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Fig. 1. Flow chart of DCM solving heat transfer problem.

KL P

i 2 frzs, DCM AR 45 DY i 44 5050 1 J10 |
4 A THT 1 F 0 R 6 S 100 v s 1 i 2 v A A A
[E1] [19.20], FE BAAS DU TRTAC | A 45300 0 1V 25— A XA
T, 4 e2 XA S2, AN T X6 B = A4~ %o i,
A XN 52, S3, S6. 7B TH A HE Al ity BT A7 DU 1T {4
T R 22 1 T A X T A AN BT

Xt AL IR BB IT, 1S ST R IR A
FE T, 345 DA s 2 (R 22 (AR R i e, FAIRL22
G, LGNy AT KR A

’)’ZGT:<T1—T2 Tl—Tg Tl—T4

To—Ts To—Ty T3—Ty)",

1 -1 0 0
1 0
-1
1 0
0 -1
0 1 -1
M G2 T AT SRR, EEM G a1 T
B A, BRI — A5 R
T=(TW To Ty Ty)".

(7 Fsf P41 s T 9 9L 2 o ml LAy B e it

(1)

HARNETHE G = , 4B

OO ==
= -0 O
(an)

o

FREE g Ml iE L 3R7R:
oT oT oT
i= | VIdl=g - Li=-—lic + 5 -liy + > liz, (2
5 /Lv di=g 8xl+8yly+8zl (2)

y=[m 72 v v % %) =L-g (3

ARG L E A, ol i o A0y

@z/q-dS:—J~§:—k-g-§7 (4)
S

Hop koG R, TN R, S Feom xHE i
TR, 7 13 AL 254 (1) 20, (3) 2
(4) 2 AT 5 DU T PR 0 e 8 T ) PR S P @ My

074401-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 70, No. 7 (2021) 074401

K2 Xl T AR

Fig. 2. The process of dual unit construction.

& =—k-SPy=—M-~, (5)
Htp P A (Ligxs™ Lasxs™') /2, Lisxs, Lasxs
SRR ) A3 HE R MR AR IR R AR A R .
X TR AR A% UG, K5 BT A X T A PG
AEIMER A B AT i3 2 A 9 [ g
q = D®. (6)
D AN G BN AMERER D = -GT.
54 (1) 2L (5) A (6) XTI BARIEIA RN
G"MGT = q. (7)

2.2 KA DCM B& 9

B2 R 5 BE AN, 8 A 1) S AT R AR
T, BrASHERE EF S SRS AR S B
L

P T AT A e 2 5 s H R E L, e
BILLR = Y T AR w3 | A (= R L = R A S 5@ LR
Eﬁ(}ltb Igatel

Peak = Vaalieak = Vaa - (Lsub + Lgate) (8)

SHE AR U FEL ST T g XoF L A IR

X7 F BSIM 4 () MOSFET ffA% R H v
BIEAR AR (Vi > Vi)

Vas—Vin —Vis Ves—Vin

L (T) =K Vi%e " (1—e?) ~ KVi2e
(9)
Hr KM B TS5 Vi vk, Sl
BUE L Vin 24 B {H L.
TIAb, BARE B AT 3R 5 IR B AE G PR, [
Bsf A A 1 YR AR A mT L e ek B A 1 PR R
CIEE S /N Wl

4
E(T) =Y eT", To<T<Th, (10)
0

ot e MR AR, BARKUES %SGR [4,10).

FIAFRE I Ly (T), k(1) )5, (7) AR L

PO R U S SR E AR
G'M (k(T)) GT = q (I (T)) - (11)

B (11) 2RI, FE R B AR, T
R AR SRITH AR M (K (T)) Fzfar 51
W q (I (T)) FFE B 2H2E. XF DCM, HA4 oA
FIHERE MR 6 x 6 BIERE, ML TABRIT 4 x 4
PG KRR, Bm R, HA
CXF DCM 9 3 AL I8 7 B AR T i — 20 iy it
(5) A AIAKGHEE M (k (T)) PTGt

M (k(T)) = k(T)-SP = 8(k(T) P). (12)

(1) =X AT HAE — > PO T A B s E AT
=RNARE Y1, v, v AT LTSRS R 54 =KUY
2=, R (3) AT, SRAR SN AR [ g T T 2
B SN LRk, Pl G2 = A BN A&
i 1] 1 R AT 2R 91 g

—1
e loz 3z M

gzx1= | liy loy I3y | 2 (13)
llz le l3z Y3

T AR M B4R IR 2S5 [y A]
P =25 =4 0 e Rk, ER: Lol =
IR 3 x 3 B FEER:

T

y=(m 72 713 0 0 0) (14)

ll.’/c l2x 133; O O O T
L=ty by I, 0 0 0 |. (15
llz Z2z ldz 0 00

VEEHEERE PR (3w~ Osxs ), A 2B
DR BEERE g ] RoR N
g = P~. (16)
AT R TTFE Ry

074401-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 70, No. 7 (2021) 074401

G'S(k(T)P)GT = GsP,(T)GT = q (Isub(T)zl,n
HhGs=G'S; P.(T)=k(T)P; Gs'5 Gl
YIRTERAS M A5 BUR i F S, HORRE TR B AR
b e, B OO TR P (T) R AT T
Py (T) 755 A% BTk AT R R 258 3
3SABHRM T AL%E, ML F FEM A9 4 x 44
B 2 R A e I FLX T[] — P s A 78 ) e
58, B RFE GRS S — vl LA T
ENERUETS SR N

BRI S R AR K 3 R, E5ER
X o S A5 BT SRR ENERE G T G, RIEL
FE DA R TR L RS %) S [ (L it s P 3
A IR AT AR HE B Py (1) FTT A3 Ao
q (I (T)) . B — 2K AR B RN 2 faf e A MG HROT
B A IZEAOP IR EE G A Thew . IRIETTHERY
T I R AR AR HE R R B AT, I A O
TR S oA, RPN ES SR /N F ik
TERIIEABUERSE tol.

To Gs, G

Lzl

Tsun(Tola), k(Towa)

| IR R R R

GiPuow G- T = Guew
Thew ™ Toa l

e

Yes

Hith Toew

3 BAAEERmRRE

Fig. 3. Flow chart of Iteration scheme.
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Fig. 8. Temperature distributions of processors with two
different TSV arrays.
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Fig. 9. DRAM temperature distributions in core-layout.
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Table 2. Improving simulation time of DCM and FEM with different power allocation.

WO DCMIZ A B 7] /s

iy gy = FEMF-#Ji ] /s Fl H1BE
Casel Case2 Case3 Cased Caseb Case6

H AT 105.6 106.1 106.0 105.7 107.2 104.8 152.2 416941

Coreffi J&j 100.9 105.6 102.6 101.4 101.9 100.3 144.9 404345

3 AFIIFEDBT Core-1i JaAH b T HAT R BYE AR AR fE

Table 3. Chip temperature change of core layout compared with conventional layout under different power allocation.

AL 5y Casel Case2 Case3 Cased Caseb Case6
AP ER AR /K 2.20 2.82 2.25 2.25 2.82 3.13 2.90
DRAMTHE /K 4.29 6.69 5.77 6.12 6.09 7.83 7.88

FAEDRFF R 26.5 W, Horh Casel N KIYJHEH 554
HZE B Core, Case2 i K IR F 55385570
i, Case3 A KIJIRLEHFFEIMI Core, Cased H K
YR 5 P AE RIS Core, Caseb A ZMill]
A~ Core KUPHRTAE, Case6 A HMEEA Core KT
RTAE.

FEFASC R4 H A 2l DCM XA [R] Ty %43
KOs T 1) DRAM FIALFR g R A HO5 IR R AT
TGt ot JURMAE LT B TR AN 2 fr 9], 7Ext
PR R B A, e DCM 51548 FEM
FHEC DT R T T 29 30%.

A5 1R 11 FIE 12 GETHER, R HER e
A TE NI YR E Case6 R HUS Fei, DL
3 B P 5 IR (G, DRAM U5 7E Casel R
RO B v, MR 5) 43 LA AR AR
FH AT WLAE Core B8 53Ai ANSA ]2 TR 44 i )
B, R AR FRES TAER RS SRR S X TR i
SR SRR AR MR S MRS R . [R]s)  LE
P4~ Core AbFER T F5555 1) Casel LI HAZ AL
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Fig. 10. Typical core power allocation.
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Fig. 11. Maximum temperature of processor chip under dif-

ferent power allocation.
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Fig. 12. Maximum temperature of DRAM chip under differ-

ent power allocation.
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Abstract

With the improvement of the integration and power density of three-dimensional integrated microsystem, it
is imperative to simultaneously investigate the multi-field coupling analysis of electrical design and thermal
management. This paper is to investigate a three-dimensional integrated microprocessor system and realize the
rapid electrothermal analysis of the system through an improved dual cell method (DCM). This method
decomposes the constitutive matrix into a constant matrix and a temperature-dependent matrix by introducing
the coupling of leakage power and material coefficients with temperature. In the calculation, only the
temperature-dependent matrix needs to be updated and assembled, which makes the calculation speed faster
than the traditional finite element method. The simulation results show that the speed of the proposed
algorithm is improved by about 30% compared with that of the traditional finite element method. After
considering the thermal coupling factors of material coefficient and leakage power, the hot spot temperature of
the system increases by 20.8 K compared with before coupling. Finally, the algorithm proposed in this paper is
used to study the layout of three-dimensional integrated microprocessor system. The influence of TSV array
conventional layout and centralized layout under the processor core(core-layout) on the hot spot temperature of
upper and lower chips are compared, and the influences of uneven power distribution on the two layouts are
studied. The results show that compared with the conventional layout of TSV array, the core-layout can reduce
the hot spot temperature of processor, but it will aggravate the hot spot problem of DRAM at the same time.
And when the power is not evenly distributed on the four cores, the hot spot of DRAM under the core-layout
will be more seriously affected. In conclusion, the algorithm model proposed in this paper can quickly analyze
the electrothermal coupling problem of 3D integrated microsystem, realize the hot spot prediction of the system,

and provide theoretical guidance for designing the chip layout of 3D integrated microsystem.

Keywords: three-dimensional integrated microsystem, dual cell method, electrothermal coupling, finite

element method
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