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Abstract : In order to obtain glasses appropriate to the thick film copper conductors, nine glasses based
on both lead borosilicate and leadless borosilicate systems were made and the applicabilities of them were
examined in conjunction with the requirements for thick film copper conductors. As the results, it was found
that all the glasses are fitted to provide suitable sheet resistance, solderability and solder leach resistance
to thick film copper conductors. However, it was turned out that only the lead borosilicate based glasses worked
for getting usable aged adhesion strength of copper thick film to the alumina substrate, while copper conductor
films made from the other glasses had poor aged adhesion strengths. Particularly cuprous oxide added lead
borosilicate glass was considered as one of the most favorable glasses for manufacturing thick film copper

conductors.
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d22 WA, g3ty WA aga e 489 7
&Aool glon @BZATFe) Ao ofEHE F8F
g vh, £ 2% (bonding 537 F3¥
(adhesion) € 47198 #Ele =4 A=} Alete
71 He & AAMol 3ln] 18A FonA AFALAd
&t F&ae] PAS LoldtA @7, 10].

AFAQ FReA L fale dubd 22 Pho 9 Bie
0: & ¥3sch, S2d 23" PhO= APY2=E
wio] F0 F4£Uxs V1w Y-S 4 sz,
Bi; 0; & £& 220X Ao Hol e XS
FJAT, FELAY 7S F FAdE AL
AR AF (bonding) € F7HN7= AolH, #E&
AgA 2 sk 9 78] =4 (glass-bonded Cu con-
ductor) o] B3| Wit w9 FAg Aot
gz Bi,0s & 78 F50l thd o]d 7zt (dihedral
angle) ©1 9 (zero) o122 T# YA (copper grain
boundery) oA A& Hopg vty A F
g9 dA4& g3 [11l.

T2 EAUE fEls dutdo g T &FHo
gojubr] Aol EA ZI1ud FAAE & A
Folot &t o & M Fule =9 Aol
stotof gk, BE A4 2%E7} 850—900 °C L A}
|5 89 AskdL 500 °C olste] o] ARZE
t} olg} 2o BFog dAdME vu sluye] B
Zeo] Fod AFTAtA fEl7l Bol AMgET
a8y 4EF 718 A (hermeticity) 3 WEAS
FA717) §18te] Batel gaFo] we #-2 (low borate
glass) & AM&-3l= Aol Fom, ol W3 Siuta &
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PbO 9] &F& 20wt. % °13t2 dhe BT F&
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AMEEE 43 AEES #94E § i 2y
22 243 3¢ €988z E8% PO Y
Bi:0; 7} #g=o] Pbut Bi 5] Hv 4" F
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Table 1. Chemical composition of glasses

BARE F9] ol ggelol2L 3z A F
A AR 4TS vHGa Fci4].

=A Futel AL AR UYed. fE2
Y (glass bonded) & T2oA £8E H20
3t Ao EgF Ao s do] NP
710 A== Wiolx, sH8-AdH (chemical
bonded) & 5% & F548 5 2AELN B
=A@t GAFS FAstzazR o)
FA4= 1 93 7igo] RA=E Woly, EFAT
Y (mixed bonded) = ¢ F AL FAld)
M oA fElY A& FtdgAE
A7Vl Afe RAEAE AT F = Holtis,
1], B AT E ZIzfdd 9@ fdel 3
A BAE7) 98t q37HA] Mg gg
AnddE P A RAYH BRAHI} FRE
Cu0 & CdOE HVMN=Z 8o gAY ans
A2} Table 1] Yehd 248 Hslqo)

(Unit : wt. %)
Composition A L*
SlOz B203 PbO A1203 Na20 leO Ca0 MgO
Glass CdO Cu0
BS1—-BASE 54 124 78.1 4.1
BS1—CD 54 124 78.1 41 5
BS1—-CU 54 124 78.1 4.1 . 5
BS2—BASE | 1927 | 5139 11.27 7.80 7.20 3.07
BS2—-CD 1927 | 51.39 11.27 7.80 7.20 3.07 5
BS2—-CU 1927 | 51.39 1127 | 7.80 7.20 307 5
BS3—BASE. 40 45 2 13
BS3—CD 40 45 2 13 5
BS3—CU 40 45 2 13 5
*A. I: Additional ingradient in part
Table 2. Properties of copper powder 2. 2. AEx=
Paticle Apparent] Tap | Particle | Surface el Az A8 HEEEE 17 Aoke A8
Morpholgy | Density | Density | Size | Area Zigr‘" Cl:]%‘é;%ﬂl\ﬁt: Co. o A2 BT o
glin® | g/ec “m | mg o 02-2 An Sl 7Y TS }%G}Qi:}. F:u 2o
Spherical 30-45 {3.25-4.5] 1.3-25 { 0.7-15 Zd: EOT;M;_? 40’1 (;: i}igi]i; 77]];;& (t N1;.>pon Car-
Deagglomerated | 34.5* 36* 9.9+ L1+ . =T % (alumina subst-

* : average value

rate : 96 % ALO;) & AMESQTH &4 29714 Aa
k&g A=7kAFY (F) 9] UPC-N, (99.999 % N, )
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Table 3. Chemical composition of nitrogen gases
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2. 3. Algay

Ak 27 A 2%E 3 FAEAE /Y
24 Ay 24482 98 AFEES mg @A7A
AsEA 2ol AA nlEloA 60 £ FU}A &
g3 1000°C oo = 7tg® =7HY 7hehe)

Manufacturer|  Grade | oromcll compostion GO g hjeq solgel of 90 82t $5AA Azt
0, | €O | €O, | H0THC gt olggo] 88 felE AL FHF Fol
Korea Gas | UPC-N: |t 011 05| 10 | 01 FARezA B2t golB Feiz HEUT. o
Corp.  |(99.995 %) #2818 AZAZ the zirconia A EHNA aceton &
2avhzste 6 A7 ol Eadte} 325mesh AE
Copper powder Glass powder Vel;icle
Mixing
Mixing
I
Milling
1
Substrate Conductor paste
Screen printing
]
Drying
|
Firing
|
Test
| I I
Sheet resistance Solder acceptance SIR Adhesion strength

Fig. 1. Schematic flow diagram of experimental procedure.
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Table 4. Materials and processing conditions
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Conditions Cu conductor
Copper / Glass
Inorganics — 84wt. %
(96 wt. % / 4 wt. %)
Paste
Butyl carbitol / Ethyl cellulose
Organics —— 16 wt. %
(90 wt. % / 10 wt. %
Screen 200 mesh stainless steel screen
Drying 20 min. at 120 °C
Firing 10 min. at 900 °C

A3 FHANA Argath. 1 g AR A<
A FAL Fig. 13 21 paste 9 AZ L APz
AEL Table 4 o) YERAATE =3 242 9J3) 2
AgAA ALSE AN -2x ZZAL Fig 29 Y
BTk 2AENE Cud FHEAe FA
E4e @3 d7aHE{15 161 A & A=A
A& FFE S5ppm FEE FASEAN A48

'F 432 solder acceptance 2 &3 st om uhi o
£4¥ AF§ BZ AL Alpha 611 flux 2 &g
¥ 230°Co &8%¥ Wd(625n/36Pb/2Ag) EE
(pot) &l 5% B F7U7F A} trichloroeth-
ylene £ 2 A A3 -3 T B39 Ao} HEL
<o 2 #Fste Frhatg ok, AdH A48 (solder
leach resistance) & $9W-4& AJHEL HA flux o ©
TARE A 230°C Y $§8 AdEo) 57
BFTARE AR F FHYA A 327 HAF)
o]} trichloroethylene &2 MH&3w 1 FHL
Aste AL 13 ANgos sy, o9 2 23S
RS AEE w ©3o FEAHYR0] £ Wy
£02 tf Bolgojzgt 'y 749 A P52 Y=
H Agd3 Aol & A5 S dutRoz 10
AR A dst) AAAHA g AP Kool m
&2 Yeido. B 499N E 10 371A A8 sy
B7rstth. F-AZ % (adhesion strength) £ peel
test HE A8} 271RHPE 150°C o &
220X 48 A7t 8} F.0] AT (aged adhesion)
€ 339, e mazye gHe T ¥W
A2 & & o FAPAAEAD 7 (Akashi Alpha—25 A

10min. 2t poak

8 8% ¢

L Rise rate
130°C/min,),

Descent rate
(80°C/min,}

Temperatwre {"C}
"
g 8
T T

T

i i
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Fig. 2. Time-Temperature profile for conductor fi-

ring.
SEM) 2.2 #&s3 AMRE &9ty
3. 2% # 1F

3. 1. 7|=R2|e EAM

ARE AERY NxfFo gty =%
A3 @A ASE Table 5 9 2o}, d3iye
uigtdo A T A9l 7] AREo] Akt nMz
FAsted ¢ F23 AdRtoln), Fuke AFALEI}
850—900°C ¥ 2% dutdoz AFHAL 500°C
o3t W Fz st Yrisle vl o] JxgEEE
EF ¢33 g4 51 itk @8R SE St
2T PAHAYANN BF L 30 ©pEg 2EYAS
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Table 5. Properties of base glasses

Glass Code
BS1-BASE | BS2-BASE | BS3-BASE
P@
Softening
443 457 500
Point ( °C)
Thermal E i
ermal EXpASION | oo 71 | 7377 | 7072
Coefficient (#m/ °C)

Hasielr] Sdstd FRot \wel ABRASe
Ahess FESTE BrhEE u o A%F V)
zpege GAPAFE V1% 7% A AR
s @ gkolovh
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Fig. 3. SEM micrographs of BS1 glass based copper
conductor surfaces.
(A) BS1—Base, (B) BS1—CD, (C) BS3—
CU

174 2 BS2 Al ®l&3hy BS3AE wlad vjwgt

Aoz yeyld.

3. 3. Ely
olE F79 5L AR wEY :rL?J ¥

oA #HolAE 3

ate] FoA FAT AE (sheet resista-

nce) & Fig. 6 ol Veh Atk el Fo=A 9 o] &4

HAE A& 4o FAZ 20 4n 2 T4 o 0.85m.

ohm/square ©]ojoF 3ttt 2@y AlFo] HeEE
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Fig. 4. SEM micrographs of BS2 glass based copper
conductor surfaces.
(A) BS2—Base, (B) BS2—CD, (C) BS2—
Cu

A9 7o =AY AL gA 2 o] o]EX| €] 15—2.
59 Fxolch, ol9) #e& He ndT W 20 4n F
Az " AEAE A (normalized sheet resista-
nce) 2 e Fig. 6 9 23= A 2 %355 H Yol
Eda Azted,

Z|ZzFrelel AtgEe] A e fale AS aE=R
FE BHeod TANEY HE A 72
B} F718tdt). o AR Fig 3—6 9 v ZRF L
Bl st #2338 2 o CdO Y Cu0 7} #71E A

&o] S7tste] R R AU R
F4 €

)

(B

Fig. 5. SEM micrographs of BS3 glass based copper

conductor surfaces.
(A) BS3—Base, (B) BS3—CD, (C) BS3—

3. 4. HEM A g AN Mg
B T4 so|HE vlo]a 282 g T Ao
ejA v —?— %“&‘{’} 54%9 dhdoln), 53 29
9 EHAA71% (surface mount te-
chnology) °] F2E o|F1 Q7] o) drviel A4
T3t WA 2 X8 (solder
F&do] g =Aute

(solder wetting) ©] %%
leach resistance) ©] =LA
L7t i [17].

HH FPA mAgte] Ao gsiEctA s)AH
oy Ad7)Hoz Hage 8Qlo] d £ gomz
Tbed B Ao Jug w2 £ 9= art
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Fig. 6. Normalized sheet resistance of copper condu-

ctors.

Table 6. Solder acceptance of Cu conductors

(Unit : %)
Base Glass
BS1 BS2 BS3
Am
BASE 100 100 100
Cu0 100 100 100
Cdo 100 100 100

stk 7o 24T gdde 230°CE #XE
@y ZEO A 13 AB3HE @ Table 6 ol vebhd
uie} 2o ARE A

T2 =AY d@AdL CdO 2 Cu0 & H7lol=
A9 L WA ga RE FzEe ASTFA
(lead borosilicate) Al 212t} £ B4t (leadless
borosilicate) Al f27F &3t o SFEATh E=I
ot T AT WS Apg-ate] A4 230 °C oA A §
A AEe o 39 524 109ME AAAE
o) 28 Algo dis] A FAHA Gz v ¢
Sz ATk FHA FHY A9 fEe 240l ¢
zhzsse T2t 7IAR e B £& 9934
g EAo] 9g FAEITE AL € 5 YA

U3 A 2A A 335, 1991

% - ol

® 881

A 883

4.0 -

Adhesion strangth { kg/ 4 mm® )

1.0 &~

Aging time (0)

Fig. 7. Initial and aged adhesion strengths of copper
conductors made from different base glasses.

3. 5. REUT

o=ui} J)de] Wid =A e paAHe LA
Ao A Fut 229 2o 7713 AFA (inorga-
nic binder) &) 7|#o 29| i3 F&E L 318HF
AzAgd o3 Aot} £ RAHFL F&— 78
Aol ulAzA el W ol FAFEH.

T2 A9 N faEle 27 B3R =5 F
Hae] B 9%FE v frele e dshH,
we HA, 2 gudHs o Asvt 45 §
AL AE °H F83F gl AlLE 72S
9 27] 7S Fig. 79 Jehiih, z2 #89
Qe wek zo)zt ot 8 #2iY BS1
—BASE 9] Z$7t g& B4 98 Bk 433
Z7) 28 g A}, o)t WAz AFEAE B
9 Fig. 394 A& ¢ AT vt} o] Tl ¢
A4 (grain growth) ©] 713 2 =1 4 ZFe] 9
e & o]FolA 7|Fo] 7] Wi Aoz Ay
2=

HA7MAE 7H 9o RFAY L J|xfE] o B
F7tE e x3Fe) RAHFw 4=t Fig 8
—10° ZAF FIES AHSRE "y 27 2FZ3F
T 23159 R34 g Jehfqich BS1A &
2 g0l EAwe 27 R k33 BIAPRes]
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8 831 ~-CD
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8. Initial and aged adhesion strengths of BS1

glass based copper conductors.
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9. Initial and aged adhesion strengths of BS2

glass based copper conductors.
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| 1 1
24 48

Aging time (h)

Fig. 10. Initial and aged adhesion strengths of BS3
glass based copper conductors.
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Fig. 11. Phase diagram of Cu,0—Al:O; and CuO—Al

203 systems.
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Foll ALRE 2 2 H] HHAE AR 7
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