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Study on Temperature Characteristics of Resistivity and Thermal

Conductivity of Gold Tin Solder Strip Used in MCM

ZHAO Wei' LI Yan' ZHANG Lei' PENG Bo’ WANG Zhigiang’

(1 China Academy of space technology, Beijing  100010)
(2 Project Management Center of Equipment Department and Space System Department of Strategic Support Force , Beijing 101318)
(3 Beijing Insititute of Tracking and Telecommunicaitons Technology , Beijing 100094 )

Abstract  The functional relationship between resistivity and thermal conductivity and temperature of gold tin
solder strip material with the brand of AugSn,, were studied in the temperature range of 208-423 K, and its heat
transfer effect in MCM module was evaluated. The resistivity at five temperature points and thermal conductivity at
four temperature points of the material in 208 K to 423 K were tested, respectively. Based on the theoretical model,
the functional relationship between the resistivity and thermal conductivity with temperature was established.
Finally, the heat transfer ability of the material at high temperature was evaluated by using the numerical method of
simulated thermal diffusion. The results show that the relationship between the thermal conductivity and the
resistivity of the solder strip material at 208 K to 423 K is consistent with the test results after using the modified
function model. As the boundary condition of the chip surface temperature increases from 208 ~ 423 K, the
difference between the simulation results of the heat flux density obtained by using the variable temperature thermal
conductivity model and the idealized constant thermal conductivity model gradually increases to 5. 5%, To sum up,
the relationship between thermal conductivity and resistivity of gold solder strip material conforms to the Smith—
Palmer equation modified by Wiedemann—Franz law, and the temperature effect of thermal conductivity should be
considered in the heat transfer design of the material.
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law, Smith Palmer equation
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Fig. 1  Application of gold tin solder strip material for heat

dissipation in MCM components

FL AT, 1 JCRT b 34 B0, P 5 T 4 8 5
PRECIABE 1 54T SFST , 200 i B T e, H
T T, HAAT R =i T & AR A, TR LUt
FEH AFAE AT RHE 20 CH YT B, A
T AT R A AH OB

1§ < i /v B =R T A SR S SRS R SR
FHME T2 hip://www.yhclgy.com  20234F 4521

R ICHIS AR MR A G a b, H B A SR B
FEFER R WA A R AR OC 2, AT E ok gy A fH A
Tk B2 1 PRV OG 2R, O3 2ok PR R 5 v BH 3R Y A DG
W, #E— D H T BB RATIT R EECR,
TE LT ARG e, 42 80 AR A} %) Pl BE 8t AN AE TE
81 N (€7 T S W O N SR 87 T B e 08

B AR R R BH 238 R S B L R AR ARG R
T EHEATIFSE , A F R A A8 A 4 B ZE MCM 4144
(A IR 11365 o8 P TS A 2 )[R R 2R A T 1A

AR SORE G B R B T IR A HL BH 3 S
PTG, I3 T B B SR bR B SR R
U HRAE E R, 45 A Wiedemann—Franz 32 W] 2 37 R
IR EE T #0CToR 5 g SR X I 6 R 15 B AT
R AR R RIB K . 2R A B E A AT
Al E AR S5 R AN [ 3 B T 00 X6) 44 At 4
FCAARE T 2
1 X
1.1 ##

KRGS A AugSny, 2 BRI A RE, KT [RIRE )
MRS AR ARG S P i B AP A —
FEREE L5, 0 T S T84 MU 9% i2b ) H B
IR T KO KA ST EB) Mk
A I RAIF Y, FELBH R RS 4 0. 03 mmx1 mmx
300 mm, IR E 15 208,253,298 ,398 2 423 K, #F
R PR 5 LA B BR B e BUE 2, i T
5 B AR BE X AR AR R AR, AR UCR F & B i =
TRERE 14. 52 glem’, EHAEEIRAAYEAERAE 4 0. 03 mmx
1 mmx200 mm , P33 & 5 298 348,398,423 K, #4”
AR B AR N 9. 8 mmx82. 2 mm , R
JF 1298 ,348 398 423 K.,

1.2 ZWHERMNE

43 511% F FLUKE 8508A &4 i i # \NETZCSH
DSC 214 Polyma 2= X474 44X S NETZCSH LFA 467
Hyber Flash [N 15 3 #4422 GB/T 351—1995 . ASTM
E 1269—2011 &% GB/T 22588—2008 117 AR JLJE T Hi
FHR | RS KA i R B0

2 @RS
21 R TR A R 4 R R PR R R
e

T R UL R, T B e R

(9 A s s g B, i B TR A R A R T

B BESE N, 7 A BN OBER TR, B R AR

T Bl RE A ROV, BT LA BT <5 s #) P BHL A 5 3l B
(56 28 S B R A B IEZR R SC &R o

3 —



XA, AR B I P 3T 948 A 5 e vl
SIE BT o B R BV R A I A o
T, TR R A RS, X s 64 LI K
A T U 6 E E R AR I A A
PR TR AR, i AR A N B A BOR
$27t, A i Tz ghid A b sz 2 A R R BRSSO AR
FTFIRESE T, S 805 6 00 v B A1 s T LA sl oy
AR R RE A, ELHC P BE AR B R 1) 22 A0 G R B R b A
S5 R AR R B R R ) R BB A

AugSn,, & 42 B T AuSn oot Fh A, 35 5k
553 Ko FEMGHREE T, ik R B R L—£+8, H
S5 i AT £(AugSn) BEBI S A 2 HEES A Y £(AugSn)
FAAN S (AuSn) 53 & [F] 46 & WU 2R, & A2 — 3 )
LG, AR 2R 692 K, HAT NiAs BIZS M 2544

25 LRI Aug,Sny, 1546 75 B [ e FP B SR A €
HH4S S A A Ak Py g At A, S A R A A
L Wit B 728 A 68 R 2 o i B

AN R A BE AR IREE RN 1 3R 2 R

®1 T RASHEFREZINER
Tab.1 Resistivity test results of gold tin solder strip by

manufactor A pQ-m
FEf > 208K 253K 298K 398K 423K
A-1 0.165  0.188 0206 0224  0.258
A-2 0.164  0.185 0202 0222  0.253
A-3 0.149  0.177  0.192 0212 0.240
A-4 0.170  0.195 0215 0238 0278
A-5 0.151  0.171  0.187 0209  0.245
FHME 0.160  0.183 0200 0221  0.255
b2 0.009 0.009 0011 0011 0015
BB % 5.8 53 55 5.0 5.8
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Tab. 2 Resistivity test results of gold tin solder strip by

manufactor B pQ-m
(EW TR 208K 253K 298K 398K 423K
B-1 0171  0.190 0211 0229  0.261
B-2 0.172  0.198 0217 0239 0275
B-3 0.157  0.175  0.198 0222  0.247
B-4 0.153  0.175 0194 0215 0252
B-5 0172  0.193 0213 0229  0.264
FHE 0.165  0.186 0206 0227  0.260
b2 0.010 0011  0.010 0.009 0.011
BIRUR B0 % 5.8 5.6 4.8 3.9 42
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Fig. 2 Fitting curves of resistance temperature coefficient
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Tab. 3 Fitting results of resistance temperature coefficient
of gold tin solder strip by manufactor A

FE i g 5 a/107-K! p/nQ-m AHCREU -
XY-1 2.10 0.202 0.996
XY-2 2.07 0.199 0.998
XY-3 2.19 0.188 0.994
XY-4 2.33 0.212 0.997
XY-5 2.33 0.186 0.996
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Tab. 4 Fitting results of resistance temperature coefficient
of gold tin solder strip by manufactor B

FE i 2 5 a/1072-K"! po/nQ-m R
YS-1 2.01 0.206 0.997
YS -2 2.20 0.213 0.997
YS -3 221 0.194 0.999
YS -4 2.40 0.191 0.997
YS -5 2.17 0.208 0.995
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Tab.5 Test results of thermal conductivity of gold solder

strip at different temperatures by manufactor A and
manufactor B

AW +(m-K)™!
/K
KA KB
298 34.9 38.4
348 36.6 40.2
398 37.9 41.6
423 38.5 423
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Tab. 6 Fitting coefficient and correlation of thermal

conductivity of gold tin solder strips at different
temperatures by manufactor A and B

% WA FEa WA FRED AH R B
" RA 0.82 5.14 0.998
"% B 0.88 7.19 0.999
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Fig. 3 Relationship between thermal conductivity and resistivity

of gold tin solder strips and fitting results by manufactor A and B
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Fig. 4 Comparison of temperature distribution with and without thermal effect of thermal conductivity under different boundary temperatures
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Tab.7 Comparison of steady—state heat flux under
different models and boundary conditions
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/K ZWARREE S RREE %
298~423 250 2.64 55
298~398 2.00 2.10 49
298~348 1.00 1.03 26

12 7 AT, SR AL A B 5, AEAR S T 4

B AR AS [) U B 0 A A% i ) B I 4% A L
RIS By o, B PR AR 25 (Y
S0 T 0 ) A, A AR R A e R R 22 (298~
423 K) AT, 2R AR I SR B 1 A5 31 1) #R
IR B 5. 5% AT HIBE G v R DU BE 1 5 Ok
PR b, SR P E P 3R AR i GRS 31 B A
B FE Sl A B B KT TR T R, 8
S BPBE A ) R IRFERBE IR 2 AR B I ik
B 255 ST RO A R S A g%
PR B R 22

FHME T2 hip://www.yhclgy.com  20234F 4521

4 2R

(1) &B I i BHR 5EE R R A R,
I ARN

p=0.200 %X 10°[1 + 2. 14 x 10°(T - 293) 1.

2) B IR AR CRTE
Smith—Palmer J5 2 , 1 4 8 K5 F BH 2 5105 B 119 pR 4L
RFRAMTA A5 38 A T 30 B U AR DG 3R 1 BRI
)\ = 0.103T

1 +2.14 x 107(T - 293)

(3) 4B Jai 76 MCM A PR IR 5 T
2400 R VLR I B 423 KN, 2R R S SR AR A
T35 2 0 B0 % R A L E T R R
5. 5% , HLs 2 11 I P30 oy I ABE 700 2 S B ) 0, >0
i 1R A% T A v W), A% BRORE U AT T AT 4 Ak Y
ZM.

5% ik

(1] %, -t 5T - gl 45 S8Rt ROHAE
TFar RS R )], T 55%€,2005,5(8) : 4.

ZHOU T, BOBAL T, OUD M, et al. An introduction to

+ 6. 16,

eutectic Au/Sn solder alloy and its preforms in microelectronics/
optoelectronic  packaging applications [J]. Electronics &
Packaging,2005,5(8) :4.

2] ERT . &85 8B R K H 45 AuSn/Cu
TS WERTTELD ] P2 DY 22 SRHE RS, 2019.

JI J N. Prepation of AuSn alloy preformed welding plate and
study on interface reaction of AuSn/Cu [D]. Xi'an: Xi'an
University of Architecture and Technology, 2019.

(3] #%, =L, 1) X, 5. RIER &4 AR B
R-MFERPERTEL) ], BHERIH S HIH, 2020(3) 5.

MIAO F, WU Z H, XU Y, et al. Study on resistivity—

temperature characteristics of metal materials for pressure



equipment [J]. Technology Innovation and Application,
2020(3):5.

(4] 20k, BORGE, ARILIE, 55 . &8 &6 A Sh LT
T AR 1], BT, 2021(3) 51

LIM S, HUANG D G, ZHU ], et al. Optimization research
of automatic eutectic die attach parameters for Au80Sn20 alloy
[J]. Microelectronics, 2021(3) :51.

[5] CUILIK J, NORIS M R. The Au-Sn phase diagrams
[J]. J Alloys Compounds,1993,31(2) :71-73.

[6] SALAVTORE B, ALAN H.
thichness effects on electroplated AuSn bump composition [J] .
IEEE Trans. Compon. Package Tech. ,2006,29(3):605-607.

(7] R0 . BeA & S PMEREMAFZEID]. HEK: ERK
2%, 2013.

Layer structure and

PAN H C. Investigations on thermal conductivity of
magnesium alloys[ D ]. Chongqing: Chongqing University, 2013.

[8] HANAOKA Y, HINODE K, TAKEDA K, et al.
Increase in electrical resistivity of copper and aluminum fine lines
[J]. Materials Transactions, 2002, 43 (7):1621-1623.

[9] STOJANOVIC N, MAITHRIPALA D, BERG J, et al.
Thermal conductivity in metallic nanostructures at high
temperature : Electrons, phonons, and the Wiedemann—Franz law

[1]. Physical Review B,2010,82(7):075418.

[10] ZHANG W, BRONGERSMA S, RICHARD O, et al.
Influence of the electron mean free path on the resistivity of thin
metal films [J]. Microelectronic Engineering, 2004, 76 (1) :
146-152.

[11] SMITH C, PALMER E. Trans. AIME [J]. 1935,
117:225.

[12] POWERLL R, TYE R. J . Less—Common Met [J].
1961, 3: 226.

[13] POWERLL R, TYE R, WOODMAN M. Advances in
thermophysical properties at extream temperatures and pressures
[M]. New York: ASME, 1965.

[14] sl P RERR T2 e Bk R A il 4
JrERFELT ] TR 2018(4) 3.

SHI C. Investigation on the eutectic gold—tin chractoristics
and preparation methods in semiconductor packaging process
[J]. Leading—edge Technology,2018(4):3.

[15] NATH P,CHOPRA K. Thermal conductivity of copper
films [J]. Thin Solid Films, 1974,20(1) :53-62.

[16] KLEMENS P, WILLIAMS R. Thermal conductivity of
metals and alloys [J]. International Metals Reviews, 1986, 31
(1) :197-215.

[17] WHITE G, TAINSH R. Lorenz number for high—purity
copper[ﬂ. Physical Review, 1960, 119(6) : 1869.

FHIMEIT.Z  hitp://www.yhelgy.com 20234 4524



