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Effect of low-temperature sintered silver paste on properties of
semiconductor chip assembly

GAN Wei-ping, LIU Yan, GAN Mei

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The composition, preparation and sintering curve of a low-temperature sintered Ag/glass paste were studied.
The effects of composition of paste on the microstructure, thermal conductivity, coefficient of thermal expansion (CTE)
and shear force were studied. The theoretical models were employed to calculate the CTE and thermal conductivity of
Ag/class. The influence factors on the coefficient of thermal expansion and thermal conductivity were analyzed. The
results show that the CTE and thermal conductivity of composite decrease apparently with increasing glass content.
When the ratio of silver to glass frits is 7:3 and the ratio of solid powder to organic vehicles is 8:2, the semiconductor
chip assembly can satisfy the demand of CTE and thermal conductivity, and the optimal shear force can also be obtained.
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Fig.1 Morphology of flake silver after milling 20 h
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Fig.2 Particle size distribution of glass frits
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Fig.3 Morphology of glass frits after milling
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Table 1 Component of samples

Mass fraction/%

Sample No.
Silver Glass frits  Organic vehicle
1 85 15 -
2 80 20 -
3 75 25 -
4 70 30 -
5 65 35 -
6 68 12 20
7 64 16 20
8 60 20 20
9 56 24 20
10 52 28 20
11 48 32 20
12 49 21 30
13 42 18 40

122 PSR Med T2

KA e % Beal KSX2 R 41T RE PR FHE H
Pl T2 SO R Wdekeds T2, HAAKRTEWT:
TG EEIARY 1.69 mm? ) FX3026 2 3AE05 Al
JO8S2 Ahsafiik, s i B 70~80 CI# 2 &1 /KH
HEAT IR, AR5 70 F R S I IR o P BB P Uk 2~3 min,
PR B 2~3 min, 85 2B Tk bk
T, BN T (80£5) Cs BRIk A R
AR VETE T o BRI R R BRI AR
FIEEF EIGEE SR 15 min, 285 RE S TONBE AL,
KA R TAPEMAIER IR T2, R4S
AR, THEER N 2 C/min, 41BBe45 N =I5 IT
GHTHE A 150 °C, {443 30 min; BEJS A4 300 C
1430 CIFEAR0E 30 min, f5 i IFEREI A2
1.2.3 WA

1) SNk R

IRFEEER : d 5 mm X 20 mm; AEFESA: +<<400 C,
FHEEE 100~200 “C/hs PERALCES R A H A< B 2% 22
Iy TAS100, &R 2 +5%.

2) HPHE

WREEESR: d10 mm X4 mm. MR 4% JR-2
PP EMRAAL, IR ZE N +5%.
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Fig.4 SEM images and EDS patterns of sinter silver and glass: (a) Sample 1, 15% glass; (b) Sample 5, 35% glass; (c) EDS pattern

of spot 4; (d) EDS pattern of spot B
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Fig.5 Relationship between content of glass and coefficient of

thermal expansion

FEAPRE A AR AR BN ST BHEAT R POO 454 I
W, SPEURRE RN A KRR RN Ty, LA
BHEE 2D IZIK, nTBEAEA R R A s MR BT AR I .
YRR NN PRI RN AR %N I EDANIA R
VNITREEEYZ R SEEY 71 2O WA NP BR300 N
PbO KM, TR IR, LMk R A



480 PR R AR

2008 43 A

UEAh, A AN TSR0 BRI AK PR R B AT — 2 13
WU, g S B A A AR K R B B e
HIHN, BRI IR IR, DI R
Ho W o BLE TR, AR SeST R Y B
e sl v 2 Ik 2R 2R 52 2B By 5 S N4k, i
SEREANBIICAR S oA BRAR ST PA R AL S R 3R 1
2, EATH & e R 2R 22K R 2

23 ASEMTHK

SRME A 0 55 I 2 2R b Bl 7 2 v T A
BRI DIRE. FERE R, X RERIZEET 0T LS H i
T SRS O )R RS Ot ). a4 )Rk
i, HTRREFERNSHME, ELsEN, LT
HAE AR a8l T HFHEL
Gh, T RHRMAA—EER . KRR 4 AR B R
ARSI b DU AR A S A, S asRh 45 41
YEA A E AR, ATRLH . AL
TR FHAT A, WY/ R # U3 2T fij ik
4 Kingery £7100;

1-
1+2g)du—’%—°iéL
1424,/ A4
Ay =2

m C
-4 /2
l-g4 d
144,/ Ag

)

X A ABYBIERBLE KGR, 2 A ESATR T
A, La N B BB NI, g 73 U
PRI HG MR R B v S AN S A5 B AN (] 3
SRS M REVT R IR W 6 PR,

M 6 ATEUR Y, AR/B SRR 45 I 3 R B A 3
SRS RN R B, ESCMEAR TR (. X2
T T4/ B3 o8 45 A 1) FL BRI A T R BEL P A 2 2 52 )
A HIMER . —Jrim, ARIBeSs Y/ B pe s ik
TR B R AL B LB AR, 5 DS P 1 AR S T e
AT S Jri,  AEREE AR A7 AR R R R
S ARSI, 0 RORF R T 37 AR 10 5 T2 2
e S A PRGR AR, A A A A AR
OEMIEC, FEARAR T R, S, S
BB, AR TR, ilsl 6 s, Bt
R/ BEEIR b B S I, AR R AL AR
SRS SR A IR 22, (AR A B
B 484 iy 3 B0 7R A e H R 2R U R LR
T, DA G A R A g S0 2 T ) i 22 3 3 484
Ko HIP 6 WI%, S ARBHBCRR & SR~ FF,

300 [

= — Measured value
e — Predicted value
270

240

210

180

150 +

Thermal conduction/(W-m™"-K™")

2 1 1 1 1 1
120 15 20 25 30 35

Content of glass frits/%
El6 Bk m S eR Rk

Fig.6 Relationship between content of glass frits and thermal

conductivity
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Fig.7 Effect of glass frits content on shear force
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FRT AR S — 7 T B A R
KRS, 53— 07 IAE S RHe O F2 A WLE R & WiE R,
SEMA SEORGE 45 I IR WA 2, DRTIT Ay 5% Wi o 45 R
FHHN—HE . KR AL EIEE R 98
N PR Al S B, LT RESERE LR |
PR IR G CEIRORE, AL R R A, A
AR L FRORE e AR R U R 1 FT AR FE11~13 (1)
EHHLEAA S B9 20%. 30%F140%, PR3
i 55 SRSk S5 BT V) ) (F),  JL&8TR S T3R2.

R 2 REHPARRANEA S EREY

Table 2 Shear force of chip with various organic vehicles

Mass fraction

S?Ez)p le of organic FIN Fax/Fin
' vehicles/%

F=33.0,

11 20 F,=42.5, F,.=38.7 1.28
F3:40.5
F1:26.5,

12 30 F,=20.0, F,=23.3 1.32
F3:23.5
F.=17.0,

13 40 F,=13.0, F,=15.8 0.58
Fy=175

HH 2 WA, Rl R DL & SR
B 3B Wi/ . YR GIB5S48A—96 ArifE b Jr ik
2019A, MERER IR 1.69 mm? (5 Ko, BI417)
20.6 N, Hi KESHEAMER LN T 3 #5611,
A DA HARRE 11 R0 12 FF A ARvEEEK, RFE 13 (89

DIt e DB, R R HLEAR S5 5 20% () SRS
A7 MGG T SRAG AN AR B D) I

3 #ig

1) BEEB 7 e 45 A (F 2 ZURD M R K
Wi, BESBCEROR & G0, LR BARELI G £,
PN R TR BRI T B3 a0 5 B
IRy 7:3 0, B4R IIZIZ RECh 145 X
10°°C, #FFA 182 W/mK), T2 SN
i J5 PRI R BORI AT R YL RE I BESR

2) MRSl BUHEROR BB 5 B R 30%, [F 14
WMARGEIEAARZ A 8:2 I, 5 5 6 e I 25 5 AT
AZIEIY) K T 30N, TSkt MaE NIk
T AR Ny, WEY) b R .
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