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Development of thermal design techniques for 2.5D and 3D integrated circuits
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Several thermal design techniques of 3D ICs were developed. 1) As heat
measures with heatsink, a structure that the sidewall of the stacked chips is covered with metal, a
metal plate is inserted between chips, and a metal plate is located in the bottom was devised. As
heat measures without heatsink, a structure of a metal hat was devised. 2) An interconnect
capacitance extraction using a neural network was devised. A power supply voltage stabilization
technique using the multi-objective genetic algorithm was developed. 3) A placement optimization
technique to minimize the maximum temperature and wiring length on the PCB was developed. For
thermal analysis of wearable devices, thermal resistance models of wrist- and glasses-types was
developed.



B X C—19, F—19—1, Z2—19 (Jtm
1. AFZEBRAA 4 A DY 5
1 o0F v ZIZEIEE AR T 5 2 WorERIRIF I FEEEREIE 2 %50 85 2.5
wotd L IFXREEF I OHERD SWTHEEERBIKIX 1 >0F v 7OmEEEZ /NS TE,
%;7%%&%%<f%é@f KES., @l IICT2ZEnTED, LrL, BETS
LR TENVEENELS 2D, BREANKERBELE 2o TV D, BEERERIKEOEZEET
LA E LU EADDITERICBEWT 2257 030 XA S —< LT Z AW mEIiE,
<A U aF xRV E RN D B & SEGER R IR T H A ERNRE ST D

2. WFZEDHKY

FEIBEMEIKIIIRE S, @l MIOREESET 5, 3 IRITFEEEMERIRITE) B R 7 if e
Thd, KFEO BT, EEORBEERERIR 2RI~ 5k, BXOEE S HICOAER
% 3 Tt EEMPIB OB HEINZHB T2 L Th o, BEEMICIZ, DNy 7 —T OB
FHE LT, AN AR E 2R S A LD WA O 3 RSB EREREE O EEAT O B %
%%/7@ﬁuﬁébf A B Lo EIR L B & BT 2 7 OFLE R IC K D EL
I AR B AT VT TITNT A AOBMPIET VOB TH D,

3. WD KHikE

2.5 RITB LS WTHERBERBIKIZRB T /8y 7 — UEGEEH . LT BV EMNT 2 Fhi L .
ZhRB 72 i HEA & Bl 2 5., %/7ﬁmﬁkbf IR FRAT Y 7 b & b7 3 ) XA
ZRWT, BEEREREOBRLE EBEEKBOTZD DS EERLNTT 5,

(1) 3 WoThd ) EAEE] I O v BT o B %

Ty AffEE— " IRKE T R — "D X D ey I — DA DG FIEERE A R
T& D IERA KL 22 2R 101 O 3 ot BRI O m H B 2 4R % 5,

A—R T2, DT TTNTNA A AERBDIAZD X 9 7e/Ug B85 ClrIsa e A
EEAFEHCE R, BRBEADITIT TEEIIHIT 5 72 O i /2 m A E 2 e+ 5, 4
ERAHEERE 2D WA, — RIS Sy A — VR U v NERN LT AT, Fb
F CORRERBHERC . T —~ LT L— NAREZ E — N U 2T DT HIEERE T 5,
(2) F v TINELRA B fhi & B E(LHAT O B %%

=a2—TF Xy NU—7 RV %m®7n75A%WWﬁéoé%m%E$EE
BOERRBKEELZET Y 7 L, BIBETZEE L, ZBEERHNT VI A AEZHNT,

JEEB DRI E D453 A — &@m@ﬁ%*béo%ﬁm#aﬂﬁf—&iﬁﬁ%ﬁ
BEAERO VA ALMME, Ty THNOBIBROY A ALMR, KEOTH v 7V v VR ERET
5D, THOIZEICEFVHERE CERDE FIEEZIRET D DICHHATE 5.

(3) 7V v FEWR EOBEREIL LY =7 T 7T 3, ZAOEBMHIE T LV DOBA%

F v TNORIKE T v v 7 OFEE ﬁ%ﬁﬁ@f K DEE~DHREEZBE L, BT LA
VA LZRWTERBEEEZRITLC, Z@EELEBIES, £/, V=T 77T 31 ZADE
%ﬁ%ﬁ%m#%tbwUzbﬂ&xﬁ*ﬂ®ﬁ%ﬁ%$w%%%ﬁéo

4. WFFERkE

(1) 3 W thd e EAE ] O v BT o B %

t— b7 O XD AN HEEEE DME 2 D56 O 3 RoTHEEEMRBIKOBIRK & LT, H
BT v TOMAEEE A X VTEBW, Ty TRICAZNLT L —FEffAL, ESIZAZ LT L— |
ZHiE 95 Thermal-SIB (Sidewalls, Interchip plates, and Bottom plate) HEZERL
SHIT, YITNTFy TEEIC D 2.5 WOrEMEEIE ZICH LT, ETF > 7 & Fmicil
RAHEEEFHE L7 (K10 (a), EOMEEEREEIREZX 1(b) 127 T, Cl & C2I1E—RFATicse
F v FEfEE LA %77, Thermal-SIB K UONFFHE ORI ERNEWZ & 252N
L7,

SR HEEE 3ME 2 2RV E OB R E LT, K 2@ IR T LA XL THEI G (¥
NNy B EMESR) 2R LTz, K 20) IIREEBEIEEZ/RT, Cap (FETICOEN W EAE
£, AX NNy MEGEITEREEKEIERN BN E A LN LT,

x 1 fETRANE
@Normal @ Thermal-SIB

z No. | Rl | FTYTORI W)
] (Bottom/2"/.../Top)

Cl 5/5/5/5/5/5/5/5/5/5
30 4 C2 1/1/1/1/4/4/4/4/15/15
20 C3 5/5/5/5/5, 5/5/5/5/5
10 + m m m m C4 1/1/4/4/15, 1/1/4/4/15
0 C5 5/5, 5/5, 5/5/5, 5/5/5
e e e c6 1/15, 1/15, 1/4/4, 1/4/4

AT, (°C)

I ININ|F |-

(a) H&it %)m&ﬁm%%
X1 Thermal-SIB & FV 7= 3D IC (AEAHEERE %4 5 54



80
o7
etal Layer [
Device Layer 570 ¢
Metal Hat y i &g F i
L e 111 P
(i Z 222 %)
= PR D 2= e Re BN

(a) HE1E (OB R R EIES
X2 AZNANy REHWE 3D IC OMBAHIEER Z b2 0EE)

(2) F v FWNERE B & BRSO B %

3 WITHEBERENI OO B EIRITEEE I TH D, HIZIXZDOMEEEN L L TR A
A v F L VB/AE, By, = fCVETRENS, RN, CEERLY — MEO%HR, VIS
JETH D, = T3 WTEMBIEOEICEET AT & LT, EMAEMD & EREELE b
Wz BR%E Lz,

=a—I N3y NI =27 ZHWEREEMNEZBR LER L, M3@IrTLoC, &
WYY arerT (TSV) frofdEsHuviz, ZoMmtizE%2K 3b) IRy, T—X 251

WXBHERINT Y 7 N 2T 20O TEL O Z BT 28T EZIFET — & & LT, SEHRO
/ﬁ%%;k&)éﬁ% IEFICEBICHERBZEON D, MMRBRELEANTH- =,

ZHMERNT VT A LERHWZEREEZELEN 2% Lz, K 4@IRT L1,
ETF v 72 BONEGTRICSEI L, 20 1 SOETEZ 4(b) IZ5RT L 9 IS MEK TET
Vo742, Thy 7V I7R5E, BRIV v FEHL, TSV 2B EDOEFRELE TN T
b3 5, TORERNRK5(@) THDH, RO T LI/ — RBREELEZEERT

(ZZTIE30mV) LINEZRoTWB Z ERbND,

Frequency
w & @
8 8 8

]
8

100
0

I N A A
o
©

Error (%)

(a) TSV J&10 o EC R 151 (b) fhiHREZE
K3 ==2—F)xy NT—7 &AW -EHRAERmH

- - 22 H H RJ“-
On-chip = e P
interconnects ] Ry
Micro-bumps V] =
. - g Ry
Chip substrate —sf -
Bk A Power G round time
v
Bump
(a) BT v 7 & EIFIRITHE (b) 1k (EHEK) OETNV
B4 3WwcHET v T OERMGFT OO DET Y 7
-Before u After -Before lAﬂer -Before lAﬂer 400 L
c“: 300 - 1B
100 Emno E % 200 | ,y— =
< 2 ’ H :
1% 500 - g 100 | I I :
1 2 3 4 5 ‘I 2 3 4 5 1 2 3 4 5 D+ . T
Chip number Chip number Chip number 1E MZU2224262&3112{3'::,6334042“46455@-—
(a) Cd/Rgrid/RTSV Q%ﬁﬂﬁ (b) é% P4 700) 7 U P4 }\UD*F [5141?

5 ZHEMBLRIT LT Y X5 xRV oR R

B) 7V MEWR EORERELEORT =T T T IVT AL 2O T L OB
3 ITEMREIR O F v PR 2 &3 7V o MR (PCB) O LA E S b i oo
B L, SOICEBEIBAINBEINTZ T =27 7 70T A ZADOBG RN ORR 2 Elia L 7=,



BB R b Tld, BRI 7 L2 XL %4> T, PCB _EOEKIERE & &5 5L B OB % i
IMET %, 3 IRTCEFERIEE O AR, FEEER L & FEFENER S O 5 & & T PCB _E o Fd & feis{b
EH LWHINCH 5, HEERD D 72O OBRIEEER S 7' r 77 A CTHEME L 72, X 6(a)
(DR RE DR E L IRE DA 2T, Bl b ORERNK 6() TH Y, IBENMIB I TWD
ZENbIND,

T xT T T NT A AOBERTIL, 3 RouTEE BRI OE MR BUR R 2 o T
REMRPUSEME T AL, VR MUY =27 5 7T 8 A HICBMEHTT T L 2B
LT, ZOTTIVIIEFITDOROVEMPIHE T CRBE RN 2 B L, Bx AR IR~ b
DY A X, ik, MESEZFRE TS5, MTIZ@EEE b)ETLOMAELZRT, S5, F
kDT T A 2T T TNT N, ADBGEF OO OBIPITET VAR L, 2T —
VEEMAREICT A LT, x4 TOA— NI RIZKHIETEL LS L, K8
(a) A T OEE L (b) BUEHIET LV ORREE T, BENEFICHWI ERNbnd,

- D{4,13,14,18)

e
L ki) 4
.1 K(12) -]
e A1)
s
oo
s
.2 1(10) ——1
- 19.12) .
0
M{15) -]

(a) FIHABLE & I8R5y A (b) FxiE{b1% ORECE & R AR
X6 FUvbhEREDOaR—%x2 FO/E

I/

L= Hig)
L FiT)

— 0[17}

Jiay
M

G(T.15)

L(13,20)

A1)

1Solver @Model

3 Device body
R/

> 1 2 5 H ' 1111;;1‘1‘1122‘222
5 &3 Node number

(a) U A MUK (b) BUEHLET LD

X7 URRY=T T TNT AL AOBIGET L

Temple Display

2
3
2

Templetip

o
=]

Battery

Frequency
o
o

Device body 4 Nose pad

Error (°C)

(a) 77 AR OHEIE (b) BMEHTET L OF

X8 52T =T T TINTF A ZOEIEPET IV



2 2 0 1

Kodai Matsuhashi, Toshiki Kanamoto, and Atsushi Kurokawa 20
Thermal model and countermeasures for future smart glasses 2020
Sensors 1-20
DOI

10.3390/s20051446

Yuuta Satomi, Koutaro Hachiya, Toshiki Kanamoto, Ryosuke Watanabe, and Atsushi Kurokawa 17
Thermal placement on PCB of components including 3D ICs 2020
IEICE Electronics Express 1-6

DOl
10.1587/elex.17.20190737

18 0 9

Kodai Matsuhashi, Toshiki Kanamoto, and Atsushi Kurokawa

Thermal resistance model and analysis for future smart glasses

IEEE IMPACT

2019

Kodai Matsuhashi, Koutaro Hachiya, Toshiki Kanamoto, Masashi Imai, and Atsushi Kurokawa

Thermal modeling and simulation of a smart wrist-worn wearable device

SASIMI

2019




Yuuta Satomi, Koutaro Hachiya, and Atsushi Kurokawa

Thermal placement optimization of packages with stacked chips

TJICAS

2019

Kodai Matsuhashi and Atsushi Kurokawa

Thermal countermeasures of glass wearable devices

IEEE International Conference on Consumer Electronics - Taiwan

2019

Ryosuke Kasai, Koutaro Hachiya, Toshiki Kanamoto, Masashi Imai, and Atsushi Kurokawa

Neural network-based 3D IC interconnect capacitance extraction

International Conference on Communication Engineering and Technology

2019

2019




2019

LSI

2019

Yuuta Satomi, Koutaro Hachiya, Toshiki Kanamoto, and Atsushi Kurokawa

Optimization of full-chip power distribution networks in 3D ICs

International Conference on Integrated Circuits and Microsystems

2018

Koudai Matsuhashi and Atsushi Kurokawa

Thermal management for future wrist wearable devices

International Conference on Integrated Circuits and Microsystems

2018




Kaoru Furumi, Shintaro Okamoto, Toshiki Kanamoto, Masashi Imai, and Atsushi Kurokawa

Impact of distributing 3D stacked ICs on maximum temperature reduction

the Workshop on Synthesis And System Integration of Mixed Information Technologies (SASIMI)

2018

Yuuta Satomi, Koutaro Hachiya, Masashi Imai, Toshiki Kanamoto, Kaoru Furumi, and Atsushi Kurokawa

Power delivery network optimization of 3D ICs using multi-objective genetic algorithm

the Workshop on Synthesis And System Integration of Mixed Information Technologies (SASIMI)

2018

2018

Seira Kamiie, Toshiki Kanamoto, Masashi Imai, Shintaro Okamoto, and Atsushi Kurokawa

Modeling and analysis for predicting clock skew of stacked chips

Tohoku-Section Joint Convention of Institutes of Electrical and Information Engineers (IEEE Student Session)

2017




Ryosuke Hatsuta, Masashi Imai, Toshiki Kanamoto, Shintaro Okamoto, and Atsushi Kurokawa

Thermal-aware tile-based block placement for 3D ICs

Tohoku-Section Joint Convention of Institutes of Electrical and Information Engineers (IEEE Student Session)

2017

Kaoru Furumi, Shintaro Okamoto, Toshiki Kanamoto, Masashi Imai, and Atsushi Kurokawa

Reducing temperature by relocating 3D IC structures

Tohoku-Section Joint Convention of Institutes of Electrical and Information Engineers (IEEE Student Session)

2017

Yuuta Satomi, Masashi Imai, Toshiki Kanamoto, Kaoru Furumi, and Atsushi Kurokawa

Optimizing power distribution network using multi-objective genetic algorithm

Tohoku-Section Joint Convention of Institutes of Electrical and Information Engineers (IEEE Student Session)

2017

Shintaro Okamoto, Kaoru Furumi, Masashi Imai, Toshiki Kanamoto, and Atsushi Kurokawa

Method for mitigating heat of 3D stacked memory for small electronic devices

Tohoku-Section Joint Convention of Institutes of Electrical and Information Engineers (IEEE Student Session)

2017







