities of these commands and will be abhle to
use then to aid in program development, .

Enter in the focllowing: -
INCLUDE LABOC1 (MCX command)

« This tells MCX to access the file named LABO1 and download that
file to the 2250, If no errors are found in compilation, the
task wWill be executed as soon as it is compiled, The task LABO1
{s listed below with a brief explanation of each MCL command:

*# MCX LAB TASK #1

CLEAR <==- MCX CLEAR command to get 2250°’s attention for MCL commands,

# The following are all MCL/S50 commands

RESET! <=« MCL RESET command which returns 2250 to turn on state,.

DIMENSION (10,2,10,20) <== Dimension 10 varlables, Vi to V10, ané 2 buffers
0f 10 elements each.

Vi=1i <=« Variable assignments,

v2=2 "

v3i=3 "

vV1i0o=10 "

B1(1)=10 <== Buffer element assignments,

B1(2)=20 "

B1¢3)=30 "

B1¢10)=100 "

IN(B2) <=« Specify buffer R2 as an output buffer to store readings,

BLOCK AI(1,1,10) <=« Set up 10 analog voltage readings to be taken ¢on
channel 1,

RELEASE (B2,A) == Send the data found {n buffer B2 to Port A, The
voltage readings will be output to Port A,
! <== Terminate the task,

= Note that the text i{ncluding and following the arrows is not
a part of the LABO0l file., These were added to clarify the
example, !

Now let’s use the READ command to 1look at the values of variables
and buffer elements that have just been assigned. Enter in the
following:

READ VARIABLE 1 10 (MCX command)

= this command specifies that starting wi{th variable Vi, read 10
consecutive variables (i.,e, variables V1 to V10 will be displayed).
You will note the first 3 elements are 1,2, and 3, corresponding
to the assignments in the task, The elements V4 to V9 are
garbage because they were not assigned in the task., V10 1is 10.

These variables c¢an also be read from secondary add}esses. When using
the secondary addressing, you are essentially simulating the operation of
your FORTRAN or BASIC program statements, Enter in the following:

WRITE SECONDARY 8 2 1 10 (MCX command)



« This command specifies that 2 words ( 1 and 10) should be written
to secondary address 8, MCX would transform this command into
something similar to the following output commands from the particular
Host vyou are using:

WRITE (LU2250:8) 1,10 FORTRAN 4X

| leee Release 10 variables starting with Vi,
le= Starting with variable Vi,

or
QUTPUT 70508 USING "#,4":31,10 Series 200 BASIC

This is essentially saying that you want 10 variables released to
secondary address 8 starting with variable 1,
When the following READ command 1s issued, the 10 variables
starting with variable { will be output to the display:

READ SECONDARY 8 (MCX commrand)
These statements read 10 elements from secondary 8:

READ (LU2250:8) ITEM1,.e.sITEM1O FORTRAN 4%

- ENTER 70508 USING "%,W"; Itemi,...,Itemi0 HP Series 200

You can also change the value of variables with either WRITE VARIABLE or
WRITE SECONDARY., Enter in the following sequence of commands and note
the results given:

WRITE VARIABLE 4 1 35 - (MCX command)
READ VARIABLE 1 10 (MCX command)

= The WRITE command will change the value of varlable V4 to 35, The
READ command then gives you all 10 variables for dilsplay. These
commands are being transformed into Host computer statements in
a similar manner to the following:

WRITE (LU2250:7) 4,1,35 ' FORTRAN 4X
WRITE (LU2250:8) 1,10
READ (LU2250:8) ITEM1,,..,ITEM1O

or
QUTPUT 70507 USING "#,W";4,1,35 HP Series 200
OUTPUT 70508 USING "#,W";1,10
ENTER 70508 USING "%,W";Iteml,,..,Iteml0

« llotice that the same serles of commands are necessary to fetch the
variable values from secondary 8.

WRITE SECONDARY 7 3 4 1 40 (MCX command)



READ VARIABLE 1 10 ' (HCX command)

This time varliable V4 is given the value of 40, The WRITE ccmmand
specifies secondary address 7 1s to receive 3 words., uhen the

3 words are received, the 2250 knows that variable V4 and only

V4 (according to the 1 specification) is to receive the value of 40,

Mow, let®s move on to the buffers. Similar results will occur. There

are

different secondary addresses and the sort. The following commands

should be entered and the results noted:

READ BUFFER 1 10 (MCX command)

This reads the values of elements 1 to 10 of buffer Bl, You will
note again that all elements not expressly assigned values will be
garbage. Elements B1(1) to B1(3) are 10,20, and 30, B1(10) 1is 1Q0.
You can issue the same command from a Host computer by using the
following commands:

WRITE (LU2250:6) 1,10 FORTRAN 4X
READ (LU2250:6) ITEMl,...,ITEM10

or

QUTPUT 70506 USING "#,W";1,10
ENTER 70506 USING "%,W";Itemi,..e,Item10 HP Series 200

In this case, you have to tell secondary address 6 which buffer you
“want to read from and how many elements, beginning with the first
always, are to be released, The READ or ENTER statement then

reads in as many values as were speclified,

WRITE BUFFER 1 2 5 6 (MCX command)
READ BUFFER 1 10 (MCX command)

This command sequence changes the values of B1(1) and B1(2) to 5 and
6, The 1 specifies buffer Bi, the 2 specifies two consecutive
elements, and the 5 and 6 are the values to be written,

WARITE SECONDARY 5 4 1 2 6 5 (MCX command)
WRITE SECONDARY 6 2 1 10 (MCX command)
READ SECONDARY 6 (MCX command)

This set of commands performs the same function as the previous
set except that the buffer elements B1(1l) and B1i1(2) are 6 and 5,
respectively, The first WRITE specifies secondary address 35,

4 words to be written, buffer Bi designated, 2 elements written
to, and the values of 6 and 5 written, The second WRITE addresses
secondary address 6 to inform the 2250 that it wants buffer B1
and 10 elements available. (The 2 specifies that 2 data elements
follow,) Then, the READ specifies that all avallable elements

at secondary address 6 should be read, These commands will be
implemented in Host I/J commands in & similar manner to the
following: -



WRITE (Lu2250:5) 1, 2,6, 5
lole Elements to be written
- Flrst two elements to be changed

- Buffer Bl

' 2
o
(|
|

WRITE (LU2250Q0:6) 1,10

| l—= Release first 10 elements
leewe Buffer Bl

READ (LU2250:6) ITEM1,...,ITEM10
QUTPUT 705U5 USING "#,W";1,2,6,5 HP Series 200

QUTPUT 70506 USING "#,W":1,10
ENTER 70506 USING "%,W";Itemi,,..rltemlo

Now that-buffer B1 has been read, it.is a simple matter to read the
the voltage readings from buffer B2. Enter in the following:

READ BUFFER 2 10 (MCX conmmand)

or

WRITE (LU2250:6) 2,10

READ (LU2250:6) ITEMl,...,ITEM10 FORTRAN 4X
- or
OUTPUT 70506 USING "#,W";2,10 HP Series 200

ENTER 70506 USING "%,W";Itemls.e.rIltemlO

« This gives the 10 voltage readings fraom channel 1 in slot 1.

READ PORT A MCX
or

READ (LU2250:11) TITEM1,...,ITEH10 FORTRAN 4X
or

ENTER 70511 USING "%,W";Itemi,...sIteml0 HP Series 200

= This also retrieves the 10 voltage readings that were released to
Port A, Notice that the readings are identical to those just
read, Also note that you can only do this once, Trying to read
from Port A again will cause an HP=IB time-out. You can read
from secondary 6 as often as you want, Also note that when
using the READ or ENTER statements, yYou have to Know '
how many items are to be read, Otherwise, you will hang on the
input statments,

Now let’s move on to the STATUS commands, Enter the following:
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INCLUDE,LABO2

= This downloads the file LABO02 to the 2250 for compilation, 1If 1
no errors are found, the serjies of tasks will be executed, The J
following is a commented version of LABQ2:

* MCX TASK LAB #2

CLEAR <== Get the 2250°s attention for more commands. (MCX ccmmand)
* MCL/50 commands follow, _

RESET <== Restore the 2250 to its powvwerw=on state,

! ; <== End of main task.

* .

NTASKS(2,1) <== Specify 2 tasks and 1 will be interrupt scheduled.
DIMENSIDN (10,1,20) <== 10 variables and 1 puffer with 20 elements,

! <-- End of main task,

*

TASK(1,50) <== Task #1 with a priority of 50.

FCI(O0) <== Disable function card interrupts.

SRQ(1) <== Send SRQ to Host, Host ¢can read value of 1 from secondary
address 4,

IN(B1) <=« Declare buffer Bl as storage space for input comrmands.

REWIND (B1) <== Rewind the buffer pointer to the beginning of the buffer,

BLOCK AI(1,1,10) <== Read 10 voltage readings from channel 1, slot 1,

RELEASE (B1,A) <== Release the 10 readings to Port A,

DO (6,16) 1 <== Turn the Red pushbutton lamp ON to indicate data ready.

SKIP (B1,10) <== Buffer is rewound by RELEASE command. Skip aheas 10
elements so data can again be released,

RELEASE (B1,A) <== Release the same data to same port again, This will
suspend the task until Port A 1s read once,

DO (6,16) O <== After Port A is read, turn OFF the Red Lamp.
Vi=1 <== Flag set to indicate tnat task # 1 executed,
! <== End of Task #1,

* .

TASK (2) <== Start of Task #2, Default priority is 99,
REPEAT (0) <== Infinite REPEAT loo0p.

DO(6,1) 1 <=« Turn ON lamp # 1,

WNOW(0,0,50) <== Walt for 50 milliseconds.

DO¢6,1)0 <== Turn QFF lamp # 1,

CTIMER ; PTIMER(0,0,50) <== Clear timer, Pause for 50 milliseconds.
During pause, let any higher priority tasks
run that are scheduled, Task # 1 will be
scheduled when pressing switch # 1,

IF Vi=1 THEN EXIT ENDIF <== Check to see i1f task # 1 executed, If Vi

is 1, then exit loop.

NEXT <== End of loop,
! <== End of task # 2,
*
Vi=o <== Set up a flag that can be used to see 1f task # 1 executed,
FCI(0) <== Disable function card interrupts.
INTERRUPT (6,1) 0 <K== Disable interrupts from point 1, slot 6.
ITASK (6s1,1) <K== Set up task # 1 to be scheduled on interrupt from
point 1, slot 6,
SENSE (6,1) 1 <K== Allow a 0 to 1 transition to cause interrUpts.
INTERRUPT (6,1) § <K== Enable interrupts £rom point 1, slot 6.
FCI(1) <== Enable function card interrupts,
START(2) <== Start task # 2,

! <== End main task.



pon‘’t worry 1£f you don“t understand LABO2, It is considerably rore
advanced than LABO1, However, it does exercise the STATUS commands,
which i1s our main concern right now. You will probably refer to this
example later after some more labs and lectures,

LABO2 is nov executing down in the 2250. It has configured the 2250

to generate an interrupt when you press the flashing switch, switch # 1.
## Please don’t press the red button yvet %

When the Interrupt occurs, the 2250 will take 10 voltage readings from
channel 1, slot 1, and release them to Port A, It will then turn 0H
the Red lamp indicating that the data is ready at Port A, The 2250 will
then suspend the execution 0of the task unti{l you read the data frcm
Port A, WwWhen the data 1s read, the Red lamp will be turned off &and task
execution will terminate,

Before pressing the flashing switch, let’s interrogate the 2250 with
STATUS commands, Enter in the following:

STATUS SYSTEM (MCX command)
= The results should be that task #2 1s executing and no data is
present at any of the ports, HNelther is there any interrupts pending,
This MCX command is implemented similar to the following on your Host:
READ (LU2250:1) ISTAT1/e..¢sISTATS FORTRAN 4X
or
- ENTER 70501 USING "%,W";Itemi,...rItem8 HP Series 200
-« Data from secondary 1 will give you the following information:
Word Decrtiption
1. Current running task
2, System error code
3. SRQ interrupt £flag
4, Main result word count
5. Word count at port A
6., Word count at port B
7. Word count at port C
8., Word count at port D
STATUS INTERRUPTS (MCX command)
= The results should be that no Iinterrupts have occurred, This
information comnes from seconiary address 4. Your ilost would
access thils information in a similar manner to the following:
READ (LU2250:4) ITEMl,...,ITEM16 FORTRAN 4X
or

ENTER 70504 USING "$,W";Iteml,,..r,Item16 '~ HP Serles 200

= There are 16 words returned from secondary 4, If all are 0, there
are no interrupts pending.
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STATUS TASK 1 * (MCX command)

= The results should be that task #1 1s an the idle state., It
will not run until an interrupt has occurred,

STATUS TASK 2 (MCX command)

= The results should indlcate that task #2 1s executing at sonre
line at which the status check was iIntitiated. Task status
can be found by accessing secondary 2 or 3, If you only want
main task information, there are 8 words available from
secondary 2, If you want status of a task other than a main
task, you get that information from secondary 3 by first
Ariting the task number and then reading the 8 status words.
Here is how to read from secondary 3: (Secondary 2 1s accessed
just by reading, not by writing the task number also.)

WRITE (LU2250:3) 1 FORTRAN 4X

READ (LU2250:3) ITEMl,...,ITEMB
or
QUTPUT 70503 USING "#,W";1 HP Series 200

ENTER 70503 USING "%,W";Itemi,...,Items8

= More specific error information is available from secondary
2 or 3. Refer to Appendix A of the Programmer's Reference
Manual for more information on secondary 2 if you so desire.

Now press the flashing switch and enter {n the following sequence of
commands: ' :
STATUS SYSTE:
= Now the status should read that task #1 i{s running and that
interrupts are pending and data is avallable at Port A,
STATUS INTERRUPTS
= The results now should indicate that an interrupt has occurred
on point 1, slot 6, and that an SRQ was initiated. The SRQ
command issued a value of | to secondary address 4, When you
invoke the STATUS INTERRUPTS command, secondary address data goes
away, This means that reading secondary 4 clears interrupts.
READ PORT A

=« Now the data at Port A will be displayed on the screen, and
the 2250 tasks will terminate,

V = MCX Conclusion,

It is recommended that you spend as much time as necessary to fully
understand MCX on your Host computer. Some 0f the MCX commands that were
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not cevered iIn this lab will be covered later in labs when they seenm
more appropriate,



LAR 3--INTRODUCTION TO MOL COMMANDS

PURPOSE: The purpose of this lab is to gain experience in using the
MCL. commands presented in the lecture.

PROCEDURE :  Run MCX on the host and use MCL commands to accomplish the
following:

A, Place a short across channel &, slot 4 on the FUA (field
wiring assembly).

i
2.

3.

Ui

N O

10

Calibrate the 2%%0% ADC board

Set the range on slot 1 channel & to 4 volt

(Verify this by reading back the gain)

Read channel & on the ADC card using the various analog
input commands(AL,ATM,AIR,ATC,ATD)~~the result should
be near zero. In some cases it may be out of range—-—
change the gain if needed. In other cases, it will be
hard to decipher-—change the mode if needed.

Read the channel 100 times at the free run speed--

vou should note a considerable variation in readings.
THIS I5 NOISE!!

Read the entire second field on the Digital input board.
{There are two different ways to do this)

l.ight up switch #14 on the consolet.

Set meter #1 to 5 volts,

Light all of the lights on the consolet.

Set the mode to octal and read the value set

on the thumbwheel switches.

Put a current through the pot and read the voltags
acroess it. Merify by changing the pot position.

E.  FOR THOSE OF YOU WHO ARE AMRBRITIOUS--Set up a task to take
a temperature measurement. Follow the flow chart procedure
listed in the seminar training manual.
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PURPOSE

PROCEDURIE :

A,

B

{RRL02S . 07%7 5
LAE 4
WRITING MOL THGKS

The purpose of this lab is to gain experience in writing MOL
tasks vsing MOX include files.

Using EDIT on the 1000, create include files to do the following-
Take 20 temperature readings from one channel. Store the

readings in buffer R2. Average the readings and store the result
in variable V.

Use the flowchart in the Heminar Training Manuval to properly set
up the temperature measurements.

Use pacing to minimize the noise in the readings.

Display the averaged resuvlt.

Write a task that lights the consolet lights one at a time

in sequence at a rate of one light each half second. Note that
only one light should be on at any time.

Place this task in an infinite loop. How can you interrupt

this loop?

Using the above twoe tasks as resident tasks, weite a main
task that will start the task in A (task 1) if button #i is
pushed or start the task in B (task 23 if buttoen #2 is pushed.



LAR S--USING MCL WITH & FORTRAN PROGRAM

PURPOSE :  The purpose of this lab is to send MOL commands to the 22%0 and
get back the results through a FORTRAN program in the host.
PROCEDURE :

A, Write an MCL task that will read a block of 100 readings from
a shorted channel on the 22%0. Use MCX to verify the program.

Place the MCL task in a FORTRAN program that will send this
task to the 22%0 and return the 100 readings to the terminal.

Compile the program, link this program, and run it. Verify
the results with MCX.

B, FOR THOSE OF YOU WHO ARE AMBITIOUS--HOW AROUT A DOWN-LOADED

SURRCOUTINE?Y

Follow the steps for down-loading a subroutine found in the
training manval . Use the source file &SURL for the subroutine.
Copy this file into file of your own. Compile it and run
LINKRE .

To down load the subroutine, uvse MCX. RBefore downloading,
do a reset and clear out memory for the subroutine with
the command NTASKS(0)!

Use the include File PRGL to run a tasik that will call this
subroutine.
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wlot
b

g

4

hoard
25%04
28502
@amMpty
25540

2595411

25543

25514

GEMINAR

2254

configuration

no 8CM’s, no configuration
no SCHM‘s, no configuration

channel 1 ~ unipolar voltage
channel 2 - unipolar voltage
channel 3 - unipolar current

channel 4 -~ no matter
AB53A7R (2B%37-60003) SCM‘s
no strobe SCM s

25543N (259543600047 BCM’s
2RBITR (2HRI7-L0003) HOM’ s
no strobe SCM’s

255943N (25%43-60004) SCM’ s
no strobe SCM’s

ne SCM‘s, no confiquration

on

on
on

on

{BRL024 . 453%)
HARDWARE CONFIGURATION RECORD

channels 4 -~ 42

ouvtput channels & - 16
input channels 4 -~ 16

channels 1 -~ 42

|
|
I
|
[
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The 2250 receives MOL commands in the form of ASCILY
te 1t by the controller. When uveing a desktop as a controller,
pou must suppress CR and LF becavse the 2250 does not recognize
these as terminatore. It expects an EOI at the end of each
string and the "!" at the end of each 2250 task.

strings sent

SENGING MCL COMMANDS TO THE #2%0

To send a short main task to the 22%0, vse the follewing Form.
OUTEUT 704 USING "#,K"; "DOC6,1,4) 14 1 4 4 ALCi, i)™ END
Wiere "#,1k" suppresses CR,LE and outputs the string in

compact Forem. "ENDY sends an EUL at the end of the
atring .

To send long strings to the 2850, set them up the commands

in ztring variables.

DIm DaT&LE1I000,DATAZ$L4001]

DETaLsE="nldd,10 DOL&,4i,404 4 4 4"

DATAZE="CPa00,200) REP (L0 WPA DOCH,1601 WHA DOCLH,i600 10
OQUTRFUT 704 USING "#,K";DATALYS & DATAZ$ END

FECEIVING DAaTa FROM THE 2250

To read back data from the 2250 main result buffer, you would use the
2250 primary address. It is best to desigrnate the 170 path veing an
ansign statement. Turn the format off. Allow time for any 22%0 commands
to compile and execute before you try to read the results. KRemewmber,
the First word that returnsg from the main resuvit buffer iz the condition
code .

OFTION BAGE 1

INTEGER  CODE ,RELT(L00D
AEHIGN @0 TO 7045 ; FORMAT
ENTER @RO, CODE,RSLT (XD

The 1I/0 path is assigned to 704 where 7 is the HPIRE address and 014
ie the primary address of the 22%0. The condition code is put into
the variable "code" and the results are put into an array “rslt".
You can then print or display the results.

I you want to read another buffer, a 22%0 variable, a port, or a

status register; vou must read these through e 22%0 secondary address.
For example, to read the status of a main task from secondary address
Zi; oyou can assign an A0 path to 70402 or vuse the foellowing statement.

FRTER 70102 USING "%, W", ST

The "HE,W" demands two bytes 16~bit two’s complement in eger and an E0L
causes an dmmediate tepmination. The resuvlitse are put antoe the array

nETY .
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AMALOG TNPUT COMMANDS

Thers s an ADD board

e in oslot 4. Take analog readings on channels
Fedd by o tvpding din the following task in MOX.

Aalil,w 8 1

auvtomat i

Liv returns the results to
@ there are no connections
are noise in millivelts,

Sin

your terminal soresn.
to these channels, the resvlts

Measure the voeltage on channels i-10.

aNaLOE OQUTPUT COMMANDS

Gend a voltage to meter 2
up to the DA in slaot 4.
the following command.

on the consolet. This meter i hooked
You can send % volts to the meter with

Yi4 2y 5000 8

Raeturn the meter To L volt.

DIGETAL ITHPUT COMMANDS

The moltifunction board in
inputs are connected toe the
command preads the input

slot A has LH dinputs and 14
awitohes on the consoelet.
value on all 16 input

sutputs.  The
The Ffollowing
channels.

DEth, 4,060 |

The results should all be

an the consolet and try the
ity H
i

o, LF ovou hold down one or more §
cammand again, you will i
For sach bDutton you hold down.

oa result of

CLGEETAL GUTRPUT COMMANDS

The 46 ocutput channels of the multifunotion board in slot & are
connected te the Light bulbs in the consslet. You can turn on
Light #4 by the Following command.

Ly (&, 4 {a 4" specifies "on'l

You can turn the Light off with the following command.

(s, Ly 08 i to"

apscifiss "of PP

More than one light can be turned on with the following
command .

BOCh,4,6 40 4 0 4 4

Buttons



B OIMOCLUDE FILES

Up to this point, all commands sent to the SRS by MOX have |
task, vou must Firat

mailn tasks.  To send the 22%0 a resident k,
space in J2%0 memory with the Following commands .

N
P E R

NTEHSKE (R (This reserves memory for % Tasks)

wd
DIRCA0, 2,400 1 (This reserves mevory for 10

: _ yardain Les
and two L00-word bhuffers:

I several commands or tasks are to be loaded intoe the 22%0, it
e obest to use an dnclude File. Oreate a File in the 4000 with

the Foellowing command.

L, EDIT

Type in the Following resident tasks intoe an dinclude File. Do
type in lines beginning with an "%, Thesse
and are noet e@ecutsd in the 22%0.

not
linﬁﬁ are comaent linews

0 Task #1 i3 a resident that will compile immediately but
® i T remains in memory until it ods started by oa main taslk.

¥ The rtask sets a current through the potentiometer on

A othe consolat, {The DAL Deard in slot 4 ds conneoted

¥ oto this pot.d It then de the voltage gensrated

¥ across this pot using channel 4 of the board in slot 1.
#0050 readings taken and averaged., These readings are

¥ owrtoered in oa buffer while the average is stoersd in

e #1 oand #2 oare turned on when the

#oo owardable Vi,
¥ readings are
A

Téaskian

YNf“éb

task sets moeter 1 to 8 volts and Cauvses

Light $#418

TaBk (2

Vida, 4 aion
PalEO0, 2000
REP{20D
Jiﬂ%

Glde, 163 4
Hpﬁh .
[RER S RN
HEHT

V(4,4 0



#  The third task waits Ffor button $#4 to be pushed.  When this
¥  occurs, the lights will segquence until button #2 dw pushed.

Tasi C3
IR QELEY
REF 0D
DEiG, 40
TF Vg=i
THEN
EOTO G403
ENDIF
P abine
¥ T
LaBEL (107
i g
THiVELD
DUTO? S
CRaCeEoD, 10073
REPODD
WP ACE
FO(6, 1)
V7=U7 ROT 4
DIih, a0
TF Ubsd
Tl
GOTO (2070
ENDLF
P ALSE
NEXT
Labin, 20
FOieb 4,80 00}

When vou are findshed typing in this lab, do a control G, After
the 7 prospt tvpe in the follewing.

A 5 S {where xxxxzxy is the Ffile name?
To run this progerasm, type in the following after the MOX prompt.
ITMOLUDE sxxuxzy

This doss not start the tasks. To start one of the three tasks
gou must send a main task to the 2350 telling it which tasik to
start. For example, SBTARTLY!D starts task $i.  This does not
raead back the results. To get back the values in the buffer,
you must type in the Following MOX command.

READ BUFFER 4 %0

To get back the caloculated average, vou must send the following

MOX command.
EEAD VAR TARLE 4 4

To start the other tasks, tvps in BTARTZXY or START(ED These
tasks remaln in memory until the 22%0 is shut of F or given a

bogommand., Yeu may vun them as often as you wish.
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COMPONENTS OF THE 2250

® 2104 is an L-series computer with dedicated firmware
e 2250 has plug-in capabilities for another L series
TE6. 7936
e 9835, 9845Asoftware support ava:lable, as weH as HP 1000
e HP-IB only

® capabilities of 7 additional MCU’s



2250 COMPONENTS

2250 Task Processor
behind status panel

Power Supply ——»

Space for optional plug-in
HP 1000 board computer
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2250

CONFIGURATIONS
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2250 ACRONYMS

BIF Backplane Interface card - card plugged into the left most slot in a
2251 card cage. It buffers the communication between the MCI card in
the 2104 processor unit and I/0 cords in the 2251.

CchA Continuous Data Acquisition - software that allows data transfer
directly from I/0 card to host computer disk memory at rates up to
50,000 samples per second. Part of the HP 1000 Automation Library.

CcJcC Cold Junction Compensation - correcting thermocouple measurements for
errors caused by joining the thermocouple wire to copper wire at the
voltmeter. Can be done via hardware or software.

DDL Diagnostic Design Language - a Basic-like computer language in which
the 2250 diagnostics are written.

DSP Diagnostic Support Package - a suitcase sized device, along with some
software, a manual and some cables, that provides external stimuli
for I/0 card verifcation.

FWA Field Wiring Assembly - a bundle of cables with a connector on one end
and a terminal strip on the other. This is the part of a 2250 system
that provides the interconnect between I/0 cards and customer wiring.

MCI Measurement and Control Interface card - card placed just to the left
of the CPU card in the 2104 processor unit. This card serves as an
interface between the CPU and the I/O cards. It also provides a clock
for system measurement timing.

MCL Measurement & Control Language - the language of the 2250 as opposed
to Basic or FORTRAN. All commands to the 2250 must be written in MCL.
MCL is a compiled language.

MCU Measurement and Control Unit - the card cage that contains the I/0 and
BIF cards. Also called a 2251.

MCX Measurement and Control Exerciser - a program, written in Basic or
FORTRAN that runs on the host computer. This program provides inter-
active communication with the 2250 without having to write a complete
application program. Part of the Automation Library.

PID Proportional Integral Differential control - an advanced method of
process control that utilizes an error signal, it's integral and it's
derivative for dynamic system control.

SCM Signal Conditioning Module - small printed circuit assemblies that
mount on to I/0 cards. These pca's transform customer signal levels
to levels compatible with I/0 card output circuitry.

TASK term used to describe a sequence of operations to be performed by a
2250, Tasks are written in MCL and are downloaded from the host
computer to the 2250 where they are compiled and executed. Tasks
can be main tasks or resident tasks.

TRC Thermocouple Reference Connector - a FWA with a special terminal blor
for connecting thermocouples. The terminal block contains a temperat e
measuring circuit that provides cold junction temperature information
for software compensated thermocouple measurements.

VCP Virtual Control Panel - an operational mode for L and A series computers
where a terminal acts as a front panel. Used for executing 2250
diagnostics.
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2250 1.G.

I. What is it ?
A. Measurement and control box
1. Providing digital output
2. Providing digital input
3. Analog output
a. -10 to + 10 volts dc
4. Analog input
a. 0 to 230 volts
5. Can detect state change of a digital signal
6. Can provide relay closures

B. It is an instrument on the HPIB

Sold by 02 Sales

Sold by 01 sales

Repaired by 02 service

Calibrated on a time and materials basis by PT 11
Up to 14 on one HPIB

ol B W NN

C. Microprocessor controlled device
1. Using L or XL processor boards

D. Device has own internal language and compiler
1. MCL/50
a. Essentially a translator language
E. Uses Host software Tike MCX
a. needs Automation Tibrary in 1000 system

II. What sections does it have ?
A. 2104A processor/controllier
B. Measurement Control Unit (MCU) 2251A
1. Box provides the digital points
2. Also provides the analog channels

III. General information about the processor (2104A)
A. Contained in a separate metal box
1. Especially made for the 2250
a. Resembles a 2146 L system backplane
b. Can also have a separate L for DS control



2250 I.G.

B. Uses the L power supply
1. Powers the processor cards
2. Powers the MCU
a. Up to 2 MCUs with a 2104
b Ap-t0-3.-MCUs -without - the 2104
C. Consists of 4 half sized cards for a minimum setup

1. 1/0
a. L HPIB card
b. MCI card

1). Measure and control interface
2). Made-by-RbSéQi}}e not DSD
2. L / XL processor card
3. RRack card
a. -Roséville memory card
b. Has 16k of ROM
c. Has 16k of RAM
d. Implements the mapped stack architecture
4. For diagnostics must add other parts
a. ASIC card
b. Special modem cable
c. A1l availible in PSP
5. For power fail backup of 2104 only add battery board
a. Gives 30 minutes of backup for 2104 only
D. Communications with the external world
1. Talks HPIB to Host controller
a. Host may be 1000 system
b. Host may be desktop
1). this configuration limits the data rate between host and 2250
2) 2250 is nét limited by this configuration
c. Host may be Brand X
2. Talks out the 2104 to the MCUs via the MCI card
a. Up to 8 total MCUs
3. Uses the 1ights on front status panel
a. Shows the different modes while running
b. Shows fatal and non fatal errors
1). Fatal error is a parity error
2). Non fatal type is a compiler error



E. Fits

2250 1.G.

into 2 types of cabinets

1. Standard HP 19" rack
2. Nema 12 cabinet
F Has built in self test features

IV. Each part of the 2104A processor
A. HPIB 12009A
1. Standard L HPIB card
2. Uses normal settling time for data transfers
3. Main communication with the external world
B. MCI 12070A
1. Special I/0 card for the 2250

2. Provides data transfers to and from the MCUs

3. Provides timing clocks for itself and software

a.
b.
c.
d.

Time of day

Watch dog timer
Pacing

Timeout interrupts

4. Provides clock pulses to MCU

a.

2 Mhz is the main clock

5. Drives MCI bus

a.

Up to 8 total MCU

b. Bus is ground true

c. Bus runs at 100kHz . W
d.
e
f

e

Connects to the Bué Interface Function card (BIF)

. Multiplexes data and address on the same lines
. CMOS drivers for the MCI bus

1). Electronically quiet
2). Low power

C. Processor card 12001 A/B
1. Isan L / XL
2. Provides the standard processor functions

a.
b.
c.

Instruction decode
Backplane arbitration
Volitile registers



2250 I.G.
D. RRack Card ( ROM / RAM / Stack card )
1. Special memory card
2. Has 16k of RAM
a. From Ok to 15k
3. Has 16k of ROM
4. Stack architecture implemented by this hardware
a. Uses 0 - 377 octal for stacks
b. Special RAM / ROM chips for stack
c. Does special instruction decodes/maps for stack
d. Converts some instructions to the equivalent of Pushs and Pops
5. Extends the memory cycle time be % when needed by the stack
8. Provides the ROM operating system
a. Also contains tables for some measurement linearizations
b. Thermocouples use the tables

E. Power supply
1. It is a 12035A
2. Standard 1./ XL as of 3/25/81
a. Point is it may change
3. Provides 2104 power
a. + 5 volts
b. * 12.volts
4. Supplies 27 volts at 25kHz chopped to the MCUs
a. Isolated and converted bxithe BIFs
1). Gives §'9 vo]tsﬁ%or each card to convert to +5
2). Gives & 17 vo]t§4¥0r each card to convert to 12 volts

V. MCU - 2251
A. Essentially a PC backplane
1. Has four busses
a. Top is power
b. Middle 2 are the data and digital control
c. Bottom one is for analog
B. Requires a BIF card in the first slot
1. Buffers data vy
2. Makes 9 voltsi“sind 17 volts'For distribution )
3. Resynchronizes clocks for use within the MCUs(%
C. 8 maximum
D. Function cards are really the MCU

E. Function Cards



2250 I.G.

16 channel analog in (ADC )

32 channel high Tevel multiplexer
32 channel Tow Tevel multiplexer
16 poidfre]ay

32 point digital input

32 point digital output

16 point multifunction

4 channel counter

W 0 N O O & W N =

. 4 channel pulse generator
. 4 channel DAC

e
o

F. Function cards : generalized inputs and outputs where SCMs provide user interface
1. Isolated in/out
a. Digital
b. Analog
2. Non isolated
a. Digital
b. Analog
G. Can have different SCMs on the same card
H. Connects to the user wiring via FWAs ( Field wiring assemblies )
1. The goal is to isolate the sophisticated parts from non - adept users
2. CE is responsibile for the FWA failures if they are HP provided

VI. Testing the 2250 ( 2104 - 2251 )
A. Processor
1. Built in self tests
2. Off Tine diagnostics
3. Using MCX / MCL
B. MCU and processor
1. Off Tine diagnostics
2. The»biﬁ;6~Digital interface unit )
a. Is a self contained stimulus response tool
b..Is-1/3-0f the-neede tools for a repair.
1). PSP
2). FSI blue stripe parts
3). “BiY-
C. The SCMs are the users responsibility to replace and to stock.
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“CONSIDERATIONS - .

-e-Speed ,
-o-Naisc rejection

" NORMAUMODE NOISE

Now, we will use an A to D (Analog to Digital)
converter to change the analog dc level into
digital information that can be used by a
computer.

The A to D converter only operates over a single
dc voltage range. The signal conditioner must
therefore convert all signals to this range
whether those signals are transducer signals or
power supply voltages.

The speed of the measurement and the ability to
reject noise are determined by the A to D con-
verter section. Here you will see a speed vs.
noise rejection tradeoff.

The noise we are concerned about is called
Normal Mode Noise, It is typically ac noise,
often power line related.

I'm trying to measure this battery. There's,

a noise voltage source in series with it. If the
A/D has perfect noise rejection, all we will see
on the display is a dc voltage reading. If the
dispay changes constantly, we say the A/D has

poor normal mode rejection; that is, it doesn't
do a good job of suppressing the noise.

The way we do the A to D conversion has a sign-

ficant bearing upon how much noise we reject.
From a noise standpoint, there

18/ &
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| e:Successive:
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g

are two basic types of A to D: Integrating and
non-integrating.

" Generally, the application will dictate the

type of A/D we choose.

Let's take a Took at the most popular non-
integrating technique.

Successive approximation is a digital A/D tech-
nique typically used for dynamic measurements.

An exampie of a dynamic signal is the vibration
on a jet engine.

A strain gage signal is put through an amplifier
and then into the successive Approximation A/D
converter. :

Successive Approximation works by comparing suc-
cessively larger voltages to the input, one BCD
bit at a time. Here just 4 tries and you have
the first digit. At only 4 comparisons per
digit, an S.A. A/D can go at Megahertz reading
rates.

Typically, for 12 to 14 bit accuracy the number
is closer to 50 KHz. But that's still very
fast.

It's a very fast technique, but if there's any
noise on the signal

the noise will destroy the integrity of the
reading.

We musi hold the input voltage constant before

making the A/D conversion. That implies a gooc
sample hold circuit in front of the A/D.

19 / 86



: _‘ A:to7D’
. INTEGRATING:
- ~e.Dual:slope:

Now look at an A to D technique that has some
built-in noise rejection, it's called dual slope
and it is an integrating A to D technique.

An integrating A/D can help us get rid of the
superimposed noise as long as the noise fre-
quency is related to sample time.

A great deal of the noise we encounter is
related to the power distribution network, i.e.,
the line voltage. 4

The integrating converter is useful in
situations such as this where you need very
high line-noise rejection.

Here's a typical cycle of the AC line. Notice
the top and bottom areas are equal. In other
words, if we could integrate this noise, the
effect of the noise would be totally eliminated._

But we have to be careful to choose a whole
number of cycles, otherwise the integration does
no good.

A very simple device called the Miller
Integrator is used in most lower cost and
pre-1980 dvms.
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First, we'll charge the capacitor for a given
time. That time will either be one line cycle
or multiples of one line cycle. e

Then we'll discharge it using a reference
current. As we start the discharge, we'll send
clock pulses to a counter, stopping them when
the voltage crosses zero. That gives us the
reading.

Because the run-up slope changes with input
voltage and because the run-down slope is
constant, the run-down time is directly relate
to the input. . .

The dual slope converter is self-correcting in a
1ot of respects. The same clock determines all
timing, so it need be only stable in the short
term. v

With the integration time equal to one period of
the noise, dual slope speed is limited to a few
readings/second because of a long run down time.
but, you get infinite normal mode rejection at
1ine frequencies.

There's an improved technique called
"multislope" that's faster than dual slope.
Yet, you do not sacrifice noise rejection. All
of our newer dvms use multislope.
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There's another kind of noise that interferes
with out measurement, but we can do something
about it before it gets to the A/D.

Suppose you're annealing the rotor in a jet
engine.

The annealing furance might look like this:

You want very accurate temperature measurement
in the presence of a considerable noise voltage.

You try to measure the temperature at the center
of the furnace. The furnace impresses a common
mode voltage on the thermocouple.

The common mode signal gets its name from the
fact that it is in common with both the high and
low terminals.

The normal mode signal is what we are actually
trying to measure.

These two frogs are in "common mode."
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If we use a grounded A/D or voltmeter, we'll

probably destroy the voltmeter as well as. t the
thermocouple.

That large "ground current" makes a common mo
voltage. Look at the voltmeter terminals. W
are they measuring? That common mode noise hi
promptly turned into a normal mode noise, i.e
it appears directly across the dvm input
terminals.

A much better measurement can be made with a
“floating" voltmeter which has a high impedan:
between low and earth ground.

The impedance acts as a voltage divider. If:

have a 100 yolt source with 1KQ lead resistan
and Z is 10 @ then we have only lmV of normal
mode noise.

Now let's investigate another terminal called
guard.

Many of our more expensive dvms and prec fon
dvms . have a guard terminal. :

Physically, the guard is a sheet metal box th
contains all of the analog circuits.

The guard is isolated from low and from chass
ground of the instrument.

A guard is a relatively expensive technique t
incorporate, because it involves isolated pow
supplies and isolation of signals between
inguard and outguard.

™~
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When connected in. this fashion, the guard acts
as a second voltage divider, giving us another
two decades of noise rejection.

We have to be careful where we connect this
third "guard" terminal.

If we don't have a need for guard, we can simply
connect it to low at the voltmeter. That's the
same as having a floating voltmeter.

Here's something to avoid. The breakdown
voltage from guard to earth is much higher than
that from guard to low. So if you make this
connection, you defeat the break-down protection
of the box.

That connection may cause damage to the
instrument.

If you know exactly where the common mode source
is, you can make this connection.



But if you don't, this is the safest and most
noise-free connection.

136

The result of all this is a specification known
as common mode rejection. Notice both noise
and error are specified in the same units: peak
vol tage.

137
I
CMR is usually specified with a 1 K@ resistor in
the Tow lead. Since CMR is a function of the
isolation resistance, it is also a function of
the 1‘Kn resistor.
138
T '
L ot e In fact, these two specifications are identical.
CMAT=T140"dB (T kQ untcladce)s: - Many A to D's are specified with 1 ohm of
equivalentiys: , s unbalance.
: 7 CMFE::Iéﬂ:djﬂi(llmlfl‘unbalnncg)%;
139
————
§ Remember the sheet metal box? It makes a fine
8 capacitor. If the frequency of the noise source
d goes up, the capacitive impedance decreases, so
B CMR goes down.
~
140
I
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«TransduceErmeasurementsz:

145

Net result is a CMR that decreases with
increasing frequency.

But remember that the common mode noise voltage
is converted to a normal mode noise voltage and
then read by the DVM.

So the normal mode rejection of the voltmeter
helps get rid of this common mode error.

Here is the NMR plot far an integrating dvm.

The combination or the sum of the'two effects is
what we actually measure.

It's called effective common mode rejection.

The 3478A has an excellent ECMR spec without the
use of ‘a guard terminal. For comparison, the
3456A has an ECMR of 150 dB and 160 dB with the
filter. The guard provides extra noise rejec-
tion capability, but costs more money.

Now, we are going to cover some specifics of
transducer measurements. Many of the technigues
discussed in the basic measurement section will
apply. Even though HP doesn't sell these trans-
ducer devices, you need to understand what :
customers are connecting to our equipment.



The 3456A dvm alsa has the capability to store
up to 350 readings for this type of distributed
processing. It also has the capability to store
a program string in memory.

341

S
Many of our products have some hardware
input/output signals that provide speed enhan-
cements such as voltmeter complete outputs and
external trigger inputs.

342

E—
The voltmeter complete output is used to incre-
ment a scanner to the next channel without com-
puter intervention. This signal comes after the
reading is complete. The 3456A outputs WM
complete before ramp down where-as the 3497A
Option 001 VM outputs WM complete at the end
ramp down. As a result, scanning can be done
roughly twice as fast with the 3456A voltmeter.

343

T

TR LR e Well, we're finally in control.
;Emounonvn:puuznxunnogr; : '

344

]
Control can be partitioned into the hardware
used to do the actual control, the cards used to
drive this hardware and the software logic to
determine what control is needed.

345

L]
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CONVEBTEE:

348

349

350

Many applications involve providing some control
signals for a process.

Our data acquisition and control units make
several types of control possible. Included
are: analog current or voltage outputs, switch
closures and digital logic outputs.

There are two choices for D/A's on the 3497A
either a current card or a voltage card.

The current D/A card provides two outputs that
can be configured for 0-20 or 4-20mA operation.
They are isolated from one another and from
ground, so you minimize ground loops.
Typically, they are used to transmit control
signals.

Valves and other devices operate on 20mA current
loops. (The 4-20mA scheme lets you detect an
open circuit which is OmA).

You can use the current D/A to control this
valve, for example.



354

The voltage D/A card provides two individually
programmable 0 to +10 Volt sources. They are
isolated so you could stack them on each other
to provide +20 volts. Typically, they are usr
as a test stimulus or to control voltage
operated devices such as VCO's or power
supplies.

This card would be useful in production testing
to supply power to a device under test.

An actuator is nothing more than a relay. It
typically can handle a great deal more current
than a multiplexer relay. Its primary purpose
is to switch control devices such as valves or
alarms. It can switch relatively high currents,
say 1 or 2 amps, and can be energized randomly
Unlike the multiplexer switch, several .actuat
may be on at the same time. Sometimes,
actuators are used as digital outputs.

The 3497A has two different options for
actuators. The lower voltage option has 16
channels/card and is useful for matrix
switching, ac switching with quality and as
digital outputs. The high voltage option will
switch line voltage safely to small motors,
alarm bells, lights and motor starters or
solenoids.

A resistive pull-up is connected from +5 to one
actuator terminal, and the other terminal is
grounded.

This can easily be done with the low voltage

option with mercury-wetted relays, to insure no
contact bounce.
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Digital outputs are used for programming non-

standard interfaceable products. Handshake and
flag lines are provided, also.

The high voltage actuator option is typically
used for switching higher current devices such
as motor starters, .solenoids, bells and
whistles.

Having examined ways to drive control hardware,
we will now look at logic techniques for deter-
mining what control is appropriate.

A popular and powerful control algorithm is
called PID control. This stands for
proportional-integral-differential control.

Let's examine a typical control system. If we
want to control the level of liquid in a tank t«
some desired level, we might adjust the positior
of a control valve that allows liquid to leave
the tank. The level is then measured and com-
pared with the desired level to see if an errort
exists and further adjustment of the control '
valve is necessary.
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In terms of classical control'theory, this 1is

usually shown with a bunch of transfer
functions.

The error signal is often processed in some
clever manner to improve the control of the
valve. Let's look at some of these processes.

Proportional control is the simplést type of

~control. The error signal is scaled as

necessary and then drives the control valve
directly.

As shown, the error signal and the signal that
drives the control valves are directly
proportional.

There is a disadvantage to proportional control.
1f there is a small residual error in the system
(due perhaps to friction), the drive vol tage

will never be large enough to remove that error.
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Integral controi is another useful type of

_control. Here the error signal is integrated to

develop the signal that drives the-control
valves.

Integrating produces a control signal that is
related to the area under the error curve, i.e.,
the longer an error has existed the larger the
control signal will become.

The advantage of integral control is that it
will always force the error to zero. Its disad-
vantage is that it tends to produce
oscillations. The correction signal may still
be large when the error signal reaches zero,
thus causing the error signal to pass right
through zero. .

A third type of control is differential control.
Here the control signal is the derivitive of the
error signal. '

Differential control produces a control signal
that follows the rate of change of the error.
this allows very quick response to changes in
tank level.
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The advantage of differential control is its
quick response to changes. It has a major
disadvantage in that a steady state error wi”
not be forced to zero.

LY

We have now examined three types of control.
Put them together and what have we got?
Dib-edy-dob-edy-glue!

Let's try that again. If we use all three types
of control and sum their outputs, we get some of
the advantages of all three types. This is
called PID control.

These advantages are: quick response to sudden
changes and zero error in steady state
conditions. The disadvantage is the system
complexity.

PID can be implemented in software or hardware.
Software takes about 12 lines of BASIC code.
Hardware loops are available for several hundred
dollars each.
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As mentioned earlier, this can be implemented in
hardware or in software. The diagram we have
seen represents a hardware implementation.
Let's now examine a software implementation
using BASIC.

This line calculates the error by comparing the
desired value with the signal received from a
sensor, (the actual value). For example, think
of a water tank with a desired and actual water
lTevel.

If the error becomes too large, we may want to
increase its impact on the control device. This

. can be done using a non-linear gain curve.

These 5 lines calculate the non-linear error (N)
based upon the non-linear gain curve. If state-
ments determine which segment of the curve is
appropriate, then the correct straight line
formula is used.

We can now calculate the integral part of the
error. A constant, called Reset Limit (Ql), is
used to keep the integral from getting infini-
tely large in cases where the error does not
actually go to zero.,



The integral is calculated and limited to the
Reset Limit in one line of code. In the
formula, N is the error, P7 is the time incre-.
ment and P7*N is the area under the curve,

the integral. This is added to I; the area
under the curve up to this point in time.

386
A
We now find the derivitive of the non-linear
gain (N) and add it to the integral and propor-
tional parts. This line also normalizes the
result so that it falls between zero and one.
Finally, the non-linear error (N) is saved for
use the next time the derivitive is computed.
387
——
The PID signal is scaled to provide the proper
output control signal magnitude. For example,
if a 4-20mA current loop is used to drive the
control device, the signal must be scaled into
this range.
388
S———
The actual control device is driven by an analog
: ; , voltage or current. This line sets the 347°7A
SFIIEE!I!H!EVOEEEO CURRENT= D/A card in slot S and channel C to output the
correct control voltage or current. (The 3497A
has a dual voltage D/A card and a dual curren
D/A card). :
389
S
That's it. If we want to control multiple PID
loops we simply add a FOR-NEXT loop and use
matrix variables.
390
L]
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==>[S[) is insidious and it is everywhere<==

==> To be effective, a Prevention prograt must be universagl<==

REVIEW OF FUNDAMENTALS
£SD GENERATOR MODELS
£ol FALLURE MODES
MODES and MODELS LOMPARED

- SOME MYTHS



| REVIEW OF FUNDAMENTALS
# £SO (electrostatic disohqrge):
- THE REUISTRIBUTION OF STATIONARY CHARGE

* CAPACITOR EQUATIONS:

capacitance B=CY coulombs
“enerqy in a capacitor H=1/2 CV*  joules
capacitance of parallel plates  (=ta/d farads
current-voltage relationship [=Cdv/dt  amperes
# NETHODS OF CHARGE GENERATION
piezoelectric - flexing certain materials
inductive - charge induced from an electrostatic field

capacitive - charged body movement

triboelectric - rapidly separating two different materials



£SD GENERATOR MODELS

% FIELD INDUCED | |
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bipolar 10S
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¥ FSD STATISTICS

<

. rise times
Peak voltages
Pulse‘widths
average power
sensation

common Potentials

walking on linoleum floor
walking on carpeted floor

working at bench

| - 18 psec
10 Ky
100 s nsec
19's KN
- 3Ky
volts
050 - 12K
1,5K - 3
100 - 6K

sliding Plcstic box on oarpeted bench 1.5K - 18K

so.lder‘ remover

freon circuit spray

sliding on foam padded chair

1K - 8K
5 - 15K
LK - 18K



£SO FAILURE MODES
*+ GENERAL |

voltoge, current, enerqy, Polqrity
vaporization

melting

seoondary breakdown

dielectric breakdown

+ £SO DAMAGE LEVELS volts

CMOS inverter (leakage current) 210
TTL inverter (leakage current) 700
STIL inverter (ledkage current) 290
LSTTL inverter (ledkage current) 350

ECL inverter (leakage current) 200
ECL RAM (ledkage current) 13D
NPN (beta shift) - 408
PNP (beta shift) 430
JFET (pinch-off voltage) 490

Schottky diode (1eakage current) 230
+ NOTES
Proteotlon diodes are not always effective
CMOS and ECL are primarily voltage sensitive
TTL is primarily enerqy sensitive
degredation can be cumulative
I ujoule is required to vaporize a 0 um creator in silicon

 MOS dielectrics breakdown at 89 to 120 volts for 1008 & thick

devices will only get more dense in the future



‘%E SEMI-LOGARITHMIC 46 6460
N\E= 7 CYCLES X 60 DIVISIONS  MADE IN U.S.A.
KEUFFEL & ESSER CO.

MODES and MODELS COMPARED
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1)
)
3)
)
5)
6)
)
9
0)

SOUE HYTHS
only CMOS, MOS, and JFETS are suseptible to ESD

it won't happen to me

it.didn't happen this time so it won't happen next time
it dossn’t happen every time so it must not be ESD

[ didn't see it or feel it so I didn't do it

it works now so it will work forever

if it's in a pc board, it's safe

it's 0K as long as you don't touch it

using antistatic tools will prevent ESD damage
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/2104 PROCESSOR UNIT

o COAX

o HP-IB/fiber opnc/ﬂnk (37203 on a card)
@ External pacing or tnggermg is done on MCI

@ Status panel hghts are copy of hghts on CPW C€ARD
NO Lo 385 = RFEI EMISSIDNS



2104 PROCESSOR uNIT

52A-0612

HP 2104AN
LA ,)

(0T

52A-0613

&

Lok

s

._,‘\:
o
:

i® bececee

snt e

5 T =
— <

Wil o
D‘J)E—fl; %%
Lo vk

HP 2104AN and HP 2104AR Processor Units






2104 PROCESSOR UNIT g

L. -SERIES XL-SERIES (Optional Backplace-25578A/8)
A ' p §
NG 8
STATUS PANEL SLOT stor| &£
oo 0 Battery Backup 9
. 12013A (Optional)
: Rrack — Fon
° ack — Rom
° ! 12070A  <ric. 10
2251 L RER LS
MEASUREMENT & CONTROL UNIT 25570-60008 . CPU - e,
2 120018 "
BIF SLOT 0 CONTROL . N
3 12
EXTERNAL PACE INPUT 120718
.12071-60004
TERMINATION .
PANEL 4 HP-B al 2
12009-60002 12009A .‘;.3:
OR : S
. z 5 HP-1B-Medem "
’ 37203L (Optional
_HPB . . (0ptional)
6 15
7 16 )
FIBER OPTIC OR
COAX
8 7
8
3
]

NOTE: There are no common signals belween the L -Series andxs Serles backplanes
other than power supply signals and power.



MCI CARD FEATURES

AMBLOE ReTe Limiren S0 K 2 wa@ps w‘ RO LGE R IAD g

® 100K Words/ Second Max1mum Transfer Rate. "¢ 247

® Scanning sequence and special card control information is controlled

by self-configuring L DMA transfers. Mo SorTwaRE CommANDS
r) ol 'ﬁnrl) DTHRY BEDLE $5 8, BIE cm&;ralol ”’i/ﬁ‘/‘“ -

® Hardware time of day clock

STRRTS A TRSY Hf HOST 15

® Watchdog interrupt for Watchdog Timer. —» wor ines feom

® Timeout interrupt for function card transfers. —

® Hardware pacing timer.



POWER SUPPLY

Each power supply has the capability of running 3 units
20
The first power supply runs the&&‘j’, and two 2251 MCU'’s

Add one supply for each additional pair of MCU’s

3;{‘1»’,\’/,.':1{\! Bl — Py ane LD o e sl
LR VLA OF S PO LA i

S VAPE 1Y
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HP 2251 MEASUREMENT AND CONTROL UNIT

(Rack and Panel Mount)
Product Number 2251AR/AN

s




WARNING!

‘Do not touch the back of MCI or BIF cards. They have CMQS
drivers and are sensitive.

/4/.0)4}/5 WERL A GROUNDED WAIST™
STRAP WHEN #ANDLNG ANy 2aso PC
BoAed ASsEMBLY /

: [







BIF CARD FEATURES

® Demultiplexes addresses and data on MCI bus.
® Decodes MCU and slot portion of the address information.

e Contains an interrupt register that can be polled to determine if any
function cards in the MCU have interrupted

N
e Converts 27 volts RMS, 25 khz power to ZE/ 12‘/ for the MCU
backplane. p-325 HRIM
EACH FonCTioe SmRb ‘é:w'x; s OWN  POUER SuepLY

CoWVERTS 2 1T, 9VAC To Ti2vpg, BVDC ON EACH BoARD



RRACK

cpd / L-Series
MCT Backplane
HP-I73
/ Measurement
| Backplane
MCU
ﬁackplane
. BIF Card
—= To Other
BIF Cards

Card to Card Communication in the 2250
(Physical Configuration)



¢ : : :
RRACK crd it T
——| BFg|—
F8 |—
F9
. — | BF1|=—
F16 | — 5
To Other
B ~—BIF Cards

Card to Card Communication in the 2250
(Electrical Configuration)



Mdl — 8
BIF o | —— FUNCTION
— 8
— CARDS
— 8
BIF #7 | —— ; FUNCTION
——— CARDS

FUNCTION CARD BACKPLANE

The MCI and the function cards cannot drive 64 other cards on the
same bus.

The backplane interface card (BIF) was introduced to provide additional
buffering. No card of any type drives more than 8 other cards.

The printed circuit aséembly which interconnects the BIF and 8 function
cards is called the Measurement and Control Unit (MCU) backplane.



MC BIF #&

BIF *1

_{>
_q

B

BIF *7

=

LN

A daisy chain connection is used between BIFS so that no BIF sees any
additional propagation delay due to the buffering on other BIFS.

This daisy chain connection is called the MCI bus.



2251
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25570-60004 —
oR
1201/~ Goeco3

»— BIF

2251
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¥ 02251-

00009

2104

CABINET 1

02251-60004
/ \
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02251-
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FUNCTION CARDS
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ANALOG FUNCTION CARDS

INPUT CARDS

DESCRIPTION

HP 25501A | 16-Channel High-Speed Analog Input Card
(ADC)

HP 25502A | 32-Channel High-Level Multiplexer Card
(HLMUX) ) Seud STATL Myl v ERRR Chidg

HP 25503A | 32-Channel Low-Level Multiplexer Card

| (LLMUX) 4
HP 25504A | 16-Channel Relay Multiplexer Card (RELMUX)

HP 2250 DIGITAL FUNCTION CARDS

PRODUCT ‘ DESCRIPTION

255764 Y-Channel V/T Ana.lo; Oufput
25511A 32-Point Digital Input

25512A 4-Channel Counter Input

25513A 32-Point Digital Output

25514A 16-Point Relay Output

25515A 4-Channel Pulse Output

25516A 16-Point In/16-Point Digital Multifunction




25501A
- 16-CHANNEL HIGH SPEED
ANALOG INPUT

® 16 addressable input channels

22 cH. gAcH

® Max 240 channels via multiplexer cards (7 mux c#ReS)
+ e ON ADC

e Max 50 KHz pacing
® auto ranging capability
® 14 bit resolution - - /-

e Input range +£1.25V to 10V

QoMMON MODE + DIFF. MODE |NPuT To ADC MuUST BE <=10V.

GAIN RANGE = AUTORANGING CAUSES LOSS OF 1| Siem ) FICANT
| 1% BIT OF RESOULLTION
5

2
Y 2.5
% 1.5V



25502A
- 32-CHANNEL HIGH-LEVEL
MULTIPLEXER

® Unity gain > Goes Wm0 20 72 S
e Sampling Rate is 50 KHz either scanning or single channel
e Common mode rejection 80 dB

® Range +1.25V to 210V

° Diffefent input signal conditioning availéble

MALOG FILTEIUING , QuanesT Loo?™, ETC.

e Data register associated with each channel
Tor QALIBRATE COMMAND  AND OTHERS

N :;PU-ﬁING D ITRL cARDS TmeTween ADQ AND MuX CARDS
" Y ADBS NOISE To SLvSTEM — DONT DO T

|



25503A
32-CHANNEL LOW-LEVEL
MULTIPLEXER

® Range £12.5 mV to 10V
e Signal conditioning modules

e Sampling rate of 50 KHz on a single channel

or 20 KHz scanning-on multiple channels

Due o SeTTLING TIME & NeedbeD RecAusge oF
slew RATES LseD AT HIGH GAINS use o

® Programmable gains: 1
10
T00 X8 = MAX GAIN OF 800

/l
AdC ¢



25504A
16 CHANNEL RELAY MUX

* RANGE £ 12.5MV TO + 100V
2 2.5 Nrwms

* + 338 volt common mode range

110 db rejection

* Programmable open sensor detect
x 14 bit resolution

* Sampling rate of 500 Hz scanning
or single channel AT sokHzZ

* Programmable Gains:  .71(xAx ean=1,2,4,%)

| 1
See ServiCE NOTE TOR . 10
- FILTERING AROVE 0V RANGE TOO \

© (Remove caes.) (SN 2a50-13)



 ADC/MUX THTERFHCE

OO Pr
X Cc =
O o >
X C X




ANALOG INPUTS:

ADC  mux ypur

MUX MuUX
8-l g-1
MUX /
~ 2 B And
3-|
S.H. I ADC |—
2550 | o 2-BIT
N | ADC
OTHER ; —
ANALOU /\
CARDS BACKPLANE



25510A
4-CHANNEL VOLTAGE/ CURRENT
ANALOG OUTPUT

® 12-bit resolution

—+ e T OVOUTA L

‘ Bipolar 10V @ 20mA o
® Range Voltage Unipolar 01010 @ 20 mA > "

Current 0 to 20mA @ 20V
® Max data rate is 32KHz

e Settling time (worst case) | Lo Ce
Voltage Mode 20¢, ysec
Current Mode Emsee

Chid Byt s

CAL(ADT)
OFFSeT GA N
WNIPOLAR oV 416,237

RiPoLAR -10.220V +10.235y

canrneN T OmA 20. 475 ma



- 25511A
'32-POINT DIGITAL INPUT

e Two 16-point fields

O SRS VR TER wuee

e Interrupt detection (NOT REALTIME) o e e
e Min puise width 16 usec
® Max speed 24K pointsb/%eldsper second

e Status, field and point register (sense, sense
~overide, unmasked, interrupt register)
BRI T Recorns

DS WHIC Uehmatie
POINTS Moo sp s leyr

e Internal or external strobe



25512A
4-CHANNEL COUNTER

® 400 KHz maximum input rate

A
® 2 inputs per channel :

e Totalize (2/counts per channel) /'

vyt

‘o Extended totalize (0 to 4x109) =~ "

e Up-down count "
32 Gosari s p)
® Period

Fr o
e Time interval
Press oo p FULSY

® Frequency
peoL 1oy
® Ratio” -~

@ 5 programmable interrupts per channel



25513A ,
32-POINT DIGITAL OUTPUT

e Signal conditioning modules available
e External strobe |

e Maximum sequential speed is 32 KHz
® Field register

~Status, Configuration

Read
Write

n o |
CNE" OUTPUT = Zegos oHmy (CcosED s imen)



25514A
16-POINT RELAY OUTPUT

e C relay output (spoT)

® Rated for switching
250 VAC 1.5a
125VAC 3.0a
30vDC 2.0a

e External strobe
o SCM available but NeT EEQu«&ED

® Maximum digital update rate from buffer |
24us/write B To o g

® Maximum operate time 15msec & s

o /00_uV thermai of#sef'

@ H\f{/ Of e maly ¥l 40 A



25515A
4-CHANNEL PULSE OUTPUT

(uSe;D MAINLY WITH STESPPCR MOTORS>

® (4) Independent output channels

e Programmable pulses (0 to 32767)
Pulse rate
Acceleration
Final pulse rate
Pulse width

e External limit switch inputs
® (2) Output lines per channel

® |nput and output SCMs available



25516A
16-POINT DIGITAL
MULTIFUNCTION

e 16 digital input

e 16 digital output |
O 7 it ‘
® Two ranks of storage “m

e Event counter (8 bit counter per point)

® Minimum detectable input
Pulse width (external strobe) 1usec
Pulse width (other inputs) 16usec

e Event detection register



RECOMMENDED FUNCTION
CARD POSITIONS

PREFERRED
SLOT #  POSITION DIGITAL CARD
8 Highest 25514A 16-Channel Relay Output
7 25513A 32-Channel Digital Output
6 25516A 16-Channel Digital Mult.
5 25511A 32-Channel Diéital Input
4 25512A 4-Channel Counter
3 25515A 4-Channel Pulse Output
2 Lowest 25510A 4-Channel V/I Analog Output
PREFERRED
SLOT # POSITION ANALOG CARD
1 Highest 25501A 16-Channel HS Analog Input
2 32-Channel Low-Level MUX
3 16-Channel Relay MUX
4 Lowest 32-Channel High-Level MUX



SCM

and

Interfacing

OVERVIEW



Signal Conditioning Modules
are provided for both the
~ Analog & Digital
Function Cards.

N

A




4 CHANNEL ISOLATED OUTPUT SCM

Product number 25543N

MOS
TRANSISTORS

@“‘3 o : A .t
Q“". N —t

009-€EbSSe

PULSE
TRANSFORMER
AND DRIVE CIRCUITRY

CLOCK O— ) l:: I
INPUT o S— l ;Il

DIGITAL % —\»

Vg =60V 25543N

1]

GROUND




ANALOG SCM'’s

FOUR DIFFERENT TYPES OF ANALOG SCM's ARE PROVIDED:

25540 A
1. Blank SCM — To be used by customer for custom designs.

QA5854Yo B
2. Filter SCM — Provides two pole filter for use with high or low

level multlplex cards.

A55HoC
3. Current Loop termination — Provides standard termination for

4 - 20 mA loops.

QSTY0 D
4. Filter and current loop SCM — Provides functions 2 and 3.

\Q( O Th '~ft"
Ak



ANALOG INPUT CARD SIGNAL
CONDITIONING MODULES

ANALOG
CARD SCM DESCRIPTION
HP 25501A | None ADC Card (signal conditioning components can be
added to the card).
HP 25502A ‘ A,B,C,D* | HLMUX Card
HP 25503A A,B,C,.D* | LLMUX Card
HP 25504A | None RELMUX Card (capacitors can be added to the

plug-in relay circuits to provide input signal
conditioning)

*A,B,C, and

D are the SCM suffixes relating to the SCM NUMBER listed below.

SCM CHANNIELS '
NUMBER PER SCM DESCRIPTION
25540A 8 Blank (User supplies components)
255408 8 Passive Filter Network Capacitors
25540C 8 Passive Filter Network Current-Loop Resistors
25540D 8 Passive Filter Network Current-Loop

Resistors and Filter Capacitors




ANALOG FILTER SCM's

PROVIDE TWO POLE RESPONSE
® Pole frequency varies according to the card used
® [owest pole frequencies are 6.9 and 47 Hz with high level MUX

® High pole frequencies are 11 and 64 Hz with low level MUX



Analog SCM’s

Circuitry Diagram

(without protection)

NV
1K

\ on function card /

T
|
|

High Level MUX

Low Level MUX



DIGITAL SCM SELECTION GUIDE

PRODUCT REFERENCE

FUNCTION
CARD

SCM NUMBER

CROSS REFERENCE

DESCRIPTION

25511A
25512A
25513A
25574A
25515A
25516A

3and 4

1 & 2%, 5,6,7
1& 2% 8
XXXX
1 & 2%, 34,7

1 & 2%, 3 & 4 | 32-Point Digital Input

4-Channel Counter Input
32-Point Digital Output
16-Channel Relay Output
4-Channel Pulse Output

| 32-Point Multifunction

*Single Channel SCM for External Strobe Input

SCM CROSS REFERENCE GUIDE

SCM NO. | PRODUCT NO. | CHANNELS DESCRIPTION
1 25531-Series 1 Non-Isolated Digital Input

255318 5 VDC Range
25531C 12 VDC Range
25531D 24 VDC Range
25531E 48 VDC Range
25531K 5 VDC Range, Sink Inputs
25531L 12 VDC Range, Sink Inputs




'DIGITAL SCM SELECTION GUIDE

(continued)

SCM CROSS REFERENCE GUIDE

SCM NO. | PRODUCT NO. | CHANNELS DESCRIPTION
2 25533-Series 1 Isolated Digital Input
25533B 5 VDC Range
25533C 12 VDC Range
25533D 24 VDC (16 VAC) Range
25533E 48 VDC Range
25533F : 72 VDC Range
25533G 120 VDC (72VAC) Range
25533H 115 VAC Range
255331 230 VAC Range
3 25535-Series 4 Non-Isolated Digital Input
255358 5 VDC Range
25535C 12 VDC Range
25535D 24 VDC Range
25535E 48 VDC Range
25535K 5 VDC Range, Sink Inputs
25535L 12 VDC Range, Sink Inputs
4 | 25537-Series 4 Isolated Digital Input
25537B 5 VDC Range
25537C 12 VDC Range
25537D 24 VDC (16 VAC) Range
25537E 48 VDC Range
25537F 78 VDC Range
25537G 120 VDC (72VAC) Range
25537H 115 VAC Range
255371 230 VAC Range
5 25543 A 4 Isolated Digital Output,
VMQS Solid-State Circuit.
6 25544-Series - 4 Non-Isolated Digital Output
25544A Open Drain Circuit
25544B 5 VDC Range
25544C 12 VDC Range
7 25545A 2 Solid-State Relay Output
(Reduces usable points by 2).




DIGITAL SCM SELECTION GUIDE

(continued)

SCM CROSS REFERENCE GUIDE

SCM NO. | PRODUCT NO. | CHANNELS DESCRIPTION
8 25539-Series 4 Arc Suppression Circuits
25539A For user added components
255398 0 to 30 VDC Range
25539G 24 VAC Range
25539H 115 VAC Range
255391 230 VAC Range

Liw i




25531k
25534C
25534D
25534E
25531K
255341

25533k
25533C
25533D
25533k
25533F
255336
25533H
255337

2290 SCHM CROSS REFERENCE CUIDE

25531-600014
25534i-60002
25534-60003
25531-60004
2553160005
25531-60006

25533-600014
25533-60002
25533-60003
25533-60004
25533-6000%
25533-60006
25533-60007
25533-60008

P

T O Ll

chan, Svdc, non-isclated strobe,source 25544B (2
chan,i2vdc " 255438 (2
chan,24vdc " 25544 ({4
chan,48vdc - " 25546B (4
chan, Svdc, non- 1solated strobe,sink

chan,i2vdc

chan, Svdc, isolated strobe,source
chan,i2vdc, "

chan,24vdc, "
chan, 48vdc, "
chan,72vdc, "
chan,120vdc/72vac, "
chan,iiSvac, "
chan,230vac, "

***************X*************************************************************1

2553SH
25535C
25535D
25535E
25535K
25535L

255368
25536K

25%37P
25537Q
25537R
255378
258377
25537U
25537V
255374

25535-600014
25535-60002
25535-60003
25535-60004
25535-60005
25535-60006

25536-60001
25536-60005

25537-600014
25537-60002
25537-60003
25537-60004
25537-60005
25537-60006
25537-60007
25537-60008

SO DHDDIDHDIDD D DB

chan, Svdc, non-isoclated input,source 255441k (8)
chan,i2vdc, co. 255428 (2)
chan,24vdc, " 25S4SEk (2)
chan,48vdc, " 255168 (4)

chan, Svdc, non-isoclated input,sink
chan,i2vdc, "

chan, Svdc, non-isolated input,source
chan, Svdc, non-isolated input,sink

chan, isolated
chan,

chan,

Svdc,
{2vdc,
24vdc, "
chan, 48vdc, " -
chan, 72vdc, "
chan,i20vdc, "
chan,{iSvac, "
chan,230vac, "

input,sovurce
"

KKK K K KKK KKK K KK K K K K 3K 3K 3K KKK 3K K K 3K 3K 3K oK K oK K 3K 3K 3K 3K 3K 3K oK oK 3K oK KoK K 3K oK Kok oK oK KK K KK kKoK KR Kok K KK KK KKK K 3

2553%A
25539%E
255396
2553%H
255397

255404
255408
25540C
25540D

25539-80001
25539-6000S
25539-60007
25539-60008
25539-60009

S08i-0406
25540-600014
25540-60002
25540-60003

DOomo DD DOD

chan, blank, relay arc supression 255148 (4
chan, 30vdc, " '

chan, 24vac, "

chan,iiSvac, v

chan,230vac, "

chan,blank, analog input 25502k (4.
chan,filter, " 255038 (4!
chan,loop, " 25503C (4

chan,loop&filter, "

KKK KK KKK KKK K KKK KKK KK KK KKK AR KKK KK KKKKK KK KKK KK KKK KKK KKK KK KKK KK KKK KKK KKK K KKK KKK K

25543N
255444
25544F
25544C
25545P

25546R

25543-60004%
25544-600014
25544-60002
25544-60003
25545-600014

25546-60004

4

HdDD

o

chan, &0vdc, <+ isolated output

255413k (8
2554%E (2
chan,open drain,non- 1solated output 25546k (4

chan, S vdc,
chan, 4{2vdc, "

chan,i{iSvac, isolated output

chan, Svdc, non—isolated output



Digital Input SCM’s

® Non-isolated — 1+ 15500 2w s

Sink-type - 2259
+V
R 220K
AN T o

Source Type -~

T

® [solated
R
. s —e
. T
Signal —l-
Input & °

f

Optocoupler



Problems with
Isolated Input SCM'’s

|

| | <+— Optocoupler

R | |

v | | Vee

| T
! | 562
I —o—A\A\N/ °
] ! Out
i | o
| I
| |
f : ®. 9
i GND
i

® Isolated Input SCM's cannot be used for switch closure applications,
unless an external power supply is provided.

® [solated power is not provided by the card.
® Speed is restricted by the opto-isolator.
® Debounce capacitor must be removed to increase' speed.

® Need up to 4 mA current input to operate coupler.



Digital Output SCM'’s

T




AC ‘S”v’vitching

+5
’ N
Q“ | 147 Q {f
;‘! 047 uf |
—A AN/ Q —r- ‘“
\v4

® Triac Switch
® Conducts on positive and negative going slopes

® Zero crossing reduces EMI and RFI

SWITCH

e

2
SurteM




25594A
THERMOCOUPLE REFERENCE
CONNECTOR

e 15 thermocouple connection J, K, T, E, R, S, B (I\\!XFQ)
e Reference output provides 10mv/°C ( channel /6)

® Accuracy of Reference Output
0 to 70 °C +0.35 °C
0 to 50 °C t0.25 °C

® 15 input channels per TRC



255944
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CABLING AND FIELD WIRING ASSEMBLY
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2250 SUMMARY

The 2250 is composed of an HP 2104 processor unit, from one to eight
HP 2251 Measurement and Control units, and up to 64 I/0 or function
cards which send and receive measurement and control signals to
external sensors and actuators. The function cards are wired to the
external process through field wiring assemblies (FWA's). There can
be up to 210 FWA's.

2250 PHYSICAL DESCRIPTION

The HP 1000 Measurement and Control processor (2250) consists of an HP
2104 processor and at least one HP 2251 Measurement and Control Unit
(Mcu). There can be up to 8 MCU's each having space for eight
function cards. The type of enclosure 1is identified by model number,
and the automation requirements of your own application determine what
function cards are included.

2250 CONTROLLER

The 2250 controller includes four half-size cards that supply HP-IB
interface, measurement and control processing and memory.

The HP 2250 measurement and control processor is a programmable
interface between a computer and an external measurement and control
system. The 2250 can service thousands of sensors and actuators in an
:ternal system with little participation on the part of the computer.

The external system is typically a factory process or laboratory
experiment.

The function of the computer is mainly +to send instructions to the
2250, and to send and receive data. As a result no particular
computer or programming language is specified for communications with
the 2250.

Control of all function <cards is handled completely Dby the 2250
programming language, MCL/50.

The analog and digital input and output measurement and control
functions are implemented by the function cards that are installed in
any particular system.

The HP-IB interface is the communication path to the computer.

The measurement and control interface +translates between ©processor
protocol and function-card protocol.



The 2250 firmware is stored in read only memory (ROM) on the memory
card. There is also read and write memory on the memory card. This
RAM is for storing +the instructions that implement a particular
measurement and control system, and for storing data resulting from
the instructions.



The HP 25572A/B power supply consists of an HP 120354 power supply and
the mounting hardware required to install it. The HP 28572A is for
the rack mounting and the HP 25572B is for panel mounting. The power
supply provides the processor unit backplane with DC voltages and a 25
kHz voltage source to the MCU's via the ©backplane interface (BIF)
card.

The HP 2251 Measurement and Control Unit (MCU) contains a card freme
which holds +the backplane interface card and up to eight function
cards. There can be up to eight MCU's in an HP 2250 system.

HP 12013A BATTERY BACKUP CARD

The 12%013A battery backup card protects memory contents up to 30
minutes if power fails.

The HP 12001A processor compiles and executes requests from the HP-IB
bus and converts measurement and control data resulting from these
requests.

The processor card operates from programs running in an external
computer, and provides control of the HP 2250 and its function cards
by executing instruction sets stored in +the memory card ROM. The
processor card also controls data transfers (including DMA), processes

/0 interrupts, provides self-test instructions, and performs all
secessary computations. The major component on the processor card is
a 64-pin SOS integrated circuit which contains much of the processor
logic. This IC is called the CPU chip.



THE INTERFACE BUS

The HP-IB is a standard method of communication for HP computers and
HP-IB bus compatible instruments. Since the HP 2250 is a HP-IB bus
compatible instrument, we use the HP-IB method of communication.

The interface bus consists of an HP-IB interface card (I/0 Card) in
the computer and a cable connecting the computer interface card with
the 2250. This arrangement takes care of devices that are within a
few meters of each other. For longer distances between the 2250 and
the computer, an optical or coaxial HP-IB replaces the standard cable.

The HP-IB +transfers data according to a standard protocol, and
provides addressing and interrupt-handling facilities so devices can
operate in parallel on the bus without interference. Thus, more than
one 2250 can be connected to the bus, and other devices, such as
printers, <can be included. If other devices are on the bus, the
computer can communicate with them, since each device has its own
unique bus address.

HP 37203L HP-IB LINK

.he 37203A HP-IB 1link extends the transmission distance of the HP-IB
bus to remote 1locations via coaxial cable or fibre optic cable. The
maximum distance is 1000 metres (3280 feet).

HP 12009A HP-IB INTERFACE CARD
There are two DIP switches on the HP-IB card.

The select-code switch (U1) is on the front of the card, and must be
set to octal 130 when the card is used in the 2250 controller section.

The HP-IB address switch (U16) is on the left side of the card. This
switch determines HP-IB address of the 2250, related by system tables,
in the host computer, to the logical wunit number you use when writing
programs for the HP 1000 computer. The HP-IB address can be set to
any number below octal 37.

The 12009A HP-IB interface card connects to an HP-IB cable which
carries control signals and data to and from a host computer
(controller). Up to 15 other HP-IB devices can also be connected to
the HP-IB bus cable to the HP-IB devices or system controller which
may or may not be a HP computer. To the processor unit, this card is
an I/0 card and is under the processor card's control at all times.

M™he HP-IB card has the capability of handling its own DMA and of
:coding its own instructions from the processor unit. These features



are performed by an I/0 master chip located on the HP-IB card.

A1l interfaces to the processor unit backplane and +to the HP-IB
devices are provided by two integrated circuit chips. The first chip,
the I/0 processor (IOP) chip, manages all I/0 functions of the
backplane. The second chip, the PHI (Processor to HP-IB Interface)
chip performs all data and control signal interactions with the HP-IB
devices. Thru the use of these two chips, the HP 12009A interface
relieves the processor of most of the HP-IB protocol processing.

In the <case of +the 2250, the external computer is the system
controller. The HP-IB card plugs into a single slot of the processor
unit card frame and is assigned only one select code. The HP-IB card
is connected by cable to the HP-IB devices or system controller which
may or may not be a HP computer. To the processor unit, this card is
an I/0 card and is under the processor card's control at all times.

The HP 12070A memory contains read only memory (ROM) chips, and Random
Access Memory (RAM) chips. The HP 2250 firmware is stored on the ROM
chips. The RAM chips contain user memory, which 1is used to store
instructions +that implement a particular measurement and control
function, and to store the data resulting from the instructions.

The firmware also includes utility routines: engineering-unit
onversion, thermocouple linearization, and a fail-safe "Watchdog"
imer that can initiate special actions if the 2250 does not hear from
the computer for a designated length of time. The ROM integrated
circuits that contain the firmware are 1inserted into sockets in the
memory card.

The RAM storage area 1is temporary memory, lost when power is off,

unless the 2250 has a battery backup card. This area of memory
essentially belongs to the MCL tasks you write. The processor
reserves about 2K words for storing its own management data. The

actual number of words used depends on the number and type of function
cards in the system. This leaves about 14K words for compiled tasks
and data, including down-loaded subroutines as well as input and
output data in transit to or from the computer.

The memory card provides ROM memory for the HP 2250 firmware and RANM
user memory for application programs. The ROM word size is 16 bits
and the RAM memory is 17 bits (it has an additional bit for parity).
The 16-bit wide memory corresponds with +the HP 12001A processor
requirements. The parity bit provides a means to maintain integrity
of data in the RAMs.



The HP12071A Measurement and Control Interface (Mc1) provides
interface between the processor unit backplane and the Measurement and
Control Unit (MCU) backplane. The MCU backplane connects to the
function cards which provide the input/output capability for
measurement and control.

The HP 12071A Measurement and Control Interface (MCI) card perfornms
the following function:

Generates address words with address control signals which are used to

select or scan input or output channels or points on the function
cards.

Provides +timing. The MCI card has internal timers for various
measurement pacing modes. The internal +timers are supplemented by an
external pacing 1line to precisely control the rate at which
measurement and control events occur, independently of processor

timing. Internal and external pacing assures that the proper data
passes thru the <card's data register at the right time, transferring
between the MCU and processor backplanes.

inages its own controller backplane I/0, responding +to its firmware
-nstructions, and from these it provides the required MCU backplane
control signals to the function cards. It also receives function card
handshake signals, function card interrupts, and function card data
from the MCU backplane.

Interprets processor control instructions eg. DMA word transfers.

An I/0 master chip on the MCI card processes I/0 instructions and DMA
operations independently for that card, relieving the computer of this
function. This arrangement eliminates restrictions on the number or
the type of devices or interfaces using DMA.

The I/0 master detects the card's select code in address words from
the computer independently of the card's position in +the backplane.
This is possible because the card's address is stored in a global
register contained in the I/0 master. The select code is entered via
a set of switches on the card.

Priority of I/0 interrupts and DMA Dbackplane access is established by
the I/0 card's position in the processor unit. The slot next to the
processor card has the highest I/0 priority. From this slot the I/O
interrupt priority numbers successfully increase (less priority) as
the slot numbers increment. Therefore, due to the MCI card's
location, it has +the highest I/0 card priority of the controller
~ection.



The addressing circuits on the card consist

of an address latch for

the upper-eight address word bits, an address counter latch for the

lower-eight address word bits, an address
internal registers, and an address buffer
addresses to be transferred onto the MCU bus.

Input and output data transfers are passed
data register.

decoder for MCI card
for channel or point

through a bidirectional



MCU DESCRIPTION

The Measurement and Control Interface (MCI) bus connects the MCI to
one or more BIF's, depending on the number of the MCU's in the HP 2250
(each MCU contains one BIF). The BIF's connect to the function cards
thru a backplane.

The card frame containing a BIF and the function cards it serves also
contains the function card backplane. Together these items (card
frame, BIF function cards, and function card backplane) comprise an
MCU. ©Nine card slots in the card frame have physical designations
from O thru 8.

The BIF is always in the first slot (Slot 0) of +the MCU. The
mainframe card group (function cards and BIF) is physically "MCU 4".
The first additional MCU is usually "MCU 4" etc. The MCU address is
set by a thumbwheel switch on the front edge of the BIFy MCU addresses
do not have to agree with the physical location of +the MCU. The BIF
can communicate with up to 8 MCU's for a maximum of 64 function cards.

The last BIF must be terminated by a terminator connector.

pair of LED indicators on each BIF shows various conditions. One
8D is green and indicates that the BIF has power and is connected to
the MCI bus and the 25 kHz supply bus. The other LED is red and
indicates abnormal operation which is most likely one of the following
conditions:

A. 25 kHz power is not connected to the BIF but the
control cable is connected and the MCI power is on.

B. The "Daisy Chain" of the control cable is broken somewhere
between the BIF and the MCI, but 25 kHz power is connected
to the BIF.

C. +12V supply on the BIF is not operating correctly.

D. Clock circuits on the BIF are not operating correctly.
E. Clock circuits ofy the MCI are not operating correctly.
If both indicators are off, then either the system power is off, or

both the power cable and the 50-line control cable +to the BIF are
disconnected at some point in the chain.



The HP 25574A backplane interface (BIF) provides the function cards
with signal buffering, partial address decoding, interrupt masking,
and 25 kHz power. In a system consisting of more than one MCU, each
MCU contains one BIF card, and the MCI bus connects through each BIF
to the succeeding (or "downstream") MCU's in a daisy chain fashion.

The thumbwheel switch on the BIF card selects the slot addresses of
the function cards within the card frame. Normal procedure is to set
the switch on the card din the mainframe +to "O", and to set the
switches in each MCU to sequential numbers. Take care that no two BIF
switches are set to the same number. The 2250 cannot detect this
error, therefore it produces unpredictable results.

If your 2250 has only one Measurement and Control Unit (MCU), and the
BIF selector switch in that MCU is set to zero, then the slot numbers
are 1 thru 8, with slot 1 nearest the BIF card. If there is more than
one MCU, the slot numbers are the sum of the BIF switch setting
multiplied by eight, plus the slot number within the MCU (1 thru 8).

System slot number = BIF number x 8 + MCU slot number

The function cards can be plugged into any slot but +the recommended
placement is: analog <cards start at slot one and digital cards start

t slot eight and decrease in order. This is because the analog
~«ighest priority slot is one and the digital highest priority slot is
eight.

The power supply on the BIF is energized from 17 VRMs/25kHz which
comes from a small transformer on the card. The transformer is
powered from the 27 VRMs/25kHz lines originating in the HP 12035A
power supply. The 25 kHz power connects to the BIF on J12, and thru
it to downstream BIFs on J13 (or the opposite order of J13 and J12).
A full-wave rectifier circuit is used in the BIF supply, providing a
DC input to an IC regulator giving an output of +12V.

A line designated MDPWR on the MCI bus carries 12 VDC continuously.
If the BIF supply fails, the voltage (called DPR on the BIF) maintains
power on the BIF clock resynchronizer and data bus drivers. MDPWR
becomes DPWR in the BIF and connects +thru P2 to the function card
backplane to enerfizes the function card ©bus drivers of any cards
having a power supply failure.

The power for the BIF cards is distributed as an AC voltage of 27 VRMs
25kHz from the HP 12035A power supply or from an additional power
supply if additional MCUs are added to the system. The high frequency
allows the use of small sized components to provide DC voltage for the
card circuitry. the 27 VRMs enters each BIF of J12 or J13 +thru a
3-conductor cable, and is "Daisy-chained" to the next BIF thru another
~able connected to J13 or Ji12.



Several DC voltages of 15V, 12V, and 5V are required on the function
cards, the BIF originates AC voltages for distribution on the function
card MCI bus to the function card rectifier/filter/regulator circuits
on the <cards. A BIF supply transformer provides the following AC
voltages to give the DC requirements; 21 VRMs center-tapped, 17 VRMs
center-tapped, and 9 VRMs center-tapped all at 25 kHz. The 25 kHz
voltages connect +to the function card to the function card MCI bus
thru P1.

Function cards match the type of sensor or actuator in the external
process. The ©principal function card +type are analog input, analog
output, digital input, digital output, counter, pulse output, and
multiplexer cards (which allow several input/output cards to be
connected to the same set of internal 1lines and "multiplex" the
signals for these cards).

A function card can accomodate up to 32 external points (depending on
card type) and occupies one slot in the MCU card frame.



HP 22501A 16-CHANNEL HIGH-SPEED ANALOG INPUT

The high-speed analog input card provides the 2250 with basic analog-
to-digital conversion capability. This card converts readings at a 50
kHz rate with 14-bit resolution, equivalent to one part in 16,383, or
approximately 0.006% resolution.

The HP 25501A has 16 differential input channels with full-scale
ranges of 1.25, 2.5, 5 and 10 volts, positive or negative. Your MCL
program can select the range, or select autoranging across the four
ranges. Autoranging means that the analog input card can select its
own gain by powers of 2 (within a 1 to 8 range) based on the signal
input level. There is no¥% speed penalty for using autoranging.

The number of input channels using a single 25501A <card, can be
expanded up to 240, buy dfiing up to\t# multiplexer function cards.
The multiplexer cards connect through the multiplexer Dbackplane to a
special differential input on the Hp 25501A, so that none of +the
differential input channels is used for connecting multiplexers.

HP 25502A 32-CHANNEL HIGH-LEVEL MULTIPLEXER

ae HP 25502A function card is a high-level solid-state analog signal

multiplexer, ©providing 32 channels of differential analog input
multiplexed to one differential channel, which connects +to a special
input on the analog input card. The HP 25502A has unity gain
therefore, used with the 25501A analog input card, signal gain and
autoranging characteristics are the same as thosde of the 25501A. The
sampling rate is 50 kHgz.

HP 25503A 32-CHANNEL LOW-LEVEL MULTIPLEXER

The HP 25503A provides low-level input and channel expansion for the
HP 25501A analog input card, down to 12.5 millivolts full scale. Used
with the HP 25501A, there are 12 programmable ranges, with the 255014
autoranging over four ranges. The sampling rate is 30 kHz.

HP 25504A 16-CHANNEL RELAY MULTIPLEXER

The relay multiplexer function card provides fully isolated channel
expansion for the HP 25501A analog input card, with 16 differential
input channels ©per multiplexer card. There are 16 programmable
ranges, from 12.5 millivolts +to 100 volts, with 25501A autoranging
over four ranges. The sampling rate is ¢ﬁkﬁ%.

; o0 W



HP 25510A 4-CHANNEL VOLTAGE/CURRENT ANALOG OUTPUT

The HP 25510A provides digital-to-analog output capability for the
2250, with 12-bit resolution and voltage or current output. The
voltage range is 10 volts, positive or negative. The current range is
20 milliamperes, with 20-volt compliance. The maximum analog output
rate is %7 kHz.

HP 25511A 32-POINT DIGITAL INPUT

The HP 25511A digital input card provides 32 digital dinput points to
the 2250. Signal conditioning options interface with a wide range of
AC and DC voltages. You can read the input state of any individual
point or of a field of 16 points.

You can program individual point to interrupt either the 2250 or the
computer. Event interrupt enable and transition direction are
programmable. Also, +the card can be programmed for strobed input,
permitting an external strobe signal to determine when the point or
field read shall take place.

HP 25513A 32-POINT DIGITAL OUTPUT

me HP 25513A digital output card provides solid-state switching to 32
-utput points. Signal conditioning options interface with a variety
of AC and DC control actuators.

You can program the output points independently or as two 16-point
fields. Data in the output registers is maintained until new data is
programmed to the card or until an external strobe signal is received
by the card from the external system. The card can be programmed to
change outputs upon receipts of either an internal 2250 control signal
or an external strobe signal.

HP 25514A 16-POINT RELAY OQUTPUT
The HP 22514A card provides Form C relay output. The 16 channels can
be programmed as independent points or a 16-point field. The card can
be programmed to change outputs upon receipt of either an internal
2250 control signal or an external strobe signal.

HP 25515A 4-CHANNEL PULSE OUTPUT

The HP 25515A pulse output card generates a programmable number of

pulses 1independently on each of four channels. The initial ©pulse
rate, acceleration, final pulse rate, and the pulse width are also
programmable. Alternatively, you can put the card in

frequency-generator mode to provide pulses for an indefinte length of
*ime. Two 1limit inputs can be programmed to stop the train of pulses
.len, for example, a mechanical stop switch is reached.



HP 25516A 16/16 POINT DIGITAL MULTIFUNCTION

The HP 25516A multifunction card provides 16 channel digital input
points and 16 digital output points for the 2250.

Each input point on the multifunction card has a ©presettable event
counter with a maximum count of 255. Each counter can be programmed
to prescale (automatically repeat counting upwards from the preset
value) or to totalize (automatically continue counting from zero after
the preset number of counts).

An event is defined for each point by enabling the point to interrupt,

and programming the sense and sense override, which specify the
desired direction of transition.
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READ _ - READ
S;; % csTn.::um Previous main resuit data has been read.
WRITE
v
WRITE N WRITE
Task WRITE(MAC.11) . . . in progress;
Stase- 1 amving task arriving at 2250
e
recsived
State 8.
p
Task Task terminator received: | J’g‘
s 2 compiing 2250 compiling task. T:E"uo:
o
Compiled
v
Task Task compiled without error;
execyti 2250 executing instructions.
State 4 i i
Complete
L
WRITE
s Task compiete Main task error code and resuit data
resuit ready readyto resd.
State 7

MAIN TASK STATE DIAGRAM

In the state diagram, the paths from State 7 to State 0 labeled
READ and WRITE refer to the fact that either a READ or a WRITE
addressed to the 2250 deletes all existing result data and the main
task error code from the main result buffer.

/VoTE: Q.ES'G'E:T‘/ wWovt CLEpe A mwd TASK EECAUSE
IT /S A TASE ITSECF USE HPIR ‘cizan’



RESIDENT TASK STATUS

State 0

Task
does not exist

Main task with TASK
command to State 7

State 5 State 4 State 6
STOP
-~ Run-time
Task complete Task error Task idle
idle. -— executing —>| due to error
GOSuUB _ GOSsuB
PAUSE Run
STOP
State 3
Scheduled by interrupt Scheduled by interrupt
or START command Task scheduled or START command
~| and ready to run | =




WHO EXECUTES NEXT?

If tasks of equal priority:

TASK (1,99)

TASK (2,99)

% 3 %

If tasks of different priority:

TASK (1,99)

—y

TASK (3,99)

TASK (2,100)

TASK (4,99)

TASK (3,99)

TASK (5,99)

TASK (4,1)

TASK (6,99)

TASK(5,50)

Assume a main task of:

TASK(6,99)-

START (1), START (2), START (3), START (4),
START (5), START (6)!




RULES TO REMEMBER

1) The MAIN task always has the highest priority.

2) A task (MAIN or RESIDENT) cannot execute until the currently

executing task completes or pauses or is aborted!
(Therefore, net mm_lh—{»a,skmj)

3) Round-robin execution applies to tasks of equal'priority only.

4) Resources such as buffers and variables for resident tasks are
shared. (Except BO)

5) Aresidenttask cannotstore results into the main task result buffer
(BO).

6) Before a main task executes there is an implicit IN (B0) OUT(BO)
executed. ‘

7) A resident task must assume that IN and OUT may have been
altered by another task during a pause.
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USER SOFTWARE INTERFACE TO
THE 2250 AND THE MCL/50 FIRMWARE

EDIT User Program

Compile / Assemble

ERROR ?

YES

lNo

Relocate Code
.

ERROR ?

|‘No

RUN Program

_________ I

ERROR ?

INO

Execute 2250
TASK

—— MCX Starts Here




TO INVOKE MCX

:RU, MCX [,lu] [,infile]
lu = 2250 logical unit number

infile = file NAMR of file containing MCL and/or MCX commands
to be executed by MCX.



MCX PROGRAM COMMANDS

Command Type

MCX Command

Read Cémmands

Write Commands

Status Commands

Set Commands

File Commands

HP-IB Commands

System
Configuration

Misc.

READ
REAS FORT ™/

READ REVISION
READ SECONDARY
READ VARIABLES

WRITE VARIABLES
WRITE BUFFER
WRITE SECONDARY
WRITE SUBROUTINE

- STATUS SYSTEM

STATUS MAIN
STATUS TASK
STATUS INTERRUPTS

SET RESULTS ON
SET RESULTS OFF

SET MODE INTEGER
SET MODE OCTAL
SET MODE REAL

SET POLLING ON
SET POLLING OFF

INCLUDE
LOG ON
LOG OFF

CLEAR
TRIGGER

CARDS

*

HELP or 22 ?
QUIT
/

? SEC

buff
SFA

address
startvar numvar

data1l
datal
data1l

startvar numvar
buffer count
address

subfile

number

SET ECHO
SET STOP

time

file namr
file namr

GE LU

SR e

.. . dataN
.. . dataN
.. . dataN

repeat count

LOCK UNLOCK
Run’l:;onoyram,[da*ﬂ]




Notes on MCX Syntax Rules

Commands are entered after the MCX prompt MCX!?

‘N

Either MCX or MCL commands can be entered after the prompt. Upper

or lower case is allowed, or a mixture of bothe.

MCX commands can be abridged to any length, down to one letter per

PR
iy 3 F

¥

word,wéé'long as all the words in the command are represented.
EXAMPLE:

SYSTEM STATUS = SYS STAT = S S

[}

[0)]
-

)]

Blanks or commas are legal delimiters.



READ COMMANDS

READ

Reads the main result buffer from the 2250 primary address.

READ BUFFER buffer count

Reads data from elements in the designated buffer, starting wuth the
first element and continuing for count.

READ MEMORY startadd numwords

Reads the 2250 memory starting at address startadd and will read
numwords words. If startadd is less than 400B, an errov
result+s.

READ PORT portname

Reads data from the desigated port portname. All words, up to 500,
will be read from the port (A, B, C, or D).

READ REVISION

Displays the current firmware and MCX revision dates to the current
log device or file.



MCX READ COMMANDS

(continued)

READ SECONDARY address |
Reads from the specified secondary address. Secondaries1 - 15 are
allowed, and if address is ommited, secondary 1 will be read.

READ VARIABLES startvar numvar

Reads 2250 variables from the designated variables starting with
startvar and reading for numvar. ~



MCX Read Examples

1) Read the result at the primary address after a main task of RAM!
MCX : READ
No error: result data:

l: THOTR
4709

2) Read variables 10 through 20.

MCX : READ VAR 10 11

Variables 10 to 20
10: 14540 14541 14542 14543 14544 14545 14546 14547
18: 14548 14549 14550

3) Read first 50 words of buffer 5.

MC X : R BUFFER 5,50

Buffer data, buffer 5

l: 0 1 1 1 2 2 3 3
9: 4 4 4 5 5 . 6 6 7
17: 7 7 8 8 9 9 10 10
25: 10 11 11 12 12 13 13 13
33: 14 14 15 15 16 16 16 17
41 17 18 18 19 19 19 20 20
49: 21 21



MCX READ Examples Continued

Z) Read port B that should contain 36 words.

/MCX : READ PORT B

Data from port B

1: 0 1 1 1
9: 4 4 4 5
17: 7 7 8 8
25: 10 11 11 12
33: 14 14 15 15
5) Read secondary 1 (system status),

MCX : R SEC 1

1: -1 0 1 0

6) Read secondary 4 (interrupt status).

MCX : READ SEC &

l: 1 5 .24 33
9: 99 127 0 0

7) Read secondary 2 (main task status).

MCX: R S 2

1l: 7 0 0 0

N LN

2 3
6 6
9 10
13 13
0 0

56 84

0 0

0 0

10
13



MCX READ Examples Continqed

8) Reads wordsas¢ through 270 of 2250 memory.
MCX : read mem R56 /S5

000400/ 000400 256.

000401/ 000401 257.
000402/ 000402 258.
000403/ 000403 259.
000404/ 000404 260.
000405/ 000405 261.
000406/ 000406 262.
000407/ 000407 263.
000410/ 000410 264,
000411/ 000411 265.
000412/ 000412 266.
000413/ 000413 267.
000414/ 000414 268.
000415/ 000415 269.
000416/ 000416 270.

9) Read 10 words of 2250 memory starting at word 2000B.

MCX : Read memory 1024,10-

002000/ 002000 1024.
002001/ 002001 1025.
002002/ 002002 1026.
002003/ 002003 1027.
002004/ 002004 1028.
002005/ 002005 1029.
002006/ 002006 1030.
002007/ 002007 1031.
002010/ 002010 1032.
002011/ 002011 1033.

10) Read the 2250 firmware and the MCX revision codes.

AACX.: READ REVISION
Firmware rev. 2Ty, MCX rev. 2113

RIOK



WRITE COMMANDS

WRITE VARIABLES startvar numvar datal ... dataN

Sends data (data7 . .. dataN) to the speciﬁed variables starting with
‘startvar and writing for numvar.

WRITE BUFFER buffer count datal ... dataN

Sends data to elements in the designated buffer, starting with the first
element and continuing until data7 to dataN have been written.

WRITE SECONDARY address data1l ... dataN
Sends data (data 7. . . dataN) to the designated secondary address.

WRITE SUBROUTINE subfile

Writes a subroutine file (subfile) that has been generated by LINKR to
the 2250, through secondary 9.



MCX Write Examples

1) Write digital data to variables 1 - 16.

MCY.: WRITE VAR 1 16
Enter 16 data items: 1 1 1 1 0 0 001 1110000

DQ“‘\ wV'JH'Cw.

2) Write voltages in mvolts to elements 1 - 20 of buffer 1.

MCK: WB 1 20 ,
Enter 20 data items: 500 500 500 500 400 400 500 500 500 200 200 200
Enter 8 data items: 100 100 100 100 120 120
Enter 2 data items: 120 120
Status-—codeis—ok.
ﬁhia_uwfﬁwmv

3) Write to secondary b to set up secondary g read to read buffer elements
from buffer 3.

MCX: write secondary 613 %3

4) Send limit checking FORTRAN subroutine, LIMIT
to the 2250. ‘

MCX : WRITE SUBROUTINE LIMIT:AH:AH
Done



MCX: WV

Start variable number? 1

Number of variable? 5

Enter 5 data items: 1,2,3,4,5
Data written.

MCX: RV
Start variable number? 1
Number of variables? 5

Variables 1 to 5
1: 1 2 3 4 5

MCX: W B

Buffer number? 1

Number of items? 3

Enter 3 data items: 1,2,3

Communications error 42: invalid buffer bounds

MCX: DIM(10,1,10)!
No error; no results returned.

MCX: W B

Buffer number? 1

Number of items? 3

Enter 3 data items: 1,2,3
Data written.

RB13
Buffer data: buffer # 1 first 3items:
1: 1 2 3



MCX STATUS COMMANDS

STATUS SYSTEM

Interprets the system status that is obtained from secondary address 1
and returns a system status message.

STATUS MAIN

Interprets the status of the main task by reading secondary address 2,
and returns a main task status message.

STATUS TASK tasknum

Interprets the status of aresident task by reading secondary address 3,
and returns a resident task status message.

STATUS INTERRUPT

Interprets the status of interrupts that have occurred in the 2250 by
reading secondary address 4, and returns an interrupt status message.



MCX Status Command Examples

1) Obtain the 2250 syQtem status.

McCX: STATUS SYISTEM
System status:

Task number 1 is runaning:
Port data is available: A: 0 B: 0

2) Obtain the main task status.

MCX.: § MAIN

Main task status:
The task is undefined.

3) Obtain the\s:atus of task number 1.

McCX ¢ STAT TASK 1

Task 1 status:
The task is running at command 2.

4) Obtain the interrupt status of the 2250.

MCX ¢ STATUS INTERRUPT

Interrupt status:

Programmed srq 1
Programmed srq 30
Programmed srq 127



MCX SET COMMANDS

SET RESULTS ON / OFF

Used to determine when MCX will read results from the 2250. ON
specifies read results immediately, while OFF disables reading of the
main task result.

SET POLLING OFF / ON time

Used to determine if results are available before MCX attempts to
read from the primary address. When ON, MCX will poll the 2250 for
length of time to determine if result is available. OFF disables polling.

SET MODE INTEGER / OCTAL / REAL

Determines the output format of the results returned from main
result buffer, secondaries, variables, buffers, and ports.



FILE COMMANDS

INCLUDE infile

Specifies that the MCX program is to take its input from a disc file
rather than from the terminal. Either MCL/50 or MCX commands can
be included in the infile.

LOG ON

Used tospecify that all output sent to the log device will be copied to
adiscfile. The logfile will include all lines sent to the 2250, as well as all
results and messages. OFF disables the logging feature.



MCX File Command Examples

1)

2)

Include MCX file NUMBER to be shipped to the 2250.

MCX ¢ INCLUDE NUMBER: : AH

V1l = %22 ROT 8
V2 = %Z75 ROT 8
V3 = %67 ROT 8
V4 = 7123 ROT 8
V5 = %147 ROT 8

No error; no results returned.

Log all input to file LOGFIL:AH:AH. Resulting logfile
is as follows:

log on ALOGRIL:AHAH
CLEAR
IN TASKI1

TASK(1)

OUT(V1) FO(8,1)

REPEAT (256)
DO(7,1) 1
WNOW (0,0,50)
DO(7,1) O
WNOW(0,0,50)

NEXT
!

Run-time error 33 (task not ready to run) occurred at
command 1.

S S
System status:
Task number 1 is running;

Port data is awvailable A: 0 B: 0 C: 0 D: 10

qQulT



BUS CONTROL COMMANDS

CLEAR .
Sends the clear message to the HP-IB aborting all 2250 processing.

TRIGGER
Sets the HP-IB bus trigger flag (BT) in the 2250 to ”1”.



SYSTEM CONFIGURATION
CARDS

Request: CARDS

Box 0

Card

Relay output
Digital output
Multifunction

Box 7

Lowlevel mux
Lowlevel mux
High speed ADC

In Out

.18
32
16 16

4

16

In Qut

32
32
16

Slot

16
15
14
13
12
1
10

Box

Card

Relay output

Digital output
Multifunction
Digital input

DAC

In Qut
16
32
16 16
32

16 16



Notes on the CARDS Command

The CARDS command sends an ID (1,158) ! to the Model 2250.

Only card types 1 through 16 and empty slots will be interpreted by

MCX.

2250 Systems with several 2251 MCUs (more than 4) may not be able
to include their total card configuration into the terminal memory.
In this case, you should |wuse the LOG command to 1log the

configuration into a file.



MISCELLANEOUS MCX COMMANDS

"HELP OR? |
Prints the list of commands and their parameters to the log device.

QUIT
Exit from MCX.

* (Asterisk)

Denotes a comment to follow, and ignore the line. Used mainly for
including comments in include files.

/ (Slash)

Causes the last 10 commands entered to MCX to be displayed on the
screen for editing of one line and resending of that line.

Ruv\ Eppojmxm [projmw\ /oaerVftrJ]J
14//6603‘ usSer 4o ruan agfm;mw\ wl‘l‘( out- QX £

MCX . L(S'e}gu./ #r‘ d-/,y (nc_/u,[q_, Oi/e_r aud reme%i



MCX Command Stack Examples

1)

2)

Display the last 10 commands entered to MCX and position cursor below

the last line displayed. . o

McK : /

--=-Requests—---

Set mode octal

Set results off
BLOCK AI (1,1,160) !
READ

INCLUDE BEGIN:AH:AH
SYS STAT ‘
READ

\READ (5,1,177) !
READ

Set re on

<< Cursor positioned at this line

Display the 1last line entered only and position the cursor at that

line.

MCX 1/

-=-=-Requests=--
SET RE ON »
- © << Cursor positioned at this line



MCX Command Stack Examples Continued

3) Display the last 5 lines entered to MCX, and position the cursor at the

first line displayed.

MNCX 2 1111713 or MeX: /5

--=-Requests==—-

SYS STAT << Cursor positioned at this line
READ

%READ (5,1,177) !

READ

SET RE ON



MCX: CLEAR
HP-IB device clear sent.

MCX: S S
System status:
No results or port data available.
MCX: DI(6,1,4)!
No error: result data:

1: 0 0 0 0
MCX: DO(G6,1,4) 111 1
No error; no results returned.
MCX: RDO(6,1,4)!
No error; result data:

1: 1 1 1 1
MCX: /

- - -Requests- - -
CLEAR

SS

DI1(6,1,4)!
DO(6,14) 111 1!
RDO(6,1,4)!



MCX: RAM!
No Error; result data:
1: 14916

MCX: RAM
line sent

MCX: !
No error; result data:
1: 14916
MCX: ECHO(5) 1,2 3;4, , ,5!
No error; result data:
@ 1 2 3 4 5
MCX: CARDS

Box 0

Slot Card In- Out
8 Relay output 16
7  Digital output 32
6  Multifunction 16 16
5  Multifunction 16 16
4 DAC 4
3  Highlevel mux 32
2  Lowlevel mux 32
1  High speed ADC 16



MCX: DIM(100,10,100)!

No error; no results returned.

MCX: IN(B1) ECHO(10) 1,2,3,4,5,6,7,8,9,10 !
No error; no results returned.

MCX: REW(B1) OUT(B1) IN(B0O) ECHO(10)!
No error; result data:

1: 1 2 3 4 5 6 7 8
9: 9 10

MCX: V1=1 REP(10) BO(V1)=V1 V1=V1+1 NEXT !

No error; no results returned.

MCX: V1=1 REP(10) BO(V1)=V1 V1=V1+1 NEXT SKIP (B0,10)!
No error; result data:

1: 1 2 3 4 5 6 7 8
9: 9 10

MCX: RANGE(2,16)1000 CLB(2) REW(B1) IN(B1) AIT(2,16)!
No error; no results returned.

MCXR B 11

Buffer data: buffer # 1 first 1 items:

1: 240
MCX: AIT(2,16)!

No error; result data:
1: 240
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INTRODUCTION
TO

- HP-MCL/50

MEASUREMENT
AND CONTROL
LANGUAGE



UA crdicare

HP-MCL/50
(Measurement and Control Language)

Features

e Local intelligence with over 100 application-oriented
commands

® Real-time operation decoupled from the computer to pro-
vide predictable performance

e Multi-task environment
— local storage and execution of compiled tasks
— tasks scheduled by external events or the host
computer or time and time interval

® Built-in data reduction and decision making capabilities

— data automatically converted to engineering units

— thermocouple linearization and conversion to °C

— arithmetic, boolean, logical operations on user data

— decision making based on both analog and digital
limit conditions

— high-level control structures for program branching
and looping

e Downloaded HP-1000 FOﬁTRAN or Assembler sub-
routines for customized data reduction, filtering, and con-
trol algorithms

e Continuous data acquisition up to 50,000 samples per
second, with local buffering

e Accurate, hardware-controlied synchronization and pac-
ing of analog and digital inputs and outputs

@ Built-in time-of-day clock and watchdog timer for system
integrity

e History data acquisition up to 50,000 samples/second

¢ Flexible management of 28K bytes of user memory for
tasks and data buffers

2 fe V=Xt
/o0 é,ﬂ {:3\%‘?«{ “““ ey (;

e Built-in processor self-test

¢ Computer independent programming for compatibility with
a wide variety of computers

Applications

HP-MCL/50 allows the user to easily program the 2250 to
perform the specific automation tasks required for an appli-
cation. With HP-MCL/50, the timing of 2250 tasks can be
completely decoupled from that of the computer. This leaves
the host computer free to perform other operations, thus
increasing total system throughput.

Description

HP-MCL/50 is a high level Measurement and Control Lan-
guage designed for use with the 2250. With HP MCL/50, the
2250 is microprogrammed to accept complete tasks from
the computer, compile the commands, and then execute
those tasks in the real-time environment of the user’s system.
Tasks may include such functions as periodically gathering
a group of measurements, converting the data to engineer-
ing units (volts, amps., °C), starting a control sequence at a
specified time or time interval, and decision-making for
closed-loop control. The 2250 is also capable of executing
stored FORTRAN digital filtering or control algorithms that
were previously compiled and prepared on an HP 1000
computer. All data is transferred in binary format.

The speed of measurements and control operations may be
internally or externally paced on a scan or channel level. A
high-speed, continuous acquisition mode allows simultane-

EXTERNAL SYNCHRONIZATION

ENGINEERING
CONVERSION

’ o
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; |
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ous buffered data gathering and transmission. Multiple tasks
may be compiled and stored locally for later execution.
Tasks may be scheduled upon interrupt from a function card
or on command from another request or task. Other
capabilities include history data acquisition, analog offset
correction, time-of-day clock, and built-in processor
self-test.

The firmware to implement HP-MCL/SO. is stored in 16K
words of ROM on the 2250 memory card.

Summary of HP-MCL/50
capabilities

® Analog/digital I/O commands
— Easy to recognize, applications oriented
— Separation of commands and data for convenient up-
dating of output variables
— Programmable analog gains
— Parallel measurement and control operations
— User selectable computer data formats

® Synchronizing, timing, and pacing commands
— Time-of-day clock
— Programmable internal pacing of all function cards
— Synchronizaion with computer or external events

e Built-in application utilities
— Automatic engineering unit conversions
— Thermocouple linearization/conversion to °C (includes
reference junction compensation)
— Watchdog timer to determine system integrity

e Application task development/control/

supervision commands

— Looping (REPEAT-NEXT)

IF...THEN...ELSE structures for decision making
Analog limit checking (>, <, etc.)

Flexible internal buffer management

Arithmetic capabilities: +, —, X, +

Logical and Boolean operatlons AND NOT, XOR, etc.
— Bit manipulation routines

¢ Multi-task capabilities
Local storage of compiled tasks task execution initiated
by:
— HP-MCL/50 GOSUB command
— External interrupt (from function card or computer)
— Automatic background task scheduling
— Watchdog timer alarm

e Optional execution of customized downloaded

FORTRAN subroutines

— For data reduction, filtering and digital control
algorithms

— Callable from HP-MCL/50 task

— Includes library calls such as SORT(X) and SIN(X)

— FORTRAN or HP 1000 ASSEMBLY LANGUAGE

— Computation using real numbers

e System level control and data handling structures
— Optional user defined variables and buffers
— Direct access to variables/buffers from the host com-
puter, for updating control values without affecting the
current task
— Multiple communications ports for complex data
handling applications (memory exchange)

® Hardware configuration, status, control, test, and
verification commands

® Flexible error handling and recovery

Summary of HP-MCL/50 commands

Command and Description

= AAVERAGE
ABORT

*A

AIC

+ AID

° AIM

* AIR

o AIT
AND
* AOFF

« AON

«BLOCK
CALL

« CASE
CBUFFER
CCONTROL
CFN

+CLB
CLR
CMP
CNUM

«CO
CONVERT
COUNT

« CPACE

« CTIMER
CTL
DCOUNT
-DI

*DIMENSION
+DO
DREAD
DWRITE
EFCN

*ECHO
EOFF
EON
EXECUTE

«EXIT
FCI
oFi

«FO

=GAIN
GOSUB

«GOTO

*ID

- IF

«IN
INTERRUPT
IOR
ITASK

* LABEL
MOD

* NTASKS
ONERROR

- OuT

« PACE -

« PAUSE
PCONTROL
PNUMBER
POC
PRATE
PRESET

*PTIMER

*RAM

« RANGE

average analog buffer

enable task abort

analog input

analog input card format

double word analog input

microvolt analog input

real analog input

read reference temperature

bit masking operator

autorange off

autorange on

permit multiple reading from one point
call subroutine

multi-path branching

declare CONVERT data source and destination
counter card control

counter card configuration

calibrate analog input

clear bit logical operator

logical bit complement operator

set counter card average mode
output analog current

convert raw data to engineering units
read multifunction card counter

set channel mode pacing

clear task timer

write card configuration register
read double word count

read digital input point

declare variables and buffers

digital point output

double word read from register
double word write to register
counter card configuration

verify communications

disable immediate-execute mode
resume normal execution of commands
trigger delayed data transfer

exit a repeat loop

function card interrupt

read digital input field

digital field output

set analog gain

run subtask

unconditional branch

MCU and function card identification
relational branching

store define where input is to go
enable or disable function card interrupt
bit masking operator

assign interrupt handling task
program control label

remaindering operator

define number of tasks

go to LABEL upon error

take output data from specified location
set scan mode pacing

suspend task

pulse channel control

set pulse number

pulse channel configuration

pulse rate configuration

preset multifunction card counters
pause for task timer

read amount of available memory
set analog range



Command and Description ¢ SCLOCK
RBIT read card register bits SE.';‘SE
RCFN read counter card configuration « SKIP

e RCLOCK read time of day clock ' SOVERRIDE
RCNUM read counter card average ¢ SRQ
RCOUNT read single word count with re-start « START
RCS read card status e STOP
RDCOUNT read double word count with re-start e SYN

= RDO read digital output configuration e TASK
READ single word read o TTEMP

« REF read and set reference temperature TRANSFER

* RELEASE release stored data to port « TREF

« REPEAT repeat a sequence of commands TSTAT

* RESET system reset e VO

¢ REWIND rewind buffer

® RFO read digital output field configuration ‘ weIrCHDOG

* RGAIN read analog gain WEXT
RINTERRUPT  read interrupt configuration « WNOW
ROLL set multifunction counter rollover ¢ WPACE
ROT logical rotate operator WPOINT
RPRESET read multifunction counter preset WRITE
RPREM read number of remaining pulses « WTIMER

* RTIMER read task timer XOR

HP-MCL/50 Example

set clock

define interrupt transition sense

set bit logical operator

move buffer pointer

override transition sense for interrupts
request service from computer
schedule task

stop task

system normalize

define resident task

read thermocouples

set up for input or output of unchanged data
set thermocouple reference temperature
task status

output integer voltage

set watchdog timer

write card register bits

wait for external strobe )
wait now

wait for pace pulse

wait for digital input point

single word write

wait for task timer

bit masking operator

PACE 1, 20,.0)
INCB1) ,
WEXT; AIC1,1,16)
REPEAT (€0)

WPACE
AlC1,1,18)

RCLOCK
CALL GRAD(B1,B2)

RELEASE(B2,R)

v2 = Ba2(1) - V1
va = vVas12

ELSE

SRQC1)
GOTOCS)

ENDIF
IF V9=1 THEN EXIT

ENDIF
NEXT
LABEL(S)
GOSUB(3)
START(C4)!

REWIND (B1); INCB1)

INCB2); JTEMPC1,17)

IF B2C¢1) < 2000 THEN

0UT(v2)>; COCS,1)

Do¢e,1,4) 1,1,1,1

Set Internal Pacer = 1.020000 sec.

Place data in buffer B1.

Synchronize with-an external trigger, using a dummy READ.

Repeat indefinitely.
Prepare buffer for data.
Wait for internal pace signal.

Store 16 analog inputs (pressures) in B1.

Read temp. from J-type thermocouple and

Read time-of-day clock into Buffer B2.

Call downloaded FORTRAN pressure gradient routine and put coefficients

into B2.

Return temperature, time-of-day and-gradient coefficients to the computer

using 2250 Port A.

Limit check temperature - if <200 °then compute a new valve position and
output the current (mA.) stored in V2.

If > =200thenturnon 4 display lights. Alert the computer of the Alarm Condition

by sending an interrupt #1.

Goto Label (5).

Watch for computer to terminate the task by asynchronously setting V9 to 1.

Then exit to LABEL(5).

Run shutdown task 3 immediately.

Schedule background monitoring task #4.




" TASK (CONTRO!
SPECIFY NUMBER OF TASKS

NTASKS (maxnum ,maxlinks )

maxnum -— number of resident tasks

maxlinks — number of interrupt tasks



" DEFINE A RESIDENT TASK

TASK (task number], priorify[, type]))

task number number that the task will be referenced with.

\priority determines the execution. priority of the task.
Lower the number the higher the priority.
(default is 99)

type 0=no special characteristics. (default)

1=task will execute upon auto restart.

S7_I4£T (task Aaméer) ‘

SCHEDULES A4 Tasy Fod EXEcuttaa)

STOP [(fask numbcr)]

unschedules o asg



2250 COMMAND SYNTAX

In-Line Data

Delimator

Command Parameter Group

Command Name

Al (1,2,3); V0(5,3,2) 100,200 (5,3,2) 300,400 !

Terminator

Extended Command
Parameter Group



Command Name

AI (1,2,3); Vo (5,3,2) 100,200 (5,3,2) 300,400 !

0y

All MCL commands start with a command name, with some commands

consisting of the name and nothing else.

The 2250 accepts upper case or lower case letters, and requires

only the first three of those letters.

Commands that are documented as having only two letters, however,

must be written as specified (such as the DI and VO commands).



Legal Characters and Delimiters

A through Z Legal characters} interchangeable with a through z
a through 2z Legal characters: interchangeable with A through Z
0 through 9 Legal characters
+ - *x / Arithmetic operators

= # > < Relational operators

- Prefix to negative constant

+ Prefix to positive constant: not required

YA Prefix to octal constant

([ < Parameter delimiters: opening, interchangable

) 1 3} Parameter delimiters: closing, interchangable

. Decimal point for floating=-point constants

: , 3 blank General delimiters

o

End of task

Illegal Characters

L S 2 U

Nonprinting control characters (except CR and LF)



Numfers and Their Formats

Numbers sent to the 2250 primary address must be integer with

character type ASCII.

Any fixed point numbers will be rounded to the nearest integer
value (3.5 = 4 and 3.4 = 3) and floating point numbers (3.5E3) will

not be accepted.

Numbers sent to any secondary addresses must be formatted in 2°s

compliment binary integer.

Numbers returned £from the primary or secondary addresses are

generally 2°s compliment binary integer.

The AIR command will return HP 1000 real-formatted data. These
values can be read from the primary or secondary addresses using

unformatted FORTRAN READ statements into a real variable.



Command Parameters

ATl (1,2,3); Vo (5,3,2) 100,200 (5,3,2) 300,400 !

Command parameters can be, for example, the slot number, starting
channel, and number of channels of an input or output command, or

the hours, seconds and milliseconds of a timing command.

The command parameter string must follow the command name (except
for extendable commands), and must be enclosed in parentheses,

brackets, or bracese.

Most command parameters must be constants except where the command

description states differently.

Delimitors are required between parameters (commas are used for

legibility).

Some parameters are optional and therefore may be ommitted. The

command description will state the default value for the parameter.



Notes on Delimitors

AT (1,2,3); VO(5,3,2) 100,200 (5,3,2) 300,400 !

Legal delimeters are: ( [ { ) ] } * , ; blank

In most cases, multiple general pufpose delimitors may be used any
number of times, except between letters of command names or between
digits of a data item. The 2250 will store the extra delimitors
into the main task buffer, but will throw them out at compilation

time.

Example:

Legal:
AI (1, 2, 3)
AT (1,2,3):::::A1(2,1,2)
AT (1 2 3)
AT (1,,4553:2::::3)
Illegal:

AT (1,2,3)

AT ((1,2,3))



In-Line Command Data

AT (1,2,3); VO (5,3,2) 100,200 (5,3,2) 300,400 !

If a command directs the 2250 to put signals on output channels,
the signal data can be sent in the form of in-line data items

appended to the command.

Data items must have delimiters between them. Commas or blanks

will do, but commas are more legible.

No delimiter is required after the parameter string (5,3,2) because

the closing parenthesis is recognized as a delimiter.



EXtenaable Commands

AI (1,2,3); VO (5,3,2) 100,200 (5,3,2) 300,400 !

Many MCL commands are extendable, meaning that when a command is to
be used again for a different slot or channel and they are not
sequential, for example, the command parameter group and data can

be specified without providing the command again.

The above example shows two voltages output to slot 5, channels 3
and 4.  The first voltage output is 100 and 200 millivolts. The

second voltage output is 300 and 400 millivolts.

The commands could have been provided as follows:

vo (5,3,2 )100,200; vOo (5,3,2) 300,400

Extendable commands can be extended indefinitely and there is no
limit to the number of extensions acceptable after a command name,

as long as no other command name intervenes.

Extendable commands are faster and occupy less memory; therefore,

the extended form of the command is the preferred form.



Task Terminator

AI (1,2,3); Vo (5,3,2) 100,200 (5,3,2) 300,400 !

The task terminator (sometimes referred to as "The BANG") marks the
end of every task. The 2250 starts compiling the task as soon as

it receives the terminator.

The BANG must be the last significant character of a task sent to
the 2250. Blanks and control characters (CR and LF) are not
significant. The EOI signal must be set true to indicate that the

message has been completed.

The HP 1000 will assert the EOI line automatically. Desktop
computers, however, must use the EOI command to direct the desktop

to assert the EOI line after the 2250 message has been sent.

If there are two tasks with terminators in one data message, the
2250 will accept the entire message, but will compile and run only

the task preceding the first terminator.



EXAMPLE:

AI (1,2,3); vo (5,3,2) 100, 200! VO (5,3,2) 300, 400!

EOI Asserted
Everything before the first BANG is compiled and executed, and
everything between the first and last BANG will not be compiled at

all.



COMMAND MODIFIERS

Command modifiers change the meaning of parameters or the manner in which a
command executes. |

EXAMPLE:

Al “, 2, 3] reads channels 2, 3, and 4.
: "

Number of sequential channels
Starting channel number

BLOCK: Al “, 2, 3] reads channel 2, three times.
I

Number of readings for the channel
Channel number to read

EXAMPLE:
BLOCK: Al “, 2, ]2], Al “, 4, ]2] reads channel 2,

twelve times &
read channels
4 through 13.



TRANSMISSION TERMINATION

e ! “the Bang” marks the end of a task
® CR and LF are not significanf

e EOI must beset true to indicate the completion of
the message

e HP 1000 asserts EOl automatically

® Desktops must be programmed to assert the EOI
command. This does not happen automatically.



GETTING STARTED WITH MCL

Use the ECHO command to verify communications on the interface bus.

ECHO [ number of items ) item1, item2, ... itemn

Use the command ID to verify what types of function cards are present in the 2250
system.

ID ( starting slot [, number of slots ])

Use command RAMto return the amount of user memory remaining for compiling
tasks and storing ta?ks and data o ) ader e

. : RNLS

p
H /‘ o ‘ .
' £ F \ f

Use the command RESET to initialize the 2250 by eXecutmg the self-test and |
resetting the state of the function cards to their power-on state.

RESET

Use the command SYN to deliver a normalize signal to all function cards, and
therefore set all cards to their power-on condition.

SYN

Use the SCLOCK and RCLOCK commands to set and read the time of day clock.

SCLOCK (hours|, seconds], mllllseconds]]]
RCLOCK



BASIC DIGITAL COMMANDS

Read sequential single point digital inputs.

DI (start slot, start point, [,number of points])

Write the least significant bit of output data to sequential single point digital
outputs.

DO (start slot, start point, [number of points])

Read sequential 16 point fields of digital input.

FI (start slot, start field [,number of fields])

Write sequential fields of 16 digital output data.

FO (start slot, start’field [,number of fields])



BASIC DIGITAL COMMANDS

(Continued)

Read current output state of sequential points.

RDO (start slot, start point [,number of points])

Read current output state of sequéntial fields.

RFO (start slot, start field [,number of fields])



DIGITAL POINTS AND FIELDS

External System of Digital Inputs or Qutputs

Point Number> 16
Bit Number > 15

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

1 Field of 16 Points

BINARY
O 000 000 00| 1Ol 11l

OCTAL

157

DECIMAL

tH

1
0




2250 DIGITAL /0 EXAMPLES

» To set points 1 and 16 in slot 6 of MCU #

DO (6,1) 1; DO(6,16) 1!
or

DO 1) 1616 1 !
or

FO (6,1) %100001 !

{octal

2 T0 determine the state of points 17-24 of a digital
~input card in slot 7 of MCU 1

DI (15, 17,8) !
or
Fl (152 !

3 Toread the state of digital points for the 25511A in
slots 1-3 and for the 25516A in slot 4 of MCU 7

DI (57,1,112) ! (uses 112 words of memory)
or
FI (57,1,7) ! (uses 7 words of memory)



READ ANALOG INPUT

Al (start slot, start channel, [,# of channels])
Return voltages from the specified channels in millivolts.

AIM (starf slot, start channel [,# of channels])
Return voltages from the specified channels in microvolts.

AIR (start slot, start channel [,# of channéls]).

Return voltages from the specified channels in HP 1000 Real
Format. |

AAV ('#""5'/'050"4 N‘&ch*\/S, aVera?e_)

CGW\/’WILeJ 7‘7/\Lavl)e«/‘ e s o ;
mpqu oo 6 or move ¢

+/\Cv+ (/e rac

V;f/& u)OV‘Q/
i (A% /4//"\,67_EMP/ or A/T) and stores
e U +KL Jarz‘o,ﬁ/a a.vefatie.



READ ANALOG INPUT

(continued)

AID (start slot, start channel, [,# of channels])
(“54“’/ 12; /\(7/\ a.ccu.r-u-y an /av;,e m7 m‘-lu.e/g, l’c/+47 q)

Return voltages from the specified channels in integer pairs.

Word 1 Voltage in units of 25 millivolts

Word 2 Remainder in units of 1 microvolts

VOLTS = WORD 1 * 25000 + WORD 2 microvolts



READ ANALOG INPUT

(continued)

AIC (start slot, 'sta_rt' channel [,# of channels])

Return voltages in raw card format from the specified channels in integer
pairs. ‘

(6!\./’\/ /4 bits Lwea/)
Word 1 ! Most Significant Bits of Data

5 0

Bit 7 = 1 if out of range

( »e.(udu//or yﬁwr‘wa) ‘l'
Word 2 LSB’s of Data ADC Gain | MUX GAIN

15 8 7 6 3 2 0

N = IAND (17B, ISHFT (Word2, -3)
M = IAND (7B, WORD2)

VOLTS = (WORDZX* 256.0 + ISHFT(WORD2,-8)) * (0.5**(N+1)) * (0.1**M)



ANALOG INPUT

Determine the Voltage Range of Channel

Set Gain

RANGE or GAIN
AON (optional)

Calii:rate with CLB

USE CHANNEL MODE CPACE
PACING TO REDUCE NOISE

Set Reference Temperature

BLOCK
WPACE

Voltage IN TREF or REF
Al
AlC
AID
AIM
AIR BLOCK

WPACE

xXTEMP

AVERAGE THE
READINGS AAV )



" SET ANALOG RANGE

PE=

RANGE (start slot, start chan. [,# of channels]) rangel ... rangen
Setting the range amounts to setting the range of each input channel

(in millivolts) to the highest level you expect to encounter on that
channel. |

@\5/‘6 ‘ . :
GAIN (start slot, start chan. [,# of channels]) gaincode 1...gaincode n.

Setting analog input gain for a given input voltage range.

RGAIN (start slot, start chan. [,# of channels]) will read the current
setting of analog gain.

" /& gO
2
Analog Input Function Card MUX / Input Ranges
' Gain / (Volts)

HP 22501A 16-Channel High-Speed ADC | — @ 25 5.0 10.0
| HP 22502A 32-Channel High-Level MUX 1.0 125 25 5.0 10.0
HP 22503A 32-Channel Low-Level MUX 100. 0.0125 0.025 0.05 0.1
- 10. 0.125 0.25 0.5 1.0
1.0 1.25 25 5.0 10.0
HP 22504A 16-Channei Relay MUX 100. 0.0125 0.025 0.05 0.1
: 10. 0.125 - 0.25 0.5 1.0
1.0 125 25 5.0 10.0
0.1 125 25.0 50.00 100.0

ADC gain for each range shown above 8 4 2 1




DIRECT ANALOG INPUT

GAIN (start slot, start channel, |,# of channels|) gaincodel...gaincoden

Using the gain code allows you to directly program one or several
channels to specified gain or to autorange one or several channels.

This command applies to any MUX or ADC card.

The GAIN command is faster +than the RANGE command and uses less
memory than the.RANGE command, but is not as convenient as the

ANGE command from.a programmers point of view.

A1l error checking is done for RANGE at compile time but not for

the GAIN command.



ANALOG INPUT RANGES

AND GAIN CODES

Octal Gain Codes

Function Range Resolution Gain Decimal
Cards (volts) . ADC MuUX value value
D 100.0* 125 mV 0.1 14 1 141 97
D 50.0* 6.3 mV 0.2 ()15 ( 1)1 151 105
D 25.0 31 mv 0.4 (4) 16 "1 161 113
D 125 1.6 mV 0.8 (5) 17 1 171 121
ABCD 10.0 1.25 mV 1 14 2 142 98
ABCD 5.0 625 uVv 2 15 () 2 152 106
ABCD 2.5 313 uv 4 16 2 162 114
ABCD 1.25 156 uV 8 17 2 172 122
cD 1.0 125 uVv 10 14 3 143 99
CcD 5 63 uVv 20 15 3 153 107
CD 25 32 uv 40 16 193 163 115
CcCD 25 16 uV 80 17 3 173 123
CD N 125 uv 100 14 4 144 100
CcD .05 6.4 uVv 200 15 600)4 154 108
CcD .025 3.2 uv 400 16 4 164 116
CcD .0125 1.6 uvV 800 17 4 174 124

Autoranging:

D 100.0 Refer to lists 14 1 341 225
ABCD 10.0 above for the 14 2 342 226
cD 1.0 range selected 14 3 343 227
CcCD 0.1 by autoranging 14 4 344 228

Function Card Types:
A = HP 25501A 16-Channel High-Speed ADC
B = HP 25502A 32-Channel High-Level MUX
C = HP 25503A 32-Channel Low Level MUX

D = HP 25504A 16-Channel Relay MUX

*NOT UL APPROVED




CALIBRATE
ANALOG INPUT

&(;’.") v (9‘% / R '-V:",m .

O} - L)r “?Q,ie '
CLB (got number of ADC or MUX card)

The calibrate command updates the correction factors for all
input channels on the specified card and stores the calibration
constants into 2250 memory.

CLB (0) will calibrate all analog input channels.

It is a good idea to issue the CLB command about every 15
minutes for high accuracy. Issue it lmmedxately before taking a
readlng at maximum accuracy.

i ‘\ i L
1 AUTORANGlNG
Fs devnon o8l
+[* : [ ’, ”“ S € /((/ J,
il TR AON (slot number of ADC card)

Autorange all ADC channels on the ADC card and for any
multiplexer that uses the ADC card, regardless of the
programmed gain.

AON allows the ADC to change its gain to 1, 2, 4, or 8.

The RANGE command affects the gain of the ADC and MUX
cards, while the AON command affects only the ADC gain, i.e.
MUX cards don’t autorange.

AOFF (slot number of ADC card) will cancel ADC autoranging.

Vﬁ;,,é, I FRA 2 o " N ETT



ANALOG OUTPUT
COMMANDS

‘Voltage Out
VO (start slot, start channel [# channels]) mvolts1,...,mvoltsn

Current Out
CO (start slot, start channel [# channels]) uamps1,...,uampsn



- READING TEMPERATURES

Before using any of the thermocouple temperature reading
commands, you must first establish a reference temperature with
either the REF or TREF command.

REF (slot, channel)

Establishes the reference temperature for all thermocouples
connected to the same isothermal block.

TREF (temperéture in tenths of a degree Celcius)

Ifusing a known reference temperature from an ice-bath oroven,
use the TREF command to establish the temperature.

You may have to issue the REF command more than once, as each
isothermal block has room for only 15 connections.

AIT (slot, channel)
Reads the TRC reference output in tenths of a degree Celcius.



READING TEMPERATURES
(continued)

XTEMP (start slot, start channel [,# of channels])
x=B,E ], K,R,S,or T
The commands perform linerarization of thermocouple readings,
returning the temperatures in tenths of a degree Celcius.
The last temperature set with the REF or TREF command

determines the reference temperature used by the linearization
routines.
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¢ 50kHz,

READING S WITH NO PACING

[ ] [ ] [ o [] P P) o

}

1 f 1 i ] | ]
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i [ 7
FreE RuN Seeed
\‘“fZQusec""l v

READINGS WITH PACING

i 4 ) !

‘-1-—

! I T {

i“—.—— Zgusec """"'} o PAcED SPEED

NON-PACED READINGS — NOISE OFFSET
PACED READINGS — NOISE CAN BE AVERAGED OUT



25503 BOARD

1OmY
NOISE [mY
(PTO?)
= 100uv
| |
{ /r’i‘@mmwwﬁz{qyy
j0 0 l000)0/uv

NUMBER OF
READINGS AVERAGED

BY USING AVERAGING, NOISE 1S REDUCED BY |4\
WHERE N = NUMBER OF READINGS

&\JSE PACING WHEN AVERAGING REA’D\NGSJ



VARIABLE AND
BUFFER NAMES

Variable Names

Vﬂ n = a number equal to or less than the number of variables
declared in the DIM command.

Buffer Names

Bn n = a buffer number within the declared DIM command limit.

BVM vm = an MCL variable containing the number n.



INITIALIZING BUFFERS AND VARIABLES
DIMENSION COMMAND

DIM [(#variables, #buffé.rs, buffer1 size [,.buffern size])]

Clears and reconfigures user memory, sets the number of variables available, an
declares the number of buffers and their size

S VARIABLES = /O

- Ecrfo /s A4 Good WRY TO INTIALIZE RuFFeEdS
IN(B3) BcHo(s) 1,2,39, 5 |

©

IVITALIZES THE FIRST FIUE wordS sF £3
fo I, Q 3,4, 5 ﬁE:PEC—TWEZL,)/



DIMENSION COMMAND EXAMPLES

1) DIM |

Define 10 variables and no buffers.

2 DIM (20,10,100,100,10) !

Allocates memory for 20 variables, and 10 buffers. Buffers 1 and 2 will be 100
words each, and buffers 3 through 10 will be 10 words each.

3 DIM (5,10,10) |

Will not compile and wull return a compile error of 2. Why?
u % L LD {_j; T

/"\ oy
L _,ﬁz,*ij\m ¢

4 DIM (0]
What will this task do‘>

{
C f*w <§,M s S



BUFFER MANAGEMENT

COMMANDS

REW' ND Moves the curreni location pointer back to the start of the buffer

SKIP

(location zero). The buffer will not be cleared.

Moves the current location pointer past the specified number of
words in the specified buffer.

RELEASE Releases the buffer contents to a port for transmission to the host “

ouT

N L { ~ g
K /T E/ e, {, {( ST o b (/f{: 4»&4‘1“' 8wt Q!f tA ”/Jﬁ.ff M)/M'V(M't( /9 fjwﬁ&/

w: ‘f&‘.._» xfm Leve. Zﬁ/"r’% i /;"”f’ H&ML Lg*/« 7

.

S A

computer.

Data for the following input commands will be read from the
measurement cards and written into the specified buffer.

Date for the following output commands will be read from the
specified buffer and written to the addressed measurement cards,
unless in-line data is appended to the command.

Qi

i ’ " P 4 Y . ) W ,‘a" -
"m:’am o g O, o, € "? ‘‘‘‘ A, {4y }j{ Ty / }?FJ A S ,: o e i.gn ,,vc«‘.».;ix.% ol /(,/}/5‘5 Cd

{
& 54
:‘#’A - T
IS ¥4 AL LY PR /"3“{"‘“ @?5‘3 @m&,,hé wg@ f EAN ‘“‘fﬁ”wlgi fﬁ{mﬁ W\f/‘
A N gy ra & 4’
4 oore e LD '@J\ . W 3 iesaf -
e Az

« N



BUFFER INDEXING

Bk[l] ,i=a number which, when added to the position of the buffer IN/OUT
pointer, references a buffer element within the bounds set by the
DIM command.

BVk(I] Vk = an MCL variable containing buffer number k.

Bk[Vl] Vj = a variable containing index number

BVk(Vj)



BUFFER POINTERS AND
INDEX NUMBERS

}j {{) ("?”( ‘{T ;/“M){L

Gﬂ’m}; ﬂ/f If\v”%

— Pointer— & Buffer n Buffer n
Word 1 Bn(1) Word 1 Bn(-3)
Word 2 Bn(2) . Word 2 Bn(-2)
The pointer Word 3 Bn(3) . Word 3 Bn(-1)
increments one Word 4 | Bn(4) Pointer—| Word 4 Bn(0)
count before each | Word 5 | Bn(5) Word 5 Bn(1)
word IN or OUT ° ° ° e
[ ] ® ® L A
o L J L 4 ®
Word n Bn(n) Word n | Bn(n-4)
Buffer state after a DIM Buffer state after an
REWIND, or RELEASE IN or OUT of 4 words
command

,{/ V///Qf A C«*i“‘% “" %( s %‘i’.‘» é(// N v | '
@ /%m ,w&(ﬂ( {ctrn 6{1 L6 *{; VQJ«:L[“{L? /{)“‘r‘cQZK{{V\, s >0



BUFFER MANAGEMENT EXAMPLES

Assume DIM (10,10,100,10) for examples 1 through 4.

1) REWIND (B1) .
IN (B1) Al (6,1,16)  Read 16 voltages into buffer 1
RELEASE (B1,A) !  Release the buffer to port A

2) IN (V1) Read 5 voltages into variables
Al (6,1,9) ! 1 through 5.
3) IN (V5) | , :
RCLOCK ! What will happen? ™ . . ¢ S0k boontae g
4) REWIND (B2) A run-time error of 27 will occur.
IN (V1) Why?
Al (6,1,5)

2(1) =
2(2) = | |

( 3) = AET <\"“ g e / V‘V‘\)
AELEASE ®20) !



BUFFER “GOTTCHAS”

N\,
N\

1. Buffé( indexing is relative to curr‘ent"buﬁer position.

2. Be careﬁ{l converting analog output from buffers.

ouT (31) converts data to internal f t
, o internal forma
VO (4, 1’3)\ before doing output
REWIND (B1) -
VO (4,1,3) = \ - gets error —'data in wrong format

OuUT (B7)

VO (4,1,3)

REWIND (B1) A

TRANS VO (4,1 ,3)-—--— no conversion, so OK

3. Buffer must be thc:e as large to do an Al
IN (B1)
Al (1,1,2) E B1

V1 Gq VZ Cz
\ Ram Ram T

Vim [