INDUSTRIAL TEST OF
INTEGRATED CIRCUITS

Digital Test Training
on V93k ATE




M2 2024-25: ORGANIZATION

¢ Planning: 5 sessions

*** “Integrated course”
1 September 9th 1.5hrs

14h00-15h30 * Mix of lectures & labs/exercises during all
2 September 9th 3hrs sessions
15h30-18h30
‘ .
3 September 23  3hrs ** Evaluation

14h00-17h00 .
* No formal exam but continuous assessment

4  September 30th 3hrs . . :
14?100-17h00 * Mini-tests performed during the sessions

5 November 4th 3hrs * Final grade: Sum of mini-test scores
14h00-17h00




CONTEXT

** Major steps in the production of Integrated Circuits

;:.L:J o Fabricated '
circuits
73 aosi TG .

Product R&D Center Description Foundry packaged circuits) Test Center Good ICs sent to
Specifications the customers

v

ra -y
2 gyl )
Many different technological steps Bad IC jm@n.
with potential imperfections 40 e “n
(dust particles, mask or lens misalignment, reJeCted e

doping variations, metal deposit variations, ...)

Q> Test is an essential step as

it guarantees the quality of
the ICs delivered to the
customers

Why
Testing?




OBIJECTIVE OF THIS COURSE

?

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

Pre-production
(first thousands of pieces)

Characterization tests
* Measurement values

, Design & Manufacturing
> adjustments

Ba5|s for mass-production
> test program

Mass-volume production

(further millions of pieces)

Go/no-go tests
* Pass/Fail results

, Test time: major factor
contributing to the testing costs

Respon5|ble for the quality of
> devices sent to customers
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Pre-production

(first thousands of pieces)

Characterization tests
* Measurement values

, Design & Manufacturing
> adjustments

Ba5|s for mass-production
> test program

Concepts

/

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

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

Mass-volume production

(further millions of pieces)

Go/no-go tests
* Pass/Fail results

, Test time: major factor
contributing to the testing costs

Respon5|ble for the quality of
> devices sent to customers



INDUSTRIAL ENVIRONMENT

e Automatic Test Equipment (ATE)

Test Floor




TARGETED COMPETENCIES

Key Practical
Learnings Implementation

Digital IC
Concepts Bita

% Equipment %
 HW: Physical resources of the ATE o

74ACT299:
8-bit shift/storage register

e SW: Tools to control the ATE

»

* Test methods CNFM tester:
e Test flow VO3K PASS

+* Test Program

* Test results analysis
* Debug & diagnosis

D 4
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 (pc & Ac tests)




* 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 MR 50 51 \OE1 \OE2

L T E T : .
Eo— Pin Assighment m

[ | I | | A/
DED—-- -.—DE'IP S0 — 1 20 — Vee
CH0 -— B ] T B -7 \OE1 —| 2 19— s1
# # : : : \OE2 — 3 18|~ Ds7
s — 4 17— Q7
[FC¥D foyi o2 [HOeE o7 E “
o4 — 6§ & 16— Vo7
-
2 — 6 ¢y 15— wos
Pin Names Description oo — 7 ﬁ 14 — 103
cP Clock Pulse Input a —{8 &= 13 vot
DSg Serial Data Input for Right Shift wr s o .
DS+ Serial Data Input for Left Shift
Sg. 54 Mode Select Inputs GND —pi B Dso
MR Asgynchronous Master Heset
0OE4, OE= TRI-STATE Cutput Enable Inputs
1/ 0 =1/07 Parallel Data Inputs or
TRI-STATE Parallel Qutputs
g, Q7 Seral Outputs

Q{> Basis to define pin configuration




@ DATASHEET ANALYSIS

FUNCTIONALITY: TRUTH TABLE

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

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

-~ = LOW-to-HIGH Transition

= 4 Modes of operations controlled by (S1,5p)

- Parallel Load: (51,5,) =11
- Shift Right: (51,5) =01
- Shift Left: (51,Sy) =10
- Hold: (51,5y) =00

= Asynchronous reset controlled by MR
- activeon MR =0

Q> Basis to develop functional test pattern

11



@ 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

Inputs Response M C|Ss|SsS |D|D]I I I I I I I I Q | Q [ INSTRUCTIONS
MR| S, | s, | cP R|P|[o|1]|s]|s|o|o|o|Oo|O|lO|O|O|O|7
0 71011 (234|567
L | X [ X | X |Asynchronous Reset; Qp—Q7 = LOW
H | H | 1|~ |Parallel Load: 10, - Q, 0 1 (1 (0|0 111111111 f1]|X]| X | MasterReset
H| L |H|_|shiftRight DSy — Qo Qo — Q, etc. 1 (1 jojojo oL fyp L fLfL )L |Hold
H | H]| L [_|Shift Left, DS; — Q7, Q; — Qg, etc. 1 1 (1 (1[0 ]J]O0Of1]|]O0]J]O0O(O0O|O0O]|JO|[O]|O]|H|L | Parallelload
H|{L|L]X|Hold 1|1 |1|o|lofOo|L|[H|L]|L|L|Lf{L]L]L/|L| Shiftright
1 1 1 {o|Oo|O|L L |H]L|L]JL]LIL]|L]|L/ Shiftright
1 1 i1 {jojo|O|L L |LHlL]|JL]L]IL]L]|L/ Shiftright
Master reset —
Hold 1 1 i1 (ojo o |L L L L HL{L{L L L | Shiftright
Parallel Load (10000000) 1 1 i1 (ojo oL L L H{L[L L L | Shiftright
Hold 1 |1 |(1|o|ofo|L|L|LfL|L|L|[H|[L]|L]|L |Shiftright
Shift Right x8 — DS0=0 1 1 1 (ojojo | L Ly L L {L [H]L]|H]| Shiftright
Parallel Load (01010101) 1 |1 |1|lolofofL ol oo |L | shiftright
Shift Left x8 - DS7=1 1 {112 ]olofloflr]{o]|2]|o|lr]o]|1]|L|H]Paralelioad
1 1 (o1 {0 1| H|L[H|JL|[H|[L|H|H|H]H/| Shiftleft

12



@ DATASHEET ANALYSIS

FUNCTIONAL TEST CONCEPT Test Result:

No Measurement Value
Only Pass/Fail

Test Pattern
(Input pins)

00101001110011001
01100100010010001
10011100101010110
10011100001111001

HHLHHLHHHHHLLL

LHHLHLHHLLHHHLL DUT Response
HHLUHLLHHLLHHHLL :
HLHHLHHLLHLHLH (Output pins)

& PASS (Go)
COMPARE @ @

FAIL (No-Go)

Expected
DUT

Response
(Output pins)

HHLHHLHHHHLLLLH
HLHLHHLLHHHLLHH
LHLLHHLLHHHLLHL
HHLHHLHLLHHHLLL




@ DATASHEET ANALYSIS

mp [ ACT

OPERATING CONDITIONS

DATA SHEET

Recommended Operating

Conditions
Supply Voltage (Vcc)
(Unless Otherwise Specified)
'AC 2.0V to 6.0V

4.5V t0 5.0V
Input Voltage (V) OV to Vee
Output Voltage (Vo) 0V to Vee

Operating Temperature (Ta)

| 74AC/ACT —40°C to +85°C
54AC/ACT —55°Cto +125°C
Minimum Input Edge Rate (AV/At)
'AC Devices

VN from 30% to 70% of Ve

Voo @ 3.3V, 4.5V, 5.5V 125 mV/ns
Minimum Input Edge Rate (AV/At)

"ACT Devices

VN from 0.8V to 2.0V

Veoe @ 4.5V, 5.5V 125 mV/ns

TEST CONDITIONS FOR
FUNCTIONAL TESTS

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

» QOperating Temperature

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

B .
-------------------------------------------------------------------------

* Production Test

14



DATASHEET ANALYSIS

PERFORMANCES

DC Electrical Characteristics For'ACT Family Devices

2% sanct rancr CLASSICAL PARAMETRIC

Vee _ oEo Ta = Ta = : .
Symbol Parameter V) Ta = 25°C 55°C to | 125°C 40°C to + 85°C Units Conditions
Typ Guaranteed Limits
V4 Minimum High Level | 4.5 15 [C20) 20 2.0 v | Vour = o01v ESTS
Input Voltage 5.5 15 2.0 20 2.0 orVeg — 0.1V
ViL Maximum Low Level | 3.0 15 |Cos) 0.8 0.8 Vout = 0.1V
Input Voltage 4.5 . 0.8 0.8 orVgg — 0.1V
Vou Minimum High Level | 4.5 | 4.49 4.4 4.4 4.4 louT = —50 pA
5.5 5.49 54 54 5.4 v . VO ta ge
*Vin = V|
45 | 0.0001 3.70 3.76 q 24m I : . V V
55 786 470 476 v &m - 1np ut PINS: Vig/VyL
VoL Maximum Low Level | 4.5 | 0.001 0.1 0.1 0.1 v | lout =50pA .
Output Voltage 55 | 0.001 | 0.1 0.1 0.1 _ O p p . V /V
T va—— utput pins: o/ VoL
4.5 0.50 0.44 v s a 24 mE >
5.5 . 0.50 0.44 mA

0.36
n v
IIN Maximum Input 55 10 10 LA 4V = Veo, GND >

Leakage Current

lccT Maximum lgg/Input 5.5 0.6 1.6 1.5 mA | Vi = Voo — 2.1V u C u rre nt

loLD FMinimum Dynamic | 5.5 50 75 mA | VoLp = 1.65V Max .
lonp | ©Quteut Current 5.5 50 75 mA | Vonp = 3.85V Min - I N p ut p INS: IIN (Ieakage)
lcc Maximum Quiescent Vin = Voo
Supply Current 5.5 4.0 80.0 40.0 pA AN S I . I ¢
lozT Maximum 1/0 V[(OE) = Vi1, Vin u p p y cC (Consump Ion)
Leakage Current 5.5 +0.3 +55 +3.0 uA | V) = Voo, GND

Vo = Voo, GND

Note: Icc limit for 54ACT @ 25°C is identical to 74ACT @ 25°C.
“All outputs loaded; thresholds on input associated with output under test.
TMaximum test duration 2.0 ms, one output loaded at a time.

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




@ DATASHEET ANALYSIS

PERFORMANCES

AC Electrical Characteristics for ACT (Outputs)
T e e CLASSICAL PARAMETRIC
Symbol Parameter m Cy =50 pF Cp=30pF Units
[Note 5) Min Typ Max Min Max
[ Maximum Input Frequency 5.0 120 170 10 MHz AC T
[ Propagation Delay A E STS
CP to.Q, or @, (SHf Lef or Right 50 40 a5 12.5 20 141 ns
tere Propagation Detay ) 50 40 00 125 is 150 s
CP to O or Qy {Shift Lef or Right)
tow Propagation Delay \ _ .
50 45 a5 12 45 13,
cri, : - = |nput pins
e zr:':a‘l’g"" Deiay 50 50 05 45 165 ns t .
- Setup Time
F on Dela
fene Topsgston DRy 50 40 140 40 180 s
MR to Qg or & .
o sepsemon s AC Operating Requirements for ACT o - Ho | d Time
MR to /0, _ _
— Ouipat Enbie Vec Ta-+25C Ta--40Cto-B5C
OF to 0, Symbol Parameter W) Cy =30 pF Cy =350 pF Units
ez Qutput Enable {Mote 10) Typ Guaranteed Minimum
TE to DY, ts Setup Time, HIGH or LOW _ O M
- oo o5, 1o CP 50 20 @ 55 ns [ | utput plns
OEto VD, b Hold 'I;n: E:;“JH or LOW =0 0 0 - t .
terz Cutput Disakde Sp or 5y - P p g d I y
OF to 1O, t Setup Time. HIGH or LOW 0 s e ro a a |On e a
kel = ns
Mote 3: Voltage Range 5.0 15 5. Vo, to CP
ty Hcld Time, HIGH or LOW Reference
50 1.0 1.0
1D, ta CP ne
i Setup Teme, HIGH or LOW N . N —\_
50 1 0
DS, or DS, to CP . @ : ne Clock
e Heold Time, HIGH or LOW ‘
05, o5 DS, 1o CP 50 1.0 @ 1.0 ns . *
tw CF Pulse Width trorn] toom
HIGH or LOW ° ° °
PR G Limit values for parametric AC tests | & el
tasc Recovery Time, MR to| torop
Hote 10: Voltage Rangs 50 s S0W +0.5

(test conditions)

16




@ DATASHEET ANALYSIS

SUMMARY: FROM DATASHEET TO TEST PLAN

e TEST PLAN
=_L ‘ * Functional tests: @V, nom, @V, min & @V max + O Functionality
— * DCtests: V, /V,,, Vo /Vou, leakage current, |

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

START |» Functional

Tests » DC Tests ‘» AC Tests @‘
V¥V ¥ ®
o & =




Exercises:
74ACT299 Datasheet Analysis




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

-, %

DUT Board § . <
/ SmarTest® SW
 Offline mode

* Online mode

R i

I VER IGY
V93000

* Supply
* Digital
e Analog
* RF

20



@ TesTeErR HW/SW

64

CNFM TESTER:
COMPACT VERIGY V93K PINSCALE

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

Device Power Supply pins

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

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

21



INTRODUCTION TO
TESTER HARDWARE




© TesTER HW

FROM TESTER TO DUT

Pin Card
C OO /Electrunics\

| Lgote
TEST HEAD

HiEjEyn

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



© TesTER HW

PIN ELECTRONICS

VIH
[ ] L3 [ ] [ [ ] [ ] [ ] Ld V"_ 1 0
Electrical signal = Combination of level and timing information -
__________________________ ~ Vo | I-TI
N\ Vo
\ A

0100110 Test Processor \ t
1100110 -
0111001 Timing

Generators

1100...

|

|

|

|

|

Waveform —-{ C— |
Vector Composer |
]

|

|

|

|

“PerR PIN”
ARCHITECTURE

Memory <—<]—°/7'l g

Parametric
Measurement
Unit

24



© TesTER HW

* Concept

PIN ELECTRONICS - TIMING

- “actions” associated to “edges”

* Example

Drive ‘1’ @ d1=10ns

Drive ‘0’ @ d2=30ns

v

»
|

Compare to ‘High’ @ r1=40ns

v

CP %
di, 1 d2,0
Drive ‘1’ @ d1=0ns !\
DSO
di, 1
0 ="
LH
N J

1 tester period (50ns)

Tester timing resources per pin

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

* Output pins: 8 receive edges (r1, r2, ..., r8)
* |/O 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’
- M: Compare to ‘Intermediate’
- X:Don’t care

25



© TesTER HW

Driver

IOI lll

VIH

PIN ELECTRONICS - LEVEL

lzl

D\L—HM 50Q2

trigger

ol

Comparators

Programmable Load

Input
Driver Parameters: V,, V|,

'y
VIH

b

b

26



© TesTER HW

Driver

/01 11/ %
D

PIN ELECTRONICS - LEVEL

7 ﬂ 50Q2
trigger
VIL
Comparators
( Vou
| C P

lLI IHI III é =|

Logic

Programmable Load

oL

Input Iy

. . V,
Driver Parameters: V,, V4 t Lt
Output y H
Comp Parameters: V, Vo4 Vo, ]

27



© TesTER HW

Driver

PIN ELECTRONICS - LEVEL

Iol 11/ N
D

/
1
|
1
1

lLI IHI III < ;,

7 ﬂ 50Q2
trigger
VIL
Comparators
VOH
C B
9 JL -
oo
S
<
VOL

ﬁrogrammable Load

Input Vet 1
. . V
Driver Parameters: V,;, V,, TR,
Output v H
OH A
Comp Parameters: V, Vo VoL

PL Parameters: lg, loy, Vi, Vo 10 V.

clp_H

28



© TesTER HW

PIN ELECTRONICS - PMU

Parametric Measurement Unit

2 modes of operation
* Current generator & Voltage Meas (1)

* Voltage generator & Current Meas (2]

29



© TesTER HW

DEVICE POWER SuppLY (DPS)

DPS
Channel

DUT

Internal Setup
settling time
time

t_ms Power Supply Voltage

=

DPS parameters
- vout (V)
* t_ms (ns)
- ilimit (A)

power supply voltage
setup time
connect current limit (to prevent destruction of the DUT)

30



INTRODUCTION TO

TESTER SOFTWARE
“SMARTEST”




'TESTER SW

LAB ENVIRONMENT

Only used to
store users Verigyoff2 Verigyoff2017 Verigyon2016
test programs Linux PC Linux PC Linux PC

4 offline +
1 online
licenses

8 offline
licenses

Optic fiber
data transmission

LAN

VNC viewers

24 desktops - 8 generic user accounts

Login Password Y: VNC
trainXv93 #irainXvo3# | display
number
trainlv93 Htrainlvo3# |71
train2v93 Htrain2v93# | 72
train3v93 #Htrain3vO3# | 73
train4dv93 Hiraindv93H# | 74
trainbv93 Htrainbv93# | 75
trainbv93 #Htrainbvo3# | 76
train7v93 Htrain/v93H | 77
train8v93 H#train8v93# | 78

32



© TesTER SW

LAB ENVIRONMENT

Only 8 offline licenses run at the same time
a during practice (memory issues)
| | * 2 on verigyon2016
1 2 3 13 14 15 * 6 on verigyoff2017
B 2 2 B B 2 2
4 5 6 16 17 18
@ | J U @ | J U Login Password Y: VNC M: Default machine for
trainXvo3 #1rainXv93# | display offline connection
number
7 8 9 19 20 21 . . _
trainlv93 #Hirainlv93# (71 verigyon2016
_' ' '_ _' ' '_ train2v93 #Hirain2v93# | 72 verigyon2016
train3v93 #Htrain3v93# [ 73 verigyoff2017
10 11 12 22 23 24 traindv93 #Htraindv93# | 74 verigyoff2017
L) L) L) L) trainbv93 Htrainbv93# | 75 verigyoff2017
4 4 trainb6v93 #Htrainbv93# [ 76 verigyoff2017
train7v93 #Hirain7vo3# |77 verigyoff2017
train8v93 #Htrain8v93# | 78 verigyoff2017
L' | 'J

L'__-_[ | - _| Local PC connection
* Login: etudiant

e Password: &tudiant




© TesTER SW

LAB ENVIRONMENT

* Procedure to start Graphical Interface of tester SW

M.cnfm.fr:Y

vnc connecTt

"

1/ Connect to a verigy machine using VNC \/@

ADVANTEST

34



© TesTER SW

LAB ENVIRONMENT

* Procedure to start Graphical Interface of tester SW

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

verigyoff2017 verigyon2016

-

-

]

Q'?«_, Accessories

»
Q& Games *
- \a Graphics >
| T A+ @ Internet * “ .
_ ations & offce , Online” mode
T T Preferences > available only on
” ¥ B ST e ffns k i
ﬂ L = ¥ T iraral Dl AL C tA0eT € Programming 2 VerlgyON
b o S0 S el I\ Sound & Video »
* P GmarTew Lﬁ System Settings »
* v h veesapn “

g System Tools

»IFZ SmarTest
SmarTest Online Documentation
E SmarTest offline

. Control Center
@ Find Files

“Offline” mode

B2 Help 4 nhpa3o0o
'@l Home kill SmarTest To be used

[ «i hpazooo by default

ﬁ switch Version

Ez} Run Command...
[q Lock Screen

@ Logout "demo”...
X VNC config = trainlve3@verigyon20

1 B ‘ i i 1 v e ! v X 14:37 102 14:58
5 4 y i Et iy 1 w5 Rt 1] e K @ @ @ @ 3 |4 Xtrainlvg3@verigyon20 20";”,'?3:}'25

-------




© TesTER SW

AT STARTUP: WORKSPACE SELECTION

B workspace Launcher - X

Select a workspace

SmarTest Eclipse Workcenter stores your projects in a folder called a
workspace.

Workspace: fhc:-meftrainWQBIWDrkspace_MONTPELLIER > l [ Browse...

A NEVER SELECT | ,
‘ [[] Use this as the default and do not ask again
THIS OPTION

| OK [ Cancel

Workspace stores users’ interface configuration

Do not mix it with test program explorer path




© TesTER SW

~— | Operation Cuntro

E engineering I

[l Execute Workorder
1 Supervise
1 Quit

AT STARTUP: 3 WINDOWS

“SmarTest Eclipse Workcenter”

w ui_report.ORG.PROD

=%

[ Production
Settings

IDLE

/

/
“Operation Control”
* Tasks execution
* Datalog Formatting

File Optionz Help Mode Datalog

9/

Tester State I DISCOMMECTED (OFFLINE)

Tester Operstion INDT nanitared (DISAELED)

Dev_license_filei Mone, model file used for licensing

INFO: (dataformatter) Starting dataformatter version 1,1,11 Mow 22 2007 20:47:41]
INFO: (dataformatter) Log file fusers/latorre/dataformatter,log initialized,
INFO: (dataformatter) Using global config file: /etc/opt/hp93000/s0c/datalog/gl
INFO: (dataformatter) Using STIF config file: etc/opt/hpd3000/s0c/datalog/Forn)
Loading will be done through import filter '/Jopt/hpd93000/z0c/con/ lbin/hpB3_impor
Prior to zave '/opt/hp33000/z0c/comd 1bin/hpE3_presave' will be run

* MAIN WINDOW
* Provide all tools to:

Create & load configuration files
Create & execute a test flow

Y

File Edit Navigate Search Project Run 93000 Window Help

3~ it

Ll

EEE Test Pro 3 Fes} Projec:. =0

[~ ]

Report Formatter I default,PROD

.1

o

ui_report”

* Syntax errors

* Test execution issues
* Test results

J/home/jspreux/devices/CW_Lab,

~ [y Device Information -

& =Test Program

b & <Pin -
8 <Levels

n-
g <pa

hannel Attributes

B0eayFRAY

= [ Testfloor Information
<Application Data

Vafer

!@;3
q

al ol

[£. Problems 52 2} Firmware
0 errors, 0 warnings, 0 infos

Description

o® L= Testflow

O~ Q- | ¥

Resource

LR @ ™
Workspace path

Test Program Explorer path

3 ¥ = O||E console 2
System

<) Error Log

Path Location g e
Starting SmarTest WorkCenter. ..
'

SmarTest WorkCenter Ready

C

=1 5 &

= 08| I Prope =

>

8= outin | = B

Property Value
device /home/jspreux/de
external false
path
saved true

[ | D

x.a

B | et B r3

INFO: using location for configuration data specificd in $HOME/.93kE

configuration_base=/tmp

Gl

I )

=]

-

]

37



'TESTER SW

FIRST STEP: CREATE A DEVICE

K setup - SmarTest Eclipse Workcenter - fhomefjspreux/workspace_6.5.4

Eile Edit MNawigate Search Project Run

| o~ B | % | B O Qu-

CELN  Window  Help

= =
Setup A
Results +
Debug ¥
Memory Test *
Scan »
Analog ¥
Production +
System *
@ New Device... Create a new or change
Ul updates suspended # Change Device... | tO an eXiSting device
onnec
% 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 training]# 1s -a
ch_attributes license
configuration lock_file

.technology data_set nent_llapg
analog_control di_report nent_patterns
applicat erTor_map nent_repair
bitmap fail_memory  pin_attributes
bitmap_conf format Teport

calibration levels routing

scan
scan_res
scrambling
shmoo
state_list
testflow

testprog
timing
timing_dgrm
vectors
wafertyp
waste

testflow_vee waveform

testfunc

[»

38



© TesTER SW

=

E¥1a3000 Design - frootfworkorder - SmarTest Eclipse Workcenter
dit Navigate Search Project 93000 Run Window Help

En

New

Open File...

Close

Close All

Move...
Rename...
Refresh

Convert Line Delimiters To
5 Print...
Switch Workspace...

a3 Import...
1 Expart...

Properties

Shift+Alt+N  »

Ctri+W
Shift+Ctrl+W

Ctrl+S

Shift+Ctrl+5

F2
F5

»

Ctrl+P

Alt+Enter

EXITING SMARTEST

v Bo e @v U

e

Problems

Error Log

e To exit SmarTest, click File > Exit

To kill the entire SmarTest process, type the following
command in a Terminal window:

/opt/hp93000/soc/prod_env/Ibin/kill_smarTest
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verigyoff2017.cnfm.fr

[ B lirhpO.cnfm.fr=70 (pradarell

1 2

e 8% 5,

EXITING VNC

X VNC config @ train1va3@verigyon20
X trainlva3@verigyon2o

aaaaaa
2222222222

e Close the window
to exit VNC

A

DO NOT LOGOUT!
=> VNC server must
be launched again
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Lab:
First Steps with SmarTest - Part 1




INTRODUCTION TO
BASIC ELEMENTS

1 . FUNCTIONAL
evels Timing TECT
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PINS

e First element to be defined

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

Pin Name Tester . Tester
EXAMPLE Channel m Pin Type
D | _Q CLK Input 10101
DFF —

CLK__> D Input 10102
Q Output 10103

_Q Output 10104

Vee Supply 10201
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PIN SETTING IN SMARTEST

=:: Test Program Explorer X “SENEWLEIC dRams]

home/rhammerm/devices/\V93000_Basic_Prog — From From
= Datasheet DIB
B =
=~ rﬁzevice Information =5
| <Test Program...> * ,
.@pmsmanm.sm // Site : |1 = CONTEXT: |FEZIE
I v .50 ‘ Fane ) Mode T DUT Board  |(Tester Channel ) |
N timing.sol . '
fiall.binl 1 Le” cP std i 0 10102
7 |1 DS0 std i 0.0 10101
3 |18 DS7 std i 0.0 1 Pin Type determines
4 |7 /00 std io 0.0 10114 the parameters that
5 |13 IjO1 std io 0.0 10103 will be defined
6 |6 /02 std in 0.0 10113
7 |4 1jO3 std in 0.0 10104
All following definitions Els 104 = = == R
(levels, timing, pattern) 9 |15 1105 std io 0.0 10105
will be made using Pin Name 10 |4 /06 std io 0.0 10111
11 |16 1jo7 std in 0.0 10106
12 |8 Qo std o 0.0 10115
13 |17 o7 std o 0.0 10107
14 1 50 std i 0.0 10110
15 |19 s1 std i 0.0 10109
16 Ve DPS+ 0.0 DPS11
17 |9 _MR std i [ 10116
L [+
[¢] i 2]
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PIN SETTING IN SMARTEST

rﬂ Test Program Explorer £3 =g féf-: “Pin Setting &3 = 0
Jusrfproject/74ACT299 @] = -
> & pins 2| Site: 1 = of |1 CONTEXT: DEFAULT v
Pin No | Pin Name | Mode | Type |DUT Board | Tester Channel HE
= L= Groups Open
& all_in 1 12 CcP std i 0.0 10102
4% all_out Add Context... 2 |18 DS7 std i 0.0 10108
£ ctl X Delete Context... 3 DS0 std i 0.0 10101 )
£Fio_in Define Jite.. 4 |19 51 std i 0.0 10109 ’
&Fio_ou 1 S0 std i 0.0 10110
£Fio_pins std i 0.0 10116
£ mode 7 17 Q7 0.0 10107
£ ser_in 8 Qo std 0 10115 |
£F ser_out 16 IjO7 std io 0.0
[» &= Ports 10 |4 I/O6 std io 0.0 I
£ Core Allocation 11 |15 /05 std io 0.0 10105
£ DPS Channel Mode 12 |5 /04 std io 0.0 10112 o
[» f= Utility Purpose miiRE e |;|_

A

Error message if:
» test channel already used
« test channel unavailable

No error message if:
« test channel exists,
even if the DUT pin is not
connected to this channel
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Defining Goups

PIN SETTING IN SMARTEST

B Test Program Explorer 232

fusr/project/74ACT299 = =

V@pins

£ Pin Setting

b & Groups '
~ = Ports

4P POR

&7 Core All

4P DPS Cha

b &= Utility Purpose

% Paste...

&2 Apply

P
hd Hew Group
Existing Groups

Available Pin List

Group Members

Pin Mame

Type

cP
D57

(@) Atomar Group () Expression Based Group

New Group

mosd |

| Ok | | Cancel |

DS0
Y 51
' 50
_MR

Q7

LT o T (N T (N ) O O (1% ) 6 B ]
=

Ijo7
Iyo7
I/O6
/OB

s
o

=
=

s
5%

o T o T o o

[+]

S

Add = Pin Mame | Type A Up
Add All »> v Down
51 i
< Remove 2 |50 i
<< Remove All

Useful groups for 74ACT299
« All_in

« All_out

« IO _in

« IO_out

« IO_pins

 Mode

« Ser_in

« Ser_out
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o o [N

EXAMPLE

D

CLK

DFF

_Q
D_

LEVELS

Pin PMUg{a

Pin PMU Relay
Relaxed Levels AC Relay|
vih ]
D, CLK ov Vcce vil
voh
————— =
Q, Qb Vce/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 : ¢ Iy 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

DPS Channel 1

vol =2.25
voh =2.75
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o )

LEVELS

EXAMPLE
b Q Relaxed Levels
| [ 3 ]
- D, CLK ov Vce

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

EQNSET 1 “With specs & egn”
DPSPINS Vcc
vout =VCC

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

Level Set

LEVEL SET 1 “The only 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 =2.25
voh =2.75

vol =VCC/2 -0.1 x VCC
voh =VCC/2 + 0.1 x VCC

= -

Pin PMU/AQ; Pin PMU Relay
AC Relay
. — —t
vih
50Q
vil
- %
vol
iol veh
500
vt
DC Relay
) 8 vcl °
ioh PE Channel 1
vout
to DUT

DPS Channel 1
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LEVEL SETTING IN SMARTEST

i5: Test Program Explorer X “SENEALEIG daes]

B E =
~ i Device Information
= <Test Program...> *
LEtf_functional.sol
[ @pins.scl
fiilevels.sol
N timing.sol
g all. binl

Show actual
settings

Open SpecTool
Window

Open EQN SET
Editor

home/rhammerm/devices/\V93000_Basic_Prog —

In the Test Program Explorer
1. Load levels file

2. Open or Double-click on the levels item

A Switch between 1/0O pins & DPS pins

bl Level Setup —E
Edit Doc Furnat

Is0 g-h‘:

DPS pins :

D% puerun) aoco

Shou I/0 Eqn. % Specs Results ]
ol FA on. & Specs Results
Show OPS Eqn. & Specs Results L

Bplgot Speoificalloft...
Edit Specifications
f Edit Equations =~ === 0|

training

termination

mode [ IollmAl | IohlmAl of fzet |mode
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LEVEL SETTING IN SMARTEST

LEVEL bl varfoptyhpo3000/soc/tmp/293k. AGWsY Wedit_Ivieqgn - |
File Edit Search Preferences Shell Macro Windows  Help
EQUATION SET A 1<| i Rev _i RegE=p _i Case
EDITOR ptrhpasno0ssocAmprask 4 GW sy Lredit Ivlegn byte 1539 of 290 L: 18 <@ 20
EQNESET 1 "gross" |
""" spEcs - ‘\I Several EQNSETSs can exist |

Values are assigned to Spec
variables in the Spec Tool

SEEEEEEEEEEEEEEE
.
.

DPEPING oo

wout = 0
ilimit = 1000
t_m= = d
offourr= act .
A/I Several LEVELSETs can exist |

LEVELZET 1 "nominsl"

PIMNE <otrl ser_in
wil= WIL
wih= %IH

I Possible to use pin-group names |

PINZE =ser_out —
wol= W01
woh= “WOH

212 STERITE | Values can be expressed

vih= VIH + 0.1 4= |with variables
weh= WOH J
7

= =

WP oOD-OnELNPOOD-lGnEONE Dm0 s e

LI L0 L O I LI MM I P PO PO LI [ = b 2 2 2 2 S 2 2
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LEVEL SETTING IN SMARTEST

ld /var/opt/hp93000/soc/tmp/93k.4GWsY Wedit_Ivlegn =
File Edit Search Preferences 3Shell Macro MWindows  Help
P 1¢| I Rev _I RegExp _I Case
pithp93000/s0cAmp a3k 4 GWsY Udedit_lvlegn byte 159 of 280 L: 16 C: 20 / C“Ck on Download icon to update
n n _"i. . .
4 EQNEET 1 gress " the actual settings in the ATE
i voo [V]

hal SpecTool LEVE L
Change Edit Sort Display Doc n SPEC TOOL

ilimit %, 1000 : : nl

:5 VIH [V]
6 VIL [Vv]
:7 WOH [7]

oo
g
=

=

EEEEEEEEEEEEEEEEnnl
*

*

L

PING ctrl ser 3

wil= VIL

wvih= WIH lame ] Mirnimom Maximum Measured Uit Comment
P

wr

n

P

INg ser_out
ol= %OL
oh= VOH

INS io_pins
wil= WIL + 0.1
30 wih= ¥IH + 0.1

31 wol= WOL
g% woh= VOH Enter Values

e e e e el e e e s e el el el sl il el el R
Lo-1nEwkE oD oo-10 06 M e D
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LEVEL SETTING IN SMARTEST

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

", LevelSetup _] .-

Select Edit Doc Format standard

no termination

V]

high
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TIMING

* Concept

- Define waveforms by associating actions to edges |I$ Waveform Tables
- Specify tester period and position of edges IIi Timing Sets

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

1 $ Actions
0]

| * Drive actions
T t, - 0:Drive ‘0’
- 1:Drive ‘'’
- Z:High impedance
- N: No action
Tlmlng * Receive actions (edges)
- L: Compare to ‘Low’
Sets - H: Compare to ‘High’
- M: Compare to ‘Intermediate’
- X:Don’t care
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ros [ | o R

Clock

Input

Output

1/0

TIMING PROGRAMMING

d1,1 d2, 0} d1, 1 A d2,0
CP '
d1, 1 Adio
DSO
rLHAN rLLAN |
Qo0 U
d1,1 Adl,z |
107, :
(LX AN r1, L i
07, | U | | |
el \:/ N
-~ ,:\ ,g

T = tester period

Cycle 1

T = tester period
Cycle 2
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ros [ | o R

TIMING PROGRAMMING

~ CP Waveform N° 0

CPTT

0;

N

! d

CP Waveform N° 1

:0

N

d2:0

N

v

d1, 1 d2, d1, 1 A d2,0:
Clock CP Nol N°1 |
di1,1 A d1,0

Input DSO ~
r1, HAN r1, L
Output QO U |
di, 1 A:\dl,z §

107, >
I/O rLX A\ | LA
107, | U '

T = tester period
Cycle1

T = tester period
Cycle 2

CP_ref

H

d

d2:0

»

CP_width

v

Programming — Clock

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

Edges Position
dl: CP_ref
d2: CP_ref + CP_width or after
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TIMING PROGRAMMING

CP.ref CP.ref ~ DSO Waveform N° 0
R Y 5 T Programming — Input
d1, 1 d2, 0! d1, 1 A d2,0 DSO _| >
Clock cp i i dro ; Waveforms
oc . DSO Waveform N° 1 N°0-d1:0 ]r DNRZ format
| t 5 N° 1 - d1:1
Adi1 A a0 bSO _L — | N"2-dui1d20 d3:1W
(o] o ! ; | °o _ ° 5 .
Input DO N°1 NO || ™) 55 Waveform N2 3-dl:0d2:1d30 J 77—
LHA . T DSO | 4_._> . Edges Position

: E d:li:l d2:0 d3:1 di1: Ons

Output QO U L, DSO Waveform N° 3 d2: CP_ref - setup_time or before
; d3: CP_ref + hold_time or after

di, 1 AdLz DSO je—o—>]
N d1;:0 d2:1 d3:0
107, - sgtupé hold
I/O "X A LA __fme Lome WF definition to handle verification
107, | U | CP_ref of setup & hold times:
. —>  SBC format (3 edges)
T = tester period T = tester period

Cycle1 Cycle 2
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ros [ | o R

TIMING PROGRAMMING

QO Waveform N° 0

A

Qo Wavefo;rm N° 2

A

d1, 1 d2, oé d1, 1 N d2,0:
Clock CP |
di1,1 A d1,0
Input DSO ~
rL,HAN | rl, L
Output QO u NO]. | N°0
di, 1 A:\dl,z §
107, >
I/O rLX A\ | LA
107, | U '

T = tester period
Cycle1

T = tester period
Cycle 2

Q0 — prop — TL —
; i delay
Q0 Waveform N° 1 :
A
w | et
1 T rl:H v

. A
Qo ————» .
N 1 : TiX >
4
CP_ref

Programming — Output

Waveforms
N°O-rl:L
N°1-rl:H
N°2-rl:X

Edges Position
rl: CP_ref + prop_delay or after
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ros e | e R

TIMING PROGRAMMING

d1, 1 d2, oé d1, 1 N d2,0:
Clock Ccp |
d1, 1 Adl,o
Input DSO
rl, HAN r1, L
Output QO U ; |
d1, 1 AdLz
107,
° - o >
1/0 N°1 x4 N°2 .
07, | U | |

T = tester period
Cycle1

T = tester period

Cycle 2

107

107, T

o

<~ 107 Waveform N° O

v

107 Wavefqrm N°5
107, '

d1:0 ;
107, T T L
! rl:X : =

|07 Waveform N°1 |

A |
107, L,
di1:1 E v
107, T
! rL:X i v

107 Waveform N° 2

A E 5
107, iz
d1:z | '

A E
107, —— T L
prop AT

delay :

d1:0

d2:1 d3:0
setup : hold
time : time

v

*

CP_ref

v

Programming — 1/O Pins

Waveforms
N°0-d1:0rl1:X
N°1-d1:1r1:X
N°2-d1:Zrl:L
N°3-d1:Zrl:H
N°4-d1:Zrl1:X
N°5-d1:0d2:1d3:0rl1:X
N°6-d1:1d2:0d3:1r1:X

Edges Position

d1: Ons

d2: CP_ref - setup_time or before
d3: CP_ref + hold_time or after
rl: CP_ref + prop_delay or after
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ros [ | o R

TIMING PROGRAMMING

d1, 1 d2, oé d1, 1 N d2,0:
Clock Ccp |
d1, 1 Adl,o
Input DSO
rl, HAN r1, L
Output QO U ; |
d1, 1 Adi,z
107, .
/0 uln XA uLn L
07, | U | |

T = tester period
Cycle1

T = tester period

Cycle 2

<~ 107 Waveform N° O

107, T

v

d1:0 ;
107, T T
! rL:X =

|07 Waveform N°1 |

A |
107, R
di1:1 E v
107, T R

107 Waveform N° 2

107, 2
di;z >
A ;
I070 h > T : ~
prop G
delay

107 Wavefqrm N°5

107, «—o—>| .
d1:0 d2:1 d3:0 v
setup : hold
107, | time  time R
! rl:X v
4
CP_ref

Edges Position
d1: Ons

d3: CP_ref + hold_time or after
rl: CP_ref + prop_delay or after

N° 5 - d1:0 d2:1d3:0 rl:X. “SBC_1”
N° 6 - d1:1d2:0 d3:1r1:X. “SBC_0”

d2: CP_ref - setup_time or before

Waveform
Name

/
Programming —1/0 Pins/
Waveforms /Dev Cycle’
N° 0 - d1:0 ri:X . “0” :
N° 1 -d1:1 r1:X P «1”
N°2-d1:Zrl:L L
N° 3 -d1:Z r1:H L “H”
N° 4 - d1:Z r1:X Ly
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~ 77 Device Information

=,

o
[ é«)pins
Nlevels

TIMING SETTING IN SMARTEST

In the Test Program Explorer
1. Load timing file

m/ 2. Open or Double-click on the timing item

Visualize Waveforms

Open SpecTool
Window

Open EQN SET
Editor

Open WAVETABLE
Editor

. Timing Setup
Edit DevCycEdit

edit waveforms & timing
showu egn. & specs resultis

Check Doc Display Format

select specif
device cycle. ..
port.__.

period

edge delay
marker
description

format pins

shapes

 edit specifications
' edit equations

' edit wave tables

edit clocksets
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e ices | s [

WAVETABLE
EDITOR

| /var/opt/hp93000/soc/tmp/93k.aYxFEpp/edit timwyt

E ——

TIMING SETTING IN SMARTEST

113 f d b ¢ -

114 WAVETBL gross_func_deveoyce_wt -
115 # Inputs are implemented W Several WAVETBLs can exist I
116 # This wavetable gets used for relaxe

117 # verification and using Device Cycle names.

118§

119 4 Phy. Waveform Edge Device Cycle

120 4 Indices Actions Names

121 4 —=-—mmm e

122 PINS CP N

123 0 "d1:0 dz:0" 0

124 1 "d1:1 dz:0" 1

125 brk e

126

127 PINS _MR

128 0 "dl:0 dz:1" 0

129 1 "d1:1 d2:1" 1

130 brk e

131

132 PINS mode ser_in

133 "d1:0" 0 e e
134 1 "di:1" 1 Definition
135 brk "

136 > of

137 PINS io_pins

138 0 "d1:0 rl:X" 0 waveforms
139 1 "dl:1 rl1:X" 1

140 2 "dl1:2 r1:L" L

141 3 "dl:Z2 rl:H" H

142 4 "dl1:2 rl1:X" X

143 brk "

144

145 PINS ser_out

146 0 "ri:L" L

147 1 "r1:H" H

148 2 "rl:¥" K

149

150 7
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Cros Lt | e | R

TIMING
EQUATION SET
EDITOR

:v frarfoptfhp93000fsocitmpfa3k.sV3Ir8fedit_timegn

File

Edit  Search

Freferences  Shell

TIMING SETTING IN SMARTEST

=13
hMacro  Windows  Help

Find: |}
fvarfopthpa3000/z0ctmpsS3k. sV Sirdfedit_timegn 2053 bytes

| Rew _I RegExp _I Case

63
ad
65
56
a7y
6o
=
70
71

od
g5
86
a7
of
g9
80
81
92
893
84
895
896
a7
898

T2
T3
74 =
75 %
76 =
T
T8 -
79 .
a0 =
81 =
g2 =
a3

EQHNSET 2 "speo_search _eqn"

# Spec

EQUATION

tpd CP Qx
tpd CP_ICx

=
AssEksErEEESTEEEEEEEEEER

55555555555%
mmmmoninimimim;mnmn

=

p=1/f
CP_ref
ComplDe

TIMINGSE
pariod
PINE

dl =
di =

1000
= p/l
lay = 2

T 1 "std" G

A

‘\l Several EQNSETSs can exist |

Values are assigned to Spec variables
in the Spec Tool

Additional variables can be defined
with equations that use Spec variables

=F

cCp
CP_ref
CP_ref + tw _CP

I Several TIMINGSETs can exist |

Values can be expressed
with variables

=
=
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s [ | 1o |

TIMING SETTING IN SMARTEST

:v Ivarfoptfthpa3000fsocitmp/a3k.sVSIrgfedit_timeqn  Pia]k

File Edit Search Preferences Shell Macro  Windows  Help
Find: | § _I Rew _I RegExp _I Case
Searfoptthp33000/socAmpsa3k. sWSIridledit_timegn 2053 bytes

63 A

6d  EQNBET 2 "spec seargh ool

55 pec_ bdSpecloo

Ef SPECS ]

f7 fmmm—mmmmmmm File Zelect [hange

68 4 Spec Uit

69 # wariables

TO -

"Iu‘l .Illlllllllllllll:

728 f i [MHz,

T3 % ts_8=x_CP = [n=]

T4 5 th_CP_8x = [ns]

75 % te_IOx_CP = [n=]

76 3 th CP_Iox = [ns]

77 5 ts_DBx_ CP = [ns]

78 2 th_cp DEx = [ns]

7% 0 tw CP = [n=]

G0 = tw MR - [ne]

8l = trec MR_CP -, [ns]

G2 = tpd CP_Cx = %ns]

B3 = tpd_CP_IOx = [as]

Bl messsssssssssmsss s

85 EQUATICNS kS

86 .

87 p = 1/f*1000 x

58 CP_ref = p/f2 M S

8%  ComplDelay = 2 Feitlal

a0

91 TIMINGSET 1 "std"

Er

93 pericd = p

94

95 PINZ CP

L dl = CP_ref

97 d2 = CP_ref + tr

EX

Download done!

Edit Sort Display Doc

Mimimum

Select a Wavetable

Enter Values

]|

T[]

L -

[ |

Measured

Unit

Comment

TIMING
SPEC TOOL
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Waveform
Visualization

“Show eqgn.
& Specs Results”

TIMING SETTING IN SMARTEST

| Timing Setup 3l
Select Edit DevCycEdit Check Doc Display Format = A

View with “format pins”
active, i.e. only one

_ waveform displayed for
Have Table Timing 20MHz § each pin or pin group

cification |gross cs Equation

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”

NI Edit DevCycEdit Che

edit waveforms & timing
show egn. & specs results

select specification...

period
edge delay
marker
description
foreat pins
one pin

io_pins

shapes. ..

edit specifications
edit equations

edit wave tables
edit clocksets
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PATTERN

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

HHI"MDSO

l

Electrical signal
A

Vin P~

VIL

»
o >

T 2T 3T
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PATTERN

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

J1\

* 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)
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v Ticwes [ oes [ | R

1. In the Test Program
Explorer, double-click
on the pattern item

PATTERN TOOL IN SMARTEST

('l Setup - /mnt/share/Training_FirstSession_12-16/configuration/pins_soc - SmarTest Eclipse Workcenter - /home/demo2/workspace

2. In the Pattern Explorer,
double-click on one
pattern

File Edit MNawvigate Search Project Run 293000 Window Help
J Co~ J %= J - @~ Q- J P J 5O @ - J o Pattern LabE|
BT == [eopr| = O || gross_func rﬁﬁ gross_burst ﬁlﬁs funct_first 2 £ Digital Pins 1 = B8
Smint/share/Training_| —
Signal |
< [ Device Informal| | H
& <Test Progra g g g g E o
- =] = = =] = =
LS tr_methods_ = = - = - 2
v (=] (=] o =] =2
I> & pins_soc o = = = = o
A tevors X iiode Area T T O
v Protocol O O O
M\ timing Wector# Comment
TITERT—— o reset 00 00O0O0O0DOO0O X X000
» = 1 hold 1 0 0 X X X X X X X X X X 001
=F* <Pin Attribut: 2 parloadOx80 |1 0 0 1 0 0 @ 0B 0 0 HL 1 1 1
@& <Test Contro 3 shirft right 1 00 L HLLLLLLLLZ1ID 2
% - 4 i1 0o 0L L HL L L L L L L 1 o1
<Analog Cor
5 i1 0 0L L L HHL L L L L O 1 -
aa <waverorm | | [3 100 L L Lo Pattern Editor:
B <Routing... = 7 100 L HHLLLLLLLOAZ?2 ) tt
8 100HHLLLLLLHLORDZ d|p|y ne p rn
s e
ag <User Proce ) 100 L LLLLLLLLLOBRA S a oe a e
@ =Profile...=> 10 io switch 1 00 X X X X X X X XL L 0o o1
B <Test Table 11 par load Oxaa i1 001010101 0HL 111
N 12 hold i1 00HLHLHL HL HL 00 1
Bl <channel at 13 shift left 100 LHLHLHLLLLOZI?Z
~ [ Testfloor Inform 14 reset 0 0 0 X X X X x X X X X X0 0 0
N 15 hold 1 0 0O X X X X X X X X X X 0 0 1
% =Application | 4
=\ - - —
Wafer... =] ] ™ ]
[ 1l I [v]
2! Problerms | 2% Firmware |} Ea = m =S5 = =8
S 8 = =
MName Port Type IMemory IWaveTable Layod|Name
E Burst @ Burst NOMNE gross_func_wth
P funct_first @ L Main WM gross_func_dew...
%] gross_burst @ Burst NOMNE gross_func_wtb Pattern Explorer.
Bl gross_func @ Main W gross_func_wth =
-
%] gross_func_fail @ Main WM gross_func_dev... Ilst aII patterns
1§l p1 @ Main WM gross_func_witb
% p2 @ Main WM gross_func_dewv...
&l p3 @ Main WM gross_func_wtb
% pa @ Main WM gross_func_wtb
4| spec_search @ Main WM spec_search_wtb
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Lab & Exercises:
First Steps with SmarTest - Part 2




LEARNING STEPS

Q

Datasheet analysis

. 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 (pc & Ac tests)
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* Continuity Test

* Functional/Structural Tests

70



© Test MEeTHODS: FIRST TESTS

e Test Flow planned from Datasheet Analysis
Functional —
START »‘ Taste |»‘ DC Tests |» AC Tests »

e Actual Production Test Flow

Functional —
| START I» g |» DC Tests |» AC Tests |» i]

between ATE and

Check for connection
DUT circuitry
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© Test METHODS: 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
JL /
g g 1 1 1 '
[ Pogo Pin Blocks T
il T T T |
l I l
:”:”:l /PinCard DI:”: =
I o Y | Electronics e s e B 3
3 3.3 I o O
No ESD d
L1 OO0 L1000 O 0 amage
TEST HEAD




© 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)

VDD = 0.00 Volts

|
|
i T Vce
|
|

PMU 0 )R

e
=)
o
) a
! m—q_._é_ Internal
(@]
: e
| W Bonding o)
vV &
meas '7§' g Diode
w voltage

GND

0
\vmeas ~ 0V = Short

1
1
1
1
1
1
1
1
1
1
1
Circuitry ;
1
1
1
1
1
1
1
1
1
1
1

VSS = 0.00 Volts

———————————————————————

A Power supply grounded 73




© 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)

VDD = 0.00 Volts

| |
1
i T Vcc !
| |
| o : v as
o : ZS : : o FAIL
// \\ = 1
| Eodied ) ml ( g Internal ! -0:2
O i I 1 Diode
-1 W < I Bonding E Circuitry : PASS voltage
vmeas : | 7:‘ % : -0.8
- : FAIL
1 . :
! GND ! -2
: :
| |

VSS = 0.00 Volts

———————————————————————

Both polarities A\ Power supply grounded




© 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)
PE TR Other option:
ey ) vee | Implementation with
Comparison | | , < |+ J A & ! Programmable Load (PL)
to'I' <« éﬂ :+—<' | g ;
< _m_q_._g. épter_n:al i no Meas. Value
<. .. Bonding 5  CHRERY ! Pass/fail result only
EI: Ly i
: "W :
! GND .

———————————————————————
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© Test MEeTHODS: FIRST TESTS

FUNCTIONAL TEST

* Purpose
- Verify that the DUT is functionally “alive” Test Pattern
(Input pins)
. ° 00101001110011001
° PrlnC|pIe 10011100101010110

10011100001111001

- Apply a test pattern that exercises the device functionality 1

-

& compare the DUT response with the expected one

- Test performed with relaxed level & timing conditions

|
HHLHHLHHHHHLLLLHHL
HLHHLLHHHLLHHLHLLH DUT Response

HLLHHHLLHLHHLHHLLH .
" Vi, =0V, Vig =V HHLLLHHLHHLLLH )
_YVec _ Ve
. VOL = _2 — 10% = Vcc, VOH = _2 + 10% = VCC @ PASS (Go)
2333 t
- f < fmax ILIT \\1
Expected | JEIc \ J
- Tsetup > Tsetup—DS» Thota > Thold—DS DUT %i‘%% COMPARE \ -
s T ST Response | 5izz /
obs prop—DS (Outputpins) | T %3 /
TaT / W

- Output: PASS/FAIL result FAIL (No-Go)
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© Test MEeTHODS: FIRST TESTS

FUNCTIONAL VS. STRUCTURAL TEST APPROACH

FUNCTIONAL

» Test pattern is defined with the objective
to exercise the device functionality

& “manual” generation based on the
knowledge of the truth table

Inputs Response Master reset
— Hold
MR| S4 | Sy [CP H
1% Parallel Load (10000000) Functional

L | X | X | X [Asynchronous Reset; Q;-Q7 = LOW Hold T t

H | H | H | -~ |Parallel Load; 10, — Q, » Shift Right x8 — DS0=0 » es

H| L | H |~ |shiftRight DSo — Qp Qg — Q, etc. Parallel Load (01010101) Pattern

H | H | L | [ShiftLeft, DS; — Q7, Q; — Qg, etc. Shift Left x8 — DS7=1

H|L|[L] X |Hod

STRUCTURAL

» Test pattern is defined with the objective
to verify the absence of defects

& automatic generation based on fault
models & structural circuit description

Stuck-at,
Bridging,
Delay;, ...
Structural
Test
Pattern

> Fault Coverage
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© Test MEeTHODS: FIRST TESTS

FUNCTIONAL VS. STRUCTURAL TEST APPROACH

e Execution on ATE: no fundamental difference

FUNCTIONAL STRUCTURAL
GENERATION Test Pattern GENERATION

00101001110011001
01100100010010001

Functional 10011100001111001 Structural
Test : Test
Pattern Pattern

il

HHLHHLHHHHHLLLLHHL

HLHHLLHHHLLHHLHLLH | DUT Response
HLLHHHLLHLHHLHHLLH _
HHLLLHHLHHLLLH BN

Q PASS (Go)

conm | ﬁ/ﬁ)

—

Expected
DUT

Response
(Output pins)

HHLHHLHHHHLLLLHHL
HLHHLLHHHLLHHLHLLH
HLLHHHLLHLHHLHHLH
HHLLLHHLHHLLLHLH

FAIL (No-Go)




Exercise:
Questions about First Test Concepts




LEARNING STEPS

Q

Datasheet analysis

. Tester HW/SW, Basic elements (pin, Level, Timing, Pattern)

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

|I$ Test program development

Test methods: parametric tests (pc & Ac tests)
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(

TEST
PROGRAM

* Test Flow Concept & Main Elements

* Test Flow Creation & Execution
in SmarTest
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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)

E—' Continuity

Gross Iy Functional DC Tests
) ) ) *) @R Lo
2% 3 4 5 N6
Bad Bad Bad Bad Bad
Bin Bin Bin Bin Bin
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© Test FLow CONCEPT

Main Test Flow Elements

* Sequential organization of device tests _
. . . Testsuites
Wlth th@lr blnS * Test Method + Level/Timing/Pattern Settings
* Tests order, pass/fail branching and binning Bins
. . * Good or Bad (sToP point)
determine the execution of the test flow

W Continuity I—' @f I Stress ‘
l Fu nCtlonaI %

?) . Iterative/Conditional Elements !
./) : | |
\)3

* Repeatloop

. For Loop
DC Tests @ e——| DCTests |+ While Loop
- * |f/Then

y \ Value Assignments

actests |- @& L actests | el
; T .+ Timing value
VIE VvV IEES

_______________________________________




' TEST FLOW ELEMENTS

O— Continuity O

V Testsuite
> Test Method
V Primaries
> Timing
> Level
> Pattern

lP

Continuity
“DcTest.Continuity”

1.2.1
2.2.1

my_pattern

TESTSUITE

TEST METHOD

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

Properties i Gt Outline = | =0

type filter text

Property Value
< Test Method l dc_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|<= - J|soo

< Flags

HRESULT WsiT:RTI

B NS UPESY (double _results[4])

add your code

PPMU_SETTING settingl; Set up: pin to test,
settingl.pin("@").iForce(50 uA).min(50 mV).max(100 mV).iRange("100uA™); force current
PPMU_RELAY relayl, relayz; and limits
relayl.pin("e").status("PPMU_ON");

Close PPMU relay
relayl.wait(1.3 ms);

DISCONNECT PPMU relays
relay2.pin("e").status("ALL_OFF"); Open PPMU relay
relay2.wait(1.3 ms);

PPMU_MEASURE measl;
measl.pin("@").execMode (TH: :FVAL);

———

Test technique: value

TASK_LIST taskl;
taskl.add(settingl).add(relayl).add
taskl.execute();

meas).add(relayz); ]» 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)

List of Individual Maps

tal count
File tera/Galaxy/PE1222 0U_
Map style ap ( parts tested are
Total physical pal
tested
Parts processed I Data / parts.
Data from € Il sites
Product mE361
Lot P81222.0
Sublot 9000848101
Strip I P81222 0 0646
Strip started en. déc. 54
Map dimensions weX=0
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TEST FLOW CREATION & EXECUTION
IN SMARTEST




© Test FLow CREATION & EXECUTION

TEST FLOW CREATION IN SMARTEST

MAIN STEPS

1. Create new testflow

2. Setup the “context”

3. Insert elements
(Testsuites & Bins)

4. Save testflow

B setup - SmarTest Eclipse Workcenter - fhome/jspreux/works

File Edit MNawvigate Search Project RBun 23000 Window Help
| - G | % [ #r O @ | |5 % @ | ©
%Pro]ect} =8 = 0 (=]
fhome/jspreux/devices/CW_Lab — ~
- f]‘_-. Device Information - Property Value
& <Test Program. . > device fhome/jspreux/de
=Testflow = external false
b & =Pin Configuration. > path
A <Levels > saved true
A <Timing.. >
= =Pin Attributes > =
& <Test Control...>
5% <Analog Control >
A —wWaveform...>
e =Routing ... >
83 <User Procedure >
% <Profile.. >
B <Test Table.. > L
BB =channel Attributes .=
~ [ Testfloor Information
“% <Application Data__ >
@ <warer = |
[ - T ) ) ||>]_ [l [ [»]
[l Problems 32 =3 Flrr‘nwarew k- = El Console 3 @] Error Lccﬂ =g
0 errors, 0 warnings, 0 infos Systerm £ 3 E’\u BE = B~ b

Description

Resource Path

Location

o — o
Starting SmarTest WorkCenter. ..
SmarTest WorkCenter Ready!

INFO: using location for configuration data specified in $HOME/.S3kE

configuration_base=/tmp

[l m

[+]

E

| o

E= Testflow

J
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© Test FLow CREATION & EXECUTION

| 1. Create new testflowl

[(5 Project Ex | EER

/mntfshare/Training_FrstSession_12- —

TEST FLOW CREATION IN SMARTEST

(1) Right-click on testflow
item & Select ‘New’

=~ fﬁ_—. Device Information

& <Test Program. >

b & pins_soc //

N levels

H timing

£ all binl

¢ <Pin Aftributes.. >
@ <Test Control...>

5% <Analog Control._>
fe <Waveform. =

29 <Routing...>

8@ <User Procedure . =
% <Profie >

B <Test Table...>

B <Channel Attributes .=

b [ Testfloor Information
b [ Test Results

Create testflow —

Enter testflow name (

Name: [FlrstFIcw K\ ]

Location: | \ |
N

@ Enter name of
new testflow

© cClick ‘Finish’

_—
@ | Einish - Cancel

[ Project Explore ﬁ |iiiﬁiiiﬁ ﬁ i =8

mnt/share/Trainng_6-5-4/my_T74ACT299 =

i

< [ Device Information

e

& <Test Program..>
New...

Open

Open Testflow To Merge ...
Show In Project Explorer

Ba FirstFlow 53

(4] Right-click on testflow item

& Select ‘OpenWith ->
Flow Sequence Editor’

Ctri+N

F3

(OFlow Sequence Editor
(@ Flow Data Editor

-

Palette

Empty flow

89



© TesT FLow CREATION & EXECUTION

[2. Setup files assignation |  TEST FLOW CREATION IN SMARTEST

e FirstFlow 53 © Fillin your primary
: L @ select ‘O > setup files
I Start elecC pen -
E Setu pS Page' ][] FirstFlow 52 / - =
7]
E / Setup / File

L@ Run Testflow Tl
“/ :unT g = R Pin Configuration pins /

Levels levels

Timing
timing
Pattern

b
Fin Attributes M

Channel Attributes

V1
. . . o To » | Variables Page Ctri+Alt+,
© Right-click in empty zone o |Ragsrage  cwean ||»

of ‘Flow Sequence Editor’ InsertFiosting Test Sute...  Clrad e

|8

Hlo|o|(~N|d|W|&|w]|M|F

Analog Control all binl bak

Waveform

Routing

0 |Test Table
Use <CTRL> <Space>

Collapse Al for content assist
Expand All
Preferences

Test Suites | Parameters |Te5t5 | Bins |Variab|es |Flags lSetupsI Information

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




© Test FLow CREATION & EXECUTION

Testsuite

‘3. Element insertion ‘ TEST FLOW CREATION IN SMARTEST

Select Test Method THEEE
i FirstFlow &2 i | ey [ l
» L i N— -
O select “ © Select a Test Method ..o 3
= DcTest
. . /’# (ma ndato ry entry) StandbyCurrent |
Insertion ] o
. . . roduction
point a @ Right-click or Open Palette o
I & Select ‘Run and Branch’ prersngcuren
eakage L
[y select /7 : Highz i
P Run Test ” New "Run And Branch” Node GeneralPi
[(@ Run and Branch E @ The Test Method field must not be empty. Ezzf:t:rt:ectivity
¥ Good Bin = // ovm
m: |
@ Ead Bin TJ‘ Test Suite Name [continuity / ] M
@' Multi Bin / b ac_tmi a
G:,] — Commerﬁ [ -,l l \q Lib Path [,fopn’hpg3000,fsacftestmetncdmbrarwshflibﬂmdcftm\.l
&8 Print to Datalog j==Hnetod [ \ Source Path [foptnp93000/50c_6.5.4_7x5_shipd_20110203_1651/
%”’ﬂ'hen Timing Equation | D| [ l gz:zw]\:ston SmarTest: 6.5.4.0, 03-Feb-11 | =
¥ Repeat Loop TR G | D| [ l Info =
d While Loop o B SotmyFow i ¢ .
@ For Loop Timing Set | DH l ® H - I l — l ’ *my_Flow &3 DC_74ACT299 cl.cpp 1@] my_Flow 1
; Level Equati
assin vaie s || ) /' ol
B2 Assign Level Value DPS Set | LI l i
R Assign Timing Value Lo Bl | DH l 9 C||Ck ,OK, ﬁ _ (i)
Analog Set | L ] [ continuity Jj
Pattern | D| l} op F
Context [DEFAULT l (;

@ | [ Cancel




© Test FLow CREATION & EXECUTION

3. Element insertion
Testsuite

Double-click on
Testsuite will open
the Properties view

3

Palette

Fatf_methods_all 32 - * % = O || E Instant Console | =] Properties &3 = ¥ =0
[ pe filter text
» Property Value
H ~ Test Suite gross_func
Continui
5 Comment
= = Primaries Signal
gross_func b Tirmi
. Timing oot = |-[5/3]8[c]8|5 (5[5 |8
o 2 (p(@o|ala@le|@nla
P Level 2,2,1 = [F1glz1E|= 2=
b Anal o |5|8[2]|2(2 2| (RIC|8
. ] X-Mode Area
Pattern gross_func ntacal
F3 Vector# Instruction Comment
Context DEFAULT 0 reset [M:000000000
1 hold 1 100X XXXXXMX
Test Type M 2 parload0x80 |1 1001000000
= Test Method my_ac_classic_tm_project ClassAcTest functionalTest 2 EHtnght - B LR LN EN [N
- = == 4 1 100LLHLLLL
Pararmeters 5 1 100LLLHLLL
o 5 1 100LLLLHLL
................................... Limits 7 1 100LLLLLHL
b Flags 8 1 100LLLLLLH
9 1 100LLLLLLL
P site Control 10 1 100LLLLLLL
11 1 10 1LLLLLLL
I Results (Site in Focus) 12 1 10 1LLLLLLH

TEST FLOW CREATION IN SMARTEST
/PROPERTIES VIEW

Tassssssssssssnsnnnmsnnnnnd

Selecting value and pressing “F3”
will open associated editor

(e.g. vector editor will open when
a pattern label is selected
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© Test FLow CREATION & EXECUTION

‘ 3. Element insertion

Bin

Fa*my Flow 22 - [c DC_74ACT299 cl.cpp [l *my_Flow

3

Palette

[} Select

P Run Test
Qﬁun and Branch

= Good Bin

(@ Bad Bin

@' Multi Bin

& Print

&3 Print to Datalog
B IffThen
Repeat Loop
dry While Loop
@Fcr Loop
$A55ign Value
Assign Level Value
Assign Timing Value

e

-

0 sl
5 insertion
) | point
=

conticr;LIJDity Jj‘F/
lv JL !

“_® Right-click or Open Palette \\a

& Select ‘Bad Bin’

Attributes

* Reprobe: used for wafer-level testing

* Overon: used for debug during test flow
development

© Fill the entries

New "Bin" Node
I&reate a "bin" node.

Software

Bin Number: IS l

Description: lIDDQ l

Hardware

Ein Number: Il | = l

Description: IFuncticnaI I

Attributes

[] Reprobe Owveron
Binning
) good bin
@ bad bin

[ Enish%l Cancel l
N

@ Click ‘Finish’

//s

‘ TEST FLOW CREATION IN SMARTEST

Fa*my Flow 23 . [¢ DC_74ACT299 cl.cpp [ *my_Flow
»
[ Start
H
T 0
o

E . "

continuity

P F
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TEST FLOW CREATION & EXECUTION

| 4. Save testflow |  TEST FLOW CREATION IN SMARTEST

A *: changes done in testflow = Save REQUIRED

/

O ightclckon L A | 0 Smmi e
testflow item I I
in Test Program \V [ Device Informftion 0 -
EXplorer New... Ctri+N

& <Test Progfam. .3

b @ pins Open F3
Open With 4

Open Testflow To Merge ...

5 ht#my_Flow #ley

P ht#my_Flow#tin
Show In Project Explorer

Y

g all.binl [}
<P <Pin Attributes. /< 21 Load... Ctri+L
@ <Test Control..> Load All Setups
Reload Shift+Ctrl4L
@ select ‘Save’ - , ,
\ b <waverom. > &3 :E”‘p“:-- Loading Process in two steps
P 3 Export... . 3
B <Routing...> ! » ‘Load’: will open ‘Select file to load’

=User Procedure Optimize

* ‘Load All Setups’: will fill tester-hardware
with primary data

Delete Optimize

2 Run

B [ « &

Ctri+5

[5] save As_.
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© Test FLow CREATION & EXECUTION

TEST FLOW EXECUTION IN SMARTEST

© Right-click on a

| 3= ERR RSO MU SSR Y-8 T N Testsuite

[op BT 2 = O| Bamy_Flow &2
fmint/sharefTrainng_ < || »
~ fﬁ_—. Device Inform [— u
& <Test Progr: E L
p— = g Run Selected Alt+T
: @ choose
b @pns 7 - } * ‘Run Selected’: single Testsuite execution
7S levels .
A timing (" gross runc ]—. N —— e * ‘Run Testflow’: overall Testflow execution
Open »
B8 a1 binl B T GoTo »
=¥ <Pin Attribu [ Leakage ]_. Insert ’
@ <Test Contr Insert Floating Test Suite... Ctri+1
% -::ﬁl'ual-)g Co Toggle Selection to Wide Ctri+Right
Ba <Waveform
= Copy Ctri+C
e =Routing...z|_|
cn e s 1 | I

Convert to Run Node

Expand Shift+Right
Collapse All
Expand All

Add Bookmark

Preferences...




@ TesT FLow CREATION & EXECUTION

TEST FLOW EXECUTION IN SMARTEST

hd Ul report. ORG.PROD - || 3
File Options Help Mode Datalog
Tester State IDISCDHHECTED
Tester Operation INDT monitored (DISABLED)
Fstebd peogduction report bhegip ek =
Started at: ZOOEQF2E 0943525
Testflow execution
dewvice + ptl_lab_=olutions=_4.2.1
DUT _path T Stmp
testflow + tf_furnctional
userprocedure T
Hebrhtcbkk hheaqjipn testPlow report datg 30 skehskeek
tf_result{OutputlC.1) = O
tf_result{tpd_CP_Qx.0) = 12,7
Dewvice test PASSED!
i S | 7. | F 2 [EEEEE PBEPPE ek
i | 7 . E] EFREERER FRERRE EREEE  ekekdek
B S 2 @ EEEEE RERPLE ek
BIM 1 1 (Pass!)}
Ended at: ZOOBOF2E (9439350
Fdddbdbdkd and testfFlow report data FEEEReRE
"4
=1 |-
Report Formatter I,deFault,PRDD

Bin Description —

First Failing Test —|

hd Test Result Display

— Hardware Bin

4/6/10

| Total Number of
Executed Tests

I
Total Number of Failing Tests
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Lab & Exercises:

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




LEARNING STEPS

Q

Datasheet analysis

. Tester HW/SW, Basic elements (pin, Level, Timing, Pattern)

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

Test program development

I Test methods: parametric tests (pc & Ac tests)

%m AT -



© Test METHODS: PARAMETRIC TESTS

 Production Test Flow

START

Continuity
Test

Functional
Tests
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© Test MeTHODS: DC

PARAMETRIC TESTS

* Purpose

DC TESTS

- Verify device DC performances, once functionality is OK

e Classical Tests
- VIL/VIH' VOL/VOH

DC Tests

-------------------------------------------------------------------------------
.

Functional
| START I» T Tests

VOL/ VOH

% Can be based on functional tests or on V/I measurements
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@ Test MeTHODS: DC PARAMETRIC TESTS

* Purpose

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

* Principle

V, /V,, TEST

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

| Pass/Fail Results |

[Apply driver levels

(VIL/VIH )

A 4

Vv, /V,, values:
DS guaranteed

limits

DC Electrical Characteristics for ACT

Symbol

Parameter

Vee

(V)

To=25C

| Tp=-40°C to +85°C

Typ Guaranteed Limits

Units

ViH

Minimum HIGH Level
Input Voltage

45
55

15 C20)

15

g
o

2.0
2.0

Vour =01V
orVge - 0.1V

Vi

Functional
Test

F__,

PASS/FAIL
Result

Maximum LOW Level
Input Voltage

30
4.5

15
15 0.8

@

0.8
0.8

Vour =01V

orVgg - 0.1V
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@ 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 |

oye . . Veo Ta=25C | Tp=-40°C to +85°C ] -
to P/F transition in functional test symbol Parameter v S T ] US| Conditns
M e | | L R
1 1 1 Vi Maximum LOW Level 30 75 0.8 08 Vour =01V
| [Applz/ \?r}\\//er I)eveISI y /Ci/hangf }: e
- values |
! I ViH i/ ViH .
: \ 4 :
Relaxed : Functional L VUV
.. - FAIL V,
[COI"IdItIOﬂS ! Test " Values 1 p " Vi/ Vi L2 Result
: ' (last Pass values) PASS VIV * PASSif VIL-me.as 2 ViLiimit & Vikmeas = Vi_iimit
. o * FAIL otherwise
frm FAILV,
e 102




@ Test MeTHODS: DC PARAMETRIC TESTS

V, /V, TEST IN SMARTEST

Test Function:
|Test Procedure |

‘Input Voltage Sensitivity’

v - % _
Edit Report State Doc Set VIL to low pass level data > :}ﬁut
[ fnput Voltage Execute functional test
inli in list B
Pin list pin lis | |
([1on e || Set V, to high pass level
. input
Pass Limits 9 S -—— SRRl Set back V, to nominal level  data pin
R V;, Vi Execute functional test
| 4 parallel
. ‘Serial’: BEPEE WILAVIH ¢sP) | = Return FAIL if either execution fails, otherwise return PASS
Result for each pin
* ‘Parallel’:
Global result . : P
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 )
frm Return FAIL if measured V,, < low pass level or measured V,, > high pass
E@’“ " level, otherwise return PASS 103




@ 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, current

* Principle
- Force 15 /I,y current on output pins and measure the corresponding V,,/V,, voltage

I Im plementation with PMU I DC Electrical Characteristics for ACT
Voo Ta-25C [Ta-40Cto85C ] -
Symbol Parame ter Units Conditions
V) Typ Guaranteed Limits
Von Minimum HIGH Level 15 749 74 14
DUT 55 5.49 54 54 V. |lour=-50uA
Vin=ViLorViy
~ 45 | 0.0001 376 v =
55 186 478 lop = —24 mA (Note 5)
VoL Maximum LOW Level 75 0.001 0.1 0.1 VP
= LL
Output Voltage 55 0.001 0.1 0.1 ouT ==
Viy =V or Viy
45 0.44 v g=24mA D
Pattern me7 55 0.36 0.44 lot= 24 mA (Note 5
cC
PASS Vo,

FORMAT CP MR mode ser in out

Bl std 1 0 00 00 I_L LLLLLLLL reset |
Rl std 1 1 00 00 XX LLLLLLLL hold ;
1 st 00 XX ){XXX)O{XX old (dummy) ;

00 HL 10000000 p. 1el load | Force curren
Dol o I man iR o Voo/Vou Test Result
f 0D % m e FAIL Vou/Vou
right ; 1
00 I ILTLCALL Smifr rione | * PASSif VOL-meas < VOL-Iimit & VOH-meas = VOH_Iimit
Measurement | PASS V, * FAIL otherwise
Values
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@ 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, current

* Principle

- Force 15 /I,y 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 ;

Bl std 1 1 00 00 XX LLLLLLLL hold ;

Rl std 1 1 00 00 XX XCOOUOXX hold (dummy) ;

Rl std 1 1 11 00 HL 10000000 parallel load ;|

Bl std 1 1 01 00 LL IHLLLLLL shift right ;

Rl std 1 1 01 00 LL LLHLLLLL shift right ;

Bl std 1 1 01 00 LL LLLALLLL shift right ;

Bl std 1 1 01 00 LL LLLLELLL shift right ;

Rl std 1 1 01 00 LL LLLLLHLL shift right ;
géa 1P

Received
Response

> LHIHLLHILH...

Ll

DC Electrical Characteristics for ACT

Ve Ta-25C [ Ta=40Cto85C

Comparison
with
Expected
Response

Symbol Parameter Units Conditions
V) Typ Guaranteed Limits
You Minimum HIGH Level 4.5 4.49 44 44
\ loyT=-50 pA
55 549 54 54
Vin =V or Viy
45 | 00001 378 Vv lp=-2mA>
55 4.86 4.78 lop =—24 mA (Note 5)
VoL Maximu m LOW Level 4.5 0.001 0.1 0.1
\ loyT=50 pA
Output Voltage 55 0.001 0.1 0.1
Vin =W orViy
45 0.44 v Q= 24mA >
55 0.36 0.44 loi= 24 mA (Note 5)

l

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 105



@ Test MeTHODS: DC PARAMETRIC TESTS

Vo, /Voy TEST IN SMARTEST

. T Pr re with PM ion
Test Function: | est Procedure wit U optio |
‘Output DC’ Io./Vor Iou/ Vou
e - Execute test vectors; Scan for ‘L’ or ‘H’ state
| Edit Doc : : : :
_ in a pin-by-pin basis
ot 02> \
Pin list 9 o i |E P \ | 2. For first pin & for each vector: Connect PMU,
unit| | low high Force Current@spec value & Measure Voltage
force curn_ent ma 6 -6
pass max/min v 0.8 3.8 L’ state ‘H’ state
Additional PMU parameters expected expected
SPMU clamp voltage output < output >

pass min/max v -0, U .
settling time ms 1 1 pin pin
@ PRl Vou IoL Vou Ion
PPMU/t meas. meas.
Instrument 9 - =

() Programable Load
() SPMU

O SPMU/term 3. Repeat for remaining pins

vec. range |10 - 20 |

output [Fout ($P) | 4. Compare to pass values

= 106




@ Test MeTHODS: DC PARAMETRIC TESTS

Vo, /Voy TEST IN SMARTEST

Test Function:
‘Output DC’

IOL/VOL

| Edit Doc

IOH/ VOH

Lo 20> \
Pin ||St 9 pin list Ieﬂr_out \¥ I

unit low

force current ma 6
pass max/min v 0.8
Additional PMU parameters
SPMU clamp voltage
pass min/max v -0,
settling time ms 1
@ PPNHU
(O PPMU/term

Instrument 9 () Programable Load
O SPMU DC measurements
() SPMU/term

@ specified vectors

vec. range |10 - 20 >/ |

output [Vout ($P) |

|Test Procedure with PMU option

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

Make sure that both ‘L’ & ‘H’ states are
present in the specified vector range
for the pins under test

FORMAT CP
R1 std
R1 std
R1 std
R1 std
R1 std
R1 std
R1 std
R1 std
R1 std
R1 std
R1 std
R1 std
R1 std
R1 std
R1 std
R1 std
R1 std
R1 std
R1 std
R1 std
R1 std
R10 std

PR RPRRRRERRERERERRERRERRERERR R R

~MR mode

PR RPRPRRPRPRRPERRERRERRERRERRERERER RO

00 00
00 00
00 00
11 00
01 00
01 00
01 00
01 00
01 00
01 00
01 00
01 00
10 01
10 01
10 00
10 00
10 00
10 00
10 00
10 00
10 00
00 00

ser in ser out io pins ;
LL LLLLLLLL reset ;

XX LLLLLLLL hold ;

XX XXXXXXXX hold (dummy)
HL 10000000 parallel load ;
LL LHLLLLLL shift right ;
LL LLHLLLLL shift right ;
LL LLLHLLLL shift right ;
LL LLLLHLLL shift right ;
LL LLLLLHLL shift right ;
LL LLLLLLHL shift right ;
LH LLLLLLLH shift right ;
LL LLLLLLLL shift right ;
LH LLLLLLLH shift in left ;
LH LLLLLLHH shift in lef
LL LLLLLHHL shift left ;
LL LLLLHHLL shift left ;
LL LLLHHLLL shift left ;
LL LLHHLLLL shift left ;
LL LHHLLLLL shift left ;
HL HHLLLLLL shift left ;
HL HLLLLLLL shift left ;
XX HLLLLLLL hold ;

’

Y



@ Test MeTHODS: DC PARAMETRIC TESTS

Test Function:
‘Output DC’

| Edl.t Doc

IOL/VOL

otent 26 >

Pin ||St 9 pin list Ieﬂr_out

unit low high

force current
pass max/min

Additional PMU parameters
SPMU clamp voltage

pass min/max

settling time

@ PPNHU
Instrument 9 ) PPMIl/term
() Programable Load

J ormg
() SPMU/term

mé 6 -6

vec. range |10 - 20

output [Vout ($P)

IOH/ VOH

Vo, /Voy TEST IN SMARTEST

|Test Procedure with PL option

}
1. Set Vg to low pass level =3
Set active load to |5, [Voy pass levell >‘

Execute functional test

output [

pin T g—
2. Set back VOL‘ to nominal level }
Set V,, to high pass level oy
Set active load to |, (Vo] >—
Execute functional test
Outl;lljr: .

3. Return FAIL if either execution fails,
otherwise return PASS

*  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
Vo < high pass level, otherwise return PASS 108



© Test MeTHODS: AC PARAMETRIC TESTS

* Purpose

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

e Classical Tests

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

| START I» >

AC TESTS

AC Tests

Functional
Tests

F

DC
Tests

Setup
Time

Hold
Time

Prop
Delay

% All AC tests are based on functional tests

.....................................................................................................
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© Test MeTHODS: AC PARAMETRIC TESTS
AC TESTS

* Principle
- Pass/Fail Results: one functional test performed with edge position set at limit value
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 | | Meas. Values |

Set edge position
@ limit value Apply new Change
| edge position edge position

according to DS

Functional P/F Rzﬁ‘ggd Functional
Test Result position Test

i | P/F Result

Meas. |
Value
(last Pass value)

transition

__________________________________________

Loop: Search for value corresponding
to P/F transition in functional test 110




© Test MeTHODS: AC PARAMETRIC TESTS

* lllustration: t;

Timing definition for
‘relaxed’ functional test
A\ |
CcpP -
di:1 d2:0 -
A i
DSO | -
di:1 ! | -
| Yo ps !
A .
! | A
Qo ;
E / E rl:H K\ >
Expected Relaxed
Response Condition

AC TESTS

One functional test

Q | Pass/Fail Result |

Iterations of functional test

h

Meas. Value
(last Pass value)

PROP DELAY TEST

A |
CP -
di:1 d2:0 -
A
DSO | -
di:1 : 1 -
| tpoin ps !
A ; ry
Qo ; X
P ri:H -
Actual / I \ Expected
Response Response
A |
CpP -
di:1 d2:0 -
A
DSO | -
di:1 -

Qo

A tPLH_:meas

toin ps

NANNANANNAN

/]

Actual

Response
| P/F Transition

| —

ri:H

(t

PLH_meas —

\ Relaxed

condition

Test result: PASS

<t

pLH_Ds)

111



© Test MeTHODS: AC PARAMETRIC TESTS

* Purpose

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

e Classical Tests

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

AC TESTS

| START I» -

Functional
Tests

F

DC
Tests

112



© Test MeTHODS: AC PARAMETRIC TESTS

SETUP TIME TEST
e 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

i AC Operating Requirements for ACT
ester perio
A i Voo Ta-25°C Ta-40Cto-85C
N i i Symb-ol Parameter ) Cyp =30 pF Cy =30 pF Units
{Note 10) Typ Guaranteed Minimum
CLOCK / \ E f“:s Byl 50 20 55
H H i N =0 1
d1 d2 - [ Hoid Tme. HIGH or LOW
H H 50 20 1.0 10
A SperS, toCP
[ = me, or
— — o, toCP 50 15 45
INPUT D X D X D b Hoid Time. HIGH or LOW 50 10 10 10
: S IOy to CF
d1 d:Z d3 - T = e, or
|DS; or DS 10 CF =0 ' i
Setup time ts Holid Time, HIGH or LOW
P DS, or DS 1o CF 50 -1.0 10 10
tn CF Pulse Widhh
: S . 50 20 40 45
Appropriate WF definition required HIGH or LOW
(3 edges with SBC format to handle both setup ki MR Pules Wom, LOW °0 =0 > °
& hold times) [ Recovery Time, MR to CP 50 0 15 15

Note 10: Voltage Range 5.0 Is 5.0V + 0.5V,
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© Test MeTHODS: AC PARAMETRIC TESTS

SETUP TIME TEST IN SMARTEST
e Definition

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

Test Function: ‘Setup Time’

* Test performed on input pins only s Gl =3
| i
] Tester period R Pin list 9 pin list |ser_in
Tt o |
CLOCK / \ - ﬂ Edge under focus edge/param deveyve  d2
dr @ > £ Reference (optional) e
N u paSS' setup time ns @\ Limit
INPUT |D XD X'D Q serial Value
: N ® carallel
di dZ : d3
Setup time output |tsu ($F) |
Appropriate WF definition required
(3 edges with SBC format to handle both setup
& hold times) ns
& B
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© Test MeTHODS: AC PARAMETRIC TESTS

HoLD TIME TEST
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 AC Operating Requirements for ACT
N - Voo Ta- 25°C Ta- 40°Cto -85°C
N i i Symbeol Farametar m Cp =30 pF Cy =30 pF Units
{Mote 10) Typ Guaranteed Minimum
CLOCK / \ - N 2:1:51:'::;;'% arLen 50 20 50 85
di d2 - ™ Ficid Tane, HIGH or LOW
\ i SporS.to CP =0 20 1o
/ H H —
t, :;nq:}zl:e HIGH or LOW 50 5 a0 s
{ D T WSS oW
INPUT |D XD XD . O e —
d1 d2 i d3 - i Setup Tame, HIGH or LOW
— DS, or DS+ 0 CF 50 15 45 50
Hold time = Tioid Tme, HIGH or LOW
DS, e DS, 10 P 50 10 10
tw TP Pulse Width
: I : 50 20 40 45
Appropriate WF definition required HIGH orLOW
(3 edges with SBC format to handle both setup i MF Pulee Width, LOW =0 20 38 35
& hO/d tlmes) tas Recovery Time, MR to CP 50 o 1.5 1.5

i
Note 10: Voltage Range 5.0 Is 5.0V + 0.5V,

115



© 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

* Test performed on input pins only

CLOCK

INPUT

reference signal (clock)

Tester period

A &

2 K
B Yo = Xb
di d2 d3 >

Hold time

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

Pin list » pin list  [DS0.D0S7

£% Edge under focus
£} Reference (optional)

Test Function: ‘Hold Time’

hd Test Control
Edit Doc

edgesparam devoyc  d3
Cref., pin<timel LE

Lret,. devcycl
pazz hold time ]=

% serial
@ parallel

output thd (%P2
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© Test MeTHODS: AC PARAMETRIC TESTS

PROPAGATION DELAY TEST

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

* Test performed on output pins only

Tester period AC Electrical Characteristics for ACT

N ) ) Voo Ta=125C Ta- 40C to 85C
: Symbol Parameter m Cy =30 pF Cp =30 pF Units
CLOCK / \ {Note 9) Min Typ Max Min Max
: N Faanx Mamum Input Frequency 50 120 170 110 MHz
a 9 - L Propagation Delay 50 40 85 12.5 an 140
A H H CF to @, or Q, (Shift Left or Right) ' - - . - . =
. A Frepagation Deiay _ 50 40 ] w 35 15.0 ns
: CF to Qo or Q- (Shift Left or Right) |
INPUT XD L Fropagation Defay 50 45 85 12.5 45 13.5 ns
: > CP to 1D,
dél H H fere Fropagation Detay 50 5.0 s 15.0 45 165 ns
A : CP to 10,
4D e Propagation Detay 50 40 14.0 A5.0 40 18.0 ns
OUTPUT | | Lk L
tap Propagation Delay
S Bt 1o 50 40 130 14.5 a5 17.5 s
i rl
Prop delay (Clk-to-Out)
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© Test MeTHODS: AC PARAMETRIC TESTS

e Definition

PROPAGATION DELAY TEST IN SMARTEST

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

of a reference signal (input or clock)

* Test performed on output pins only

Tester period

CLOCK

Vv

INPUT XD

A

OUTPUT

A\

————i

Prop delay (Clk-to-Out)

Prop delay (In-tc:-Out)

\%

Test Function: ‘Prop Delay’

<
Pin list »

£% Edge under focus
£} Reference (optional)

FO-OH ¢$P2:

output

hd Test Control -

Edit Doc

FPropagation Dela

and Data Hold Time

pin list |ser_nut

edgesparam devcocyc ]

[ref, pin time] LE CP

[Tefr, devoycd

[pazz prop delayl n= . .

[pass data hold]l GT= L|m|t
Value
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Lab & Exercises:

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

 Questions about Parametric Tests




The END

Digital Test Training
on V93k ATE




