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) R, PRI ST GROT 40 RS f R 2854 Al L
e, BT A R R AR P S g ke O AR I iR
1he Z4EEE A % (Three-Dimensional Integrated
Circuit, 3D IC)"MERREHARZ —, )
TALRGE AR R ER AR EOR . LT LUK R Y
AN HES TR — BT b, DA S AR A
JER B br. eI SR AT EA BRI NI E 2
R, DABE— DR TR vk RE, RIS
JEIRIARE SR R TT 1A 2 —
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20 20804, HAHSL (Hitachi). & 118
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G MMEMS & 4F 91, s N 21 28 BL)s
TSVEARSEI 1 d R, #EN T RAB B 5
FE20074F, =B A A ER Sk H 5| AShESREH LA H
7475 (Dynamic Random Access Memory,
DRAM) & #erh, HIfEHES AN AARUE [ 7 TSV
TR, nE2fs. tehh, & K] MRS
HATSVEERSDE ™m0, h TRk 2 —f
FHRT AR B 42 7 7%, DR B 2SR P 25 (Joint
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K 2 I TSVIIDRAME:} 3% 5]

SEREVE I A TSVEHSLII AR E ML S B IR 2%
JERERE N TR DA e e g ok A, BRI AR
BAMMEERFBITIARED, G)FETEEERN
B EEE A TSV = R R A
FEIRANDUHC S5 ol {5, 3D TCHEEAA ks FE 1Y

AR, TSV T OGS R BT A il i
T 2B ZYE @B HIED B M4 (Power
Delivery Network, PDN). (&5 B0 A0 DL #hd=
SERIBETEE T, [/ N AMETS VAL T K
ZYE AT T AR T EE AR . B R
2 PathakE NSRS TG T TSVELA v
JIFIHERS IR T — R P f Bk £E
Meg6 B T2 B Kim 2 N3 7 Rk 5 A )2 0
FARACPDN B TH vk H [ o 7R 4 4E ] B g
2 NP 7 6B B ey AT = R R A ]
Mrs o ERFABE R T Jiao % NPT T %
O TSVEEH BRI 88 T AR N fe 4
TFRTSVILAL ¥ it M13D ICH K RS T FL L it
TR

2 EFTR, TSVIEN3DER RS MO FEH
HEHAR, —HmEERTEREE, H—HH
WEINT A BIRESES RERMBRER. HA
B ot 33X S S B 290 11 B T 9T 98 33 PR HEAT T AH N () 1
WEFIEE R, NAEEESLLT LA TH: (1) TSVRE
FROREWS, AFE3D ICHA B @ 5 TSVHE # 7
Ko (2) TSV SFEUThFESR 1] in) #51 J L Y8 56 8P 15
ite (3)TSVIHE 5 52 B f e & B AL 5
W&o fefa, ASCEES T AR R S s, S
TR TSV A ek 3k R AR R B .

2  TSVRETR

3D ICH AR, O H HE3% e 2l
IR Tr, HAERHTSV#TEE LI%EM3D IC

W, R KEMHTSVITHIE, B KR
PO R B SRR, (Ha 5 R TFES 208 BTt
BT A XA AR AT, SR ARSI A . BT
PLBETHPEREAR S 193D ICHT, TSV B a) i
H oz — . TSVAVE BETH IGAE K —2TSV
FeARGE I REARE B2 R, PR R A S Bk
72, BERRESHEELE R, ERURIE R R
TSV Ja % 1% 2 B #L S IRCR, ARE
P RAE FRCRAN A 2 38 X SR 2= ok, 3
O BRI BE AN T SR . RIS RS540 (R 3000 A 8
A RE SEM R RA, B A S AR AR .

ITEESR, RSN AR T 2 Mol TSV
(PR . e B R (R R R R R S R
PHES B HRIC TSR AN 3D 1CHHT #iv
B, FAECIER A TSVIIVE BT %, R
B E BN R3D ICHRER KL TSVIVE BT %
77 1] (IR 7T o
2.1 1£4:3D ICHEERN A

HAl, HARAN3D ICHRIAEBMARCH —E&
BONEEMERARR, MMM IS T
T AR W5 K, 1ok e v B R ARG A — TR
NATAT AR T, Sridharss A\ P27E B4R 1
T MEBERNBE SR, 4 N3D-ICE. %A
F SN R 2 [ R 4 E 3D TCHE AT P s A
ko BIRTAE FHZARAY, B FT N SR RT DAVHE A b T 7E
BT Bh A HE DS A B AR LS, DUE b
W JEEETSV R RE BT S S fidl . R i%
BRYIE BEAE CRUEAT FORE FER RIS, 2 35 4 v 7 F 08
JE (k97545 ) o

Bribz Ak, fERGEBT R, EMREER T
SR ERE FE AR TR R OB . B LRSS
NS T SRR 1 T, W EER3D TC4E # i3t
177 BRI AAT, 183 7T TSV A2 1 #dks
PEo G5RRW], TSVERAERT DA ik oAz 8 1w A Ak
SRS B H T E R EHGER . Oukaira
NP FE AP 28 AR, 5INT “mITSV”
XM, BBITSVAE AR R A 3 5 4
SRR, A KRG S 1L ZAE T
B SUBRLITS VIR . ThEE A« A Ja &5 e fg AR
i, NI E RN AT G PR H
A BRICA B UE AR R 2 VE B 7ES.6 % LA, K
UT PR HERF A
2.2 EFHMEZMEKHI3D ICHEE

BEE O RS M T R Ak, TR R
FAAE BRI 7 v ERE O AT SR e B I . T
ANFEFERI3D TCTEA 5k B o K R 2 2
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BERE S, AT RALE RO 18] A 58 NS 5225 3D ICH #
B, W E RO B AT R 283D TCHAVE 3 ] B
HIEFE., LinE NPT R T —F4 4 “DeepOHeat”
MIBIETHESE . IZMELRGEE & 5T ST R B AE B &
W, Al THENLAT DU 58 BN 2 N i 77 R 2
TS SRS 2 ) o IZAMERLIE SCRFAE S HUAL )
PURNCE, EHAEEN E 2 ZHEHI3D ICBTHI R
SRBEMS SR AR R T . Kumards AP0
VPRt T — b R L 8 o ST DR B 2 B BT
%, AZITIEAT LB RS 2.5D /3D IC i K
AT HT . BEFTH EEAE AT 7 ML 00 5 A
Al PR TC BT A5 2 B IAGE g T, (43107 AT A
FEDRF = B O [RIINF 5 &% - JE N 1) 445 4 22 70 B 4%
BRI Z2 S RSN, NEEAKTSV
RBhARERIRME TSEH TR

B, FEREBTNERGEEL Y, TEGS
% R AR BT RIS B S BEACE . TR TR B
IS 5] DA K% 56 S ASE Py 75 B2 ) TSR B U . IR BB EHT
SN B R TT R E
2.3 ETHRESMIMUUNTSVAEELSR

3D TCTH Ml AR AR 5% i R e Ay il 240585 v P g
FETHH G 3R, AR @ N AE3D ICH BRI A
537 FE I HAH R FAE B SR M ,  5 DUJ7E 1 12 5
JE S IE AN RE T B F S A i A e DA R 3 2 2k
WEEA R ER, PR T, CARA
RAIPKITSVEA — 2 MBIk #t s i
RGBT Z T, WP T TSV BRI R
Wang%5 ARSI H T —Fp i #4345 )2 (Thermal
Redistribution Layer, TRDL)MI#&i# fL.(Thermal
TSV, TTSV)AH AR RS K5l AN TTTSV,
AFTEIERTSV, HIEIhRE NI At B Al
PUIK B B AR @R TSV /TTSVIIA R,
BEREIRTHHOARIR, Rtk s i B g . A
i), WFFCH TRDLH <6 MRS 25 4 RE 8 2 25 1 o )2

FERISIE. SERRM, (FH TAH RGN B R R
FE T LARRAK4.43 °C,  HEAARST R B 43 A1 A AR A
B15), ULZ T T DL R T A T SR
BRI 708 3R A BT M R R B L i 4 R
YENTSVIIET MR A B T3 m3D 1CH #ik
Aeo XufE NP T —FidE T TSVHISD ICEEIE
IR, B FC T 5 AN [R) 35 78 A4 R} (0 45 5 BE Bk 40
KA ZERERRYKE . A BRI A0 KA RN ) Bl
PERE, MBI RE RIS R T A, SERE
B, DLRLBERRGKE VR MR FE AR I TSV I #4 1: BE
WA T HABSE S M R . BRI A, BEERIEHAR

PR IER R, IR L 27 ST R A TS VAR Jm it AT Ak
N ST BR 1) v A8 . Wang % AP0
TAERCN G R NRL PR S, PR T —Fb
M T =4 LR G E B R m TS VRS it J7
o BHHIE G0 SEVE TN AN 7] () #4024 TRER (U AR i
FE PR TR 2 AR 2 ), R ETT
IEHAE T TSVEESI 2 H, MR a il A IR oo Bk
WY TF R ITE R AT AT A R

2.4 TSV AIiE)RE

7E3D ICHIEEHEZ T, T AR R
PR ZECRRD, LLRTSVE EBREAER. /A2
MR EEZ MR TFRER, it TIELEG
S FBMR NP A R RS . XA AR A
IE 2 FBURMABIZIKALY, AIMAETS VT E
R IR R ELR . IXFHRHUN 17T RE Bl &
gz Y EONRLE A, R FETSVEH
1k REIR A L 28 R R, AT ™ B R M 5 AF 1 ) S
Pho B, B TAEE RN AT T IR AT
Pt T VFZ TR R RN T 1)

Liang% NFR A R IT o kw7t 1 ik & )
FPEAE PR BT R HE B = 2 B v ek AL
SER ISR . BRIEZ AL, Liao%5 NP2ME I IE
SIS T TSV EAR . @i [EBEAE 78 R
XS BE ARSI S SR, R AE R A B A AR
PR 2 10K (STI) R AR HEAT B0« BT AT 7T
ERR T @RGSR SRR, &
JOF AN GG BE R TS g B R, 45 SRR W TR 3%
AT 3D 3 R A e K, IMCHESL I BARHELE SR
— o133,

EFXFTSVIS ) HI52M, Kino%F NPHEH T —
T K & 20 (Negative Coefficient of Thermal
Expansion, NCTE)# ¥}, FIFH &k T DL 20 %
fiK3D ICHTSVHIFAR Jy, FHrp A 1% B
TSV&iH, mE3fr. BN AANCTE

NCTE# £}
ik

FEACEER TSV
ﬁl Gl

EILhE RPN

K 3 BABANCTEMEHUTSV S, f7m 2 EBY
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FEE A EAL S (MnN)PEATSVATEAM B, TSVHIHA
N 7345 LARI A, AT e s B R 3D ICTHI M RE . JL
W, MoNEA 55 B ZE RO R, L
WA iE FFTSVHIT B iH] . EHEEE R
. BFRGRERY: SEREMMEL, SEEMN
400 °CI% %23 °Cl}, NCTER: B B84 kAT
T 5 KIS ST FEAK60%
2.5 ETFRURALANBVRESIRATSVIAEIRA R

TSVINRER TR, B 7S TSVAS KR
SERIRRTRMRE M, 18 W] DLUE I AN T T 5 kAT
AN, HA R A )2 — B R A E BRI
H R BRI A R T B %t 2 MoK e i
WIE, JFEEIZEIE AR, A RA SRR
TR AR RO HER g . Bk, AR A
R TSR EI TR, WFEE A TTSV S Mk
R EAT A . M T B —BEWLH], Z T R R
H AP RPEREL %5 . ShiZe NP T K il 18 i
RVENELIAGR, TTSVAIE AN #E 3B Z R A 3D
ICAH TR, %7 R EERAEFHTTSV R 7
Z, PR T HEGAEIRR, RIS A FE
DM T 56%. Wang®s ANCOMIHEH 1 —Fh ik
ETSVE MR 3D ICH @B T 5. &%
FHRA W EHTT RAI3D ICE /& — 2 HuL 5 ™
BRI~ RO E R T A
%, GEZMINRRTR T ZENER. iR
SEILRE, AL R EE, TRA BRI R R
i, HFHBETTTSVIER, & KMFEEZRE
10.75% . W FCAE IR SE M P R BT AR T —
AN B FTHELE

TSVHUA T 23D TCHE A v B SO A 2 ¢
ML HIRRELRE, TEGAZEZMER,
WS P SRR 2 FERE . BhASThHRE D A . 2l &
PEDL B A S . Rk RIE B AN 2
RNEBEME-ZER- RGN — kML, FFNEERESD IC
1) S FH A 8 M i S 4

2.6 FRMLSERFHRNG

ARFE2AFIA2.29 EE YA 73D ICHEAL
AN, M2.3~2.5T e 7 ZMARKTSVRE
P % N T EINE AT AR TS VEUR T 21
PEREIL S SIERVER], ARMLEEE 7RI 1
HE, MERIFIR,

3 IhEEHISEIRTEM

DR ) A AR e B It S R MERE . PSR
PERE FH 5 i PRI AS G R 3R . DR B 2R AL
AR DFE A FEARIAIRE,  F Y55 B DU ) =T 7 1y
BRI 2% () R e Ve S e A AR B T . AE
KHTSVAE N B AL BT ) S 4ifrh, TSV
A PR 1 4 A T AR AT LA m I AR T 27 AR
HLJE R . B 1L (Electron Migration, EM).
Je St A B H R A A )

NFRPIZ LR, BEFN R T AR SR
W&, WTSVAT R PDNMLE R, 43Af 2
AR BT A A HORSE . [RINIE 5] A 3)
A H BRI % (Dynamic Voltage and Frequency
Scaling, DVFS)& /7%, LAtk — B R HIRE K
AT FEE o
3.1 MRTSVAig R SPDNRILTTE

NGAFTSV 5| R I LR 56 B r) @, ST 5
MR R 1 T Z At 2. K,
TSVAG Rifiitk A K 8 73 4fi | (ReDistribution Layer,
RDL) &IOR8 . £ X TSVAT RIS, A5
YR WAL 7R (Hybrid Memory Cube, HMC)
ek IR A TS VAT L RSP 1 I @, 2t 170
MAPDNEE R, 207 ZWPER TSV A EREA
FEEFIB T, FIEASEIITSVEE RIS O T &3 40
FIUL AL ERAT, PEACSE AL A FHAT Y s R B, JRAEH
LR A AR 44 B A AL RE ) 5 U5 I PR RE .

ER—TF R T, Xu5FriedmanP 1 #EH 17—
FhdE T M8 S5 I RDL T, WREEAERDLZ 2

* 1 RREITSVEATT RHMEEEIL S 5EREE

WEGH  BEUMR A B I R
T R o BABARBIISVEE, BARGRE B SRR G
Smis gy 28 THSIEREG, TERENWE  Crppiew samadsike ek A LBER

SEREF AR, REFRIEL o e
. ARSI, BRI b SRR K, AR, B TAPEREI B S ATE A
PARRETSY pol Wk, TRIREITRED BRI ol eI R BRI T
Wwrsven gy VHETSVRIBARDD, WORME,  MMBLESRNE, REAK T RIED IC. AR
z G R, R 75 PRI BT B 20
SONCTERRNG 0 SUTBASODIME, MG, RS, OEREREETAT RS S

TSVEH PSP, WG K, ELRRRA R, A BT
TTSVEBEAS (35 TSVERAM S MOEEEA RSN, WERKS, B AR

Bt 6] B, SR b U SRS A R EIAS
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& B MR EREZ AP /G TSV &, AR
il 7 A& S R SRRDLIHL R %, 8% 7RG
PRI, ElaxftbfEs TR RDLAG ) [ DL
HEENE, REMWIRE SR AR EE Y G
FACAERE 2 AL S50, RO P T R
L, BEMG 7 IR R . 24 WA nE A T
TSVHEZREE S MAIR RS, v LR ERA
PDN& ) RS (MR ThFE 32 g
3.2 KiBH R (DECAP)SHIFFITER

TSVAFAETF A S HTH, RS B IRARIR S
5y 3| RECR B B IR ISR 7S, X fE— B B35
ma ik AR E PE DL R RGBT FEME . A R X — i)
B, HuangZF NCPSFEH —F 5 2 £ 3 H K AL
il J b2 A R R I TR (Voltage Regula-
tion Module, VRM) 54 J2 33 25 8 L (De-
coupling Capacitor, DECAP )M B, 2N 2
% die N 143 A 242 46 B LR A8 % 28 (Fully-Integ-
rated Voltage Regulator, FIVR)W R E R4 .
EFERISEEL T A Y R ) S 2 i R IR R
T Ik 7E A SRy HE s ) 28 R R 0 R R D 4% 2 [A] B
FIVR, Wikpept B2 A Siias. RS, gl
FE R AL BFESN AT A B EAME, AL
] 7 HH R S TSVAEE Sl E M IR . 1207 R i
e A 71 1% B FELUR X 4 B 7S T DO RE RS
1.11%, &EH T FHSoCRS . FifEEfrH —1k
PR R B R T &
3.3 BHMBEAEHEIScCHAINH

Bt AR DL K B B8 SoCXf iyt % B . K 2h
FS AR T RMFEIEEEK, TEEBZEIIA
W & G007 B I — R AP, gt
&R E HAE S AT TSV H I 2E DL s
AR IE S I Ol e RIS o], AFFT N B
AR TSV (nTSV) K BT T 4t HL W 4% (Back-
side Power Delivery Network, BPDN), U H
WIS S, Bt Aa3risr %, #%h
TR 28 55 24 2 AR B IR B ER 23 ) R B IR
BPDNJT &, ML R EREE TR,

(a) PLER

O HIETSV

zzz fERDL

Y
RDL M %42

HLR L I BPDN 7 R4 AE A T A7 Bf 4@ 3L
FHLIDENTSVEEART & @M, BT LA T %
fRIBE % TSV 1 1AL F A% B 422 0% & 95 ik
2, BEER T ZN B B TR R
B LSS I R A A R AR . oy YRR
BPDN /7 & (] 1 8 2245 & Arm “F- 5 7E5 nmZ it
SN B RS T T R AR, A A
FRAK T 242 R G0 WU H R PR AN D R 2 P . ¢
THUES LT R, A Fintelfg 7 —FhE
B IS fL(Power Via) B B &5 U, HAE R
PERECPU L SEHL 7 e 20T 2 1k f 4 s ) e B ik H
W&, ARHGERE T AR, BN TR R, K
BT ESMARE. ARERETENMLBRGE
Radosavljevi¢ZE N2 H 160 nm 8] FEHEE CMOS
AHZS, Eilid Power VialiL &1 R /s Bk
(BSCON)EVDD 5 VSS Mts /5 1H H AN A
X, #F— kgt BRHPTIH IR UE 7 X IR-drop 5
R P o4 e 7 ) S S M

FETFLLEE, Zhu%e AN2F]H28 nm516 nm
T Cortex-AB3Z %6, MEFFHXTEL T RH
M R SRA G HES T N 3D A B 2% . [F]
T T —ME TR G B A S LM PDNEE
e SEIER, KA1 pmiB S84 13D ICEMH
FIPDN B &4 &, 0¥ f5 K HL U H T B B I
17 mV, RGEEITHEEAT6%. R SCEFRH,
TEAERHEZ P TSV IEIE XAt Mok ih& 2
TSV AR J5 A ST 42 ) 2 Ao T- 52 H ik i e e
JCN R . B AR AR TS ViiliE T2
AWt D, B 5SoCHI AN Frofs 2 n) R Ih ke
L5 0 i B FE (R T ) R
34 ZEEETHIEEESHTIBIERZE

3D ICRGHAFIE 2 A RIS TR,
& e M R C B COME DU N H Dh#E I 3l 5 3o A
Ak, IHFERBEATSV R E R A HE R
Heo DRI BINGERYERAT. 3B 4TI AT sh A FEHL
il BEA ROHAT D FEF .

DVFSHLHIE 2417 2 I (1032 17 5 ThFE$ ] S n

(b) Zigfeftd

& 4 RDLZ5 157
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o

=]

2 %

AT %

Z—o Haj-Yahya% N H T SysScalefEZ:, F
sl ab B BT 2 R IR 40 51N TSI DVEFS
PN, avEae I ST EGE, ST
HIR AR, 8 B AE S AR A I () D 5 MR RE 1R T
FAL . S256 BRESPEC 5 BG4 HIAT 45 h AU
Al AR R e AR e v, T H B TR T I1A36.8% .
Maioli% N H T —MIEH TREEZIRARAN
DVFSH %, f&BheesE a5 &
G, I T 3.7 AR T DL A 205 AT I .
CHTTUEE B SRE XT 3D HE S A i Bl AR e Bl
EIRTF RAM DG AR —E B KE L.

L SR Z R B LT, REER)DFE5 i Al
o B —HE TR E., X T & 256
TSV. #HFFL(PKG via). ERHIFESI(Ball Grid
Array, BGA)% R B HETRUR, AN iR
T— RN RTTE . Kim& N T —FhiET
AL FIE I VR SRR A TV, RGN 2 B
IS R TSV, PKG via, BGA MR 20t FLI %L
SO, A A ) G TR IRRT FEYE M
Z AN PSR, a8 SR T DAE O
SR AR ) A R R DIFE L R B R A, AT 2
FF3D-TICHLfL  Fa g M. IX 3 TAFE ADVEFSHIft iy
FRAE AR IR S SR T 07 VE SR, s T
P g5 R v B T TSV B R AR BT B0 A% 1) R it
T RIEFRfR R INE
3.5 ARMESERIARNG

3 A3 FEYAR T LB U TT &,
SATMMNGE L, BEMERIT. N T EImENH
X LEANFREE T R BB SE T, ARG
AR T3 B3 3TWIT I TR, WR2TR.

2RI TT R DL AW M. AL G 0E [
PDNRAL S T H . %4 (ETHPDNARAL A 43 A
KPR TSVA R MEIERDLEL & 325 #-FIVR
SERRIE, XLy RAREAR) T2 kR, HAHR

T AT, B E X TR-drop AIAf
RMENMCEERE AR . Wt E 3T ZREY
T 51N R AR ok HEE U IEHLUT R R
TR T 0 5 & B R D En TSVEATIE
)&, Bl L2 LT Raeksl, Hew s i m it
HLE R B = BRI T 55 AL R 7R R A2 4
Jod 55 )RR O A B ) A P-4, (L 0 2 L
TS THHE BN TSV SR 1.2, REBEFMAE
Him T RER TR, HafEEL TS5 nm &L 5
IR H B B T AL B PTAR AR, (EXRE
VRO R P SRk b=, A AT T SRR B

4 EEEBMSSTREIERIT

ISR 3D B i HEL Pt 38 320 T [ e R R
HETT R RE. TSV NEEE BIERZOHM, BT
1% 145 = 56 # M (Signal Integrity, ST) Al A2 2.
Mo METAH%2D ICHHE S HiE, TSVHEEZ
15 25 AR TE GHZ B, T 2 MBI E IR . 55
RGN REER LA W, e RauEE R E SR E.

TSVIBH NEA2~10 pm. = E10~50 pmi
AR AR AL, A5 RNHL K T AR T AR HLRE S A R
B R RCHER 4% . 7E RS R, g
I 5| R R SR T LI S AR I R 2206 S 5 IR P 3
WS R SE TSV A 251K
B, ERRE A S IREE I, sk, TSV
EEE DR MESIAES: S 5 ]GSR, mE
T G B A AT RIS 7 A R A BT A0 R A A A i ot e —
AT,

NFERUL ERR R, G ETET T TSV ES
FRAL . HREBR R T S M DL K BT 3D HE
Tr RN A JETT, IR b ik =4 B R G A
SEPESRAL T ORBHER S .

4.1 TSVEMSH R
TSV S5 H AT Ja B & MR A 12 . (&

* 2 R SRR EN R R

EAW | B EE E— E
7 iTAPDNTSV T E G L G HLR, R BT Bk TR E B0, i
13 = % 3D-DRAM. HMC
1 [13] R PR A R R
RTRBANG | RSIRDLTRAGERRI), € BRENGOR, TERARN  TSVERERE
RDL il TSVHLHIA % T KR -drop AR SR H e S HI3D-80C/2.5D £
EE A FIVR HIBITLAG S TSV 52 8] 0 i o ZER TSVEDICHSE
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Review of Research Progress on TSV Technology in 3D IC Packaging
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(School of Microelectronics, South China University of Technology, Guangzhou 511442, China)

Abstract:
Significance  Three-Dimensional Integrated Circuits (3D ICs) have emerged as a key research direction in the
post-Moore era due to their advantages in low latency and high integration density. As electronic devices
demand higher performance and smaller form factors, 3D ICs offer a compelling solution by vertically stacking
multiple chip layers to achieve enhanced integration. A core enabler of 3D IC technology is Through-Silicon Via
(TSV) technology, which facilitates high-density vertical interconnects across layers. TSVs have contributed
significantly to performance improvements in 3D ICs but also pose challenges in thermal management, power
integrity, and signal integrity, all of which can affect device reliability and operational stability. Addressing
these challenges is essential for the continued advancement of 3D IC systems. This review outlines recent
research on TSV technology, with an emphasis on thermal, electrical, and signal integrity issues, as well as
current strategies for mitigating these limitations.

Progress  This review systematically summarizes the progress in TSV technology, focusing on the following
areas:

Thermal Management: Thermal dissipation is a critical concern in 3D ICs due to elevated power densities
resulting from multilayer stacking. While TSVs improve interconnect performance, they can also introduce
vertical heat flow paths that lead to localized overheating and reduced reliability. To manage this, various
thermal modeling approaches—such as Finite Element Analysis (FEA) and thermal stacking simulations, have
been developed to predict temperature distributions and optimize thermal performance. These models inform
the layout of TSVs and guide the incorporation of Thermal TSVs (TTSVs) to enhance heat dissipation.
Researchers have also explored the use of high-thermal-conductivity materials, such as carbon nanotubes and
graphene, to improve thermal pathways. Optimizing TSV density and employing multi-layer thermal
redistribution techniques have further advanced thermal management, contributing to better device
performance and longer operational lifetimes.

Power Integrity: Power integrity is a major design constraint in 3D ICs, given the complex power

delivery networks required in stacked architectures. TSVs, acting as vertical power conduits, can introduce
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issues such as voltage drops, electromigration, and power noise. Several approaches have been proposed to
address these issues. Layout optimization—particularly through uniform TSV distribution and the integration
of Backside Power Delivery Networks (BPDNs), helps reduce power delivery path lengths and mitigate voltage
loss. Dynamic Voltage and Frequency Scaling (DVFS) is also employed to adapt power usage under varying
workloads, particularly in high-performance computing environments. Additional methods include the use of
Decoupling Capacitors (DECAPs) and Fully Integrated Voltage Regulators (FIVRs), which help suppress
power noise and maintain stability across multiple voltage domains.

Signal Integrity: TSV-based interconnects must maintain signal integrity at increasingly high frequencies,
but parasitic inductance and capacitance inherent to TSVs can degrade signal quality through reflection,
crosstalk, and delay mismatch. These effects become especially pronounced in high-density, high-speed
interconnect architectures. To address this, electromagnetic shielding—using grounded TSVs and metallic
isolation structures, has been shown to reduce crosstalk and enhance signal fidelity. The use of low-dielectric
constant (low-¢) materials further minimizes parasitic capacitance and improves signal propagation speed.
Differential TSV designs and advanced interconnect architectures have also been proposed to reduce
interference and enhance signal integrity. These improvements are essential for achieving reliable high-speed
data transmission in storage and processing applications.

Conclusions While TSV technology has advanced substantially in addressing the thermal, power, and signal
integrity challenges of 3D ICs, several limitations persist. These include scalability constraints, power delivery
reliability under high-density integration, and diminished signal transmission quality at high frequencies. These
challenges highlight the need for continued innovation in TSV design and integration to meet the demands of
next-generation 3D IC systems. Several promising research directions are emerging. First, there is a growing
need for higher-precision multiphysics coupling models. As 3D ICs progress toward large-scale heterogeneous
integration, high-speed data communication, and extreme energy efficiency, more accurate modeling of the
thermal, electrical, and signal interactions associated with TSVs is required. This calls for enhanced integration
of multiphysics simulations into the Electronic Design Automation (EDA) workflow to enable co-simulation
across electrical, thermal, and signal domains. Second, co-optimization of BPDNs and nano-TSVs (nTSVs) is
becoming increasingly important. As chip dimensions decrease and stacking complexity grows, traditional front-
side power delivery approaches no longer meet the required power densities. Improved BPDN strategies, in
conjunction with nTSV integration, will support higher stacking capability and improved energy efficiency.
Third, the exploration of new materials and TSV array structures offers additional opportunities. Carbon-based
nanomaterials, used as TSV fillers or liners, can alleviate thermal expansion mismatch and improve resistance
to electromigration. Incorporating air gaps or low-e dielectrics as insulating liners can reduce parasitic
capacitance and enhance high-speed signal performance. Meanwhile, novel TSV array architectures can increase
interconnect density and improve redundancy and fault tolerance. Finally, the adoption of Al-driven TSV
optimization holds considerable promise. TSV layout design currently depends heavily on manual heuristics.
The application of artificial intelligence to automate TSV placement and power network distribution can
significantly reduce design time and accelerate the transition toward more intelligent 3D integration design
paradigms.

Key words: Three-Dimensional Integrated Circuit (3D IC); Through-Silicon Via (TSV); Thermal management;
Power integrity; Signal integrity
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