
































































































































































































































Sentry 400

Section 11

Read and compile the “source” program directly from the desired input device
(i.e., card reader, TTR, magentic tape or TTK) and leave an object program in
working storage on the disc using the DOPSY command COMPILE. The resultant
object program can now be stored as a permanent IDATA :disc file using the
DOPSY command CREATE. (This DATA disc file cannot be edited by the
EDIOTR program—only STRING files can be edited.)

Read the “source” prdgram from the desired input device and create a permanent

STRING disc file using the DOPSY command CREATE. (This STRING file can
be edited at a later time if desired using the Editor program). The newly
“created” STRING file can now be read from the disc and compiled, with an
object program left in working storage on the disc, using the DOPSY command
COMPILE. The resultant object program can now be stored as a permanent
DATA disc file using the DOPSY command CREATE.

‘

- The following procedure should be used to compile a source device test program in
accordance with method number 2 if the input device is the card reader:

1.

Load the source card deck in the hopper face down with the top edge toward the
operator. )

NOTE

The last three cards in the source deck
must be an END, //, and a blank in
that order.

Turn the card reader on and place it in the READY condition.

Initiate the card reader operation and store the program as a STRING file on the
disc by typing the CREATE command as follows:

/| CREATE ‘xxxxxx’ STRING CR

where ‘xxxxxx’ is any allowable user defined file name. The cards will now be
read and the program stored on the disc. When the operation is finished, the
teleprinter will respond by printing an asterisk.

The “name” should indicate in some manner, for future reference, that it is a
STRING file; Fairchild programmers generally start the name with an asterisk to
indicate this, e.g., ‘*ADDER’.

Type the COMPILE command, preceeded by two slashes anc foliowed by the
desired compiler options:
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e.g., // COMPILE ‘xxxxxx’ OBJ

where ‘xxxxxx’ is the file name assigned in step 2. This example causes the resultant

object program to be stored in the disc working storage also. The teleprinter will:
print an asterisk when the operation is complete. Refer to the description of
COMPILE in the DOPSY manual for more detailed use of the command and its

options. Other options are LIST or LISTOBJ or any combination of the three.

4. Store the object program left in working storage in step 3 as a permanenf DATA
file on the disc by typing the CREATE command as follows:

/| CREATE ‘xxxxxx’ DATA
where ‘xxxxxx’ could be the same ‘“name” used in step 2 without the STRING
file- identifier; e.g., ‘ADDER’ instead of ‘*ADDER’. The teleprinter will print an

asterisk when the operation is complete.

The following procedure should be used to compile a source device test program in
accordance with method number 2 if the input device is the Teletype paper tape reader:

1. Type the CREATE command as follows:
/| CREATE ‘xxxxxx’ STRING TTR

where ‘xxxxxx’ is any allowable user defined file name.

2. Load the source tape into the Teletype paper tape reader such that the arrows on
the tape point toward the operator. Place the Teletype START/STOP/FREE
switch in the START position.

3. Press the START pushbutton on the CPU Front Panel; the tape will now be read
and the program stored as a STRING file on the disc. When the CREATE opera-
tion is complete, the teleprinter will print an asterisk.

4, Type the COMPILE command, preceeded by two slashes and followed by the
desired compiler opt1ons

e.g., // COMPILE ‘xxxxxx’ OBJ
where ‘xxxxxx’ is the file name assigned in step 1. This example causes the result-

ant object program to be stored in the disc working storage area. The teleprinter will -
print an asterisk when the COMPILE operation is complete.

3-34



Sentry 400 : " Section Il

S. Place the Teletype START/STOP/FREE switch in the FREE position.

6. Store the object program left in working storage in step 4 as a permanent DATA
file on the disc by typing the CREATE command as follows:

/| CREATE ‘xxxxxx’ DATA
The teleprinter will print an asterisk when the CREATE operation is complete.

Although it is possible to compile a device test program entered via the Teletype keyboard,
the length of most device test programs would make this a cumbersome method Therefore
this method will not be discussed here.

A program may be compiled directly from the source (cards, paper tape, keyboard) by typing

// COMPILE OBJ CR
/| CREATE DATA ‘xxxxxx’

This does not create a source file on the disc and hence may conserve disc space. However,
source EDIT will not be possible.

3.5.3 Loading TOPSY From Disc

After the Sentry 400 device test program has been compiled and stored as a permanent “data”

file on disc memory the TOPSY (Tester OPerating SYstem) program is loaded into core

memory from the disc memory as follows: I

1. Type // TOPSY on the teletype keyboard. The DOPSY program will now load
TOPSY into core memory from the disc memory.

NOTE

If DOPSY cannot lpcate TOPSY on
the disc, the error message
“ERROR—FUNCTION NOT IMPLE-
MENTED” will be printed and the
system will return to a “wait-for-
DOPSY-command” state. If TOPSY
is loaded but the TOPSY monitor
devermines that a TOPSY subroutine
is missing (e.g., data logger or com-
mand processor), the error message
“ERROR SYSTEM 11" is printed,
DOPSY is automatically reloaded,
and an asterisk (*) is printed when
DOPSY is resident in core memory.
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3.5.4 Loading Device Test Program From Disc Using TOPSY

After the Tester .OPerating SYstem (TOPSY) program is resident in corc memory the device
test program is loaded into core memory from the disc memory as follows:

1. Press the MON pushbutton—TTY will respond wifh a colon “:”,

2. Type /. LOAD ‘xxxxxx’ STATI where ‘xxxxxx’ is the name of the desired test
program as it appears in the disc directory under the current job number and I is the
station number assigned to execute the program. TOPSY now searches for and (as
‘far as the operator is concerned) loads the named test program; when the LOAD

operating conditions (See 3.5.5) and then start testing.

NOTE

The named device test program must
be type DATA (refer to preceeding
paragraphs).

After the device test program is resident in core memory, along with TOPSY, the
operator can commence testing immediately, or initialize or modify the tester
operating conditions (e.g., change test delay) and then start testing.

3.5.5 Initialize or Modify Tester Operating Conditions with TOPSY Monitor Commands

Prior to the start of active device testing using the device test program currently resident in
core memory along with TOPSY, the operator may wish to initialize or modify the tester
operating conditions using any or all of the TOPSY monitor commands available. A brief
description of each command is found in Table 3-11 ; refer to the TOPSY Manual for a
detailed description and format options for each TOPSY command.

Table 3-12 gives a few examples of the format statements acceptable for TOPSY commands,
beginning with the loading of a device test program. In the examples all noise words are
ignored by the computer. A noise word is defined as a word or name other than those
reserved names recognized by the command which may be inserted freely in the command
statement to improve readability.

NOTE

Each TOPSY command must be
preceeded by “/."” (slash-period) and
end with a STATI (Station number).
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Table 3-11. Summary of TOPSY Commands

Command Description

LOAD Initializes the tester (equivalent to depressing tester RESET switch) .
defines the name of the object test program to be loaded into core
memory from disc memory when the Station Start Switch is depres-
sed. The modifications to the tester operation (performed with
commands MODIFY, PAUSE, DATALOG, TITLE, and SWITCH) are
cleared by this command.

TITLE This command normally follows a LOAD command; it allows the
operator to enter a message <70 characters plus single quotes which
will be stored internally by TOPSY until required. The TITLE
message will be printed at the top of the first page of data log infor-
mation each time a test program is executed following the TITLE
command.

PAUSE Initializes the data logger subroutine such that testing will pause
(halt) upon detecting each failure after the START switch is de-
pressed while in the AUTO mode; PAUSE can also be used to
initialize the interpreter subroutine such that testing will pause (halt)
after executing a specified statement number. In both cases, testing is
resumed after depressing the START switch on the appropriate test
station.

MODIFY This command allows the operator to specify a new test delay. The
original test delay instructions in the test program are ignored, not
destroyed, and can be reinstated by turning the MODIFY condition
off with another MODIFY command or with a CLEAR command.

DATALOG This command initializes the datalogger subroutine such that datalog-
ging is accomplished in accordance with the command options.

SET This command allows the operator to temporarily specify a new
primary input or output device until changed by another SET
command. This command does not need to be followed by a station
number.

SWITCH This command allows the operator to specify a floating point number
which is stored in the floating point global variable SWITCH. The
global variable is used with appropriate Sentry 400 Users Language
instructions to automatically control the device test program exe-
cution sequence.

CLEAR Execution of this command rescinds all modified- conditions estab-
lished by the preceding commands; i.e., TITLE, PAUSE, MODIFY,
DATALOG, and SWITCH.

DOPSY ' Execution of this command resets the Tester, stores TOPSY in its
present state on a disc file, then loads the DOPSY program into core
memory from the disc memory. This command does not need to be
followed by a station number.

SYNC Causes a sync pulse at the test station panel jack to occur at the
specified statment number.
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Table 3-12. TOPSY Command Format Examples

G , Tww

LOAD ‘DTL4X" STAT2

CLEAR STATZ2

TITLE '3/4/69 RUN NO. 15 ARRAY TYPE 944Q’' STAT2
DATALOG ON LP ALL FCT DCT AND MEASURE STAT2
SET LP AND CR

SWITCH 5 STAT2

PAUSE ON FAILSTAT2

PAUSE ON STATEMENT 15 STAT2

MODIFY ON 3.5E-6 SECONDS STAT2

3.5.6 Initiation of Active Device Testing

Assuming the necessary software programs, i.e., TOPSY and the desired device test program,
are resident in the CPU core memory and the tester operating conditions have been

initialized (refer to preceeding paragraphs), the user is now ready to insert a prewired load
board if desired and connect the corresponding device to be tested into the test head and

commence active testing.

Testing with the Sentry 400 can be done without a load board. The programmable power
supplies are routed to the I/O connector and the user may wire his test socket or probe ring to
the appropriate pins. Functional testing can be made with no load on outputs, however, while

making DC parameter measurements on outputs, the PMU can force load currents.

\l

\
1

The load board may be used for the following applications: N

1. DUT has open collector outputs requiring external pullup resistors.

2. Functional tests are performed with output pins under load.

3. Power supply pins are to be addressable under program control.

4, User requires other spec1a1 circuitry such as recirculation logic for high speed shift

register testing, etc.

3.5.7 Preparing Performance Board for Testing

Figure 3-10 shows the layout of a universal performance board provided by Fairchild
Systems Technology. Five load boards are provided per each 30 pin configuration. The
contact pins of the load board, when inserted into the load board socket, are connected in
parallel with the corresponding 30 pins of the tester. At the load board socket the force
and sense (utility) lines are laid out in two rows.. Between ‘the force and sense lines are
patch plugs and receptacles for solderless connection of components (1 watt resistor lead

sizes).
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DPS1, DPS2, and DPS3, also EBO, EB1, ECO and EC! are brought out to the load board
and connected as desired. The +5Vdc and ground may also be connected to the pins as
desired.

The user may stuff every pin of a load board with resistors connected to the utility lines
and use one board for a whole family of device types since the utility lines may be
switched under program control.

After the user has debugged a new device program it is suggested that a new printed circuit
load board be constructed for that particular device or family. The user will gradually build
up a library of load boards. These boards should be easy for the user to fabricate for the
tolerances are very wide, i.e., the edge pins are on 0.2 inch centers.

Figure 3-1) is a simplified schematic showing the association between the load board pins
and tester pins. Figure 3-12-thru 3-16 illustrate some of the many possible ways in which
the load board can be used. If further assistance in the use. of these load boards is required,
please consult your local Fairchild representative. ’

The final step in wiring a performance board for a specific device type is to identify that
board so it is used only with the device type intended. This is done by wiring the SID
(socket identification) terminals O through 14 for a discrete 15 bit binary code, with SID 0
being the least significant bit of the code. A terminal tied to ground represents a binary
“0,” while an open terminal represents a binary “1.” This hard wired code can be checked
by a user programmed statement in the device test program, causing the test program to
halt if the hardwired code and the programmed SOCKET ID number do not compare.

L

3.5.8 Inserting Performance Board and Device into Tester

Following the wiring of a performance board for the specific device, the performance board
and device to be tested may be inserted into the tester.

The performance boards are inserted through the narrow access doors in the tester side
doors. The load board for the first 30 pins (i.e., pins 1-30) is inserted into the bottom right
hand load board socket and the load board for the second set of 30 pins (i.e., pins 31-60) is in-
serted into the bottom left hand socket. Two similar sockets are located on the upper left and
right side of the tester for the next two groups of 30 pins.

.Following the insertion of the load boards, the user may connect his probe ring or test socket
to the appropriate I/O pins on the tester. The device to be tested may now be inserted into the
test socket and the device is now ready for testing. '

3.5.9 Select Test Mode and Commence Testing

If all instructions in the preceeding paragraphs have been executed in the proper sequence, the
Tester OPerating SYstem (TOPSY) program and device test program are resident in core
memory, the proper performance board is in place and the device to be tested in inserted in
the test socket. The operator may now select the desired test mode of operation and
commence testing as follows: )
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1. Set the MAN switch on the Test Station Front Panel for the desired mode of -
operation i.e., AUTO or MANUAL. The button will be illuminated for manual and
will be off for automatic. TOPSY MONITOR COMMANDS and the test mode.

2. Depress the test station START switch. The device test program will now be
' executed under program control according to the conditions established by the
TOPSY MONITOR COMMANDS and the TEST MODE switch.

3.5.10 Error Messages

When an error is detected the compiler will always type the full current record. For the most
part FACTOR’s error messages are self-explanatory; they are listed below with some
comments. The error message text begins at the left margin. An upward pointing arrow
indicates the position in the source statement analysis at which the error was found.

When an error is detected one of two procedhres is taken. If the error is recoverable, i.e., if the
compiler can continue, FACTOR will continue to compile and notify the user of further
errors. If the error is not recoverable, the DOPSY monitor will be called and an asterisk will be
typed to notify the user that he is back in monitor. The user then has the option of correcting
errors in the source program and redoing the compilation, or, if the program compiled error
free, he may save the object program by creating a data file on the disc.

The text of the messages MISSING )) and ]] have doubled up on the parens and brackets
because the up arrow error position indicator might be placed within the error message text
and make the message unreadable if only one paren or bracket was speciﬁed and then replaced
with up arrow. |

Examples:

MISSItG ))-
MISSING 1)
MISSING )) t
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Table 3-13. Error Messages

Error Text

Definition

"VARIABLE NAME”
DEFINED PREVIOUSLY

"VARIABLE NAME"”
IMPROPERLY USED

SEQUENCE ERROR

SS FUL

NW FULL

WORK FULL

EXIT FULL

DISC OVERFLOW

TOO MANY
NESTED BLOCKS

Notifies user of duplicate label definition within the same
block.

A label has been referenced which has not been defined ora
mistake in logic has been detected like the use of a variable as
a scaler when it has been defined as an array,

An error has been found in the sequence numbers punched in
the source card deck after column 72. The statement is still
compiled correctly.

~ The compilers capacity for storage of symbols has been

exceeded. Reduce number of symbols used.

Too many noise words.

Program has a compound tail too large to be processed as one
statement. The program should be broken into Blocks or
Subroutines.

Same as above.

There is not enough space on the disc for further object
program to be built up in working storage

There are more than 8 total blocks nested wuthln the
program.
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Table 3-13. Error Messages (Continued)

Error Text

Definition

INVALID
TERMINATOR

1/0 SPECIAL ERROR

END OF FILE INPUT

TOO MANY VARIABLES

SYSTEM 2 ERROR
PROGRAM TQOO BIG

MISSING ))

- EXPRESSION SYNTAX

MISSING 1]

MISSING NAME
MISSING NUMBER
STATEMENT SYNTAX

STATEMENT
TERMINATOR

NUMBER SYNTAX

An expected terminator or delimiter is incorrectly specified
or missing. - '

The 1/O control word has indicated an error.

The inputi file has been exhausted without finding.an END
statement.

A block has been specified with more than 127(10) variables.
Working storage overflow signal.

The program has more than 1,000,000, instructioﬁs.

A left or right paren has been left out.

An expression has been written incorrectly.

A left or right bracket has been left out.-

An identifier should have been specified in this syntactical
position. -

A number should have been specified.
A statement has been incorrectly written.

A syntactical delimeter or a semicolon is missing.

A number has been specified incorrectly.
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3.5.11 Editing FACTOR Programs

The following paragraphs describe a method of using the teletype for editing a program. An
alternate method is to type cach <tep of the edit procedure on individual punch cards and
process the cards through the card reader.

The Sentry 400 edit prograra is resident on the disc and can be called upon through the
DOPSY monitor. The edit program allows editing of any STRING files on disc or the
combining of two or more string files. Object programs cannot be edited by the EDITOR
program; only source program STRING files can be edited. The EDIT program takes the
STRING file named in the OPEN statement and copies it under control of the EDIT routines
to working storage. After editing is complete, and the string files has been completely copied
into working storage, the edited file can be added to the disc permanent file. A repertoire of
EDITOR commands is shown in Table 3-14; detailed instructions in their use can be found in

the UTILITIES Manual.
NOTES:
1. In order to prevent multi-versions of the same file, DELETE the old file and

CREATE a new file using the same file name.
2. Number Representation:

NN is a decimal number.
NNB is an octal number.

Editor will assume any number with suffix B as OCTAL, otherwise decimal.
Example:
10 decimal number

10B  octal number

3. The Editor is terminated, giving control to the DOPSY monitor, by typing // while
the Editor is awaiting a new command.

4, After terminating the Editor, the STRING file left in W.S. can be stored as a
permanent STRING file using the create command as follows:

/{ CREATE ‘new file name’ STRING

To edit a program, DOPSY must first be calledy into memory from the disc, this is achieved as -
follows. (Assuming DOPSY is teing called from TOPSY)

1. Type /. DOPSY! on the teletype keyboard. The DOPSY program will now be loaded

into core memory and the teletype will respond with an * (asterisk) (See Table 3-14)
2. Following the * of step 1, type: // EDIT. The ‘// EDIT’ informs DOPSY that edit-

ing is to be performed. The teletype will respond with: >
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Table 3-14. DOPSY Edit Program Commands

Command
Name Form(s) Definition
OPEN 0 ‘file name’ Open the named file as the OLDFILE for editing
purposes. ' ’
COoPY CEOF Copy to end of file.
CNN/NNB Copy NN records to new file in working storage.
C LABEL Copy all records from old file through record with label.
C LABEL + NN Copy through the label plus NN number of records.
Cc Copy next record.
CARRIAGE Copy next record.
RETURN
cory Copies the file named, record by record to working
storage. The last record moved to working storage is
printed on the TTY.
LABEL = the first 8 or less characters in the first
eight positions of the record.
NOTE: If label is not found, editor will copy to the
end of the input file.
DELETE D Pass over next record without copying into W.S. Record
deleted is printed.
Dnn Pass over next nn_records without copying into W.S.
(The last record deleted is printed on the TTY.)
BACKUP B Back up one record.
Bnn Back up nn records in both input and output files.
(Printed on the TTY is the last record copied to the
. output file.)
INSERT | Take the following records, until terminated by a ‘//’
record, as STRING input to W.S.
SET SCR Change input device to card reader.
STTK. Change input device to Teletype Keyboard.

- ALTER A Pass over next record without copying into W.S.; then
allow insertion of one or more records, until termmated
by //record,as STRING input to W.S. Record to be
altered is prmted onTTY.
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Table 3-14. DOPSY Edit Program Commands (Con't)

Command
Name

Form(s) Definition

XOuT

An Pass over next n records without copying into W.S.;
then allow insertion of one or more records, until
terminated by // record, as STRING input to W.S. Last
record passed over is printed on TTY,

X Delete last record from the W.S. output file. Last record

: in output file is printed on TTY.

Xnn/nnB Delete the last nn records from the W.S. output file.
(Printed on the TTY is the last record remaining in
working storage after execution of the command.)

10.

Following the > in step 2, type O ‘file name’}. This statement informs the EDITOR
to open the named file for editing. The teletype will respond with a >.

Assume that the named file, now open, has 100 octal statements and the operator
wishes to delete statement number SO (octal). Immediately following the > in step
3,.type C47B{ (i.e., copy the first 47 octal statements into working storage). The
teletype will respond with the last record copied to W.S. and a >.

|
Following the > in step 4, type D{ (i.e., delete or pass over the ncfaxt record without
copying into working storage). The teletype will respond with a >L

Assume that after step 5, a new record is to be inserted after record 75. (Up to the
present time 47 octal records have been transferred to working storage.) Type after
the > in step 5, C25B (i.e., copy the next 25 octal statements into working
storage). The teletype responds with a >.

Following the > in step 6, type Il (i.e., take the following records until terminated
by a ‘//> as STRING input to wroking storage.)

After the carriage return in step 7, the teletype responds with an = and waits for the
new record to be typed. Assume the new record is FORCE VF1 4.3 VOLTS,
RNG2;. TTY responds with an =. Type //{ after the = (The // terminates the insert
command to the editor.) The teletype responds with a >.

After the > of step 8, type CEOF!{ (i.e., copy to end of old file). The teletype
responds with EOF - INPUT, then does a carriage return and line feed and prints >.

After the> of step 9, type //{ (The // terminates the editor and restores control to
DOPSY monitor.) The teletype responds with an *.
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11. ’fhe next step is to create a new string file of the records in working storage. This is’
achieved by typing the following after the * of step 10.
// CREATE ’new file name’ STRING. The teletype will respond with an *.
12.

The last step is to delete the old file. This is achieved by typing the following after
the * step of step 11.

// DELETE ‘old file name’.

The following Table 3-15 shows the teletype printout of the 12 steps just described.

Table 3-15, DOPSY Editor Printout

STEP 1 /. DOPSY
2 * /] EDITY
3 > 0 ‘file name’}
4 > C47B!
(Re: Last record copied to output file)
5 >Dy
6 > C25B)
7 >
(Insert record in output file here)
8 =/
9 >CEOF!
EQOF-INPUT
10 > /14 '
11 * //{ CREATE ‘new file name’ STRING;
12 * // DELETE ‘old file name’;

- A further important feature of the Sentry 400 EDITOR program is the BACKUP command.
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If it is necessary to backup only a few records, the backup command is quite effective. On the
other hand, if the operator has edited all the way down to record 98 of a 100 record program
and then discovers it is necessary to edit an error in record 2, the beckup method should not
be used because editing between record 2 and 98 would be overlaid and therefore lost. The
easiest method would be to continue editing from the current record, create a string file, then
reopen the file and correct the error.

If the backup command is to be used, the following method is recommended. Assume that
after step 8 (75 records have been copied into working storage) the operator realizes that an
error still exists in record number 73. After the > of step 8, the operator types Bnn (the B
informing the editor to backup and make the previous nn records available for reprocessing).
In this particular case, since the current record is record 75 and the operator wishes to backup
to record 73, the operator should type B2. (75-73). The teletype responds with a >. After the
>, the operator may use the DELETE, INSERT, or ALTER statement to perform the required
operation as shown in Table 3-14. If the records through which the backup statement was used
contained editing, this editing must again be performed.
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Section |V
Programming

4.1 INTRODUCTION

The Sentry 400 Cmﬁputer Controlled Test System is controlled by the FST-1, a general
purpose digital computer. The sequence of operation is dependent upon programmed
instructions and statements resident in the CPU core memory.

Two programs must be resident in core memory before device testing can be performed.
The first, is referred to as TOPSY (Tester OPerating SYstem program). The individual
TOPSY instructions are normally of no concern to the user; however, it is possible to
modify the tester operation as determined by TOPSY with a repertoire of TOPSY command
statements entered via the teletype or card reader.

The TOPSY program will cause the CPU to execute the statements of the second program,
a device test program. The device test program consists of a number of statements written
in FACTOR language that is very similar to FORTRAN. The statements consist ofta combi-
nation of English language words, abbreviations, and mathematical statements that are
descriptive of the operation to be performed by the tester.

The Sentry 400 Test System is capable of being programmed to autom{‘atically perform two
distinct types of tests, functional tests and DC measurements. These tests are performed on
digital networks such as: large scale integrated arrays (LSI), complex integrated circuits,
printed circuit boards, and other digital subsystems.

The Sentry 400 performs functional tests on devices that contain up to as many as 240
input/output logic pins. There are no restrictions on programming the division of logic pins
between inputs (to the device-under-test) and outputs (from the device-under-test); i.e., it is
possible to program all pins as inputs, as outputs or as any combination of the' two up to
the maximum of 240 pins.

The structure of the FACTOR Language is such that during the course of a functional test
program, any signal pin can be redefined from an “input” pin to an “output” pin, and vice
versa. It can also be redefined from a “don’t care” terminal to a ‘‘care” terminal, and vice
versa. The “don’t care” condition is useful, for example, to ignore specified output pin con-
ditions if limited interim tests are being performed while the internal states of a device are
being set to a known condition. Redefining a signal pin as an “input” pin or an “output” pin
may be useful, for example, when testing a device that has bidirectional terminals.



Additional FACTOR statements allow the user to specify DC measurement parameters for
tests such as: force a voltage on pin “n’ and measure the current, or force a current on pin
“n” and measure the voltage.

In addition, the magnitudes of all the test system reference voltages and currents such as
device supply voltages, functional logic level forcing levels, and the Go/No-Go threshold
levels are programmable, as are the internal comparator strobes, synchronous sync signals,
and the system test delay.

4.2 TESTER STATEMENTS, GENERAL DESCRIPTION
A summary of the Sentry 400 Tester Statements is found in Table 4-1. For more detailed
information on the exact format variations, refer to the FACTOR (Fairchild Algorathmic

Compiler Tester ORiented) manual.

Table 4-1. Sentry 400 Tester Statements Summary

Statement Description

SET DELAY,DC Executing this statement presets the time delay for sub-
: sequent execution of DC tests; i.e., when executing a
FORCE PMU or FORCE VOLTAGE/CURRENT statement.
Executing SET DELAY without the modifier, “’DC,”" pre-
sets the strobe delay for subsequent execution of functional
tests; i.e., when executing a SET F statement,

SET S1/S0 - Sets the comparator "“1” or "0 reference power supply to
the value specified.

SET CLOCK Specifies the number of clock (sync) signals that the tester
' outputs during functional tests.

SET PMU SENSE/FORCEV/ The ‘SET PMU SENSE, RNG’ form of this statement

FORCEI,RNG/AUTO initializes the PMU for a measurement in the specified
range. It is normally used in conjunction with a ‘FORCE
VOLTAGE/CURRENT' statement, or a ‘SET PMU
FORCEV/FORCEI, RNG’' statement. The ‘SET PMU
FORCEV/FORCEI, RNG’ form of this statement initializes
the specified range before an accompanying ‘FORCE PMU’
statement is executed. AUTO sets the automatic ranging to
best resolution for force or sense.

SET LOGIC POS/NEG This statement initializes the functional test comparator
' logic pass conditions for either positive or negative -logic.
Positive Logic is assumed unless otherwise specified.

SETD Set each tester pin in the specified rank to the defined
input or output pin configuration.
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Table 4-1. Sentry 400 Tester Statements Summary (Continued)

Statement

SET F

SETM

SET S

SET R

ENABLE
[LO/IHI/VLO/VHi

ENABLE CLOCK

ENABLE STROBE

ENABLE TRIP
LT/GT

ENABLE TRIPV
LT/GT

ENABLE/DISABLE
LATCHES

Description

Set the input forcing logic state (‘1" or “0") for those pins
in the specified rank programmed as Inputs, and the
expected logical output state for those pins programmed as
Qutputs.

Set the ‘“care’” (comparison enable) or ““don’t care”
(comparison disable) for each pin in the specified rank.

Select which set of input reference supplies
(EO/E1,EAQO/EAT1, etc.), are to be used to force the input
voltage on each pin of a specified rank.

Open or close the utility relay associated with each pin of a
specified rank.

Two ENABLE LIMIT statementsare used to specify the
upper and lower limits against which all following program-
med current/voltage forcing statements are compared;
programmed VF/lF statements within these limits are
executed, while statements outside these limits cause a
terminal error. \

Enables circuitry in the test head so thaf clock pulses from
SYNC jacks on the front panel will be connected to tester
pins 1, 2, 3, and/or 4 as specified.

Enables the functional test comparator strobe to be con-
trolled by the contents of F Register bits 0-3 and the
corresponding bits of this statement. This is used in con-
junction with DISABLE COMPARATORS.

Enables the current trip detector of the corresponding volt-
age forcing unit DPS1, DPS2, DPS3. If the source/load
current of the forcing unit exceeds the enabled trip value
during a test sequence, program control is transferred to
the instruction specified by the “ON TRIP'’ statement.

Enables the voltage trip dctector of the corresponding DPS
supply and puts it in the current force mode.

The DISABLE LATCHES form of this statement initializes
the functional test control so that the C Register is cleared
prior to strobing the functional test comparators for each
functional test. The disable mode is assumed unless other-

wise specified.
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f Table 4-1. Sentry 400 Tester Statements Summary (Continued)

Statement

ENABLE/DISABLE
COMPARATORS

ENABLE/DISABLE RELAY

ENABLE/DISABLE DCT

FORCE E

Description

The ENABLE LATCHES form of this staternent initializes
the functional test control so that the C Register is not
cleared prior to strobing the functional test comparators,
thereby retaining a history of functional failures for each
tester pin throughout a test sequence.

The ENABLE COMPARATORS form of this statement
initializes the functional test control logic so that the
comparator outputs will be strobed to the C Register for
each functional test. The enable mode is assumed unless
otherwise specified.

The DISABLE COMPARATORS form of this statement
initializes the functional test control logic so that the
comparator outputs will not be strobed to the C Register
for each functional test. (Unless ENABLE STROBE
matches the F register).

The DISABLE form of this statement initializes the pin
address control logic such that the voltage conditioner for
pin “n” will be automatically disconnected before the PMU
is connected to that pin. Disable is assumed unless otherwise

specified.

The ENABLE form of this statement initializes the pin
address control logic such that the voltage conditioner for
pin “n’”" will remain connected even though the PMU is
connected to that pin; after the PMU is connected to pin

n,”” the voltage conditioner can be disconnected by
executing the DISABLE form of this statement.

The ENABLE forms of this statement define ‘‘window’’
comparison trip limits which establish the ‘’pass’’ region for
all subsequent DC measurements resulting from the
MEASURE statement.

The DISABLE forms of this statement disable the
comparison limits and inhibit the DC fail, regardless of the
measured value.

This statement forces the specified voltage conditioner
reference supply to the programmed value. If the range is
not specified, then the lowest range is automatically set.




Table 4-1. Sentry 400 Tester Statements Summary (Continued)

Statement

FORCE VF .

FORCE IF

CPMU PIN

FORCE VOLTAGE/

CURRENT

FORCE PMU

FORCE STROBE

FORCE CLOCK

FORCE RESET

FORCE DELAY

Description

This statement forces the specified programmable voltage

Forcing supply (DPS1, DPS2, or DPS3) to the defined value,
and automatically connects the supply tc the test head load
board.

This statement forces the specified programmable DPS
supply to force a current to the defined value. It must be
preceded by an ENABLE TRIPV statement.

This statement connects the PMU to the specified pin
number. Tester pins are specified by values from 1 to
120, ,. For diagnostic purposes, various internal nodes can

be connected to the PMU by specifying a pin number

between 128, and 255;,.

This statement forces a programmed voltage or current via
the PMU to the tester pin specified by the previously
executed CPMU PIN statement.

This instruction is used in conjunction with the conditions
established by a previously executed “SET PMU
FORCEV/FORCE!I, RNG;” statement; i.e., the “SET
PMU--"" statement establishes the FORCE, VOLTAGE/
CURRENT, and RANGE conditions for a DC measurement,
while the FORCE PMU statement specifies the numeric
value to be forced. When executed, this statement forces a
current or voltage as specified, at the tester pin specified by
a previously executed CPMU PIN statement.

This statement forces a single functional test strobe (even |
though the comparators may have been disabled by a§
DISABLE COMPARATORS statement) thus strobing the |

comparator outputs to the C Register.

This statement forces a single clock pulse to occur simul-
taneously at each of the four front panel SYNC output
jacks.

This statement forces the test system into the reset state,
thus clearing all programmable test conditions.

This instruction forces a time delay to occur prior to
executing the next instruction; this delay is directly de-
pendent upon the “‘tester delay’’ established by the last
SET DELAY statement executed.
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Table 4-1. Sentry 400 Tester Statements Summary (Continued)

Statement

XPMU PIN

XCON VF1/VF2/VF3

MEASURE VALUE/
NODE, LOG

ON DCT

ON FCT

SET CLAMP
POS/NEG/SYM

ON TRIP

Description

This statement disconnects the FMU from any tester pin or
internal node.

This statement disconnects the specified voltage forcing

.unit (DPS1, DPS2, or DPS3) from the test head load
board after automatically setting the output voltage of the

unit to zero volts,

Execution of this statement causes an analog-to-digital con-
version within the PMU of a DC voltage or current at a
tester pin or an internal monitor node point.

The "MEASURE VALUE"” form of this statement is for a
DC measurement on the tester pin (i.e., pins 1 through
120) connected to the PMU; the measurement conditions
must be preset by a “SET PMU SENSE, RNG" statement.

The “MEASURE NODE" form of this statement causes a
measurement of an internal monitor node point. The
measurement conditions are automatically invoked and will
not be affected by such statements as referred to by the
“MEASURE VALUE"” form.

The modifier /,LOG"" causes data logging of the measured
value according to the conditions established by the TOPSY
MONITOR logging command “DATALOG".

This statement establishes program branch control con-
ditional on DC test failures (DCT); it is used in conjunction
with, and executed prior to an “ENABLE DCT" statement.

This statement establishes program branch control condi-
tional on functional test failures (FCT).

Sets the PMU voltage clamp levels. The POS selection
allows voltages less than th: specified value and greater
than -0.7 volts. The NEG selection allows voltages greater
than the negative of the specified value and less than +0.7
volts. The SYM selection allows voltages between * speci-
fied value.

This statement establishes program branch control condi-

tional on current trip failures (TRIP). It is used in
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Table 4-1. Sentry 400 Tester Statements Summary (Continued)

Statement Description

conjunction with and executed prior to an “ENABLE
TRIP” statement; i.e., if current trips are enabled and a
current trip failure occurs, program control will branch to
the statement label specified by this statement.

SOCKET ID Execution of this statement causes the hardwired identifier
code on the performance board in the test head socket to
be compared with the identifier code specified. If the two
codes do not compare, a system terminal error is issued and
the program is aborted; a true comparison allows the pro-
gram execution to continue.

4.3 PROGRAMMING PROCEDURES

In the following paragraphs, an attempt is made to illustrate to the reader how to use the
Sentry 400 Tester Statements that are described in paragraph 4.2. Initially, typical ways of
implementing preliminary tester setup, functional tests, and DC tests will be shown. Finally,
an actual device test program is presented; it is used to show the reader how a typical
device test program could be written to perform both functional and DC testing.

4.3.1 Preliminary Tester Setup Statements

Preliminary tester setup would normally include such operations as: verify that the load board
used with the device test program resident in core memory is in the test head socket; establish
“window” limits that all programmed current/voltage forcing statements will be compared
against; establish a current trip limit for the Vcc power supply, force the Vcc supply to a
specified value, then measure the Vcc current and compare it to a programmable limit; force
the voltage conditioner logical “0” and 1’ reference supplies to specified values; and- force
the comparator logical ““0” and ““1” reference supplies to specified values.

Assume the following test parameters for a device to be tested:

1. Vcce = +5.0V, with current limiting > 1mA and < 80mA
2. Voltage conditioner reference supplies:

“0” = +0.5V

“1” = +3.0V




Comparator reference supplies:

“0” = +0.5V
“17 = 42.5V

Window limits of programmed voltages: -0.1V to +7.0V

Window limits of programmed currents forced by PMU: -5mA to +5mA

Tester statements to implement the above could be written as follows:

Statement
Number

Statement

SOCKET ID 0:

ENABLE VHI LT 7.0, RNG2;
ENABLE VLO GT -.1, RNG2;
ENABLE IEI LT 5E-3, RNG2;
ENABLE ILO GT -5E-3, RNG2;
ON TRIP, ABORT;

ENABLE TRIP! GT 80E-3,RNG2;
FORCE VF1 5.0, RNG2;
MEASURE NODE 143;

IF VALUE LT 1E-3 THEN GO TO ABORT;
FORCE E1 3.0, RNG?2;

FORCE EO .5, RNG2;

SET S1 2.5, RNG2;

SET SO 0.5, RNG2;

ABORT: END;

The following is a brief analysis of the preceding tester statements:

S.N. 1

SN.2&3

SN.4&5

438

SOCKET ID O. This statement states that the load board identification code
is 0. Execution of this statement causes the hardwired identifier code on the
performance board to be compared with the code specified.

The statements are used to specify the upper and lower limits against which
all following programmed current/voltage statements are compared. The high

limit is set to +7 volts and the low limit to -.1 volt.

Statemert nurmbers four and five satisfy the requirements of step five of the

test parameters. The high and lcw current limits are set to +5 milliamps and

-5 milliamps. Notice that current is written as SE-3. The 5 merely states that
it is 5 units of current, the E-3 represents 1073 and places the decimal point
three places to the left of the unit, i.e., .005 (5 milliamps). 5E-3 therefore is
5 milliamps. If the limit required was 5 microamps, the statement would be
written as SE-6 (.000005), 5 nanoamps would be written as 5E-9.



S.N. 6 - This statement indicates that if the current from DPS1 exceeds the value
specified in statement 7, transfer to the statement ABORT. ABORT can be
the terminal END statement or it could be a section of the program intended
to determine at what current level the device failed.

S.N. 7 The current trip device TRIP1, associated with VF1 is set to trip if power
supply current flow exceeds 80 milliamps.

S.N. 10 This statement forces the VF1 (programmable voltage forcing supply) to 5.0
volts and sets the range to range 2.

S.N. 11 This statement causes a measurement of monitor point 143 in the tester
which is DPT1.

S.N. 12 This statement aborts the test if the current drawn is less than 1 milliamp.

SN. 13 & 14 These two statements set the voltage conditioners (E! and EQ reference
supplies) to specified values and ranges.

S.N. 15 & 16 These two statements sét_ the comparator (S1 and SO reference supplies) to
specified values and ranges.

S.N. 17 This is the terminal END statement of the program.

In the example just completed, the test parameters were written out in five steps and were
not included in the program. The test parameters and any other information could have .
been included as remarks. Any statement preceded by REM and terminated by a semicolon
will cause no action by TOPSY, the statements are included for information purposes or as
a reminder when examining a “source” program listing. e.g., REM EXPECTED VSAT IS 0.5
VOLTS, any statement preceded by the word WRITE with the statement enclosed in single
quotes and terminated by a semicolon, will be executed by TOPSY, e.g., WRITE ‘EXPECTED
VSAT IS 0.5 VOLTS’; Executing this statement will cause EXPECTED VSAT IS 0.5 VOLTS
to be dumped to the current output device. Similarly the computer can be informed that
certain “noise words” exist in the program and should be ignored. “Noise words” are words
intended to give a statement more English language readability.

Figure 4-1 shows an actual program which tests a Fairchild 9300 MSI circuit.



4.3.2 Functional Testing Statements

The various operations involved in performing functional testing usually include the follow-
ing: define each tester pin connected to the device as an input or an output; establish each
tester pin used as a ‘“‘care” or “don’t care” terminal; enable the comparators so that the
comparison results of the test are stored for future use, such as data logging; apply a pro-
grammed input pattern to the device and compare the actual device outputs to programmed
expected outputs. The user can also disable the comparators so that false failures are not
indicated while interim test patterns are applied to set the device to a known state. In
addition, the user can specify that the test program unconditionally branch to a specified
tester statement number (or to the end of the program) if a failure occurs during functional -
testing. :

Briefly, restated below are the functions of the various registers involved in function testing.
Function testing is the application of logic levels (“1’s” and “0’s’) to a digital device to
ensure that it performs its designated functions according to a truth table.

Figure 4-2 is a simplified block diagram showing the basic circuitry associated with one pin.
A minimum system consists of 30 pins worth of circuitry; additons to the system are made
in groups of 30 pins up to a maximum of 120 pins. The driver and detector associated with
each pin enables each pin to be considered as an input pin or an output pin, dependent
upon programming of the registers. :
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WRTTF 'IFC = v, ¥, O TGND s ', VSLUE}
Errron:
Earg

Fapes GESETS

Figure 4-1. Actuzl Source Program Listing‘
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INPUT/QUTPUT

D Reg
INPUT
QUTPUT
EAl ] RELAYS | I/0
EAO r ~1  CONNECTOR
I 1 |
DRIVER o~ o > |
Bl ———— I - | DuT
| P — I M
L — |

ACTUAL
QUTPUT

FReg —90 \
EXPECTED_OUTPUT DETECTOR COMPARE C Reg

‘ e LOGIC
MReg | =COMPARE
| | 1=MASK

S1 S0 ‘

Figure 4-2. Simplified Block Diagram

i

The D register is termed the INPUT/OUTPUT register. If the D register is programmed as “1,”
the associated pin is ‘defined as an input pin; consequently a relay is energized to connect the
output of the driver to the pin. If the D register is programmed ‘““0,” the associated pin is
defined as an output pin. The detector is always connected to the pin (except when the PMU is
programmed to that pin) therefore, programming of the M register will determine whether the
output of the detector is inhibited or enabled, to provide a pass/fail status for that pin.

The F register contains the logic patterns “0” or “1” to be applied to those pins defined as
input pins by the D register. If the F register is programmed as a (‘*‘1””) high level, the F register
causes the high outpu’ of the driver to be applied to the associatzd pin. If the F register is
programmed with a (“0”") low level, the low output of the driver is applied to the pin. The F
register also contains the expected logical output of those pins defined as output pins. The
expected output is fed to the detector and compared with the actual output of the pin. If the
inputs are equal, the detector will provide a “0” output that is interpreted as a pass condition.

If no comparison exists, the detector will provide a “1” output that is interpreted as a fail
condition. ’ ’
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The M register is the “care/don’t care” or “mask” register. The output of the M register is

applied as a third input to the detector. If the programmer is interested (care) in the pass/fail

condition of a pin, the output of the M register is programmed as a “1.” The care or “1”

“condition enables the detector to make the comparison between tae actual voltage and the

expected voltage. If the programmer is not interested (don’t care) in the level of a pin, the M

register is programmed as a “‘don’t care” (Mask) or “0.” The “don’t care” condition inhibits

the output of the detector. However, logic circuitry at the output of the detector will still

provide a “0” level to the C register, and the function test fail output will indicate a pass. An
input pin, or an output pin with an undefined state, would normally be programmed as “don’t

care” to prevent false failure indications on that pin. » '

Tester statements to accomplish function testing could be written as follows:

Statement
Number Statement

1 ON FCT, ABORT;

2 SET D 0 110 111 111;
3 SET M 0 001 000 000;
4 ‘ SET F 0110010 010;
5 SET F 0 011 000 000;
6 SETF _ 0111101 110;

7 : SET F 0 100 100 100;
10 SET D 0110110011;
11 SET M 0 000 001 100;
12 SET F 0 000 011 000;
13 SET F 0 000 000 110;
14 SET F 0 000 000 000;
15 - DISABLE COMPARATORS;

The R register is the utility relay register and controls the utility relays (one per tester pin).
A binary “1” indicates a closed relay and a binary “0” indicates an open relay. The utility
relays may be used for such functions as _connecting a load resistor to an output pin.

If the design of the device-under-test is such that more than one set of input patterns must
be applied to set the DUT to a known state, a more efficient way to disable the compara-
tors while the interim patterns are applied would be to use the ENABLE STROBE state-
ment. To compare the efficiency of the two methods, first examine the following set of
statements which use the ENABLE/DISABLE COMPARATOR statzments: ‘

Statement ~
Number : Statement
1 ' ON TRIP, ABORT;
DISABLE COMPARATORS;
3 SET F 0000 111 000;
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Statement

Number Statement
4 ENABLE COMPARATORS;
5 SET F 1 000 111 000;
6 DISABLE COMPARATORS;
7 SETF 0000000 111;
10 ENABLE COMPARATORS;
11 SET F 1 000 000 111;
12 DISABLE COMPARATORS;
13 SETF 0000111 111;
14 : ENABLE COMPARATORS;
15 SET F 1000 111 111;

In the above example, test results are available to the user after executing statements 5, 11,
and 15. Let us examine the same program again. This time, however, the ENABLE
STROBE statement is used instead of the ENABLE/DISABLE COMPARATOR statements:

Statement
Number Statement
1 ON TRIPP, ABORT; DISABLE COMPARATORS;
2 ENABLE STROBE 1000;
3 SETF 0 000 111 000;
4 SET F 1 000 111 000;
5 SET F 0000000 111,
6 SET F 1 000 000 111;
7 SET F 0000 111 111;
10 SET F 1000 111 111;

In the above example, the same functional tests are executed as in the first example.
Notice, however, that fewer program statements were required when using the ENABLE
STROBE statement rather than the ENABLE/DISABLE COMPARATOR statements. ‘

If programmed synchronous clocks are required for signal conditioning beyond the capabil-
ities of the test head functional test patterns, one or any combination of four clock (or
sync) pulses can be programmed to occur using the ENABLE CLOCK and SET CLOCK
statements in conjunction with a series of SET F statements. As an example, assume a parti-
cular circuit on the DUT requires two successive clocks to cause the output state to go to a
known condition. A sequence of statements to accomplish that requirement could be
written as follows: A

Statement
Number Statement
1 SET DELAY 350E-6;
_ ENABLE CLOCK 1000;
3 SET CLOCK 2;
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Statement

Number | Statement
4 ENABLE COMPARATORS;
5 SET F 1 000 000 000;
6 SET F 0 000 000 000;
7 SETF 1 000 000 111;

Figure 4-3 illustrates the timing sequence when executing statements 5, 6, and 7.

STATE- 5 6 7
MENT Nol
350_!_ 350} ! f ! !
"psec"r"useg": ‘Egsseoc’:";?gg"‘: :
|
soe | [T LI
JACK 1 , !
i i i i ]
| i | | |
| L
1
| %—ﬁé’c*—l r'—1°5°#se°—°—| 5 t-ﬁ?e%ﬂ
STROBE ; ; - ; : ;

Figure 4-3. Programmed Clock Timing Examples

4.3.3 Program Simplification

When writing bit patterns into a register, the pattern can be programmed by specifying each
bit of the pattern; the process is not too complicated if the device has 10 or 12 pins. How-
ever, if the device has 120 pins or 240 pins, which the system is quite capable of testing,
the programmers task would be practically impossible. To simplify the process, the bit
patterns can be modified by the use of two operators. The computer is programmed to
recognize parenthesis (:) (Pattern replicator) and the bracket [ ] (pin origin statement) as
modifiers to SET D, F, M, S, or R register instructions. Examine the two SET. F instruc-
tions below: ' ~

D SET F 0000 11 0000 11 OOOOOO00000000000000000'1;
2) SET F (4:0) 11 (4:0) 11 (23:0) 1;

In instruction No. 1, the bit pattern was laborously written out. Instruction No. 2 reads as
follows. Set the first four bits to “0” followed by two “1’s.”” Set the next four bits to “0”
followed by two “1’s.”” Set the next 23 bits to “0” followed by one 1. The two statements -
are identical. - :
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. Examine the two SET F instructions below:
1) SETF01010101 1101010101 1111100 111111110101 1;
2) SET F (4:01) 11 (4:01) (5:1) 00 (8:1) (2:01) 1;

Again the bit pattern was lahoriously written out. Instruction No. 2 reads as follows: Insert
four groups of 01, followed by two “I’s,” followed by four groups of 01, followed by five
“1’s,” followed by two “0’,” followed by eight “1’s,” followed by two groups of 01,
followed by 1. We could just as easily write 120 bits alternating with “1’s” and “0’s” as
(60:10): another configuration could be (12:10001); i.e., the number of bits within the
parenthesis (pattern replicator) after the colon are repeated successively by the number be-
fore the colon. The pattern replicator is therefore used to reduce the number of “1’s” and
“0’s” contained within a SET D, F, M, S, or R register instruction. The brackets [ ] (pin
origin) indicate the starting pin number to be affected by the following bit or bit pattemn
when contained within any SET D, F, M, S, or R register instruction. Examine the four

statements below.

1) SET F 0000 11 0000 11 0000 111100;
2) SET F (4:0) 11 (4:00) 11 (4:0) (5:0) 00;
3) SET F [6] 01;

4) SET F [2] 11 [7] 11 [11] QO;

|

The first two statements are quite straight forward. In the third staterﬁent, starting with bit
[6], bit 6 is changed to O and bit 7 to 1, all other bits remain the same. In the fourth
statement starting with bit [2] bits 2 and 3 are changed to “I’s,” starting with bit [7] bits
7 and 8 are changed to “1’s,” starting with bit [11] bits 11 and 12 are changed to “O’ ”
all other bits remain the same. It is not necessary to initially program a register with “1’s
and “0’s” before either the pattern replicator or pin origin modifiers can be used. It is
assumed that all registers are set to “0’s” before the program is started (either through a
computer RESET or manual RESET), therefore, all changes are made to the zero status,
subsequent changes are made to the preceding status, and all nonaddress pins w1ll take on
previously spemﬁed values.

NOTE

The compiler only generates patterns
for the ranks in which pin changes
occur. If a conditional branch is used,
the registers must be redefined when
entering the loop. -
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4.3.4 DC Testing Statements

Two types of DC tests can be programmed using the Sentry 400 Tester Statements; they
are: Force a voltage on pin “n” and measure the current or force a current and measure the
voltage. The following paragraphs describe different methods by which these cperations can
be implemented.

FORCE VOLTAGE/MEASURE CURRENT: This operation can be programmed by one of -
two methods. If the measurement is to be made for one value of forcmo voltage only, the

statements could be written as follows:

Statement .

Number Statement
1_ SET PMU SENSE, RNG?2;
2 FORCE VOLTAGE .45, RNG?2;
3 MEASURE VALUE;

If a measurement is to be made for more than one value of forcing voltage, in the same
" range, the statements could be written as follows:

Statement .
Number ) Statement
1 SET PMU SENSE, RNG2;
2 SET PMU FORCEV, RNG2;
3 FORCE PMU .45;
4 MEASURE VALUE;
5 FORCE PMU 4.0,
6 MEASURE VALUE;
7 FORCE PMU 4.5;
‘10 MEASURE VALUE;

FORCE CURRENT/MEASURE VOLTAGE: Programming this operation is similar to that of
the FORCE VOLTAGE/MEASURE CURRENT type: the only difference being the sub-
stitution of VOLTAGE for CURRENT, and CURRENT for VOLTAGE in the statements. A
single measurement could be written:

Statement

Number Statement
1 ' SET PMU SENSE, RNG2;
2 FORCE CURRENT -180E-6, RNG1;
3 MEASURE VALUE;

For more than one value of forcing current, in the same range, the statements could be
written:
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Statement
Number

AN AW -

Statement

SET PMU SENSE, RNG2;
SET PMU FORCEI, RNGI;
FORCE PMU -180E-6;
MEASURE VALUE;
FORCE PMU -20E-6;
MEASURE VALUE;

MEASURE VOLTAGE/NO CURRENT FLOW: To make a voltage measurement only (i.e.,
with no loading or infinite impedance) the PMU must be programmed to force zero current;
this could be accomplished as follows:

Statement
Number

Pt

Statement

SET PMU SENSE, AUTO;
FORCE CURRENT 0, RNGO;
MEASURE VALUE;

4.3.5 Programming Rules

As in any computer controlled system there are certain rules to be followed if correct and
efficient programming is to be achieved. '

1.

A FACTOR language program consists of abbreviated English language
statements. The majority of these statements are contained in Table 4-1
and are supplemented by the FACTOR Manual.

Noise words, are words that the programmer may use to give the
abbreviated statements more readibility. The words must be listed in a
statement, e.g.,

NOISE VOLTS, AMPS, SECS;

Remarks may be inserted throughout the program. Any statement pre-
ceded by REM and terminated by a semicolon will cause no action by
TOPSY. The statement will be printed on the source program listing.

Any text (except quote marks) preceded by the word WRITE, enclosed
in single quotes and terminated by a semicolon will be dumped to the
output device. No test station action occurs.

The REM statement may be listed by separate sequence number, or
they may be included on the same line of a statement to which the
remark refers.
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6. All statements must be terminated by a semicolon.

7. FACTOR accommodates: numbers as integers, decimal fractions and
exponentials; handles Boolean and scalar variables; arrays (ordered series
of variables); parametered calls; and a wide variety of other functions,
as specified in the FACTOR Manual.

8. Subroutines and Functions can be used to avoid rewriting the same
statements at various points in a program. Blocks are used to estabhsh a
LOCAL context for the variables and labels defined therein.

BLOCK (a)
BLOCK (b)
END (b)

- BLOCK (c)
BLOCK (d)
END (d)

END (¢)

END (a)

Any number of subroutines can be pl'aced in up to eight nesting levels,
and subroutines can be called as often as desired. The global variables
are quantities accessible to all blocks.

9. Various statements such as IF, THEN, GOTO, and so on, may be used
to mix and match sequences of instructions and branches, in response
to test results. For instance, IF an element fails a critical test, GOTO an
analysis routine to find out why, and THEN put the element into the
reject bin. '

4.3.6 Device Program Preparation

The initial step in preparing a device program is usually a handwritten list of FACTOR
commands comprising the program.

A FACTOR language program consists of abbreviated English language statements. Each
statement is a command to carry out some action. When the user program is executed,
these commands are carried out sequentially in the order written. There are, however, com-
mands to change this sequential execution and cause it to begin again at a specified state-
ment, quite possibly one other than the next sequential statement after the one last
executed. Because this transfer of control is possible FACTOR needs a definite way to
indicate whare each statement ends. Consequently, every statement must be followed by a
semicolon, .the word END or the word ELSE. The word END is used at the end of a pro-
gram or subroutine. The word ELSE is used when a choice is involved and the semicolon is
used to terminate a statement in a series of statements. Of the three, the semicolon is the
most common. '

The statement is the basic unit of a compiler language program. Examine the Sentry 400
'FACTOR coding form.
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Statements and labels can occupy any of the first 72 characters of an input record (card, MT,
TTY). The last 8 characters of each record are reserved for sequence numbers. Several
statements can appear on a record, as space permits, or a single statement can be strung over
several records. In any case there is one sequence number per record even if the remainder of
record is blank. It is suggested however, that column 65 should noi be excceded so listings
with statement numbers will fit on the 80 column teletype or line printer without
continuation lines. x

The recommended method as shown in the coding form is to use the first eight columns for
the LABEL, the ninth column for a colon (:), the tenth column is a blank. The command is
started in the eleventh column and terminated by a semicolon.

The programmer may or may not assign sequence numbers at his option since the compiler will
not flag blank sequence fields as sequence errors.

Labels, van'abies, arrays, subroutines, and functions must be named by a legal identifier
consisting of up to 8 alphanumeric characters, the first an alpha.

On the example coding form, several hand written statements are shown (the complete
program—369,, statements—is not shown). The statements were then transferred onto
punched cards (one statement per card in this case). The punched cards were then fed into a
card reader and transferred to the computer. On typing // COMPILE “* SANI’ LIST the
following listing was produced on the TTY. This test program should serve to illustrate how
the Sentry 400 Tester Statements were utilized to perform functional, as well as DC parameter
testing on an actual device. As a matter of interest, DOPSY took 33 seconds to compile this

program,

Statement 1 contains two remarks defining the following tests as function, para-
meter and probe test sequences. The probe test sequence contains a statement to
unconditionally branch to the location MSSAGE (Statement No. 001227) if a
- function test failure occurs.

000025,

This statement defines that the device uses negative true logic and sets the delay
to 50 microseconds.

0000355 —000472,4
This is a group of SET F statements. The various combinations were developed by
a compufer and hence each bit was printed out. This group illustrates quite -

clearly the asefulness of the pattern replicator (:) and pin origin [ ] operators to a
programmer.
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0005065 —0005614

422"

These statements each call on the subroutine labeled NLEAK (Statement No.
00152) and performs that subroutine on each specified pin. Further on in the
program, subroutines labeled, ZLEAK, YLEAK, and WLEAK, etc., are called
upon to perform tests on specified pins. Each of these subroutines call for the
PMU to force a voltage and measure the leakage current through a specified pin.
After the completion of each subroutine or statement, the tester moves to the
next statement and continues on to the end of the program.
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Sentry 400

/7 .COMPILE
0000921
00081
200001
200021
202902
2vYee3
dud0d 4
200035
Q00026
PYPBA7
2930612
200211
goueie
090013
020814
200014
0200814
G001 4
Z200015s
220016
920017
¢vdo21
280022
po20o23
2aeez2s
280827
230239
2008231
22¢ge32
200233
2000834
883835
200036
220237
200340
20082 41
c0Re 42
2300843
200044
ged4s
230046
geoear
820050
220051
290852
290253
200054
200855
000856
200857
220060
2000261
000e62
200263

' *SANI1

REM SENTRY 408 FUNCTION AND PARAMETER TEST.SEQUENCE FOR

REM P

* LIST

ROBE TEST SEQUENCE3S

ON FCT, MSSAGE;

SET S9
SET M

-2, RNG23
19 (16:1) B (17:1)3

SET DELAY 2BE-3, DC:3
SET PMU FORCEV, RNG23
SET PMU SENSE» RNGI3
CPMU PIN 23

FORCE PMU =53
SET F 93
FORCE PMU @3
XPMU PINS

REM FUNCTION TEST SEQUENCES

ON FCT,ABORTS

FORCE
FORCE
FORCE
FORCE
FORCE
SET S8

VF2 @,RNG23
VF1l =7.0,RNG23
Eg 2.93 :*GRCE‘: El “70@3
EAD -20.2,RNG33
EAl -20.0,RNG33
~1+53 SET Sl -4.03

SET LOGIC NEG3 SET DELAY SQE-63

SET
SET
SET
SET
SET
FORC
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET

MMM Y MY YN YN YN MMIION D

{23 121 €73 111 (161 13

1y 1t (121 13
1013110001111000112111111111111118183
(36:1)3 :

20 (121 8 (191 0 (361 93

DELAY:
210110010C0111110C1200000020000000113
P1211001009211111021000080000000282113
£.01.09175010111001000080000000000113
2101112101111111001000002000000010013
g1911121011101110310822230800000010013
21011101011111110¢100020000000001001;
P101110181110,111001002020220000001001;
01011101011111110010002500000000100613

"9191110101110111001030¢0C0006080010913

210:11191011111110010000020008082¢010313
912111010111011100100000020020000100813
9192111010111111100100A005C2080000010013
010111010111011120210800600000008910013

P191110101111111021000000000200010013 -

01011101011101112010000900002000010013
01011101011111112010000000000008010013
0101110101110111001000000020000010013
21011101011111110010000200098000010013
9i01110210111211100100060000000008061001 3

P101110101111111001000000000000031001 3

210111812111011140100000000000001081 3
21211191011111110010000230000000010013
019111910111011100100000800800001001;

Figure 4-5. Sentry 400 Device Progiam
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Section 1V

4-26

222064
#23065
NB2V66
NneIB67
NwAdIBT0
029071
WeYB T2
poLo73
200074
A8LD7S
232076
202077
00231009
222101
063102
¥22103
002104
002105
200106
200107
200110
202111
Pe2112
P02113
208114
202115
202116
2023117
Bga120
202121
Pn3122
202123
Y2124
203125
2g2126
202127
703130
209131
202132
022133
023134
203135
a@2136
262137
0201 40
209141
2031 42
222143
000144
203145
209146
292147
202150
209151

SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET

SET

SET
SET
SET
L1z

.

MEMMMAMAYSMM MMM NN AN ANy

F

a1 T

MMM M YT YT YN

P191110101111111001000000000000210013
0121110i0111011100100200000000001001 3
0101110101111111001000020000000010213
010111019111011100100000000000001081;
010111010111111100100000000000001021;
01011120101110111001090000000000010013
91011101011111116010800000020080001001 3
01211101011101110010000000000800010013
0101110.0111111100100000200000021001;
V101110101:10111001090000000000210013
01011121211111112019000080020000010013
Q0101110101110111901000800000000010013
P10111010111111120100000000000001001 ;5
21011101011101110010080833000000001001 3
0121118190111111120102020000000001001 3
210111010111011120120000000000001001;
P101112101111111001000000000000010013
0181110101110111701000200000000010081;
0121110101111111021000000000000010013
2101110131110111801000000000009801001;
0101110101111111001000000000200010013
01011101€1116111001000000090000010013
010111010111111120.2C220200000001001;
21011101011101112810665.527920081001;
Q1911101011111112012022¢000200801891;
2101110101110111001000002000000010013;
2101110121111111001000000208¢0001001;
2101110101110111001000000000000016013;
0l101110101111111001000000000006301001;
01011101011101110012002009000209010013;
21011101011111110012000000200000108013
2010111010111811192108000000080001001 3
M101110101111111201000002000000010013
0191110101110111¢01900000000300010013
2101112121111111201880000000008001801;
Pi2111910111011190!220900800000016313;
P1211101011111112010862000800060000108313
0101110181110111881090020000000631001;
213111010111111100108033000002001801;
2101110101110111¢0120000¢00000032108a1;
P12111010111111106810000200920000010013
21211101061112111001000000000000010901;
212111019111111128010008200000000210213;
219111019211101110010002¢0000000011813
2131110101111111001000900000000011013;
P101110101118111001000000029000011013
2121110101111111661000000000000011013
P100110101110111001000080000000011013
2122110101111111001000000000000011013
P1201101011101118010000000000008110813

SET D 1010110001111200110111111111111111183

SET M 9P22100111000011100080000000000000000;
SET F 9100110101119111111111111111111111015
SET F 91€0110101110111111111111111111110013
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000152
000153
200154
©dB155
203156
000157

200160

200161
200162
000163
PPB164
200165
200166
000167
200170
PYR171
000172
000173
000174

- BPB175
200176
002177
£00200
000201
200202
000203
200204
0008205
000206
000207
000219
000211

002212
200213
000214
200215
008216
202217
200220
200221
200222
206223
000224
200225

- 000226
000227

200230
000231
200232
200233
200234
000235
200236
200237

SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET

MMM MMNMTMM MMM AN NN M NN MMM A AN N N NNN YNNI N YY)

P1001101011101111111111111121111111013;
0100110111121 1111111111111111110013
2190112101111 1111111111 111111111@1%3
P100110101110311111111111111111110013
0100110101110111111111111111111111013
01001101011168111111111111111111110013
21021121011181111311012012122100211013
01001101291110111111111111111111110013
0100119101118111111111111111111111013
0100110101110111111111111111111110013

01001101@111681111111011118111121110135

0120110101110111111111111111111110013
2100112101110111111211111111111111813
01201101811101101111111111111111108013
01001101011101181111111111111111110@13
010211212111081111111145111111111110013
61001101011101121111121111121111111013
0100110101119111111111111111111110013
0100110101118111111111111111111111013
0100110121118111111111111111111110013
2100110101116€1111121211011111111111813
Q1221101011181111111111111111111100813
B1001101011160111111311111212110111110135
0100110121118111111111111111111118013
21001101011121111 112102101 101111111013
P102110101110113111111111111111110013
0100118181110111111111111010111111@13
0100112101110111111111111111111110013
9100112121110111111111111111111111013
219011012111011111211111111111111088135
2190112101110111111111111111111111013
0100112101116111111111111111111110013
2102110121110111111121101112011111013
i221'9121110101111111111111111110015
2120110101110101111111111111111111@135
0120112101110111111111111111111110013

2100110121112111111111111101111111@13

2100110101118111111111111111111118013
010011010111211111 110110011 0111111@13
Q190110101110 1111111111111111111100135
2100110121112111311111111111111111013
01921120191110111111111111111111110013
91001191011181111111L1 3121121111101
212011012111081111111111111111111108013
2100112101118111111111111111111111013
0100110101110011111111111111111110013
P190110101116011111111111111111111013
D100110101110011111111111111111110013
P100110101110011111111111111111111013
P120110101110011111111111111111110013
210911010111668111111111111111111110813
0100110101110011111111111111111110013
01001121011108111111111111111111110813
010011A101110011111111111111111110013
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8022 40
080241
B32242
022243
002244
020245
203246
022247
2ae22s0
¥a2251
p2e2s52
va22s3
000254
?32255
202256
aeea2st
220260
2008261
Qo262
009263
025264
238265
dRe266
282267
003270
Reez2171
gee2172
vee2173
022274
2022175
Po2276
2008277
200300
200301
©voe382
0209303
202304
22305
000306
002367
000310
003311
vBa312
280313
0202314
8098315
@eg316
0oe317
002329
0006321
v3@322
002323
002324
809325

SET
SET

‘SET

SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET

I I T e T T B T T T B B T B B B B T B B T B T B T T T T T T T T T T B T T T B B T T T T B T T T T T I B )

010011010111031111121111120102010121013
01001101011102011111111111111111110013

0102119121110011111111111111111111013 .

P100119101110011111111111111111110013
91201191011'29011111111111111111111013
1001101011190011111111111111111119013
010011210111201111111111131111111110913
010011016111 €111111111111111111110013
01921190°9011101110010000080000090008813
P102110101:19011100100000000000000101 3
01001101011 10111001000220080030000001;
01¢21121811101110010020000000008001013
2132110101110111021000000202000000013
P122119101110111201000000080800000101 3
P1221101011101112010200000000000800013
01231101021110111001000000000000001081;

P1€91192101110111021000002000000000013

210011010111@111001000000000000001013
P1231101011101110010000200000000000813
01251101011101110801000200000090001013
P12Y112101110111001000000300000000013
P1631101¢1:.2.112010C00000000000001013
012811610111081110C.2220200000800008013
B12211010111021110010000082000000019013
21231121011101100010000002¢0032000831;
21221101211121150¢100082000000008010813
P122110101110110201000000002020000013;
012211010111011020310002000000080001013
2100112101112110021000000000200000013
P1231121011101100021000006000000800101!;
21200110101110110¢01000200380600000001 3
P1221101211101100018200008220000001013
Q9120110101110110001000003000000000013
P1CO11010111011000100030200000000101
RI1C2:113121116110001000000000000000013
P122110101112112001000000000000001013
21201101211101100010C800200C000080001;
P1C31101C11101100010922000000000001081;
0122110191110211000100000000000002001
21091101011101100010000208000C900161;
012011010111011000129200080000000001;
P1¢21101811101100010C02080008092008801013

P12211010111011090810383000000000000015 -

Pi12311010111011000100C22200000000101;
012011010111011000100000000200004001 3
0122110101110110001002C00000000001015
P1C211010111011000100000000030000001;
Q1€3110101110110091000300020000001013
012211010111011000100000000000000001;
0129011010211101190010002000000900001013
Q212301101011198110001000080000090000001 3
212011210111901100010@00000006000001013
012211010111611090A100000000000000001;
01C2110101110110001000000000000001015
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PrB326
3rn327
330330
209331
J29332
292333
Po0334
228335
ANB336
VRB337
Pvo340
200341
200342
202343
A20344
PBQ345
PPB346
200347
P0Y350
000351
220352
200353
200354
200355
P22356
2808357
POB360
0oR361
200362
Q02363
002364
820365
208366
000367
Q00372
2902371
¥88372
0023373
290374
2990375
PRB376
222377
080400
200481
000402
000403
00048 4
03405
200406
000407
PRO410
200411
Q203412
202413

SET
SET
SET

"SET

SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET

e B B B B B T B B B B B B B B B T B B B T B T T T T T T T T B T B T B T T T T T T T T T T T T T T T B T

0100110101110110021000000000000000013
0100110101119110001000000000000001913
P100110101110011001000000000000000081;
010011910111001102010000000000000C1013
21001101811102011001000028000000000013
01P0112101110011021000000000000081013;
010011010111001100100000000000000001 3
010011010111001102010090000000009008101;
210011010111001100100000000000000001
2100110101110011021000000000000001013
310011010111201100109200080000000000013
01001101011100110010000000000000081013;
B10011012111001100100000000000000001 3
01001101211100811221000000000000001013
01001101011100110210000002000020000013
012211012111021100100000000000000101;
01001121011100110310600¢00000020000013
010011010111021100100000000000000101;
P10011012111011100210000800000000000081;
2101100100011111001000000000000000113
0101100127710111031000068002000002003113
21111121901111111001000000000000000313
2111112101110111£51220200000000000013;
21111101011111110010000000000008000013
8111110121110211100100000000000000001;
211111010111111100120000000000000001;
2111110101112111221000000000000000013
B111110181111111001000000000000000913
2111110101110111001000000000000000013
8111110101111111301000200020000000013

011111010111011100120020000002000001;

211111018111111100100000000000000001;
210111019111111100100000009000000001;
2102111010111111100100000000000000121;

010011910111011100120000000000000101;

Cl100110101111111001200000000000001013;

21021101921110111001000000000006001015 -

2190110101111111001000000000000001013;
010011010111811100100000000000008101;
2100110101111111001000002000200001013

2100112101110111001000009000000201013

219011010111011100100000000000000001;
010011010111011109100000000080000101;
210C112101110111001000600000000903001;
219011010111811100100000000000000101;
01001101011101110010000000000000089031 5
21001101011101110081000000000000001013
2100110101110111001000000000300300013
P12011010111011102100000000000000810613
21001102101110111001000000000000000013
0103110101110111091000000000000001013
01001101011101110010020000000000008091 3

0100110101110111001002000000000001013 .

2100110101110111001000000000000000013
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Ve241 4
2415
Badaté
V20417
A2 420
BVA421
2422
N0 423
BaIN42 4
ANB 425
Uil 426
BBna27
Q30430
N D431
Q220432
D¥d433
QCD434
VR0 435
202436
200437
220440
200441
POC 442
Q293443
V20444

| 800445

002446
023447
003452
Q03451
003452
020453
023454
2033455
020456
228457
22R460
200461
000462
282463
Q22464
D00 465
NA3466
002467
282470
Q02471
oBB472
008473
200476
062476
003476
PB0476
023477
Q20500

SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
SET
TET
SET

REM

DCL LéAKAGE;VF:IFC:VOLTS;IPIN;VOLTSI;VOLTSQ:LEAKI:LEAK25

CTUMMMEMMMMNM MMM AN MU AN AR NN A NN M NN MY MY Yy

010011010111911100100000000000000101 3
P10011010111011800100200000200000031 3
210011010111111¢201029000000000000001 3
91001101211111108021000000000200201013
0101119101110112221000002000000001813
212111010111111¢201000002000000001313
Q121119010111011032100300000000002121 3
0121110181111115001200000000000001013
C101110101110110201002000000000001011
212111010111011289103200000200000001 3
P10111010111111023.000000090000000A1 ;
010111010111011023102390320000000001;
Q10111010111111322102000020022000001;
010011010111011022100022000220000001;
21320110101110110221080020000020021013;
0100110101110113832100200000000000001 3
10211010111011C221009002200020002101 3
21001101011101162321000000000000000013
Q100110101112110031000000000020001013
8100110101110110201083030000C00000801 5
21092110101110110281000002000200001013
P12011013:11211020100900000002000001;
Di2011010111011£.01073320000002000101;

12011010111011C0010C00C200000000001 ;5
219001101011101122210000020000020021013
012211010111011622100320C3000000000013
012011010111011000102000000000000101;
P120110101110110¢9102800800000000001;
2100110101110112201020000030000001013
012011010111011222100200000000000001 ;5
P1001101011101102010292000000000021013
2100110101110110201002000000000000013

010110101111611102100302200000000100135

21011010111101198C109290200000300000013
£l AIEI121011060210000090000000090015
0i120110101G10110001029900000000000013
21211110111101110210200220020000109013;
21011110111101102810220000060090000913
212011010101011022100000000000000001 3
210101100101011120100003000000001001;
210101100101011020100000200080000001 5
2100110101210110031029084200000000001 3
2iG1111011112111021200000000000010013
212111101111011020100227000808088000013
010011010011011000103000000020000891 3
2121100100011111001022002000000080113
2101100100010111201000800000000009113
(60:8); SET M (60:0)3 SET R (35:0);

PARAMETER TEST SEQUENCE3

SET D €(18:1)8C17:1)3
FORCE E1 -20.03
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Q22501
220502
0020503
3¢0504
J205085
200506
P03S10
020os12
200514
©¥2BS5S16
002520
0@V S22
008524
Q08525
000527
PBYsS31
PYAS33
088535
PeBS37
N0B541
0BB543
BB0S45
080547
0298551
008553
A0NSSS
B@B557
220561
000563
008564
V03565
0008567
PY2571
000573
208574
290575
2e2576
26e2sT7
2202690
220602
0226903
20604
B22605
200606
PC2610
Bad611
vov612
0Ca2613
0CO614
0ed61s
23@616
08620
202621
003622

FORCE EO 93

SET F (37:0)>3

SET S (37:0)>3
VF==6.33

LEAKAGE =-1Q0E-93
IPIN=173 CALL NLEAK3
IPIN=18; CALL NLEAK3
IPIN=223 CALL NLEAK3
IPIN=235 CALL NLEAK3
IPIN=243 CALL NLEAK:S
IPIN=2535 CALL NLEAK3
IPIN=263 CALL NLEAK:;
LEAKAGE=-50QE-93
IPIN=273 CALL NLEAK3}
IPIN=283 CALL NLEAK3
IPIN=295 CALL NLEAK:;
IPIN=363 CALL NLEAK:S
IPIN=313 CALL NLEAK:
IPIN=323 CALL NLEAK3
IPIN=335 CALL NLEAK:;
IPIN=353 CALL NLEAXS
IPIN=3 5 CALL NLEAK:3
IPIN=S 3 CALL NLEAK:;
IPIN=6 3 CALL NLEAK3
IPIN=1@25 CALL NLEAK:;
IPIN=113 CALL NLEAK:
IPIN=133 CALL NLEAK3
IPIN=213 CALL NLEAKS
SET D 11(9:8)>1(¢(23:0)13
SET F 1C10:8)>1(24:9)3
IPIN=73 CALL NLEAK3
IPIN=83 CALL NLEAK:;
IPIN=9 3 CALL NLEAKS
FORCE EAl -6.33

FORCE EAQG O3

SET D (35113

SET S (351113

SET F [£353113

IPIN= 165 CALL NLEAK:;
SET D 18:1)>0<C17:1)3
SET S ¢37:83)3;

SET F (37:8)3

LEAKAGE = -100E-93
IPIN=2@5 CALL NLEAK3;
FORCE El -11.83

FORCE EAl -6.33

FORCE EAQ @3

SET S (34:0) 193

SET F 1€¢10:0)>1(¢22:0)103
LEAKAGE=-500E-93
IPIN=43CALL NLEAK3S
SET D 11(9:@)>1¢22:8)>113
SET S (34:8)>113

SET F 1(10:0>1(22:06>113

Figure 4-5. (Cont.)

" Qection |V

431



Section IV

4-32

200623
200624
803625
eRv627
320630
022631
800632
000634
820635
P2D636
000637
202642
vo2641
Bo8643
Bees44
820645
220646
8ce647
020650
800652
232653
020654
P22655
030656
222657
220661
203662
220663
Z30665
220666
083667
2Co670
220672
2286173
2206175
8ee677
220701
220723
000734
000796
200712
200712
200714
800716
00372¢
peY 722
PeRT24
288726
000730
280732
820734
800736
000740

802741

IFC=03

VOLTS=-6.053

'IPIN=143 CALL THRESHMINS
SET D (3311035103

SET S (33313

SET F [33)13

IPIN=153 CALL THRESHMIN;

SET D 118011¢3:8)¢3:1>(23:0)13

SET S (4:9>11€4:0)1(24:0)13
SET F (4:0)>11(4:0)>11¢23:8)13
LEAKAGE=-120E-63

VF==6.33

IPIN=3635 CALL ZLEAK3

SET D (1311035113

SET S €1311(351313

SET F [1310132103511;
LEAKAGE=~1.5E-33

VF='6 «33

IPIN=363 CALL YLEAK;

SET D 11¢(33:8)>1;

SET S (35:0)>13

SET F (35:0)>13;
LEAKAGE=-1080E-93;

VF=-11.83

" IPIN=123 CALL NLEAK;

LEAKAGE=-1.0E-33

VF=-11.83

IPIN=13 CALL ZLEAK:

SET D 11(9:9>1¢(23:8)13

SET S (35:80)15

SET F ¢11:0) 1 (23:8)-17
LEAK1 =29 .0E~-63LEAK2=11.UE~63
VF=~0 .83

IPIN=353 CALL WLEAKS

IPIN=53 CALL WLEAK3S

IPIN=63 CALL WLEAK3
IPIN=183 CALL WLEAK:

SET F 11313

IPIN=113 CALL WLEAK3S
IPIN=313 CALL WLEAKS
IPIN=323 CALL WLEAK3J
IPIN=205 CALL WLEAKS
IPIN=213 CALL WLEAK3
IPIN=273 CALL WLEAK3S
IPIN=283 CALL WLEAK3
IPIN=2935 CALL WLEAKS
IPIN=323 CALL WLEAK3J

IPIN=3 3 CALL WLEAK:;
LEAK! =60 .BE~-63 LEAK2=22 .0E~-63
IPIN=133 CALL WLEAK:;
IPIN=333 CALL WLEAKS
LEAK1 =80 «0E-63 LEAK2=35.0E-63
SET D (35113

SET S £3511;
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000742
000743
200745
000747
000750
002751
000752
206754
000755
000757
220761
200762
890763
200764
202765
020766
200767
000770
000774
020776
001000
001002
201004
201006
201010
001012
221014
801016
001917
@01021
201022
201023
001026
601830
001032
001034
001036
061048
201042
201043
201045
001847
001850
201053
0010855
201057
001061
201063
001065
001067
201071
201073
001874

881875

SET F (35113

IPIN=143 CALL WLEAK3
IPIN=153 CALL WLEAK3

SET D 11001€4:0)101:4:0>110¢13:1)00113
SET S (4:031(29:0)3113 ’
SET F 1(3:9)1¢6:8)1¢22:0)113
VOLTSI=-P-ISI VOLTS2=-8.73
IFC=-100E-6;

IPIN=73 CALL WTHRESH3

IPIN =93 CALL WTHRESH:

FORCE El =-6433

FORCE EAl -11.83

FORCE E@ @3

FORCE EAD 03

SET D (3:1)0¢2:1)(3:0)¢4:13(3:083(2:178¢14:1)0113
SET S 1(10:8>1(24:0)3

SET F 10101¢4:8)C4:1)¢19:0)10013
SET F (1319,C01331,013139,
€1311,0131308,

(1331,01310,

1311,01319,

1331,013183,

(1331,01319,

{1331,01318,

1331,01318,
£1331,01310,C131313
VOLTS1=-77E-33VOLTS2=-210E~33
IFC=-108E~-63

IPIN=43 CALL WTHRESHS

SET F [1319[34113

SET D (34113

SET F (3410,(3411,
(3418,03411,

(3418,03411,

£3419,L3411,

£3410,03411,

{3419,03411,

(3410,03411,

{3410,034113 .
VOLTS1=-0.153 VOLTS2=-0.73
IPIN=163CALL WTHRESHS

SET F (10183

SET F (3419,034)1,
{3410,03411,

{3410,03411,

£34192,03411,

[3430,L3411,

£3430,03411,

(3412,03411,

{3410,03411,

£3410,03411,

(3410,L(34]13

VOLTS=-0.553

IFC=03

Figure 4-5. (Cont.)
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434

001076
001100
9wa1101
001104
oN1106
001110
go1112
231114
221115
2081117
ga1121
081124
201125
ga1126
Q01130
001131
201131
201131
201132
J01133

. P01134

001135
001136
001137
001140
201141
B31141
201141
221141
201142
001143
001144
BB1145
021146
001147
0011350
001151
Po11s2
Pa1152
eo11s2
201152
2@11S3
001154
081155
801156
801157
001160
201161
801162
241163
081163
001163
001163
na1164

IPIN=153CALL THRESHMAX)
SET F (10113

SET F (3410,(3411,
'(3410,034131,
(3410,(3411,
(3410,03411,
£3410,(3411,
[3410,(3411;
IPIN=143CALL HRESHMAX3
SET F [3410,(13113

SET F [1310,01311,
{1310,013313
IFC=-100E-63
IPIN=83CALL WTHRESH3
GOTO ABORT3}

SUBR WTHRESHS

SET PMU SENSE» RNG23
CPMU PIN IPINJ

SET DELAY 20E-3, DC3
FORCE CURRENT IFC,RNG13
ENABLE DCT! GT VOLTSI3
ENABLE DCT@ LT VOLTS23
MEASURE VALUES

FORCE PMU @3

END 3

SUBR WLEAK3S

SET PMU SENSE, RNG13s
CPMU PIN IPIN3

SET DELAY 20E-3, DC3
FORCE VOLTAGE VF3;
ENABLE DCT! GT LEAK1}
ENABLE DCT@ LT LEAK2:;
MEASURE VALUE3;

FORCE PMU @3

XPMU PIN;

END3J

SUBR NLEAK;
DISABLE DCT13

SET PMU SENSE, RNGBS

CPMU PIN IPIN;

SET DELAY 100E-3, DC3
FORCE VOLTAGE VF3
ENABLE DCT@ LT LEAKAGE3;
MEASURE VALUE3

FORCE PMU @3

XPMU PIN3

END3J

SUBR ZLEAK3S
DISABLE DCTI13
SET PMU SENSE, RNG13
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No1165 CPMU PIN IPIN3
na1166 SET DELAY 20E-3, DC3
001167 FORCE VOLTAGE VF3
001170 ENABLE DCT® LT LEAKAGE3
021171 MEASURE VALUE3S §
Po1172 FORCE PMU @3 :
201173 XPMU PIN3
201174 END3
P01174
001174 SUBR THRESHMINS
RO1174 DISABLE DCT13
BO117S SET PMU SENSE, RNG23
281176 CPMU PIN IPIN;
8011717 SET DELAY 20E-3, DC3
001200 FORCE CURRENT IFC» RNG13
go1201 ENABLE DCT® GT VOLTS;
201202 MEASURE VALUE3
221203 FORCE PMU 03
001204 XPMU PINS
001205 END3
021205
V01205 SUBR THRESHMAX3
001205 DISABLE DCT13

- 001206 SET PMU SENSE, RNG23.
201207 CPMU PIN IPIN;
201210 SET DELAY 20E-3, DC3
201211 FORCE CURRENT IFC» RNG13
ggiz212 ENABLE DCTQ LT VOLTS;
201213 MEASURE VALUE3
201214 FORCE PMU 03
2081215 XPMU PINS

" 001216 END3
901216
oo1216 SUBR YLEAK3
201216 DISABLE DCT13
221217 SET PMU SENSE, RNG2;
201220 CPMU PIN IPIN;
goi1221 SET DELAY 20E-3, DC3
go1222 FORCE VOLTAGE VF3 »
201223 ENABLE DCT@ LT LEAKAGE;
281224 MEASURE VALUE3
201225 FORCE PMU @3
go1226 XPMU PIN3
001227 END3
201227
0812217 MSSAGE: WRITE °*ATTACHED LINES EQUAL OPEN PINS (1) REFERENCE
201230 ABORT?: END3; )

*

Figure 4-5. (Cont.)
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