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As the quality of the life improves, various electronic information technologies are
developed and various electronic products make our life more convenient, such as PDA which
can receive the latest message any time wherever we go, the ticket purchasing system, the ibon
system of 7-11 which offers the different welfare. No matter where we go, there are many
relevant service system interfaces to solve the requirement of us. In order to let electronic
products could be easily handled by people of any age bracket, all the system interfaces are
designed to be the Graphical User Interface (GUI). The user can understand the system functions
by simple icon or instruction. Following the GUI instructions, user can use the system functions.

Recently, the developments of SoC techniques are popular, such as Hardware and Software
Association set, SoC (System-on-Chip) check technology, low power consumption, the reuse of
IP, and embedded software development and so on, so that the area can be smaller, speed of
process can be faster and the power consumption can be lower, etc.

Traditional IEEE-1500-based circuit needs many test time to scan input the test pattern. It
raises the testing cost a lot. In this plan, we combine the IEEE-1500 standard and Built-In
Self-Testing (BIST) technique to test the system. Under such test environment, not only the
functions of IEEE-1500 standard, but also the fast testing advantage of BIST (Built-In
Self-Testing) can be achieved when test the circuit. We apply it to test many benchmark circuits
and 3D Graphics SoC as well as.

Keywords:  Graphical User Interface -~ DFT (Design For Testability) ~ BIST (Built-In
Self-Testing) ~ IEEE 1500 Standard Test Circuit ~ 3D Graphics SoC
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:J%p?ﬁx(Capture)ﬂig‘J dr sk B K TERIZR o
L HFEE i
& O >{F FO S
5 B 5
<z :
FO FI —
i <~ i
[ wBY |—
WSI WIR > WSO

Wrapper Serial Control

Bl 2-9. WS_EXTEST 45

R A

B i ¢ #
rm@'])‘iﬁ*&

3. WP_EXTEST : 4@ 2-10 #7757 - :# % %% & (Wrapper Boundary Register)® 144 &) &
5 B> o "f TR AL E s (Parallel) > s {72 b o ptdp £ 22 WS_EXTEST 4pfF > 1 &

P BB B A R A 8 2 L] TAM -
Wrapper Parallel Conirol
| |
WPO 4| = ey g (G=m WPI
wel mmmp | rol[ | 5 mmp WPO
WPO & || [FO FI L= WPI
WP : 7 7 E WPO
[ WBY |——
WSI WIR WS0

10

Wrapper Serial Control

Bl 2-10. WP_EXTEST 45 4

4, WS_SAFE : el 2-11 #7715 » * *2 RGP Ffl ¢ o ﬁi%l =# WSI (Wrapper serial lnput)ﬁih]

10



>0 Xd % B A7 B (Bypass Register) > £ WSO (Wrapper serial output)ﬂi;'l LA R R
oo PO € - Wrapper f7 3 3% 2R 0 A »ﬁ?] NEnE T R § BB eh g
B #7018 B #5775 % (Wrapper Boundary Register) = Wrapper # it By R HALR LS

B IR s B T AE 2 e

L AR l
] § — iFI o FO § TR RRE
TEARE g FO FI g_ —
=1
WSI E W50

1

Wrapper Serial Control

Bl 2-11. WS_SAFE 35

5. WS_PRELOAD : 4c[f] 2-12 #7757 » pt 3 &£ 7 ¢ *+ i@ 4% i 475 ¥ (Wrapper Boundary
Register)sH 8 0 v ¢ #9775 7 Wrapper Cell i = — ¢ > P[:EF L ¢ 128 7(Serial) > 3¢
¢ 12 % 475 % (Wrapper Boundary Register)

Lo L
Normal Mode | ;& ::>F| FO— & ::>Normal Mode
a BDERE 5
i g
Normal Mode<_| & FO FI | & [——) Normal Mode
G o
[ wBY |—
WSI WIR > W50

Wrapper Serial Conirol

Bl 2-12. WS_PRELOAD 4p #

6. WP_PRELOAD : 4c[§] 2-13 #7571 » 32 T4 3 5 (Parallel) > 4 4% » » & 4 7 4773 %
(Wrapper Boundary Register) 4 & = % %> o

11



Wrapper Parallel Control

1l

WwPQ _{; == _é- WP
WPI_:’%:>F| -Fo_.ﬁzwpo
wpo €= FO FI g (= WP
WPI ﬁ % E % f WPO
I |
WSI — | WIR | — W50
1T

Wrapper Serial Control

Bl 2-13. WP_PRELOAD 4p #

7. WS_CLAMP : ## % ¥+ % (Wrapper Boundary Register)#-# & & §% » cip|es o8 i )
4 > ptdp 4 ¢ 4 Wrapper serial Control % s3] » ipl32 3k ¢ WSI (Wrapper serial input)
ﬂi%l >0 X d % B A7 B (Bypass Register) > £ WSO (Wrapper serial output)ﬁﬁl A R

’}"’::U o

8. WS_INTEST_RING : 4c[B] 2-14 #77 » i * *% N 3Rp|3E - 2300 Wrapper Cell ¢ i & ¢ o
Hoplsd = i 5 0 BPIRR R WSI (Wrapper serial input)ﬂi;'l » g Shift T § =% > 3
Update P #-ig i% » 7. p|28 » Capture PF £ -5 w F % % #R2~ 5] Wrapper Cell + > j&_
WSO (Wrapper serial output)ﬂi%l a4 o

i
5
i
7
e
==
wsl WIR > WSO

Wrapper Serial Control

B 2-14. WS_INTEST_RING 45 £

9. WS_INTEST_SCAN : - 4c[] 2-15 #777 » ptdp & § #-p 300 Scan Chain i % 5 if 7 47

12



# % (Wrapper Boundary Register)z_ & o
HoplzE= 2 5 AL d WSI (Wrapper serial input)siy »~ 538 Shift #-3 4L 1@ i& Scan chain

+ > d Update P #-i& 1% ~ $%.u R)38 > Capture pF i #-4%.w F .52 % #88 5] Wrapper Cell
+ o WSO (Wrapper serial output)ﬁia?] dh e

BRI
—-_._____,_/-_\""—._\____.-’
& Fi FO 8
i - i
= FO FI =
i 25
T [ wBY | L[
WSI WIR » WSO

Wrapper Serial Conirol

Bl 2-15. WS_INTEST_SCAN 45 £

2.2. |EEE 1500 %r i fj it

IEEE 1500 7 ~ % #&%ra IEEE 1149.1 5 7 % 3% 24 i@ * |EEE 1149.1 <7 TAP %k i3
#] IEEE 1500 s# i® o d [§] 2-16 #7757 > 2% 3 |EEE 1500 e~ L Fe%ria fi it %riz oz i 11
f+ & IEEE 1149.1 en TAP # i3 5% o

(1) IEEE 1500: WSI ~ WSO ~ WRCK ~ WRSTN -~ ShiftWR ~ UpdateWR -
CaptureWR -~ SelectWR
(2) IEEE 1149.1: TMS ~ TCK ~ TDI ~ TDO ~ TRST*

13



UpdateDR-State
-

UpdateWE.
UpdatelR-State | OR f——m
—————H

CaptureDR-State CaptureWR
i
CapturelR-State OR

ShiftDR-State

hiftDR-State ShiftWR
shiiR-State | OR

TDO TI'-.-1S‘-._ TCK TRST TDI
A

TAP _
Ghlue Logic I

REREE

Bl 2-16. IEEE-1149.1 TAP to IEEE-1500 WSP interface logic[5]

WSl
WRETH
SelectWIR

WSO

WRCK
ShiftR

CaptureWR
Update\WR

H IEEE-1500 s~ & Froriedl2u 587 |[EEE 1149.1 v & Furded2usiv d £ $£2-2 —p DR

# 1% 2-2 |EEE-1500 £ |EEE 1149.1 ¥} & B¢ %

IEEE 1149.1 IEEE-1500

TCK WRCK

TRST WRSTN

TDI WSI

TDO WSO
SelectWIR =1

ShiftIR State ShiftWwR =1
SelectWIR =0

ShiftDR State ShiftWwR =1
SelectWIR =1

UpdatelR  State UpdateWR =1
SelectWIR =0

UpdateDR  State UpdateWR =1
SelectWIR =1

CapturelR  State CaptureWR =1
SelectWIR =0

CaptureDR  State CaptureWR =1

14



.
2

i

2.3. B3R % B34 4| B(TAP controller) 22 38 7 # % Rl in 2

2 7
Capture-IR

WFSM) > 28 # Frarplidd & a5 [7] :
Step 1. EXTEST 4, 4 4438 B fefas » 3 TAP 74 B ik fi g 5 =

4@ 2-17 ~ 2-18 #1757 - 1 * TMS e 0/1 % i* o TCK &kip4] TAP ¥4 & ¢ g 'Lk
Test-logic-reset - Run-test/idle > Select-DR-scan - Select-IR-scan—>
l’ =3 ’

- Shift-IR - ... 2 Exit-IR - Update-IR -
Step 2. 45 £ f#F% B #fRAE 15 0 TAP #5741 % § % 245 TDI 3| TDO e ic & 41 i
TIFF AT E o B3R A (test pattern)rz 8 Fi(Serial)® N EE R FR T E

B TAP il Bk i3 5
Select-DR-scan - Capture-DR - Shift-DR - ... - Exit-DR >
Step 3. #-p|3E & & (Test pattern) 2 & 7| (Parallel) > ;% ¥ & Update %5 % > H TAP
A ERORGERST
Update-DR - Select-DR-scan - Capture-DR -
Step 4. rB~ip|iE & J&(Test response).ss % 12 8 7(Serial) = 3¢ ﬁigj M EE R
T EDTDO kvt g » B TAP 4 Bk fu g 5 7

Capture-DR - Shift-DR - ... = Exit-DR >

Test-logic-
resat

1
0 Run-testidle

1 7
1 0 1 0

!
IEEE Std.1149.1 TAP ¥ #4| &

W 2-17.
15



TAP Controller TAP Controller

1.Generally 2. Shift

L] [ TAP Controller | -

3. Update and Capture 4. Shift

TDO TDI TDO

B 2-18. IEEE-1149.1 :¥ /i #F e

2.4 31 3 |IEEE-1500 = Test Pattern

d 3 test pattern #c# 1 ¥ 2L U+ 0 5 7 %% |IEEE-1500 % #% 4% Test Pattern i 42
LRI TS+ = A L F;ﬂ o i ¥ testbench ¢ fdisplay 4p 4 0 - ¥ 05t i mﬁgl ~
BIEFT A Dump 4tk > T4 * CF 7 kg4 7 & IEEE-1500 2 5 5 Test Pattern -

2.4.1. RliE» & 3% B (Test Pattern Expansion)

_gr,g_mrﬁ %J » EOER A ;vr;_\g %J dr I__Fg * ;}%% 2_ts o N ik X %J PN ;&%Piﬁ&(lnput Pin
Number){rﬁkj =X &(Output Pin Number) » = iz B [B] 2-19 = ;% k Guplid = £ 5 B

Shift times = MAX { Input Pin Number , Output Pin Number }

B 2-19. BlE = £ HE
hip AP E B F > 4oB 2-20 B ) Input Pin Number =10 Pin » Output Pin Number = 13
Pin> #r1ud B 2-19 Rl E#HE ;8¢ 7

16



Shift times = MAX {10, 13} = 13

S L ﬂz;'l > eplE e £ oa fUP3Ew £ 35 2 (Test Pattern Expansion)3 bits °

| [ [s[1]o]s]o]o]1]0]1]1]
\j_) - ~ J
Test Pattern Expansion : 3bits Input Pattern
B 2-20. BliEw £ 4% E

242, FE it

Test Pattern #& 4% /i & /2 3P 4o

Begin
While (Eead test pattern)
{
OutCount=OutPattern bits; /‘calculate the bit number in OutPattern
InCount = InPattern_bits;  //calculate the bit number in In Pattern
Ifi OutCount>InCount)
d
For(i= InCount; i<OutCount; i++)
d
print test_pattern[i+1]; // Expansion test pattern
h
print InPattern
h
Else {{ If InPattern = OutPattern
print InPattern
h
End

Bl 2-21. RliEe EHBFE 2

17



243, ARRFEP

\ 4

Read test patten

No

OutCount>InCount

Yes

i=InCount

A 4

[ Print InPattern ]

. Y
If i<OutCount €

No

[ Print test_pattern[i+1] ]

A 4

Print InPattern ]

Bl 2-22. Rl B4 B it A2
2.5. BIST #1414 %
REHFAE RGN E P AREEEH T - F & AP ¢ IEEE-1500 & BIST % .5 &

- B R EERE

18




251, psFp NP

Rz p ARIGE S B ARG TESM GG A P B TR APFEIRALT IR
fohaEfp FRIGEE AR 2-23 1T 0 T AR T A 5

1. BFEsE A4 %( Test Pattern Generator) : * & & 4 Bl:E» £ ’;{%—g'a Rygpp e oAT
TR N3 RTT

2. i¥pl% 8 (Circuit Under Test) : d Test Pattern Generator # # ip|:#+ & i¥ 3| Circuit
Under Test % |3 o

3. FORERHFE - #F(Data Compressor {= Comparator) : % d Data Compressor #-
Circuit Under Test m@] S T AR g R EEd RAE T AROM & 2 @ &%
FER PN D AR %fr@,‘qﬁﬁm,ﬁjpé J»a:ﬂzgl SRS -8 S UL S EE TR SR S i
FRIZTREH GG &EF FAHEFPRINEATRRES I Y -

BIST i &1 &
i, L}
1) i:; ot 2
= =% J B ] 3 | ROM
& % L E
cd &
E:

B 2-23. P55 f SRR )

19



252 APy 4B Y+ F

A sy A # =4y B(LFSR)A & #84_d D Flip-Flop - Exclusive-OR Gate ‘= = - [5]
B 2-24 5 % - 2] 2 External-XOR LFSR > @ B 2-25 % % = 4] & Internal-XOR LFSR » H %+

# % 78 3% Characteristic Polynomial: g(x) = g, X" + g, , X" +...+ g, X°

@

@

B i Dni-1

®)
®)
)
!
—O—©®
— OO
&)

Dn-2 Dn-3

D1 Do

(De—tinn

B] 2-24. External-XOR LFSR

Dn-2 iDnS — . .+ D1

B 2-25. Internal-XOR LFSR

|
5

Do () hmk

O>—D—

i e Dn-1

O—Or—

Bz %3858 ¢ o x H at ¥E:F ¥ ;% (Delay Operator):Dn &#_ & % -gn £i% $2:d 530 % (Feedback
Connections) e gn 3 @ 4&® » BRI 1> FRZ 0
A4

K
N bits chs i =43 B7 A4 B < hipliEs 2L B 5 2" o
VIR 2-26 5 B0 M i - Bw =g External-XOR LFSR > #71% BA=4neh Seed B G

0001 d B Qgo=1> Q1=1>Q4=1> & ? 5 ;% (Characteristic Polynomial)z* & 4r
B 2-27 #to% » @ B 2-28 B m 15 8 LFSR #5733 B 285 7k ik o

, ﬁ .
i I

] 2-26. 4-Stage External-XOR LFSR

20



Characteristic Polynomial= g, + gix+ g, + g;x + g, x°

=1+1xx+0xx" +0xx’ +1xx*

=1+x+x"
] 2-27. 4-Stage External-XOR LFSR # i % 38 3

D2 D3 Decimal
1 1

0 12
0 6

1 3

i 13
0 10
1 5

0 14
1

1

i

1

0

0

0

o
o

7
15
11
9
8
4
2
1 1

] 2-28. 4-Stage External-XOR LFSR i

OO0 PP OFRPORLRHROORO
HFOOOHKHEHEFEPHEHORFROKRKEOO

DDI—‘DDDI—‘I—‘I—‘I—‘DI—‘DI—‘I—‘DE

o
o

2.5.3. MISR (Multiple Input Signature Register)

MISR(Multiple Input Signature Register) 7 % & 31 %,{ﬂig?l g R AT 0 d A R 2-29
% Internal-XOR MISR - H 4 % 38 ;% (Characteristic Polynomial)  :

9(X) =g, X" + g, X" .+ gox e

21



IBJI D2

Do

D1 [+ —{Dn3[+(1+)—={Dn2>(+)—+{Dn k%

& @ @ @ @

B 2-29. Internal-XOR MISR

MRI2-30 5 B0t G - Be A MISR 7 B IR P ek i & (Initially State Value)
w1111 @ ﬁ%l »EEeniE 2 1010 0 4@ 2-31 F Ay Sd FE Sk % 2 0101 0 AT FTen
% % (Signature) s % 5 0101 -
EN R

Parallel Input

AL
//71 ]

A

o e

* o

2o

Bl 2-30. % i BPFRRemid iR TR

% Oi+1 B pEFeR

P
4
S

T

B 2-31. % i+1 B pF% MISR 2 4

BE - A A PR ED MISR 2 g R /»\%fr(Signature Analysis) » & > 3R pE S £
F’lekz? LS i}% MBR%‘*’””?%—%—@‘*L"VXT ETS FRITRATFEF R ET S

% 9 o A PALL TR S Fault-Free § 88 0 3 Ay ‘“*ﬁ"q*ﬁé? Faulty 0 & o 02 gt =
ikT}“? PLRCS RIRRRER o

[

[ U
-

S e kg FIR B AT BRGNS TG AL 4

22



AR Alias Rk o g F SR G 2 Aliasing-Free o ¢4 [8][9][10] - %
INEArpl R G E PHEI2 BT RL, AL E HE A T T RS
Pk 2 1/2" o fe BpEE R Y L 0 ik (R PR 5 1/2"%

26. BISTR A Hmdinss

Eipa P o g g ﬁig?J » er1Boundary Scan Cell 4-i#® & & 3] LFSR 1\7@?] 41 e Boundary
Scan Cell 4- i & # ] MISR » ¥ 2wz p? |EEE-1500 &2 BIST 7 4 & i@ iv g 410[11] -

2.6.1. @?] » Boundary Scan Cell & & 3] LFSR

4@ 2-32 % ﬁia?] »~ Boundary Scan Cell & & ¥] LFSR > %% 5 20-30-40- 2 Characteristic
Polynomial % 1+ X®+X* o

CFO

ran
1/ 40

CFO CFO CFO CFO

B) 2-32. ﬂi;'l » Boundary Scan Cell & & LFSR

B 2-33 & ﬁia?] »~ Boundary Scan Cell $%.20> 7 #d & # % 1 B4c— B D3| ¥ Bérle
Hoo 31 B2l chx - Biex = B ‘p““#—'ﬂi%l% “CTl> %- B p*‘q‘—'ﬁi%]/\ % fb(feedback) -
S %ﬁ\’iﬁ;ﬁ)‘@;ﬂ CFO-D 3| I+ F B m3e 22’clock$§]/\ % MWRCK:> # ¢ m % 5= modify
Lip 5 B2t D WRCK > FofLfi » 3 51 BS3 21 iy &1 > TR 5 CTO - % = 8 3
1B 230 F - ﬁi%lz\ % CFl» ¥ - ﬂi;]% 2 DAIEF B 22 z’v’ﬂﬁig?]:': »d AC ii;:#]ﬂi%l
41 5] CFO g -

23



CFI -

CTI

i 2-33. ﬂi%l ~ Boundary Scan Cell %% 20

Bl 2-34 :“aﬁia?]/\ Boundary Scan Cell %%.30° % 1 B¥%3.3L % - ~ = ~
~ % CTl> g+ - B Cell hCTO > % = I 7 A9 ~ 32 ] CFO -

It
=0
i
B

o msT sc cro A
| I s
=:|=Ii | cFo
|
I I |
CTI! 00 |
I — (01 |
: 10 b |
| 11 r |
|
: mWRCK i
| |

] 2-34. ﬂi%l »~ Boundary Scan Cell % %. 30
B 2-35 & #; ~ Boundary Scan Cell %% 40 > % 1 Eih% 41 0% — ~ = B 7R » 5

CTl> s sg + - & Cell hCTO > =& 5 XOR W 4% 44 0y ~ > % = & k8 » 5 XOR
W 5t 44 cofiy &) 0 5w AN~ i 3] CFO -

24



Pt . S —
|
CFI - ‘ ‘
|
| 0 00) °©
CTI ™ 01
I 10 s
| a4 1) [
. fb
, mWRCK
.|
i8] 2-35. éi%J» Boundary Scan Cell 4#%: 40
2.6.2. #& ' Boundary Scan Cell & & 3] MISR

4@ 2-36 & ﬁ%] » Boundary Scan Cell £ & 3] MISR> %% 5 50:60-70> X Characteristic
Polynomial % 1+ X®+X*

3

] 2-36. # ' Boundary Scan Cell & & MISR

=

B 2-37 3 ﬁia?] 71 Boundary Scan Cell %%.50> v &d & B % 1 Bfc—- B DAt & Bérle
Ao 51 BAHHLEL - BAe® = B FHM 5 CT %= @ FAH » @4 7] XOR M %
5,54 mﬁiﬂ 1> @ XOR W 4% 54 chiiy »~ 5 CFl {v fb (feed- back) EX N ;*ﬁ—'ﬂi;'l ~ i@ 3] CFO-

25



CFI

B 2-37. ﬂi%l »~ Boundary Scan Cell %% 50

¥ 2-38 % % » Boundary Scan Cell %3 60+ 5 1 B ¥ 61 1% - ~ = i FAH » 5
CTI> g:d 3§ % - i Cell &7CTO» 3 = i F 444 » L ] XOR f %% 64 el 21 > & XOR
W4 64 <l » & OFI = CTI 5w i T4 » 2 71 CFO -

CFI +

B 2-38. ﬂi%l »~ Boundary Scan Cell % % 60

B 2-39 & #; ~ Boundary Scan Cell %%.70 > % 1 Bi% 71 0% — ~ = B 7R » 5
CTI> i 3§ % — i Cell 5hCTO I p+ 3 XOR 4% 74 ey » > % = i 7445 » 5 XOR
W %5 75 chfiy &) 0 % w B AN i 3] CFO -

26



CFI

CTI |

i 2-39. ﬂi;f] »~ Boundary Scan Cell %% 70

2.6.3. i 32t WRCK 73 8.2 3+

4eB2-40 5 T B3RP R #4705 B(Wrapper Boundary Cell):WRCK 2 :x H 2 5
# & » MWRCK T 5. o § RUNBISTdg £ 12 & {7 (Parallel) # 3¢ % » { #747 % ¥ (Update
Register) » 28 {s #-4p & 4c 1 f2d% > FHBIZHL I NEACREFTHEIR R Y DTG5
® o 5 TAPE 4] ¢ fRun-Test/ldled 1 ik fi o # $3-15 TAPE 4 B et fi & fie o

Shift-DR or Capture-DR

TCK
5 JE—
C

S
1

Run-Test/ldle g 2.40. +

>|

mWRCK

BIST

sC

WRCK

N2

T Bk 2 0 WRCK 12 85

27



A4 2-3 TAP 4] B ok 1 A pe

Controller state

State assignment

Controller state

State assignment

ABCD ABCD
Exit2_ DR 0000 Exit2_IR 1000
Exitl DR 0001 Exitl_IR 1001
Shift_DR 0010 Shift_IR 1010
Pause DR 0011 Pause_IR 1011
Select_IR_Scan 0100 Run_Test_Idle 1100
Update_DR 0101 Update_IR 1101
Capture_DR 0110 Capture_IR 1110
Select DR_Scan 0111 Test_Logic_Reset 1111

2.6.4. RUNBIST 3 %

¥ RUNBIST 4 4 4 4% » 43 4 %35 B 245 4741 5L BIST 5 480> SC 2 J4E 1 -

4o B] 2-41 #1% o ﬁi%J »~ Boundary Scan Register IBS - Boundary Scan Cell $%% 20 f= 40 =3 5
= 5. 21 - 41 % 4% feedback input fb >  Boundary Scan Cell %% 30 <7 % 1 & s50 31
# CTl- ﬁi%J J1 Boundary Scan Register OBS > Boundary Scan Cell 4 %% 50 ~ 60 = 70 e7 % 1

$n%5.51~61 - 71 :EH XOR R 54 ~ 64 = 75 -

28
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! ! ' '
i i i
L L
| | ! i
! ! ! .
| | | l
! ! ! l
i
e | e
N i
| | | !
i i | |
jpuny .
! ! = !
! ! ! i
i i | |
o B l___J____'
TDI « WBY
WIR
TDO
TMS
TAP
TCK

Bl 2-41. BIST £ % #pr T &
2.6.5. |EEE-1500 £ BIST % #-% & %P

4o @) 2-41 ﬂi;f] »~ Boundary Scan Register IBS % Bl w & A& # % (Test Pattern Generator)#%
Rl e £ TR B0y ~ S ¥ - 26 i &) Boundary Scan Register OBS & — 1 i &1 F 2
+7 % (Output Response Analyzer) » # & £ 3 ;840 @

[1) &% RUNBIST Jhtq £ ?ﬁti\‘ » T f3Fg > 3% _LFSR 2 Seed & » #]4-:0001 ; §= MISR =
Seed & > ]4-:0000 -

[2] ¥ #&dp 4 5 RUNBIST 454 > ¢ b A 2 Pzl G5 - o ﬂi;f] »
Boundary Scan Register IBSi& i LFSR’ﬂi;'J 41 Boundary Scan Register OBS i& i* MISR-

[3] TAP ¥4 ®i& iF & Run-Test/ldle ;# & » i % 15 clock cycle % = BIST i& i% o

[4) + BIST & iT% & » #- Scan out % % ¢ ﬁia?] 1t Boundary Scan Register OBS( BIST=1 >
SC=0) » & +* g it Fxehr Signature » & R £ F F 4505 & o

[LFSR e Pattern Test 4 47]:
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i+ |EEE-1500 - BIST % ﬁf{@ H 3% Test-Per-Clock BIST #1338 » 4% -
Clock Cycle #* lrﬂff €F - LATPRE EEI TR RRRE Y NP RREER -

# % LFSR & 4 TestPattern % ¥f % B FUR3# ch7E 47 A f8° 54 ¢
-~ Deterministic Pattern Test(i+- 2 {4 e £ pl3d) > P N7 WA E 977 & hplde £
K H T B RURIRE 0 b 4e[12][13][14][15] 7 2 > gt Ve H R R B

2t : Test Coverage #.3 o

HEL L ORERK RS FIEEL -
g Random Pattern Test(3* # s £ B]3#&)

BB TRATRLGE

>80 E 7 &R E DR F 0 Test Coverage 7 & #uk cnip|iEPF R o
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3. 18 1T

3.1.3DG % W & ¥ F &2 RIF A

B3-1 5 50 3DG Z 4R o W7 28505 1 R iR 4 & 2 % )
B H o At 3DG 3 F P o A Serial Testing mode 2 RUNBIST & & ip] 348 1
ke VS & FS A F R LT LA

Frequency Control

‘velte_.x
Shader

Bus components also
Frequency scaling

W 3-1. %048 3DG % - Fl

[RIzFS HIp ]

d *+ Serial Testing mode £2 RUNBIST = fé.ip|3# 41 Boundary Scan Cell 38 £ 8 #¢7 IP 4p
@i At E ¢ oo 4 r 7 AHB BUS e 1% 5 s 2 i Jf #- Boundary Scan Cell % 3 &
IP & AHB Wrapper » & » & 7 |IEEE-1500 with BIST # 1 &t §i& i¥ - B 3-2 5 W * §
»~ |EEE-1500 with BIST /p|:# 2 ’F# v L2 7| 1 IEEE-1500 with BIST 4 & 7+ Boundary
Scan Cell > = i 3] IEEE-1500 % T 4 ¥ #7 2 & ehE ¥ IP (FREEFT AP R 7
f1* IEEE-1149.1 etk > @ 87 @55 (TDI ~ TDO ~ TMS ~ TRST ~ TCK) » ¥ 4p % 3¢

IEEE-1500 7 & 4% 1% o ¥ -2 ¢3RO %rizenZ F o

31



GM AHB GM Boundary GM Boundary GM AHB RM AHB RM Boundary RM Boundary RM AHB
Wrapper scancel ~ scancel 11 Wrapper Wrapper ~ scancel . scancel 1 Wrapper

TAP controller

TDI | TMS TDO
TCK  TRST

R 3-2. % Bl & ¥ %~ IEEE-1500 with BIST #]:& % #

Internal

External

Serial Testing mode £2 RUNBIST & f&RI:2 4] i ¥ 5% 2 RIRA B0 chde (Fop !

B ¥ 54 pF  Boundary Scan Cell $f 7 #-& LUR[E 0 IP ¢ R ME P e i > ﬁ‘h{;& IP
¥ 7 4vig 3 Boundary Scan Cell ¢7F % o

$ 1P R 2RpREE A ;Fagﬁ;_  IP & v i¥jpl3#pF > Boundary Scan Cell ¢ 4t 4 7]3%
IP iy » i g > E 05 i UBL TR R R 8 1P i L

3.2. JTAG # 28mrix 324

|EEE-1500 ;|4 4] 44 (7 P54 T £ 4% TCK ~ TRST ~ TMS > TDI £ TDO
P B BT A RA R B IEEE-1500 e iF - 4o 3-3 0 F 1917 SEL BT
%r % +» 3 |EEE-1149.1 4r IEEE-1500 &7t s 414 @ 3% 375 33 4 chin s o

% SEL 5. =1 5 IEEE-1149.1 i¢ * o
% SEL 5. =0 % IEEE-1500 # * -
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11491 of ARM 1500 of GM or EM

SEL

TCK TRIT TMs  TDI TDO

& 3-3. IEEE-1149.1 = IEEE-1500 #} 3R %r > *7 $&
3.3. VS 4 FS il £ 4 &

#\ i 44 Vertex Shader £2 Fragment Shader #7#% i+ =t #c:+ & (Shift Times Calculate) 4 %] i
P AT L

Vertex Shader :

# Vertex Shader ® - Input Pin Number = 364 Pin » Output Pin Number = 689 Pin » # ==t #
3+ & (Shift Times Calculate):

Shift times = MAX {364 , 689 } = 689
S L gi;'l > eplE e £ oa RUPE £ 3% 2 (Test Pattern Expansion)

Fragment Shader :
# Fragment Shader ¢ - Input Pin Number = 471 Pin > Output Pin Number = 332 Pin » #7127 d
B 2-19 # i==x #c*+ & (Shift Times Calculate) # 7 #v
Shift times = MAX {471,332 } =471
S EN U ;14@;—1 ~ ¥R 4 e Test Pattern }_ffijgﬂﬁi%] e o
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4. %

e

* B4 34 IEEE-1500 Serial Testing mode f= RUNBIST H sk o0 2 213642 0 & 454p
£ AeF IR O B R Bl o R o

4.1.1EEE-1500 without BIST 2_/p|:# 8 #]%#%

A BoR-fR 24 IEEE-1500 Serial Testing mode =38 <07 2 22342 0 @ 354 £ 06 fo L 3n
PR R E o TR Debussy&J 2 ﬁﬂfr i * nWave& 7 H g2 % o

411 %54 2 TR R ERE

4] 4-1 #7r 0 % SelectWIR=1 p& » ¢ 1335 State 3" <& 1% Shift_IR ~ Update_IR &
Capture_IR 45 4 > -4 £ 381> % P4y 4 i BN o

ShiftIR

UpdatelR
C f I
YIR[3:0] 0 0 T

W 4-L4n £ 87 75 B el e

4o 4-2 “7o1 > § SelectWIR=0 p¥ » ¢ {235 State -5 <& 1% & Shift_DR - Update_DR
¢z Capture_DR dp 4 » #-FR 0> B 0| TR B A 30 -

———————p————————— ———

state[3:0] [Wloture DR |* [apture IR shift DR Exitl R [Update TR

thtﬂ:lF
UpdatelR
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4.1.2. BIFHS ol ¥ B0 44

4@ 4-3 5 A0 ¥ BN 4] PFA 04 WRSTN = 1'b0 » 4 p¥ Boundary Scan Cell % i/
Hfe o TRV BB

0 -405000 ‘ Q@)\@E‘Bvrfé ++  xlps
., [3000 ,, ., /40000 ,, .  [SQ0p0, ., ., [6QOPS ., .., [700QC, |

4B 4-4 5 wRREBC I PE A - WRSTN = 1'b1 > o pF ¢ ik fe TAP sk ji 2 34 (7 %
J& P 0T o

B 4-4.34 7 Pl s
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4.1.3. @ FHEL RS R T

§ ORGSR T ER TR TIRT R ST - BRI R TR Y
% 45 73 B (Bypass Register)P-i# chi@ i3 » 1T Hp F A PR @ FAH I VS o FS iF
R g R e

[1] 4B 4-5 F & B :F TR 3] VS (FRI3ERF > € #-FS3K 5 Bypass #ic3¢ » BRLEET
Ed VS g% Ay B(WBY) - @i 0 # % L 5% FS e WBR(Wrapper Boundary
Register) » 12 > Scan Shift pF ¥ -

[2] 4-Bl 4-6 > § & B TR P FS (FREF > ¢ % VS K 5 Bypass #i-3¢ » BRREET
Zd FS e iy B(WBY) - > 2 * £ 5 VS & WBR(Wrapper Boundary
Register) -

WS Bowndanys WS Bowndanys FS Bowndsn: FS Bowndsn:
scan o=l scan o=l scan o=l scan o=l

WSC
| TAPFcontroller |
Internal
External
TIN | T™S T
K TRST

Bl 4-5.VS (TR pF 2 BT
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WE Bowndan: W5 Bowndainys FS Bowndsn,
scan ol sean ol soan ol

WS
| TAPFcontrailer |
Internal
External
T TS IR
K THST

] 4-6. FS T3 pF 2 BT

4.1.4. VS 4= FS 12 IEEE-1500 without BIST % %

TR & A e W B2 0 Normal mode e Serial Testing mode % % -

4.1.4.1. Normal mode % %

4c [l 4-7 5 Normal Mode i]# 7 18] » #% i - VS {= FS ¢ Test Pattern i% i& % jp

PISE > XM B 0 R R 0 R RO S HETE L RERGE

37

FE& Bowndzn,
scan ol
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‘

W5 FS
Compare with TESTFFi'lzﬁern
Golden Response File

>y
CUT
no
Cutput
Compare End / Response File /
wes

Test Pattern

End

Output the Result

yes

B 4-7. Normal Mode i#]3# % H Bl

-

= 1 Fxi% |IEEE-1500 ¢ % Boundary Scan Cell % fr2_ {s A 4 # Normal Mode 7 3t
T H 2% 4p F >Boundary Scan Cell '# ¥ sp2n 3L @ vEiE 2 - B 4-8 52 VS s Boundary Scan Cell
¢ %+ Pattern ##t > B 4-9 5 VS < Boundary Scan Cell

¢ % i4 Pattern 3% -

] 4-8. VS 1 Boundary Scan Cell ¢ % #

Pattern #<#t

@] 4-9. VS 1 Boundary Scan Cell #

Pattern ##t
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B 4-10 5 FS = Boundary Scan Cell # % = Pattern #-#% > 8] 4-11 = FS = Boundary Scan
Cell # % s Pattern iz -

] 4-10. FS e Boundary Scan Cell # % + Pattern iz

@] 4-11. FS = Boundary Scan Cell ¢ % {¢ Pattern #-#%

4.1.4.2. Serial testing mode % % + ¥

A7 gL 8 Internal Scan Chain # @ * Teramax 1 £ g& 11 ATPG &1 Pattern i #c » #7
i¢ * ¢ Fault Model 5 Stuck-at-Fault- 12 ™ % & * Benchmark ISCAS85 7 §.[16]4~ ISCAS89
TE[17]2 2 VS e FS & & 47 H Test Coverage & i » I #-’& % Gt # o
1. Test Coverage %~ #7:

[ Benchmark ]
B 4-12 %5+ 41 ¢ * Benchmark c6288 - Serial Testing mode ¥ p|:# %7 & 4 < Pattern i

#c i 58 £ fr#rif 1| e Test Coverage 5 99.95% -
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Inoollapsed Stuck Fault Summary Report
fault class code tfaults
Datedtad oT 10631

detected_bv_simulation D& (10631
Posgsibly detected PT a
Undetectable ()] 4

undetectable-unusead i (4}
ATPG untestable Al 0
Hot detectad ND 5

not-observed jiLa] =]

total faults 10640

test coverage 99,595%

fault cowverage 99.92%
Pattern Summary Report

finternal patterns

#full_sequential patterns L8

] 4-12. Benchmark c6288 1 Serial testing mode |:# %% %

FEHEEER IR 41 L@ % Benchmark ¢ geiFipldeanig % » BT :“.ﬁi%l * {6 #cfe Test
Pattern i #c2 2 #7 % < clk p* & 1 4 47 Test Coverage f- Fault Coverage & i# °

# 1 4-1 Benchmark . Serial Testing mode . %

Circuit [#Input |#Test pattern [#Total clk |Test Coverage(%)|Fault Coverage(%)
$298 17 36 612 100 99.32
s344 24 29 696 100 99.31
s349 24 28 672 100 100
s510 25 78 1950 100 99.61
c432 36 80 1980 99.2 98.75
c499 41 59 2747 994 99.74
c1355 41 122 5002 99.76 100
c5315 178 113 20114 100 99.82
c6288 32 58 1632 100 99.95

[VS]
- VS 8 Internal Scan Chain & 2 * Teramax 1 £ g 11 H ATPG #1718 3| e % 4B
4-13 & A 4ok 2 4-2 1w o
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Tncollapsed Stuck Fault Swmmary Feport

fault class code #faults
Detected LT Gliz0
Possibly detected PT 15119
Tndetectable uD 33457
LTPG untestable ATT 554
Not detected ND 5Eaz48
total faults Ge991a
test coverage 10.79%

fiinternal patterns 571
#full_sequential patterns 571

@) 4-13. VS # Serial Testing mode 73 % %

% ¥ 4-2 VS % Serial Testing mode B3 % %

Circuit

#Input |[#Output |#Test Pattern |#Total Clk |Test Coverage(%)

VS

364 689 571 393419

10.79

[RM]

A d-RM 2 Internal Scan Chain & & * Teramax 1 E g5 11 # ATPG #1718 3| ¢h
4-14 #i57 T A 74 d He 4-3 #5o o

Tnecollapsed S3tuck Fault Summary Report

fault class code fifaults
Detected LT 7180
Possibly detected BT 1375
Tndetectable oD 32496
ATPG untestable ATT 2744
Not detected WD 41043
total faults 24838
tLest coverage 1.21%

#internal patterns 10
#full_sequential patterns 10

@] 4-14. FS % Serial testing mode ipl3# % %

41
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# ¥ 4-3 FS % Serial Testing mode jp| & % %

Circuiti#lnput [#Output |#Test Pattern |#Total Clk |Test Coverage(%)
RM 471 332 10 4710 1.21

2. BE% L4
4o 4-15 % Serial Testing mode /g3 % f#%] » A2 * Serial #F3 > ;% 4 Test Pattern
FEEFR TR BPRE T :kf»—ﬁ%] %% Scan Out ) ko v F‘:’ﬂ%} MR ROV HETE TE

FiE 35 ©
W5 F5
Test Pattern
‘L FI|E

Carmpare with
Gaolden Response File

Scanlin TEST Pattern

CuT

Compare End [ Scan Out ]

Test Response

Test
Response
File

Cutput the Result

Test Pattern
End

yes
B 4-15. Serial Testing Mode i#|3% % 1 ]
uiie v Verilog @ Display 4p % 4 by iz it 5L g - £ @ 7 Visual Co+ kot 34

2% 7 0 FroB 4-16 5 VS = Serial Testing mode +* %% % - B8] 4-17 % FS = Serial Testing
mode +t % % o
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e “C:ADocuments and Settings\hung'\ s i1 ) A B G M HH Debuz\compare exe™

CHZE189 Fpattern
GMZE110F pattern » 1
GMEE111 Fpattern
GMEE112 ZFFpattern ' ;
GMEE113Z pattern ' ;
GMEE114FE pattern » THEEE
GMEE115F pattern ' ;
CHEZE116 Fpattern

GM 22117 pattern

Rﬂl%*sl%pattern ' ji

RMZE82 S pattern @ H
P Fa vy

RM=E83 =pattern ’

RMZEE84Fpattern * I

RMZE85 Spattern @ i
Eere A

RM=E86 = pattern

RH%S?%attern !

Rﬁl%fssﬁpattern !

RMZ589 Zpattern

RM%?B%attePn y I

] 4-17. FS = Serial Testing mode & % +* ¥+

4+4F Test Coverage #i i er1 i F] 1% 4 47

d 3+t 3D g Bl 7 ¢ AP Vertex Shader 3k i test coverage 31 - Vertex Shader ¢ 3
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2L & e d 48 & ( Transformation ) ~ =& Jk e &4( Lighting )12 % 41 i 5 438 ¥ + Backface
Culling 2 Clipping ¥ % > @ Fragment Shader £_% 7 & 3| { £ 7 il 40 »c% » 1 FRLB &
ZHBERY P ARG ER Y WARR Y it e ARF SBIFhE I ok > ¢ TR BB
G hpER] 2 3R ERER S R T e TRERI S A B o o B AT i ek et Y
L % o Pin %ripfic o § Pin %k Bcp § pF o> B € B2 58 Test Coverage » #7140t 3+ 3] 0T B
#~ m ig = Test Coverage 2 i4 o

4.2.1EEE-1500 with BIST 2_ ¥ §]% %

AP e VS e FS & RUNBIST s 0 2 271842 > {- Hardware Overhead 4
15 3 * Debussy& 7 H-Rlfrit * nWave&g B HIRA 5L % -

4.2.1. VS 4= FS & IEEE-1500 with BIST % -

#4ie i * Debussy& - IEEE-1500 f RUNBIST ##4]™ ¢ + VS 4r FS rd & Bl - Bl
4-18 % VS Top #i-24- VS 7 RUNBIST 2. Wrapper Cell 12 2 VS =7 Modify TAP Controller»
M B 4-19 & FS Top #-2f- FS 7 RUNBIST 12 2 FS =3 Modify TAP Controller -

TAP confroller Vertex Shader IEEE-1500 Wrapper
®] 4-18. VS+ IEEE-1500
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—- | Sh—
—  I—
o s R e— e

TAP controller Fragment Shader TEEE-1500 Wrapper
@ 4-19. FS + IEEE-1500

4.2.2. Hardware Overhead

VS 1% i>H Gate count & 3481K- A1 4-20° = VS = TAP Controller 2 Gate count
% 1.362K > @ B 4-21 % VS e IEEE-1500 # Gate count 7 161.986K > #7127 4§ 4-22 ¥ &—
#7121 |EEE-1500 & VS el 48 § # 5 4.69% -

Wrepotl - Area

Dezigm : ¢ _wrapper top
Versicm: A=-2007.12-5P4
Date : Bat Hov T 03:13:34 2008

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

Libraryis)l Used:

glow (File: fdataslibwary/CBDROLE_TSMC_frtisan/CLOS SynopeyeDC/

Mumber of ports: 12
Mumber of netz: 103
Humber of cells: 93
Mumber of references: Iz
Combinational area: 1101.038414
MNoncowbinational area: 1270 .684807
Het Interconnect arsea: 11246 . 722839
Total cell area: 2371.723220
Total area: 13618 446060

] 4-20. VS - TAP Controller r& ##
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glov (File: /data/library/CBOR018_TSNC_Artisan/CIC/SynopeyaDs/elov .

Murker of parts: 3164
urkar of nets: 8022
Wubar of calls: 48948
Thuber of references: 2398
Cewbinaticnal area: 142528.7553%0
Nenconbinaticnal area: 220846356834
Net Interconmect area: 12%6086.548747
Total cell area: 8378 113258
Total area: 1619861 600322
wedse gl Of Repart *ree

| J lr
® 4-21. VS - IEEE-1500 Wrapper ¢ ##

Hardware overhead = [DFT area / Vertex Shader area] *100%

=[(1.362 K + 161.986 K) / 3481 K] *100%

= 4.69%

Bl 4-22. IEEE-1500 it VS 4l 48 ¢ Jb%
. FS eni» 2 Gate count 5 1415.5K: 78] 4-23> & FS -2 TAP Controller # Gate count

% 1.362K > @ @] 4-24 » % FS 1 |EEE-1500 # Gate count 3 152.934K > #7124 ] 4-25 ¥
ool |EEE-1500 i FS el 48 f 4% 5 10.9% -
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Repart : area

Dexign : gm wrapper_top

Verzion: R=2007.12=5P4

Date = Sat Wow T 03:13:34 2003

Libraryi{s] Used:

zlow (File: /data/libwary/CBOKOLE TSMC Artisan/CIC/SymopeyeDo/y

Murber of porte: 12
Hurkaer of nets: i ]
Hurbar of caells: a3
Hurbar of references: 32
Gorbinational area: 1104, 038414
Honcowbinational area: 1370, 64807
Hat Interconnet area: 11246, 722639
Total call area: 2371723220
Total area: 13618, 448080

] 4-23. FS 7 TAP Controller s #i

Design : gn_wrapper_ whr_top ;I
Varmion: A=2007.12=-SP
Data : Tae Now 10 15:21:355 200%

e

Library(s) Used:

mlow (Fila: /data/library /CEDEOLE_TSHC_Artiman/C

Rumber of ports: 2972

Bumbar of netm: 6627

Mumber of cella: 3708

Wumbar of references: 1771

Combinational ares: 126586 .131757
Noncomicanational area; 205518 . 305077

Kat Intercomnect area: L19T235 .245480

Total caell area: FIZL04 . 456574 -
Total area: L32%344 026322

q . o

8] 4-24. FS 7 IEEE-1500 Wrapper & 4
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Hardware overhead = [DFT area / Fragment Shader area] *100%

=[(1.362 K + 152.9436 K) / 1415.5 K] *100%

= 10.9%

8] 4-25. IEEE-1500 with BIST it FS # 48 § 4%

4.2.3. VS 4c FS 11 IEEE 1500 with BIST 4 %+ $t

i gk * Random Pattern Test 7 ;¢ > #1i# * g3 Fault Model = Stuck-at-Fault - LFSR
Seed & 5 01 % 4 » 2™ & ¢ * Benchmark ISCAS85 ¥ §:[16]4- ISCAS89 T #.[17]14 2 VS
fr FS &k & 47 H Testcoverage 7 i@ » I H-55 % Rt #F o

1. Test Coverage %~ #7:
[ Benchmark ]

] 4-26 -] 4-27 &1 1@ * LFSR % Benchmark c6288 i¥ip|z& 74 4 o Pattern i #c
% 119 & {e#7:f 7] e Test Coverage 5 99.96% -

fault class oode Hfanlts
Detacted OT 10632
detected_by simulation D5 (10632)
Possibly detected PT 0
Undetectable {iju} q
undetestabla-unusad oy (d)
ATPG untestable Al 0
Hot detected ND q
not-chserved N (4)
total faulcs 10640
test coverage 99, 96%
fault ecoverags 99 92%
Pattern Summary Report

Hinternal patterns I
fextarnal patterns (filenamell%.eved)
ffull_sequential patterns 1149

B] 4-26. Benchmark c6288 i# * LFSR pl:& 2 %
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c6288

Pattem  TC®%) FCO4) || chedd
oo 9992  wsgl| ¢ F
110 9994 9991 | . e |
114 9994 9991 | gy | o) |
116 9994 9991 | wl———
118 09 94 99 91 momow e I i ]

119 9996  99.92| | Patem

120 99 96 59 92 TC: Test Coverage
FC: Fault Coverage

B 4-27. Benchmark c6288 fi*J Pattern i #1+ 2 TC 4r FC

W% HIT4c4 4-4 5 LFSR ¢ * Benchmark § B (£pl38 e % » 24 i 44 LFSR & Test
Coverage 4+ Fault Coverage ip|:# ¥|4= ATPG #1 & # ¢h Test Pattern B ficip Ie &% { % i -

# ¥ 4-4 & * Benchmark = BUNBIST % %

Circuit |#Input  |[#Test pattern [#CLE(RUNEIST) |Test Coverage(%)|Fault Coverage(%)
5298 17 468 468 100 99,32
s344 24 536 536 100 99.31
5349 24 349 249 100 100
5510 25 1352 1352 100 9961
cd32 36 533 533 99.2 98.75
499 41 701 701 99.4 99,74
cl355 41 24778 24778 99,76 100
c5315 178 3550 3550 100 99.82
cH268 32 119 119 100 9996
[VS]

B 4-28 fv# 4-5 %gor 1@ * LFSR 4 VS i®ipl##7 A 4 o Pattern i #ic 3 500 2 fr#7:d
F| e Test Coverage » 10.32% -

49



[FS]

B 4-29 fr# 4-6 -1 21 i¢ * LFSR ¥ FS (®p3##r A& 4 7 Pattern B #ic 5 500 & fo+7;

Uncollapsed Stuck Fault Summary Report

fault class code  #faults
Detected DT 46213
detected_by simulation DS (46213)
Possibly detected PT 47953
not_analyzed-pos_detected NP (47953)
Undetectable uD 330896
undetectable-unused uu (8)
undetectable-tied ut (11348)
undetectable-blocked ue (217h8)
ATPG untestable Al a
Hot detected HD 585650
not-controlled HC (280394)
not-observed HO (305254)
total faults 712912
test coverage 10.32%
fault coverage 0.85%

#internal patterns a
#lexternal patterns (filename_GH_IN138_gate_scan_chain_588times.evcd)
Hfull_sequential patterns co9

@) 4-28. VS % Serial Testing mode 73 & %

% ¥ 4-5 VS % Serial Testing mode |3 % %

Circuit |#Input [#Output [#Test pattern |#Total clk [Test Coverage(%)

364 689 500 344500

10.32

F] e Test Coverage = 0.52% -

Tneollapsed Stuck Fault Summary Report
fault class code #faults
Detected DT 2725

detected by_sSimulation D3 [2725)
Possibly detected PT 1280
not_analyzed-pos_detected NF [1280)
Tndetectable i 32445
undetectable-unused o =13
undetectable-tied uT [10592)
undetectable-blocked TUE (21507)
ATPG untestable ATT a
Mot detected NI 645385
not-controlled NC (255451
not-okhserved No [39z9207)
total faults 654538
test coverage 0.52%
fault coveradge 0.49%
Pattern Summary Feport
#internal patterns u]
fexternal patterns (filenames_BM TN130.ewvcd) 500
#full_sequential patterns 500

B 4-29. FS & RUNBIST Bl:# % %
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# 1% 4-6 FS %= RUNBIST B33 % %

Circuit/#Input |[#Output |#Test pattern |[#Total clk |Test Coverage(%)
ES 471 332 500 235500 0.52

B 4-30 > 5 i * 0 LFSR Characteristic Polynomial(4F#c % 58 5%) > Bl ® 1.0 &~ & i ?
735 X+l i - LFSR Seed 3% < % 0101...0101 - ®] 4-31 5 Test Coverage {- Fault
Coverage 3+ & =3¢ o

1: 0 2:10 3:10 4:10
5:20 6:10 7:10 8:6510
9:40 10: 20 11: 20 12: 7430
13:4310 14:121110 15:10 16:5320
17:30 18:70 19:6510 20:30

21: 20 22:10 23:50 24:4310
25:30 26:8710 27:8710 28:30
29:20 30:161510 31:30 32:282710
33:130 34:151410 35:20 36:110

B8] 4-30. Characteristic Polynomial(4% #x % 78 ;1)

Test coverage = detected faults / detectable faults

Fault coverage = detected faults / all faults

] 4-31. Test Coverage = Fault Coverage 3+ & = 3¢

2. %4
4§ 4-32 5 RUNBIST S 78 1B » 7 3Kk L LFSR s Seed & » #1535 5 o4 &£ LFSR
it A 4 enPattern $#F PR LA 3 1A 4 cnTestCoverage & @ » T 2 % § F L Fr o

51



Test Coverage==
99%

no

The Result

Error Carrect

The circuit is right

B 4-32. RUNBIST ¢l 3 % 4 B)
[LFSR & % 1t 4] :
B 4-33 32 Bits 77 LFSR % # > 4~ 4> Seed Value % 5555_5555(6) » 5.if 23 i ¥ *% ik 4
{8 H LFSR p ¥Renie 5 5541 eebage) » 4@ 4-34 #7157 o

Characteristic Polynomial :  x* +x*® +x7 +x' +1

g32

] 4-34. 23 B pFeR ik 8 15 LFSR p 38 eniE
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B r Co+d b # 3 LFSR %% » M14-35 5 % 23 By S LFSR 2 % -

. *C:A\Documents and Settingsthung\@@LFSR and MISR\Debug\32 exe” N _ o x

------

B 4-35. 23 B pF% ik 8P {8 LFSR % %

[ MISR & %+ #¢]:

A - VS o FS e Pattern @ * Parallel » ;823 MISR > # @ * C++3 1t 444
B 9% % o 4e 4 Seed Value 5 0 i 40 1 @k ik 8 {5 42 MISR P 300 Gt $f 0 4o lf]
4-36 fr§] 4-38 5 VS fr FS 5.4 40 i P #% 2 15 MISR p 308 4 5 o

B 4-36. 40 i pFP% 2P {5 MISR P 380 & 5% vt 44 (VS)
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A r Ctd 3 MISR % > B 4-37 fo B 4-39 5 % 40 B 7% 9 13 VS 4o FS
1 MISR & & it 44 o

"C\Documents and Settingsthung\si isim\LFSR and MISRAMISR\GM_MISR\Debug\MISR_I1(16%... [H[=]

1LBBRBRBALE f111188008888808°7E F f B08B0RABBBYE T £

1 BEROBEALf Ffi1110800008AABEAT f f FO608 BBRBEfff
1ABPABRBA3FFF1111AP008AARBARALE f F FOBDEADRABLEF Ff
1BEABBEAYEFF11110800088BBBAE f F FB000ABBORA3E T F I

1 APPBBRAFF FF1111000BAABAAATE f F FARBRRABBRRAT7E F FF
1BBPERBALEFFF11110080880008AE fFfFfOB0BBRRRAEF FFT

1 A8PHREE3FFFFf1111@308000BEEALF T FffO0000RB0AB1FFEff
1ABABREAEFFF1111ABABARRBARAIEFf f fA0ARBBAA FEE

LBBBREBEAFEfff111188808800804
ff1111A88A0B8ABGEA
1A8B808A3F FF1111088008080808081 F
1 APPERRAYEFFFr11110000BA0RBRE3FFFfFFOPOBROBERB3FEFFFF T

1ABPAARBAFFFFFF111100000A0BRAATEEFf fFFA0ABREROBA?EEFFFF
1AL FFFFF1111800008BRABBFFFFFFrOO0REAB0RAFEFFFEF
1APPERRA3FFFFFF11119000R0BRRAALF F FEBRORBBPRRLFFFFFFF
FFFFF1111000000R0RARRIFFffFFfOPAAPBORRAIFFFEFFF
FFfEFFFOBROBEE FEFEEEF
1 AEPARRBALEFEFFFFF1111000B0RRRBRBEFFFFFfFORAOBDBEAOBFFFFFFFF
1LBEBBRER3f FEFFFF11110000000BBBLFFFFFrFfo00BBRRALFFFEFFFF
1AEPIBEA7EFFFFFF111100000ABREBRAFFFFfFFfFOBOOBOOBA3FFFFFFFF

any key to continue

W 4-37. 40 i FEr% 3 8P 4 MISR % % (VS)
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A6 BB A8 6 851 A B51 5dB4 B B51
c BB A A 18a3 B 1 al? B 18a3
18 AP BPAH 2146 B 2146 17413 B
i BB A A 6A 428d @ 428d 27 8 4284
B ea B @ B51a B B51a 5dB84F B BS51a
18 A 8 18a34 B 18a34 haBe
388 B8PA 21468 B
6 BB BB O 42841 B -
c B d 8@ @ B51a3 8
18 BB B B A 18a ; 6 haB%ec B 1Ba34db
ipABBAA A 468d 8 2 C 3d8 @ 214684
BB B ¥ a 2eB27hB B 428d1a
] d @ iz : 34 S4d84f61 B 851a34
BB AA
B8P RAB 2146841 8 21468d1 17413484 B 468d1
: @ A 8 B 428d1a3 B 428dla3 B27hBY B 428d1a3
i8 B B B B B B51a: B4f 6 B B51a
i B P88 B 1Pal468d E Badd468d baB%ec
0B BAA0O 21468d1a B Bdibh 7413d4B4F
i1 8 ABA A A 428d1a34 @ 428Bdlalds eB27hB%e B 428dlal4d
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