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Study on Plate Type Heat Spreader for Bare Chip Cooling

(Effects of Heat Source and Chip Sizes on Maximum Chip Temperature)

Toshio TOMIMURA

Numerical simulations are conducted on heat transfer in a plate type heat spreader for bare

chip cooling. The simulation is concerned with a steady state two-dimensional heat conduction
problem for a four- and a two-layer circular plates system, which correspond to the simplified
models for the [chip]-[thermal interface material A]-[heat spreader]-[thermal interface material B]
system, and the [chip]-[thermal interface material] system without a heat spreader for comparison.

From a series of numerical calculations, the effects of heat source and chip sizes on the maximum

chip temperature T, are clarified, and a simple correlation equation to predict T,,,, is proposed on

the basis of the equivalent heat source radius r,,.
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Fig.4 Radial temperature distribution in cooling
system with plate type heat spreader (Case-4)
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Fig.5 Radial temperature distribution in cooling
system with plate type heat spreader (Case-3)

B15% $£15 Qoo

_75_



Q). (A, A). (W 0O)RFYy T LR H34. 68,
11.3mm (6. 12, 20mm $EEME T v i) OH&
OB IaL—aHERTHD., BBRVEARKE,
BES2ENBZEREWRIT. ThTFN, e—bRATV
w588 (NBEETI) LEVWES CEET
V) B2ERT, £io. —HEREZRERII. rer, 0B,
ThOERMNERII—RITDOBPEDL— AT v F—
NEZHEELENFEO/BRTHD. KA THEASN 3,
E—hr ATV ¥ —BE 26 WEBETI)

h h h
y . =Ta+ h_c+_L+_ﬂ.v+_f gz_ 5)
Ao Ay A A
E— ALy —BEVES CEETIN)
h
A Ay |,

WTFNOF v THE 12BN TH, BFER A1~k
TEDBAD r=r, 5 EMEBRDBLET DROER T
BOLTBHETIR., E—bAT VLY F—DEDZROEN
T BNE LD TWB, Thbb. rerr~r OHBETE.
E—hAT Ly ¥ —BBIZBERE L TERLTVSI
BELN, ZRHIIHL, rer*OfEBIZBWTIEE—RX
TV F—EROBENFTSN, E—FXAT Ly F—a8
BENEE LR T, BESRD, TOEIBFELE O
WHOLEBITHRLTNS,

3. 3 EMBELEILLEZFyIBREREDOTH

Figs.7. 812, TNEN, E—FRATL v ¥ —2E 24
BLEVHEBIONT, RE). OETERRTEEL
S ERIFER r,, ERIREE  BROF Y THEr OB
BRERT,

E— b2 F—2E 558 EEETI)

h, h, h, h Q
Foa= || e+-L s 22y L s )
o4 ‘/)Lc Ay Ay A wlTea-T,)

E— 2TV F—RENEE CEETI)

h  H 0
Teg,2 J A + A )_(‘n_ Tm——),z T, ®

100,.--,‘\-v,rv.[.'.,...,..—f_
5 L I = = 30° 3
?L_)_'goL \ \\ r.=3.4mm Q;=35W, T, =30°C 1
g O F A h=3W/mK, hr=0.1mm 7
£ \ Musp = 400W/mK , Ay, = 3mm
B~ o p » Mhsp 3
80 3 Y \" Ap = 100W/mK , h, = 0.03mm]
70k q ) A = 150W/mK , h, =0.6mm J
o v Y b
: s X 6.8mm 3
60 N\ One-dimensinal 7
E solution ]
50F 11.3mm -
40F 3
30 E . Ll ) 1 1 ] 3

0 2 4 12

8" s [mmﬁo ’

_ Fig.6 Effects of ryand r. on Tppp,

AMKFREN BB FR AT RE

ZTTC Ty s BEU T, ,1IE. THhEN, ZKTEHE
EEFRONMES XV _BETINTE LN KERITHR
2RAT B, FLBOEKIT Figs DPBEERMUTH 5.
Tl ER BERBEIT—HERL, §F v TEE B
FAEMEIIal—Ya iERE. RRNORFREK

=
TRMETEULZHERTH D, B n i3, &EFv T ¥
Fr=34. 68. 113mmIcH¥ L. E— AT L v ¥F—4HF
BEBEFEVBRITONT, ThEN. n=1/46. 12.7.
120 BEUWn=1/23. 1714, 1/12&E75,

Figs.9, 101%. E— F ALy ¥ —2F2HE L EN
BT, ROZER(T). @RRALBIZ T, BEDY
Tar, 2 & RD D T ETE D, BB ERE r, ORO)ITE
HELORYUME T, & r, DT 57 L THRBLZERT
H5. LT R FOERII Fige DFPALFUTH O,
R BRBEIU—HERII. &F v FTEE 1 IIBITB
ROKE DL T, DERBERTH S, WThOHED.
Fo T r, 2 9.8, 11.3mm ITB T, BEERE r, AN
IVEETHELEENE TR T I 24, ThlSt iR
TRIBERFRERNELNTNS,

15—
E _ With plate type heat spreader |
A r.=11.3mm E
§ [ as ]
L . )
104 - .
- /‘v -4
,-., 6.8mm
.’ . ast 4
Y g 0,=35W, T,=30°C
- A 34mm N =3W/mK, A =01mm -
“t/ Mgp = 400W/mK , hyg, = 3mm -
A, = 100W/mK, A, = 0.03mm-
| A= ISOWI/mK s h.=0.6mm -
0 1 L n n i i i " n n i L
5 ) 10 15
0 ry [mm]
Fig.7 Relation betweenr,, 4 and r;
(With plate type heat spreader)
T
B, | Without plate type heat spreader
;‘_ r.=11.3mm
8
LN
104 e ]
g
/'ﬁ
,&g B 6.8mm
o o ]
S5+ & Q. =35W, T,=30°C
N=3WmK, h=01mm
34mm -y = 400W/mK , by, = 3mm -
P A, = 100W/mK , h, = 0.03mm {
7
0 x . A = 150W/mK , h, =0.6mm 1
0 5 10

rs ([mm]) 15

Fig.8 Relation between r,,, 2 and r,
(Without plate type heat spreader)

E15% ®15 (001D

._76_.



100
O E With plate type heat spreader :
O, ggF Vithplate type heat sp 3
¥k r. = 3.4mm 0,=35W, 7,=30C ]
S 80F N=3W/mK , hy=0.1mm -
3 Msp = 400W/mK , Ay, = 3mm ]
70 A, = 100W/mK , h;, = 0.03mm
: a A = 1S0W/mK , h, = 0.6mm ]
60 :— L} =3
o \A ]
S0F . . 6.8mm 7
s LSk S ]
o A

40; e —.—. 11.3mm
- ~-a—-nuag ]

30 NV W ST SN WO G ST G ST VR (SN UUN SO W SN SR ST WO S S
0 2 4 8 10 1

Fig.9 Relation between T, 4 and 7's
(With plate type heat spreader)

00 e e
o E Without plate type heat spreader E
—'90— =
~N - E
S onk Q,=35W, T,=30°C ]
w80 J4mm - = 3WmK, hy=01mm
70F X Masp = 400W/mK , hpgp=3mm
\ Ap = 100W/mK , A, = 0.03mm ]
60F R Ac = 150W/mK , k. =0.6mm
R ;
50F g 6.8mm E
o '\‘E.:Q\A\

40F NAL g 11.3mm

—aems

30 1 1 | T | M S
2 4 8 10 12

Fig.10 Relation between T}y 2 ana 7's
(Without plate type heat spreader)

4. &

RFCRRAT DZRT Fv T OHBHAFEE LU TEHEER
BROE— ATy F—REAWEHEBEOHRIZDON
T, ZRTAGBERICXZNBRLVOZBETIICE
DLRIERT 2T o e Fv THE 1, % 34, 6.8, 11.3 mm
(6. 12. 20mm EEHWE F v TICHR) « BIFEEE
#17mm ~ r, OB TEZ = —BHOMWBERNE., F
 TRERE T, CRIETEEEE r MRICF v THE
r. DHBEERNCHSMILE, £, TS OKE
KETE, —RIAERETNTEAEND T, KETHH
BREG). ©)ZFIHLSMmBEEE r, (RO B) %
BAL, BBER & F v THE . E OB OHBER9)E
BELE, ZL T, r.=34. 68. 113 mm. r,=1.7mm ~ r,
DEHIZBNT, HEROKXZFy TB&RE T, D
AR FRNFIEIRYBETHRETHZLEERLE,

il

MK FE M E R R RS

- 77 —

X WK

(1) F4 7. KRB 55, WRE=, @t #X. H
FWBFRRE (BR) . 58-547(1992), 865.

(2) 4 @7, KB &F5h, W £=, B+t #K. H
FERELRE (BHR) . 58-547(1992), 871.

(3) Take, K. and Webb, R. L., Proc. of the PACIFIC RIM/
ASME International Intersociety Electronic & Photonic
Packaging Conf. InterPACK ’99, 2(1999), 2113.

(4) Welch, J. W., Lam, T. T. and Yeung, W. K., ibid.,
1(1999), 883.

(5) Lam, T. T. and Fischer, W. D., ibid., 1(1999), 891.

(6) Fabis, P. M. and Windischmann, H., ibid., 1(1999), 899.
(7) BF HFX, ©F Al FHI KW, H38ERE
BE RO LRERDSUE. 1(2001), 143.

(8) Tomimura, T., Anzai, H. and Udagawa, Y., Proc. of the
PACIFIC RIM/ASME Intersociety
Electronic & Photonic Packaging Conf. InterPACK ’01,
(July, 2001, to be published).

International

Ei1sE H15 (o0n



