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Crystallization of Solder Glasses for Ceramic Package
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% E PbO 77-80wt%, ZnO 4.5-6wt%, B,O; 7.5-8.5wi%, TiO; 3-7Twt%, P,0s 05-2wi% 9 24 &
% IC package® 28 A $73(400-460C) AH2tf2 fritg A=3Ach. DTA-TMA, X-H Hd&
4, SEM T& ol 83t B8 fae 2 S4& Ik

TiO, %ol 3wt% HFFAEE 420-440ColA 2Pb0-Zn0-B,0s9] ZFo] #UAYF3Id}. TiO, ¥
ol 4wi% ¥71E A BE 420-440TCo]A 2Pb0-Zn0-B;0:9 PbTiO; AAo] HelM EZFARFL 0%
I AUk EF TiO, 5wt% H7HE A|EE 440-460Co A perovskite PbTiO; 2T Y& = At

Abstract The crystallized solder glasses with the low melting temperature for electronic package were
prepared with the compositions of 77-80wt% PbO, 4.5-6wt% ZnO, 7.5-8.5wt% B;0;, 1-2wt% CaO, and
0.5-2.0wt% P,0s containing 3-7wt% Ti0.. The Characterization of the solder glasses were studied using
DTA, SEM and XRD. Frit containing 3wt% TiO; had crytallization temperature range of 420-440TC.
The major crystalline phase was identified as 2PbO-Zn0-B,0; by X-ray diffraction. Frits containing 4
wt% TiO; consisted of crysalline phases of PbTiO; and 2Pb0O-Zn0-B;0; in the temperature range of 420
-440°C, When glass frit containing 5wt% TiO, were heat-treated in the temperature range of 440-460
C, major crytalline phase was perovskite lead titanate.
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Table 1. Frit Compositions(wt.% )

Component] IAL,0;-
PbO | ZnO | B,0,| Ca0 | Si0, | TiO,
Sample No. P,0;

S-1 79.0|15.0 (76|20 (1.0 30|24
S-2 |78.0/5.2 (82|15 |12 4.0 1.9
S-3 |78.0/5.0)831.0]1.2 |50 15
S-4 (775|148 1(75]|1011.0|70] 1.2

2-2 DTA &4

Fritsl 443 9og 27) dalel a8
£ s, AH87)7le 9A RigakuAlel
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Table 2. Heat-treatment Conditions for Frits

Sample Nol | Crystallization range('C )| Heat-Treatment Temp.(C
S-1 380-440 400, 420, 440
S-2 390-450 400, 420, 440
S-3 410-470 420, 440, 460
S-4 460-500 480, 500
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Table 3. DTA Data for Various Samples at
Heating Rate, 10°C/min

Properties

Sample NO.
S-1 325 | 350 | 385 | 412 | 443 | 550

S-2 330 | 360 | 392 | 415 | 456 | 590
S-3 345 | 380 | 415 | 445 | 471 | 544
S-4 385 | 410 | 454 | 472 | 504 | 610

Te(TC)| Ts('C) |Teo('T){Te(C) [Tp(CITm(C)

Tg : glass transition temp., Ts : Softening point,
Tco : coalescene point, Tc . primary crystallization
point, Tp : crystallization peak temp., Tm . melt-
ing point.
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Fig. 1. DTA curves for various samples at heating
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Table 4. DTA peak temperature, Tp('C) as func-
tion of heating rate for 325 mesh frit powder

Sample No.
Heating Rate S-1 |52 |S-3|S-4
('C/min)
5 432 | 440 | 458 | 491
7 436 | 448 | 464 | 497
10 443 | 456 | 471 | 504
12 446 | 459 | 474 | 507
15 449 | 463 | 479 | 511
20 454 | 471 | 485 | 516
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Table 5. DTA Exothermic peak Temperature for
Different Size Fractions, at Heating Rate of 10°C/
min

Sample No.

Size fraction S-1 1S5S-2|85-37S-14
(mesh)

20-40 446 | 458 | 475 | 506
50-80 446 | 458 | 475 | 505
100-200 445 | 457 | 474 | 504
250-325 445 | 457 | 473 | 503
400 444 | 456 | 472 | 503
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Fig. 2. Capiffect of Surface areas of S-1 and S-4
coalescence
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Fig. 3. Capiffect of heating rate of S-2 on the co-
alescence
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Fig. 4. X-ray diffraction patterns for quenched
frit glasses.




210 FRABRTHA 1P A4E (199D

q By A7 A3 ujAAde] FAHUT
Table 29} o] EAe3st AlHEo]| et X-
A Y BEAE Fig. 59 Fig. 69 Veligdch

Fig. 59| S-1 A8 G844 243 7
AlgdEel 420Ce ¥lmAy we x4 30
27 gxgAzl A 2Pb0-Zn0-B,0; AR
] F2 Jed o, peak& 5l 440CH 20|
A dAPAD AHY F$ 2Pb0-Zn0-B,0s
AAol F AR o AA AHAsPon 2w
9] PbTiOs AAol H&H AL B 4 k.
weta S-1o dH"E TiOE #2(420TH]
o AE PbO-ZnO-B0sAl o]l AR A
T £82 F Moz, PhTIO, AFMELE A
g3 oj#lE Aefolth. g Fig. 5¢] S-2 A
g9 A9 2Pb0O-Zn0O-B,0; ZAe] AMEdHH
Al 4% PbTIO; AALE 4% H&d
29 EFEAE o] F I JYPI T,

[

S 1 o O 2Pb0 Zn0 ByO;

1020 30 40 50 80

Fig. 5. X-ray diffraction patterns for S-1 and S-2
heat-treated for 30min.
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Fig. 6. X-ray diffraction patterns for S-3 and S-4
heat-treated for 30min.
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waka, 2 Agd fritel 2%, X-4 33y
2Ao) o9& ALor % TOFFLER
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N 3" BAA PbTiO;EHe] datae
Osamu Yamaguchi$'®e] w33 Table 62
Ao st Aos BEHY S-3AHE
AAS MAE 440°CoN A 308014 EHE
& 7S Z peak® cubic® PbTIO;A AU
W, 460-470°Co) 4 30&0°]% gax)s B¢
Z peak: tetragonal® 2] PbTiO:2 d¥ ¥l
o]stg ek S-4A1Wel A-m 480TolA 30F
ol Wxe)P A F peak: A cubic
PbTiOsg o 500Ceo| A 30#0]4 A = g} 3k
79 tetragonal® PbTiO;2 Z ]34 o}

Table 6. X-ray Diffraction Data for Cubic phase
and Tetragonal phase of PbTi0;®

C-phase T-phase
d(A) I/lo d(Capi) 1/Io
3.96 35 3.91 49 3
2.80 100 2.84 100
2.29 40 2.76 52
1.98 35 2.30 40
1.77 10 1.95 32
1.62 35 1.61 42
S-1, S-2, S-3 Algel W@ X-4 HH ¥

MojlA 2o Axst viw APEY] AT AA
#o) 3 AlAe Fig. 7, 8 2 99 #rh

Fig. 7¢] (a), (b)¥ 2Pb0O-Zn0-B,0:8 &#7%4
o] AA T & AAREY I BHHH2
2 AR"E Pefolx 7 AYH HodR 440
cEHAAN AW ()e BE wFe] BA
o] #UREE sx Utk oA L kumar,
Tummala, Vance £7 o] dw3t ufop ol

AR 3 HoggolA glass matrixjol] 22

(c)

Fig. 7. SEM photographs of S-1(3wt.% TiO,).
(a) Heat-treated at 400C for 30min
(b) Heat-treated at 420°C for 30min
(¢) Heat-treated at 440°C for 30min
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(a)

(b)

Fig. 8. SEM photographs of S-2(4wt.% TiO)
(a) Heat-treated at 420°C for 30min
(b) Heat-treated at 440°C for 30min
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Fig. 9% PbTiO; gl 7tsHAd 420-
440C G gl e T4 Bged dAol IA
Aq o} 440Co] Fol A e m A F4e] 4
AEo nEA ¥¥xd AL 2 5 don, ¥
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A ZHE e}
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o] fritol A= glass matrixto] A&d F 2
A& perovskite® PbTiO;d A% TiO, 4wt.%
oy 48 fritet A3 peakd WA oA
o] ARt MARE B IAYH frite

{c)

Fig. 9. SEM photographs of S-3(5wt.% TiO:).
(a) Heat-treated at 420°C for 30min
(b) Heat-treated at 440°C for 30min
(¢) Heat-treated at 460°C for 30min
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1. TiO, 3wt.% ¥fAl&e] frite 400-420
C QoM s B3} AW 420-
440TC A HelA AAstAI2 ¢ 2PbO-Zn0O-
B,0:9] AAo] @dstAl dAdAstA

2. TiO, 4wt.% THA89 frityxe HAHF
B 420-440TCoA EXe] AAsAZ
AL 749 Pb0O:-Zn0O-B;0;A] % PbTiOs A
ZAo] BFde Ay AAsld ot HR
H9 o

3. TiO, 5wt.% 3¥HFAE9 frite 420-460
T vmd e 2xoM 283 AYs &
Z 7hestw, A3t peak H A< 460CH
Ao A FAaid A9 lead(PbO) glass+ TiO,
— PbTiO;+ (PbO-depleted glass)e] whH&-7)
o] £ perovskite & PbTiO;Zd o] =|ujj A
o2 AAHAD.

4. TiO; 7Twt.% 3JHAIES frite 480-500
T 99 B2 FAAsrE dojuts, 500C
oA dx{elst A3} perovskited PbTiO,
AR o] A=At
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