Tester protocol description

The communication between the computer and thesTeah be described as Master/Slave. This
means that the Tester will never send any dateowith request from the computer.
For clarity we define the following terms.

» Core Board the board with the 6809 pP, RAM, EPROM, RS-238rface, etc.

» /O Board the board that connects to the Core Board

» Tester Boardthe board that is piggy-back installed on the Bi&@ard

« Connector Boardthe board with the connector for the FlipChifptotested

e Tester the combination of one Core Board, one or twoBtard(s) / Tester Board(s) and one
Connector Board

e Module Under Tes{MUT), the FlipChip seated in the connector om @onnector Board

e inputandoutput defined with the FlipChip as point of view
input for the FlipChip means that the Tester i®atput for that contact finger, and vice versa

The Tester recognizes the following commands.

» Define contact finger I/O direction

» Put data pattern on (input) contact fingers ofNHéT.

* Query data pattern on (input), send result of (ot)tall contact fingers of the MUT.
» Set Tester in Safe State

* Enable Tester hardware

* Report Tester State

The first 3 commands, issued by the computer, sfightan alphabetic letter and are followed by 4
bytes. These 4 bytes represent the 32 bits oftbatanatch the available 32 contact fingers on both
sides of the MUT. See the “Byte / Contact Fingaijle. (Remark. A FlipChip can have 18 contact
fingers on each side of the circuit board, butlt@eBoard and Tester Board hardware is limited2o 3
I/O channels. This poses no real limitations toTkster, because 4 contact fingers have a fixed
definition, see the “Byte / Contact Finger” table.)

As a FlipChip to be tested can have a single-haghkibuble-height form factor, the number of cohtac
fingers can be either 32 or 64. The defined commamly have 4 bytes of data, and to identify for
which socket of the connector on the Connector 8tlae data is intended, the command letter is eithe
a uppercase or lowercase alphabetic.

In the command description, all commands are dyspldor socket “A” (with the uppercase letter).
The same command is valid for socket “B” when thedrcase letter is used.

Note that the “Set” and the “Enable” command apiplthe Tester, so there is no lowercase letter for
these two commands.

The Tester will always send a reply to the compatear the Tester receives any command. The
information of the reply will always contain a siedpyte checksum, but the reply can also contaia da
bytes. This checksum is a simple 8-bit additiorhaitt overflow, and then 2’s-complemented, of the
received and sent data. The computer verifiesrtharror occurred in the communication by the 8-bit
addition without overflow of all sent data byteslarceived data bytes (including the checksum). The
result of the addition is zero, if during the conmimation no errors occurred. See the paragraph
“Checksum calculation” for a detailed descriptidritee checksum mechanism.

Define contact finger 1/O direction

The “D”, ‘Define 1/0O direction’ command defines vdti contact fingers, of the FlipChip to be tested,
are inputs and which are outputs. The command listfellowed by 4 bytes that actually define each
contact finger. The 4 bytes (32 bits) align witk tontact fingers as described in the “Byte / Canta
Finger” table. A ‘1’-bit indicates that the correspling contact finger is an input, a ‘0’-bit indiea

that the corresponding contact finger is not aGtiip input. FlipChip inputs will be driven with vads

by the Tester “P” and “Q” commands described below.

When the Tester receives the “D” command, the Teeponds with a single byte. This byte, called
the checksum, is the acknowledgement for the coengthiit the “D” command is accepted. The byte is



the 2's-complement of the addition without overfloithe received command letter and the 4 bytes of
data, and as such the computer can check thabtheand is received correctly. In the following
representation “wxyz” represent the 4 bytes of dafathe checksum byte.

Computer Flow Tester
send command “Dwxyz” > receive ‘Define 1/0 direction’ command
await response calculate checksum of received comimar

< send checksum byte “c”
receive checksum and verify

checksum “c” = 2's-complement [ command_letter + w+vy + z ]

Put data pattern

The “P”, ‘Put data pattern’ command sets data enrput contact fingers of the MUT, but only on the
contact fingers that have been defined as inputs fimgvious “D” command. The command letter is
followed by 4 bytes (32 bits) of data that actualéfine each contact finger according to the “Byte
Contact Finger” table. A ‘1’-bit sets the corresgiong contact finger to TTL high, a logical “1”, ard
‘0’-bit sets the corresponding contact finger toLTidw, a logical “0”".

When the Tester receives the “P” command, the Tessponds with a single byte. This byte, called
the checksum, is the acknowledgement for the coenplnat the “P” command is accepted. The byte is
the 2’s-complement of the addition without overfloithe received command letter and the 4 bytes of
data, and as such the computer can check thabthmand is received correctly. In the following
representation “wxyz” represent the 4 bytes of dafathe checksum byte.

Computer flow Tester
send command “Pwxyz” > receive ‘Put data pattern’ command
await response calculate checksum of received comimar

< send checksum byte “c”

receive checksum and verify

checksum “¢c” = 2's-complement [ command_letter + w+y + z ]

Remark. The Tester will accept and reply to the ¢éBfnmand, but the Tester will not process / execute
the command as long as the Tester is in the Safe,3ir did not receive a “D” command after theeSaf
State was left.

Query data pattern

The “Q”", ‘Query data pattern’ command is like tH&'‘tommand, in that the “Q” command sets data
on the contact fingers of the MUT, but also asksafoesult of the data on all the contact fingéveen
the Tester receives the “Q” command, the Testgromds with five bytes, which is for the computer
the acknowledgement that the “Q” command is acckegthe first four bytes represent 32 bits which
correspond with the contact fingers as describalariByte / Contact Finger” table.

The last byte, called the checksum, is the 2’s-dempnt of the addition without overflow of the
received command letter, the 4 bytes of receivéd, @ad the 4 bytes of result data, so that the
computer can check that the command and the s&uit s#e communicated correctly.

Each bit in the 4 byte result reflects the stadd (1') as seen by the Tester hardware. This featian
be used to detect a “stuck” condition on the inp{Esplanation: when the Tester sets a logic |&Vel
or '1’ on an input, the bit for that input must leathat same logic level in the result data from“@eé
command. If the bit in the result has the otheiddgvel, the input is so-called “stuck”. As an utpf
the FlipChip can be stuck to ‘0’ or ‘1", the softieaon the PC must test the input with both lewvels t
detect a “stuck” condition).

In the following representation “wxyz” represeng th bytes of data, “pgrs” represents the 4 bytes
result data, and “c” the checksum of the commatidrle4 bytes of data, and the 4 bytes result data.

Computer flow Tester
send command “Qwxyz” > receive ‘Query data pattern’ command
await reply read result data bit information




calculate checksum
< send result data “pgrs” and checksum “c”

receive result 5 data bytes <

verify checksum

checksum “c” = 2's-complement [ command_letter +w+y+z+p+q+r+s]

Time delayed Qread

The “T”, ‘Time delayed Qread’ command generateglayked read action in the first “Q” command
that follows the “T” command. The “Q”", ‘Query dapattern’ sets data on the (input) contact fingdrs o
the MUT, and then reads the data on all the coffitagtrs, see the description of the “Q” command.
The Tester accepts more than one “T” command,Heuvélue of the last received “T” command
before a “Q” command is used to insert a delay betwthe ‘set data’ action on the contact fingets an
the ‘read data’ action from the contact fingerse 8 figure.

Remark. The “T” command only applies to the fil’‘command that follows that “T” command. If
you need more “Q” commands with a delayed readatjmer, you must specify a “T” command before
each of those “Q” commands.

normal Q setdata | read data | response .
“Q" command time
delayed T set data < Tval > read data response .
“Q"command __ | ... Q vaue P time

The “T” command letter is followed by 2 bytes (li6pof data that actually defines the time delay
factor. The I'byte is the msb part, th8%byte is the Isb part. The unit of time delay i® 1Gec, thus

the command “TO3E8” will insert a delay of 100 m¢&@00 x 100 psec). An example for the use of
the “T” command is the test of the output of a ghet after the one-shot is triggered by the ‘séd’'da
action of the “Q” command.

When the Tester receives the “T” command, the Tesgponds with a single byte. This byte, called
the checksum, is the acknowledgement for the coenpibsait the “T” command is accepted. The byte is
the 2’s-complement of the addition without overfloithe received command letter and the 2 bytes of
data, and as such the computer can check thabthmand is received correctly. In the following
representation “xy” represent the 2 bytes of dafathe checksum byte.

Computer flow Tester
send command “Txy”" > receive ‘Time delayed Qread’ command
await response calculate checksum of received comimat
< send checksum byte “c”
receive checksum and verify

checksum “c” = 2's-complement [ command_letter 4 ¥ ]

Set Tester in Safe State

When the Tester is powered up, it is automatiaalip Safe State. Safe State means that the contact
fingers of the connector on the Connector Boarchatéhot”, they do not put a voltage level on the
contact fingers. It is good practicedtart and endhe test session of a FlipChip with the “S”
command. When the Tester receives the “S” comntéedT ester responds with a single byte. This
byte, called the checksum, is the acknowledgenwerthe computer that the “S” command is accepted.
The checksum is the 2’s-complement of the recetadmand, and as such the computer can check
that the command is received correctly. In theofelhg representation “s” represents the checksum
byte.

Computer flow Tester
send command “S” > receive ‘Set Tester in Safe state’ commanfl




disableall (32 or 64) contact fingers
await response calculate checksum of received comimat
< send checksum byte “s”

receive checksum and verify

Remark. As the command, sent by the computerpiaya “S” (hexadecimal 0x53), the checksum for
the “Set Tester in Safe State” command is alwayadhecimal OXAD (the 2’'s-complement of 0x53).

Enable Tester hardware

Before the Tester will drive inputs for any “P”‘®” commands, the Tester must have received the
“E” command, which enables the Tester hardwareeNwdt the “D” command is always accepted and
processed to define the configuration for the HiijpQo be tested. This means that you can define

the input/output contact fingers of the FlipChpile the contact fingers themselves remain in the safe
state. When the Tester receives the “E” commaredT #ster responds with a single byte. This byte,
called the checksum, is the acknowledgement foctimeputer that the “E” command is accepted. The
checksum is the 2's-complement of the received cantimand as such the computer can check that
the command is received correctly. In the followfegresentation “e” represents the checksum byte.

Computer flow Tester
send command “E” > receive ‘Enable Tester hardware’ commar|d
enableall (32 or 64) contact fingers (* note|
await response calculate checksum of received comimar
< send checksum byte “e”
receive checksum and verify

* note). If a “D” command was received between &h¢ommand and the “E” command, the Enable
command will use the “Define I/O direction” commatadset the specified contact fingers for the
inputs for the FlipChip. If there was no “D” comntgrall contact fingers are defined as output which
means that the Tester will not drive the contargdrs (safe condition). Tteafe conditioris not the
same as th8afe Stateln the safe condition the Tester hardware condetct¢he contact fingers is
active, and in Safe State the Tester hardware cteh¢o the contact fingers is in a so-called 3esta
which represent a high impedance (virtual no cotioel

Remark 1. The Tester responds on the receivedri®™@” commands to the computer as described,
but will not drive any contact fingers as long las Tester did not receive the “E” and “D” command.
Remark 2. As the command, sent by the computeiniays “E” (hexadecimal 0x45), the checksum
for the “Enable Tester hardware” command is alwagadecimal OxBB (the 2’s-complement of
0x45).

Specify FlipChip Logic type

The “L”, ‘Specify Logic’ command identifies the lhware logic of the MUT. The command letter is
followed by one byte of data that actually idewesfithe logic type.

When the Tester receives the “L” command, the Testsponds with a single byte. This byte, called
the checksum, is the acknowledgement for the coenphat the “L” command is accepted. The byte is
the 2’'s-complement of the addition without overfloithe received command letter and the data byte,
and as such the computer can check that the comimaackeived correctly. The defined logic types are
the following.

Tester Hardware ‘# Type of logic family
Rev.1 ASCII ‘1’ (hex 31) TTL-based
Rev.2 ASCII ‘1’ (hex 31) TTL-based

ASCII 2’ (hex 32) POSIBUS
ASCII ‘3’ (hex 33) NEGIBUS

In the following representation “#” represents kbgic type, “c” the checksum byte.

| Computer | flow | Tester |




send command “L#” -> receive ‘Specify Logic’ command

check and set Tester to requested logic
await response calculate checksum of received comimat
< send checksum byte “c”

receive checksum and verify

checksum “c” = 2's-complement [ command_letter } #

Remark.

The ‘Specify Logic’ command is not needed for trevR Tester, as this Tester implicitly only can
handle TTL-based FlipChips. If a Rev.1 Tester neeethe ‘Specify Logic’ command, the Tester will
check that the specified logic is “TTL". If the spféed logic is not “TTL", the Tester will return a
wrong checksum to indicate that the requested lisgiot supported.

The ‘Specify Logic’ command is required for the ReVester. If the specified logic is not recognized
the Tester returns a wrong checksum to indicatethigarequested logic is not supported. The “wrong”
checksum returned is 0x00. See also the descripfithe ‘Report Tester State’ command.

Report Tester State

The “?”", ‘Report Tester State’ command, asks ferdbrrent status of the Tester. The Tester responds
with two bytes, which is for the computer the ackterigement that the “?” command is accepted. The
first byte, called the Tester_State indicates wirethe power supply is applied to the FlipChipr(mw

“A") and the status of the Tester. The Tester_State is a set of 8 bits, of which at this momemit/o

4 bits are used and one bit is reserved for futses according the following “Tester_State” talii.

[7] is the most significant bit, and bit [0] is theast significant bit in the Tester_State byte.

bit  description “0” “1”

0 Tester Status SAFE ACTIVE
1-2  Hardware identification see Configuration table

3 reserved

4 FlipChip Power Power OFF Power ON
5-7 not used

Remark.

The hardware identification bits indicate to the $tftware what Tester configuration is connected. A
this moment only “Revision #1” exists, which onlypports TTL-based FlipChips. A Tester “Revision
#2" is under development. Rev.2 is a more genanglgse Tester as it supports TTL, but also
POSIBUS and NEGIBUS FlipChips, and all kind of atkieltage levels. Bit #1 indicates single/double
FlipChip setup, and bit #2 indicates Rev.1/Rev.2lvare. See the following Configuration table.

Hardware identification ;teiszt]er_State bb)i/tt?l]
Rev.1 Single-Height FlipChips 1 1
Rev.1 Double-Height FlipChips 1 0
Rev.2 Single-Height FlipChips 0 1
Rev.2 Double-Height FlipChips 0 0

Configuration table.

The second byte, called the checksum, is the Zigptement of the addition without overflow of the
received command letter, and the Tester_State bgtthat the computer can check that the command
and the sent result are communicated correctly.

In the following representation “c” represents thecksum byte.

Computer flow Tester
send command “?” > receive ‘Report Tester State’ command
read S/R flip flop
await response calculate checksum
< send Tester State and checksum byte “c”
receive checksum and verify




checksum “¢c” = 2's-complement [ command_letter &t€e_State ]

“Byte / Contact Finger” table

The data to/from the Tester is always represenyetitytes, which represent 32 contact fingers.
The F'byte is (as it says) the first byte sent or reegj\etc. As defined by DIGITAL, the contact
fingers on the component side of the FlipChip hifreenumber “1”, and the contact fingers on the
solder side of the FlipChip have the number “2'hdfnumber is specified in the documentation of a
FlipChip, the contact finger at the solder sidem&ant. See the figure for the contact finger efett
position allocation. When you look at the comporsde of a FlipChip with the contact fingers
pointing towards you, contact finger A is at thghtiand contact finger V is at the left.

The contact fingers of a single-height FlipChipegviat the component side)

The following table shows the bit-to-contact fingelation.
In each data byte, bit [7] is the most significhitt and bit [0] is the least significant bit.

[bit] 1% byte 2" byte 39 byte 4" byte
[7] Al K1 Yzl M2
[6] B1 L1 D2 N2
[5] c1 M1 E2 P2
[4] D1 N1 F2 R2
[3] E1 P1 H2 S2
2] F1 R1 32 T2
[1] H1 s1 K2 u2
[0] J1 U1 L2 V2
Notes.

1. The contact fingers A2, B2, C2, and T1 hawescorresponding bit allocated.
This applies tdoththe “A” and “B” connectors of the Connector Board.

2. Onthe “A” connector, the contact fingers A2, B2,@nd T1 are wired according the
standard connection of the FlipChip modules, wliscais follows.
* A2 =+5 Volt power supply
e B2 =-15 Volt power supply (not connected by thet€e hardware)
e C2 = GND of the power supply
e T1 = additional GND connection for double-sidedBElhips

3. Onthe “B” connector, the contact fingers A2, B2,@nd T1 should not be connected to
the Tester voltages unless the specific moduleiregithem. This usually means you



would open the DIP switches for BA2, BB2, BC2, &idL. If you must test a double-
height FlipChip which uses one or more of the cerfiagers A2, B2, C2, and T1 on the
“B” connector for a signal, you must connect thattact finger to an unused contact
finger. The Tester software on the PC will tell yohich connections you must make or
break.

Checksum calculation

The Tester calculates a checksum for each comnhandhe Tester receives. The calculated checksum
includes the received command letter, if presémtdata byte(s) in the received command, and, if
present that result data byte(s). The checksuhei2s-complement of a simple 8-bit addition of all

the bytes without taking into account a possiblerfiow (carry bit). See the following examples.

Example 1: “Set Safe State” command
sent bytes : 0x53

checksum :
2's-complement 0x53 ) =0xAD

Example 2: “Put” command
sent bytes : 0x50 OxE3 0x47 OxA2 0x61

checksum :
2's-complemeng Ox50 + OXE3 + 0x47 + OxA2 + 0x61) =
2's-complement Ox7D ) =0x83

Example 3: “Report State” command
sent bytes : Ox3F

[ result data bytes : 0x11 ]
checksum :
2's-complement Ox3F + 0x11 ) =2's-complement 0x50 ) =0xB0

Example 4: “Query” command
sent bytes : 0x51 OxE3 0x47 O0xA2 0x61

[ result data bytes : OxE7 0x67 0xB2 0%73

checksum :
2's-complement 0x51 + OXE3 + 0x47 + 0xA2 + 0x61 + OXE7 + Ox60xB2 + 0x73) =
2's-complement OxF1 ) =0x0F

The computer can verify that no errors occurrednduthe communication. The computer calculates a
simple 8-bit addition o&ll data bytes sent and received for one complete @mdmwithout taking into
account a possible overflow (carry bit). The additincludes the checksum calculated by the Tester.
If the communication was without errors, the resfithe addition must be hexadecimal 0x00 (8 hit !)
See the following example.

Example : “Query” command, result received by theraputer
sent bytes : Ox51 OxE3 0x47 OxA2 0x61

[ result data bytes : OXE7 0x67 O0xB2 0%73

checksum :
2's-complementOx51 + OXE3 + 0x47 + 0xA2 + 0x61 + OXE7 + 0x60xB2 + 0x73) =
2's-complement OxF1 ) =0x0F

received data : OXE7 0x67 0xB2 0x73 OxOF
calculated result : (0x51 + OXE3 + 0x47 + 0xA2x60D + OXE7 + 0x67 + 0xB2 + 0x73 + OX0F)




= 0x00(a correct transmission must have a calculated risi 0)




