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TSV-Constrained Scan-Chain Reordering for 3D ICs

2+2) 4% NSC 98-2220-E-009-062
PATEAR 98 &£ 08 A 01 BAZE 994 07 A 31 B
EFHABER #Ik RILBREEMEAH
—. BE

L&

JEF5 82 & #%3% 3t (Integrated Circuit design) # » 2 <7 8] M (testability)
BHEZH—ERE > £ ¥ scan—chain X3t A X R HHT » M RBATEER T
LAZL & B 88T B v 38 A 44 (fault diagnosis)Ae 1 « 1% — 4 TR
#rd o ©&F KEH) scan—chain RtAY BRI P RE BT B AL 4R
scan-chain #9424 &k & (routing length)fe 4K B scan vector A7 & 4 &%) RE
HFHH o R BN R BANRAAEEEDBRY = AR TR - £
BERE P > B E — Bk T %0 E A%k (deterministic algorithm) e s 48
Z AR T ¥ UM scan—chain 4 42@ Kk R FH B R FIE > Mm%ERS
ST AH = B b ey F A4 TSV(Through-Silicon Via) &9 18 #4k
Mtk - RFEAK TSV 38 % % kg R & (vield) FI#E - &A1 € ¥ ISCAS' 89 stk
B b 22 UE R EE 7k (genetic algorithm) & F s 6y ATk 45 » ™
IR ST UEPEED SNE'S 08 LSRR L VTP S SO O N
TH AR e BB GRRERHRIFHEZIS BB ELCKRE
BIFEBIFHER B AAFEERGEATHEM (run-time) » &AM &9 AT LE
RATHMT M E—BEU L - ZEU L BPIRE — BT RORE A= EERE
& ¥ R 2%t scan—chain > 485 N T AAF B BL A AT BT PAF e e e R EE Av )
RHHER -

MisEF : scan—chain design, 3D Integrated Circuit
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Testability plays a key role to the success of integrated circuit
designs where scan-chain design is one of the mainstream techniques and
used to enhance fault diagnosis. Many previous research works are proposed
for reducing the routing of traditional 2-dimensional designs and the
dynamic power consumption induced by the scan vectors. However, since
these approaches are not dedicated to the thriving 3-dimensional IC
designs, a new deterministic algorithm is proposed to overcome the
problems of wirelength reduction and power reduction while considering
the limitation of using through silicon vias (TSVs) in 3D ICs to alleviate
the related yield loss. ISCAS89 circuits are used for benchmarking and
the results from the genetic algorithm (GA) proposed by Yuan et al are
compared. The conclusions can be drawn similarly either with or without
TVS constraints. Except for some smaller circuits, the new algorithm can
achieve a better performance on both the total wirelength and the power
reduction for the large circuits with 2-order less runtime (100X faster).
As a result, the new algorithm can be a practical solution for the real
scan—-chain designs in 3D ICs.

Keywords: scan-chain design, 3D integrated circuits
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scan-chain Xt T AR B ETB P B TR TRALEHEEN[L] - £
full-scan %3+ B ¢ » #B#E A (synthesis)eyi@fz F 4554 6y flip-flops
# 4% scan flip-flops » iz sb3F4s E R 558 42 R AR A scan—chain > B —#
& — 188 ¥ 44 scan-chain #1] > B P é4 44 %% (combinational logic) & ¥
#v % 18 scan filp-flops > Mm% Test :3EA 1 85 » @ ABRXAE KX » A A Input
#i% D2 # ER 3 Cho e fd 0 R Ao F 3864 T 42 4 (controllability) i i 3
BT R Mg Test XA 06> FEAEFHEKX » ERBAEH D1 &
oAb esEHTRAL

¥ £
—» Combinational Logic —
L D1 L D1 L D1
Y- »lD2 QF4-»D2 Qrd--ag, a4
Clk Clk Clk
Clk i i j
Teast

— ! f§ % scan—chain $¢17]

3 R scan—chain design T A KL K K E MR AAEEN  EL RS
scan flip-flops E&H % T E Mm@ I > LB B FEBFFA ER B Mg
B AR E 6 Ho o B R Ay FE4 g ¥ g physical layout &9 @AEH e ~ Le4 &)
F$EE 3~ H 2R THAAENEIR o B ILF ey scan—chain %32 E & &
Mes R E > B R TR RA LA EBBAETF o B A &R scan
flip-flops 89 EF B R P E TR TRIE > ATUR SR [1-3 4R £
scan-chain reordering & #4542 scan filp-flops 8y %24 & /& - % — 18 scan—chain
design AT RGBSR T B SRS R Y4 B =T THREGEHFRGRR >
% scan vector ¥ ayfr Lz il & A SR T ey brik 0 sA B transitions AT A,
By h R ATE A B transitions i mE — P A S BH TR ¥ XK F o) S
Tk mERRENE BN R - B £ A scan-chain reordering &9
B R AT RGERERKE LA LM R[4-6] 8 a7k scan—chain 42 8]
AP RROGBEDRIFH -



10001 —> _ Scan Chain |
‘ L Transition |
Transition 2

B — : Transitions in Scan Vector
B ARATHB TR M B2 R4 LT > 8 P89 interconnect
&M aEE(dlay) o 2 HHE B EZRR - b R R BEK
(deep-submicron)# #2 % » #%/]v interconnect LAV ISRl E B foch R HHE —
REZHHA - — RN FEOEBERITHRE A ZEEBEL > FHHTT
DR — a3 E % B interconnect AT BAE[T-10] - 48 Tk ny
= H BN 0 4 wire-bonding » microbump ° contactless(capacitive or
inductive) » #v through-silicon-via(TSV) &84 > mE XA TSV & x
Mo RACHEARTNERAEREEARE - £E A TSV AT AR BB =4
BEEBSA YT HMEETMHE (active device layer) i TSV 4 E H ik
#HoORwBEZAT e ATHE SR =GB ITROET BN —EEE TS
V B A= HEB TS E A aE(10-100 k) > mEEA B
interconnect & &
v B & #4069 interconnect T34k B - Mk E & 69 2 3 24k (performance)
3 o
V BARBOGERKE  MEABIOTREFERHRHRTH
vV RENHEFEE > 28 footprint
V TAE-SALERIBARNOEREBIT CHAZE R TLMER RE &
A2 Fotr

metal layers

device layer 2

| JL metal layers
‘ device layer 1

B=:XTSVEHREY = HHEE TR
AREEE > AR TR % (Tabrication) BT A B R [11] - £
5] 3R> IBM % 78 7T 2007 47 & & A b AP1 =T 2§ — 4 E #-F & E &4 5 (layout)
BB AHZ R TRA R P W TR EHY AR TRY
%3t B #4b(design automation) ~ B3k (testing) ~DfT(Design for Testability)




BB AR R T REEROKRET(I] - B2 B ERERATHY
ECORE A H =R Tk ey EDA T B 8A8 Ao H407 0 7k 0 SR bR AlT g3kt
HEFHBER - FR AFSHHE B EROAR[12-18] TR d - K3
S RAHH = R Bk ey B 8% st (physical design)3f o m[17-18]:E F & 5
%R 4T = 4582 T #5 6 scan—chain reordering 3T » W B ZR A A B E
BE#BG TR [1TIRE—BER L4 = 45 T8y scan—chain reordering
g M B AR A 442 scan—chain e94e s K > 3L BT AMRH] TSV 698 25 M [18]
RA#J& scan-chain 8944 k& > 4w\ T 4& & scan vector M & 4 898 &3
ZeBH—REEHE % > #8FEHR 0 b scan—chain reordering &4 £t 7T [7) 85
J& scan—chain et kK EFo gy B h R H 42 o

FEEZRRE 0 RMATEHG PR A T sx/Mb scan—chain 44 &k & Fo ks
1t scan-chain A& s, &9 8 A& o R 4§ #£ > 4T %% scan—chain reordering?48 £
AR EmAKAOEARELE L ARMAS —BERE R EMEE K
(deterministic algorithm){ = ##% %% € #%1F scan-chain reordering i B =T
¥ TSV 4EFR#] - scan—chain reordering # #& % — {8 NP-Hard Traveling
Salesman Problem(TSP) - m#& i ey h M EE % > £ 2 & Fast-Pair[19]
B X TR &M 3 Multi-Fragment &9 % 7£ 32 32 4 — {8474 scan—chain &9)&
F o B d it s 3D-planarization F ik % AL 4sA7 - B & R AR
M EEE B ROEREAEE > 3 BET AL G FR (polynomial time)
PRIFAE - BN EREE R 0 RAIT AL A ATHMT R E B L% 2] b%R £
LA &Y A2 (BP & scan cells &) @ £ 2 R 4rahfE - BT RN BRI
REG T ETRER > REBEARMYEE -

=. MREBRERF K

1. =#scan-chain¥%kitmf

f 4% & scan-chain reordering #9/E E k2 AT > B w [17] 2 &M@ =4
scan-chain %3742 o — B4 ¥ design 4k #& # 4 sk (synthesis) ° 4% 2|
gate-level netlist > # F R #& fI4£ A scan-chain insertion T B FF %
flip-flop #4% sk scan flip-flop » Mgk scan flip-flops 3£k B4R o A%
#p scan flip-flop %44 > A Cadence First Encounter # 18 & %1%
placement > {238 placement WERA A% TFEm ey - B TR A =%
placement and routing tool » PR3D[12] » & 4% —#4: &4 placement 4 Féhin A =
#“ ey placement &% - 514 > f£ © 4089 =4 placement 4 R ¥ JE A scan-chain
reordering &% > #iF %A scan flip-flops &9EF » B EM SRR -
AL E o 3R BB =4 scan—chain &3t AAE -

125 PR3D & ¥4t » M BIEBRAF » AIABMEZ R TR AL T o £



% scan flip-flops =44 » #& % partition iE48 design > B 4Z 518
partition & cell fvmFHEEFAMEWEALT » &/ IMEd W partition % Fi
&9:2 4% - B A Cadence First Encounter % ¥4 —18 partition design ¥ —#
placement » K st — R A — 18 —% placement &% > & #HF 2 —E=%
placement %% > 405 —18 scan flip-flop 94L& - TR —HEEH
scan-chain reordering ;& &% > 32| Fr A& scan flip-flops &9 F » & E &
1B e e o LA B A RATFTIR 89 =4 scan-chain &3R4 -

Logic Synthesis Synopsys Design Compiler
—————— l .......... A
Scan insertion Cadence First Encounter
—————— l e PR P
20 Placemeant Cadence First Encounter
—. ._.._i._.._.. ————
30 Placement MIT PR3D
—. _____i_______ e
| 3D Scan ordering 30 Ordering Procedure
—. ._.__1._.__.. JEEDUP
3D Routing MIT PR3D
Bl v . =4 scan-chain 3% 3tim4z

2. =# scan—chain &3 F %

1% 4 — 4 scan—chain %3t Fv =4 scan-chain &R K& R FE & =4
placement &% o f£ —#43% 3t » % 1 18 scan flip-flop 894 & & (xi, yi) > 48
=%zt 0 F 118 scan flip-flop 9L & A (xi, vi, L) RERA Xy &
BRBAMAGR S - Rk ERFHEFTHARAELORE > mITIRE T =8F
B &93% 3t 7% > A VIA3D ~ MAP3D ~ OPT3D - &2t » VIA3D & A & 2 49 TSV B 2 (B
Fofg 2 f] R A —18 TSV) » #+4— & #— 4 scan-chain reordering » 43 %] 4% —
Rk EGgm B ARagREIRRELREN - FR > MAP3D #2445 p7
A ¢ scan flip-flops B4 2| F] — 8 —#4-Fd&@ L > H4E A —% scan-chain
reordering #9/E E 7k - A TUF R ARBE - F o Loy RIELEGEHE 223
AAEZRTISVKE BLEAEEBRRALREHFE = Q’Eéﬁﬁﬁﬁif’ i 1% & OPT3D
BPERET ISV RETERE=Z4axER - B &R~ N - tEREREGRITF
B PHRBAREH HFRER mEg— /%%F 4~ =1& scan flip-flops °
L RAEER E% 0 RIVEE LR F A €4 A OPT3D > T 45 8] = 4 fE
o mBEFSEERN -



Layer 1 /’/ 1

B > © MAP3D %3t 7 &

ayer o o~
Layer 2/ - 4 5 e

z/,

B £ : OPT3D =&t # ik
3. =#: Scan—Chain Reordering & ¥

J& € 4o —18 scan flip-flop 894L BT > 7T LA#% 3518 reordering & B 5 4R
% traveling salesman problem(TSP) - #t % £ &% & —18 scan flip-flop —
REAET > 52428 cost B cost T ARAETEATA & 6 28 -
AEBREMEMM O THBRRENEG L TN -

Hh g REIEN A BARA scan flip-flops FFE &Yk E > M iE/E
B EEARR AWM scan flip-flop 4 XY &E4Z 44y 2 9 48 86 & (Manhattan
distance) » & &,4 % scan flip-flop &y FE HEEHE » Bp 2 P4 @ 2L £ kL TSV
RE - mEESFWHALEEZ L E total weighted transition(TWT) kA&t -
H WA &% scan-in &) weighted transition count(WTC) ~ scan-out # WTC ~
# A peak transition count o B A\FvE /L&A <18 scan flip-flops k32784
scan-in #v scan-out & WIC ey &t » H+ V(HOREXRF | BRERXT A
transition » Wm(j)# %% jEAMBE# E - &4 HE ¥ scan-in F= scan-out &)
WIC - # E 042 T X% T transition & combinational logic #9%% - %
scan-in operation R} > LEFH M EBE A B AGMH E ; M A scan-out
operation ¥ & H R BHA B AH £ - B+ 7 & A w18 scan flip-flops
37,80 TWT e 8afp) » H P oA FAEAE AL R 6943 B PP & peak transition 4 &L g -



X, %k E—18 scan vector #) response &) 14 i R 8y E A fviE 8 scan vector &
% —18 scan-in ¥ ELA transition H AR > EH TR ESNFHHHEARK
HBESN > ZMES scan flip-flops 898 T ° £ B /L# A % peak transition
MW ESL 4 T hBEATUE HBP4E3% scan flip-flops 9IEF A &V &
scan-in #= scan-out #4 WIC » &g % peak transition #4428 €& & » A7od TWT B &
LA peak transition FfE % -

SCan-in
Scan-out
Scan-in 1 4] 1 1 1 0
R,
WP 1 1 ] 0 1
Wil 1 2 3 4 5
WTC, (4 1 + 2 + 0 + 0 +# 5 =8
B\ : Scan-In Operation
Scan-in
-:1 -cz -|:3 -{'4 [ &
SCan-out
Scan-out 1 o 1 1 1 +]

¥ I 1 0 0 [ S [ 10 01
R i ] 1 i il ] 1 1 o0 0 [V 1 0 i
W [ T T | o o 1 [ 00 L1 00
R o] o o 1 I 0o 0 o @ 1+ o o ] o 1 o
v I 1 [0 Lo | [ R N N [ [0
R [ R A I O T o1 o 1
y I o0 1 I 1o [0 il I 10 0o 1
R [ N T | [ S T [ [ | I T
WT,, = 19+4 =23 WT, = 1 T+4+4 =25 WT,,, =23+4=27 WT,_, =25+4=29

+  TWT & 3547
ARBAERMERAAMAGBEEL > BT RAEMIE scan-chain
reordering JEH A A - B M EHA A Fast-Pair BEEMLEHEL
Mul tiFragment #9324 % 7% F 432|414 scan flip-flops 89)EF » HTF R > &4
A —18 local optimization &9 % kx x ¥ inisMiF &1L » & M#E A 3D
Planarization °



L.

Fast-Pair MultiFragment Construction
— B4 23R 9 Fast-Pair » €& — 84 2%k 3 closest pair B9 %
MEr dik—TURERENESLA RN % Brute-Force) & £ 1
dynamic closest pair B4} &4Ee0 £ £ [19] - M closest pair #A#K
HAFA B o BEHEEE) cost AN —HEE AR RMELRIH
Zhey cost - AF B LKA T 0 cost function 4w eq. (1)FF~ ° M fE
FRE N+ BARBREEZHGH G TAARE EHEMEREL
G E > R#E EAFTA scan vector X TF W@ scan cell #) transition
Mo TTHEFRA - LB T8 E —MEF(L—)F > ARME scan
cell1(ff1 #o ff4)= Ry transition #% 2> H#H A V2 Fo V4 P H k-
T LLE & # cost function 4w eq. (2)FF 7 ©

cost(c,¢) = Abs(xi — x) + Abg(yi — ;) + Ltsv[ Abg(Li — L;) ...eq.(1)
cost(c,G) =  Transition,; ...eq.(2)

ScanVector
B iZ 4k cost function £Hkd cost F /a9 — ¥ 8L » I 3R — 18
segment * HEH R/ cost &9 segment 0 %1% H.iE L — 18 scan
flip-flops &9 R > m Lz E# % 7k Pp % MultiFragment - & & —

#& greedy JEE & > RABEZEAMLARERABRAGELEZRM -

I1. 3D Planarization

G B A4 R4 0 9T LAR 45 4F local optimization > Bp & 3D
Planarization-Planarization B &2 4F%| cost 8N4 > H AL R
M 1B segments AR R Ri@ B vy 2k ey 8 segments » FH R IEE cost
1EH B AB cost b #iEF] local optimization &9 B &9 - 42 TSV /2 A R
FFEAT » TRETHRER SEHLM AR BERELLAL - 2£F
TSVE a9 T BRI FABE - £FBMEHRZIE > LABERAEE
Zey TSV #& > £ A Lk planarization k£ x> TSV # E & 3
A TR &k o B EA planarization &7 cost @ 124 K14 &) A2
FaeA TSV ¥ ho ey 1F L4 2 ik o

BruteForce|Neighbors| QuadTreeCongaLine| MultiSet| FastPair
n=250 5.76 0.6 0.36 1.09 0.38 0.36
500 53.8 2.48 1.71 5.98 1.65 1.52
1000| 456.98 10.24 7.94 28.17 7.1 6.75
2000| 4145.91 46.41 154.25 35.35 31.88
4000 204.14 785.14| 165.58| 148.76
8000 841.32 3644.6 747.8 659.85
16000 3337.03 3051.22| 2709.94

#% —: [19]Dynamic Closest Pairs for Hierarchical Clustegrin R°
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B T RIS R0 AR e AP 69 3K Bk Ao S AT Hdk 69 7K Bk [17-18]
£ ISCAS' 89 a4y E# £ - #&A94%& A TSMC 180nm Library » B A Cadence
First Encounter %45 %|% — & &4 scan flip-flops 9 BEfw @ #t - £+ &
BREEN > KROABXTSVKREA 0un- AFEHEHRFRT @ &K
794% B Synopsys TetraMax ATPG Tool #& & 4 scan vector » & —#ZFF A
H ¥ scan vector &9 & M °

B FBER A= =W~ BREIHBEE LR @B
ok —REMEEREE S &R/ METNT > @ X T el 4 TSV a9 2 8
AR A ERZIL  BRAMEEEEIE = W AR EBRLLER
EEHABL FROEREORE THRYLLBER - k=72 & TSV RH| T4
REQWLE BT AN S1423 EB FTHFII R LV G5 LHRBERER
MIFEREL WML RAE S BRI TRFIEHNERHE  RES
HAFRRD B RERE > MIEAATRTGE D R EE - FWELEL
s1423 AR EZ I RILFBRERTUFR R4tk B2 & TSV
Ml T a9 TWT A2 > o %471 69 T ST 2 84 oy TWT 42 > o425k KT8 7] L4 2]
RAFeY R B A ER YRR E B R sk BT R BT - R
ANBAIZE TSV FR#ITF TWT Aeytbi > H&ERFv R A A48 -

Circuits Test #scan vector
(No. FF)|coverage(%)

Séis3 100 49
ii?;? 100 117
el |
Sé;igo 100 106
Sé;§g7 100 109
iiigg? 100 135
iigg;; 100 87
w0 |

% =  TetraMax Scan Vector &

11



C’:\III'CL'J:IIFS Len-GA Len-FP Overhead Run Time for|Run Tlme.for Speedup
(No. FF) GA Fast-Pair
5(1744;2)3 1284 1386 7.94% 62.86 0 #DIV/O!
S&i%? 3270 3190 -2.45% 285.4 0.01 28540.00
Sé’ﬁ;‘ 4470 4598 2.86% 457.92 0.01 45792.00
3(1559875)0 11746 11500 2.09% | 4330.11 0.04 | 108252.75
3(1636290)7 11226 10928 -2.65% 8721.81 0.07 124597.29
Sgigg;‘ 30266 28792 4.87% | 24305.8 026 | 93483.85
S&ggg 32320 30072 6.96% | 515106 033 | 156092.73
s(iggg)z 31454 29514 6.17% | 98843.8 0.36 | 274566.11
F = TSV IR#| ey e R A b &
Circuits #TSV constr.| Len-GA Len-FP Overhead Run Time for| Run Time for Speedup
(No. FF) GA Fast-Pair
s1423 0
74) 20 1318 1466 11.23% 50.96 0.01 5096.00
S{i%? 20 3208 3256 127% | 237.07 0.1 2155.18
S&gﬁ;‘ 20 5082 5228 287% | 318.99 0.43 741.84
5(1559875)0 100 12140 12100 -0.33% | 3867.59 9.21 419.93
5(15629(;7 100 11484 11134 3.05% | 7295.1 4.08 1788.01
s(ijgg;‘ 200 32906 32804 -0.31% 20845.2 131.7 158.28
5&2‘3‘2)7 200 34752 34516 | -0.68% | 412047 | 18084 | 227.85
S(iggg)z 200 33864 32370 4% | 745448 | 17015 438.11
Fow - TSV PR F 4e4p K 69 th &

12




Circuits #pattern TWT-GA TWT-FP Overhead Run Time forRun Time for Speedup
(No. FF) GA Fast-Pair
s1423 .

) 49 46555 46249 -0.66% 110.97 0.11 1008.82
53%? 117 712831 699353 -1.89% 443.66 0.79 561.59
S&gﬁ? 118 984340 966446 -1.82% 651.12 1 651.12
5(155575)0 106 6798890 | 6581570 | -3.20% 10062.7 9 1118.08
5(16362;)7 109 8945150 | 8670812 -3.07% 13328.9 9.79 1361.48
Séjgg;‘ 135 54959100 | 51240418 | -6.77% 95882.3 71.08 1348.94
ﬁggg 87 41069400 | 37653969 | -8.32% 138594 69.51 1993.87
s&iggg)z 19 3884480 | 3121620 | -19.64% 191620 27.74 6907.71

&I ¢ #& TSV R4 F ey TWT bk

Circuits #pattern [#TSV constr.]| TWT-GA TWT-FP Overhead Run Time for (Run Time for
(No. FF) GA Fast-Pair

s1423

o 49 20 49127 50033 1.84% 81.63 0.12

S&%? 117 20 748691 746196 -0.33% 453.87 1.36

S(gﬁ;‘ 118 20 1042970 | 1045555 0.25% 382.05 223
5(1559875)0 106 100 7046540 | 6978480 | -0.97% 8626.08 35.68
5(15’629(;7 109 100 9331390 | 9126474 | -2.20% 9701.77 46.89
S(el’igg;‘ 135 200 55965500 | 53724942 | 4.00% 74613.1 518.66
5(91’2‘3%)7 87 200 42091100 | 40532041 | -3.70% 112009 734.23
s(igszag)z 19 200 4748330 | 4410052 | -7.12% 152164 777.92

F& 75 P TSV ] T &g TWT b
w., &%

S Z 4R ER T > scan—chain %kt A& £ Akey DIT B8 - B A =44
RMEROEARE TSV MG e RBTHRAREY FHEERE - &1
RE—ERETHGEE R ALAiTEFBRE—BRUALGERAT FRBREL
DA By ety e sh Tt o £ TSV A FRRBIGGHE AT > K1 EE XA
B % ey ek iAo & R TSV 5L = B & 454 TSV FR+#144 &9 3D planarization
FEBRRGEME > 2f AT iTbi > EAEANR E-—BRERLGERLT > 53]
BUTFOMR - BRA AL 0 HAM4% H — 18 F 589 scan—chain reordering #4978 &% >
TRAEFREHENTEREP AYER > M4F2| scan—chain 8985 & M H4F

13



PR GRREE G B R - 3 BT LA TSV & F & Ao 8 A IR -

2. 2FXRK

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

S. Makar, "A layout-based approach for ordersegn chain flip-flops," ifest
Conference, 1998. Proceedings., Internatiod®98, pp. 341-347.

P. Gupta et al, "Routing-aware scan chain ordering,"Design Automation
Conference, 2003. Proceedings of the ASP-DAC 286i1a.and South Pacific
2003, pp. 857-862.

M. Hirech, et al, "A new approach to scan chain reordering usingsigal
design information," inTest Conference, 1998. Proceedings., International
1998, pp. 348-355.

Y. Bonhomme et al, "Design of routing-constrained low power scanichd

in Design, Automation and Test in Europe Conferenak Exhibition, 2004.
Proceedings2004, pp. 62-67 Vol.1.

X. L. Huang and J. Huang, "A routability coretred scan chain ordering
technique for test power reduction,” esign Automation, 2006. Asia and
South Pacific Conference p2006, p. 5 pp.

W. Yu-Ze and M. C. T. Chao, "Scan-Chain Reomgrfor Minimizing
Scan-Shift Power Based on Non-Specified Test Clbgs, VLSI Test
Symposium, 2008. VTS 2008. 26th IEEEDS8, pp. 147-154.

J. W. Joyner and J. D. Meindl, "Opportunities feduced power dissipation
using three-dimensional integration," limterconnect Technology Conference,
2002. Proceedings of the IEEE 2002 Internatio2&l02, pp. 148-150.

C. Ababej et al, "Placement and routing in 3D integrated circliBgsign &
Test of Computers, IEEEQI. 22, pp. 520-531, 2005.

W. R. Davis et al, "Demystifying 3D ICs: the pros and cons of going
vertical,"Design & Test of Computers, IEE&I. 22, pp. 498-510, 2005.

X. Yuan and M. Yuchun, "Design space explanatior 3D integrated circuits,"
in Solid-State and Integrated-Circuit Technology, 2008SICT 2008. 9th
International Conference 92008, pp. 2317-2320.

H. H. S. Lee and K. Chakrabarty, "Test Challes for 3D Integrated Circuits,"”
Design & Test of Computers, IEEEI. 26, pp. 26-35, 2009.

S. Daset al, "Design tools for 3-D integrated circuits," resign Automation
Conference, 2003. Proceedings of the ASP-DAC 286i13.and South Pacific
2003, pp. 53-56.

T. Yuh-Fang et al, "Three-dimensional cache design exploration using
3DCacti," in Computer Design: VLSI in Computers and Processp@f)5s.

14



[14]

[15]

[16]

[17]

[18]

[19]

ICCD 2005. Proceedings. 2005 IEEE International @oence on2005, pp.
519-524.

W. L. Hung et al, "Interconnect and thermal-aware floorplanning 8
microprocessors,” inQuality Electronic Design, 2006. ISQED '06. 7th
International Symposium ¢2006, pp. 6 pp.-104.

H. Yun, et al, "A thermal-driven force-directed floorplanninggatithm for
3D ICs,” in Computer-Aided Design and Computer Graphics, 20009.
CAD/Graphics '09. 11th IEEE International Conferenon 2009, pp.
497-502.

Z. Xin and L. Sung Kyu, "Power and slew-awateck network design for
through-silicon-via (TSV) based 3D ICs," ibesign Automation Conference
(ASP-DAC), 2010 15th Asia and South Paci@10, pp. 175-180.

W. Xiaoxig et al, "Scan chain design for three-dimensional integtaircuits
(3D ICs)," in Computer Design, 2007. ICCD 2007. 25th Internatlona
Conference 02007, pp. 208-214.

C. Giri, et al, "Scan Chain Design Targeting Dual Power and Delay
Optimization for 3D Integrated Circuit," iAdvances in Computing, Control,
& Telecommunication Technologies, 2009. ACT 'Oterirational Conference
on, 2009, pp. 845-849.

D. Eppstein, "Fast hiearchical clustering asttler applications of dynamic
closet pairs,” presented at the Proceedings ohihih annual ACM-SIAM
symposium on Discrete algorithms, San Francisctifd@aa, United States,
1998.

15



N, BRRA

$—%exmAB

— P AN 3D IC ey ERGH BT (CAD) B Bz &M
P EZRELE B AT O X BRI o H 2L scan—chain design & #&
HEITHHE - BATATREGRRFEE L% A8 Rt B&KE
ZAE R B AR B b o N AR T oA Fast-pair 2 et &4
foA Multi-fragment &9k A K& 3 B3R $ 7 3D Fe4b(planarization)
AT Ao LA IE TSV 4248 A A8 2 L 6 TR %]

—FERCRARLT -

v 3D-IC E R #H8h &3t (CAD) B gyibimf2

vV AR EME R (Clustring) 545 91 Bk 45 48 Lth 3

v' Fast-pair #& s ey ik scan—chain reordering /& &%
LRI EAN TR XL =R

v' Wai-Ting(Allen) Chen, Chien-Hui (Christina) Liouh@rles H.-P. Wen
and Sean Wu," A fast-pair-based algorithm for sdaain reordering fo
3D integrated circuits," submitted to VLSI Test arestability Workshop
(VTTW'10), 2010.

v' Wai-Ting(Allen) Chen, Chien-Hui (Christina) Liouh@rles H.-P. Wen
and Sean Wu," A fast-pair-based algorithm for sdaain reordering fo
3D integrated circuits," submitted to IEICE Intetioaal Symposium on
Circuits and Systems (SASIMI'10), 2010.

v' Wai-Ting(Allen) Chen, Chien-Hui (Christina) Liou dCharles H.-P.
Wen, "A fast scan-chain reordering for three din@mal integrated
circuit designs,” submitted to IEEE TransactiorMeny Large Scale
Integrated Designs (TVLSI), 2010.

FFRtAET G
BitEvE—FHRZRBABELT

v 4T TSV 2 R U o A7 SLAR R Oy ik

v A&%RBBRNEEA SR

VBB R B R I AR

v

BERBAEMFeH XL =B



