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2KOTTOC ITapouaiaong

Q Na tmapouciaoel Bepara Tou oXeTiCOVTal JE TOV
eAeyxo IC (IC testing) Kal TN OXETIKA TEXVOAOYia

0 ‘Epgaon ota €¢NC:
" 2 nuUacia Tou eEAEyxou oTn O1adIKagia oxedlaouou
KOl KATAOKEUNG

» [1pokAnoeig aTo test generation kai 1o fault
modeling
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Introduction

a Integrated Circuits (ICs) have
grown in size and complexity 1+
since the late 1950’s 1 E+08

= Small Scale Integration (SSI)

» Medium Scale Integration (MSI)

» |Large Scale Integration (LSI)

= Very Large Scale Integration
(VLSI)

Q Moore’s Law: scale of ICs
doubles every 18 months

= Growing size and complexity
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2nuacia rou EAgyyou (1)

0 Decreasing feature size (dimensions)

= from um => nm for
— transistors
— Interconnecting wires

0 Operating frequencies have increased
* from 100KHz => several GHz

Q Decreasing feature size increases probability
of defects during manufacturing process

» A single faulty transistor or wire results in faulty IC

Q Hence, testing required
» to guarantee fault-free products



2nuacia rou EAcyyou (2)

0 Rule of Ten: cost to detect faulty IC increases by an
order of magnitude as we move from:
» device -» PCB — system — field operation
» Testing performed at each of these levels
Qa Testing required during:
= Manufacturing
— to improve yield
* Field operation to:

— ensure fault-free system operation
— initiate repairs when faults are detected



Opiouoc¢ rou EAgyyou

a Testing consists of

* Applying Input test stimuli to Inputs of
circuit under test (CUT), and
= Analyzing output responses

— If correct (pass), CUT assumed to be fault-free
— If incorrect (fail), CUT assumed to be faulty

Input; Output,

Input Circuit Output Pass/Fail
Test Inout e | Under Test Outout e | Response Tass/ral
Stimuli |[P*s* | (CUT) “IDULw e | Analysis




KukAoc¢ avarmrruéne IC

a Design error

= Discovered during
design verification

= Corrections made
prior to fabrication
0 Manufacturing
error (Defect)

= a flaw or physical
imperfection that can
lead to a fault

= Discovered during
Fabrication,
Packaging, ...

éDesign Speciﬁcationg

.................. et

Fabrication

Packaging

Quality Assurance




Design Verification

Q Different levels of
abstraction

a RTL to physical level
= CAD tools

a Simulation used at various
level to test
* For design errors

* |f the design meets system
timing requirements after
synthesis

Design Specification

- l

Behavioral (Architecture) Level

Register-Transfer Level

Logical (Gate) Level

Physical (Transistor) Level




Yield and Reject Rate

2 Faulty chips due to manufacturing defects ®
» the % of good chips:

number of acceptable parts

: eld =
d Yleld |OSS @ e total number of parts fabricated

0 2 types of yield loss
= Catastrophic — due to random defects
» Parametric — due to process variations
a Undesirable situations during testing
= Faulty chip appears to be good (passes test)

= Good chip appears to be faulty (fails test)

— Due to overstress during test
10



PCBs & Electronic Systems

Q A system consists of PCBs
that consist of ICs

a PCB fabrication similar to

PCB Fabrication

|C fabrication

Bare Board Test

= Susceptible to defects

PCB Assembly

a Assembly steps also

Board Test

susceptible to defects

Unit Assembly

» Testing performed at all

Unit Test

stages of manufacturing

System Assembly |«

Q T1 €ival TTI0 EUKOAO;
= O éAeyxocg Twv PCBs?
= O €Aeyxoc Twv ICs?

System Test

11




Eidn eAéyyou
a Off-line testing

= while system (or portion of it) is taken out of
service

» Performed periodically during low-demand
periods

» Used for diagnosis (identification and location) of
faulty replaceable components to improve repair
time

21 On-line testing
= concurrent with system operation

12



Test Generation

0 During testing, a sequence of test patterns,
called test vectors, is applied to the CUT
whose outputs are monitored and analyzed
for the correct response

Q Fault coverage is a quantitative measure of
the quality of a set of test vectors

0 Brute-force idea: Exhaustive testing —
applying all possible test patterns to CUT

= |s it practical?

13



Quiz (1)
‘Eo0TW TO aKOAOUBO KUKAWUA.

QO Eival ouvduaoTiko N
OKOAOUBIOKO;

Q [10oeC €e1I0000UC E£XEl;

0 Iéool KukAol poAoyiou

ATTAITOUVTAI VIO £CAVTANTIKO
ENEYXO;

— 11

— 10

il

v ¥l v ¥l Y

0100
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Quiz (2)
‘EOTW TO KUKAWQ.

Q Eival ouvouaaoTiko N
0KOAOUBIOKO;

Q [10oeC €e1I0000UC E£XEl;

0 2XedIAO0TE TO OIAYPOAUUA
KOTOOTAOEWYV TOU
KUKAWMNOTOC

0 léool KukAol poAoyiou
ATTAITOUVTAI VIO £CAVTANTIKO
ENEYXO;

Combinational logic

\4
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01 Q0
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Quiz (3)

1. 'EOTWw £€va ouvOuaoTIKO KUKAWMNAO TTOU AEITOUPVYEI
ota 100KHz. I'éococ¢ xpovocg arraiteital yia
ECAVTANTIKO EAEYXO AV EXEI:

* 10 e10600uU¢g
= 20 €10600uU¢g
* 60 e10600UGg

2. 'EoTw €va akoAouB1ako KUKAWMPA TTOU AEITOUPYEI
o1a 100KHz. [Mocog Xpovoc aTtraiTeiTal yia Tov
ECAVTANTIKO EAEYXO AV EXEI:

» 10 e10600u¢ Kal status register pe 10 flip flop
» 20 e10000u¢ Kal status register pe 40 flip flop

16



Test Generation (1)

0 Goal: Eupeon ouvoAou aTtro set of test
vectors Je JEYIoTN KAAUWN EAATTWUATWY
(fault coverage)

* Ti eival n «k KAAuwn eAATTWHATWV Y,
ala va TTPoCOoUOoIWCOUME TN CUUTTEPIPOPA
TWV EAATTWHATWY ATTAITEITAI JOVTEAO
eAaTTwWHATWY (fault model)
Qaa va atro@aciocoupe yia To fault coverage
XPNOIYOTTOIOUE TTPOCOUOIWaN
eAarTwpaTwy (Fault simulation)

17



Test Generation (2)

0 'Eva kaAo fault model:
» Eival computationally efficient for simulation
* [lepiypQ@el e akpifBela T CUMTTEPIPOPA TWV
defects

0 Kavéva fault model dgv gival KaAd yia OAa
Ta defects ®

18



Fault Model

0 Mia utté6eon via ta opaAuara (faults) trou
UTTOPOUV VA oUuouv
Q MNapadeiyuara:

» ‘Eva kaAwolo va gival «kkoAAnuEvo» oto 0
» ‘Eva kaAwdio va kabuoTeprioel va trael armro 1o 0 oto 1

B
-

19



Fault Models

0 'Eva fault model €xel ouvnBwc 2 €idn faults
" [1.x. KAAwdIo KoAAhuévo aro 0 i koAAnuévo oro 1

0 ‘Eva KukAwpa €xel n fault sites
a Alakpivoupe Single faults kai Multiple Faults

Q Single faults: 6ewpouue 0TI TO KUKAWUA £XEI 1
fault
= To MAN60¢ Twv single faults: 2xn

2x2 =4 A\dOn
Mola gival auTta;

20



Fault Models

0 Multiple fault model: T0 KUKAwpa PTTOPEi Va £XE
ToAAaTtTAG faults (cuutrepiAaufavovtal Ta single
faults)

= Number of multiple fault = 3"-1
— KdBe «onueio» ptropei va €xel AaBog¢ iy va givai fault-free
— The “-1” represents the fault-free circuit

= Mn TPAKTIKO AOyw Tou TTARBouC Twv faults

0 2uvNOwcg, KaAo single fault coverage 0divel
kKaAO multiple fault coverage

32 -1 = 8 AdOn, Trola ivai;

21




Equivalent Faults & fault collapsing

0 Equivalent faults
» ‘Eva N meploooTepa single faults TTou €xouv
iIOI0 QUMTTEPIPOPA YIa OAOUC TOUC
OuUvOUAOUOUC EI000WV

= Movo €va fault ammdé To ouvoAo Twv equivalent
faults xpeidleTal va TTpOCOUOIWOEI

a Fault collapsing

» Removing equivalent faults
— Except for one to be simulated

* Meiwvel 10 TTANB6oc¢ Twyv faults kai apa
—T0 XpOvo yia fault simulation
—TO XpOVo Yia test pattern generation

22



Stuck-at Faults

a Any line can be
= Stuck-at-0 (SAO0)
= Stuck-at-1 (SA1)

Q lNMwc¢ etrnpedader €va fault
TT.X.
Q a-SA0?
0 a-SA1?

a MNMwc @TiIaxvw 10 dITTAAVO
TTiVaKQ;

a

Xy

b

d

X, [
f
X3 ¢ e {>C

D,
D)

e

h

Truth table for fault-free behavior

xx,x; | 000 [ 001 { 010 | 011 | 100 | 101 | 110 | 111
y 0 1 0 0 0 1 1 1

a SAO| 0 1 0 0 0 1 0 0

a SAl1| 0 1 1 1 0 1 1 1
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Stuck-at Faults

Epwrtnuara:
1. Nw¢ ytropw va
avaKoAUWw 10 a-SAO0?

2. [Mw¢ ptmopw va
QVOKOAUYWW TO a-SA1?

a

Xy

b

d

X, l
f
X3 ¢ e {>C

D,
D)

h

e

Truth table for fault-free behavior

XXX 3

000

001

010

011

100

101

110

111

0

1

0

a SAQ

0

1

0

a SAl

0

1

1
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Stuck-at Faults

Truth table for fault-free behavior

ZTO T pq6£|vp q “ ag and behavior of all possible stuck-at faults
xx,x, [ 000 | 001 | 010 | 011 | 100 | 101 | 110 | 111
1. [éoa AaBn uttdpyouv; » {0 110 o ol 1 1]
— Jasaof o1 JoloJo[1ToTo
2. [Mw¢ eTnpeadlel 10 KABEVA; [osailo T i o 11 1 | 1
-, - , bsaof o [ 1o 1] o1 o]
3. 1WG JTTOPW va 1A bsatfo o] oo 1]|1]1
qquq)\Upr OAQ; csaol o fo o lofofo] 1]
csatf 1 |1 lo o] 1]1]1
= # fault sites: n=9 dsaol o [1 oo o |1 [f0]%0
_ dsatfo [t ool ] 1]1]1
» # single faults =2x9=18 [esaol o [ 1 [o [ o [ [ 11
esatf o oo |o|olo] 11
fsaofl o fo]ofo]oflo]| 1|1
v 2 fsatfo 1o lol1]1]1
"y d :}— asa0l o | 1o oo 100
*2 g esalln |1t a1 ] 1|1
1 hsaofl o f O[O0 |o0 |0 [0 | 1|1
3"" hsalln [ 1 [T 1 [ 1]
e f h isaol o[ of{ofo]of[o]o]o0
X; ¢ D— isatfa 1 ol 1]1]1
25




Stuck-at Faults

Q Alakpivoupe “easy” Kal

“hard” faults
Q Hard faults:

= -SA1, e-SAQ, d-SA1

0 Easy faults:

= g-SA1, h-SA1, i-

SAQ, I-SA1

e

Xy
v

Truth table for fault-free behavior
and behavi

all

tuc

ults

XX X3

000

001 jo010

011 § 100

101§ 110

111

Y

i

0

=
=

[
[y

SAQ

SAl

SAQ

SAI

SAOQ

SAl

SAQ

SAI

SAQ

SAI

SAQ

oo &l (o |c|c | |

SAI

— e [ Sl = | [ | [ ] et [ | |
[t [ ] et |t (R | bt [t |k [ | = |

g SA0

g SAl

h SA0

h SAl

1 SAO

1 SAl

S =0 S = N = =R | —N | N = | — NS N = = = T N

— =[S === Sl == (=== ==
—lol=locl=ddolkb|lae|lcll|lolo|cel=]|e

o =T N R Sl | = | S | —J I I 0 N N
L =T S I S | N — 0 | | — N T N T T ]

— = |-
| | | | -

»—tc»—t»—tr—talb—t-t»—t»—t»—tsb—t»—t»—t»—t»—tc»—t




Stuck-at Faults

» [loia vectors TTpETTElI VO
TTAPW OTTWOONTTOTE;

011 yia ta f-SA1, e-SAOQ

100 yia Ta d-SA1

— Detect total of 10 faults

— 001 and 110 detect remaining

8 faults

a
b d

f
P

D
D

Truth table for fault-free behavior

and behavier-ef all pessible-stuck-atfaults
xx,x, | 000 | 001 | 010{| 011 | 100 | 101 | 110 | 111
y 0o 1 fo/lofo 1|11
a SAO| 0 1 0 0 0 1 0 0
aSAlI|l 0 | 1 |1 [ 1|0 1|1 1
b SAO| 0 1 0 1 0 1 0 1
b SA1| 0 0 0 0 1 1 1 1
c SAO| O 0 0 0 0 0 1 1
cSAI| 1 1 ool 1|11
dsaol 0 | 1 0d o d o 110 0
dsAatj o 1 fo/of 1 1|11
e SAO| 0 1 0 1 0 1 1 1
cSAI| 01 0 |00 0 0 | 1 1
f SA( 0 1] 0 1} 0 1} 1 1
fSAT) 0o 1 fo 1] o0 1|11 ‘I
g2SA0| 0 | 1T [0 0] 0 11
gSA1} 1 1 [ 1 |1 |1 1]|1]1
h SAO| 0 0 0 0 0 0 1 1
hsatjr 1 (1 |1 |1 111
1 SAO| 0 0 0 0 0 0 0 0
isatf 1 1 1|11 1]|1]1

N3
N



Transistor Faults

0 ‘Eva transistor ytropei va €xel
Ta €£€NC AAON:

= Stuck-short
— Also known as stuck-on
— Ayel ouveXwg

= Stuck-open
— Also known as stuck-off
— Agv ayel ToTE

a la pdﬁﬁlvp a: TTUA N NOR Truth table for fault-free circuit

AB| 00 01 10 | 11

a Reminder: = P: ZI 1 ] 0 ] 0 |o
— 0=> conduct,
— 1=> no conduct
= N:
— 0: no conduct,
— 1: conduct




Transistor Fault effects

a Stuck-short faults cause

conducting path from V,
to Vgg

0 Stuck-open faults cause
output node to store last
voltage level

2-input CMOS
NOR gate

A J

29



Transistor Faults

a Example circuit
= 2-input CMOS NOR gate
= # fault sites: n=4
» # single faults =2x4=8

VDDI
A @ C P1
B o—d|[ P,

Truth table for fault-free circuit
and N1 stuck-short transistor fault

AB 00 01 10 | 11

VA 1 0 0 0

N, stuck-short | Iyp, | O 0 0

Truth table for fault-free circuit
and N1 stuck-open transistor fault

AB 00 01 10 | 11

VA 1 0 0 0

N, stuck-open 1 0 |lastZ| O

30



Transistor Faults

Truth table for fault-free circuit

. . and all possible transistor faults
a Example circuit
= 2-input CMOS NOR gate 4B 00 [ ol [ 10 [T
. zZ 1 0 0 0
u # faUIt SlteS n=4 N, stuck-short | Iy, 0 0
. — — N, stuck-short | Iyp, | O 0
» # single faults =2x4=8 T B R A
P, stuck-short 1 Ippo 0 0
Vb I
A o d[p, AB 00 [ o1 [ 10 |11
:I VA 1 0 0 0
B +—[ p, N, stuck-open 1 0 |(lastZ| O
Z N, stuck-open 1 JlastZ| O 0
} P, stuck-open |lastZ| O 0 0
_| N, N, P, stuck-open |lastZ| O 0 0
Vs =

31



Transistor Faults

Q T1 TTPETTEI VA KAVW YIa va
eAeyew TO fault N1 stuck-short;

a [Nooa diavuopara
(ouvdUaOuOoUC EI000WV)
xpelacouail;

Q T1 TTPETTEI VA KAVW YIa va
eAeyew TO fault N1 stuck-open;

a [Nooa diavuopara
(ouvdUQOuOUC EI000WV)

xpelacouail;

2-input

CMOS
NOR
gate

Vss =
Truth table for fault-free circuit
and all possible transistor faults

AB 00 [ 01 | 10 |11

Z 1 0 0 |0

N, stuck-open | 1 0 |lastZ| O
N, stuck-short | I, | O 0 |0
N, stuck-open | 1 |lastZ| 0 | O
N, stuck-short | I, | O 0 |0
P, stuck-open |last Z| 0 0 [0
P, stuck-short | 1 0 |Ippo| O
P, stuck-open |last Z| 0 0 [0
P, stuck-short | 1 |Iypo| O |0




Transistor Faults
a Stuck-short faults cause 2-input

CMOS

conducting path from Vpp  wor z
gate
to Vg
= Can be detected by
. . VSS =
mon |t0 rl ng Steady-State Truth table for fault-free circuit
power Su pply current IDDQ and all possible transistor faults
AB 00 | 01 10 |11
a1 Stuck-open faults cause Z T T o oo
output node to store last [R50 o
VOltage Ievel N, stuck-open | 1 |lastZ| 0 | O
i N, stuck-short | I, | O 0 |0
u ReqUIreS Sequence Of 2 P1 stuck-open |last Z| 0 0 0
vectors for detection llj stuct—short 1 lz 8 ID(]))Q 8
stuck-open |last
—00—10 detects N, stuck-open [, — o] 0 |0




Transistor Faults

Q T1 TTPETTEI VA KAVW YIa va
eAEYEW OAa Ta stuck-short
AGOnN;

a [Nooa diavuopara
(OuvdUQOHOUC E1I000WV)
xpelacouail;

Q T1 TTPETTEI VA KAVW YIa va
eAEYEW OAa Ta stuck-open
AGOnN;

a [Nooa diavuopara
(ouvdUaOHOUC EI000WV)

xpelacouail;

2-input

CMOS
NOR
gate

Vss =
Truth table for fault-free circuit
and all possible transistor faults

AB 00 [ 01 | 10 |11

Z 1 0 0 |0

N, stuck-open | 1 0 |lastZ| O
N, stuck-short | I, | O 0 |0
N, stuck-open | 1 |lastZ| 0 | O
N, stuck-short | I, | O 0 |0
P, stuck-open |last Z| 0 0 [0
P, stuck-short | 1 0 |Ippo| O
P, stuck-open |last Z| 0 0 [0
P, stuck-short | 1 |Iypo| O |0




Shorts and Opens

a Wires can be
= Open
— Opens in wires interconnecting transistors to form

gates
behave like transistor stuck-open faults
— Opens in wires interconnecting gates to form
circuit
behave like stuck-at faults

— Opens are detected by vectors detecting transistor
and stuck-at faults

» Short to an adjacent wire
— Also known as a bridging fault 35



Bridging Faults

a Three different models
= Wired-AND/OR

= Dominant
= Dominant-AND/OR

a Fault-free case

>

N

>
<

|

-

el fan

el fen

el fen

el fan

Ag

Ap

source
BS

destination
Bp

bridging fault

As Ap As

D

-
=no=po

Wired-AND
Ag Ap

Wired-OR
Ag Ap

Bs I Bp

A dominates B

Bg l Bp

B dominates A

Ag Ap Ag Ap
S

Bs [T~ [Bp Bs Bp

A dominant-AND B A dominant-OR B

Ag Ap  Ag Ap

L
Bq r} B,

BsijiBD

B dominant-AND A

B dominant-OR A
36



Bridging Faults

a Three different models
= Wired-AND/OR
= Dominant

= Dominant-AND/OR

Asg

Ap

source
BS

destination
Bp

bridging fault
As Ap As

D

Ly
M}B By :®_°BD

0 Detectable by Ippg testing a2, 7R
A B O 0j]0 1|1 Of1 1 Bq I B, Bq | By
Ay By 0 010 111 OJ1 1 A dominates B B dominates A
Wired-AND 0O 0]0FOJ0 O |1 1] Ag Ap  Ag Ap
WiredOR |0 o0 1|1 i1 1| ~ &
AdommatesB |0 O[O0 FO |1 "1 ]1 1 Bi’_)_ B, Bg B,
B dominates A O opt 1JO O]1 1 A dominant-AND B A dominant-OR B
A dominant-AND B[O 0[]0 FO |1 0|1 1] Ag Ap Ag Ap
B dominant-ANDA| 0 0|0 1[0 0|1 1 L
Adominant-ORB |0 0|0 1|1 1|1 1] B l_} B, B l:D* B,
B dommant-ORA |0 OF L 1|1 O|1 1| Bdominant-AND A4

B dominal%—OR A



Delay Faults and Crosstalk

1 Path-delay fault model considers
cumulative propagation delay through CUT

» 2 test vectors create transition along path
* Faulty circuit has excessive delay

A Delays and glitches can be caused by
crosstalk between interconnect
* due to inductance and capacitive coupling
0 0 x;
01 x, ° E)_ s

L
=0 =7 ¥y

2" M1

ll>ot=2
11 x; D_

38



Faults in RAMs

Q Pattern sensitive fault

= Contents of memory cell is
affected by contents of
neighboring cells

0 Coupling fault

* Transition in contents of
one memory cell causes
change in contents of
another cell

0 Detected with specific
memory test algorithms

39



Memory March Algorithms

a Consist of March
elements

a Example: March C-
a March elements M0-M5

Test Algorithm

March C- March Test Sequence
MO 1(wO0);
MI1 T (10, wl);
M2 1(rl, w0);
M3 1(r0, wl);
M4 (1, w0);
M35 1(r0)
Notation:

w0 = write O (or all 0’s)
r1 =read 1 (or all 1's)
1= address up

|= address down

{ = address either way

40




MO. < (w0);



ML1. 11 (0, wl);

r0, wl r0, wl r0, wl r0, wl r0, wl




M5. U (10);



Coupling Faults

a Background Data Sequence (BDS) used for
word-oriented memories

Test Algorithm March Test Sequence
March C- I(w0); 1 (r0, wl); 1(rl, w0);
w/o BDS L0, wl); |(r]l, w0); 1(x0)
March C- 1(w00); 1 (r00, w1l); 1(r11, w00);

(100, wll); | (r11, wO0O0); 1(1r00)
1(wO01); 1 (r01, w10); 1(r10, wO1);
1101, w10); [(r10, w01); 1(r01)

with BDS

Notation:

w0 = write O (or all 0’s)
r1 =read 1 (or all 1's)
1= address up

|= address down

{ = address either way

4



Overview of VLSI Test Technology

a Automatic Test Equipment (ATE) consists
of:

= Computer

— for central control and flexible test & measurement
for different products

* Pin electronics & fixtures —
—to apply test patterns to pins & sample responses
= Test program —

—controls timing of test patterns & compares
response to known good responses

QT aveBadlel Tnv Tiun Tou tester? .



Overview of VLSI Test Technology

1 Automatic Test Pattern Generation (ATPG)

= Algorithms generating sequence of test vectors
for a given circuit based on specific fault
models

d Fault simulation

» Emulates fault models in CUT and applies test
vectors to determine fault coverage

» Simulation time (significant due to large number
of faults to emulate)

46



Case study: ISCAS85 benchmarks

. Test set: Responses:
ac17: toy benchmark o oo
1010

1100
b - ) 1011
' B 1100 0110
3
j)_{ ~

LD

[16oa diavuoparta xpeialovral yia va Bpw OAa ta faults?

| +— |

47



Overview of VLSI Test Technology

a Design for Testability (DFT)

» Generally incorporated in design

» Goal: improve controllability and/or
observability of internal nodes of a chip
or PCB

a Three basic approaches
= Ad-hoc techniques

» Scan design
—Boundary Scan

* Built-In Self-Test (BIST)

48



Design for Testability

1 Ad-hoc DFT techniques

= Add internal test points (usually multiplexers) for
— Controllability
— Observability

* Added on a case-by-case basis
— Primarily targets “hard to test” portions of chip

Normal system
Internal data
node to be Internal node to
controlled be observed 1

Test mode select

Normal system
data
lest data input

Primary
output

Test mode select

controllability test point observability test point
49



Design for Testability

Q Scan design

= Transforms flip-flops of
chip into a shift register

» Scan mode facilitates
— Shifting in test vectors
— Shifting out responses

1 Good CAD tool support

* Transforming flip-flops to
shift reqgister

= ATPG

Primary Primary
Inputs *|Combinational 0utput§
Logic
FFs
a -
D; Q; Q
— FF — 3 FF
—> i-1 —P
Clk 2 :> Sean |Clk
Mode B
~_
Primary - Primary
Inputs ”| Combinational Outputs'
Logic
Scan
| Data
FFs Out

Scan Data In

50



Design for Testability

1 Boundary Scan — scan design applied to
/O buffers of chip

» Used for testing interconnect on PCB
— Provides access to internal DFT capabilities

» |EEE standard 4-wire Test Access Port (TAP)

tri-state control | Control TAPpin| 1/O0 Function
—_—>

TCK input Test clock
S Out rom IC .
can U + % TMS input [Test Mode Select

___________________________________________

TDI input Test Data In

TDO output | Test Data Out

15 :
Scan E | capture —e— update 1 !
! S FF FF |
Shift t----4-- r _______________________________ |

input data | Input
toIC |BSCell |
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Design for Testability

A Built-In Self-Test (BIST)

* Incorporates test pattern generator (TPG)
and output response analyzer (ORA)
internal to design

— Chip can test itself

= Can be used at all levels of testing
— Device —» PCB — system — field operation

Primary Inputs

0 Circuit Primary Outputs
Under >
TPG "1 Test

Pass
Fail

BIST Mode ORA
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Concluding Remarks

aMany new testing challenges
presented by

* [ncreasing size and complexity
of embedded devices

» Decreasing feature size

A Presented introduction to
embedded systems testing
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Thank you!

Questions?
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