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HOW TO USE THIS MANUAL

This manual may be read in part, for the user who wishes to
quickly gain enough proficiency to begin testing, or
completely for the user who wishes to create automatic test
sequences.

Section 1 contains detailed specifications and ordering
information, installation instructions and a description of
components and settable options.

Section 2 describes the test approach and provides the
technical foundation for understanding all the operating
modes.

Section 3 covers Manual Mode and describes all testing
features as they apply to any single device, in or out of
circuit.

Section 4 describes Sequence Mode and how to test boards
from a stored sequence.

Section 5 describes Develop Mode and how to create
sequences.

Section 6 covers file utilities for the manipulation of test
sequence and data files.

Section 7 describes how to add new devices to the Qut-of-
Circuit and Reference Comparison test databases,




HOW TO USE THIS MANUAL

Appendices include an index of Function Keys, a
specification of the Sequence Command Language, Testing
Application Notes, Remote Control Protocol and a listing of
the Standard Reference Device Library.

All users should read Section 1 for machine overview and
installation procedures. Those who are merely testing with
preprogrammed sequences and those developing sequences
should read Section 2 on technical principles. The test
sequence user will find Section 4 on Sequence Mode
adequate for his needs. Advanced users should read Section
3 op Manual Mode for testing without a sequence. Sections
5 and 6 are appropriate for those developing sequences.
Section 7 on Device Libraries is also for the advanced
programming user.

When describing keys, the convention used is single brackets

< > for labelled keys and double brackets << >> for
Function Keys. Example: <ESC>, <<manual>>.




WARRANTY

Notwithstanding any provision of any agreement the following
warranty is exclusive:

The JOHN FLUKE MFG. CO. INC. warrants each
instrument it manufactures to be free from defects in
material and workmanship under normal use and service for
the period of 1 year from date of purchase. This warranty
extends only to the original purchaser. This warranty shall
not apply to fuses, test clips (clips are warranted for 90 days),
or any product or parts which have been subject to misuse,
neglect, accident, or abnormal conditions of operations.

In the event of failure of a product covered by this warranty,
John Fluke Mfg. Co., Inc. will repair and calibrate an
instrument returned to an authorized Service Facility within
1 year of the original purchase; provided the warrantor’s
examination discloses to its satisfaction that the product was
defective. The warrantor may, at its option, replace the
product in lieu of repair. With regard to any instrument
returned within 1 year of the original purchase, said repairs
or replacement will be made without charge. If the failure
has been caused by misuse, neglect, accident, or abnormal
conditions of operations, repairs will be billed at a nominal
cost. Insuch case, an estimate will be submitted before work
is started if requested.

iii




WARRANTY

THE FOREGOING WARRANTY IS IN LIEU OF ALL OTHER
WARRANTIES, EXPRESS OR IMPLUIED, INCLUDING, BUT NOT
LIMITED TO ANY IMPLIED WARRANTY OF MERCHANTABILITY,
FITNESS, OR ADEQUACY FOR ANY PARTICULAR PURPOSE
OR USE. JOHN FLUKE MFG. CO., INC. SHALL NOT BE
LIABLE FOR ANY SPECIAL, INCIDENTAL, OR CONSEQUENTIAL
DAMAGES, WHETHER IN CONTRACT, TORT OR OTHERWISE.

If any failure occurs, the following steps should be taken:

1.

Notify the JOHN FLUKE MFG. CQO., INC. or nearest
Service Facility, giving full details of the difficulty, and
include the model number, type number, and serial
number. On receipt of this information, service data,
or shipping instructions will be forwarded to you.

On receipt of the shipping instructions, forward the
instrument, transportation prepaid. Repairs will be
made at the Service Facility and the instrument
returned, transportation prepaid.

SHIPPING TO MANUFACTURER FOR REPAIR OR
ADJUSTMENT

All shipments of JOHN FLUKE MFG. CQ., INC.
instruments should be made via United Parcel Service or
"Best Way" prepaid. The instrument should be shipped in
the original packing carton; or if it is not available, use any
suitable container that is rigid and of adequate size. If a
substitute container is used, the instrument should be
wrapped in paper and surrounded with at least four inches of
excelsior or similar shock-absorbing material.

v




WARRANTY

CLAIM FOR DAMAGE IN SHIPMENT TO ORIGINAL
PURCHASER

The instrument should be thoroughly inspected immediately
upon original delivery to purchaser. All material in the
container should be checked against the enclosed packing list.
The manufacturer will not be responsible for shortages
against the packing sheet unless notified immediately. If the
instrument is damaged in any way, a claim should be filed
with the carrier immediately. (To obtain a quotation to
repair shipment damage, contact the nearest Fluke Technical
Center.) Final claim and negotiations with the carrier’ must
be completed by the customer.

. The JOHN FLUKE MFG. CO., INC. will be happy to
answer all applications or use questions, which will enhance
your use of this instrument. Please address your requests or
cotrespondence to: JOHN FLUKE MFG. CO., INC,, P.O.
BOX C9090, EVERETT, WASHINGTON  98206.

. John Fluke Mfg. Co., Inc., P.O, Box C9090,
Everett, Washington 98206






1 FLUKE 900 SYSTEM

1.1 SYSTEM OVERVIEW

The FLUKE 900 dynamic troubleshooter uses Dynamic
Reference Comparison (DRC) to compare the Real Time
functional performance of digital devices as they operation
In-Circuit, with known good Reference Devices running in
parallel and synchronism.

The real-time performance of the Device Under Test (DUT)
is compared to that of a known good Reference Device
(RD), inserted into a Zero Insertion Force (ZIF) socket on
the face of the tester. The RD is fed with the same signals
extracted from the DUT, via a test clip which plugs into the
FLUKE 900 Interface Buffer (IB).

The IB has a programmable voltage threshold which can be
set to see logic 1 at any level between 0 to 5 volts, with a
resolution of 100 mV. The IB translates the incoming signals
into ECL differential levels which are transformed back to
TTL signals in the main unit. This provides a high level of
accuracy in signal reproduction so that the RD in the ZIF
socket sees similar inputs to the DUT.

The proprietary DIFTEST circuits used in the FLUKE 900
enable it to test standard and custom devices without the
need to know the internal structure or pinouts of a DUT.
The system ensures that the RD and the DUT are
synchronized prior to comparing them. The FLUKE 900
monitors and analyzes the behaviour of the Device Under
Test within a Performance Envelope (PE). It is user




SYSTEM OVERVIEW

(PE). It is user definable in the time domain with 10 ns
resolution and in voltage within 100 mV. The PE
parameters can be compared to the time base and
volts/division settings of an oscilloscope.

The PE is used to compensate for the difference in loading
between the DUT and RD. If the DUT response time
exceeds the PE setting of Fault Mask, comparison testing is
halted and failure information is displayed on the LCD
display.

Other features which make the FLUKE 900 a powerful
troubleshooting tool are:

1. Built in frequency counter that can measure signal
activity on the pins of the DUT plus an external node.
This is useful for checking out clock frequencies and
other repeatable signals on the board.

2. LED logic monitor indicating signal activity on DUT
pins. Each pin can be predefined for an expected
high, low or active signal.

3. A two word user-definable trigger function, which can
be a combination of the signals on the DUT pins plus
an external node. This aids the user in isolating the
fault area, similar to what a logic analyzer might do.

The user stores information about each device on a
removable data cartridge including location on the board,
changes in default PE, triggers, frequency and activity checks.
This "SEQUENCE?" file can contain other information like

1-2




SYSTEM OVERVIEW

operator prompts which appear as comments on the LCD.
A sequence provides a high quality repeatable test procedure
which will compliment the knowledge of the operator.

Board test results can be stored in a log file which stamps it
with time and date information, providing data on repair
stations and for statistical analysis of common failure modes.
This information can also be communicated to other systems
via the RS232C serial port.

Out-of-circuit device verification may be done from a library
pattern stored in ROM for most TTL devices. This can be
expanded by the user and stored on cartridge. In addition,
the system will identify an unknown or unmarked device if it
matches one in the library.




SPECIFICATIONS

1.2 SPECIFICATIONS

12.1 DEVICES SUPPORTED

(a)

G}

(€)

(d)

(e)

Reference Devices must be digital IC’s with TTL
compatible inputs and outputs, up to 28 DIP pins.

SSI to VLSI devices with one LS load drive capability.
For weaker devices, with as little as one third this
drive capability, the keyboard selectable "RD Drive
Low" option can be chosen to enable comparison
testing. It should be noted that this reduces the

maximum signal specification by 40 percent to
12 MHz.

Testable devices include the following technologies:
N, LS, S, ALS, AS, F, HC, HCT, ACT, FACT

Other technologies that do not meet the RD
specification defined in (a) and (b) (e.g. HC, 74Cxx
series), are testable if they have TTL functionally
compatible equivalents and if device timing variation
falls within the FMASK range.

Custom Components: PAL, HAL, PLA, FPLA and
Gate Arrays.

Memories: Static and Dynamic RAM, ROM, PROM,
EPROM, FIFO and LIFO.
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standard configurations are supported.

via the appropriate clip to an equivalent DIP version
RD.

1.22 SIGNAL CHARACTERISTICS

(a)

Maximum data rate on any input, output or [/O pin is
20 MHz with a minimum pulse width of 20 ps.

. (b) The input circuit in the Interface Buffer is fully
protected in the -25 V to +25 V range. Signals

exceeding those levels may cause damage to the
Interface Buffer.

(c) The input circuit has a programmable threshold which
can be set in 100 mV increments in the range of 0 to
5 V. Setting accuracy is +/- 100 mV.,

(d)  The threshold is a single level above which signals are

seen as "Logic 1", and below it as "Logic 0",

1.2.3 FAULT CAPTURE

. (a) FLUKE 900 has a 10 ns fault capture resolution on
full frequency range (DC to 20 Mhz).

RD is supplied with up to 400 mA at 5 volts. RD’s
with standard power pins and a majority of non-

S0 version surface mounted devices may be compared
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(b)

()

124

(a)

(b)

()

125

(a)

(b)

Fault capture window is programmable in 10 ns
increments in the range of 20 to 200 ns.

Non-multiplexed fault circuit ensures the capture of
static, dynamic (timing-related) and intermittent faults.

TIMING PARAMETERS

Test duration is programmable from 1 msec to 9999
ms in 1 ms steps, or continuous.

Synchronization time is programmable from 10 to 9990
ms in 10 ms steps or it can be turned OFF.

Reset Duration is programmable from 10 to 32767 ms
in 1 ms steps. Offset is programmable from 0 to +/-
32767 in 1 ms steps. Offset is the time between the
trailing edge of the Reset pulse and the comparison
interval.

FREQUENCY MEASUREMENT

Guaranteed frequency range of DC to 20 MHz with
an accuracy better than 0.5%. Minimum pulse width
is 20 ns.

Autoranging measurement is performed on any and
all pins plus an external lead.
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Repeated averaged measurements of period, time high
and time low provides timing accuracy in the
nanosecond range.

1.26 USER MEMORY

(a) Volatile system RAM for user files is 48K in size.

(b)  Non-volatile RAM for user files resides on cartridges
of 32K size.

127 INTERFACES

(a)  Plug-in cartridge with 32K non-volatile RAM can be
used to store data such as sequences, log files and RD
test patterns. The Write Protect feature prevents
accidental data erasure.

Twenty-eight pin LED monitor displays the activity
on the DUT during the test and the failed pins at the
end of test.

Eight lines by forty characters graphic LCD display is
used to present system information.

Operator input into the system is done through a
membrane keyboard featuring soft keys for easy menu
selection and ASCII keyboard for data entry.




SPECIFICATIONS

(e)  The serial communication port (RS232C) is a standard
feature of the system. It is programmable to operate
in the following modes:

Pin DTE or DCE (Data Terminal
Assignments or Data Communication

' Equipment)
Baud Rate 300,600,1200,2400,4800,9600 or

19200

Character 5, 6, 7 or 8 bits
Length .
Stop Bits 1, 1.5 or 2 bits
Parity Even, odd or none.
Timeout 1, 2, 5, 10, 30 seconds

1, 10 minutes

(f)  The patch leads on the Interface Buffer have the
following characteristics:

GND - two ground reference connections for
the board under test

EXT - a 29th input channel in addition to the
28 from the test clip with an impedance .
of 10 Kohm. '
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RST - a normally tristated reset signal. For a
negative polarity pulse the lead is driven
high for 10 ms, low for the pulse
duration and back high for 10 ms. The
reverse occurs for a positive pulse.
Internal drive will sink/source 50 mA at
0.8/42 V. External drive will
sink/source at 0.8/VCC.

vCC - a voltage from 2V to 15V used to
supply external drive for RST.

1.2.8 TEST CUPS

® o

(®

The standard test clips provided are universal and
come in 3 different sizes:

16 Pin - 0.3" spacing DIP Clip
24 Pin - 0.3" spacing DIP Clip
28 Pin - 0.6" spacing DIP Clip

The 16 pin clip can be used on any 0.3" DIP package
with 16 pins or less. The 24 pin clip can be used on
any 0.3" DIP package with 24 pins or less, and the 28
pin clip can be used on any 0.6" DIP package with 28
pins or less.

Optional DIP test clips with 8, 14, 18, 20, 22 (0.4"), 24
(0.6") pins are available if, due to PCB density,
clipping with the larger standard clips proves to be a
problem.
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(¢)  Optional SMT test clips are available in 0.15" width
for 8, 14 and 16 pin devices, and in 0.3" width for 16,
18, 20, 24 and 28 pin devices.

(d)  Test clip loading is 10 Kohm @ 30 pf per pin.

(e)  Automatic clip check verifies proper clip size and
orientation at the start of each test cycle. Improper
clipping or failure to detect the correct power on the
DUT will result in an error and the termination of
the test.

Clip check also verifies proper clipping during test. .

129 PHYSICAL AND ELECTRICAL

Power 115/230 VAC, 47-63 HZ @ 100 watts
Weight 12 lbs. (approx. 5.44 Kg)
Dimensions

Main Unit 12 x 15 x 3.5 inches
30.5x 381 x89cm

Interface 8 x 8 x 0.75 inches

Buffer 203 x203x19cm

Cable 48 inches .
Length 122 em

1-10




SYSTEM COMPONENTS AND OPTIONS

1.3 SYSTEM COMPONENTS AND
OPTIONS

PART NUMBER DESCRIPTION

|
900 FLUKE 900 Main Unit |
including: |

-Interface Buffer (IB)

-Test Clips:

16 pin 0.3" (Y900-16D)

24 pin 0.3" (Y900-24D)

28 pin 0.6" (Y900-28D)

-One Data Cartridge (Y900-001)

. -One Set of Patch Cords (Y'900-005)

-RD Tray and Cartridge Holder
(Y900-003)
-Operator Manual
-Training Certificate

-Power Cord
YS00-001 - Data Cartridge
Y900-002 - Set of Three Data Cartridges
(Y900-001)including  Cartridge Tray
(Y900-004)
Y900-003 Reference Device Tray & Data
Cartridge Holder
YS00-004 Cartridge Holder (for 3 cartridges)
" Y900-005 Set of Five (5) Patch Leads and Clips
. Y900-006 Model 900 Carrying/Shipping Case
Y900-007 Model 900 Operator Manual
Y900-008 Model 900 Training Manual
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PART NUMBER DESCRIPTION

DIP CLIPS

Y900-08D 8 Pin Dip Test Clip (0.3")
Y900-14D 14 Pin Dip Test Clip (0.3")
Y900-16D 16 Pin Dip Test Clip (0.3")
Y900-18D 18 Pin Dip Test Clip (0.3")
Y900-20D 20 Pin Dip Test Clip (0.3")
Y900-22D 22 Pin Dip Test Clip (0.4")
Y900-24D 24 Pin Dip Test Clip (0.3")
Y900-24DW 24 Pin Dip Test Clip (0.6")
Y900-28D 28 Pin Dip Test Clip (0.6")
S.M.D. CLIPS

Y900-085 8 Pin Surface Mount T.C.(0.15")
Y900-145 14 Pin Surface Mount T.C.(0.15)
Y900-16S 16 Pin Surface Mount T.C.(0.15")
Y900-16SW 16 Pin Surface Mount T.C.(0.3")
Y900-18S 18 Pin Surface Mount T.C.(0.3")
Y900-20S 20 Pin Surface Mount T.C.(0.3")
Y900-24S 24 Pin Surface Mount T.C.(0.3")
Y900-28S 28 Pin Surface Mount T.C.(0.3")
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INSTALLATION

1.4 INSTALLATION

This Section contains information on unpacking, connecting
and turning on the FLUKE 900. It describes the main
features for user interaction and details the setting of options
in System mode.

1.4.1 SHIPPING INFORMATION

The FLUKE 900 is shipped in a rugged foam-packed carton.
When you receive the unit, inspect it thoroughly for possible
shipping damage. When reshipping the FLUKE 900, it is
strongly advised to use the original packing - carton,
Replacement cartons are available from the factory or
through your local sales office,

1.4.2 UNPACKING

Inside the carton are several packages held in place by foam
retainers:

- cardboard box containing the Interface Buffer

- linen covered box containing User’s Manual and
Reference Device Tray with one Data Cartridge

- FLUKE 900

- small accessories including power cord, test clips and
patch leads.

1-13
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The User’s Manual Box and cardboard box are first removed
from the top of the foam retainer. The entire retainer may
then be lifted out of the carton and the interlocking foam
pieces pulled apart. It is advisable to keep the packing
materials to use again for any future shipping requirements.

1.43 CONNECTING INTERFACE BUFFER AND
POWER

The Interface Buffer plugs into the right side of the main
unit through the two ribbon cable connectors labelled J1 and
J2. Care should be taken to follow three rules:

L IB must be installed with power off.

2. Both J1 and J2 must be plugged in.

3 J1 and J2 must be installed correctly as labelled and
not reversed.

The power cable plugs into a receptacle at the rear left of
the main unit.

1.4.4 LINE FUSE REPLACEMENT

The line fuse is located in a recessed compartment next to
the power cord receptacle. To replace it, remove the power
cord and slide the clear plastic panel over, exposing the fuse
receptacle. Pull the black plastic lever to pop out the fuse.
The proper rating for replacement fuses is 3A, 250 V.

1-14
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1.4.5 CONNECTING TEST CLIPS AND PATCH LEADS

Clips and leads may be inserted into the IB under power
since it is fully protected to + or - 25 V. Patch leads are
best connected to an unpowered system under test to avoid
accidental damage to the board under test. Clipping on IC
devices with test clips is normally done with power to the
board under test. The clips are inserted into the IB with
their logo facing up.

1.4.6 POWER UP AND SELFTEST

To turn the unit on after connecting the IB and AC power
cord, press the toggle switch located on the rear left side.
The front panel LED will illuminate and the screen will
display a series of selftest messages beginning with a memory
test. An extensive selftest and calibration is performed for
approximately a minute. A timing verification is made in the
signal path from the IB to the reference device ZIF socket
on the front of the unit. In normal operation the four most
common causes of apparent selftest failure are:

1. RD inserted in ZIF socket.

2. Test clip attached to board under test.
3 EXT lead attached to board under test.
4. Key depressed on IB.

If selftest fails, first check the possible causes listed above.
At this point, <F1> may be pressed to re-execute the
selftest or <F2> to ignore a failed result and continue with
file handling operations. Actual testing will not be allowed
unless selftest passes.
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If a true hardware fault is suspected, press <F3> to enter
debug mode. A printer may now be connected to the serial
port (see Section 1.6.2 for port option setting). Press
<<prt_res>> to print out a diagnostic listing similar to the
following:

FLUKE 900 - Selftest results

Software version: 4.00
Library version: 4.00

HSB rev: 1
MBrev: O
IBrev: O

General results:
X0000 00000 00000 00000 00000 01000
00000 00000 00000 01X0X X1200¢ XXX
Flags:
00000000 00000000 0000000 0O000000
00000000 GODO0C000 00000000 CO000000

Individual resuits:
26 00000000 10000000 00O00000 00000000

46 00000000 01000000 00000000 00000000
51 00001000 00Q00000 00000000 CO000000

This will assist the determination of the exact problem when
communicating with authorized service personnel.

The main screen after power up appears as:

1-16
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O ETIS
Systemn S¥

.00

Power-up Screen

The FLUKE 900 software revision levels are indicated on
this screen. "System” refers to the ROM-based operating
system that provides the user features. "Library” refers to the
ROM-based device library resident for recall by generic
device number. Note that this is a base library, to which the
user may easily add further or even unknown library devices.

Contact your nearest sales office to obtain the latest revision
in ROM software.

1-17
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1.5 OPERATOR INTERFACES

1.5.1 SCREEN

The high resolution supertwist LCD screen displays 8 lines of
40 characters which are divided into several groups:

Information Area for test results and parameters.
Status Line showing the current mode of the tester
and providing prompts for user entries. Additionally,
the time and date are indicated on the right side.
Command Lines for data entry. In most modes,
information is typed in this area and perhaps changed
before being transferred to the Information Area upon
pressing <ENTER>.

Function Key labels which apply to keys F1 through
F5.

1.5.2 KEYBOARD

The membrane keyboard shown below provides audible tone
feedback when pressed.  When describing keys, the
convention used is single brackets <> for labelled keys and
double brackets <<>> for soft Function Keys.

1-18
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Keyboard Layout

Alphanumeric Keys

Used for data entry, they also print lower case using the Shift
key. After pressing for two seconds, the keys repeat.

<CE> (Clear Entry) performs a backspace function to
delete the last character. Shift <CE> deletes the last word.
Cntr <CE> deletes the complete entryy. <ENTER>
terminates a line of data. As you will see, it typically puts
user inputs into the fields of the main display.
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Cursor Control Keys

Movement by space, tab field, page and line

(BOL = beginning of line, EOL = End of line).

(SHIFT up arrow = Page Up, Catr up arrow = top of file)
(Down arrow, SHIFT and Cntr = Page down, bottom of file)

Test, Next Keys

These are used in manual and sequence modes to test and
step from device to device. Duplicate keys are located on
the Interface Buffer. The TEST key is alternate action start
and stop. '

Function Keys

Labels for F1 through F5 are found on the bottom line of
the display. <ESC> returns control to a previous key level.
<ETC> displays additional labels that are present on a
current key level. When there is a second level, "-etc-"
appears on the right of the command line.

1.5.3 MONITOR

‘Two rows of LED's beside the ZIF (zero insertion force)
socket act as a logic monitor for signal activity on the test
device. In addition, when a fault is captured, flashing LED’s
will indicate the offending pin(s). The pin numbers for the
right side of the socket are arranged in columns according to
the various device sizes. The appropriate column is indicated
by an illuminated LED.
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1.5.4 CARTRIDGE

A data cartridge that typically contains preprogrammed test
information inserts into the slot on the rear right side of the
unit. Insertion and removal with the label facing upward may
be done safely with the FLUKE 900 powered up. Note that
file creation and writing to the cartridge should be complete
before removal to avoid garbled data. Cartridges contain
32K of nonvolatile RAM storage guaranteed for 10 years of
data retention. When the write protect switch is put on,
cartridge data is safe from accidental erasure.

1.5.5 FUNCTION KEY MENU

The labels of the five function keys appear on the bottom
line of the display. They change according to a tree
structure of menu levels summarized below. Note that
<ESC> is used to step back up the menu tree towards the
main power up screen and <ETC> selects between two sets
of labels on the same menu level.
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MANUAL MODE MENU

Power On

I 1 T 1
manual  sequence develop system

T T T ETCT— —
local global freq results comment log rd_test clip_chk

on/off

I T I ;
rdt_run rdt_off identify c_sum

rdt_on identify

! 1 T 1
state EoT Llog_on log_off prtll.og show_Llog advn

: 1.
pin_def save pin

ETC

I I i, I !
thru ext gate detail no_time next_freq

r T T T<ET0e— T
t_time f_mask thrsld reset trigger gate

X I 1 BT, T T
t_time f_mask thrsld pin_def reset size s_time trigger gate rd_drv
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SEQUENCE MODE MENU

Power On

! | 1 1
manial  sequence develop system

run_seq Llist_seq

T ETc T |
tocal global freq results comment log rd_test clip_chk stLrt untested

1
state EoT

1
pin_def save pin

T : T—<ETC>
thru ext gate detail no_time next freq

T T<ETC—T T
t_time f mask thrsld reset trigger gate

T T—<ETC>— T —
t_time f_mask thrsLd pln def reset s_time trigger gate rd_drv
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DEVELOP MODE MENU

Power On

L ] I |
manual sequence develop systen

i T i
files new_seq rd_Lib

I T | i 1
manual rd_test prt_pat edit compile

~<ETC>—] .

] | I |
manual dsp_loc defn_loc end save_fil del_loc

{SEE MANUAL MODE MENU)

T T T T <ETC>— ] T T m
dir edit compile print copy up_load dn_load delete recover cart

f T T 1
verify backup fix format
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SYSTEM MODE MENU

1 i | 1
manual  sequence develop system

r T T ] T <ETC
time&dat rs232c sound printer config_Log debug

| 1 ’
rdn display prt_res
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1.6 OPTION SETTING IN SYSTEM MODE

System mode permits a user to configure a variety of tester
options from the keyboard. These settings are retained in a
battery-backed storage even while powered down. The
System screen appears as follows:

l-adssmireil-f
TP F E g Tt T T =5k £ Taziiis *-—:7 .
1l [F2 ] [E3 ] [Fua] [Fs]

System Screen

1.6.1 SETTING TIME & DATE

Press <<time&dat>>. Follow the command line prompt
and enter a desired new value. The Syntax for the time
using a 24 hour day is HH:MM and/or the date using the
day, month, year form is DD/MM/YY. Time and date must
be separated by a space. The entry for 3:05 PM, August 17,
1990 would be:

15:05 17/8/90 .

This information will appear as headers for test result loggmg
or any file printouts.
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1.6.2 CONFIGURING THE SERIAL COMMUNICATION
PORT

Press <<rs232¢>> and observe the following screen:

BAUD RATE: EZ:vi PARITY: HNONE
STOF BITS: 2 MODE: DCE CL
BITS/CHAR: 8 TIMEQUT: NONE

RS232C Setup Screen

<<advance>> is used to highlight a specific parameter
before changing it. <<roll>> is used to cycle through the
available settings of a highlighted parameter.
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The mode parameter defines the handshaking control
between tester and data source or destination.

PIN DTE DCE
2 XMIT DATA  RCV DATA
3 RCV DATA XMIT DATA
4 RTS (SOURCE) RTS (SENSE)
5 CTS (SENSE) ~ CTS (SOURCE)
6 DSR (SENSE)  DSR (SOURCE)
7 GROUND GROUND

20 DTR (SOURCE) DTR (SENSE)

The designation OL means open loop and the FLUKE 900
will ignore the control line status. CL means closed loop.
FLUKE 900 will stop sending data when it senses a control
line going low. In the closed loop setting it also responds to
received XON, XOFF protocol characters.

The timeout parameter is the length of time the Fluke 900
will wait for a positive control line signal before it assumes
a failure by the receiving equipment and aborts its data
transmission.

Once the settings are established, pressing <<end>> or

<ENTER> will update the new values into the nonvolatile
RAM.
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1.6.3 SETTING THE VOLUME OF THE AUDIBLE
TONE

Press <<sound>> and observe the current setting:

. Sound Screen

<F1> and <F2> change the displayed setting and
<ENTER> updates it into nonvolatile RAM.
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1.6.4 FORMATTING PRINTER LISTINGS

Press <<printer>> and observe the definition of a page in
lines and columns. A standard indentation from column 1
and selection of a line terminator (CR, LF or CR LF) may
also be made.

Lines: 60 Indentation: 10
Columns: 80 Printer port: RS232
Line terminator: <{CR><LF>

Printer Setup Screen

Press <<line>>, <<col>> or <<indent>> for a
command line prompt that requires a numeric entry. Press
<<end>> to update the nonvolatile RAM values.

Note: The printer port is permanently assigned to the RS232
port.
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1.6.5 DEFINING LOG FORMATS FOR TEST
RESULTS

A log format is a data filter that selects only specified
meaningful parts of the test result data. Press
< <config_log>> to show the names of five log formats that
can be renamed and redefined by the user.

Log Format Screen

For example, pressing <<all>> displays eight settings:
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= Srthy = sequence flow on
arm C anges on user comments on
qilures on system changes on
05585 on untested loc’s _on

B _@%‘_-:11 ofE- =l B St = i i

New__setup__name:

lrﬁ lrj [F=_] I_F'-II lF5__I
Log Settings Screen

The name of any log format can be changed with a command
line entry. As before, < <advance>> moves the highlighted
cursor and <<roll>> scrolls through various settings. Data
logging is usually done to keep track of test results while
using a sequence. The explanation of the "all" log format
shown above is:

- data logged to a file. This file may be stored on a
cartridge or in the system RAM for subsequent upload
to a computer or printer. If this setting is changed to
"printer”, the data goes to the communication port as
it is generated.

- local parameter changes by the operator are logged.

- device failures are logged. In addition, if a parameter
is changed and a pass result occurs, both the failure
and subsequent pass are logged. For the case where
a failure occurs, the clip is adjusted and a pass occurs,
nothing is logged.
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- device passes are logged.

- anytime a user deviates from the clipping order of the
sequence, it is recorded.

- user comments such as "board repaired” are logged.

- times other log files are opened and closed are logged.

- all device locations not tested with the sequence are
logged.
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2 TECHNICAL PRINCIPLES

2.1 TEST METHODOLOGY

Circuit board testing always involves the application of a
controlled signal stimulus and the evaluation of a measured
response against expected parameters. When this is
employed for the board as a whole, it is termed a "go/nogo
test”. When used to isolate the source of a failure down to
the component or internal node of a board, it is termed
"diagnostics”.

The FLUKE 900 is a fault isolation tool designed to add
diagnostic capability easily to an existing go/nogo test. A
straightforward application would be to measure the response
of devices in their circuit to a board’s resident selftest.
Another example is diagnosis in system test where a board is
exercised during normal product operation. Finally, as a
complement to another tester, such as a microprocessor
emulation tester, the FLUKE 900 can use the test stimulus
routines to isolate a failing area to the faulty node or
component.

The FLUKE 900 employs a principle called Dynamic
Reference Comparison (DRC) to passively monitor and
analyze internal board signal activity. Because there is no
backdriving that would create artificial conditions, the method
is ideal for detecting timing and static problems that occur in
the natural board environment. The main requirement is
that the stimulus be controllable so it can be run from the
same point repeatably. The FLUKE 900’s reset and trigger
features make this easy to do.




TEST METHODOLOGY

In addition to identifying faulty components with high
accuracy, good devices are differentiated from failing ones in
spite of feedback loops and data dependant faults that
confuse other methods. FLUKE 900 complements a range
of user skills and other test equipment to be a complete
diagnostic solution or an effective diagnostic enhancement.

Various levels of automation may be programmed into the
tester according to the knowledge of board operation and
troubleshooting experience of the test technician. A test
sequence is a guided clip troubleshooting procedure designed
to prompt the user step by step through a board. If a user
has little insight into the failure mode, he is prompted
through the <NEXT> key to clip in a preprogrammed
order, typically by signal flow. An experienced user may
choose to jump to a specific device to verify a hunch,
shortcutting the predetermined order. The sequence relieves
the operator from remembering test setup, parameter and
device number information since all references are stored by
board location (e.g. U48).

The information provided as test results may be used in a
manually interpreted or automatic fault tracing algorithm.
The functionality of each device is evaluated to give a PASS
or FAIL determination. The tolerances of this test are
preprogrammable and operator variable for flexibility of
analysis. Additional signal checks include logic status, static
or active check, and frequency measurement. A built-in logic
monitor reports these pin-by-pin results at the end of a test
in an easy-to-read pictoral format. Thus, even with a PASS
result, missing signals will assist in backtracing.
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2.2 DYNAMIC REFERENCE COMPARISON
(DRC)

DRC evaluates a suspect digital device that is operating in its
circuit by comparing its output signals to those of a known
good device operating in synchronism under the same input
stimuli. This technique is sometimes referred to as hardware
or golden chip comparison. In principle, any device for
which you have a known good sample may be verified in its
circuit.

In order to make this. practical over a wide range of digital
devices, adjustable parameters are required in two areas of
device performance:

1. Initialization of suspect and known good devices.

2. Allowance for in-circuit effects relative to an unloaded
reference device.

Initialization usually involves ignoring the comparison result
until the reference device (RD) and device under test (DUT)
are in the same state. A varicty of techniques are used
relying on either stimulus activity received by the DUT or
additional stimulus applied to the RD to make one "catch
up” to the other. In circuit effects that must be compensated
for include fanout Iloading, noise, bus contention,
indeterminate states and apparent timing race problems. The
mitialization and compensation parameters may be explained
by examining DRC first at the device level, then at the board
level.
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22.1 DRC - DEVICE LEVEL. CONCEPTS

The diagram below shows the basic signal routing when a test
clip is applied to a DUT.

A MO
INPLTS BOARD UMDER TEST

DUT

DIFTEST CIRCUIT TESTER MRIN UNIY

TEST
RESULT

_ COMPARISOH

= _.___';

RD

The input signals to the DUT are extracted and applied to
the RD. Output signals are extracted and routed to a
comparison circuit where timing tolerances and masking
windows are applied. Only conditions that exceed the
defined parameters are latched as a FAIL test result. The
FLUKE 900 has a "Diftest" sensing circuit on the RD to
determine in real time whether a pin can drive, and thus,
whether it (and the corresponding DUT pin) is input or
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output. Signals from DUT input, output and bidirectional
pins are routed appropriately to RD inputs or the
comparison circuit.

In considering how a test result is produced from the
comparison circuit, it is helpful to think of what two
corresponding RD and DUT output signals would look like.
They will differ because of in-circuit conditions and, in fact,
there may be a range of differences seen over many devices
that we term the Performance Envelope (PE) of a good
device.

Performance Envelope (PE}

N
Valtr

Pragram.

Threshald

Time Cnree) *

Vallr /]

Fixed
Threrhald

Time (ness) *
PE > Rpparent Fault
Performance Envelope
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Note that the apparent fault is affected by the variable
threshold sensed on the DUT through the Interface Buffer.
In addition, a fault mask parameter (FMASK) can be defined
as the maximum allowable discrepancy between RD and
DUT on each signal transition. Differences exceeding
FMASK will be considered a true fault. FMASK is
programmable in 10 nsec increments, from 20 nsec to
200 nsec. Threshold is programmable from 0 to 5 volts in
100 millivolt increments. Note that the commonly observed
difference between a loaded DUT and unloaded RD is
30 nsec. With FMASK set at 30, a fault will be indicated
with a 40 nsec discrepancy or, in other words, there is a 10
nscc fault capture ability.

Other relevant parameters at the device level are
Synchronization Time (STIME), Trigger (TRIG), Ignore Pin
(PIN_DEF) and Gate. Synch Time is the time before
comparison when RD and DUT are synchronized. There are
a number of techniques, specific to each device, which are
tried to synchronize RD and DUT. If unsuccessful, the test
will not commence. Trigger is a user-definable two word
event on the device pins that indicates RD and DUT are
initialized. The Pin Definition parameter permits the
ignoring of specitied pins. Gate is a selective ignore of all
pins depending on the state of other signals and is useful to
mask out indeterminate conditions.
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222 DRC - BOARD LEVEL CONCEPTS

The task of synchronizing RD and DUT is assisted by
whatever means are available to initialize the board under
test. For microprocessor controlled circuits, this normally
involves the FLUKE 900’s Reset parameter. The polarity
and timing of this Interface Buffer pulse signal is definable
for restarting the board repeatedly every time the <TEST>
key is pressed. For the setup where another system or tester
must be in control of the start of test, the External Trigger/
External Gate lead on the Interface Buffer is used. A
diagnostic verification normally uses a Test Time (TTIME)
parameter set to the duration of the go/nogo test.
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2.3 SIGNAL CONDITION TESTS
- AND OPERATOR CHECKS

These features provide troubleshooting assistance in addition
to the basic DRC device functionality tests. Signals to the
board under test and DUT can be assigned attributes and
flagged to the user when they deviate. Typically, clock
signals are assigned a specific frequency, chip selects and
strobes are designated "active”, inputs that are pulled up or
down by resistors are designated H and L, and key off-board
input signals are checked for their presence. Such condition
testing may be done independently or together with DRC
to assist in backtracing a fault.

Several features ensure that the user has properly set up the
test. A clip check verification makes sure that the DUT clip
is the proper size and orientation. It also checks that the
DUT is receiving proper power. Since DRC relies on the
presence of a known good RD, a useful feature is the
RD Test. It not only ensures that the RD is correctly
inserted into the ZIF socket on the FLUKE 900’s front
panel, but also applies a test pattern to the RD to make sure
it is good. This RD_Test feature can also be used on its
own to perform simple device pre-screening and to identify
an unknown device with its generic numbered equivalent.
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2.4 PROGRAMMING

As with most ATE, the creation of a Sequence program is
done by learning a good board. The learning, however, does
not involve stimulus programming or recording of actual data
streams. The general charateristics of the signals to and from
a device are established - a relatively straight forward task.
The Performance Envelope (PE) is set to an acceptable
margin for each device on a good board. Normally, a few
good boards are verified to ensure that the range of good
boards all pass. Once these test parameters are established,
along with a nomiral order of clipping the various devices, it
can be recalled from storage to diagnose a faulty board.

A Sequence is a "guided clip troubleshooting procedure” and
can be set up with varying degrees of automation. As a
general guide, the more a programmer knows about a board’s
operation, the more he can preprogram for automatic use by
less experienced operators. Enhancements to a basic
Sequence can include:

- displayed operator prompts and troubleshooting hints
- condition tests to assist signal tracing
- clipping order based on test results.

The basic sequence programming is done through keystroke
entry, more like a programmable calculator than software
generation.  Advanced programming builds on this through
a file editor using a simple test command language (see
Appendix II). This is accomplished using FLUKE 900's
screen editor and keyboard or via a serial communication link
to a PC screen editor.
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2.5 DATA LOGGING

The FLUKE 900 will automatically record, for each board
tested, such things as;

- test results, especially failed devices

- operator clipping and keyboard actions
- devices not yet tested

- start and finish times

- rework instructions.

This record can be listed on a printer, stored on a cartridge
or sent over the communication port to a PC. It is useful to
print out rework tags or for a user to reanalyze his
troubleshooting. The information could be used to compile
statistics on methods and failure trends.
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2.6 TESTING THEORY

For the purpose of comparison testing, digital devices are
classified into three groups as follows:

COMBINATORIAL

- those devices whose output pins reflect immediately
the conditions on the input pins. They have no
internal memory, but may have tristate output pins
(e.g. NAND gate, Bus Driver).

SYNCHRONOUS

- devices with internal memory whose state is brought
to an output pin or can be definitely inferred. They
always have a clock input line (e.g. up/down counter,
J-K Flip Flop).

PROGRAMMABLE

- devices which require data to be written into them
before outputs are valid (e.g. UART, RAM).

Depending upon which category a certain device fails into, it
will have parameters that must be set properly for the three

step DRC test: define, initialize, compare.

Step 1 Defining a Device

- IC number (i.e. 7400)
or  size (number of pins)
- rd_drv (reference device ability to drive 1 LS Load).
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Most device numbers with their associated size and rd_drv
are already predefined.

Step 2 Initializing RD and DUT to the Same State

- Reset (a pulse issued on the R patch lead to reset a
board)

- Offset (a delay to inhibit comparison after reset)

- S_Time (Synch Time enables DUT activity and extra
RD stimuli to synchronize certain device types.)

- Trigger (starts comparison after a user-defined state

appears on DUT)
- Gate (enables and disables comparison from a user-

defined valid state). .

Step 3 Comparing Output Pins within a Performance
Envelope

- T_Time (Test Time defines the duration of
comparison)

- F_Mask (Fault Mask defines how close to compare
RD and DUT)

- Thrsld (Threshold defines logic 1 level)

- Pin_Def (Pin Definition permits specified DUT pins
to be ignored).
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2.6.1 COMBINATORIAL DEVICES

Let us consider a simple combinatorial device, such as a
7400, and draw a timing diagram of what happens after you
clip onto a DUT and press <TEST>. It is known as a test
cycle diagram.

<TEST> |RD_TEST|CLIP CHECK|Compare | Tms
l | ‘I_timl'—}‘ 7

PRSS

til Rerult

Combinatorial Test Cycle

Notice that RD Test and Clip Check are performed first.
This always occurs (unless rd_test or clip_check are off) and
so we will omit showing it in further test cycle diagrams. For
the purposes of the Time-to-Fault value in the test result, it
is measured from the start of the comparison (t=0).
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We did not yet use any of the initialization parameters listed
previously in group 2. They are for more complex devices
and circuit board conditions. Even on a simple 7400 we
probably want to supply a reset pulse to force activity on the
board under test. This appears as follows:

<TEST> | ; [compare | Tme .

| ! I‘(— t.time f— 4
PRES
t:0 Rerult

NEG

Combinatorial Test Cycle

The Reset pulse has a definable duration (100 ms default)
before comparison begins and has a polarity which can be
defined positive or negative.
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2.6.2 SYNCHRONOQUS DEVICES

Now consider a synchronous device such as a 74161 counter
or 74165 shift register. This requires a Sync Time which lasts
only as long as it takes to put RD and DUT into the same
state (t0 a maximum defined by the S_Time value).

cTEST>| ' ! o 1 ||00mpare

| l(_ r. time _,| "(— t_time —;:ss
NES nmt:: _—l_

Result

Synchronous Test Cycle

During §_Time, the RD and DUT are monitored to see if
on-board activity puts them in the same state. We know it
is in the same state by monitoring all outputs since there are
no hidden states. For the *165 paralled load/serial out shift
register, we must also observe a "parallel load" pulse or eight
"serial shift" pulses to be certain that the hidden states are
the same for DUT and RD. The Sync Conditions for each
device form part of the ROM based device library and may
also be created by users for new devices (See Section 7).
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If no activity is seen on the DUT, synchronism may be
attempted by stimulating the RD. For the 161 counter this
would be a series of pulses to the clock line. The patterns
applied come from the device library and may be (as in this
case) a specific vector, the RD_Test stimulus vectors, or a
random vector stimulus. If tristate outputs are present, a
further parameter, Sync_Gate, is required to define validity
of outputs,

In summary, Sync Time is a period before reset/comparison
during which every attempt is made to synchronize RD and
DUT. Associated parameters include:

- Sync_Time (maximum duration of synchronization
attempts)

- Sync_Cond (specified conditions, which must occur to
synchronize RD and DUT)

- SYNC_Vect (RD stimulus during last part of S_Time)

- SYNC_RDT (RD stimulus during last part of S_Time)

- SYNC_PAT (RD stimulus during last part of S_Time)

2.6.3 PROGRAMMABLE DEVICES

Consider a programmable device, such as an 8259 Interrupt
Controller, which must receive mode control data to define
its mode of operation. Prior to this, the pins are
indeterminate and unable to be compared. If we wait after
a Reset pulse for a sufficient time, the DUT will be
initialized and valid comparison can begin.
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The test cycle diagram with Reset Offset set to a negative
value and s_time off, is:

<TEST> | l Compare Tima
I le arrser —lf— t_time —

PASS
t:0 Result

N

{1}
NEE Ruret

Programmable Test Cycle

. Note that comparison does not begin until offset has elapsed
after the Reset pulse. This technique assumes that board
activity did actually initialize the device. A preferred method
is to actively monitor the 8259 inputs for receipt of mode
control data and trigger the start of comparison from this.
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TRIGGER
OCCURS
<TEST> | L. Compare Yima
Al
[ | t_time —
FAsS
1 41] Rerult

1}
NEG Rurst

Programmable Test Cycle

Note that comparison is held off only as long as it takes for
the mode control word to appear on the DUT. If a fajlure
is detected, the Time-to-Failure is measured from the Trigger
point.

Trigger is a defined state on the DUT pins (plus the EXT
patch lead) that enables comparison to begin. Gate has a
similar function in defining a window of comparison.

Think of Trigger as: "start comparing when State X exists"
Think of Gate as:  "compare only when State X exists",
Offset may be given a positive value, which advances
comparison into the duration of the Reset pulse. This is

mainly used to test the devices that actually control a board’s
reset function. '
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TEST> | __ COMPARE Tims
Ir-nrrsn Ml t_time 4
PSS
t:0 Rerult
5y
NEG Resst
T

Test Cycle for Devices
Controlling Reset

The following is a master test cycle diagram which
incorporates all of the initialization parameters we have
looked at:

TRIGGER
OCCURS
STEST> b tertletip cheet] Compare Time 3
{ | | s_tims 1_time =
PRSS
t:=0 Rerult
5v , =
NEG Feset J_l FFSEY
B ==ccemmmmay B LT Y
1) {*)
NEG Rerst U PFFSET
[ = N Iy S AN E
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2.7 TESTING APPLICATIONS

2.7.1 BOARD LEVEL

The general rule for making a troubleshooting sequence is to
automate the common sense techniques used in manual
troubleshooting.  This usually involves testing for critical
signals and devices first and following the flow of signals
through a board. On a microprocessor-based board, critical
signals include CLK, RESET, HLT and bus control signals.
One approach to such a board is to check first for the
presence of these signals with condition tests (e.g. freq, H, L,
Active states) and then proceed with DRC testing.
Alternatively, the devices responsible for clocking and control
signals can be given a first priority in the sequence. On a
multiprocessor board, the area of the master CPU is normally
tested first.

Bus structured board testing proceeds from the bus outwards.
Often, by merely testing 20 pin devices first, this is achieved.
Twenty pins is the size of drivers, transceivers and latches.
For nonprocessor cards, testing proceeds from the card edge
through the board. Note that any sequence is only a
nominal troubleshooting order that the user can override to
shorten the process. He may want to focus initially on
failure-prone areas or verify diagnostic messages from a
functional test.

The diagnostic stimulus should be chosen to provide
maximum activity. Ideally it can be repeatedly induced by
resetting the board, or in the case of a multicard system,
resetting the main board. Very occasionally, a reset will not
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effect a restart or multiple reset pulses cannot be handled by
a board. Testing can still proceed under partial reset
conditions except for certain programmable devices or RAM
that may not be initialized. In some cases, it may be better
to use the External Trigger instead of Reset to start DRC
testing from a signal indicating start of diagnostics.

2.7.2 DEVICE LEVEL

When a failure is detected,there are a number of things that
may be done to give more insight about the device:

- reclip and retest to confirm the failure

- press < <state>> to see if the failing pin is active or
stuck

- press <<EoT>> to see if elapsed time to fault is
consistent

- increase FMASK to check the hardness of the fault

- for a bus device, test a few others on the bus before
concluding which one is bad.

Loading Adjustments

When a device drives a high fanout or capacitive load, the
signal rise time will be extended. Increasing the FMASK
setting will compensate for this. Loading is normally within
50 ns of the response time for a device. If a greater
FMASK is necessary, the user should investigate other
causes.
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Floating Inputs

Inputs floating or connected to a tristate source will cause an
apparent fault when the signals are floating at an
indeterminate level between 1 and 0. The DUT and
Interface Buffer may see logic 1 at different levels. The best
solution is to enable an external gate on a control signal that
is active when device inputs are valid.

Note: Adjustments to threshold that may appear to solve the
problem are probably not universal.  Problems
reappear on other boards because different devices
have different characteristic thresholds.

Noise

To ignore noise and ringing on the inputs of a device,
Threshold may have to be increased. Moving GND lead of
IB close to DUT may also assist. Power supply spikes from
the AC line input are a particularly difficult form of noise to
ignore. :

Race

When the inputs to a sequential device (e.g. clock and data)
are within a few nanoseconds, the slight skew of the System
may cause the RD to clock in wrong data. If this is the
cause of problems, you will generally observe failures on all
output pins (e.g. Q, Q of a flipflop). Try to move Threshold
up and down to separate signal edges.
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Asvnchronous Inputs

An external interrupt or any asynchronous signal acquired by
latching with a synchronous board clock may exhibit a race
problem if the edges are very close. The latching device in
this case is not testable with DRC.

Bus Contention

This occurs when more than one device is enabled on a
tristate bus at the same time. Bus drivers such as 74244,
74245 may exhibit this problem which is illustrated in the
‘following timing diagram:

Device 1 ENABLE L—l

Device 2 ENABLE —I—-’_
Device 2 DATA VALID —-—Ii
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Qutput data for device 2 is indeterminate before the last
part of its output enable signal. The solution is to gate
comparison testing from a signal which indicates valid data.
Most microprocessor designs provide this signal on the bus
controller chip.

High Speed Signals

Recall that FMASK will ignore faults that are less than its
duration. This implies that an FMASK setting of 60 ns
cannot test signals faster than about 8 MHz at 50 percent
duty cycle). To test 20 MHz signals, FMASK should be set
to 20 ns. The general rule is that a signal’s pulse width must
be larger than FMASK.

Initializing Programmable Devices

Programmable devices are indeterminate and will fail if they
are compared before on-board activity initializes them.
Synchronization data built into the library normally handles
this. For new devices or RAM, it is left to the user to mask
out indeterminate states using Trigger. Some systems read
from RAM that is uninitialized and the contents of the RD
will not be the same. The solution is to trigger the start of
comparison from a point after the read-before-write occurs.
For example, set a trigger on the writing to the highest
memory address since this could be the last step of a system’s
initialization routine.
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2.7.3 APPLICATION ADVICE

The testing features are listed alphabetically below and
peculiarities of their application are described.

EoT

The end of test screen shows the states of all pins at
the moment of failure. This is useful to determine the
failing RAM address when solving read-before-write
initialization difficulties of sequence creation.

The time-to-fault reading will only be consistent if an
External Trigger is employed on initial microprocessor
activity. This is because CPU devices act on a Reset
pulse with an inconsistent response time.

Time-to-fault readings in the nanosecond range are
useful for first fail conclusions. Readings in us and ms
ranges are too coarse to be useful.

FMASK

A lower setting provides a closer comparison and
therefare higher quality of test.

The setting should be high enough to pass the typical
range of good boards.

An abnormally high setting (i.e. 50 ns more than
propagation/access time) should be investigated to see

if a Gate is more appropriate.
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FREQUENCY

GATE

Duty cycle information is only available through
< <freq>> and it is affected by the Threshold setting
for narrow pulses.

Use as an alternative to large FMASK settings.

Bus control devices usually provide suitable signals for
gating bus contention.

The frequency and duty cycle of the gate setting may
be observed to monitor complex timing relationships
(e.g. a gate set on RAS and CAS of a RAM to

observe access time).

PIN_DEF (Active Status)

Activity check will reflect pin status even while a gate
is not true. (i.c. an unselected bus device will still
show active pins).

Use sparingly since a bad board will have many missing
signals and may be confusing.

Use mostly on input pins since outputs are checked
with DRC. Exceptions include one shots, line drivers
and any other device not testable with DRC,
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PIN_DEF (H, L Status)

- H and L status checks are performed with 10K
pullup/pulldown resistors in the Interface Buffer.
Pullups are present by default to bring unused input
pins to a definite state. For an L status check, the
pullup is present; for an H status check, a pulldown
resistor is switched in.

PIN_DEF (F Status)
- Use to monitor ungated periodic clock signals.

- A Reset is issued with each pin frequency check.

PIN_DEF (IGN/COMP)

- When a single pin on a device requires a large
F_MASK, that pin should be ignored while the device
is tested a second time with a lower F_MASK on the
rest of the device.

RESET

- Occasionally, a simple Reset fails to duplicate power
down reset. Testing can still proceed, except for the
few devices with uninitialized registers.

- Very rarely, multiple Reset pulses cause such problems

as blowing a fuse. The extra pulses used for
synchronization may be disabled with the command
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SYNC_RESET OFF in the .LOC file of the
Sequence. Alternatively, Trigger may be used instead
of Reset.

Use of a negative Offset to wait for initialization on
a device can be useful in trying to understand the
operation of a good board. On a bad board, however,
it is susceptible to false failures. Trigger is a more
effective initialization parameter in this case.

Use of a positive Offset is recommended for those
devices that generate a board'’s reset so that DRC
testing is done during the Reset pulse.

. STATE

The state screen shows the pin activity during test and
can be a good qualitative indicator of how active a
device was.

THRESHOLD

It is recommended to keep Threshold constant and
vary FMASK and Gate to make devices pass during
Sequence Creation.

Threshold sensitive circuits are subject to board-to-
board variations.

On a signal with a long rise time, lowering Threshold
can permit a lower FMASK setting and thus a closer
comparison on other pins of a device that do not
require a large FMASK.
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3 MANUAL MODE

Functionally Testing Devices in their
Circuit

Manual Mode is used to verify a device suspected as faulty
when no sequence exists. It may be employed by
knowledgeable users where board volume is too low to
warrant creating a sequence.

3.1 MAIN MANUAL SCREEN "\,

Press <<manual>> to enter Manual Mode, Note that, as
with all menu levels, you may exit Manual by pressing
<ESC> at the left of the row of function keys. To protect
against inadvertently exiting and losing any set parameters,
the screen will prompt for confirmation. Press < <yes>> to
exit or <<no>> to resume in Manual Mode with the
following screen:




MAIN MANUAL SCREEN

FMASK 30ns THRSLD  2000mY

TTIME 1000ms IGNORE 0 pins
SIZE_ 20 STD STIME QFF RESET  NEG
RO_ORY HIGH GATE OFF

AR SN

nr selection or chip name

F1] [LF2 } [ F3 ] CFy ] [Es |
Manual Mode Screen

There are three columns of parameters which are set with
default system values and the upper left corner of the screen
is reserved for a DUT part number. Parameters may be
changed by the user through <<local>> or < <global>>.
A local parameter change affects only the device currently
displayed on the screen, while a global change affects the
current and subsequent devices. When a device is selected
by entering its generic part number, the parameter values are
updated from library memory. This ROM-based library is
resident in the system and contains data for most common
devices. Users may add other devices to their own library.
Press "7400 <ENTER>" to bring up a typical standard part.
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7400 FMASK 3I0ns THRSLD  2000mY
TTIME 1000ms IGNORE 0 pins
SIZE_ 14 STD STIME OFF RESET  NEG

RO_DRY HGH_ _ TR ___OFF

Manual Testing

The first column of parameters specifies the DUT.
RD_DRV (reference device drive) is sét high for all parts
that can drive 1 LS load and low for weaker devices. SIZE
refers to the number of pins. STD (standard) means that
power pins are: VCC=SIZE, GND=SIZE/2. That is, for a
7400, VCC is pin 14 and GND is pin 7. NSTD means any
other power pin assignment. The other two columns are
parameters for initializing and comparison testing:

- FMASK (fault mask), THRSLD (threshold) form the
performance envelope

- T_TIME (test time) is the duration of comparison test

- S_TIME (sychronization time) is for library-defined
synchronization

- RESET, TRIG (trigger) are for user-defined
synchronization

- GATE is an active window to mask indeterminate
signals

- IGNORE shows how many pins have been completely
masked.
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3.2 SETTING PARAMETERS

The function keys for the parameters are revealed by
pressing <<local>>.

The order of the function key labels puts the most used
parameters in the first screen for convenience. This includes
< <pin_def>>, the pin definition parameter which is used to
ignore pins and to specify signal condition tests. The second
screen is accessed by pressing <ETC>. Pressing it again
brings back the first screen.

7400 FMaASK 30ns THRELD  2000m¥
TTIME 1000ms IGNORE O pins
SIZE  t4 STD STIME QFF RESET  NEG

SATE_OF TG OFF

LF1 IFE__] I_F3—I [F‘I_I LFS |

First Local Parameter Screen
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7400 FMASK 30ns THRSLD 2000mY
TTIME 1000ms IGNORE O pins

SIZE 14 STO STIME OFF RESET  NEG

RD DR"( HIGH GHTE DFF TRIG _OFF

Second Local Parameter Screen

3.2.1 DEFINING SIZE AND POWER PINS

When a device is unknown to the library, the minimum DUT
specification is to set SIZE. Pressing <size> permits entry of
the number of pins and STD (standard) or NSTD
(nonstandard) power configuration. Entering a standard 14
pin device appears as:

FMASK J30ns THRSLD 2000mY
TTIME 1000ms IGNORE O pins
STIME OFF RESET NEG
GATE _ OFF TRIG OFF

ik L= LI LE

%gﬁ'%- Fad e
Set SIZE to 14_

. [F1 ] [F21 [F3] [Fa] [Fs]

Setting Size
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When entering a 14 pin non-standard device with Vec and
Gnd pins different, the screen appears as:

Allowable supply pins are:

Yee p:ns: 1 4 5 13 14
Gnd pins i 4 _HJ 14

] ,E!_xg‘ii

Set supply puns to. Gnd 7 Vcc-i

] LFY | [F5 ]
Size NSTD. Screen

The syntax shown above must be followed, using function
keys to specify VCC and GND pins from the allowable list
indicated on the screen. Allowable power pin assignments
are:

SIZE vece GND
8 14,78 45,8
14 1,4,5,13,14 4,7,10,11,14
16 1,4,58,15,16 4,7,8,12,13,16
18 - 1,4,589,17,18 4,7,89,14,15,18
20 1,4,5,8,9,19,20 4,7,8,9,10,16,17,20
22 1,4,5,8,9,21,22 4,7,8,9,10,11,18,19,22
24 1,4,5,8,9,23,24 4,7,8,9,10,11,12,20,21,24
28 1,4,5,8,9,27,28 4,789,10,11,12,14,24,25,
28
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3.22 SPECIFYING LOW RD DRIVE

The function key RD_DRV is used to specify a weak
reference device that is not capable of driving 1 LS TTL
load. For most RD’s this will be left HIGH. Note that very
weak devices (and an empty ZIF socket) always produce a
PASS test result since they cannot drive the comparison
circuit. . (The RD_TEST feature is a check against
inadvertently testing with an empty ZIF socket.)

3.23 COMPENSATING FOR DUT LOADING

This parameter compensates for in-circuit loading of the
DUT relative to the RD. Other reasons for timing
compensation include vendor or technology differences
between RD and DUT, access time variations with memory
devices, and wide variations in acceptable timing performance
for certain devices. Note that small differences in
propagation delay for unloaded devices may appear greater
when they are under load in a circuitt The 10 nsec
resolution of the FMASK setting is therefore not as coarse
as it may seem.

To change FMASK, press <<f mask>> and enter a value
between 20 and 200 nsec on the command line.
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7400 =Rt THRSLD  2000mY
' TTIME 1000m5 IGNORE O pins
SIZE 14 STD STIME OFF RESET NEG
RD DFE'IJ' HIGH GATE DFF TRIG DFF

| Fe2 |
Fault Mask Screen

lF11

When <ENTER> is pressed, the new value will be
transferred to the reverse field of the information screen.
Testing and verification of the new value may proceed
directly from this sublevel ("Local parameters” on the Status
Line) or from the preceding Manual Mode level.

3.2.4 SETTING THE DURATION OF TEST

Test time or T_TIME is normally set as a global value to
the approximate time of the board go/nogo test, since it will
likely be the same for every device on the board. A local
change to set Test Time as continuous can be done to check
for an intermittent problem. Press <<t time >> and
proceed as with FMASK to set a new value,
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3.2.5 SETTING S_TIME FOR SYNCHRONIZATION

Sync Time is enabled to initialize devices whose internal
sequential states can be seen or inferred. The S_TIME
requirements form part of the standard device library and
include both synchronization methods and time. The default
S_TIME will appear as 3000 msec for a synchronous device.
This means that the DUT will be monitored and/or the RD
stimulated for up to 3 seconds before producing a FAIL TO
SYNCHRONIZE test result. The user may want to increase
the S_TIME for devices that are running with slow signal
rates (eg. a counter with a 10 Hz clock). Press
<<s_time>> and proceed as with FMASK to set a new
value.

3.2.6 GATING OUT INDETERMINATE CONDITIONS

Many devices, such as those with tristate outputs, have a
natural gate automatically used by DRC. When such a
device is not selected its outputs are not compared. The
GATE parameter is used to further mask out indeterminate
conditions like bus contention by monitoring a control signal
that may not be a DUT input. Additionally, a bidirectional
device may be tested in only one direction by gating on the
DUT direction control input pin. Press <<gate>> to bring
up the screen:
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AXXAXXXXXXXXXXX X

[

]

LF1 | [F2 1 [F3 ] [E4] [Fs

Gate Screen

As with Trigger, cursor control keys choose DUT pins or the
EXT patch lead and 0,1 or X selects the pin states.
<<end>> confirms the GATE changes and <<off>>
temporarily disables the GATE.

3.2.7 SETTING LOGIC 1

Logic 1 can be changed from default (2000 mv) to screen out
noise and ringing which can occur as downward spikes from
VCC or upward spikes from ground. Signals that do not
have sharp edges will be acquired by the Interface Buffer
with slightly different timing depending on threshold level.
THRSLD can therefore also be thought of as a parameter to
adjust relative signal skew and overcome timing race
problems. Press <<thrsld>> and proceed as with FMASK
to set a new value.
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3.28 DEFINING PIN CONDITIONS OR IGNORING
PINS

Signal conditions on a pin-by-pin basis may be monitored and
reported as a secondary test result. Note that this feature
works independently of comparison testing, but can provide
valuable information for backtracing a fault, interpreting
DRC results and raising test/fault coverage.

The following attributes for each pin are possible: H,L AF.
H (high) and L (low) levels are useful to verify input pins
that are tied up or down.

A (active) is an- attribute that may be put on key input

signals such as Qutput Enable, Strobe or necessary signals
from off the board. Highlighting their absence will assist fault
tracing. Activity Check can also help verify the outputs of
one shots and open collector devices.

F (frequency) is recommended as an attribute on ungated
clock inputs and for signals that don’t apply to DRC.

Output pin comparison results can be ignored through
PIN_DEF to mask out indeterminate unused outputs or to
observe beyond the first FAIL indication that freezes the
comparison test.
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Pressing <<pin_def>> for a 7400 brings up the following
graphic screen:

138

1111
43ad1il

1234561

[CF3 ] LF2 |
Pin Definition Screen : .

Point to the pin of interest using the cursor control arrows
and press <<ignfcomp>> or <<status>>. Repeatedly
pressing < <status>> brings up H,L A and F attributes. As
an example, the screen below is waiting for <ENTER> to
confirm a frequency and tolerance attribute on pin 5.
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188}

1111
13el

TRl ENuC e s

xp? 4.950 1%
1234861 nter tolerance:
HLAFF
IF1 } [(Fz ]

Defining Frequency on a Pin

Note that after all pin attributes have been assigned,
<<end>> must be pressed to enable the PIN_DEF
changes, Merely pressing <ESC> will not do this.

3.2.9 RESETTING THE BOARD

Reset is used whenever possible as the only control signal
the tester can apply to a board under test. It repeatedly
initiates the same diagnostic stimulus from system or selftest.

The RESET lead on the Interface Buffer is typically attached
1o a power-on reset signal on the board and assigned various
characteristics through < <reset>>.
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Start of Test ——

l‘{ 100ms

"}l +3V

< <default>>

< <on/off > >

< <offset>>

< <duration> >

<<end>>

Reset is assigned default values, namely
+5 V, negative polarity, 100 ms
duration with 0 ms offset.

Alternate action key that disables or
enables Reset lead.

Positions trailing edge of Reset prior to
start of test (negative value) or after
the start of start of test (positive value).

The duration of the Reset pulse.

Updates the Reset definition with the
attributes established on the screen.
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Pressing <ETC> brings up two more soft keys.

< <supply>> Internal means a 5 V pulse sourced
from the IB. External means a pulse
sourced from a voltage applied to the
V patch lead.

< <polarity>> The normally tristate signal will go high-
low-high for negative and low-high-low
for positive.

Reset Offset is given a positive or negative value for two
very different circuit conditions:

. 1. Positive OFFSET permits comparison to happen
during the reset pulse itself. This is useful to test the
devices that generate and control the on-board reset. -
\
|

2 Negative OFFSET permits a period of DUT activity
before comparison testing is enabled. It is useful for
programmable devices that must be initialized by board
activity before device outputs are valid. However, it
is better to use a Trigger setting to actively monitor
for the arrival of DUT initialization signals. OFFSET
is an alternative method when little is known about
board operation.

3-15




SETTING PARAMETERS

3.2.10 TRIGGERING START OF TEST

The detection of signal events on all DUT pins and the EXT
patch lead can provide an indicator of initialization and
general troubleshooting results.  Press <<trig>> and
observe two words that are the device size in length plus an
extra "x".

WORD1 XXXXXXXXXXXXXX X

Y/ORD2 XXXXXXX
Set trigger word

XXXXER

LF1 ] LFe ]

Trigger Screen

Cursor control keys will point to each pin as indicated and a
1, 0 or x/X (don't care) may be pressed. After the complete
definition of the two possible events, press <<end>> to
update the Trigger definition. Note that <<off>> disables
the defined Trigger while retaining the specified trigger
words. It may be re-enabled by entering Trigger and pressing
<<end>>.
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3.3 TEST EXECUTION

The procedure for testing a device in Manual Mode starts
with entering the device number or size and setting any
parameters that differ from default. The test clip is
positioned over the suspect device with pin 1 on the clip
lined up to pin 1 of the DUT. Larger overhanging clips may
be used as long as pin 1 is properly positioned. The correct
reference device is clamped into the ZIF socket and
<TEST> is pressed. The Status Line indicates "Testing"
while the following steps occur:

- RD Check

- Clip Check

- Test Cycle (refer to Section 2.6)
- Display Test Results

7400 FMASK 30nS THRSLD  2000mY
TTIME 1000mS IGNORE 0O pins

RD_DRY HIGH STIME OFF RESET  NEG

SIZE 14 STD GATE OFF TRIGGER UFF

’l_rra ] F i Ftl—l_ l F5_|

Manual Mode "PASS"
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<F3>, <F4>, <F5> are:

<<freq>> a frequency measurement mode
unrelated to the Test Cycle
< <results> > a detailed graphic view of test results,

user-selected for PASS, but
automatically displayed for FAIL

< <comment> > permits keyboard entry of text to a test
result log file

We will return in more detail to these features later.
The second function key menu level in Manual Mode,

accessed by <ETC>, permits control of RD Test, Clip
Check and data logging.
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3.3.1 RD TEST

RD Test is done automatically when testing devices that are
in the library. It is a verification that the user has inserted
the proper RD into the ZIF socket and, as much as is
feasible, that the RD is good. This is done in varying
degrees depending upon device type. The most complete is
a truth table stored as RD TEST Vectors. Next is a
checksum calculated for PROM and PAL type devices from
reading about 100 address locations or applying a special
PAL pattern. Finally, a simple presence check can verify
that a device with drive capability is inserted in the socket.

i ?-ﬂi??g

RD TEST Screen
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RD Test can be run from the above menu to do a
prescreening device functionality test. Pattern rates are in the
order of 10 kHz. Press < <rdt_off>> and <ESC> to disable
RD Test if, for example, you wish to do signal condition
testing without an RD.

In the RD Test sublevel, < <identify>> will play back the
library patterns to the socket in an effort to match an
unknown part with a generic device number. The number of
pins must first be confirmed and the system assumes currently
specified power pin configuration for the unknown RD.

If the RD is a PAL or PROM as identified in the Manual
Mode device entry (eg. 2732, PAL20RA10), then pressing
<<rdt_run>> will generate a checksum that will appear on
the screen as a multidigit number. Press <<c_sum>> and
eater this number to update RD Test with the expected
checksum.

PAL20RAI0
Checksum error
Checksurn expected: not loaded

actgl: 34940

= _E'%za

LFE1 ] CFe2 i [F3
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3.3.2 CLIP CHECK

Clip Check verifies that the clip is properly oriented by
checking for logic 1 on Vee pin(s) and logic 0 on Gnd pin(s).

Press < <clip_chk>> to enter the mode, < <on/off>> and
<ENTER> to disable or enable it and <ESC> to exit the
mode. A possible reason for disabling clip check would be
to clip over part of a 40 pin device to detect trigger events
and signal conditions.
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3.3.3 TEST RESULTS
Test results fall into the following categories:

Operator Checks (1, 2, 3)

Performance Envelope Comparison (4, 5)
Signal Conditions (6, 5 plus 6), and
Unable to Test (7 a, b, ¢, d)

1. "RD test failed" appears on the status line when no
RD, the wrong RD or a faulty RD is inserted in the
socket. Failing to lower the contact clamping lever
will also produce this message. (Severely shorted
RD’s produce the message "Excessive RD current”). .

2. "No clip inserted" and "Clip size incorrect” are
operator alerts that cannot be overidden by turning
Clip Check off. "Vee-Gnd check failed" and "No
signals from clip" indicate a wrongly oriented clip or
lack of power to the DUT.

3. "Test aborted" appears when <TEST> is pressed
again to stop the test cycle before comparison begins.
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4. PASS - DUT within Performance Envelope

"Pass” on the status line indicates that the DUT did
not exhibit a fault and any specified signal conditions
were satisfied. Press <<results>> to show a detailed
view,

PASS ™™

R Y

Exp: NOT SPECIFIED
Result: HIGH ALWAYS
State @ Eo_T:_ HIGH

rEEEy -

. ] 2] [E3] [
DUT PASS Screen

The cursor control arrow keys are used to point to a
pin of interest as highlighted in the status line.
Expected preprogrammed conditions are listed as
"Exp", actual results are listed as "Results”, and the
state of the pin at the end of test is listed as "State @
EoT". A complete snapshot of all pin signal
conditions during the test is viewed by pressing

< <state>>,
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HRHARA

HL
11
§13

Exp: NOT SPECIFIED
HHLARRAL State @ EoT' HIGH —

LFE1 | LFe | !F_f:!__j LFY | [Fs]

State Test Result Screen

From the State submode you can change expected
signal conditions using <<pin_def>>, the same
parameter accessible from Local Mode. Alternatively,
you may assign actually observed H, L or A conditions
to each pin using <<save_pin>>. A complete
snapshot of all pin states at the end of test is also
available by pressing <<EoT>>. Note that the use
of the save_pin feature overrides all pins defined
previously using pin_def.
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3. FAIL - DUT Exceeded Performance Envelope

The graphic results screen appears along with "FAIL"
in large letters when the DUT failed comparison as
defined by the PE parameters. The failed pins are
shown in reverse highlight and are flashing on the
signal monitor.

FAIL 7™

DUT

Result‘ ACTIVE
Stute E‘ EoT: LOW

. CF1] [CFe ] IF3_| LF‘I] [F5 ]
DUT FAIL Screen

As with the PASS screen, snapshots may be viewed of
all pin activity and state at end of test. Also shown by
pressing <<EoT>> is the "Time to Fault" as
measured from the start of comparison testing, with an
accuracy of 40 ns or within the last digit shown (for
ms, s). Note that most processor-based boards respond
slightly differently each time to a reset pulse.
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Therefore, time-to-fault readings will only be
consistent if an external trigger is connected to the
processor Reset Out or Memory Read signal (i.e. first
op code fetch).

EQESigl] 7400

Tlmerto Fault' 120

LLH

| 5 Ly =
ru~hxT
[T . F S

H
1
]

Expi NOT SPECFIED
Resuit: HIGH ALWAYS

HELLLHL

[Fi] [(F2] [F3 ] [Fua] .
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6. FAIL SIGNAL CONDITIONS
- Operator Interpretation

The graphic results screen appears along with "Fail
Conditions” when the DUT passed comparison but
specified signal conditions were missing. These are
indicated by letters (H,L,A,F) adjacent to the pins
concerned.

FAIL ™

Conditions

1118

1111
1121

LOW ALWAYS
Result‘ ALCTIVE

1234561

. L State l‘_&r EoT:

Signal Condition Fail Screen

Depending on whether the pins are input or output
and how they were programmed, it may indicate a
faulty DUT or be a backtracing indicator. Snapshots
may be viewed of pin activity with <<state>> and
<<E0T>>.
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7. UNABLE TO TEST - Operator Interpretation

There are four conditions that will cause this message
without ever doing a comparison test of the DUT.

a) "Failed to synchronize”
Board activity is insufficient to initialize DUT.
Look elsewhere for the source of the problem.

b) "Synchronization timeout"
S_Time setting is too small for the specified
sync vectors (Refer to Section 7.2)

c) "Gate did not occur” .

Specified gate did not occur.

d) "Trigger did not occur”, "Trig W1 did not
occur”, or "Trig W2 did not occur”.
Specified trigger is not present.
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11111498
121

128314561

Fe

Unable to Test Screen

l This typically indicates fauity activity from a circuit

feeding this device.
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3.4 FREQUENCY COUNTER

The measurement of frequency and pulse width timing on
any pins and the EXT patch lead is possible under operator
control. This is in addition to frequency condition testing
that gives a passffail result. In Manual Mode, press
<<freg>>.

ea] [F2] (F2] [P [Fs4

Frequency Mode Screen

Follow the command line prompt to enter the pins of
interest. Note that pressing "1 <<thru>> 4" will choose
pins 1,234, <<ext>> selects the external patch lead and
<<gate>> will display the frequency of a complex gate
function.

< <detail>> specifies, in addition to frequency, the period,
time high and time low. The following screen shows a
muitiple detailed reading. The display can be scrolled with
Page Up and Page Down cursor control keys.
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Note below that the second set of function key labels has
been brought up with <<ETC>>.

= 4,000MHz period = 250.0ns
= 108.3ns time_L = 141.7ns
= B66.20kHz eriod = 15.08us
= 203 Jns ?mn L =

1488'5,,, _

e
|HL

LF1 1| [ F2 | I F3_| l F'-Ij LFS5 |

Detailed Frequency Screen

The multiplexed frequency reading normally cycles through
the selected pins as shown on the changing Status Line. For
a slow or inactive signal, the frequency measurement window
may not be large enough to capture the signal. Therefore,
to examine signals below 100 Hz or single pulse widths, press
<<no_time>>, which disables the frequency window
timeout. The measurement will then remain on a selected
signal and may be manually stepped to the next one with
<<next_frq>>. Note that every time the command line
instruction is changed <ENTER> must be pressed to
execute the new measurement command.



DATA LOGGING

3.5 DATA LOGGING

A Log is used to record test results and user actions in a file
or to a printer. Its application to automatic board repair is
described further in Section 4.6. Here we look at how to
activate it.

Recall from Section 1.4 that five "log formats" may be
defined in System Mode. They are data filters that screen
various types of data for routing to a file or printer. They
may be assigned a convenient name such as "all” to route all
types of data to a file. Press <<log>> then <<log_on>>
to open a log file.

Choose a log format, for example <<all>> and enter a
filename and destination. Note that messages entered with
<<comment>> during Manual Mode testing are logged
under this format,

There can be up to eight open log files with a pointer
indicated by a reverse field on the screen. Use
<<advance>> to point to the file to be
shown/printed/logged off. They remain open for logging after
<ESC> is pressed to return to Manual Mode.




DATA LOGGING

PEE=Torelion

LF3 |

Data Logging Screen







4 SEQUENCE MODE

Functional Board Diagnosis

4.1 OVERVIEW

A Sequence is a guided clip troubleshooting procedure. Its
simplest use involves loading a sequence file from the
cartridge or from the serial communications port and
"running" the sequence. The user follows instructions on the
screen to clip and test devices in a predefined order. The
clipping order by board location and each device's parameter
settings come from a previously verified Sequence.

The test proceeds using two keys: <NEXT> and <TEST>.
More typically, a user will jump out of the predefined order
to verify devices according to his experience or the observed
failure mode of the board. An advanced sequence
application could involve grouping devices into smaller
sequences pertaining to functional areas or test diagnostics.
Automatic redirection is even possible in response to
specified test results.

Sequences are interrelated files that may be resident in
system RAM or on a nonvolatile RAM cartridge. Sequences
may be loaded via the RS232 serial communication port into
system RAM or cartridge.



OVERVIEW

R3232C

SYST

Sequence Transfer Diagram

Sequence names are a maximum of 15 characters with a
source extension (eg. TESTBOARDI1:CART). Testing with
a Sequence is done in Sequence Mode, one of the four
selections of the main menu level. Although Sequence Mode
is run-only, local changes of parameters may be made as in
Manual Mode. The Sequence remains uncorrupted and the
set parameters are restored when a device is reselected.




DIRECTORY OF SEQUENCES

4.2 DIRECTORY OF SEQUENCES

Press <<sequence>> in the main menu to bring up two
new labels: <<run_seq>> and <<list seq>>. The latter
lists all sequences on cartridge and in the system.

DEMO.seq CART
DEMO1.5eq iSYST

CFi] [Fe]l [F¥3]1 [F9] [ Fs ]

Sequence Directory Screen

While the names are scrolling past, < <pause>> alternately
freezes and resumes the listing. Free cartridge space is shown
on the final line.



RUNNING A SEQUENCE

4.3 RUNNING A SEQUENCE

Press <<run_seq>> and enter the Sequence name on the
command line. Cartridge is the assumed source unless
<<:SYST>> is pressed. The screen displayed will show
either the first device to clip or a message concerning test
setup. It is important to duplicate the test setup under
which a Sequence was created including Reset and GND
lead connections, diagnostic stimulus, and board option
settings. Arranging clips and RDs in an organized fashion is
good practice as well.

DEMO.s2q DEMOQ.loC
us 8283 20p
MAKE SURE DIAGNOSTIC EPROM IS INSTALLED

Typical Sequence Screen




RUNNING A SEQUENCE

The first line on the screen references the files that make up
a Sequence. The "seq" extension is the file containing
clipping order. The "loc" extension is the file containing the
device parameter settings.

The second line shows the device location, the device
number and the recommended clip size. Note that the clip
may be this size or larger since overhanging clip pins are
ignored.

The third and fourth lines show optional user prompt
comments.

Press <NEXT> to step from device to device in the
sequence. Alternatively, a location may be specified explicitly
to overide the predefined order. Example: "U48
- <ENTER>". At the last device, "END OF SEQUENCE" is
displayed and <NEXT> restarts the Sequence.

Note that the cartridge must remain inserted while running
a sequence.



TEMPORARY PARAMETER CHANGES

4.4 TEMPORARY PARAMETER CHANGES

The Local Parameter Submode functions the same in
Sequence as in Manual Mode. Press <<local>> and
proceed with changes as outlined in Section 3.2. There are
various reasons for changing parameters during testing:

FMASK:
T_TIME:

THRSLD:;

PIN_DEF:

Increasing the value will verify the "hardness”
of fault

Intermittent faults are best examined with a
continuous Test Time

Not recommended for general use. Exceptions
are when measuring high frequencies and
checking for fast active pulses (condition test
"A"). Raising and lowering Threshold can assist
interpretation.

Used to ignore a failing pin and check for
other faults.

When a device location is reselected, the original Sequence
paramcters are restored.




RUN SEQUENCE MENU LABELS

i 4.5 RUN SEQUENCE MENU LABELS

Other function keys on the two menu screens available when
running a Sequence are:

<<freq>>

<<comment>>

This functions as a separate frequency
counter to provide further insight (see
Section 3 for operation).

Used to add rework instructions to a
file. With an open log file, press
<<comment>> to bring up the
following screen:

< <results>>

< <untested> >

Note that the function key labels
provide convenient words to speed
message entry.

This displays detailed information on
the test result.

A list is displayed on the screen of all
untested Sequence devices. This is a
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RUN SEQUENCE MENU LABELS

< <start>>

<<rd_test>>
<<clip_chk>>

<<log>>

useful reminder when a wuser is
interrupted in testing. <ESC> returns
to Sequence screen.

The execution is returned to the start
of the Sequence. Confirmation is
requested on re-imtializing the list of
untested devices.

These keys were explained in Section
3 on Manual Mode and are seldom
used here.

The data logging function is particularly
useful in Sequence Mode. To open a
log file at the start of a Sequence (or
any time), follow these steps:

Press <<log>>, <<log_on>>

A — —
Tradas. - 3

LFY ] [F5 ]




RUN SEQUENCE MENU LABELS

Select a log format, for example <<all>>

EoEIIe N o= N

il

ename: Results1 :SYST

Enter filename and destination.

Press <ESC> to return to running the
Sequence.

Note that, according to the log format (data
filter) selected, test and operator information
will be routed to a system RAM file, cartridge
file or the serial port.




LOG FILES

4.6 SUGGESTED SITUATIONS FOR USING
LOG FILES

Service Depot with same technician doing test and rework:

Track failures, parameter changes and untested devices
to help user organize himself.

Production with separate rework area:

Track failures, passes, user comments and untested
locations to assist interdepartmental communication
and recording of IC vendor failure statistics.

Less experienced test technician with knowledgeable
supervisor:

Track clipping order, failures and uatested locations to
help with troubleshooting interpretation.

All log files record the exact time they were opened and
closed. Typically, each board has a separate file named after
its serial number. Log files may be stored on cartridge, but
since they consume a lot of space, it is better that they reside
in system RAM. Files may be dumped to the serial port
using <<prt_log>> in the log screen menu.

<<show_log>> directs the file to the screen.

<<advance>> highlights one of several possible log files
present for printing, showing or logging off.

4-10
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SAMPLE LOG FILE

-
-q

SAMPLE LOG FILE

1
2 Log_om: 22:26 14 Jan 1988
3 Sequence: XT.CART
4
5 Start logging to: SN44063.5YST
6
7 Uge 7400 --- passed
8
9
10 us 8288 -- passed
1 > Jump to location U4
12
13 U4 PAL20RA10 --— unable to test
14 RD test failed

. 15 > Local change: C_SUM 54940
16
17 U4 PAL20RA10 -— failed 40.0 ns
18 Pin(s): 1516 19 20
19 > Jump to location U48

20

21 U48 8259 - failed 983.0 ms
2 incorrect frequency on pin(s): 5
23 Stop logging to: SY44063.8YST
.24 :

25 Untested locations:

26 u1 Us

27 u7 u1s
28 ue us

29 u1o ut1

30 u16 u2

31 u13 ut14
32 U2z uss
33 uo9s U24

. 34 uaz uis




TEST RESULTS

4.8 TEST RESULTS

Test results fall into the following categories:

Operator Checks (1, 2, 3)

Performance Envelope Ccomparison (4, 5)
Signal Conditions (6, 5 plus 6), and
Unable to Test (7 a, b, ¢, d)

L "RD test failed” appears on the status line when no
RD, the wrong RD or a faulty RD is inserted in the
socket. Failing to lower the contact clamping lever
will also produce this message. (Severely shorted
RD’s produce the message "Excessive RD current"). .

2. "No clip inserted" and "Clip size incorrect" are
operator alerts that cannot be overidden by turning
Clip Check off. "Vec-Gnd check failed" and "No
signals from clip" indicate a wrongly oriented clip or
lack of power to the DUT.

3. "Test aborted” appears when <TEST> is pressed
again to stop the test cycle before comparison begins.




TEST RESULTS

PASS - DUT within Performance Envelope

"Pass” on the status line indicates that the DUT did
not exhibit a fault and any specified signal conditions
were satisfied. Press < <results>> to show a detailed
view.

PAS #523“'

Exp: NOT SPECIFIED
Result: HICH ALWAYS
State @ Eol: HOH _

LF1 ] L rea | LF3 ] LFY | L F5 |

DUT PASS Screen

The cursor control arrow keys are used to point to a
pin of interest as highlighted in the status line.
Expected preprogrammed conditions are listed as
"Exp", actual results are listed as "Results", and the
state of the pin at the end of test is listed as "State @
EoT. A complete snapShot of all pin signal
conditions during the test is viewed by pressing
< <state>>,
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TEST RESULTS

T ]
Ly~
ru~hx
—~hx=

Exp: NUT SPECIFIED
HHNLERAL State @ EqT: HIGH_ .

LF1 ] LF2 ] LFE3 | LFM | LFS |

State Test Result Screen

From the State submode you can change expected

signal conditions using <<pin_def>>, the same .
parameter accessible from Local Mode. Alternatively,

you may assign actually observed H, L or A conditions

to each pin using <<save_pin>>. A complete
snapshot of all pin states at the end of test is also
available by pressing <<EoT>>. Note that the use

of the save_pin feature overrides all pins defined
previously using pin_def.
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TEST RESULTS

5. FAIL - DUT Exceeded Performance Envelope

The graphic results screen appears along with "FAIL"
in large letters when the DUT failed comparison as
defined by the PE parameters. The failed pins are
shown in reverse highlight and are flashing on the
signal monitor.

FAIL &°

DUt

non
1948
ye=E el

Exp: NOT SPECIFIED
Eé—%—i—?.—%—i—!r Ropoits ACTIVE

Stote @ EoT'_ LOW

<z~h
Laihy
rurpy
by

LF1 | LF2 | lrsﬂ IF‘I] lrsj
DUT FAIL Screen

As with the PASS screen, snapshots may be viewed of
all pin activity and state at end of test. Also shown by
pressing <<EoT>> is the "Time to Fault" as
measured from the start of comparison testing, with an
accuracy of 40 ns or within the last digit shown (for
ms, s). Note that most processor-based boards respond
slightly differently each time to a reset pulse.
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TEST RESULTS

Therefore, time-to-fault readings will only be
consistent if an external trigger is connected to the
processor Reset Out or Memory Read signal (i.e. first
op code fetch).

E=l Stote{ 7400
LLH u3s

Ttme to Fault' 120.0 ns
MEEEIIICA RS
Exp. NOT SPECIFIED

Result: HIGH ALYAYS

| S

[F1i] [Fz] [F3] [Fu1 [Fs] .
End of Test Screen

L hre
ru~h=e
i

H
1
y

HHLLLHL
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FAIL SIGNAL CONDITIONS
- Operator Interpretation

The graphic results screen appears along with "Fail
Conditions” when the DUT passed comparison but
specified signal conditions were missing. These are
indicated by letters (H,L,A,F) adjacent to the pins
concerned.

FAIL 5%

Exp: LOW ALWAYS
Result: ACTIVE
State @ FoT:

] LF2 | LF3 ] CFa ] [F5 ]

Signal Condition Fail Screen

Depending on whether the pins are input or output
and how they were programmed, it may indicate a
faulty DUT or be a backtracing indicator. Snapshots
may be viewed of pin activity with < <state>> and
<<EoT>>.

4-17



TEST RESULTS

7. UNABLE TO TEST - Operator Interpretation

There are four conditions that will cause this message
without ever doing a comparison test of the DUT.

a) "Failed to synchronize"
Board activity is insufficient to initialize DUT.
Look elsewhere for the source of the problem.

b) "Synchronization timeout"
S_Time setting is too small for the specified
sync vectors (Refer to Section 7.2)

c) "Gate did not occur”
Specitied gate did not occur.

d) "Trigger did not occur", "Trig W1 did not
occur”, or "Trig W2 did not occur”.
Specified trigger is not present.




TEST RESULTS

7400

{ U39
Trg Wi_ drdgnot oCcur
E}} SRR pwe =T

Exp: NUT SPECIFIED
Result: ACTIVE
State @ EoT' LGW

LF1 ] [ Fe_ ]

Unable to Test Screen

This typically indicates faulty activity from a circuit

feeding this device.







5 DEVELOP MODE

Creating Sequences

5.1 DEVELOP SUBLEVEL

The FLUKE 900 is its own complete pregramming station.
All steps can be done from the keyboard in an interactive
verification of a good board that is similar to Manual Mode
testing. It is also possible, and sometimes easier, to perform
Sequence file editing on a PC and download back to the

tester. There are three sublevels accessed by pressing
< <develop>>.

LF1 ] {(F2 ] (F3 ] [Fa] [E51

Develop Sublevel Screen




'DEVELOP SUBLEVEL

<<new_seq>> is used to initially create a new sequence.
Files and their structure are transparent in this mode and
keystroke entry is similar to Manual Mode. The resulting file
has a .nsq extension on its name.

<<files>> is used to edit, enhance, complile and transfer
sequences and data. During sequence creation, files that may
be edited will have .SEQ, .LOC or .LIB extensions to their
name.

<<rd_lib>> is used -to create custom libraries for device
testing in the ZIF socket. This process is covered in detail
in Section 7.




SEQUENCE DEVELOPMENT

5.2 OVERVIEW OF SEQUENCE

DEVELOPMENT METHOD

To develop a sequence, the following steps should be taken:

Set up repeatable comprehensive activity on the board
to be tested. Use Reset whenever possible, either on
the board under test or on another controlling board.
Alternatively, arrange to manually cycle the diagnostics
and use the External Trigger line to define the start
of test.

Enter New_Seq Mode and verify that each device
passes comparison testing. Make adjustments in the
local and global parameters to achieve this.

Reorder the device locations to structure the trouble-
shooting, for example by signal flow. This can be done
with keystrokes in New_Seq Mode or the file listing
can be rearranged with the screen editor. A PC editor
is another possibility.

Edit operator prompt messages into the file.
Verilfy that all devices pass on other good boards.

Document the Sequence, reasons for parameter
changes and the test setup details. Retain a master

copy of the files on cartridge or disk.



FILE INTERELATION

5.3 FILE INTERELATION

The interim file created as the first step of a Sequence is
denoted ".nsq" (new sequence) and may not be directly edited
or run as a troubleshooting sequence. When new_seq mode
is ended and/or files are created through the editor, a set of
:nterlockmg files constitute the completed sequence. They
are ".seq" (sequencc) ".loc" (location) and ".lib" (library) files.
There are two versions of these files:

- Source, which may be viewed and edited. They have
upper case extensions (SEQ, LOC, LIB).

- Compiled, which are executable and are not editable,
They have lower case extensions (seq, loc, lib).

The diagram on the following page shows how the file types
are related.




FILE INTERELATION

EEIL 2]
MAME DEFR

LOC_FILE M.lae FTIMe BN oobg: 400 - DEFAULT
; COMMENT | WEME w2 40 - DEFALLY
restu: &——1 | LORD Dm ¢

4164 - DEFRULT

TEST uza: € :;rTSEK z: :
TEST UyS: € s b2
; CamMENT N us
TESY L2: * LORD ALY €
2 S.TIME ON 100: i Cwrtom Devices
H NAME  UME MR o
: LORD b oatnn B3 ean

W_TIME CN 508 :

| RELATIDNSHIP GF “SEQ™.“LOC™ AND “LIE" FILES FOR SEDUENCE "FILE ¥~ - |

I File Interelation

The ".SEQ" file establishes a troubleshooting order, the
"LOC" file is a database of parameter changes and ".LIB"
files are a set of standard device parameters. Additional file
extensions which are unrelated to Sequences are ".LOG" for
test result data and ".LST" for printable directory listings.




NEW SEQUENCE MODE

5.4 NEW SEQUENCE MODE

Press <<new_seq>> and follow the prompt to name the
Sequence. For an existing Sequence an alert is shown that
you are appending or replacing a Sequence. On the
New_Seq menu, <<manual>> has the same function as
described in Section 3.

Proceed by pressing < <manual>>, entering a device by its
number or size and changing any necessary local or global
parameters. After ensuring that it passes, assign its board
location. Press <ESC> to come back to the New_Seq menu,
then <<defn_loc>> and enter the location designator.

Filename: &
Location :
Device : 7400, Size = 14p

LFE1 | I_F'E—l LF3 { (FE4 ] [(F5]

New Sequence Development




NEW SEQUENCE MODE

Note that you may assign more locations to the same device
and parameter set. They must, of course, each pass a
verification. An example of this could be a bank of RAM’s,
You may display a listing at any time of the device locations
done so far by pressing <<dsp_loc>>.

It s not possible to step through the locations with
<NEXT?> as in Sequence Mode, but you can directly bring
up a location’s device and parameters by entering it (eg. U48
<ENTER>).

The complete new sequence procedure is shown on the
following page:



NEW SEQUENCE MODE

DIFFERENT DEVILE &
MRIN MENY _5Nﬂ CKANGE SAME DEVICE
10 GLUBALS | NEU LOCRTION]
Change ' ' .
Start New L) Defina Define Terminata
Scquence F.«E-!,E“h.' ere Chip E Lucation G Cequence
{levrlopd? {{manual’>> < manual’y <dufn_lacr? <Land>>
Lnew_regd} {{glabal}} ENTER ENTER FILES
OEVICE LOCATION CREATED
<E§\E} FHEE“SD
ENTER NAME CHANGE {ESC
DESTINATION | PBRRMETERS THIL
GLOBARL
DEFRULTY « {{lacal)y FMAIN MENL
CHANGE 165 1M
PRRAMETERS | MEXT ’DEUIEE I

Flow Diagram of New-Seq Procedure

Each device is defined along with any required parameter
changes before its location on the board is defined. As this
is done device by device, a new_seq file (.nsq extension) is
created in system RAM. < <save_fil>> saves the ".nsq" file
to the destination specified when opening the new_seq file
(typically cartridge). It is good practice to do a "save file"
frequently in case of a power failure.




NEW SEQUENCE MODE

New_seq mode may be exitted with <ESC> and re-entered
to resume working on a ".nsq" file provided it was saved.
Note that the device listing shown by pressing < <dsp_loc>>
contains the word default, which is the "dummy" location for
global parameters. Those devices listed above default were
entered before the last "save file" was executed.

When new_seq verification of the board is complete,
pressing <<end>> will automatically create ".SEQ" and
".LOC" files and their compiled versions, "seq" and "loc" of
the ".nsq” file. These are true Sequence files that may be
listed and edited. If you re-open a new_seq ".nsq" file and
<<end>> again, you will be prompted to confirm that the
- previous versions will be overwritten. If you wish to retain
the original files, you must interchange cartridges at this
point (or rename a copy of the file you wish to retain before
re-opening the new_seq file for changes).

The Sequence created may be run in Sequence Mode, but
the device locations are in the order in which they were
entered. A way to reorder it without invoking the editor is
to do it in New_Seq Mode. This involves first opening the
original New_Seq by name, entering the first desired location
and redefining it at that same location. Once you have
reselected every device, press <<end>> and the Sequence
will be in the new order.




SEQUENCE ENHANCEMENT

5.5 SEQUENCE ENHANCEMENT

After developing an initial sequence with correct devices,
locations and test parameters, further enhancement is done
by editing the files. The .nsq file will not reflect any edited
changes so it is no longer the working master. Note that
re-opening a .nsq file and ending it will regenerate .SEQ and
LOC files. Care should be taken that this does not
- overwrite the edited master versions.

Sequence enhancement uses the utilities found under the
files level of Develop Mode (Section 6) and the commands
detailed in Appendix II. The following subsections preview
file syntax and some advanced commands that are not
accessable in New_Seq mode.

5.5.1 SOURCE FILE SYNTAX

- Each line is a command. Blank lines have no effect,
but make a listing more readable. Commands are
grouped together by device or location to form a
command group.

- Command groups end with a colon (:)

- Command fields are separated by at least one space.
The Tab key is often used to improve readability.

- Maximum line length is 254 characters.
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- Labels start with a letter and are alphanumeric
(including underline character).

- A semicolon (;) denotes a comment in the file listing.
To view a file on the screen, press < <edit>> and enter the
file name, type and source on the command line (e.g.
ASEQ:CART).
Example:
LOC_FILE A;this comment has no effect
TEST Ul:
. TEST U22:
LABEL TEST U4é6:

Scrolling thrdugh a listing on the screen is done with the up
and down arrow keys. "Shift down arrow" scrolls a full page
and "Cntr down arrow" scrolls to the end of the file.




SEQUENCE ENHANCEMENT

5.5.2 DISPLAY

The DISPLAY command puts a message, typically an
operator prompt, on the LCD screen.

Syntax: DISPLAY [line #] {"message"}

Parameters: line# may be 1, 2, 3, 4 or nothing.

5.5.3 FUNCTION/END_FUNCTION

When a series of commands are needed in several places in
a sequence they can be grouped together into a FUNCTION
and called as a sub-routine from another comand group. The
TEST command and the ™" cannot be part of the function.
Functions are ideal for parameter settings that are used with
more than one DUT, such as an External Trigger or an
operator prompt that needs to be repeated in more than one
place. After a FUNCTION has been called and executed,
control is returned to the command following the call.

Syntax: FUNCTION {name}
name command_1

command_n
END_FUNCTION
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A FUNCTION is defined by a label (name) and a command
group ending with an END_FUNCTION statement. It is
called by using the command FUNCTION followed by its
label name.

Example: TEST Us:
: FUNCTION MSG-1
TEST ur:

MSG-1 DISPLAY "Run selftest 2"
END_FUNCTION:
5.5.4 JUMP
This will cause the sequence to continue execution at the
specified label. A valid label starts in column 1 of the source

file.

Syntax: JUMP {label}
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5.5.5 IF {condition} THEN {command}

This command is used to test if the specified set of
conditions are "true" and, if so, the system will execute the
command detined by THEN. Otherwise , the program will
continue executing at the next command.

Syntax: IF {condition} [operator {condition}]...THEN

Parameters:

condition

operator

{command}
PASSED - DUT passed
FAILED - DUT failed
RD_SHORTED - Short in ZIF

RD_TEST_FAILED - Bad RD
CLIP_TEST_FAILED- Clip Check fail
FAILED_TO_SYNC - Unable to sync

RD/DUT
NO_GATE - Gate word

didn’t occur .
NO_TRIGGER - Trigger word(s)

missing
NO_TRIGGER_WORD1
NO_TRIGGER_WORD2

+ .. OR

. AND

< ... freq less than value

> ... freq greater than value
= ... freq equals value

<>... freq not equal to value

*
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Example 1
IF PASSED THEN DISPLAY "BOARD IS GOOD"

Example 2

IF FAILED + P4=A * P1< 50MHz THEN JUMP LABEL
Note that units for frequency must be spelled Hz, kHz, MHz.
5.5.6 SEQUENCE FILE LISTING

LOC FILE BOARDI
DISPLAY 1 "CONNECT RESET TO J25"

. TEST U2:
| TEST Us:
TEST ur7:
FUNCTION MSG
TEST U4:
IF P4 <22.95 MHz THEN JUMP LOCS:
END:
LOC5 FUNCTION MSG
TEST Us:
END:

MSG DISPLAY  "DO NOT USE RD"
END_FUNCTION

NOTE: This sequence directs the operator first to U2,
U4, U6, U7, and if it fails, to U5. SEQ files
. created under NEW_SEQ do not show an "END"
statement. The first statement specifies the LOC
file.
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NOTE:

NAME
LOAD
F_MASK

NAME
SIZE
RDT_ENABLE
ACTIVITY

NAME
SIZE
RDT_ENABLE
DISPLAY
ACTIVITY

NAME
LOAD
GATE
DISPLAY

NAME
LOAD

NAME
F_MASK
T_TIME
RESET

5.5.7 LOCATION FILE LISTING

U2
7400
80:

U4

16

OFF
P4=19.95MHz 1%:

us

20

OFF

"OSCILLATOR CHIP"

P1=AP2=H P14=19.95MHz 1%:

Us
S17146B
ON Pi=L

"TESTING IN ONE DIRECTION":

U7
DEMO_PAL:

DEFAULT
40
3000

ON NEG INT DUR =200 OFS=0:

Global parameters are in a command group

named "DEFAULT".
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5.5.8 USER LIBRARY FILE LISTING

NAME DEMO_PAL
LOAD PAL20RA10
S_TIME ON 9000
C_SUM 16170:
NAME S$17146B
LOAD 74245: -

NOTE: The example illustrates defining a custom device
and a simple part number cross reference.
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5.6 SEQUENCE CREATION GUIDELINES

The following eight steps provide a detailed procedure that
is recommended for the creation of effective board test
Sequences.

5.6.1 SEQUENCING PREPARATION

Decide the quality of diagnostic testing desired, the degree
of automation to be included and how much time is available
for sequence creation. A 100 IC board will generally take
from two to four days to complete the entire sequencing
process. Assess the device coverage, percentage of analog
components on the board and any areas that exceed the
tester speed specifications.

Collect Reference Devices, schematics and any required
fixtures including loopback plugs, /O connectors and
extender cards. Arrange RD's in ascending numerical order
in an RD retainer tray. One possibility is to have a unique
tray for each board type. Another is to have one or two
trays that have all devices for a range of boards.

Ensure that clip contacts are clean. Check oxidation on
device pins and clean with alcohol if necessary to avoid

intermittent contact problems.

Check that +5 volt power supply is good on the board and
not at a marginal level that may cause inconsistent results.
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562 DIAGNOSTIC STIMULUS

Set up a reliable repeatable stimulus, ensuring that the
activity is as extensive as possible. Use Reset wherever
possible and verify that it really does initialize the board.
Look for a signal that comes from the power on function,
such as a capacitor to Vcc connected to the microprocessor
reset line. On a single board system this is wusually
straightforward; on a multiple card system, the reset may
even be located on another board.

5.6.3 VERIFYING THAT ALL DEVICES PASS DRC

Verify in NEW_SEQ Mode that each device on the board
passes and, if not, make the required parameter changes.
Refer to Section 2.7 and Appendix III for advice on solving
problems. Note that since FMASK is set per device, not per
pin, it is advisable to test twice' when only one pin requires
a large setting (eg. 150 ns). Test once at 150 and a second
time at 30 ns, with the offending pin ignored.

On devices that pass, pressing < <results>>, < <state>>, to
highlight active pins will give an indication of how well a
device is stimulated. Two convenient ways of performing the
NEW_SEQ procedure are:

1. Verify each device chip by chip, row by row.
2. Verify each device in numerical order (eg. 7400,7402...)
placing a sticker on each IC to keep track of those done,
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5.6.4 ADDING SIGNAL CONDITION TESTS

In general, the more you know about a board, the more
conditions you can test for. For example, activity checks and
triggers are most useful in a sequence structured by signal
tlow. Suitable conditions in order of increasing knowledge of
the board operation are: '

- Fixed frequencies (ungated, periodic)
- System clocks

- Activity presence

- Constant levels

- Triggers and Gates

Conditions should, in general, be assigned only to input pins
since outputs are already checked through DRC.

Enable H and L status checks for pins that are pulled up or
down. Frequencies are measured on fixed, ungated periodic
signals.  Active signals coming from off the board are
checked. .
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56.5 STRUCTURING THE SEQUENCE

The next major step in Sequence creation is to reorder the
devices for troubleshooting. This may be done by redefining
all locations in NEW_SEQ mode as described in Section 5.4,
or creating 2 new .SEQ file with the editor or via the
download utility from a PC generated file. The order could
be by RD type, fault occurence based on past experience or
signal flow. It is advised that the order be by signal flow,
since occasionally, failure modes induce apparent faults
further down the chain. As an example, failing memory
addressing logic can cause all memory devices to appear bad.

A typical micro-based board would have the following
recommended Sequence order:

reset circuit

clock, timing generation circuit
bus control, address decoding
address bus drivers and logic
databus drivers and logic
memory devices

I/O, remaining circuitry

To test boards controlled by other boards, start with the card
edge interface.

If the board diagnostics are effective in first isolating a
failure to a part of the board, several small Sequences
appropriate to each part could be a good implementation.
These smaller .SEQ files will share the same .LOC file for
the whole board.
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5.6.6 ADDING OPERATCR SCREEN
MESSAGES '

Employ the resident editor to add operator prompt messages
to the .SEQ file. For extensive messages, this can be done
also by uploading to a PC, using a full screen editor, and
downloading back to the system. The added messages could
be advice on connecting the patch leads, the type of RD or
troubleshooting hints. Function calls are a convenient way
to add duplicate messages (see Section 5.5.3).

5.6.7 COMPILING THE FILES

All edited files must be recompiled into executable versions.
Press <<compile>> and enter the filenames with
extensions. Do this for all edited .SEQ, .LOC and .LIB files.

5.6.8 FINAL VERIFICATION AND
DOCUMENTATION

Verify the completed sequence by running it on other good
boards. Edit any parameter changes (usually FMASK in the
.LOC file) and recompile.
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®-

One way to allow for a range in performance among several
good boards is to create a NEW_SEQ temporary (.nsq) file
with the default FMASK of 30ns. After creating a .LOC
file, go into it and edit a global FMASK of 40 ns to give an
extra 10 ns margin in comparison resolution.

Document fully the newly created sequence including:

- printout listings of the files

- comment sheet on why parameters were changed

- date, revision level, description of diagnostics

- board statistics: number of ICs, number untested,
percentage covered.

It is good practice to retain a master copy of all source files
on a diskette or cartridge and file it away for safekeeping.

A good rule for file management is to keep a master
cartridge (or floppy disk) containing source and temporary
(-nsq) files so they may be modified. Run-only compiled files
covering a number of board types may be put on another
cartridge. They occupy less space, cannot be readily modified
and may be distributed safely to the test operators.

Typical file sizes for a 100 device board that has operator
prompts in the .SEQ file are:

FILE.LOC 5000
FILE.SEQ - 5000
FILE.loc 1500
FILE.seq 1500
FILE.nsq 3000
Total 16000 bytes
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6 FILE UTILITIES

The file utilities manipulate file data stored in either of two
sources: the data cartridge (:CART) and system RAM
(:SYST). Available utilities in the order they appear on the
menu are: DIRECTORY, EDIT, COMPILE, PRINT,
COPY, UPLOAD, DOWNLOAD, RECOVER,
CARTRIDGE.

File names may be up to 15 characters in length, must start
with an alpha character and may contain only alphanumeric
characters including underscore (). A complete file name

- specification includes the name, a type extension and a

source/destination designator (e.g. FILE_1 .SEQ :CART).
In many cases, it is not necessary to specily the complete
name since the assumed default is appropriate. Defaults are
listed with each utility.

Valid file types are: .SEQ, .LOC, .LIB, .LOG, .LST, seq,
doc, ib and .nsq. The lower case types are generally
absolute files created by the machine and may be transferred
but not edited or printed by the user. The key <<.type>>
permits single key specification of upper case file type with
the function keys. Note that pressing <<.SEQ>> while
pressing <SHIFT> generates a lower case .seq.

In the syntax descriptions that follow, parameters enclosed
in { } brackets are mandatory, those in [ ] brackets are
optional.
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6.1 CARTRIDGE <<cartridge>>
Menu

cartridge

I
I I I I

verify backup fix format

Description

The cartridge utilities do not require specification of
filenames as they are executed on the entire cartridge .
contents.

Format must be executed on a new cartridge before file
operations are possible. This function can also be used
to completely erase the contents of a cartridge. A user
verification prompt appears on the screen before
proceeding with a format operation.

Backup is a quick duplication of an entire cartridge. The
user is prompted to insert a source cartridge, the contents
are loaded into system RAM and a blank cartridge is
inserted and written into.

Verify performs a check that all files on a cartridge are
uncorrupted and it sets the required index flags to permit
further file handling. The most likely cause of a failed
verification is powering down the machine without
properly ending a file creation procedure. The write-
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must be off to perform a verification.
Note that corrupted files are identified during the directory
function, and verify would then be executed.

Fix will close any open file found on cartridge, normally
caused by powering down while a file remains open.
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6.2 COMPILE <<compile>>

Menu
compile
l l
<.type> :CART :SYST
l |
.SEQ .LIB .LOC
Syntax

Compile {filename}[upper case type][:source/destination]
Default

{ﬁler_iame}.SEQ:CART
Examples

Compile FILEL.SEQ

Compile FILE1.LOC
Compile FILEL.LIB




COMPILE

Description

The compile function first prompts for entry of a source
file name and type (SEQ, LOC, LIB) on the command line
along with source :CART or :SYST. After <ENTER> is
pressed, a compressed executable version is created (seq,
loc, lib) and deposited in the same :CART or :SYST
medium as the original source version. Existing compiled
files with the same name are overwritten. If a syntax error
is encountered during the compile, it aborts and displays
the line number of the error within the source file. Syntax
requirements for the compiler are described in Appendix II.

Compiler error messages include:

"Duplicate symbol XXXX" : the label XXXX is
found on more than
one line

"Undefined symbol XXXX" : the label XXXX was

: referenced by does
not exist

"No defaults in file" : no default chip to define globals

“loc file not designated” : the first line in a

seq file specifying
the .loc file is
improper
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6.3 COPY <<copy>>

Menu

copy

I
I I ! |

to <.type> :CART :SYST

I
I | | I |

«.SEQ .LIB . LOC .LST . LOG

Syntax

Copy {filename}[.type][:source]
to {filename}[.type][:destination]

Default

{filename}.SEQ:CARTto {filename}.SAME TYPE:CART
Examples

Copy FILE1 to FILEL:SYST
Note: this copies all types of FILE1
Copy FILE1.SEQ:CART to FILE2

Note: this duplicates a file on cartridge
Copy :CART to :SYST .
Note: this transfers cartridge contents to system RAM
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Description

The copy function is used to transfer files between :CART
and :SYST or copy to a renamed duplicate file within a
single storage medium. This may be done for all file types.
In general, copying is usually done between like file types.
In particular, a lower case file extension musts be copied to
its same type. The following entry on the command line
will transfer a cartridge-resident SEQ file to system RAM.

The destination file may be renamed during this process
(ie. TESTI to TEST2). If a type extension is not
specified, all file types with the primary name are
transferred. When copying a Sequence to a second
cartridge, the files must first be transferred to system RAM
from the original cartridge, the new cartridge inserted and
a file transfer made from :SYST back out to :CART.
Refer to Section 6.1 for copying the entire cartridge
contents using the backup utility.
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6.4 DELETE <<delete>>

Menu

delete

<.type> :CART  :SYST

! I I I
.SEQ .LIB .LOC .LST .LOG

Syntax

Delete {filenames}[.type][:source]
Defauit

Delete {filename}.SEQ:CART
Examples

Delete FILE1.SEQ:CART

Delete FILE1
Note: this deletes all types of specified files on
cartridge
Delete FILEL:SYST .
Note: this does not affect FILEL on cartridge
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' Description

The Delete function removes a filename from the cartridge
directory, effectively frecing up the memory space for other
uses. Deletions may also be made from system RAM. If

no extensions are specified, all file types of the filename
are deleted.




DIRECTORY

6.5 DIRECTORY <<dir>>

Menu
dir
} I I l P
list_to <.type> :CART :SYST recov detail
I I I I -

«.SEQ .LIB .LOC .LST .LOG

Syntax .

Directory [:source][filename].type][recoverable][detailed)

Default
All files.all types:CART
Examples
Directory .SEQ:CART/detailed
Directory :CART/recoverable

Directory fileA
Directory :SYST
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L 2

Description

The Directory function shows, on the screen, the names
of files in cartridge or system RAM, along with the space
they occupy in memory. The final line shows the total
space used and available. As the names are scrolling
through the screen, <<pause>> will alternately freeze
and resume the display. <ESC> will abort the directory
function.

The machine will provide a limited directory of files by
type (SEQ, .LOC, .LIB, .LOG and .LST), by source
(:CART, :SYST) and by name. A spcc1al file type known
as a "list file" with extension .LST is reserved for a listing
of the directory itself. Once a directory listing is assigned
to a list file, it may be printed out on hardcopy like any
other file. As an example, the following entry on the
command line causes a file, A.LST, to be created in system
RAM which contains a listing of the directory of the
current cartridge.




DIRECTORY

etk

[F2 ]
Creating a File of Directory Listing

[Fi]

The second menu level, accessed with <ETC> provides
two more options. <<recov>> lists previously deleted
files that may still be recovered. <<detail>> is a
modifier to the directory function that provides the time
and date that the file was last modified.
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6.6 DOWNLOAD <<dnload>>

Menu

dnlecad

i ]
<.type> :CART $SYST

I I ! I
. SEQ .LIB .LOC .LST .LOG

. Syntax

Download to {filename}[.type][:destination]
Default

Download to {filename}.SEQ:CART
Examples

Download to FILEL.LOC:CART
Pownload to FILE1L.LOC:SYST
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Description

Download routes received serial data to a specified file.
It may be terminated by receipt of a SUB, ETX or EOT
character or by manually pressing <ESC>. Unrecognized
codes arc converted to "I" meaning "Illegal" for screen
display. If a download operation exceeds available
filespace, the file is closed and the operation aborted.
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6.7 EDIT <<edit>>
Menu

edit

I
I I ! I

into <.type> :CART :8YST

I I I I
.SEQ  .LIB  .LOC .LST

. Syntax

Edit [into]{filename}[.type][:source/destination]
Default

{filename}.SEQ:CART
Examples

Edit into FILE1.SEQ:SYST

Edit FILE2
Edit FILE_3.LOC
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Description

Any file with an upper case extension may be modified
using the editor, The filename, type and source are
entered on the command line.

ter:
<FILENAME> .TYPE :SOURCE
Not specified parameter defaulis to:
SEQ R

=EiIE=ir LT

Note that when creating a new file you must edit into a
filename. For an existing file, you can merely edit a
filename. This syntax permits you to keep a backup file
of the original file you are changing (i.c. Edit A into B
will define B as an edited version of A while retaining A).
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——————————— TOP OF FLE~~~ == = = = — — — —
NAME uz2
LCAD 7400
T TIME _o000;
Line_rev Llne— 1 Col=1 Chc:r rep

The top four lines form a scrollable window to view the
file contents. Maximum line width is 254 characters and
file length is limited only by available memory space. Note
that because an edited file is first stored to the specified
destination before the original is deleted, a certain amount
of free memory space must be available to end the edit
mode after a change in file contents. For :CART this is
typically double the file size; for :SYST it is triple. A
warning appears if there is insufficient space.

The cursor may be moved with the arrow keys, one space
at a time. The tab arrow key moves the cursor forward 8
columns (or backwards with the SHIFT key). Use of the
SHIFT key with the arrow keys permits scrolling up or
down by a 4 line page and immediate cursor positioning
at the beginning or end of a line. Use of the Cntr key
with the up and down arrow keys permits immediate
scrolling to the top or bottom of a file. The current cursor
line and column are displayed on the first command line.
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F1 key, <<ins/rev>>, alternately specifies line insert or
line revision as indicated on the command line. With line
revision, characters will overwrite the existing display as
they are typed. With line insert, pressing <ENTER > will
insert a blank line and allow new data to be typed in.

F2 key, <<ins_char>>, alternately specifies replacing or
inserting a new character at the cursor position as
indicated on the command line. In replacement mode the
cursor is an underline, while for insert mode it is a block.

F3 key, <<delete>, deletes the line the cursor is on.

F4 key, <<del_char>>, deletes the character at the
cursor position and moves the remainder of the line to the
left.

F5 key, <<end>>, exits the editor and updates the
changes. Note that <ESC> will also exit the editor after
a confirmation, but will not update the file.

<CE> performs a backspace function, deleting the
character before the cursor, shifting the remainder to the
left and deleting the remainder after the left margin is
reached.




6.8 PRINT <<print>>
Menu

print

I i
<.type> :(CART :SYST

| I I
.SEQ .LIB .LOC  .LST

Syntax

Print {filenames}[.type][:source]
Default

{filename}.SEQ:CART
Examples

Print FILE1
Print FILE2.LOC:SYST

« LOG




PRINT

Description

The print function sends an ASCII data stream to the
serial port for a printer to provide a hardcopy file listing.
Any file with an upper case extension may be printed.
Note that a LOG file may also be printed from
<<prt_log>> in Manual or Sequence mode. The serial
communication attributes are set using <<rs232c>> in
System mode and the printout formatting is established
using < <printer>> in System mode.
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L ]

6.9 RECOVER <<recover>>
Menu

recover

I l
<.type> :CART $SYST

I | I
.SEQ .LIB .LoC .LST

Syntax

Recover {filename}[.type][:source]
Default

Recover {filename}.SEQ:CART

Examples

Recover FILE1L.SEQ:CART
Recover FILElseq:CART
Recover FILE1

Note: this recovers all types of the specified file.

. LOG
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Description

The Recover function restores a deleted file to the
directory if it has not been overwritten. It is used when
a file is deleted by mistake. A list of recoverable files may
be viewed with the directory function. Note that Recover
should be performed as soon as possible since other
storage into the cartridge could overwrite a deleted file
and make it unrecoverable.
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@

6.10 UPLOAD <<upload>>
Menu

upload

I I
<.type> :CART :SYST

I I I |
.SEQ .LIB .LOC .LST .LOG

. Syntax

Upload {filename}[.type][:source]
Default

{filename}.SEQ:CART
Examples
| Upload FILE1

Upload FILE1.LOC:SYST
Upload FILE1l.loc:CART



UPLOAD

Description

Upload takes a specified file and sends it as a serial data
stream out the communication port, following the
attributes set with <<rs232c>> in System Mode.
Transmission is terminated by sending three additional
characters: SUB, ETX, EOT (CntrlZ, CntrlC, CntrlD).
Source files are sent as ASCII characters with each line
terminated by CR, LF. Lower case file types are sent as
ASCII, HEX character pairs with space separators.” Note
that because of data compression techniques, uploaded
files will be larger than they appear according to the
storage space they occupy on :CART or :SYST.




7 DEVICE LIBRARIES

The device library is a database containing information for in
and out of circuit testing. It is comprised of a ROM-resident
file containing a large number of standard devices and
expandable user files resident in system RAM or cartridge.
The ROM library contains test patterns for verifying the
functional integrity of reference devices in the ZIF socket.
The revision level of the library is indicated on the main
power up screen.

The FLUKE 900 is capable of verifying the functional
integrity of reference devices in the ZIF socket by exercising
them with preprogrammed test vectors (RD Test). These are
stored in a library ROM for a large number of standard
devices. The revision level of the library is indicated on the
main power up screen. Additional devices may be added by
the user to a library file.




LIBRARY FORMAT

7.1 LIBRARY FORMAT

The library files appear similar to .LOC files that were
described earlier. The first command in a command group
is NAME followed by the device number designator. The
next command either specifies the device size or references
an cquivalent device that is already contained in the library.

Examples:
NAME 7400X
SIZE 14
NAME S7777
LOAD 7400:

Note that the first example defines a 14 pin device known as
7400X, unrelated to a 7400. The second example defines a
device known as S7777 to be equivalent to a 7400.

Test parameters may also be added to the command group
to account for characteristics such as drive capability
(RD_DRYV), parameters and RD Test specification. Note
that parameters specified in a .LIB file should be general for
all applications while those in a .LOC file are unique to a
particular circuit.

RD test information is listed to verify the device in the
socket. For PROM’S and PAL'’s, a C_SUM is calculated
and verified. About a hundred cells throughout the PROM
address range are combined for its C_SUM (enough to
characterize, but not fully evaluate it). A standard pattern is
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applied to a PAL. For all combinatorial and many sequential
PAL’s, this generates a single characteristic C_SUM. For
more complex PAL’s, a unique C_SUM is not obtainable by
this method. The only recourse would be to write specific
vectors based on a knowledge of the PAL, as described later.

Example of custom PAL library with C_SUM:

NAME PAL1
LOAD PAL20L10
C_SUM 11781:

The creation of RD test vector patterns is covered in
Section 7.3.3. As a final general word on libraries, when a
user enters a device type number, the system first checks
:CART resident .LIB files, then :SYST resident .LIB files,
before checking the ROM resident library. Thus, device
numbers duplicated on both ROM and cartridge will be
chosen from cartridge, effectively ignoring the ROM library.



RD/DUT SYNCHRONIZATION

7.2 SPECIFYING RD/DUT
SYNCHRONIZATION

For most devices other than combinatorial and RAM chips,
it is necessary to define the synchronization requirements
between RD and DUT. This is because the two devices
must first be in synchronism before a PASS/FAIL
determination can be made. To ensure synchronization, we
must be able to observe or infer all the internal states of
each device. For example, an octal latch can be checked for
synchronization by merely observing its outputs when they
are enabled. However, an 8 bit FIFO shift register would
require 8 pulses on its serial-shift-in line before we can infer
the internal hidden states.

One of the failure modes of a DUT can be that it is in an
illegal state or simply cannot be synchronized. Every attempt
is made, therefore, to synchronize RD and DUT before a
PASS/FAIL test result is presented. Under certain rare
board conditions, the DUT is not compared because of an
inability to synchronize (Unable to Synchronize result). Two
methods are employed during the S_Time to synchronize RD
and DUT:

L Monitor DUT for activity that guarantees synchronism.
2. Stimulate RD until it "catches up" to a static DUT,

The synchronization algorithm during S_Time is as follows:
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®
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As can be seen from the diagram, synchronism is first
attempted with a series of ‘Sync Conditions. These are
chosen as the necessary and sufficient conditions that would
guarantee the RD and DUT would be in the same state.
For example, two 7474 D flip flops would be in the same
state after logic 0 on the clear or preset lines or after a
rising edge on the clock lines. If any of these occur, the
devices are assumed to be synchronized and comparison
testing is enabled.

For devices with internal hidden memory states, Sync
Conditions are the only effective technique for synchronizing
and care must be taken to ensure that they are specified
completely to avoid falsely assuming synchronization.

If these conditions do not occur, the second method is tried,
stimulating the RD. The stimulus vectors may be defined
explicitly (SYNC_VECT), chosen from the RD Test pattern
(SYNC_PAT), or created randomly (SYNC_RND). If no
conditions or vectors are specified, SYNC_RND s
automatically chosen for the duration of S_Time (beware of
false synchronization if there are hidden states).

For our 7474 example, a suitable SYNC_VECT would be a
pulse on both clock lines. SYNC_PAT can be an effective
synchronization definition, but it should only be used if the
RD Test pattern completely exercises a device. SYNC_RND
is the easiest to specify although it is less effective.

After each vector is applied, RD and DUT are checked to

see that their outputs are the same and, if so, DRC testing
proceeds. For tristatable devices, a further parameter,
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SYNC_GATE, defines when it is valid to check for
synchronism on an output pin. This is usually a logic level
on the output enable pin.

When defining the synchronizing parameters for a new library
device, it is best to ask yourself two questions:

1. What activity could initialize a device into a known
state? The Sync Conditions should be specified
accordingly.

2. How might a device be stimulated to cycle it through

all possible states, or given a known state of DUT,
how would an RD be put into the same state? The
. vectors should be specified accordingly.

For programmable devices that have hidden states, method
1 should be used alone without method 2.

The actual commands that define synchronization are:

- S_TIME: duration of synchronizing attempts
SYNC_COND: defines  conditions  sufficient to
synchronize from on-board activity
SYNC_VECT: defines vectors to be sent to RD
SYNC_PAT: specifies RD Test pattern instead of
'~ sync vectors
SYNC_RND: specifies random pattern instead of sync
vectors
SYNC_IGNORE: specifies any pins that should be
. ignored while checking for synchronism
SYNC_PINS: specifies the DUT output pins which

should be inactive while RD vectors are
applied during synchronization.
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SYNC_GATE: defines how tristate outputs are enabled
on DUT. Syntax is similar to GATE.
SYNC_RESET_OFF:disables the Reset pulse.
Normally, a Reset is issued before
_checking for each sync condition.
SYNC_GR_END: identifies the end of the group of sync
parameters.

Syntax for the preceding commands is found in Appendix II.

Example library definition of device with synchronization
parameters:

NAME 7474
SIZE 14 _
SYNC_COND <1Pl=L + P4=L + P3=R>
SYNC_VECT 1<1 H P3=C P2=D5>
SYNC_PINS 134
SYNC_GR_END:

NOTES:

1. For illustration purposes, only half of this dual flip
flop has been specified.

2. A number before the first bracket specifies repetitions

of the entire expression. A number after an opening
bracket specifies repetition of the bracketed portion.
P#=R mecans check for a rising edge.

H alone means unspecified pins are driven high.
P#=C means provide a clock pulse of proper polarity.
P#=D# means apply a level 10 the RD pin that is
the same as the specified DUT pin number.

Sk W
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@

EXAMPLE:

NAME

SIZE
SYNC_COND
SYNC_VECT

SYNC_GATE
SYNC_PINS

SYNC_GR_END:

NOTES:

° .
2.

74374

20

<1 P11=R>

1<1 L P11=C P3=D2 P4=DS5
P7=D6 P8=D9 P13=D12
P14=D15P17=D16 P18=D19>
P1=L

11

Sync Vectors are specified on one line in the editor.
A "Synchronization timeout” message appears if the

S_TIME value is too low for the complete vector list
to be executed. Possible causes include; S Time too
small, vector list too long, insufficient activity on

SYNC_GATE.

3. The DUT clock (Pin 11) must be inactive while
vectors are applied to RD (SYNC_PINS command).

EXAMPLE:

NAME

SIZE
SYNC_COND
SYNC_VECT

SYNC_PINS

SYNC_GR_END:

74161

16

<1 P1=L+P9=L*P2=R>

1 <1 H P9=L P7=L P10=L
P2=C P3=D14 P4=D13
P5=D12 P6=D11>

27910
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NOTES:

1. The expression <A*B> means A and B must occur
simultancously. <A>*<B> means A and B must
occur, independently, in any order.

EXAMPLE:
NAME 7490
SIZE 16
SYNC_COND <1 P6=H*P7=H+P2=H*
P3=H>
SYNC _VECT 2 <1 LP14=CPl1=D1>/<5L
P1=C P14=D14>
SYNC_PINS 114
SYNC_GR_END:
NOTES:
1. Sync Vectors are applied to this Decade Counter

(RD) when the DUT is inactive. Clock pin 14 receives
a pulse followed by 5 pulses on clock pin 1, This is
repeated twice to cycle through all 10 states.

2. The general rule for devices that have dual internal
structures is to hold one in the same state as DUT
while stimulating the other (eg. P1=D1).
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7.3 RD TEST

The main function of the reference device test is to verify
that the correct RD has been inserted and clamped in the
ZIF socket before DRC testing begins. This functionality
test can also be used to verify devices out of circuit. After
a device has been selected from Manual, Sequence or
Develop, <ETC> will bring up a second line of F key labels
that includes <<rd_test>>. The screen appears as follows
after pressing this key:

7400

LFe] LF3 | [TFy ] [CFs ]

<<rdt_run>> applies the library test vectors and checks the
device response. Pressing <<rdt off>> disables the RD
test, as would be necessary when testing DUT signal
conditions without an RD. RD Test can also be accessed
under the Develop/RD Lib mode. Here it is close to the file
editor level where vectors are created and allows convenient
verification against an actual RD.
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7.3.1 IDENTIFY

< <identify>> under RD Test appears only for devices that
have a definite functionality (i.e. not PAL's or PROM’).
Pressing < <identify>> brings up the following screen:

SIZE 20 Standard

R L o0 E

[FSs ]

3 e

Identify accord‘ir;g to size shown 7

LF1 ] LF2 | LF3 1|

This allows an unknown device to be matched against a
generic one. Pressing <<no>> will prompt for a new size
and STD/NSTD power definition. Set this to the value
required to match the unknown device to be identified.

Pressing <<yes>> will cause a playback of the library RD

- Test vectors to a device inserted into the ZIF socket. The
result will appear on the status line as a device number or
unknown. Note that there are sometimes several device
numbers that have the same functionality. The Identify
feature will provide the first positive match. .
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7.32 C_SUM

When a selected new device is a PROM or PAL, the RD
Test mode screen appears as:

2764
Checksum expected: not loaded

(=i me=Tiy
[

= W o=
O T —FefT

LF1 |

Fe | LF3 ] CFu ] [Fs |

Pressing <<rdt_run>> will cause about 100 addresses
throughout a PROM/ROM to be read and a C_SUM
calculated and displayed. You may press <<c_sum>> and
enter the numerical value on the command line. Subsequent
RD Test trys using <<rdt run>> or <TEST> will pass
using the C_SUM entered here.

For PAL’s, a C_SUM is also created, although it is arrived
at differently. A standard pattern is applied based on the
PAL generic number (i.e. PAL20RA10) and the output data
characterized with a numeric value. Complex PAL's may
produce multiple C_SUM values and so this simple RD Test
creation will not work. The only alternative is to write
explicit vectors based on a knowledge of the PAL the same
as any standard device, The C_SUM RD Test described
here is normally done in the .LOC file under Develop/New
Seq mode, but may also be edited into a .LIB file as a
command.
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7.3.3 SPECIFYING RD TEST VECTORS

Test patterns for RD Test may be specified using
conventions for two categories of devices.

1. A definite stimulus produces a predictable response.
2. A definite stimulus produces a response that:

- is not predictable but is consistent
(e.g. PROMYs)
- is not consistent (e.g. DRAM’s)

Category 1 comprises most devices and the vector assignment .
conventions are:

- logic 0 for an input pin

logic 1 for an input pin

- logic 0 for an output pin or Gnd

logic 1 for an output pin or Vec

tristated autput pin

- disable comparison on all output pins for this
vector (used for devices with internal memory
that power up in indeterminate states until
initialized).

UNDrH=o

In a .LIB file created from the Editor, the pins are listed in

vector rows with optional spaces to improve readability. The
starting command is RDTEST VECTORS and the last .
command is END_VECTORS.
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Example:

NAME 7400
SIZE 14
RDTEST  VECTORS
00H 0CHL  HOOHOOH
10H 10HL  H10H10H
O1H 01HL  HO1HO1H
11L 11LL  L11H11H
END_VECTORS

Category 2 has two subcategories (CHECKSUM,
PRESENCE) and uses the following vector asignment
conventions:

0 - logic 0 for an input pin

1 - logic 1 for an input pin

L - undefined pin: input, high, low or tristate
output (try to drive pin low, but allow any state ‘
on pin)

H - undefined pin: input, high, low or tristate

~ output (try to drive pin high, but allow any
state on pin}
+ - output pin with a high or low level (not
tristate). Vcc and Gnd are specified with +.
- output pin with a high, low or tristate level
tristated output pin

. For PAL’s and PROM’s, the header command for the vector
table is:

RDTEST VECTORS CHECKSUM
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The footer command is:

END_VECTORS

For DRAM’s and devices with an inconsistent C SUM, the
header command is:

RDTEST VECTORS PRESIEENCE
The footer command is:
END_VECTORS

Note that normally, the RD Test Vectors checksum would
only be created by the user for new types of PAL's and
PROM’s. Types that are in the library already have their
RD Test specitied using C SUM as described in
Section 3.3.1.

The RDTEST VECTORS PRESENCE table used on new
DRAM’s checks that the RD is able to drive its outputs and
that it is not driving any of its inputs. The vector rate of
RD Test is not fast enough to meet the timing requircments
for reliable data.
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7.3.4 VERIFYING AND PRINTING RD TEST VECTORS

RD Test may be run on a device from the Manual Mode
that is a sublevel of develop/rd_lib. Shown on the screen will
be:

line number that failed
pin number that failed
C_SUM error if applicable

The RD Test patterns for user libraries and the
ROM_resident system libraries may be printed. Press
<<rd_lib>> in Develop mode and select the device whose
pattern is to be printed under < <manual>>. Press <ESC>
and < <prt_pat> which will send the formatted test pattern

to the RS232C port.




OUT OF CIRCUIT DEVICE TESTING

7.4 OUT OF CIRCUIT DEVICE TESTING

RD Test provides a 10 KHz stored pattern functionality test
of devices inserted in the socket. It primarily captures static
failures such as pins that are blown low, high or open.

Reverse DRC testing may be employed to functionally
compare a device in the socket within the specs of the tester
to a known good device operating on a good board. The
same 20 MHz signal limit and test parameters from normal
DRC testing apply. This can be an effective way to screen
devices such as DRAM’s at the speed they will operate at in
their final circuit. Note that there are a few factors that
affect the quality of test:

- the test is only as comprehensive as the activity from
the on-board device

- the device in the ZIF socket is only under a load of
1 LS TTL.

- a blown open fault in the socket will not be detected
as a failure by DRC. The RD Test will, however,
catch this, so it is an indispensible part of ZIF socket
device screening.
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FUNCTION KEY INDEX

KEY

LABEL

advance

all

backup

cart

:CART

clear

clip_chk

col

comment

DEFINITION

moves highlighted field from
option to option on the display

is a log format that has all types
of data monitored

is a utility for duplicating a
cartridge

is a group of utilities, namely
verify, fix, backup and format

specifies cartridge as the source or
destination of a file

changes all pins to "don’t care" for
trigger or gate

disables orientation check of test
clip

specifies number of columns for
printer page width

permits keyboard entry of text
into a log file

PAGE

1-27

1-31

6-2

4-2

3-16

3-21

1-30



KEY
LABEL DEFINITION PAGE

conmpile produces executable files from

source files

cont. sets t_time to continuous 38

config_log creates new log formats

copy creates copies of files on cartridge 6-6
or RAM

c_sum prompts for entry of an RD Test 3-20

checksum 7-13

. debug is a sublevel for generating 1-16
. detailed selftest results

default re-establishes initial settings for 3-14
the Reset pulse

defn_loc prompts for entry of a device 5-5
location designator

delete is a utility for removing a file. 6-8
Also erases a line in the editor. 6-18

del_char erases a character in the editor 6-18

del_loc prompts for entry of a location 35-5

designator to remove a device
. detail specifies duty cycle information 3-30

when frequency is measured.
Also used for directory.
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KEY
LABEL
develop
dir
dn_load

dsp_loc

duration

edit

EoT

ext

fix

files

f_mask

format

DEFINITION

is a mode for creating files and
sequences

provides a directory of files on
cartridge or system RAM

opens a file to rececive data from
RS8232 port

shows devices added to a new
sequence file

defines length of Reset pulse

is a utility for changing the
contents of a file

displays a screen showing states
and time at end of test

specifies external patch lead for
frequency measurement

repairs corrupted files so they may
be edited or transferred

provides a menu of all file utilities

permits setting the performance
envelope tolerance

erases and initializes a cartridge

I-3

PAGE

5-1

6-10

6-13

5-6

5-8

3-14

6-15

3-26

3-30

3-7

6-2



KEY
LABEL
freq
gate
global
Gnd
identify
ign/comp
indent
inS_char
ins/rev |
into

.LIB

DEFINITION

permits frequency measurcment
on any pin and EXT lead

defines a test window from states
on pins and EXT

permits test parameters to be set
for an entire board

defines ground pin for a non-
standard device

matches an unknown device to
RD Test library pattern

disables or re-enables comparison
testing on a pin

sets an indentation for printer
output data

spreads a line for insertion of a
character i

alternates between inserting or
revising characters in the editor

specifies editing of a new file
rather than an existing one

specifies a library source file type

PAGE

3-30

3-10

3-2

3-6

3-20

3-12

1-30

6-18

6-18

6-16

58




LOG

log_off

log_on

LST

manual

DEFINITION

sets a line width for printer output
data

provides a listing of sequence
names on :CART or :SYST

defines a file that will contain the
directory listing

specifies a location source file

type

permits test parameters to be
defined for a single device

is a mode for enabling data
recording

specifies a log file type

terminates logging of data to the
highlighted file

prompts for log format and
destination of data to be logged

specifies a directory listing file
type

is a mode for testing single
devices




KEY

) . LABEL DEFINITION PAGE
minimum is a log format that monitors only  1-31

failure data

|
}
new_seq begins or continues development 5-5 |
of a new sequence

next_freq steps the frequency measurement 3-31
to the next specified pin

no_time specifies an indefinitely long 3-31
sampling window for freq. |
measurement

|

NSTD specifies a non-standard device 3-5 }

. power configuration
offset shifts the comparison testing 3-14 ‘

interval relative to the Reset pulse

passes is a log format that monitors pass  1-31
and failure data '

pin_def defines pins for signal conditon 3-11
monitoring

polarity defines polarity of Reset pulse 3-15

print is a utility for printing file listings 6-19

. printer defines printer format options 1-31

prt_log directs a log file to the RS232 4-11

port for printing
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rd_test

rdt_off
rdt_on
rdt_run

recov

recover

reset

results

DEFINITION

directs the RD Test pattern to the
RS232 port for printing

directs detailed selftest results to
the RS232 port

permits  setting a device’s
characteristic drive capability

is a mode for developing user
device libraries

is a mode for testing out-of-circuit
devices

disables RD Test
re-enables RD Test
performs the RD Test

lists recoverable files that have
been deleted

is a utility for recovering deleted
files

permits setting attributes for the
Reset pulse

shows detailed test results on the
display

PAGE

7-17

3-7

7-1

3-19

3-20

3-20

3-20

6-12

6-21

3-22



LABEL

roll

run_seq

save_fil

save_pin

SEQ

scquence

show_log

size

sound

start

state

DEFINITION

rotates a highlighted field through
several options

executes a test sequence

stores a new sequence to its file
destination

defines a pin condition as the
same as observed at cursor

specifies a sequence source file

type

is a mode for preprogrammed
board testing

lists log file contents on the
display

defines number of pins and power
configuration of a device

sets the volume of audible
feedback to keystrokes

restarts sequence from the
beginning

displays a screen showing pin
states during test

PAGE

1-27

3-24

5-8

4-1

4-11

3-5

1-29

4.7

3-23




KEY
LABEL

status

s_time

supply

SYST

system

tag

term

thrsid

thru

time&dat

trigger

t_time

DEFINITION

rotates through optional condition
tests at cursor position

permits setting of sync time

defines voltage source of Reset
pulse

specifies system RAM as source
or destination of a file

is a mode for setting machine

options

is a log format suitable for a
rework tag

sets the line termination character
for printer output data

permits setting of logic 1 level

defines consecutive pins for
frequency measurement

initialize time and date
information

defines a two word event that
determines start of test

permits setting of test time

PAGE

3-12

3-9

3-15

4-2

1-26

1-31

1-30

1-26

3-16

3-8




KEY

. LABEL DEFINITION PAGE
<.type> reveals a menu of file types 6-1 ‘
upload sends a file out the RS232 port 6-23 |
untested shows a list of devices not yet 4-7

tested in the sequence

Vee specifies power pin for a non- 3-6
standard device

verify a utility that identifies and flags 6-2
corrupted files
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COMMAND LANGUAGE

All commands may be put into a file with the Editor and
they are listed here alphabetically with their required syntax.
In addition, many commands may be generated from
keystrokes in New_seq mode. The table on the page II - 3
lists which commands are possible under the Editor (with
recommended file types) and New_seq mode. The command
language follows a number of rules in addition to the specific
syntax listed with each command

- Each line is a command. Blank lines have no effect,
. but make a listing more readable. Commands are
grouped together by device or location to form a

command group.

- Command groups end with a colon (:)

- Command fields are separated by at least one space.
The Tab key is often used to improve readability.

- Maximum line length is 254 characters.

- Labels start with a letter and are alphanumeric
(including underline character).

- A semicolon (;) denotes a comment in the file listing.
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To view a file on the screen, press <<edit>> and enter the
file name, type and source on the command line (e.g.
ASEQ:CART).

Example:

LOC_FILE A;this comment has no effect
TEST Ul:
TEST U22:

LABEL TEST U4é:

. Scrolling through a listing on the screen is done with the up
and down arrow keys. "Shift down arrow" scrolls a full page
and "Cntr down arrow" scrolls to the end of the file. .

Command parameters enclosed with { } brackets are
mandatory in the syntax descriptions; parameters enclosed in
[ ] brackets are optional. These brackets do not form part
of the command. Conversely, for the Sync commands, < >
brackets are used that do form part of the command. The
syntax and examples for certain commands sometimes appear
to wrap around two lines. The actual screen editor has a
254 character line length which accommodates any command
on a single line.
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COMMAND EDITABLE FILE NEW SEQ
SEQ .LOC .LIB

X
X

ACTIVITY
CLIP-CHK
COMMENT
COMPARE
C SUM
DISPSLAY
END
END_FUNCTION
F MASK
FUNCTION
GATE

. IF..THEN...
IGNORE
JUMP
LOAD
LOC_FILE
NAME
RD_DRV
RDT ENABLE
RDTEST
RESET
SIZE
SOUND X
S_TIME
SYNC-COND
SYNC_GATE
SYNC_GR_END

. SYNC_IGNORE
SYNC PAT
SYNC_PINS

>
KX XX
PR a R Rl

S
4

T R T

Eo R -
XK XK X X

X
X
X
X
X
X
X
X

II-3

e

PRt




COMMAND LANGUAGE

COMMAND EDITABLE FILE
SEQ .LOC .LIB
SYNC_RESET OFF X X
SYNC _RND X
SYNC_VECT X
TEST X
THRSLD X X
TRIGGER X
T_TIME X

II-4
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ACTIVITY

ACTIVITY
Purpose: To test for signal conditions on individual pins.
Syntax: ACTIVITY {pin#=status pin# =frequency
tolerance....}
Parameters: H - high
L - low
A - active
"X - don’t care
CLEAR - disable all condition tests
Frequency from .005 Hz to 25 MHz with units
Hz, kHz, MHz
Tolerance of frequency as a percentage
Example:
ACTIVITY P3=H P7=L P9=A P12=12.325 MHz 3%
ACTIVITY CLEAR
Description: This command specifies signal condition checks

to be performed on a per pin basis. They
include high state, low state, active toggling
and specified frequency within a tolerance. The
conditions are added to any conditions that
may have been specified in a previous
command.
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CLIP_CHK

CLIP_CHK
Purpose: To verify orientation of test clip on DUT.
Syntax: CLIP_CHK {ON/OFF}

Parameters: ON - enables clip check

OFF - disables clip check
Example: CLIP_CHK ON
Description: The clip check command enables or disables

the verification of logic levels on the power
pins of the DUT.
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COMMENT

COMMENT

Purpose:
Syntax:

Parameter:

Example:

Description:

To insert a message string into a log file.

COMMENT {"message string"}

Alphanumberic characters enclosed in quotation
marks,

COMMENT "THIS MESSAGE WILL
APPEAR IN A LOG FILE"

This command will put a message string into
any currently open log files that have
comments enabled in their log format.
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COMPARE

Purpose: To re-enable any pins that were previously
ignored.

Syntax: COMPARE ({list of pins}

Parameters: pin numbers
' consecutive pins

Example: COMPARE'1 3-5 11 15-13

-1

COMPARE







C_SUM

C_SUM
Purpose: To specify the value to be used as the

checksum for the RD Test of a PROM or Pal.
Syntax: C_SUM {value}

Parameter:  Value in the range of 0 to 65535

Example: C_SUM 56241

Description: When the ROM-resident or user file RD Test

vectors are specified in the checksum format,
the C_SUM value is used to verify the RD
response.
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DISPLAY

DISPLAY
Purpose: To put an operator prompt on the display.
Syntax: DISPLAY [line number] {"message string"}
Parameters: Line number - 1,2,3.4, Line 3 is
assumed if blank.
message string - characters enclosed in
quotation marks.
The string must be less |
than 40 characters except |
.- for line 3 which will
. wrape to line 4 for a
maximum of 80
characters.
Example:

DISPLAY 1 "THIS MESSAGE WILL APPEAR ON FIRST ‘
LINE"

DISPLAY "THIS WILL APPEAR ON THIRD LINE"

Description: This command puts a parameter string that is
enclosed in quotation marks on the screen as
an operator prompt. The string length is
limited to 40 per line. Line 3 will wrap around
to line 4.
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END

END
Purpose: To return Sequence execution to the start.
Syntax: END

Parameters; None

Description: This command returns to the start and brings
up the first screen when running a Sequence.
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END_FUNCTION

END_FUNCTION

Purpose:

Syntax:
Parameters:

Example:

To return execution to the main sequence after
a function subroutine.

END_FUNCTION
None

See FUNCTION command.
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L

F_MASK
Purpose:
Syntax:

Parameter:

Example:

Description:

To set the Performance Envelope tolerance.

F_MASK {value}

Value is a number in the range of 20 to 200
ns with 10 ns increments.

F_MASK 60

This command sets the value of the comparison
resolution.
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FUNCTION
Purpose: To call a subroutine consisting of one or more
commands.
Syntax: FUNCTION {label}
{label} [command 1]
[command n]
‘Parameter:  Label is an alphanumeric string beginning with
a letter.
Example: FUNCTION MESG1
MESG1  DISPLAY "USER PROMPT MESSAGE"
END_FUNCTION
Description: This command acts as a subroutine call,

transferring execution to the labelled command
and returning with END_FUNCTION. It is
good practice to replace labelled functions after
the END of a Sequence so they are not
entered accidentally.
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GATE

Purpose:

Syntax:

Parameters:

Example:

Description:

To mask out indeterminate orillegal device
states.

GATE {parameter} {P#=I/O E=I/O...}

ON - enables or re-enables gate

OFF - disables gate

CLEAR - clear all I/O definitions

CLEAR_PINS - clear P# definitions but
not E

GATE ON P3=1 P4=0 E=1
GATE OFF
GATE ON

Note: The third line re-enables the gate
defined in the first line.

This command masks out comparison testing
whenever an event occurs defined by specified
logic states on all device pins plus the EXT
patch lead. It may be turned off and
subsequently re-enabled.







IF...THEN...

Purpose: To redirect sequence flow based on test results.

Syntax: IF {conditions} THEN {command}

Parameters: Conditions

PASSED

FAILED
RD_SHORTED
RD_TEST FAILED
CLIP_TEST_FAILED
FAILED_TO_SYNC
NO_GATE
NO_TRIGGER
NO_TRIGGER_WORD1
NO_TRIGGER_WORD?2
P#=H,L,A, frequency and tolerance

Operators

AND

OR

less than

greater than

equal

not equal
precedence brackets




IF..THEN...

Examples:  IF PASSED THAN DISPSLAY "ABC"
IF FAILED +P4 <> 5 MHz 5%
THEN JUMP LABEL2
IF P3-5MHz 5% *(P5=A+P6=L)
THEN JUMP LABELS

Description: This command will examine the last test result
for specified conditions and, if found to be
false, the rest of the command is not executed
until <NEXT> command is pressed. The
word THEN is interpreted as a command
separator and the word following it is assumed
to be a command. For the + and * operators,
the evaluation takes place from left to right .
unless precedence is indicated by brackets.
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IGNORE

IGNORE
Purpose: To disable comparison testing on specified pins.
Syntax: IGNORE {pins and consecutive pin groups}

Parameters: number
number - number

Example: IGNORE 1 3-5 11 15-13
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JUMP

JUMP
Purpose: To unconditionally redirect sequence flow.
Syntax: JUMP {label}

Parameter:  Label is an alphanumeric string beginning with
a letter.

Example: JUMP CONT1

CONT1 DISPLAY "ABC"

. Description: This will caluse the Sequence to continue
execution at the label specified.
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LOAD

LOAD

Purpose: To load parameter data from the library for a
specified device.

Syntax: LOAD {device}

Parameter:  Any device named in ROM or user libraries.

Example: LOAD 7400
LOAD PAL20V10
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LOC_FILE

LOC FILE
Purpose: To reference a .loc file to a .seq file.
Syntax; LOC_FILE {file name}

Parameters: Name of .loc file
Example: LOC_FILE IBM_AT

Description: This command must be the first line of a .SEQ
file. It specifies which .LOC file to use and
allows different .SEQ files to use the same
.LOC file. This command never has a colon

. (3) line terminator.






NAME

Purpose: To define a reference string for a command
group in a .LOC or a ,LIB file.

Syntax: NAME {string}
Parameter:  Alphanumeric characters

Example: NAME U45
NAME 7400







RD_DRV

RD_DRV

Purpose:

Syntax:

Parameters:

Example:

Description:

To permit comparison testing of weak drive
devices.

RD_DRV {parameter}

HIGH
LOW

RD DRV LOW

This command changes the DIFTEST
comparison circuit so it loads the RD by only
about a third of the usual 1 LS load. This
permits devices which have a weaker drive
characteristic to be used as an RD.
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RDT_ENABLE

RDT_ENABLE
Purpose: To enable or disable the automatic RD Test.
Syntax: RDT_ENABLE {parameter}

Parameters: ON
OFF

Example: ~ RDT_ENABLE OFF
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RDTEST

RDTEST

Purpose: To specify 2 new RD Test in a user library.

Syntax: RDTEST {VECTORS} [Vector type]
Vector Table
END_VECTORS

Parameters:

VECTORS - evaluated by table
VECTORS CHECKSUM - evaluated by C SUM
VECTORS PRESENCE - evaluated by drive

. detection

Note: Maximum number of vectors is 99.

Example:

NAME 7400

SIZE 14
RDTEST  VECTORS
00HOOHL  HOOHOOH
10HI0HL  HI10H10H
O1HOIHL  HO1HO1H
11ILIILL  L11HI1H
END_VECTORS

. Description: This command loads the RD test pattern. The
pattern is specified as one of 3 vector table
types followed by the vector table and

terminated by END_VECTORS.
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Vector Table Symbol Conventions

V. CHKSM
VECT V. PRNCE PIN DESCRIFTION
o 0 LOW INPUT (VERIFIED)
1 1(1) HIGH INPUT (VERIFIED)
L (2) LOW INPUT (UNVERIFIED)
H (2) HIGH INPUT (UNVERIFIED)

L (6) LOW QUTPUT OR Gnd

H (6) HIGH OUTPUT OR Vcs

z z TRISTATED CUTPUT

+ (7) HIGH CRLOW OUTPUT CR Vee,Gnd
* HIGH, LOW,TRISTATE OUTPUT

D D (3) ALL OUTPUTS UNKNOWN

Notes

1. Pin must follow the leval driven,

2. Pin need not follow driven level.

3. D on any pin causes all pins 10 ba ignored for that vector.
Used for devices that power up in indeterminate state until
initialized (e.g. UART).

4. Columns of vectors are the pin numbers from left 1o right,

5. Spaces may separate vector elements for readability.

6. Gnd pin is assigned L for VECTORS type.

Vce pin is assigned H for VECTORS type.
7. Gnd and Vec are assigned + for VECTOR CHECKSUM or

PRESENCE types.
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RESET

Purpose: To define the attributes of the Reset pulse.

Syntax: RESET {ON/OFF}{polarity}{source}
{DUR =duration} {OFS=offset}

Parameters; ON enables current setting

OFF suspends reset pulse

polarity POS (positive) or NEG
(negative)

voltage INT (+5V) or EXT (from V
patch Lead)

duration DUR from 10 to 32767 ms in
1 ms steps

offset OFS up to + or - 32767 ms in
1 ms steps

Example:

RESET ON NEG INT DUR=200 OFS=-30
RESET OFF
RESET ON

Description: This command issues a reset pulse on the R
paich lead when <TEST> is pressed and
before the S_TIME portion of the test cycle.
Polarity, voltage, duration and offset relative to
comparison are definable.







SIZE

SIZE

Purpose:
Syntax:
Parameters:
SIZE

8
14
16
18
20
22
24
28

Example:

Description:

To define device size and power configuration.

SIZE {# of pins} [VCC pin list GND pin list]

VYCC GND
1,478 4,58
1,4,5,13,14 4,7,10,11,14
1,4,5,8,15,16 4,7,8,12,13,16

1,4,589,17,18 4,7,8,9,14,15,18
1,4,5,8,9,19,20 4,7,89,10,16,17,20
1,4,5,8,9,21,22 4,7,8,9,10,11,18,19,22
1,4,5,8,9,23,24 4,7,8,9,10,11,12,20,21,24
1,4,5,8,9,27,28 4,7,89,10,11,12,14,24,25,28

SIZE 16
SIZE 16 VCC 8 GND 16 4

This command defines the size of the RD.
Optionally, the Ve and Gnd power pins may
be specified. If these parameters are not
included, the standard pin configuration is
assumed (Vec= highest pin#, Gnd= (highest
pin#)/2).
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SOUND

SOUND

Purpose:

Syntax:

Parameters:

Example:

To generate a sound alert when encountered
in a sequence.

SOUND {type}

FAIL
PASS
POWER_UP
ERROR
ACK

ASCII

SOUND ERROR
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S TIME

S TIME

Purpose:

Syntax:
Parameters:

Example:

Description:

To define the duration of a synchronizing
interval prior to comparison testing.

S_time {ON/OFF} [time]
Time value from 10 to 9990ms in 10 ms steps.

S_TIME ON 5000
S_TIME OFF
S_TIME ON

This command sets the maximum amount of
time, not including Reset duration, that the
machine will attempt to synchronize RD and
DUT. When it is used without a time
parameter, the time is chosen as the previous
value used.
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SYNC_COND

SYNC_COND

Purpose: To define the necessary and sufficient DUT
activity for synchronizing RD and DUT.

Syntax: SYNC_COND <# cond 1> operator
<# cond #2>..

Parameters:

# number of occurrences of bracketed expression
Pin #= high pin state
low pin state
rising edge
falling edge
not active
logical OR
logical AND
priority < > boundary of condition (cannot
be nested)
() grouping within condition or of
conditions
/ ordered AND operator that
requires left condition to be
satisfied before right condition
is evaluated.

*+Zmmem

operator




SYNC_COND

Example:
for 74166 Clear + Serial Shift + Parallel load
SYNC_COND
<1 P9=L> +
<8 P15=H*(P7=L*P6=R+P7=R*P6=L)> +
<1 P15=L*(P7=L*P6=R+P7=R*P6=L)>
for 74595

SYNC COND <8 P11=R>/<1 P12=R>
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SYNC_IGNORE

SYNC_IGNORE

To define the pins that should be ignored while checking if
RD and DUT are synchronized.

Syntax: SYNC_DISABLE ({list of pins}
Parameter:  Numbers from 1 through 28

Example: SYNC DISABLE 3 11 13






SYNC_GATE

SYNC_GATE

To define the time window to check for synchronization from
the DUT output enable pin(s) for tristated devices.

Syntax: SYNC_GATE {P#=1/0 P#=1/0..}
Parameters: P#= pin number

1 = logic 1

0 = logic 0

Example: SYNC_GATE P3=1 P5=0
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SYNC_GR_END

SYNC_GR_END

To mark the end of a group of SYNC commands.
Syntax: SYNC GR_END

Parameters: None
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SYNC_PAT

SYNC_PAT

- To specify the use of the RD Test vector pattern for
synchronization,

Syntax: SYNC_PAT

Parameters: None
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SYNC_PINS

SYNC_PINS

To define the list of output pins on the DUT that should
be inactive during synchronization.

Syntax: SYNC_PINS {list of pins}
Parameters: Numbers from 1 through 28

Example: SYNC PINS 210 13
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SYNC_RESET_OFF

L J

SYNC_RESET_OFF
To disable the reset normally issued during S TIME.
Syntax: SYNC_RESET_OFF

Parameters: None
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SYNC_RND

SYNC_RND

To specify the use of random vector patterns for
synchronization.

Syntax: SYNC_RND

Parameters: None
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SYNC_VECT

SYNG_VECT

To specify the exact vector patterns to generate for
synchronization,

Syntax:

SYNC_VECT N<# level Pin=attribute...>/<#..>...

Parameters:

>

arm Z2 %A

D#
ID#

Example:

for 7490

brackets enclosing a vector expression

left vector precedes right one

specifies number of times to repeat a bracketed
expression

specifies number of times to repeat all
expressions

unspecified pins are logic 1

unspecified pins are logic 0

clock pulse is provided

assigns DUT pin number state to RD pin
assigns inverted DUT pin number state

SYNC_VECT 2<1 L P14=C P1=D1>/

for 7495

<5 L P1=C P14=D14>

SYNC_VECT 1<1 L P6=1 P8=C P2=D13 P3=D12

P4=D11 P5=D10>
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TEST

TEST

Purpose:
Syntax:

Parameter;

Example:

Description:

To retrieve the test parameters from a .loc file
for a specified device in preparation for testing.

TEST {location}
Location is a parameter of a NAME command
in a .LOC file and is the topology designator

for a device on a board.

TEST U5

This .SEQ file command locates the device
parameters in the .LOC file and combines them
with the default parameters. The test hardware
is set up awaiting the pressing of the TEST
key.







THRSLD

THRSLD

Purpose:
Syntax:

Parameter:

Example:

To define logic 1 for a device.
THRSLD {voltage value}
0 to 5000 mV in 100 mV steps.

THRSLD 1500







TRIGGER

TRIGGER
Purpose: To start comparison testing after an event
occurs on a device,
Syntax: TRIGGER {mode}{P#=states E=states}
Parameters:
mode  -ON enable trigger
- OFF disable trigger
- CLEAR clear all bits to "don’t
care"
- CLEAR_PINS clear pin but not EXT
. P# - pin number
E - EXT lead
states - 1 for high
G for low

X, x for "don’t care"

Note: states are specified in pairs for wordl,
word2

Example: TRIGGER ON P1=10 E=00 PR=1X
TRIGGER OFF
TRIGGER ON

Description: This command is used to define the start of
comparison testing from a two word event that
. is a combination of the logic states on any pins
of the DUT plus the EXT patch lead. It may

be turned off and subsequently re-enabled.
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T_TIME

T_TIME

Purpose:
Syntax:

Parameter:

Example:

To define the duration of comparison testing.
T-TIME {value}

A value from 10 to 9990 ms in steps of 10 ms.
CONT means a continuous test time.

T_TIME 5500
T_TIME CONT
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REMOTE CONTROL PROTOCOL

1 GENERAL DESCRIPTION

This is a general protocol for the control of the tester by
other equipment. The controller is able to control most
aspects of operation, and is able to obtain complete
information about tester status or results. Some macro
commands are also available to make it easier/faster to
drive the tester or that make programming the controller
casier. All communication is done using 7 bit ASCII codes.
After every command the tester sends back any results
followed by an acknowledge code to indicate that it is
finished and is ready to receive the next command.

To put the tester into remote mode, the identify command
must first be sent while the power on screen is showing.
In the following description, these conventions are used:

control characters are enclosed in < > brackets.
e.g. <stx>

- optional parameters are indicated with [ | brackets.

- mandatory parameters are indicated with { } brackets.

- information sent to tester is represented by



1.1 COMMAND STRUCTURE

byte 1 Fixed code indicating the start of a .
command: <stx>

byte 2 First command code.

[byte 3 to n) Secondary command codes if required.

byte n+1 to m Parameter bytes. <cr> is the separator

between parameters.
byte m+1 End of command parameter: <etx>
General example of a command:

<stx> command code(s) [parameters] <cr>
[parameters)...<etx> .
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1.2 ACKNOWLEDGE PROTOCOL

Every command sent to the tester will be acknowledged in a
standard way. If the command will take some time, the unit
will send a <sub> back to indicate it has received the
command and is processing it. When it has finished it will
either send an <ack> indicating it has processed the
command and has no response, or it will send a string of
data starting with a <stx> and ending with either a <nak>
or an <ack>. The controller must not send the next
command until it receives an <ack> or <nak> from the
tester. The only exception to this is the abort code <dle>
which can be sent by the controller at any time.
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1.3 ACKNOWLEDGE CODES

02H <stx> start of any command or result block.

03H <etx> end of data code. Used to mark the
end of any command that has a variable
length.

1AH <sub> command accepted and executing.

06H <ack> command completed.

10H <dle> ~ abort currcnt command.
------ --> <dle>
S <stx>H<nak>

0DH <cr> used to separate parameters in a .
command or result.

15H <nak> negative acknowledge. Error responses

have the general form:

<stx>{codes}[parameters]<nak>

<stx>A<nak> parity error
<stx>B<nak> break detected
<stx>C<nak> framing error
<stx>D<nak> overrun error
<stx>E<nak> other
communication
channel errors
<stx>F<nak> Invalid command
<stx>G<nak> general syntax
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<stx>H<nak>

<stx>I<nak>
<stx>J<nak>

<stx>K<nak>
<stx>L<nak>
<stx>M<nak>

<stx>N<nak>

command
aborted

device not found
parameter out of
range

file not found
invalid file type
location not
found
command
execution error

<stx>Y[parameters] <nak>

errors specific to
a particular
command.
These are
described with
the main data
for that
command.




<stx>Z[parameter] <nak>
file error parameters:

01
03
04
05
07
08

12

14

15
1C

22
24

file is open

file not found
file already exists
insufficient space
in destination
cannot write to
destination
cartridge write
protected

file checksum
error
unformatted
cartridge

file
unrecoverable
file too large for
destination
invalid file type
corrupt file




1.4 ABORTING A COMMAND

The controller may abort many of the longer commands by
sending an abort code <dle>. If the abort is recognized
the response will be the abort nak string, <stx>H<nak>,
and if not the response will be the standard one.
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2 REMOTE CONTROL COMMANDS

21 ENTERING AND EXITING REMOTE .

MODE

2.1.1 identify

This command prompts the tester to identify its model,
configuration and version numbers. This command code is
always [ollowed by the text "Identity” as insurance against
some unit that is attached to the tester accidentally becoming
a controller. None of the other commands will be
operational until this command has been received.

Syntax

———— <stx>Aldentify<etx>

D S <stx>Fluke 900<cr>
{sclftest resulis} <cr>
{system software version}<cr>
{L library version} <cr>
{M micro board rev}<cr>
{H high speed board rev}<cr>
{I input buffer rev}<ack>




Parameters

selftest : P-pass
F-fail
system s/w T HHA
library sfw : L#.##
micro board : M#
high speed board : H#
input buffer D 1#
Example
........ > <stx>Aldentify<etx>
Lommneeen <stx>Fluke 900<cr>P<cr>4.00<cr>

L3.00<cr>MO<cr>H1l<cr>10<ack>
2.1.2 exit remote mode
Syntax
D> <stx>GD<ext>
D <ack>
2.1.3 reset unit - soft

The tester exits remote mode and all parameters are set to
their default values.

Syntax

........ > <stx>GB<etx>
Conan <ack>




2.1.4 reset unit - full

The tester exits remote mode and executes a selftest .
initialization.

Syntax

........ > <stx>GC<etx>
B S <ack>
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2.2 DEVICE DEFINITION

One of the following three commands must be used prior to
setting any test parameters.

2.2.1 load data from a .loc file

<stx>BAf{file_name}[.loc][:source]<cr>
{location_name} <etx>

<sub>

<ack>

Filename default type is .loc.

<stx>BATEST1:SYST<cr>U43<etx>
<sub>
<ack>

2.2.2 load data from a .lib file

<stx>BB{device_name} <ctx>




Example

>

<stx>BB74244 <etx>
<sub>
<ack>

223 set size & power

Syntax

——
S S
>
S

<stx>BC{device size}
V<er>

{Vce pin#}<cer>
[Vee pin#]<cr>
G<cer>

{gnd pin#}<cr>

[gnd pin#]<etx>
<ack>

<stx>BC20<cr>V<er>19<er>Geer>
S8<cr>20<etx>
<ack>
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2.2.4 read size & power

Syntax

————— <stx>BD<etx>

- —— <stx> {device size} <cr>
S V<er>

S — {Vce pin#}<cr>

S JE— [Vee pin#]<er>

v S Geor>

D —— {gnd pin#}<cr>

- S [gnd pin#]<ack>
Example

........ > <stx>BD<etx>

L E— <stx>20<cr>V<er>19<cer>
P R G<er>8<cer>20<ack>

225 set RD drive

Syntax
........ > <stx>IB{parameter} <etx>
S <ack>
Parameter
H - high
L - low
Example
........ > <stx>IBL<etx>
S — <ack>



226 read RD drive

Syntax
........ > <stx>IC<etx>
S — <stx>{parameter} <ack>
Parameter
H - high
L - low
Example
—————— <six>IC<etx>
D — <stx>H<ack>

227 set c_sum

Syntax
........ > <stx>ID{value} <ectx>
P S <ack>
Parameter

numerical ¢_sum value
Example
........ > <stx>[D34562<etx>
P — <ack>
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228 read c_sum

This command causes a numerical value to be returned
which is the ¢_sum. If there is no c_sum, no parameter
appears (ie: <stx><ack>).

Syntax

........ > <stx>[E<etx>
Commnana <stx> {value} <ack>
Example

——— <stx>]E<etx>

- S <stx>34562<ack>




2.3 TEST PARAMETER SETUP

2.3.1 fmask

2.3.1.1 set fmask

Syntax

———— <stx>CA{value} <etx>
Cemamene- <ack>

Example

————> <stx>CAl20<etx>
B . <ack>

23.1.2 read fmask

Syntax

———— <stx>CB<etx>

P — <stx>{value} <ack>
Example

........ > <stx>CB<etx>
S <stx>120<ack>
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2.3.2 threshold

23.2.1
Syntax

—————

P S

©23.2.2

Syntax

PP
Example

>

set threshold

<stx>CC{value} <etx>
<ack>

<stx>CC2000<etx>

<ack>

read threshold

<stx>CD<etx>
<stx>{value} <ack>

<stx>CD<etx>
<stx>2000<ack>




2.3.3 test time

23.3.1

Syntax

& mmammnnn

Parameter

P

23.3.2
Syntax

—————>
L

Parameter

Exampie

—————>
& mmmmmiam

set test time

<stx>CEA{value} <etx>
<ack>

1 to 9999
C (continuous)

value:

<stx>CEA10)<etx>
<ack>

read test time

<stx>CEB<etx>
<stx> {value}<ack>

value: 1 to 9999
C (continuous)

<stx>CEB<etx>
<stx>C<ack>
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2.3.4 sync time |

23.4.1

Syntax

& e

Parameter

P S

23.4.2

Parameter

set sync time

<stx>CEC[value]<erx>
<ack>

10 to 9990
no value means off

value;

<stx>CEC2500<etx>
<ack>

<stx>CEC<etx>
<ack>

read sync time

<stx>CED<etx>
<stx>[value]<ack>

10 to 9990
no value means off

value:
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Example

——— <stx>CED<etx>
e <stx>2500<ack>

........ > <stx>CED<etx>

P — <stx><ack>

2.3.5 pin_def

23.5.1 define a pin_def

Syntax

> <stx>CF{pin#} <cr>
———— [activity or frequencyj<cr>

-------- > [Ignore or Compare]<etx>
L E— <ack>

Parameter

H - high
L - low
A - active
I - ignore
C - compare
frequency units  tolerance
#HAHE Hz #%
kHz
MHz




Example

. S <stx>CF20<cr> (pin#)
-------- > 4 5MHz4% <cr> (activity or frequency)

........ > I<etx> (Ignore/Compare)
D . <ack>
23.5.2 read a pin_def
Syntax
—vanmaa <stx>CG{pin#} <etx>
S <stx>[activity or frequency]<cr>
Commmmee {Ignore or Compare}<ack>
Example

. -------- > <stx>CG20<etx>
S <stx>4.5MHz4% <cr>
o — I<ack>

2.3.6 trigger and gate

|

\

|
Trigger and Gate are defined and enabled remotely from
three words which are first assigned before being enabled.
Word 0 is reserved for gate, words 1 and 2 for trigger.

Each word corresponds to the pins on a device with pin 1 at |

the left followed by a separate bit for the EXT patch lead i

input. |

\

|

\

|

\

|

|

|



2.3.6.1 set word definition

s ®

——— <stx>DGA{word#}<cr>

........ > {word} <cr>

........ > {EXT bit} <etx>

- — <ack>

Example

........ > <stx>DGAO<cr>

——— M1IX11X0OXXXX XXX <cr>
........ > 1<etx>

e <ack>

23.6.2 read word definition .
Syntax

........ > <stx>DGB{word#} <etx>
P <stx>{word} <cr>

D — {Ext bit} <ack>

Example

........ > <stx>DGB0<etx>

D J— <stx>001X11X00X XX XXX X <cr>
- l<ack>

2.3.63 trigger configuration

This selects the order of trigger words as 1 then 2. Present .
hardware limitations do not allow other orders (ie: 2\1).
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. ........ > <stx>DGCl2<etx)
P ER— <ack>
2.3.64 trigger enable/disable

Once trigger words have been defined and ordered, the
feature is turned on or off with this command.

Syntax
-------- > <stx>DGD{parameter} <etx>
PP <ack>
. Parameter
E - enable
D - disable
Example
——— <stx>DGDE <etx>
L — <ack>
2.3.6.5 read trigger configuration
Syntax
........ > <stx>DGE<etx>
. D — <stx>{E or D}<cr>
D QU {word order}<ack>




Parameter

E - enabied .

D -  disabled
I\2 - present fixed word order

Example

........ > <stx>DGE<etx>
D — <stx>E<cr>
R 12<ack>

23.6.6 gate configuration

Present hardware requires that word 0 be defined and chosen
as the gate with this command.

Syntax

—————> <stx>DGF0<etx>

< mmmamen <ack>

2367 gate enable/disable

Syntax

c—raraaa> <stx>DGG{E or D} <etx>

D - <ack>

Parameter .
E - enable
D - disable
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. D - disabled

0 - present fixed word #

. -------- > <stx>DGGD <etx>

PR <ack>
2.3.6.8 read gate configuration
Syntax

S —— > <stx>DGH<etx>

|  J— <stx>{E or D}<cr>

| Lommmmee {word#}<ack>

% Parameter

E - enabled

Example

———— <stx>DGH<etx>
D —— <stx>D<cr>
Cmmmmmnia O<ack>

All parameters are set to their default values and the unit

2.3.7 reset all parameters :
remains in remote mode.
\
|

. Syntax

—— <stx>GA<etx>
& e <ack>




2.4 TEST CYCLE CONTROL

2.4.1 define reset .

Reset pulse characteristics must be defined in the order
shown. If no parameters are included, Reset is turned off.

Syntax
e3> <stx>DA{Positive or Negative} <cr>
S {Internal or External Vcc}<er>
> [-}{otfset} <cr>
——— {duration} <etx>
Commaae <ack>
Parameters
P - positive
N - negative
I - internal
E - external
Example
........ > <stx>DAP<cr>
—————— I<cr>
— 200<cr>
e S00<etx>
P <ack>




2.4.2 read reset definition

Syntax
memeena >
& emmamann
.
P
.
Parameter
Example
R
 —
-
-
& mmammeee

<stx>DB<etx>

<stx>{Positive or Negative}<cr>
{internal or External Vcee}<cr>
[-l{offset} <cr>

{duration}<etx>

P - positive
N - negative
I - internal
E - external

<stx>DB<etx>
<stx>P<cr>
I<cr>
200<cr>
500<etx>

2.4.3 clip_chk enable/disable

Syntax

>

Parameter

<stx>DC{parameter} <etx>
<ack>

D - disable
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E - enable
Example

——— <stx>DCD<etx>
P <ack>

2.4.4 read clip_chk status

Syntax
........ > <stx>DD<etx>
> - <stx>{parameter} <ack>
Parameter
D - disable
E - enable
Example
........ > <stx>DD<ebx>
P <stx>D<ack>

2.45 rdtest enable/disable

Syntax

-------- > <stx>DE{parameter} <etx>
DR — <ack>

Parameter

D - disable
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Example

c——————> <stx>DEE<etx>

2.4.6 read rdtest status

<stx>DF<etx>
<stx>{parameter} <ack>

D - disable
E - enable

<stx>DF<etx>
<stx>E<ack>




2.4.7 perform test

This command is equivalent to pressing the TEST key. The
3 last parameters are decimal numbers that, when converted

lo binary, are flags indicating failure details.

Syntax

—— <stx>DH<etx>

D — <sub>

- U <stx>{result} <cr>

Cemmmannn [time to fault]<cr>

Cnemmneen [type of fault parameter]<cr>

e [condition details parameterj<cr>
Comanmene [clip check parameter]<ack>

.One of the following error responses will occur if an
attemptis made to test in spite of an initial selftest error:

<stx>YT<nak>
<stx>YF<nak>

Parameter

result P - Pass
F - Fail

Threshold improperly calibrated.
FMASK improperly calibrated.

U - Unable to test: sync, trigger or gate
N - Not tested. RD test or clip check failed.

time to fault ## ###

ns for nanoseconds
us for microseconds
ms for milliseconds
s for seconds




type of fault

Bit

NOY O B

W =

64
128

(decimalized binary flags)

(1 is true, 0 is false)

short in RD socket

RD test failed

clip check failed

failed to sync

comparison test failed

condition test failed or missing trigger
or gate

sync conditions satisfied

sync time expired

condition details (decimalized binary flags)

Bit

e e N

16

128

(1 is true, O 1s false)

frequency test failed
active pin check failed
high pin check failed
low pin check failed
no gate present

no trigger present
missing trig word 1
missing trig word 2



clip check  (decimalized binary flags)

B @

1 clip not inserted

2 wrong clip

4 clip check fail

8 Vcee/gnd check failed

16 clip moved during test
Example
———D> <stx>DH<etx>
L mmmmmemm <sub>
D — <stx>F<cr>
& mmmnee 3.440s<cr>
Comrmenmn 48<cr>
D QR 16<er> .
D JR— O<etx>

2.4.8 read test results

This command prompts for the pin by pin failure results. A
blank space <sp> is used to separate pin numbers from their
result.




........ > <stx>DIF<etx>
S <stx>{pin#}[<sp>F]<sp>condition
failj<cr>

additional pin results <ack>

The following error response will be sent if there are no test
results available:

Cmmamracn <stx>YN<nak>
Parameters

Pin # - ##
F - fail comparison

condition fails:
L - fail low pin check

H - fail high pin check
A - fail active pin check

## ###Hz)[kHz][MHz]
- fail frequency check
Example
........ > <stx>DIF<etx>
S <stx>1 A<cr>
D — 12<sp>4.34kHz<cr>
- p— 4<sp>F<sp>H<ack>
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2.49 read status results

This command prompts for the pin by pin status results .
during the previous test. These results are obtained from
the keyboard by pressing the state key.
Syntax
-------- > <stx>DIS<etx>
S ——. <stx>{pinl state}<cr>
{pin 2 state}<cr>

{last pin state}<ack>

No test results available:

R <stx>YN<nak>
Parameter
H - high
L - low
A - active
##.###[Hz)[kHz])[MHz]

- frequency mismatch

IV - 34




. ........ > <stx>DIS<etx>

S <stx>A<cr>
H<cr>
53MHz<cr>

L<etx>




2.5 USER COMMUNICATION

2.5.1 display text on screen .
Syntax

-------- > <stx>EAf{line #}<cr>

c—————— {column #}<cr>

— {Normal or Reverse highlight} <cr>

........ > {ASCII text}<etx>

Cmmmnmen <ack>

Parameter

The line # and column # specify the starting position of the
text on the screen.

Example .

m——— <stx>EAS<cr>
........ > 21<cr>

————————D R<cr>

........ > hello<ex>

C memmmmmn <ack>




252 read a keystroke

Syntax

-------- > <stx>EB<etx>
Commman <sub>

S <stx> {key} <ack>
Parameter

If the key pressed is a standard ASCII character, that
character is returned. If the key is a special key a "™*" is
returned followed by a character representing that key.

Table of Special Key Codes:

KEY <SHFT>-KEY <CNTR>-KEY
F1 1 D w
F2 2 E X
F3 3 F Y
F4 4 G z
F5 5 H [
CE 6 | \
NEXT 7 J |
ENTER 8 K ~
TEST 9 L _
ESC : soft reset full reset
ETC : N a
CURSR UP < 0 b
CURSRDOWN = P c
CURSR LEFT > Q d
CURSR RIGHT ? A e
TAB @ S f

Note: The system reset function caused by SHIFT ESC keys
and CNTR ESC keys puts the tester out of remote
mode.




ASCII Key A

<stx>EB<etx>
<sub>
<stx>A<ack>

Function Key F1

P
R

<stx>EB<etx>
<sub>
<six>*1<ack>

2.5.3 read a string of keystrokes

>
P
& e

Note:

<stx>EC{column #}<cr>

{row #}<cr>

{max number of characters}<etx>
<sub>

<stx> {text string} <ack>

Pressing ENTER key causes preceding text to
be sent to the controiler regardless of whether
it has reached the maximum string length
specified. The column and row numbers
specify where the beginning of the string
appears on the screen.




. E— > <stx>ECS<cr>

........ > 2l<er>

........ > S<etx>

S <sub>

Comemannn <stx>hello<ack>

2.54 generate sounds

Syntax

> <stx>EDA{sound code} <etx>
L QR <sub>

D RN <ack>

. Parameter

Sound codes: 0 - Power up
1 - Acknowledge
2 - ASCII Key
3 - Error
4 - Pass
5 - Fail

........ > <stx>EDAd<etx>
. <sub>
D —— <ack>




2.6 READING FREQUENCY AND TIMING

2.6.1 read frequency .

The parameters consist of the pin number to be read
preceded by an optional "S" to indicate that a slow signal is
expected and a time-out should not be used. To read the
frequency, timing or duty cycle on the external lead specify
"E" instead of pin #.

Syntax

SN <stx>FA[S]{pin #}<ex>

S <sub>

Commmmee <stx>{frequency, Hz, kHz, MHz} <ack>

Example .
........ > <stx>FAlS<etx>

e <sub>

P J— <stx>4.345kHz<ack>

262 read pericd

Syntax

........ > <stx>FB[S}{pin #}<etx>

S <sub>

o J— <stx>{4 digit time, ns, us, ms, s} <ack>




Example

|
|
|
. -------- > <stx>FB15<etx> :
|
|

St <sub>
D . <stx>4.345ms<ack>

26.3 read high time

Syntax
D> <stx>FC[S]{pin #}<etx>
P SO <sub>
D L — <stx>{4 digit time, ns, us, ms, s} <ack>
Example
. -------- > <stx>FCS15<etx>
D g <sub>
T <stx>4.345ms<ack>

2.6.4 read low time

Syntax

c—> <stx>FD[S]{pin #}<etx>

I <sub>

- <stx>{4 digit time, ns, us, ms, s} <ack>




........ > <stx>FD15<etx>
S <sub>
- P— <stx>4.345ms<ack>

2.6.5 read duty cycle

Syntax

S <stx>FE[S]{pin #}<etx>
- J— <sub>

- — <stx>{4 digit ratio} <ack>
Example

........ > <stx>FEl15<etx>

B <sub>

D R <stx>0.345<ack>




2.7 FILE MANIPULATION

. 2.7.1 download to unit

Syntax

-------- > <stx>HA({file_name}{.type][:destination]<etx>
Cmmmnaan <sub>

——> <stx>(file is sent)<etx>

- J— <ack>

2.7.2 upload from unit

Syntax

S—— <stx>HB{file_name}[.type][:source]<etx>
. Conmomane <stx>

Lo (file is sent)

S <ack>

2.7.3 compile file

Syntax

-------- > <stx>HC{file_name}[.type][:source]<etx>
L R— <sub>

D <ack>




Compiler Error Responses

D . <stx>Y<cr> .
O S{line # of syntax error}<cr>
EE— D<er> {label found in more than one
line}
D — U<cr> {label not found on any line, yet
referenced}
D JES— N<cr> -.defaults missing in .loc file
DL L<cr>» -loc file command missing in
seq file
D <nak>

Example of an Error Response:

-------- > <stx>HCTEST1.SEQ<etx>
D — <sub>
P — <stx>Y<er>S15<cr>L<cr> <nak> .

2.7.4 delete a file

Syntax

-------- > <stx>{file_name}[.type][:device] <etx>
L ammmmeen <ack>

2.7.5 directory of files

Directory normally returns a directory of the cartridge.
Specitying the optional "S" directs it to return a directory of

system memory. .

IV - 44




Example

e

P

<stx>HE[S]<etx>
<stx> {first file name} <sp>size<cr>
{next file name} <sp>size<cr>

{last file name} <sp>size<cr>
{# bytes used}<sp>{# bytes free .
space} <cr><ack>

<stx>HE<etx>
<stx>TEST1.SEQ:CART<sp>2857<cr>
TESTL.LOC:CART <sp>5326<cr>

8183 <sp>Bytes <sp>used,
<sp>24561<sp>Left<cr> <ack>

2.7.6 format cartridge

Syntax

-------- >
P
P .

<stx>HH<etx>
<sub>
<ack>







LI x x 53, WYHM 9 LokL

% x 58, IR c Ty G o0v¢

Hw'iw's *x  x  x x x X X =7 WEEWM 9 1 GovL
Kot Lot sv's x LI S x X 534, eibcy G b1 ¥obs
s X X x X x X X 594 VOMNI-Z ¥ ¥ 2002
Wite's X LI S A x x x s34 UNN-Z ¥ ¥ L
H 53, DN ¢ ¥ T

x  x X x X X $3), DOMN-ZT ¢ 1 o0

Ry Lty x x x x X x X x 35 RN ¢ 1 00k
] 3, AN NN IRMLSNESL OV T 9t sz

5 534 MIMALSMEIe T 9 tes

x 533 SLM NV MI NN I 2 2 9957

L] sa) SLMIITVIAMI LS 2 & G942

x 53 S12OWML¥IMA1M 1T 2 1962

X 53 SIXHINNIE 1 o £242

H] 53, me s+ 1 o0 12852

b S8 XM HLIN MWE01 8 40~ T 2 8vemsl

] 53, SIS NT 1T emm?

x €24 NI D/TWIOD/ B LIS 186 1T @ £EXI

x $3, DO MDIS HITN TR MwdARS 118€ T (2 bora v

5 x s34 oy oz 1 & 5062

SHID SUM [HY H LK 4 81 S¥ ONIS L J0 IS I
ADDIDNHIIL WALV AT W3 4D 41

00" worsin Adeagry




H] 584 (LTI T S R - )

7 s34 MIoay ¥ 1173 74

R's H] X 53 MIwey z 0 # 192

¥ x X ] 535 WMAUNT 1 % e

5 x X x x X s34, MEINN4 2 n Ovb.

s X x X oz x 53, A O INNI-Z ¥ ¢l 838/

s X X x % x 53), O INT-Z ¢ 1 it}

W 1evs X x X x x x x $3) N2 ¢ B pes 33
sv's x x X x X X £3), OMNIE T #1 0epe

X X X 5 MNNI-Z ¥ 9 £

& x ¥ x X x X L NN £ #1 bra73

X x 53, DO INIZ ¥ 41 %)

x £3,, 3TNIS HIINUON NI+ 2 #t et

x £3), G NI-Z ¢ ¥l %)

H'Y Ly 5y ¥ X % X x ¥ $3,, ¥ NI+ T %1 T2
HW I ev's x x x x LI § 8}, RN NI 2 4] o
X 53, NN+ 2 o E107)

x X 53, WM 9 4] 21w

x X 594 D LAUEN 9 ¢t L2 (7]

Wiy x % x % x X 53, ISHIEANMT 9 1 (317]

x x X X X $3,, IS NI+ 2 T Sl

XX x X X s34 LOMNI-E £ 91 W

H''s x x x x X x x X L) WNI-E £ 14574

H'NV L 'S H] X X x X x x X 53} BMNNI-E € #7 (117]
s x  x  x x x T 3, DMWN-Z ¢ 0 5.7
H¥'i¥e's x x x x x ¥ x x ¥ OWHNI-2 ¢ #1 80k
SHHIO SUMH 1MW M IH 4 51 S¥Y owiS AL 0 IS BN
A9DIONHIAL MLV MA@ 410 F)i sl

00 Do1ssn Aueagry




W pieuts X X x X X X X H S35

MM M M
L
>

k4

-

o

5

»

e
E I B » M M oM M XK

* Ed

M »
MM M M M M M MM M M M M M

Mo M M M M M M N MM MW MM
o>

»
»
»
M
»

SEHIO SUM MY W 1M 4 §1 S¥ WIS
ASDIONHDIL MLY%

3l g2
HOHAD X3 OV

51 QW LNANT-2T
NN 1NN -CT
LIRS RN NI-C
ATHQ 3D ¥ON NI-T
UINOD Sl Arerds/ I
HINDD EL ALWNdIS/IE
4@ 9w

44 ¥

Y70 O 3id HLIN 440

44 398 N

93¢ L4HS JOv-¥d 118+
T L4 HS LIS+
HIUNOD AWMNIG

1N 3NTHL A3 AI0
TN LJIHS 1188
MINES INI3]

HOX HI-T

00 ATUINDN 1134
RPED RUIN O 15+
A+

W HLUIM 30
S HIIM -0
YN NI Z-E-2-+

3N
A3

1 91 £
Z 91 SEThL
1 91 PoTRL
1 91 &
¥ ¥i et t 72
¥ LS &
L4 14 e
¥ L4 e
‘ ¥t 49073
4 91 e
4 n &0T8L
< ¥l 2018
1 ¥l Gevl
1 91 L]
1 L4} Sebl
1 ¢ covd
1 14 |5 74
1 $1 Obrl
4 ¥l 74
1 91 L
1 71 e 73
< 1 Fipl
< 14 VELRL
k4 14! vl
1 ¥1 bl

dH) 3718 ko)
43 JTHD dIH}

00%p wissM Aseaqiy




Mee's o x o« x x X X XX s34 4 v 9 182}
WIRRS x X x X X % X x s34 FES /I 91 plpL
x X x x x 53} slEMIL O 1 W0 EA (7]

oUeg x  x x X X 534 INCINS K3+ 1 &1 &

¥ x x % x 53, INO NS TIOMUE+ T W e 24

* % % X X x $34 My AHS IR T W P

x X %X X X X X X 3, NS s 1 91 BiL

MI® o ox x x x X X X X 53 O3y LIS LORd L8 T T L
wwow's x x  x  x  x x X X $2 TN Les T 91 i (4
S5 x  x x x X ¥ x x s2; MO IOMWS U+ T f Fich (78
wixes o x  ox x  x X x x % $3; N NSO NIS IS I+ T 91 153074
Fow's x  x  x x x x X X $3) NS+ T W o

x 58 VYW H0F 1T K &we

A e's x x ¥ x X XX X 3 MIYRIOLE ¢ 91 s
M x x x  x X x x X 53} WI0LZ ¥ 9 e
b x $3) omEIraLe 2 0w aTrL

X ox % x X ] £3) MBOKODLE 2 0w =21 (9}

LI S S X s ML T ¥albL

ML 'S *ox X X X X $34 MBSty 20 9l 25T
WL 'S X X X ox X s3, MWBSE01 1 o1 T4t
x s34 Y BESTH0T 1T 8 05TFL

g x X x  x X X 53 JAWIENOPOLO T 9 e

X X % 53, WMTI A PO T 9 130

5 33, MITWCGONNI+ 2 K ObThe

Wiw's x x x ¥ % x X X 3, MmOz 2z 0N &
S0 SUM I M IH 4 §1 S¥W OWIS 3 J0 3OS IN
AODTO0NHD3L ML tyd <) (1t o B Qi dIHD

0"y w1544 Asedg




W Lteuts x x x x X % x 53 WIVIIED ALINYY 1196 1 ¥l 032yl
MLW'S H ¥ x X X A X X £8), YO0 W Y0 W0 HLIK 440 & ol L

X X X 34 20 HX INNI-C ¢ ¥l WXL

X 3, SIN3ET N0 MR ¥ 91 QL

S X X 53, N INNI-G ¢ 14! 0oL

X X x X x X b X sa) SHIV TSIV LUS€ 1 1 &

Nue's x ox x X X x X X $2) sStMIE ¢ 9 e )l
Wiyl x x E X x X X x $3;, SIXMTIOZ 91 FiruJ)
M1 Y'S x X x A X 4 Stygiole M 1 n 852
Iwtev's x x x x X x $95, SLMwTO-E % o 1529
Mty X % x X X X X % £33 it e o TR E: o B ¢ 0 > 2o
MMyt % x X x X x X % $3), \ing e 2 @ vl
'S x X X X X X 24 oMM SR ML NN OV T 8 2o 74

ov's bl % x X X b 3 GNHL SEI AT QU T #1 Fa 2 74

M pieuts X % X % ] x ¥ x $3), niEm Uy 2 «© Thare
nINies's X X X * X ¥ X X S eEL 1 o © Ob2y.
5 X x X X x 52 939 LJIHS SS300v W4 g+ T 91 S5

sv's X X x X x b 24 934 LS JHIwET I3+ 1 9 Fo1pL
W x x X x x % x X $3) X000 W NG M3 AN IS T 9 ELTkL

X x H X X X 88, WO W I DIAN WS T 9 THTPL

Muy o x ox x x X x X X S4h NI NI O/ NS T o Wi

X X H X X X 52} INDD 233 MO/ WS T ki 0514d

atg % bl X X X X 34 BOIUMBHED AMRD VN X007 T Ll a2) (74

sv's X X X X x X 534 NI NI O0VHLIY T ¥ vl

X X 525 [0/ W N0 L3 T 111 el

SOHID SUN v H LW 4 §1 S¥W oWl 34l JdH IS E
AOD0TO0NHDIL LI Eaifet (It V] dH]

00 torsJan Adeut




§ x 534 SHIW TR IDMILYH T B b (204

§ % X XX 3, 3 spT MM T 9T 314

X 8 oS 1 ® asere

X £3) SN IO U+ T 91 a7

X X X X X X X 834 WMD) NIS LS+ rid a1 [730-12

xox ] x 53, \ANDIDVERIIH 2 9N 04T¥L

5 x X X 534 myus+ 1 2 pies T2

o} 1 x ) TPAGHIN om0 91 aent

SHi X L D | $2) TEATHIN 40 9 91 75 2

b h e XX LI x X X £34 TG HINLE OGN 1 (14 Lerl
wilwtew's x  x  x  x X X X X $34 St4gus€ 1 & 175>7]
WIW'S x LI ¢ x X L] x X 34 SLHKNR Qe 1 w© 2w
x x x x X X x $3, JRISEMILSTHSEMI UM T 9t 29

LI L § x 534 sl lgnsi Uy 1 W i)

x %X X x X x 3 Mmamruss 19N 72

x x X x X x 53) o Ies 1 91 L

x X x 834 aNMIOLS 1T (€ Lre ]

LI x s2) auAMTOLeE T (X vack.

x x  x X s34 SLYWMNI+# MM 1 9 Lo 03

% X x X X X 53, YHNIEM T 9 vl

1wiee x x X X 534 51 O34 JUS/LAMS 93¢ T (T borus 02

¥ x X X 53, D3 NOIS/A3 WIARS 1186 1T & ki A

Nwew's x x  x X X % X X 3) INDISES IHS 188 T 2 &L
& X X s3) NS HIM XM NI 2o T 7t £628¢

s sa) proz w1 91 v 7]

SEMI0 SUM LM M IH 4 S 5W ONIS LTV (Rl ra ] I

ADDIONHIIL WRALIY N 3] 40 4

00y WoISIAA Aeaql




. & LI S s34 MMISHWUL SEI0 T oL
Fiwtey o x x % X & X X 534 AN OSSR IO T O b9

x X s34 BT 1T 6 Fro 28

x £3) ‘TSI T & WL

KL LS S R T $3) St SHID 1T ) b 4

& x X  x £3) NI TB ML T (C b7}

& LI B | 53, WL TEL 1 & L
S ¥ % X % X $34 SLOMMAL ST NI LD 1 ®© o )

X X S\ SIDWTIMINOHUIN N HS LIS E 1 91 o ]

X s8) TYIGIISLMML LD T 8 tocs 74

b oMb ¥ x x x x X x $3), sSLHQUuse 1 [+ ¥k
Mipws x x x  x X X X $3), SLHuyHI s 1 (2 Ile )
N® o ox x x  x x X X 534 yosE MM 1 K ¥

x X $3) oY HLM Mt s 01 1T ol

A s34 oY OWHUYRNIN S 0T T & 1372

X 3, TMICISSLSMAL LD T (€ Sy

MY oox X X LA S 3, SIAMIITT AT NI NNLY T & Thb!
Chh ] x X ox x X x X s34 SLM AT HAMI LD 1 0 i)

X 534 SLWM P01 2 (€ o

X £3) SIENEO 1T Erort 21

x $3), SLYMEIOT 401 1 &2 2850

MUK x x  x  x  x  x X 53, gl4d3mom & T
M UINEtS x x X LI ¢ L H] 53} SLHUSISWHEL 3L 0L T v a4
* X $3) MOTAIBECI IS 1 ® i )

H] $3) SLSE4IEEE ¢ b b 7

x s34 LIS ¢ ¥l 27

SYMID SUM LMY H LM 4 61 S5W WS 3 I ITS 3N
ASDTONHDIL MaLIYd P 3 4H0 4IHd

00" WisSas Adeigt]




X 52), SLODWN SN JI8+ 1 BT ZITH

X 53\ SLAMme+ T T T

“ X $3), SIMIT N ANI U+ 2 08 08
| & x sa N MW/ IDOVHLIRY 1 62 TSI
A 53), Wy 9 b G20

& x 24 WNI-Z ¥ ¥ Z0mW

x $8), ORN NI+ 2 ¥ 02T

x ) OMNI-E £ ¥1  TI0TH

LN x ) DONNI-E £ 1 OT0TR

& X ) OWHI-Z * ¥ £00T

x $3,, WLEN ¢ FT S0OW

™ X s, LORT 9 #1 #00TH

% $3), WOMNI-Z ¥ ¥ B0

x $3) ANKIZ ¢ W1 00T

& X £3), OMINI-2 ¥ 1  O00THL

| X% 53 W LD ALTIBT 1198 T O &M
X x X x X 53, MO MBI I3 T & £

X XX X x 53 SN ARy T 91 0

Fiww o 9x  x  x  x X x X 8, MUSTIRANIGMNL 10 T W WL

7 Miwew x  x X  x x  x X 584 MUISTTMAREEML LD T 1) ok,
¥iwsw x x X X X X X 53, SLEWML S3LD 1 @® oL

x X 3, OMHDNW-EIAI KV ML T et

7 PN x %X x x X X X 53, SIAO-DNV-93AI &4 M1 1 © S9!
s x X X 534 DA SWLSSID T ® ¢

SEMI0 SUM LW M IH 4§ S¥ OIS 3 J0 IS I

A9DIO0NHIIL WAL AN I JTHD dH)

|
_
% 00" UisJan Adeag
|




s x 53, WD I 1 8 {78
bl X 53 mMANANLT 1T ® ¥4
1 x 3, i T Al O 1 S S ) 16

x 534 MIIRHUNM B 2 91 P04

X 2 npaw ¢ 1 9104

X 83/, OMNNIC ¢ ¥ 2106

X 533 NN+ 2 ¥ 6004

X 535 oM NI+ 2 ¥l ¥006

X 53 G NIE & # £004

x $3, N NI-2 ¢+ 1 2006

x 534 S MNINNISWHL S 1IN T 2 SR

x s34 NOOSENL NI LD T 02 v

X $2), SIOSWML S 1D T @ G

x s2) SLUVAN I3 2 #2IR

SOMIO SUM I M 1M 4 81 S¥ 0WiS e K0 338 I
ABDIDNHDIL NaLId NN W dHD dIHD

00 WIS Adeagr




W 3 50 B ki ¥oze

SOt 537 o 1 b2 %618

L] o 1 g 91¥is

SOM S35 e 1 91 5%9

S 52, ™ 1 9 99

L $34 L2012 S el At

S S35 e 1 N *xT

50W N ST 1 L4 o4

oou 2 , e 1 91 ¥Ith

SO s34 T 1 at 9Trly

S 834 e 1 91 aZly

SO 24 e 1 91 00z

S04 s34 ot 1 g o292

W 3 He 1 a1 ¥o12

SHW JIWANAD

SYHI0 SUR I M OIH 4 51 §W WIS 3 4 IS E_
ADDTONHDI3L NaLYd N I 4D dIHd

00y WoIssan Adeaqr




=R-R-F-3-

SEHIDO SUM LW MW LM 4 1 W oW

A9D0T0NRI3L

534
34

s34
534
s34
S
534,

RELIVS

PO WON
PO RN

HONT EN9
WO S0
W4 X1
LALEC R o
WNAR £

3dAL
DA

S8R88

dH) 3OS
@30 dTHo

018243l
&TECS

SIS

FALTES
95UT
I
$9L2
ez

SWOMA3

3N
dIHD

00y Wissaw Adesqr



SO 824 g 1 &@ 5366
SOH s34 150 1SR S SR
St S35 L4+ 1 b9 o ot}
SoM s34 T T 91 SlEe
50 53, o 1 & s
SON 3 po T ol T
SO 3 o 1T = 1074
SOH 3 e 1 Fr06
SO 524 ‘ el 1 ® £912
SOH s34 g 1 & ¥919
SO sa) ™ 16 819
SO s3) e 1 ® 6935
S04 53 gog 1 ® ¥oss
B0 53, 70 N B - 735
S 53} yor 16 y118
SO 53, 1T ® 05
SO 53), Pl 1 ® ey
SH s3) e 1 W 908
SO 53, 2 O 91z
SO 83} P 18 812
S04 sa) e 1@ w1z
SO 3 o 1T & i
sS4 ) 1 & 1012
SH 53, gE 1 & 8902
S04 s34 0 v S 8102
SON s3) g T R 9102
O s, oz 1 Z Zat
SON s3) el 1T ® 00K

S JLINLS
SYBID SUM IM¥ M 1M 2 51 S¥ WS WL 0 IS I
AS0IDNHIIL NELIY WA 43 dK 4N

00°F BoI1SJan Aseaq




AD0TORHTAL

34
sa),
3y,
82,
s34
59}
s}
53,
24
59,
34
3,
53}
3),
s34

34
534

ON
534

RELI

T4 X N0 O
T4 A 0 HOX ¥O OW
Wd 44 0 80 OW
W4 44 0 490 0w
¥d 44 0 4D OW
T 4N O
Td ¥0 O

LER- R
W4 W oW
¥4 ¥ O
Wd 40 OW
W4 80 oW
Wd U0 W
Lok
LER-

S5/9% M4 MITYMINDD Sm
YRS 53 L0

MITOHIND LATREAINT TVREAAD0NS
WHIL WWEIND TERMNE0R
SHIU R4 MILITH

PHIT NS
PP N4
TR
4714
Y9N
SN
WM
TN
TN
EWTNS
191w
SHIT RS
PHFT A
HTIWA
SHOT WA

oRasAasARAARERARE.R

v vt et
aauan
o
B

a1 34as k.
@3 M) dIHd

00 WisJn Aueiqry




534
34
24
$34
34
24
35,
S
25
S
34
$34
$a),
$24
$31
S
534
B34

EETY
594
52)
BT
8,

Ralvd

W4 XW 44 G 40 G
®d 43 0 N0 W
Td 4 0 N0 B
Wd 4 0 YN0 W
Wd 44 0 WNAD Y
Wd WNAD OW
Wd 440 80 QW
¥d 44 Q ¥0 OW
Wd 44 Q 40 W
T HN W

Nd A 0 ax 30 W
N 40 WX ¥ O
Wd 44 0 8K H0 O
W Won O

W4 WD O
Wd AN oW

W W O
W4 WON OW

W W oW

Td AN B

T4 44 0 WNAD OW
N 44 0 WNAH0 W
Nd 44 0 WNA0 oW
T RAD Y

I
TIAF)

o 0IAIRY
b2 OTWNCCW
L 1o
b ESYITRA
¥z 0ISHOC N4
Z  O180CWa
PHOCHS
FHCHS
BYOTM
LR vol 0
¥
¥

[ (2]

2
¥
¥
¥
elu
[N ) (g 2
o SXICRd
Z  OIXOTM4
¥2OTUCRA
b2 OTHEWY
o THTWA
2 PRI
LA A
2 SWTWd
¥o OTETWS
2 p9TWY
€ SR
0 8Ted
€  Sd9TWd

v vt v vt vt vl vl ot vl vt vl et et ol el et ot et e e e v el

dW 348 N
30 4T dIH3

00y wWissan Adeaqi




