INDUSTRIAL TEST OF
INTEGRATED CIRCUITS

Digital Test Training
on V93k ATE




CONTEXT

¢ Major steps in the production of Integrated Circuits

r__4

[ -l Fabricated
'i] circuits
\,-(1_ GDSII ﬁ (dies on wafer, ﬁ

Product R&D Center D;crlptlon Foundry packaged circuits) Test Center Gt%%dc:;csi;rennetrzo
Specifications I

o v
LV v
Many different technological steps e m
with potential imperfections Bad ICs ‘% “]]
(dust particles, mask or lens misalignment, rejected ‘

doping variations, metal deposit variations, ...)

t%{) Test is an essential step as

it guarantees the quality of
the ICs delivered to the
customers

Why
Testing?
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OBIJECTIVE OF THIS COURSE

?

* Acquire the fundamentals of digital ICs[industriaI'testing]

Pre-production
(first thousands of pieces)

Mass-volume production

(further millions of pieces)

Characterization tests
* Measurement values

Go/no-go tests
* Pass/Fail results

Design & Manufacturing ' Test time: major factor
adjustments .~ contributing to the testing costs

. _ Basis for mass-production ’ Responsible for the quality of
test program devices sent to customers

catm @



OBJECTIVE OF THIS COURSE

? ?

» Acquire the[fundamentals|of digital ICs[industriaI'testing]

Pre-production
(first thousands of pieces)

Mass-volume production

(further millions of pieces)

Characterization tests
* Measurement values

Go/no-go tests
* Pass/Fail results

As;?(k}'i Continuity Gross IDD M Functional [ 1 racrs (BY AC Tests |
Test Test Tests

Concepts
. Dgz_sigp & I\{clanufacturing % Equipment ' Testtt.igwc?cg mijo;;acttort. .
adjustments * HW: Physical resources of the ATE contributing to the testing costs
. _ Basis for mass-production « SW: Tools to control the ATE " Responsible for the quality of
test program devices sent to customers

+»» Test Program
* Test methods
¢ Test flow

* Test results analysis
g@@im & * Debug & diagnosis




INDUSTRIAL ENVIRONMENT

e Automatic Test Equipment (ATE)

Test Floor

N ERADYNES LT),\‘fredence ADVANTEST. '\ ERIGY

entm @)



TARGETED COMPETENCIES

Key
Learnings

Concepts

¢ Equipment
* HW: Physical resources of the ATE
* SW: Tools to control the ATE

+* Test Program
e Test methods
 Test flow
 Test results analysis
* Debug & diagnosis

»

Practical
Implementation
Digital IC
74ACT299:

8-bit shift/storage register

CNFM tester:
V93K

Functionality &
Performances

»

FAIL



LEARNING STEPS

Datasheet analysis
) Tester HW/SW, Basic elements (Pin, Level, Timing, Pattern)

¢ Test methods: first tests (Continuity & functional/structural tests)

Test program development

Test methods: parametric tests (bc & Ac tests)




PART 1

Device pins

ANALYSIS

Functionality

/ DATASHEET )

Operating conditions

Performances (typical/guaranteed limits)




@ DATASHEET ANALYSIS

DEVICE UNDER TEST: 74ACT299

8- 1/0 universal shift/storage register

CP WR S0 S1 \OE1 \OE2

éontrOI i { Pin Assignment %

I I | I I w

Searial Data Input for Left Shift
Mode Select Inputs GND —
Asgynchronous Master Heset
TRI-STATE Output Enable Inputs
FPamllel Data Inputs or
TRI-STATE Parallel Qutputs
Searial Outputs

DS0 —» ~—DS7 S0 i 20 — Vee
Q0 = - N A n L= Q7 \OE1 — 2 19— s1
' ‘ 3 5 t \OE2 —| 3 18— Ds7
wos — 4 17— a7

oo WO1 102 Wos 107 &
w4 — 5 e 16— wor

R
Wz —{6 ¢y 15 oS
Pin MNames Description oo — 7 g 14 — O3
Clock Pulse Input a0 —&8 & 13- o
Serial Data Input far Right Shift wr B N .

e
(=]

11 DSso

Q{> Basis to define pin configuration




@ DATASHEET ANALYSIS

FUNCTIONALITY: TRUTH TABLE

Inputs Response
MR|S, S, |CP
L | X | X | X [Asynchronous Reset; Qp—Q7 = LOW
H|H | H |- |Parallel Load; IO, — Q,
H | L | H |- [Shift Right; DSy — Qq, Qy — Q4, etc.
H L | -~ | Shift Left, DS; — Q7, Q7 — Qg, etc.
H|lL]|L]| X [Hold

H = HIGH Voltage Level
L = LOW Voltage Level

X = Immaterial

_~ = LOW-to-HIGH Transition

= 4 Modes of operations controlled by (51, Sp)
Parallel Load: (51,5p) =11

- Shift Right: (S, S,) = 01
- Shift Left: (S, So) = 10
- Hold: (S, So) = 00

= Asynchronous reset controlled by MR
- activeon MR =0

t@:> Basis to develop functional test pattern

10



@ DATASHEET ANALYSIS

FROM DATA SHEET TO FUNCTIONAL TEST PATTERN

* Principle: Use of the truth table to define a test pattern (sequence of test vectors)

* Objective: Define a test pattern that checks all functionalities

Response

XL £ T L

<\ 8 x

Asynchronous Reset; Qp—-Q7 = LOW
Parallel Load; /0, — Q,

Shift Right; DSy — Qg, Qg — Q, etc.
Shift Left, DS; — Q7, Q; — Qg, etc.
Hold

Master reset

Hold

Parallel Load (10000000)
Hold

Shift Right x8 — DS0=0
Parallel Load (01010101)
Shift Left x8 — DS7=1

*

<L

o0

owm

=0

SFe

NO

INSTRUCTIONS

Master Reset

Hold

Parallel load

Shift right

Shift right

Shift right

Shift right

Shift right

Shift right

Shift right

Shift right

Parallel load

HlRrlRrlRr|Rr]RrRrR[RrR]R,RrR]=]Rr]|O

L I R

(=T I I I B I B R B I N =

== lOlO|O|O|O|OCO|OC |(O|=|O|O

o|lc|jlo|lo|(o|l0o|jOo|o|O0O ||| |jocWnO

=|O|l0O|l0O|0O|O|O|O|OC |O|OCO|O |+ |NWVDO

[ I S I i I i i s Y (i i A i I (=1 B B MO @ R

Shift left
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@ DATASHEET ANALYSIS

FUNCTIONAL TEST CONCEPT Test Result:

No Measurement Value
Only Pass/Fail

Test Pattern
(Input pins)

00101001110011001
01100100010010001
10011100101010110
10011100001111001

- =

|‘
‘;i\
R

P

HHLHHLHHHHHLLL

LHHLHLHHLLHHHLL DUT Response
HHLHLLHHLLHHHLL .
HLHHLHHLLHLHLH Qe i)

Q PASS (Go)

&

FAIL (No-Go)

Expected
DUT

Response
(Output pins)

LHLLHHLLHHHLLHL
HHLHHLHLLHHHLLL

HHLHHLHHHHLLLLH
HLHLHHLLHHHLLHH




@ DATASHEET ANALYSIS

OPERATING CONDITIONS

DATA SHEET

Recommended Operating

Conditions

Supply Voltage (V)
(Unless Otherwise Specified)
"AC

2.0V to 6.0V

'ACT

=d

4.5V 10 5.0V

Input Voltage (V)
Output Voltage (Vo)
Operating Temperature (Ta)

OV to Ve
OV toVce

[ 74AC/ACT —40°C to +85°C |..
54AC/ACT —565°C 1o +125°C
Minimum Input Edge Rate (AV/At)
'AC Devices

VN from 30% to 70% of Vo
Vce @ 3.3V, 4.5V, 55V

Minimum Input Edge Rate (AV/At)
'ACT Devices
ViN from 0.8V to 2.0V
Vce @ 4.5V, 5.5V

125 mV/ns

125 mV/ns

TEST CONDITIONS FOR
FUNCTIONAL TESTS

= Supply Voltage (V,..)
V.c min = 4.5V *
V.. nom = 4.75V *
V.c max = 5.0V *

= QOperating Temperature

- Cold: —40°C
[— Room: +25°C * ]
. - Hot: +85°C * i

.........................................................................

* Production Test

13



DATASHEET ANALYSIS

PERFORMANCES

DC Electrical Characteristics ror 'AcT Family Devices

raacr sancr react CLASSICAL PARAMETRIC

Ta = Ta=

Vee . : -
Symbol Parameter ) Ta = 25°C 55Cto + 125°C 40°C to + B5°C Units Conditions
Typ Guaranteed Limits
ViH Minimum High Level | 45 | 15 20 20 v | Vour = 0.1v D I ESTS
Input Voltage 5.5 1.5 0 20 2.0 orVgg — 0.1V
Vi Maximum Low Level | 3.0 | 15 08 0.8 Vour = 0.1V
Input Voltage 4.5 1.5 0.8 0.8 0.8 or Ve — 0.1V
VoH Minimum High Level | 4.5 4.49 4.4 4.4 4.4 louT = —50 pA
55| 549 | 54 5.4 5.4 v = \/o Ita ge
"y = V
45 | 0.0001 |(3.86) 3.70 3.76 q 24m H . V V
25 | aro 476 T - Input pins: Vig/VL
VoL Maximum Low Level | 4.5 | 0.001 0.1 0.1 0.1 v lout = 50 pA .
Qutput Voltage 5.5 0.001 0.1 0.1 0.1 .
pit Volag e - Output pins: Vor /Vor
4.5 0.50 0.44 v 9 24 m
5.5 036 0.50 0.44 mA
IIN Maximum Input N N 4V = Ve, GND >
| Leakage Current 55 190 £1.0 pA - C
lceT Maximum lcg/Input | 55 | 06 16 15 mA | V| = Voo — 21V urre nt
loLp FMinimum Dynamic 5.5 50 75 mA | VoLp = 1.65V Max .
Tonp | Output Current |55 50 75 | mA | Voup - 385V Mn - Input pins: Iy (leakage)
lec Maximum Quiescent 55 20 80.0 40.0 A GN= Vee
Supply Current * d ; i ® or GND S | . I .
ozr | Maximum 170 VI{OE) = vy Vs upply: I¢cc (consumption)
Leakage Current 5.5 +0.3 +55 +3.0 pA | V| = Voo, GND

Vo = Voo GND

Note: Icc limit for 5S4ACT @ 25'C is identical to 74ACT @ 25°C.
“All outputs loaded; thresholds on input associated with output under test.

Q{> Limit values for parametric DC tests
(& test conditions)




@ DATASHEET ANALYSIS

PERFORMANCES

Tiota 10: Vollage Range 5.0 15 5.0V £ 0%

(test conditions)

AC Electrical Characteristics for ACT O
T CLASSICAL PARAMETRIC
Symbol Parameter Wil Cy =50 pF Cp=50pF Units
[Note 3} Min Typ Max Min Max
[ Mazcimurn Input Frequency 50 120 170 110 MHz AC T
teun Propagation Delay b E STS
P to @, or Q, (Shift Left or Right) &l + Ba 12 2 o =
ter Propagation Debay | ) 50 40 o0 135 35 15.0 "
iCP to Qp or Q5 (Shift Left or Right)
tam Propagation Delay e \ _ .
50 25 a8 25 45 135
: % = |nput pins
. ZPt I{:" Detay 50 50 95 15.0 45 165 = t .
o - S Tim
bt Propagaion ey &0 4n 140 ﬁ}\ 40 180 ne e up e
MR to Qg or Q; . R .
T Trepssmenns AC Operating Requirements for ACT (Inputs) - Ho | d Time
MR to O, - -
T (OupdEmbe Voo Ta=+25°C Ta=-40°C to -85°C .
EML'CI,, Symbaol Farameter w Cy =50 pF Cy =350 pF Units
%z |Output Enable {Mote 10) Typ Guaranteed Minimum
OE to 1o, tg Setup Tme, HIGH or LOW O M
- S 5,005, 0P 50 20 @ 55 ns [ | utput plns
OF to U3, L™ :m 1:'1:3. g:f-H or LOW 5 2 1 = . d |
i 6 or
W |owenes i - Propagation delay
TEtovo, G Setup Tame. HIGH or LOW o 5 ’@ 45 ns
Note 5 Voltage Range 5015 5. 0, to CP 2
b Hokd Time, HIGH or LOW y Reference
ki 50 10 10 ns &
b Setup Tme. HIGH or LOW ’ —\7
50 15 5.0
DS, or DS, to CF @ n= Clock
" Hoid Tame. HIGH or LOW .
O 2 e A 50 1.0 @ 1.0 ns . *
e CP Pulse Width E—'szlup S
HIGH or LOW o e °
PR Limit values for parametric AC tests | & -l
fiin Recovery Time, MR to toron

15




@ DATASHEET ANALYSIS

SUMMARY: FROM DATASHEET TO TEST PLAN

DATASHEET
L
-_— ==

—

-

TEST PLAN

* Functional tests: @V ..nom, @V, min & @V max » © Functionality

* DCtests: V,/V,, Vo /Vou, leakage current, |

* AC tests: setup time, hold time, propagation delay

} ® Performances

L

Functional
START I» Tests

‘» DC Tests

»

AC Tests ‘»

Bad
Bins

G

3

Good
Bin

16



Exercises: Practice book - Step 1
74ACT299 Datasheet Analysis

.....



.....

Quiz 1 P1-S
Mini-Test 1



cam @)

TESTER

HW/SW
& BASIC
ELEMENTS

 HW resources

e SW interface

e Basic elements
- Pin
- Level
- Timing
- Pattern

19



© Tester HW/SW

OVERVIEW Workstation

~ (LINUX PC)
Main Frame Fiber-optic :

Transmission .

ik

SmarTest® SW
¢ Offline mode
* Online mode

Cooling Unit

».~./ Pin Electronics

* Supply
* Digital
* Analog

cotm @ A




@ Tester HW/SW

CNFM TESTER:
COMPACT VERIGY V93K PINSCALE

64 Digital pins

=> 200 Ks/s up to 3.6 Gs/s

8 Device Power Supply pins

4 Analog Source pins
=> Audio: 1.024 Msps, 24-bit
=>Video:100 Msps, 14-bit

4 Analog Digitizer pins
=> Audio: 200ksps, 24-bit, 50kHz BW
=> Video : 65Msps, 14-bit, 15MHz BW/100MHz

catm @Y



INTRODUCTION TO
TESTER HARDWARE



© TesTeER HW

Socket or Handler Contactor /

FROM TESTER TO DUT

| Sy
: nlu TTE
|_ I Pogo Pin Blocks
_JLIU [T
% - —
uulL [‘ |:| |:| |:| Pin Card

i [ e O e N Electrunics\

o ) s |
L[]
TEST HEAD

Device Power Supply
Clock board

Pin Electronics (PE)

Pogo Pins

Pogo Pin:

Specific electrical connector with
an integrated helical string (high

durability and good resilience to

mechanical shock and vibration)

23



@ TesTerR HW

PIN ELECTRONICS

VIH I
. . . . .« e . . v, 1[0
Electrical signal = Combination of level and timing information -
- e e e e = = = === === - Vou | r-l-'l'
N o |
\ A
0100110 Test Processor \ b
1100110 '
0111001 - Timintg :
1100... enerators :
|
Waveform [
Vector Composer | “PeR PIN”
Memory 7 1 ARCHITECTURE
|
l I
|
MU |
Parametric
Measurement
Unit

24



© TesTeER HW

* Concept

PIN ELECTRONICS - TIMING

- “actions” associated to “edges”

 Example
Drive ‘1’ @ d1=10ns Drive ‘O’ @ d2=30ns
A \/ %
CpP i g
di, 1 d2,0 i
Drive ‘1’ @ d1=0ns g |
DSO R
at, 1 Compare to ‘High’ @ r1=40ns
A
Qo /
(L H
\ y,

1 tester period (50ns)

Tester timing resources per pin

* Input pins: 8 drive edges (d1, d2, ..., d8)

* OQutput pins: 8 receive edges (r1, r2, ..., r8)
* 1/0 pins: 8 drive edges + 8 receive edges

Actions
* Drive actions
- 0: Drive ‘0’
- 1:Drive ‘1’
- Z: High impedance
- N: No action

* Receive actions (edges)
- L: Compare to ‘Low’
- H: Compare to ‘High’
- |: Compare to ‘Intermediate’
- X:Don’t care




© TesTeER HW

PIN ELECTRONICS - LEVEL

Driver
IOI Ill
IZI D
trigger
VIL

Input
Driver Parameters: V,,, V,

A
VlH

4

b

26



© TesTeER HW

Driver

101

Ill

IZI

trigger

ILI IHI III é I

Logic

PIN ELECTRONICS - LEVEL

Input Vu 1 1] o
. . v,
Driver Parameters: V,, V,, T
Output y H
Comp Parameters: V,, Vo, VZT ;r_
A

27



© TesTeER HW

PIN ELECTRONICS - LEVEL

Driver
: )
IOI Ill E
- D 500 :
trigger ﬂ E
\ Vi /:'
Comparators o
i’
i c M«
] 2 h 4
v < & } Input o
| c Driver Parameters: V,, V|, Vi
N VOL ¥
Output ot
OH
Comp Parameters: V,, Vo, Vo =9
PL Parameters: lo, oy Vi Ve 10 Veip u

Programmable Load




© TesTeER HW

PIN ELECTRONICS - PMU

Parametric Measurement Unit

2 modes of operation

* Current generator & Voltage Meas (1)

* Voltage generator & Current Meas (2]

catm @8



@© Tester HW

DEeviCE POWER SuppLy (DPS)

-

DUT
Internal |, Setup
settling time
time
t_ms
Power Supply Voltage
DPS
Channel
DPS parameters
« vout (V) power supply voltage
 t_ms (ns) setup time
o ilimit (A) connect current limit (to prevent destruction of the DUT)

catm @



INTRODUCTION TO

TESTER SOFTWARE
“SMARTEST”



© TEsTER SW

Only used to
store users
test programs

LAB ENVIRONMENT

Verigyoff2
Linux PC

Verigyoff2017
Linux PC

8 offline
licenses

Verigyon2016

Linux PC

4 offline +
1 online
licenses

Optic fiber
data transmission

24 desktops -8 generic user accounts

VNC viewers

RO N ~—

L GUBOTR R (e

TR <

Login Password ¥Y: VNC
trainXv93 #trainXv93# | display
number
Trainlvo3 #Htrainlv93# |71
Train2v93 Hirain2vo3# | 72
Train3v93 Htrain3vo3# | 73
train4v93 #Htraindvo3# [ 74
Trainbv93 H#1rain5vO3# | 75
train6v93 #H1rainbv93# | 76
frain7v93 Htrain/vo3# | 77
train8v93 #H1rain8v93# | 78

32



) TESTER SW

LAB ENVIRONMENT

Tester connection
Only 8 offline licenses run at the same time
during practice (memory issues)

trainlvo3 mp 1 2 3

train2vo3mp | T2 5 6

train3v93 » 7 8 9

train4vo3 mp (| " 10 11 12

13 14 15
16 17 18
19 20 21
22 23 24

€| train5v93

€@ train6v93

€ train7v93

€® train8v93

* 2 on verigyon2016
* 6 on verigyoff2017

Q{> Work in “trio”

Login Password Y: VNC M: Default machine for
trainXv93 #1rainXv93# | display offline connection
number

trainlv93 #Hirainlv93# |71 verigyon2016
train2v93 #1rain2v93# |72 verigyon2016
train3v93 #Htrain3v93# |73 verigyoff2017
train4v93 #Htraindv93# | 74 verigyoff2017
train5v93 #H1rainbv93# |75 verigyoff2017
train6v93 #Htrainbv93# | 76 verigyoff2017
train7v93 #Hirain7vo3# (77 verigyoff2017
train8v93 #train8v93# |78 verigyoff2017

Local PC connection
* Login: etudiant
* Password: &tudiant

33



© TesTER SW

LAB ENVIRONMENT

* Procedure to start Graphical Interface of tester SW

¢

M.cnfm.fr:Y

VNC Viewer

vnc connect l

ADVANTEST

34



© TesTER SW

LAB ENVIRONMENT

* Procedure to start Graphical Interface of tester SW

2/ Launch SmarTest from the start menu “ @ ” (“RedHat” menu)

verigyoff2017 verigyon2016

o

-

= _
&5 Accessories

G?; Games
h Graphics

B

@ Intemnet

& Office

@ Preferences

5 Programming
) sound & Video

12 System Settings
Jg System Tools

“Online” mode
available only on
VerigyON

v v w v w v v v v w

@ Find Files
VA Help

@ Home

Eﬁ Run Command...
@ Lock Screen
@ Logout "demo”...

E i B Y iyt ¥ 14:37 X VINC E @ 20 A SE
% I.ﬁg ,;;-‘.; ‘ Eiin 4 P “I:“I q @ Q @ 1 = X VNC config ‘ BlainvazavednyolZ0leEE SR
- { I | a . Frrry 5 3 % X trainlvo3@verigyen2o 2017.09.25

“Offline” mode
To be used
by default




© TesTER SW

NEVER SELECT
THIS OPTION

AT STARTUP: WORKSPACE SELECTION

B workspace Launcher

Select a workspace

workspace.

SmarTest Eclipse Workcenter stores your projects in a folder called a

Workspace: [/home.’lraimv93/w0rkspace_MON1P ELLIER

| v ] [ Browse...

‘ [[] Use this as the default and do not ask again

| ok

| [ Cancel

Workspace stores users’ interface configuration

Do not mix it with test program explorer path

36



) TESTER SW

AT STARTUP: 3 WINDOWS

l engineering I
{1 Execute Workorder '{ H 1
SmarTest Eclipse Workcenter
{1 Supervise
o « MAIN WINDOW
ui_report.ORG. B .
v ui_report.ORG.PROD B x * Provide all tools to:
1 Production Fi ] ) ‘
Sattings 210 Lie b M A - Create & load configuration files
@I 01 - Create & execute a test flow
10LE
Tester State | DISCONNECTED (OFFLITE) Y
Tester Gperation | OT wenitored (LISHBLED) »/
Dev_license_file: None, model file used for licensing File ‘Em; Navléate sgar‘c‘h E;n]ec; |;un g‘sn;u .)élnuaw. qulp -
INFD: (dataformatter) Starting datafornatter version 1,1,11 Nov 22 2007 20:47:41) | ™ @4 [p-0-a | v | o s@ea -
INFO: (dataformatter) Log file /users/latorre/datafornatter,log initialized, 2 Project | = 8 workspace path = 0)(E Prope = 2= owin] = O
INFO: (dataformatter) Using global config file: /ete/opt/hpd3000/soc/datalog/al T = =
INFO; (dataformatter) Using STOF config file: /etc/opt/hp33000/soc/datalog/formd 875 = R
Ln_ading will be done through import F:!ter ‘/upt/hpﬂ!fliOO{sc/cum/lhin/l’\p33_inpnr4 < [[ Device Information Property Value
Prior to save '/opt/hp93000/soc/con/lbin/hpB3_presave’ will be run . i .‘ e A Test Program Explorer path “:ICQ I :h::me/jspreuxtde\
— estfliow...> external alse
[‘J | b & <pir nriguration...> patn
ll L " a <Level: save e
Operation Control Resrt Frmtter | efout oD = c
. b4 i
* Tasks execution -
[~ ¢
* Datalog Formatting o
2% <Routing
“, . .* ” =
ui_report s
* Syntax errors W <o nin s
. . ~ [, Testrioor Information
* Test execution issues 2 <remcmencu..
* Test results — I @ : >
[22 Problems 5% ¢ Armware % ¥ = O|[@ consote 2 _@]Emor Log =1
0 errors, 0 warnings, O infos |System 2 | B 51 = . 3
Description Resource Path Location sterting S;:;;;;;';;:‘(’;ﬁ"‘;;:" :‘ @I ~ 2 =) -
SmarTest WorkCenter Ready!
f INFO: usxngﬂ:?ﬁ;\.:x‘g:b::ﬂ—';gzilxm data specified in ml.9ﬂ<ﬁ@
E@G P& n® £2 Testflow - ‘ -




© TesTER SW

FIRST STEP: CREATE A DEVICE

l setup - SmarTest Eclipse Workcenter - /homefjspreux/workspace 6.5.4

Fle Edit Navigate Search Project Run

[E=

RS R

EE!HH Window  Help c@ea -

Setup t 3N -
Results »
Debug »
Memory Test *
Scan »
Analog »
Production »
System »
ﬁ‘ e Create a new or change
Ul updates suspended| #® Change Device... | | tO an existing device
¥ Connect
ﬁ Disconnect
i@ Break MCD

Device creation will automatically generate
all sub-directories necessary to develop &
store the test program specific to this device

e To create a device, click

93000 > Device > New Device

[root@localhost trainingl# 1s -a
ch_attributes license
configuration lock_file

.technology data_set memt_1lapg
analog_control di_report memt_patterns
applicat error_map nemt_repair
bitmap fail memory  pin_attributes
bitnap_conf format report

calibration levels routing

scan
sCan_res
scrambling
shmoo
state_list
testflow

testprog
timing
tining_dgrm
vectors
wafertyp
waste

testflow_vee waveform

testfunc

[*

38



£ CHOOSE THE CORRECT DIR !

wndow et

hd lew Device Bx
Setup * Setup new device
Results > @ No device path specified
Debug »
Memory Test » 7] Change to new device after creation
Sean : Devica pitke @trainWQSIMZIMACTZQQ In your Practice book
Analog » [
Production * Device technology: | cmos |E|
System » Licensing file: irLlcensmg file cannot be selected at device creation Ill BUT
| Device ' New Devical) || [ V3 delay adjust [] Fast bidirectional capability
Ul updates suspended‘ #R Change Device... T = Correct path for you :
Connect ‘ .
gm t PPU tester modet: [act B /home/trainXv93/M2_RADMEP/74ACT299
sconnec — . e
0 Break MCD Device cycles: ‘_256 | Waveform sets: [16 Timing sets: | 256 |
Level sets: 132 PDC sets: \1 DPS sets: 532 | X=1or2or...8
M sets: 32 | Routing sets: |32 | Testpoints: |0
[] RFI to RFE compatibility mode

39



© TesTER SW

EXITING SMARTEST

E¥3a3n0n0 Design - /rootiworkorder - SmarTest Eclipse Workcenter
I_Eile dit Mawvigate Search Project 93000 Run Window Help

»

New Shift+Al+N 3 e Z2v fae @ U - J G~ ‘
Open File...
Close Ctrl+W
Close All Shift+Ctrl+W
e To exit SmarTest, click File > Exit
i save As...
i save All Shift+Ctrl+S
Revert
Move...
Rename... F2
Refresh F5
Convert Line Delimiters To »
& Print... Ctrl+P
vich orkapace> To kill the entire SmarTest process, type the following
7=y Import... . . .
e command in a Terminal window:
L3 Export...
Propertes shemis /opt/hp93000/soc/prod_env/Ibin/kill_smarTest
| |




© TesTER SW

verigyoff2017.cnfm.fr

Meec B .0

EXITING VNC

X VNC config (@ train1lva3@verigyon20
X trainlv93@verigyon20

aaaaaa

e Close the window
to exit VNC

A

DO NOT LOGOUT!
=> VNC server must
be launched again

41



Exercises: Practice book - Step 2
First Steps with SmarTest - Part 1

entm @)



INTRODUCTION TO
BASIC ELEMENTS

FUNCTIONAL

“@

TEST




@® Basic ELEMENTS e )

PINS

* First element to be defined

- Link between Pin Names and Tester Channels
- Definition of Pin Type

Pin Name Tester . Tester

D_ | __Q N CLK Input 10101
DFF —

CLK_> < D Input 10102

Q Output 10103

_Q Output 10104

(VAR Supply 10201

44



@ Basic ELEMENTS

Navigator, = B
home/rhammerm/devices/V93000_Basic_Prog =

=22 Test Program Explorer %

B E =

~ [ Device Information

& <Test Program...> *

pins.sol

Mewea:s50l

A timing.sol
gt all. binl

All following definitions
(levels, timing, pattern)

will be made using Pin Name

+‘5— Pin Setting X,

PIN SETTING IN SMARTEST

From

Datasheet

From
Device Interface Board

vz

CONTEXT: EFNIE; :
Type DUT Board ester Channel |

Er Name ) | Mode

| i
1 ™ P std i o 10102 i
L7 |1 DS0 std i 0.0 10101 :
3 |18 DS7? std i 0.0 1 Pin Type determines
4 |7 100 std io 0.0 114 ] the parameters that
5 |13 /o1 std io 0.0 10103 will be defined
6 |6 jjo2 std io 0.0 10113
7 |a o3 std io 0.0 10104
8 |s 1fo4 std io 0.0 10112 s
9 |15 /o5 std io 0.0 10105 i
10 |4 /06 std io 0.0 10111
1 |16 o7 std o 0.0 10106
12 |8 Qo std o 0.0 10115
13 |17 Q7 std o 0.0 10107
1 1 so std i 0.0 10110
15 |19 s1 std i 0.0 10109
16 Ve DPS+ 0.0 DPS11
17 |9 _MR std R 0.0 10116

2
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@® Basic ELEMENTS e )

PIN SETTING IN SMARTEST

| BB Test Program Explorer 23 e, |éf *Pin Setting & =
Jusr/project/74ACT 299 'lI]:;I B2
< & pins Site : |l ---. of |1 | CONTEXT: DEFAULT ILI
E Pin No | Pin Name | Mode |Type |DUT Board | Tester Channel |Ead
= L= Groups
AC] .
“all_in 1 12 CcP std i 0.0 10102
all_ Add Context...
£ all_out % ai 2 |18 std i 0.0 10108
te Context...
&ict e 3 D50 std i 0.0 10101 :
£&fio_in 4 19 51 std i 0.0 10109 £
£iio_o 5 |1 50 std i 0.0 10110
£Fio_pins 6 MR std i 0.0 10116
£F mode 7 ' Q7 0.0 10107
= 4
g ser_in el b 2 L Q Lol — Error message if:
& ser_out 9 16 /07 std io 0.0 + test channel already used
[+ = Ports 10 |4 1/O6 std io 0.0 Iy + test channel unavailable
&7 core Allocation 11 |15 I/O5 std io 0.0 10105 i A No error message if:
: + test channel exists
B 12 |5 /04 std io 0.0 10112 ol . o
e DES Chiarie! Mevle / hd even if the DUT pin is not
I+ = Utility Purpose ] (4] [+ connected to this channel




@® Basic ELEMENTS e )

PIN SETTING IN SMARTEST

Defining Goups
B Test Program Explorer 58 ™ =1 |

Justfproject/74ACT299 = =g
— & pins . o
£5Pin Setting Available Pin LI: = Group Members
in Name Type — Add > Pin Name | Type * Up
X Add All >> v Down
i e Group 1 cP i 1 |51 i
Existing Groups 2 D57 i 2 < Remove 2 |50 i
I - £ 254 i << Remove All
[» &= Utility Purpose 2 |4 51 i

5 v 50 i —
6 _MR i
7 Q7 o
B8 Qo v}
9 e i Useful groups for 74ACT299
10 /07 o e Al |_i n
i ok ! « All_out

(@ Atomar Group () Expression Based Group * IO—OUt

New Group ° Io_plns

= | . Mode

« Ser_in
i « Ser_out




@® BAsIC ELEMENTS o )

LEVELS Pin PMU -
EXAMPLE g Pin PMU Relay
b Q Relaxed Levels A_C}fh_v_
— vih
. . 50Q
B T
g : D, CLK ov Vcc vil
voh
Q, Qb Vee/2 - 10% Vee  Vee/2 + 10% Vee vol
) iol veh
Equation Set  EQNSET 1 “Without specs & e 500
Supply pins DPSPINS Vcc vt
vout =5.0 . 6 lvd DC Relay
ioh PE Channel 1
Level Set LEVEL SET 1 “The
Input pins PINS D, CLK vout
vil =0 to DUT
vih =5.0

Output pins PINS Q Qb
vol =2.25

Frvs voh =2.75
catm @)

DPS Channel 1




@ Basic ELEMENTS o )

LEVELS

EXAMPLE
b Q Relaxed Levels
e O W
¢ O D, CLK oV Vce

. Q, Qb Vce/2 -10% Vee  Vec/2 + 10% Vec
VCC: Spec variable ° °

EQNSET 1 “With specs & eqn” Equation Set  EQNSET 1 “Without specs & e
DPSPINS Vcc Supply pins DPSPINS Vcc
vout =VCC vout =5.0

LEVEL SET 1 “The only level set” Level Set LEVEL SET 1 “The
PINS D, CLK Input pins PINS D, CLK
vil =0 vil =0
vih =VCC vih =5.0
PINS Q Qb Output pins PINS Q Qb
vol =VCC/2 -0.1 x VCC vol =2.25
voh =VCC/2 + 0.1 x VCC voh = 2.75
&=

>

Pin PMU%a Pin PMU Relay
AC Relay
- _0/0_
vih
500
vil
voh : i
vol
iol vch
500
vt
DC Relay
: R vel °
ioh PE Channel 1
vout
to DUT

DPS Channel 1
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B L) |

!
Uoh
=3

‘Q\g

|

|

!

LEVEL SETTING IN SMARTEST

2z Test Program Explorer x| SENEVLE /g

home,.’rhammermfdevicesNBBD_Basic_Prt}g - In the TeSt Program Explorer

BB B

1. Load levels file

= [{ Device Information

& <Test Program...> *
T®if_functional.sol

. I & pins.sol .
il A Switch between 1/0 pins & DPS pins
Mtiming.sol

41t all.binl b Level Setup

Edit Doc Farnat

2. Open or Double-click on the levels item

DPS PuIS
OB% pusrunl fR0g

termination
i e macde W TollmAl|IahCmAl | =w =4 aoffzet |mode

ShO\-N actual \ Edlt Sp ec:ncahons
settings
Open SpecTool
Window
Open EQN SET
Editor




@ Basic ELEMENTS

e

LEVEL SETTING IN SMARTEST

LEVEL

File Edit Search Preferences

Shell ®acro WWindows  Help

EQUATION SET =N

<] 1 Bew _1 RegE=p _I Case
EDITOR PEHRE3000/s 0cAmp A sk 4GWsY Usedit_Iviegn byte 159 of 230 L: 18 C: 20

SPECS
VCC
VIH
VIL
VOH
YVOL

Fussssssssmnmn
.
.

DPESPI
ot
ilimi
T ms

PIMZ
wil=
wilhi=

PINS
i l=
woh=

PIMS
wil=
wih=
ol =
o=

WMEOOD-1ONEOMNESOD-IRnRELMNE 00100 &W

W W MNMNMNMNMNMNMNMMMNMNDEPERPERPRRERERPERERP R

ocffoure

LEVELSET 1

e

SRR

MZE oo

]
1000
ful
=Ry ot

i o

ctrl ser in
WIL
WIH

"mominal"

|

1 EQHNESET 1 "gross'" ‘___...~.

Several EQNSETs can exist

Values are assignhed to Spec
variables in the Spec Tool

/

Several LEVELSETs can exist

ser_out<$—
O
SFOH

ic_pins
VWIT, +~ 0.1

Possible to use pin-group names

VIH + 0.1 g
WO L
WOH

Values can be expressed

with variables

il

(=
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LEVEL SETTING IN SMARTEST

hd /varfopt/hp93000/soc/tmp/93k-4GWsY Uedit_lvieqn =1

File Edit Search Preferences Shell Macro  Windows  Help

El! il I Rey _1 RegEsp _1 Case

ptthp9a000/sactmpsadk 4 GWsY Udadit_|vlegn byte 158 of 290 L: 18 C: 20 / C“Ck on Download icon to update

5 " i . .

i ( the actual settings in the ATE
oo [v] =
:5 VIH [v] : b SpecTool i LEVE L
16 VIL [V] @ ; =
=] SPEC TOOL
18 VoL [v] :
9 :

DpsPIfs veo
wout =0
ilimit %=, 1000
t. ms ="4
offcure= égt

LEVELEET 1 "fon EESTTEretss
PINE otrl ser_i
wil= %IL

wih= %WIH Mame Actual Minimuwm i Measured Unit Comment

PINS ser out
wol= %OL
woh= %OH

PINE io _pins
vil= ¥WIL + 0.1
vih= ¥WIH + 0.1

wvol= %OL
voh= VOH Enter Values

v 178 7

L L 0 0 00 T T D D T T 0 00 [0 S S 2 b b b s ey
LoD 000 =10 0 L DD 000 00 -] O 0 s Lo DD = O
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LEVEL SETTING IN SMARTEST

Define a format to display pin groups
instead of all individual pins

| Levelsetup 17

Select Edit Doc Format standard

Ve

Q
3
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TIMING

* Concept
- Define waveforms by associating actions to edges \ﬁ Waveform Tables
- Specify tester period and position of edges II» Timing Sets

Tester timing resources per pin
Waveform * Input pins: 8 drive edges (d1, d2, ..., d8)
Tab|es *  Output pins: 8 receive edges (r1, r2, ..., r8)
I/0 pins: 8 drive edges + 8 receive edges

1 % Actions
0

i * Drive actions
T T, - 0:Drive ‘0
- 1:Drive 1
- Z: High impedance
L. - N: No action
Tlmlng * Receive actions (edges)
- L: Compare to ‘Low’
Sets - H: Compare to ‘High’
- M: Compare to ‘Intermediate’

gn fm - X:Don’t care
ﬁaf&




@ Basic ELEMENTS Ecoem | )

TIMING PROGRAMMING

A 1 1
Adi,1 Ad2,00 Adi,1 Ad20
Clock CP :
ANd1, 1 Ad10
Input DSO
rL, HAN r1, L
Output QO U
Adi1 AdLz
107, !
I/0 rLXA r1, L
07, | U 5 |
T = tester period T = tester period
Cycle1 Cycle 2

catm @Y



@ Basic ELEMENTS

ros s v [

TIMING PROGRAMMING

Ccp

Ccp

Adi, 1 Ad2,00  AdL1 Ad2d
Clock  CP N°1 N°1
ANd1, 1 A d1,0
Input DSO R
rl, HAN r1, L
Output QO U ’
Adi 1 AdLz
107, =R
I/0 rLX A (1, L
107, | U '
T = tester period T = tester period
Cycle 1 Cycle 2
fim

 CP Waveform N° 0

I

CP Waveform N° 1

! d1:0 d2:0

v

I
; di:1 d2:0 >
o »
CP_ref
CP_width

Programming — Clock

Waveforms
N°0-d1:0d2:0 (Clock Inactive)
N°1-d1:1d2:0

Edges Position
d1: CP_ref
d2: CP_ref + CP_width or after
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@ Basic ELEMENTS Ecoem | )

TIMING PROGRAMMING

CP_ref CP_ref "~ DSO Waveform N° 0
v T . 4 | Programming — Input
A ! i ! | i
Adi,1 Ad2, 00 Ad1 A d2, 0 DSO | L,
Clock cp § § a0 5 Waveforms
oc ] L, DSO Waveform N°1 N°0-d1:0
: : A : o DNRZ format
Adi1 Ad1,0 g DSO i > < N°2-d1:1d2:0d3:1 sBCF :
Input  DSO N°1 N°0 N < ‘ °3-d1:0 d2:1d3:0 i
rl, HA r1, L Edges Position
’ ’ T Sl d1: Ons
Output QO - > veform d2: CP_ref - setup_time or before
§ d3: CP_ref + hold_time or after
Adl 1 AdLz A .
d1:0 d2:1 d3:0
107, R ! setupi hold
j i i time | time P .pe .
I/O rLX AN r1, L WF definition to handle verification
07, U | | CP_ref of setup & hold times:
— e SBC format (3 edges)
T = tester period T = tester period
Cycle 1 Cycle 2

catm @Y



@ Basic ELEMENTS

ros s v [

TIMING PROGRAMMING

A

QO Waveform N° 0

Qo

Q0 |

—— prop
i delay

Qo Waveform N° 1
4

v

A

Qo Wavefojrm N° 2

Ad1, 1 Ad2 o Adi,1 A d2,0
Clock cP
ANd1, 1 A d1,0
Input DSO R
rLHAN r1, L
Output QO u Nol ' NOO
Adi1 A di1,z
107, -
I/0 rLX A LA
107, | U ’
T = tester period T = tester period
Cycle 1 Cycle 2
fim

Qo

v

CP_ref

v

Programming — Output

Waveforms
N°O-rl:L
N° 1-rl:H
N°2-rl:X

Edges Position
rl: CP_ref + prop_delay or after




@® Basic ELEMENTS e | )

TIMING PROGRAMMING

-~ 107 Waveform N° 0

+
A ; : 07, | R . -
Ad,1 A0 Ad,1 AdQ ag — Programming — I/0 Pins
Clock cP - 107, ! rIX > Waveforms
| L 107 Waveform N°1 | N° 0 - d1:0 r1:X
Adi1 d1,0 : yavetorm N°1-d1:1rl:X
Input DSO 107, ' R N°2—d1:Z ri:L
: —> dlﬂ | N°3-d1:Zrl:H
! 107, | T R N° 4 - d1:Z r1:X
LHA L | B N° 5 - d1:0 d2:1 d3:0 ri:X
Output QO U ; 107 Waveform N° 2 ! N° 6 -d1:1d2:0d3:1r1:X
T > A 1
! . 107.
Ady1 Ad1,z g ° \ag gz >
107, R 107, o T . Zc;ggs Position
o : [9) o , del L -uns
I/0 N°1 x4 § N°2 n LT = o o d2: CP_ref - setup_time or before
07, @ U § | . d3: CP_ref + hold_time or after
- N —— 107 V¥avef?rm N®5 rl: CP_ref + prop_delay or after
T = tester period T = tester period 107, JT—d21 : B0 —>
Cycle 1 Cycle 2 % setup  hold i
Y Y 107, | time  time T
f X e

L X
N *  CP_ref




@® Basic ELEMENTS e | )

TIMING PROGRAMMING

Waveform
~ 107 Waveform N° 0 Name
4 : /
A : ; 07, | N . .
Ad,1 A0 Ad,1 AdQ ag — Programming — I/0 Pins
Clock  CP - 107, ! r]; N Waveforms Dev Cycle.."";
| L ravef . N°0 - d1:0 r1:X 0"
AdL1 41,0 | 107 V}{ave ormN°1 | N° 1 - d1:1 FloX pe
Input DSO 107, ' R No 2-d1:Zrl:L L
: — Y | N°3-d1:Zrl:H | “H”
g 107, | T R N° 4 -d1:Z r1:X L “X”
LA it | e N°5-d1:0 d2:1d3:0 r1:X: “SBC_1”
Output QO U ; 107 Waveform N° 2 g N°6-d1:1d2:0d3:1rl:X: “SBC_0"
T > A i ereemnneesseerrm et ’
: . 107.
AdL1 AdLz ! \ag gz >
107, R 107, o T . Zc;ggs Position
HERL : oy ”n T | del ri:L i . uns
I/O 1 X A : L r1, LT = Do o d2: CP_ref - setup_time or before
07, @ U § | . d3: CP_ref + hold_time or after
- N —— 107 V¥avef?rm N®5 rl: CP_ref + prop_delay or after
T = tester period T = tester period 107, dTo 21 - B0 —>
Cycle 1 Cycle 2 * setup: hold i
Y v 107, | tme  time T
f X e

. 4
N *  CP_ref 60




@ Basic ELEMENTS ol

i

~ I Device Information

=)

e
b & pins
Dlevels

Visualize Waveforms

Open SpecTool
Window

Open EQN SET
Editor

Open WAVETABLE
Editor

TIMING SETTING IN SMARTEST

In the Test Program Explorer
1. Load timing file

2. Open or Double-click on the timing item

EYSTYSW Edit DevCycEdit Check Doc Display Format

edit waveforms & timing
show eqn. & specs results

select specification. .

edge delay
marker
descr1pt1on

shapes. ..

edit specifications
edit equations
edit wave tables

ed1t clocksets

61



@© BAsic ELEMENTS Do |

TIMING SETTING IN SMARTEST

WAV ETA B L E s /var/opt/hp93000/soc/tmp/93K.aYxFpp/edit timwvt

Hg £ d b -
WAVETBL gross_func_devcyc_wt N -
115 # Inputs are implemented using Several WAVETBLSs can exist
116 # This wavetable gets used for relax
1%; # verification and using Device Cycle names.
1
119 & Phy. Waveform Edge Device Cycle
120 & Indices Actions Names
121 § —————————mm e
122 PINS CP N
123 0 “a1:0 d2:0" 0
124 1 "d1:1 d2:0" 1
125 brk
126
127 PINS _MR
128 0 "d41:0' d2:1" 0
129 1 "d41:1 d2sl” 1
130 brk e
131
132 PINS mode ser_in
133 0 "d1:0" 0 e e
134 1 "d1:1" 1 Definition
135 brk "
136 — of
137 PINS io_pins
138 0 “d1:0 rl:x" 0 waveforms
139 p 4 "a1e1l wlix" 1
140 2 "a1:2 pl:L" L
141 3 "d1:Z rl:H" H
142 4 o b BE AR o B X
143 brk i
144
145 PINS ser_out
146 0 i 7 B g L
147 1 el H® H
148 2 “rl X" &

gpofm @ igg . <




@® Basic ELEMENTS e | )

TIMING SETTING IN SMARTEST

fd varfoptihp930007socftmp/93k.sVSIrsfedit_timeqn  P{=]f3
TIMING File Edit Search Preferences 3Shell Macro  Windows  Help
EQUATION SET Find: |} _1 Rew _i RegExp _I Case
EDITOR Marfopthp330004/s0cAmpsIak.sY Sirdfedit_timegn 2053 bytes
63 A
6d  EQNSET 2 "spec search eqn"
g “—~Jseveral EQNSETs can exist
67 fmmmmm—mmmmmmmmmmmm e
68 4 Spec Unit
659 ¢ variables
T0 - —mmmmmmmmmmmm e
71 If .......................... ]....
T2 . MHz
73 % ts_Sx_CP ns] i i
71} thocpea o Yalues are assigned to Spec variables
751 ts_IOx_CP ns] i in the Spec Tool
76 : th CP_IOx [ns] :
77 ts_DSx_CP ns] &
78 : th_CP_Dsx ns]
79 1 tw_CP ns]
g0 tw_MR ns])
8l : trec_MR_CP ns] |
B2 ¢ tpd_CP_Qx ns] |
63 :.ted CP TOx _ [los] .
g4 agm - -
85 BQUATIONS Additional variables can be defined
Ry S / with equations that use Spec variables
B8 : CP_ref = p/2 i
89 : ComplDelay = 2
G() messssssssssssssssssssssssssanmnnsn
51 TIMINGSET 1 "5td"
92 , ) Several TIMINGSETs can exist
93 period = p
=¥ |l
55 PINS CP
aE dl = CP_ref — Values can be expressed
97 d2 = CP_ref + tw CP H H
o - — with variables

E -]




BASIC ELEMENTS pins | tevels | Timin | SIR

TIMING SETTING IN SMARTEST

:v fvarfoptthp93000/socitmp/a3k.sV3lraledit_timeqn
File Edit Search Preferences 3Shell Macro  Windows  Help
I Rev _I RegExp _i Case
Mrarfoptthp33000/socAmp/I3k s ¥ SIrGfedit_timegn 2053 bytes

63 Al
64 EQNSET 2 “spec_searc“h’ e Taia

e dpeslus . TIMING

e T T R File Select Change Edit Sort Display Doc
a8 4 Bpec Unit SPEC TOOL
69 4 variables
e
"I|‘1 FLEEEEE LN LY ] :
72 = f = [MHz
73 = ts_8x_CP = [ns
74 = th_CP 8z . ns
75 T ts_I0x CP = [ns : .
76 ¢ th_CP_I0x = ns 3
77 . ts DSx_CP s [ns : ]
78 . th_CcP_DEx = ns
79 1 tycp i [ns Select a Wavetable
g0 = tw MR », [ns :
81 = trec MR _CP i% [ns .
32 = tpd_CP.Dx = %ns
83 s tpd CP_Iox = lnis _
B4 wesssnmsssssssnnd \‘ O - ¥
85 EQUATIONS .
86 3 Enter Values
87 p = 1/f+*1000 "‘
gg ggﬁ;?geiagf i 2  am e £ E mLm il ured Unit Comment
50 1
91 TIMINGSET 1 "std"
92 10
93  periocd = p -
94 =
95 PINS CP 5
96 dl = CP_ref 2
97 di = CP_ref + t1 _
98 o
li th_CP_DSx Z
tw_CP 5
tw_MR 5
=

Download done!
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| rine[ltevels | Tmive (S |

Waveform
Visualization

“Show eqn.
& Specs Results”

fm
CE

TIMING SETTING IN SMARTEST

Check Doc Display Format

Equation

Timing

/1

View with “format pins”
active, i.e. only one
waveform displayed for
each pin or pin group

To see all waveforms
defined for a given pin
or pin group, click on the
name of a pin or pin

group and choose
“one pin”

RIIEIS Edit DevCycEdit Che
&

pariod
edge delay
marker

description

forpat pins

one pin

ShcpEce

edit specifications
edit equations

edit wave tables
edit clocksets

65
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PATTERN

* Principle
- Sequence of waveform indexes/names that will be “played” by the test processor

VIH ~

T 2T 3T

catm @



@ Basic ELEMENTS CEmED | )

PATTERN

* Principle
- Sequence of waveform indexes/names that will be “played” by the test processor

A

* Data in the pattern table do
not directly correspond to a
logic value but refer to a
waveform index or name

* Pattern cannot be defined
before timing (waveforms must
exist before referring to them)

67
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PATTERN TOOL IN SMARTEST

Ul Setup - /mnt/share/Training_FirstSession_12-16/configuration/pins_soc - SmarTest Eclipse Workcenter - /home/demo2/workspace

File Edit Navigate Search Project Run 93000 ﬂiﬂdcw Help

| o~ B[ |- 0-Q [ 7|2 X@ =]

. Pattern Label

=
#4 funct first 52 - &F Digital Pins ] ]

= : =
EET = ‘\\_E‘DPT| = B | 8 gross_func [ﬁﬁ gross_burst
fmnt/share/Training_| =

Si al
= [ Device Informa|—| £

& =Test Progra
23 tf_methods_
> & pins_soc

1104 (DVC)
1106 (DVC)
00 (DVC)

D50 (DVC)
N EHEE

X-Mode Area

Xievels Protocol
A\ timin Vector#
1. In the Test Program : |

Explorer, double-click & crertconmel || 1B e =

on the pattern item # <Anaiog corl || 12 — )
tr.:\:‘.-’a\.feforrru I i_I’ Pattern Edltor:
e <Routing...> Z = =
= E | O display one pattern
% =Profile . > io switch i
=) <Test Tabie. [l i::‘;“ad axaa =l
Wl =channel At shift left

reset

hoid |10

< [ Testfloor Inforrmr

=% <Application

@ <warer._ > [] L
N E—— m ||« =
[ Prob!emsiﬁﬁrmware | | | Lol s
2- In the Pattern Explorer, '. MName Memory WawveTable Layoy|Name
-
dou ble-C"Ck on one \ 3] Burst @ Burst NONE gross_func_wtb
patte r n ¥ runct first @ I} Main WM gross_func_dew...
@ gross_burst @ Burst NONE gross_func_wtb "
1 gross_func @ Main WM gross_func_wth abc Pattern Explorer.
-
3 gross_func_fail @ Main WM gross_func_dewv abc Ilst aII patterns
8 p1 @ Main WM gross_func_wtb
3l p2 @ Main VM gross_func_dewv...
3l p3 @ Main WM gross_func_wtb
a8l P4 @ Main WM gross_func_wtb
f a8l spec_search @ Main WM spec_search_wtb
g‘w’ G lf !
| 111 [v] 68
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Lab & Exercises

Practice book - Step 2
First Steps with SmarTest - Part 2

entm €



)

Quiz 2 P2-S
Mini-Test 2

entm @)



LEARNING STEPS

ﬂ Datasheet analysis

Z ) Tester HW/SW, Basic elements (Pin, Level, Timing, Pattern)

||a ¢ Test methods: first tests (Continuity & functional/structural tests)

Test program development

Test methods: parametric tests (bc & Ac tests)

71



PART 3

entm @)

e Continuity Test

* Functional/Structural Tests

72



© Test MEeTHODS: FIRST TESTS

* Test Flow planned from Datasheet Analysis

-|» Fur_:_;’;i;nal ‘» DC Tests ‘» AC Tests @

e Actual Production Test Flow

Continuity Functional
Test ‘» Tests ‘» DC Tests

between ATE and

Check for connection
DUT circuitry




@© Test MEeTHODS: FIRST TESTS

CONTINUITY TEST

(also called “Open/Short Test” or “Contact Test”)
* Purpose
- Verify the connection between ATE and DUT pins (no open)
- Verify that no DUT pin is shorted to power/ground

uT

Socket or Handler Contacto Device Interface Board

\ /

TTE T
[ Pogo Pin Blocks T : l:._’EJ. ".ﬁ Al
uul Inuuul | \ (_‘@
By e—— —
coo RS, | Seae R oty

I:l I:ll:”:l |:||:|I:| I:l NoESDdamage
TEST HEAD

74



© Test MEeTHODS: FIRST TESTS

CONTINUITY TEST

(also called “Open/Short Test” or “Contact Test”)
* Principle
- Force | & Measure V: resulting voltage should be a diode voltage (ESD protection diodes)

VDD = 0.00 Volts

T Vcc

1
1
1
1
1
\"/ =V = Open
wn 1 meas clamp
PMU n )R : _
=) 1
mr i n 5| Internal !
é @ ‘ Z | Circuitr I
I : Bonding 'é y :
Vimeas ! 7§| a ! Diode
: & : voltage
1 1
| 1 )
1 1 o
I GND ,
| | \Vmeas ~ 0V = Short
1
1 1

VSS = 0.00 Volts

A Power supply grounded 75




© Test MEeTHODS: FIRST TESTS

CONTINUITY TEST

(also called “Open/Short Test” or “Contact Test”)
* Principle
- Force | & Measure V: resulting voltage should be a diode voltage (ESD protection diodes)

VDD = 0.00 Volts

T Vcc
A

PMU

vmeas

Force Current

1 .
A (ii ‘i’ ‘ < Bonding
vmeas

»

Both polarities A\ Power supply grounded

Internal

Circuitry piode

voltage

ESD PROTECT|ION DIODES




© Test MeTHODS: FIRST TESTS

CONTINUITY TEST
(also called “Open/Short Test” or “Contact Test”)
* Principle
- Force | & Measure V: resulting voltage should be a diode voltage (ESD protection diodes)
PE e ,

Other option:
Implementation with

VDD = 0.00 Volts

T Vcc

|
:
- 7 |
comparison + A 2 ! Programmable Load (PL)
a I
—m-.—%— CI:|_1ter_|:aI E no Meas. Value
<-4--B00ding § Bt : ) Pass/fail result only
o A g |
1 -l . w |
! . |
! |
: i GND !
! |
! |

VSS = 0.00 Volts
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© Test MEeTHODS: FIRST TESTS

FUNCTIONAL TEST
* Purpose
- Verify that the DUT is functionally “alive” Test Pattern
(Input pins)
* Principle il

10011100001111001

- Apply a test pattern that exercises the device functionality 1
& compare the DUT response with the expected one

il

HHLHHLHHHHHLLLLHHL
HLHHLLHHHLLHHLHLLH DUT Response

" VIL =1/, VI = VCC HLLHHHLLHLHHLHHLLH (Output pins)

- Test performed with relaxed levels & timing conditions

HHLLLHHLHHLLLH

vV %4
" Vo =%—100/0*Vcc, Vou =%+10%*VCC @ PASS (Go)
* £ < foax \\ g
Expected ‘ \ /// i
COMPARE l / /
= g/

= Tsetup = Tsetup—DSr Thota > Thota—bs DUT
Output: PASS/FAIL result | FAIL (No-Go)

Response
= Tobs = Tprop—DS (Output pins)

HHLHHLHHHHLLLLHHL
HLHHLLHHHLLHHLHLLH
HLLHHHLLHLHHLHHLH
HHLLLHHLHHLLLHLH

263N,

calm 78



© Test MEeTHODS: FIRST TESTS

FUNCTIONAL VS. STRUCTURAL TEST APPROACH

STRUCTURAL

FUNCTIONAL

e Test pattern is defined with the objective » Test pattern is defined with the objective

to exercise the device functionality to verify the absence of defects
“manual” generation based on the & automatic generation based on fault
knowledge of the truth table models & structural circuit description
Stuck-at,
Bridging,
Inputs Response Master reset Delay’
e Hold
”LR sx i" c: — Parallel Load (10000000) Functional Structural
HI{H|H|— Pa:allelr:::::sl.';,,se—;()f-or- » ::i!f(:RightXS—DSlJ:O » TeSt TeSt
H [ L] H [ |shiftRight DSg - Qp, Qg - Q. et Parallel Load (01010101) Pattern Pattern
H | H | L | -~ |ShiftLeft, DS; — Q;, Q7 — Qg, etc. Shift Left x8 — DS7=1

» Fault Coverage

2 @
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© Test MEeTHODS: FIRST TESTS

FUNCTIONAL VS. STRUCTURAL TEST APPROACH

e Execution on ATE: no fundamental difference

00101001110011001
01100100010010001

Functional G Structural
Test Test

Pattern : Pattern

HHLHHLHHHHHLLLLHHL

HLHHLLHHHLLHHLHLLH DUT Response
HLLHHHLLHLHHLHHLLH :
HHLLLHHLHHLLLH {Estpdt piny)

Q PASS (Go)

FAIL (No-Go)

FUNCTIONAL STRUCTURAL
GENERATIO S ENERATION

Expected
DUT

Response
(Output pins)

HHLHHLHHHHLLLLHHL
HLHHLLHHHLLHHLHLLH
HLLHHHLLHLHHLHHLH
HHLLLHHLHHLLLHLH

2 @



Su)

2 @

Exercise:
Part 3
Questions about First Test Concepts



LEARNING STEPS

ﬂ Datasheet analysis

Z ) Tester HW/SW, Basic elements (Pin, Level, Timing, Pattern)

Z ¢‘ Test methods: first tests (Continuity & functional/structural tests)

Test program development

Test methods: parametric tests (bc & Ac tests)

82



PART 4

(

entm @)

TEST
PROGRAM

)

* Test Flow Concept & Main Elements

 Test Flow Creation & Execution
in SmarTest

83



INTRODUCTION TO
TEST FLOW CONCEPT
& MAIN ELEMENTS



© Test FLow CONCEPT

* Sequential organization of device tests
with their bins

 Tests order, pass/fail branching and binning
determine the execution of the test flow

Testsuite

Main Test Flow Elements

Testsuites
* Test Method + Level/Timing/Pattern Settings

Bins
* Good or Bad (sToP point)

Continuity

»)

Gross lyp

Functional

DC Tests

catm @

| | |
¥ &8

Bad
Bin

Bad
Bin

Bad
Bin

Bin

85



© Test FLow CONCEPT

* Sequential organization of device tests
with their bins

 Tests order, pass/fail branching and binning
determine the execution of the test flow

Main Test Flow Elements

Bins

Testsuites
* Test Method + Level/Timing/Pattern Settings

* Good or Bad (sToP point)

W Continuity > Fungllctl)nal ;

Stress

¢
l Functional |
@ =

v

v

DC Tests }— % DC Tests
v v

AC Tests AC Tests

catm @

\ Other Test Flow Elements

Iterative/Conditional Elements |
. ~* Repeat Loop
.« For Loop
' * While Loop
.+ If/Then
. Value Assignments
. * Variable
.« Levelvalue
'+ Timing value




© Test FLow ELEMENTS

O Continuity @
lP

Continuity

V Testsuite
> Test Method
V Primaries
> Timing 1.2.1
> Level 2.2.1
[> Pattern

“DcTest.Continuity”

my_pattern

TESTSUITE

TEST METHOD

e 2 ways of calling a test method

- Predefined “Test Function”

= Only test conditions and limits to fill

= Hidden firmware code, the user
can’t modified
= Easy to understand for beginners

- C/C++ code
= The user programs test conditions,
tester HW (relays), test execution,
comparison to test limits, test
result reporting and P/F outcome
= Not easy to implement,
more flexibility

I Properties i - 2% Outline

type filter text

Property Value

= Test Method dec_tml.DcTest.Continuity

< Parameters

pinlist @
testCurrent -50{uA]
settlingTime 4[ms]
measurementMod:  ProgLoad
polarity BPOL
prechargeToZerov ON
testName passVolt_ mv
output Reportul

= Limits

@ passvolt_mv
Test Number

Limit Value 200 <= > ] X <= ™ 11800

~ Flags

ELERN R lcdipital_tests::con

[ERMES (double _results[4])

add your code
PPMU_SETTING settingl;
settingl.pin("@").iForce(50 uA).min(50 mV).max(100 mV).iRange("100uA");

Set up: pin to test,
force current
and limits

PPMU_RELAY Telayl, relay2;
relayl.pin("a").status("PPMU_ON"); Close PPMU relay
relayl.wait(1.3 ms);

DISCONNE

DISC CT PPMU relays
relay2.pin("a").status("ALL_OFF");
relay2.wait(1.3 ms); } pen EEML very
PPMU_MEASURE measl;
Test technique: value
TASK_LIST taskl;

neasl.pin(“0").execMode (TM: :PVAL);
taskl.add(settingl) .add(relayl).add(neas1) .add(relay2); r .
Canbl Eicatety: ]» Task list execution order:
return S_0K; 1. Apply setup
} 2. Close PPMU relay

3. Perform measurements on pins

4. Open PPMU relay
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© Test FLow ELEMENTS

Goob/BAD BIN A .
e To sort the devices

Hardware and software bin numbers defined in the test program
Hardware bin number: controls the location where the DUT will be placed

(tray or tube) after execution of the test program
« Software bin number: keeps track of the various pass/fail categories (Statistics)

1 1004 1400 801
Top 10 Software Binning
dopo ot e pass thunderbird_real_bist_max vi_vih_vol voh_max  idd sleep max  thunderbird_ct_max thunderbi
P F F F F
359 32% 22%

Color

Percentage
Total count 246
MQualtera/Galaxy/P51222.0U_9D0064810 22
Map style STRI parts tested CKAGED DEVI
Total physical parts o
tested =
Parts processed | Data / parts (a E
Data from Il sites g
Product omE3s1 %
Lot P61222.01 =]
SubLot 9000846101
Strip ID: P61222.0U-9000646101
Strip started en. déc. 28 13:54:09 2007
dimensions ighX=1

ral
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TEST FLOW CREATION & EXECUTION
IN SMARTEST



© Test FLow CREATION & EXECUTION

TEST FLOW CREATION IN SMARTEST

H setup - SmarTest Eclipse Workcenter - /home/jspreux/workspace 6.5.4

File Edit Navigate Search Project Run 93000 MWindow Help

| l=its G %0 | v o @ .| =4

| >

MAIN STEPS

[t Project | = B = 5= Prope 52 ~._5F outiin | = 8
fhome/jspreux/devices/CW _Lab = o -
< [, Device Information = Property WValue

dewvice  /homejjspreux/der
external false
1. Create new testflow
saved  true
B <Timing
Pattern.. >
in Attributes.. > 3
st Control .
2. Setup the “context” S onaig oo
<Waveform. >
% <Profile
est Table. > L
3. Insert elements I s
. . ~ [ Testfloor Information
(Testsuites & Bins)
e ||
E— I I |
[51 Problerns 52 2§ Frmware 2 ¥ = 0||E console 52 . €] Error Log =0
0 errors, 0 warnings, 0 Infos System h % = E- i
4. Save testflow Description Resource | Path Location lzx::;;gg ig:g:%;;y;gs;w T E
|INFO: using location for configuration data specified in $HOME/.93KE
configuration_base=/tmp
€1 i I I»]

| o= Ta Testriow




© Test FLow CREATION & EXECUTION

1. Create new testflow

B Project Ex |E
e |

/mntfshare/Training_FrstSession_12- =

TEST FLOW CREATION IN SMARTEST

[75 Project Explore

mnt/share/Trainng_6-5-4/my_74ACT299 T

& <Test Program...> /

= ﬁ- -~ r&, Device Information

@ Right-click on testflow
item & Select ‘New’

= [i\:, Device Information
& <Test Program. >
¥~ JrainingFlow

£ pins_soc //
7N levels
,H, timing
g8 all.binl
=P <Pin Attributes.. =
@ =Test Control. >

% --.Analgg Contrel.. =
o <Waveform . >

2@ <Routing. >

8p =<User Procedure.. =
% <Profile.. >

B <Test Table .=

B <Channel Attributes . >

b [ Testfloor Information

b [ Test Results

: |‘D New... Cirl+N

fay Open F3

® Right-click on testflow item
& Select ‘OpenWith ->
Flow Sequence Editor’

il (OFlow Sequence Editor
‘5.‘"'.3""! dl Open Testflow To Merge ... (@ Flow Data Editor
- Show In Project Explorer
Create testflow — ‘ ‘ \
Enter testflow name [_ : )
——== Fa FirstFlow & = [m]
Name: [HrstFlow w l 3
AN H
Location: | \ | ”
N ﬁ
@ Enter name of : s
new testflow I
Empty flow
© Click Finish’
@ || Finish I [ Cancel ]
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@ Test FLow CREATION & EXECUTION

2. Setup files assignation |  TEST FLOW CREATION IN SMARTEST

BemrsEow s ) © Fill in your primary
| & @ select ‘Open -> setup files
,,| Setups Page’ I irstrlow & )

Palett

-

g Setup / File
T2 Run Testflow crl /
Rt " Fin Configuration pins

1
Variables Page Ctri+Alt+, 3 |Timing o
. . . Go To 4 tirmin
(1 Right-click in empty zone Fiags Page ot AL 2 [Pattern 9
Insert | [Eataad i bin [~ ]
f H ’ 5 Pin Attributes 2l il =
of ‘Flow Sequence Editor i £ Clri+ATt+ ' Bl

- B Channe| Attributes
7 Analog Control all binl bak
8 Waveform
9
1

Routing

0 |Test Table

Use <CTRL> <Space>
Collapse Al for content assist

Expand All

Preferences

| Test Suites ;?arameters | Tests |Bins i\;rﬁ_riabies |Flags | Setups 1nformat|;1|

Necessary step to make all primary settings (pins/level/timing/pattern)
available within the Testflow




© Test FLow CREATION & EXECUTION

Testsuite

3. Element insertion

O select

o

© select a Test Method
(mandatory entry)

insertion _ _
point (2] Right-click or Open Palette
/ & Select ‘Run and Branch’
& select ol
¢> Run Test / “ New "Run And Branch” Node
QRun and Branch £ @ The Test Method field must not be empty.
¥ Good Bin 2 //
@ Bad Bin n' Test Suite Name [ccntinuity
& Multi Bin ” Commers
G::] b Test Method

3 Print to Datalog
EnlffThen

: Repeat Loop

dmy While Loop

& For Loop

o3 Assign Value
Assign Level Value
@8 Assign Timing Value

catm @

o

Timing Equation

Timing Set

Level Equation

m]

[
(
|
Wavwveform Set |
|
|
|
|
|
|

DPS Set C]‘
Level Set E]‘
Analog Set

Pattern

Context |pEFALLT
@

|| cancel

TEST FLOW CREATION IN SMARTEST

= DcTest
StandbyCurrent
Productioniddg
OutputDC
OperatingCurrent
Leakage
HighZ
GeneralPMU
DpsStatus
DpsConnectivity
DvM

|D ac_tml

Lib Path

[Iopt’hp930GU.‘soc[testmethud/hbraryfshjb.’hbd:Jm s

Source Path [fuptfhpg]UGUfsoc_6.5.4_7x6_snip4_20110203_1651

Compiled on SmarTest: 6.5.4.0, 03-Feb-11
Comment

Info

LSS

®

@ Click ‘OK’

/s

[2 DC_74ACT299_cl cpp ‘ [} *my_Flow

[ continuity
oPp
s

.
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@ Test FLow CREATION & EXECUTION

3. Element insertion
Testsuite

Double-click on
Testsuite will open
the Properties view

i?.tf_metnoas_an b

|
L4

=ihalette -

=
user_gross_func

DC-Te sts

=
USer DC test

=
USer_DPS_Meas

»

<

TEST FLOW CREATION IN SMARTEST

/PROPERTIES VIEW

Selecting value and pressing “F3"”
will open associated editor

(e.g. vector editor will open when
a pattern label is selected

| B Instant Console._l:l;&ﬂ&ms;:,&. o =i =
I - 3 i - |
[lyp= ritter texd |
- Property Value
= Test Suite gross_func
Comment
~ Primaries Signal ‘
P Timing 1,1,1 = 58lcB[calclelele
O
b Level 2,21 ‘.:Eﬁ%h-ﬁ m =0 le
ER G EEE  EEE
P Analog X-Mode Area — W[ [ [ [ N
Pattern gross_func Protocol L 11 11 |
. F3 Vector# Instruction Comment
Context DEFAULT 0 [reset EWl2 o0 B0 @0 00 0
1 held 1 100X XXXXXX
Test Type M 2 parload0x80 |1 1001000000
~ TestMethod my_ac_classic_tm_project.ClassAcTest functionalTest 3 shift right SN 1 B0 BNH BNl Bl B
4 N o . B . B
Parameters 5 1 Go WL G- . §
o 5 [ Bo B B B B
Limits 7 1 100LLLLLHL
| 8 ~ B4 LR [ W &y
EDFIags E] B o B B
[ Site Control 10 [ @lo B B B 8
| 11 L FNCEE [
P Results (Site in Focus) 12 N1 (B O B NS
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) TEST FLOW CREATION & EXECUTION

3. Element insertion TEST FLOW CREATION IN SMARTEST

Bin

| *my_Flow 525 [§ DC_74ACT299 clepp  |[0*my_Flow |
AR 3 — —_— L —

i O select
? insertion

g
£ o \ © Fill the entries
£ point
B New Bin Node S

[ conti cr; L; ity ] ‘F/  Mew "Bin" Node

h 4 L\\) b‘ lkreate a "bin" node.
¢> Run Test cortmare
Sl O

W Good Bin

: a Description: |IDDQ // %W“Bﬂw z&\ _.E|D(;7_74ACT299_VCI.Crpp -,!W*W—f'““' 1
aMUlti Bin 9 Right'CIiCk Or Open Palette \\ Hardware s |

»
N I
| @8 Print to Datalog e s EI =
: 2
By IfThen 4
Repeat LGGp Altributes i ! [IEI . N
dmy While Loop e Hea z continuity
@ For Loop ) ] Reprobe Overon 3 j
|33 Assign Value Binning
:Assign Level Value © good bin
:Assign Timing Value @ bad bin
Attributes )
q @ | Eni |
* Reprobe: used for wafer-level testing ‘ e
* Overon: used for debug during test flow \

Sl fulshle © Click ‘Finish’




@ Test FLow CREATION & EXECUTION

4. Save testflow TEST FLOW CREATION IN SMARTEST

A *: changes done in testflow = Save REQUIRED

3

Flow 22 - [l *my_Flow

|l Project Explor |FE Tgst Program NI | S,, i

(1 Right-click on

:Imnt.l'share!Trainng_ _4/my_74ACT299 ' V'IE ¢

testflow item -
H = L3 Device Informgtion U
in Test Program N7 ° s :
#& <Test Progfam...>
Explorer e e 3—.
|
5 g Open F3
; 3
X ht#my_Flow#ley i
n _— i it Open Testflow To Merge ...
ht#Emy_Flow #tin
e i Show In Project Explorer
o all.binl
<P =Pin Attributes =1 Load.... k Chlt 3_.
trol = Load All Setups
Reload Shift+Ctri+L
( ’
@ sSelect ‘save \ 23 Import...
3 Export...
Optimize
Delete Optimize
2 Run
Ctri+5

[5] save As..

Loading Process in two steps

* ‘Load’: will open ‘Select file to load’

* ‘Load All Setups’: will fill tester-hardware
with primary data, i.e. will load all the
primary files defined in the “context” of
the testflow
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) TEST FLOW CREATION & EXECUTION

TEST FLOW EXECUTION IN SMARTEST

, S , (1) Right-click on a
| rae G % |s-0-Qr (S |s X0 Testsuite

P [ET % 70| Samysiow 35, ==
| ! — | . .
'!mntﬂ'shareﬁrainng_ = (| * |
< [} Device Inform ||| |/

& <Test Progr: L

- Palette:

% Run Selected Alt+T 9 Choose

I® Run Testflow Ctri+T
b @ pr e ’ * ‘Run Selected’: single Testsuite execution
ﬁ't::; I —— ]—. open st etnod o  ‘Run Testflow’: overall Testflow execution
Open »
£ all.binl Wl T szm ‘

i =]
= <Pin Attribu’ Leakage Insert g

g Test Contr Insert Floating Test Suite Ctri+l
<Test Contr

% - - Toggle Selection to Wide Ctri+Right
- Form

[E Copy Ctri+C

:[ |J|| T )

(]

Convert to Run Node

Expand Shirt+Right
Collapse All
Expand All

Add Bookmark

Preferences.




© Test FLow CREATION & EXECUTION

TEST FLOW EXECUTION IN SMARTEST

File Options Help Mode Datalog

Tester State IDISCDNNEETED

Tester Operation INDT monitored (DISABLED)

st peoduction report begin b
Started at: 20060728 0943928
Testflow execution

dewvice + ptl_lab_solutions_4,2,1
IUT _path E SEmp

testflow : b _functional
Lserprocedures iy

skt hagin bestflow report datg 30 ekl

tf_result{OutputlC,.1) = 0
tf_resulti{tpd _CP_Q=. 0} = 12,7
Dewvice test PASSED!

e | T =) ] @ FREEREE REREER R
detseraet @RERE BRERERE RFRERE EBRERRE Gt
A B E] B EREREE RREEE ek

BIM : 1 (Fa=szl)
Ended at: 2000723 0943930
Aekdckdekdd ad testflow report data Chtokeksks

H

=x! | =

Report Formatter +defFault PROD

| -

Binning Result

hd Test Result Display Gk

— Hardware Bin

Bin Description —

| Total Number of

First Failing Test — Executed Tests

|
Total Number of Failing Tests
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Quiz 3&4
Mini-Test 3



Lab & Exercises:

74ACT299 Test Program Development:
First Test Flow (off-line + on-line)



LEARNING STEPS

ﬂ Datasheet analysis

Z ) Tester HW/SW, Basic elements (Pin, Level, Timing, Pattern)

Z ¢‘ Test methods: first tests (Continuity & functional/structural tests)

Test program development

Test methods: parametric tests (bc & Ac tests)

101



© Test METHODS: PARAMETRIC TESTS

* Production Test Flow

Continuity Functional

START
Test Tests

f



@ Test MeTHODS: DC PARAMETRIC TESTS

* Purpose

DC TESTS

- Verify device DC performances, once functionality is OK

e Classical Tests
- VIL/VIH' VOL/VOH

il -

Functional
Tests

DC Tests

103



@ Test MeTHODS: DC PARAMETRIC TESTS
V, /V,, TEST

* Purpose

- Ensure that the input pins can correctly sense the proper logic levels when
programmed V, /V,, voltages are applied

* Principle

- Functional test with driver levels configured at datasheet V, /V,, values for input pins
(relaxed constraints on comparator levels for output pins)

DC Electrical Characteristics for ACT

Pass/FaiI ReSUIts V||_/V|H Values: Symbol Parameter \:\";’c Ty;A:ZS'C GJar::t:e_:tlfnlltoswsrc Units Conditions

— DS guaranteed e ] e | L ) el
Applz/ \}1 r}\\//er |)eve|5 limits I S v [

I/ ViH

A
Functional PASS/FAIL
—> .
Test Result

104



@ Test MeTHODS: DC PARAMETRIC TESTS
V, /V,, TEST

* Purpose
- Ensure that the input pins can correctly sense the proper logic levels when
programmed V, /V,, voltages are applied
* Principle

- Iterations of functional test with changing of V, /V,, values for input pins
(relaxed constraints on comparator levels for output pins)

DC Electrical Characteristics for ACT

Loop: Search for value corresponding

Meas. Values

.. . . —— . . Vee Ta=25C | To--40Cto+85C - —
to P/F transition in functional test o ripess w [ ST e | G
“““““““““““““““““““““ Vi Minimum HIGH Level 45 I €D) 2.0 v |Vour=0v
Input Voltage 55 15 2.0 2.0 orVee - 0.1V
Vi Maximum LOW Level 3.0 15 Co8) 0.8 v Voyr=0.1V
Input Voltage 45 15 08 0.8 or Ve - 0.1V

(Apply driver levels Change
ViV iy ) Vv, /V,, values
3

Relaxed Functional
Conditions Test _
* PASSif VIL—meas 2 VIL—Iimit & VIH—meas 5 VIH_Iimit
* FAIL otherwise

o oS FAILV,
E@ 105

VIL/VIH
Values

(last Pass values) !

FAILV,,

V,/V,, Test Result

PASS V, /V,,




© Test MeTHODS: DC PARAMETRIC TESTS

V| /V,, TEST IN SMARTEST

Test Function:
‘Input Voltage Sensitivity’

Test Procedure

V,; nominal

b 4l Test Control

State Doc input

Edit PReport

Set V| to low pass level
Execute functional test

data

>

pin

<’ Input Woltaze
Il Sen=zitivity
Pin list g pin list  [@

V, pass level

V,, pass level

== =l 2. SetV,, to high pass level o
i dat :
Pass Limits Q pass tever o | |ue || z.15 | Set back V,, tO. nominal level at pin
| - Vi Viy Execute functional test
d serlia
. ‘Serial: AURRLE WILAVIH csP> | 3. Return FAIL if either execution fails, otherwise return PASS
Result for each pin
* ‘Parallel’:

Global result
for the pin list

V,./V,, measurement: iterations of steps 1 & 2 with incremental change

of V,,/V,, setting to identify P/F transition (meas. value = last Pass value )
Return FAIL if measured V,, < low pass level or measured V,,, > high pass

level, otherwise return PASS 106




@ Test MeTHODS: DC PARAMETRIC TESTS
Vo, /Voy TEST

* Purpose
- Verify voltage/current capabilities: ensure that the V, /V, voltages are not too much
degraded while output pins deliver the specified I, /I, current
* Principle
- Force |/l current on output pins and measure the corresponding V,, /V, voltage

Implementation with PMU DC Electrical Characteristics for ACT

Veo Th-25C Th--40C10+85C

Symbol Parameter Units Conditions
[\ Typ Guaranteed Limits
D T Vou Minimum HIGH Level 45 449 44 44 V i _
U 55 | 549 54 54 ouT = =R
Vi =ViLor Viy
. 45 | 0.0001 376 v Gn=24m
P M U kY 55 4.86 476 lon =-24 mA (Note 5)

VoL Maximum LOW Level 45 0.001 0.1 0.1

v lout =50 nA
Output Voltage 55 0.001 01 0.1

/]\ Vin=ViLorViy
45 0.44 v qcemh >

Vm e | 55 0.3 0.44 loL= 24 MA (Note 5)

15 cc
PASS V,,

Pattern

FORMAT CP MR mode ser_in ser_out
Rl std 1 0 00 00

1L LLLLLLLL reset 7
1 00 00 XX LLLLLLLL hold ;

Rl std 1

Rl std 1 1 00 00 X{ XMXXX¥X hold (dummy) ;

Rl std 1 1 11 00 HL 10000000 parallel load /

Rl std 1 1 0l 00 IL IHLLLLLL shift right ; Force Current [ V V Test Res It

RL std 1 1 0l 00 LL LLHLLLLL shift right ; A OL (0] ;] u

Rl std 1 1 0l 00 ILL LLIALLLL shift right ; FAIL Vg, /Voy

Rl std 1 1 0l 00 LL LLLLHLLL shift right ; 1

Rl std 1 1 01 00 LL LLLLLHLL shift right ; O PASS If VOL-meaS S VOL-IImIt & VOH-meaSZ VOH ||m|t

* FAIL otherwise

2frm Values
cofm %

Measurement | PASS Vg,




© Test MeTHODS: DC PARAMETRIC TESTS

* Purpose

Vo, /Voy TEST

- Verify voltage/current capabilities: ensure that the V, /V, voltages are not too much
degraded while output pins deliver the specified I, /I, current

* Principle

- Force |/l current on output pins and measure the corresponding V,, /V, voltage

Implementation with PL

DUT

Pattern

FORMAT CP MR mode ser_in ser_out
Rl std 1 0 00 00 LL LLLLLLLL reset 7

Rl std 1 1 00 00 XX LLLLLLLL held ;

Rl std 1 1 00 00 XX XXXXHHXX hold (dummy) ;
Rl std 1 1 11 00 HL 10000000 parallel load ;|
Rl std 1 1 01 00 LL IHLLLLLL shift right ;
Rl std 1 1 0l 00 LL LLHLLLLL shift right ;
Rl std 1 1 0l 00 LL LLLHLLLL shift right ;
Rl std 1 1 0l 00 LL LLLLHLLL shift right ;
Rl std 1 1 0l 00 LL LLLLLHLL shift right :

Received
Response

-
®, > LHIHLLHILH...
(@]

Ll

DC Electrical Characteristics for ACT

Veo Th-25C Th--40C10+85C

Comparison
with
Expected
Response

Symbol Parameter Units Conditions
[\ Typ Guaranteed Limits
Vou Minimum HIGH Level 45 449 44 44 v ) SOuA
55 | 549 54 54 our=—=Hm
Vi =ViLor Viy
45 | o001 | GED) 376 v Q-2
55 486 476 low =24 mA (Note 5)
V Maxi LOW Level 45 0.001 0.1 0.1
oL aximum evel v |0UT ~504A
Output Voltage 55 0.001 0.1 0.1
Vi =ViL or Vi
45 0.44 v <:|EL: 24MmA_D
55 0.36 044 loL= 24 mA (Note 5)

!

Pass/Fail
Results

If measurement values are demanded:
- lIterations of functional test to identify P/F transition
(meas. values = last Pass values)
- Comparison of meas. values with V,,/V,, limits to

return a Pass/Fail result 108



© Test MeTHODS: DC PARAMETRIC TESTS

Test Function:
‘Output DC’

[ Test Control

Edit Doc

IOL/VOL

IOH/ VOH

output ¢ >

Pin I|St 9 pin list IsEr_out

Additional PMU parameters
SPMU clamp voltage

pass min/max

settling time

@ PPHU

(O PPMU/term
Instrument 9 O Programable Load

(O SPMU
() SPMU/term

vec. range |10 =20

output [Vout ($P)

X
unit lou high
force current mé 6 -6
pass max/min v 0.8 3.8

Vo, /Vou TEST IN SMARTEST

Test Procedure with PMU option

1. Execute test vectors; Scan for ‘L’ or ‘H’ state
in a pin-by-pin basis

2. For first pin & for each vector: Connect PMU,
Force Current@spec value & Measure Voltage

‘L’ state ‘H’ state
expected expected

output 4+— output —

pin pin
Voo Io Vo Ion
meas. T meas. T

3. Repeat for remaining pins

4. Compare to pass values
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TEST METHODS: DC PARAMETRIC TESTS

Vo, /Vou TEST IN SMARTEST

Test Function: Test Procedure with PMU option

‘Output DC’ Io./Vo. Ion/ Vou

1. Execute test vectors; Scan for ‘L’ or ‘H’ state

[ Test Control
Edit Doc ' : : : H s
e in a pin-by-pin basis in the specified vector range
([ output ¢ D \
Pin list pin list  |dfr_out \ | Make sure that both ‘I’ & ‘H’ states are
v present in the specified vector range
szl [ ien bidh for the pins under test
force current mh [ -B| FORMAT CP MR mode ser in ser out io pins ;
pass max/min v 0.8 3.8 Rl std 1 0 00 00 LL LLLLLLLL reset ;
RlI std 1 1 00 00 XX LLLLLLLL hold ;
Additional PMU parameters Rl std 1 1 00 00 XX XXXXXXXX hold (dummy) ;
SPMU clamp voltage Rl std 1 1 11 00 HL 10000000 parallel load ;
e ¥ -0, Rl std 1 1 01 00 LL LHLLLLLL shift right ;
settling time ms 1 1 Rl std 1 1 01 00 LL LLHLLLLL shift right ;
Rl std 1 1 01 00 LL LLLHLLLL shift right ;
® R Rl1 std 1 1 01 00 LL LLLLHLLL shift right ;
O PPHU/term Rl std 1 1 01 00 LL LLLLLHLL shift right ;
Instrument Rl std 1 1 01 00 LL LLLLLLHL shift right ;
O Programable Load N R1 std 1 1 01 00 L[H LLLLLLLE shift right ;
O spHU DC measurements I Rl std 1 1 01 00 LL LLLLLLLL shift right ;
(O SPMU/term RiEn | " Rl std 1 1 10 01 LH LLLLLLLH shift in left ;
@ SpECIerd vectors Rl std 1 1 10 01 LH LLLLLLHH shift in left ;
Rl std 1 1 10 00 LL LLLLLHHL shift left :
R1 std 1 1 10 00 LL LLLLHHLL shift left ;
HeC range@ 20 — | Rl std 1 1 10 00 II LLLEALLL shift left
— v P I R1 std 1 1 10 00 LL LLHHLLLL shift left ;
SRR out Rl std 1 1 10 00 LL LHHLLLLL shift left ;
RlI std 1 1 10 00 HL HHLLLLLL shift left ;
R1 std 1 1 10 00 HL HLLLLLLL shift left ;
R10 std 1 1 00 00 XX HLLLLLLL hold ;




© Test MeTHODS: DC PARAMETRIC TESTS

Test Function:

Pin I|St 9 pin list Isﬁr-out

‘Output DC’ Io./Vo. Ion/ Vou
| Edtt Doc )
output ¢ > \
\
X
unit lou high
force current mé 6 -6
pass max/min v 0.8 3.8

Additional PMU parameters
SPMU clamp voltage

pass min/max

settling time

@ PPMU
() PPMIl/term
Instrument 9 |O Programable Load |

J SPAU
() SPMU/term

vec. range |10 — i,

output |Vout ($P)

Vo, /Vou TEST IN SMARTEST

Test Procedure with PL option

1. SetV, tolow pass level
Set active load to |,
Execute functional test

2. Set back V, to nominal level
Set V., to high pass level
Set active load to |y,
Execute functional test

3. Return FAIL if either execution fails,

otherwise return PASS

V oy nominal

0

>_

1

0

V,, pass level

>

output )

pin T g
>
=

output

pin —

oy

* Vo /Voy measurement: iterations of steps 1 & 2 with incremental
change of V,,/V,,, setting to identify P/F transition (meas. value = last
Pass value ); Return FAIL if measured V,,, > low pass level or measured

Vo < high pass level, otherwise return PASS
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@TEST METHODS: AC PARAMETRIC TESTS
AC TESTS

* Purpose
- Verify device AC performances, once functionality & DC performances are OK

* Classical Tests
- Setup & hold times (inputs), propagation delay (outputs), frequency

‘ Functional DC
START Tt Tests |7 Tests

AC Tests

Q{) All AC tests are based on functional tests
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@ Test MeTHODS: AC PARAMETRIC TESTS

* Principle

- Pass/Fail Results: one functional test performed with edge position set at limit value

AC TESTS

w.r.t. datasheet specification for the targeted performance

- Measurement Values: iterations of functional test with changing of edge position
in order to identify Pass/Fail transition (meas. value = last Pass value); Comparison
of meas. value with datasheet specification to return a Pass/Fail result

Pass/Fail Results

(Set edge positionw
@ limit value

L according to DSJ

A 4

Functional
Test

Meas. Values

Apply new Change
edge position edge position

\ 4

Relaxed
edge
position

Functional
Test

transition

Loop: Search for value corresponding
to P/F transition in functional test

P/F Result

Meas. |
Value

(last Pass value)
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@TEST METHODS: AC PARAMETRIC TESTS
AC TESTS

PROP DELAY TEST

. cP |
* lllustration: tp
DSO '
dil:1 ! .
Timing definition for  tounos |
. 0] tional test M
‘relaxed’ functional test e functionaltes | A
% Pass/Fail Result Qo |
! P rll:H
cp | Actual / l \ Expected
di1 d2:0 Response Response
DSO
di1:1 : . 1
' Yo ps ! cp I
i ! A di:1 d2:0
Qo i | DSO i
| /': e drt ' Yoy ps
Expected REIa,x?d Iterations of functional test tPLH_!meas :
Response Condition ; ANAANA
Meas. Value Qo : Z
(last Pass value) L L

LA "

condition

Response
2 — Test result: PASS
9{’@’" P/F Transition (Ep0k mess =<toiii os) EERP]




@ Test MeTHODS: AC PARAMETRIC TESTS

* Purpose

* Classical Tests
- Setup & hold times (inputs), propagation delay (outputs), frequency

-

- Verify device AC performances, once functionality & DC performances are OK

AC TESTS

Functional
Tests

F

DC
Tests
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@ Test MeTHODS: AC PARAMETRIC TESTS

SETUP TIME TEST

* Definition
- Minimum amount of time the data input must be held steady before the transition
of a reference signal (clock)

* Test performed on input pins only

Tester period AC Operating Requirements for ACT
Voo Ta-+25C Ta-40Cta-85C
: : Symbol Farameter m Cy =50 pF Cy =350 pF Units
[Note 10) Typ Guarante ed Minimum
cLock / \ | i ST: s,':uEEP B a 2 8
d§1 d2 ‘“ :1;"“;'; ;'f’“ on LT 50 20 10 10 ns
H : ' 1
—\ — P lome o | 1
ieuT B XD XD e
di d:Z dl3 me. or
i l DSp or DS; to CF = = .
Setup time s Hokd Tame. HIGH or LOW
P DS, or DS, 10 CP a0 -1.0 1.0 10
iy CP Pulse Width
. e ey . 50 20 4.0 45
Appropriate WF definition required HIGH or LOW
(3 edges with SBC format to handle both setup o i s i i i i =
& h /d t tree Recovery Time, MR to CP a0 o 1.5 1.5
O Imes) Mote 10: Voltage Range 5.0 5 5.0V + 0.5V
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@ Test MeTHODS: AC PARAMETRIC TESTS

SETUP TIME TEST IN SMARTEST

* Definition
- Minimum amount of time the data input must be held steady before the transition

of a

* Test performed on input pins only

CLOCK

INPUT

A

reference signal (clock)

Tester period

o
L S

Appropriate WF definition required
(3 edges with SBC format to handle both setup
& hold times)

Pin list

§¢ Edge under focus
¥4 Reference (optional)

Test Function: ‘Setup Time’

¥ Test Control

Edit Doc

Gls

pin list |ser_in

edge/param deveye d2
[ref. pinftime] LE

CP

[ref. devcwve]
pass setup tims ns

() serial
@ carallel

output |t5u (3P

Limit
Value

H
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@ Test MeTHODS: AC PARAMETRIC TESTS

HoLD TIME TEST
* Definition

- Minimum amount of time the data input must be held steady after the transition
of a reference signal (clock)

* Test performed on input pins only

Tester period AC Operating Requirements for ACT
Ve Ta=+23"C Tp =—40°C to +B5°C
: H Symbol Farameter m Cy =50 pF Cy =350 pF Units
{Nate 10) Typ Guarante ed Minimum
CLOCK / \ s e eI Lo 50 20 50 55
: H i Syor 5, to CP
d1 d2 T Heid Tame, HIGH or LOW
: [ & s 50 op 10 ns
Iy E’:‘T;E’;e' HiHior LW 50 15 40 45
| b Huokéd Teme, HIGH or LOW
INPUT |D XD XD | i 50 10 10
d1 d2 : d3 B Setup Tane, HIGH or LOW m
-4—»- DS, or DS, to CP 50 15 45 50
Hold time T Mo Tme. EH or LOW
I DSy 0r DS; 10 CF a8 =4 @) 1o
iy CP Pulse Width
M H . H 50 20 40 45
Appropriate WF definition required HiGHorLOW
(3 edges with SBC format to handle both setup i :R "“'“:'”“'g“"cp :E 2;' f: :1*:
& hold times) oz - : : '

8 10: Vollage Range 5.0 15 5.0V £ 0.5V,
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@ Test MeTHODS: AC PARAMETRIC TESTS

HoLD TIME TEST IN SMARTEST

e Definition

- Minimum amount of time the data input must be held steady after the transition

of a reference signal (clock)

* Test performed on input pins only

Tester period

8
CLOCK /R \
d;1 @
_©
INPUT |D XD XB
d1 d2 d3
Hold time

Appropriate WF definition required
(3 edges with SBC format to handle both setup

& hold times)

Test Function: ‘Hold Time’

Pin list

€% Edge under focus =
£} Reference (optional) ™=

LA Test Control

Edit Doc

pin list IDs0. D57

ecze/param devcyc  d3
Lref, pin stimel LE

Lret, devcycl

pazz hold time n=
3 oserial

P parallel

output thd (£P:

Limit
Value
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@ Test MeTHODS: AC PARAMETRIC TESTS

e Definition

- Maximum amount of time that ensures the presence of the data after a transition

PROPAGATION DELAY TEST

of a reference signal (input or clock)

* Test performed on output pins only

Tester period

AC Electrical Characteristics for ACT

) ) Ve Ta=+25°C Ta--40°C to -85°C
Symbol Parameter m Cy =350 pF Cp=50pF Units
CLOCK / {Note §) Min Typ Max Min Max
: Taanz Maximum Input Frequency 50 120 170 110 MHz
di d2 e e Propagation Delay
: i CP s 0 06 Q0 (ST o Right 50 40 a5 125 3.0 140 ns
: i i - ) 50 40 a0 @ 35 150 n
: CF to Qo or Q- ISHif | of or Righty |
H Propagation Lela
INPUT i ek T 50 45 as 125 45 125 ns
: H CP to 110,
d1 : Eropagation Delay
: i et a 50 50 o5 15.0 45 165 ns
: : CPto 0,
Fropagation Dl
D e b 50 40 14.0 5.0 40 180 ns
OUTPUT R
tope Propagation Delay
= 50 40 130 1.5 a5 175
I ME to 0, =

1

Prop delay (Clk-to-Out)

Prop delay (In-to-Out)

A to y & tpy, Might be different
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@ Test MeTHODS: AC PARAMETRIC TESTS

PROPAGATION DELAY TEST IN SMARTEST

e Definition

- Maximum amount of time that ensures the presence of the data after a transition
of a reference signal (input or clock)

. Test Function: ‘Prop Delay’
* Test performed on output pins only v st g =

dit Doc

Fropagation Dela
and Data Hold Time

pin list |ser_0ut

Tester period
a _ Pin list
CLOCK /o \

a1 - £% Edge under focus ==
£ Reference (optional) ™=

edgesparam devcyc 1]
Cref. pinstimel LE CP
Cref, devcgcocl]

[pass prop delayl ns

INPUT D [pass data holdl = Q Limit
/ Value

TD output FO/OH ($F) |

OUTPUT

1l

Prop delay (Clk-to-Out)

Prop delay (In-to-Out)
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Lab & Exercises:

* Implementation of Parametric Tests
on 74ACT299 (off-line + on-line)

e Questions about Parametric Tests

2 @



,,,,,

The END

Digital Test Training
on V93k ATE



M2 2025-26: ORGANIZATION

*¢* Planning: 5 sessions

1

Oct. 7th
14h00-15h30

Oct. 7th
15h30-18h30

Oct. 10t
14h00-17h00

Oct. 14th
14h00-17h00

Oct. 15t
14h00-15h00

s “Integrated course”

1.5hrs
* Mix of lectures & labs/exercises during all
3hrs sessions
3hrs ¢ Evaluation
* No formal final exam but continuous
2l assessment
e * Mini-tests performed during the sessions

* Final grade: Sum of mini-test scores
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