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Abstract

Since the issues such as depletion of fossil fuel, environmental
pollution, and dangerousness of nuclear energy are currently magnified
around the world, people shed new light on new renewable energy.
Among various new renewable energy, it is a solar cell using solar light
that has most often been studied and has been put to practical use.
Solar cell is now being provided for industrial and family use and is
worldwidely getting the limelight as a substitute for nuclear energy.
Electric power from-solar cell is produced through a method that
convert solar light into electric energy and the maximization of solar
cell efficiency might be the biggest-issue. In addition to overseas
companies, local manufacturers and researchers are making large
investments in maximization of solar cell efficiency. Among a number
of factors that impede the efficiency of solar cell, front electrodes
formulated in front of silicon and contact resistivity between layers of
silicon emitter are one. of the main reasons.

In this study the selection of general materials for making silver ink
for formulating front electrodes—of solar cell and the influence of
addition of silver neodecanoate, a kind of organic silver, on contact
resistivity and efficiency were investigated. The ratio of solvent was
determined by selecting BCA and terpineol through the cosolvent
system and the kind and content of silver and glass frit were decided
with inorganic solid content. Also, contact resistivity between
electrode and wafer according to existence of organic silver was
observed. It was found that the windows of firing temperature process

broadened more with the addition of organic silver than those without

viii



organic silver addition, which seems to have contributed to the
improvement of contact resistivity and the increase of efficiency
through the increase of contact area on the interface of electrode and

wafer and the increase of colloidal density inside glass frit layer.
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7k el mje] & Az

(1) &Al, 7] vkl o] A9 9 gk

FAA AHATE JIAAFRY /]2 welid Ao vlolEF2 Ax
HA oA fA4+= BCA (Samchun pure chemical “Co., Ltd., Korea),
xylene (Duksah pure chemical Co., Ltd., Korea), terpineol (Yasuhara
chemical Cg.,~Ltd:, Japan)& AF&-sfS]notrute- A8 gl \3eke] o3|
AYE vk Z4zte] &A1 HlES 27 1o, EC (ethyle cellulose,
Sigma—Aldrich Co., Ltd., USA) 9] &8|&=7} 713 =& Alas Ze 2o
Ag ol EA ot} Table 1 #F o] BCA &£ xylene, BCA ¢} 'terpineol 2]
g vl&S g2 sk Z47te] I %mE Figure 119 # @0 H (HAAKE
rheoscope 1, Thermo Fisher Scientific Ine., .USA) & .¢| & =73}t

Table 1. Experimented group of the mixtures of BCA : xylene and BCA :

terpineol with diflerent ratios

#1 | #2 | #3 | #4 | #5 | #6 | #7 | #8 | #9 | #10 | #11

BCA : xylene 100 | 91 | 85156 | &2 | 7h25 | T3 6:4 4:6 2:8 | 0:10

BCA : terpineol 100 | 91 8:2 7:3 6:4 55 | 46 | 3T | 28 19 | 010
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2

Figre 11. HAAKE rheoscope 1
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(2) 2AtAe] Ades) &

F XA += Figure 12(a) 2] BYK—chemie GmbH oA AAtsts= 5 3

(b) 2] Croda Inc.olA] AAt¥ = 6 F2o AEES ZHzF, 7] 18R
whbkell £ IS A=A Hrlste] Agstk. fAe]  ZH7+e
BAAES EH5EE 188 gy 5wt ¥ 3, AW, A 28 YA,

T8, F4, ofd T& =53 FAY] (ultrasonic homogenizer SH-—

S

750S YTK Co., Ltd., Korea) & AF&3ste] &4t #4F 202 power:

25 %, time: 15 %, cut off temp: 70 TC, restart temp gap: 10 C=

Figure 12. (a) BYK dispersant, (b) Croda dispersant

g% nEE A u g g

e

F7] 13F2 Figure 13(a) ¢ H+ Y% 200 nm ¢ Ag—0702, Bt
A% 1me Ag—0710 (Heesung metal Co., Ltd.) 9] Z+Zt &7} & F+
o)

71A] A 3t (b)) ZF~ Z8 (Ceradyny Viox Inc.)bh 2

dgo 43 WSt
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Figure 13. (a) 2 kinds of silver powder, (b) 5 kinds of glass frit

2 el o

T

Fable 2/ 5 &/ =2tA 28 S 1

G2 AgEtel HE MATE 57

Mr

I

i, 7
CI Rzt
MFAAN Wt F

Table 2. Physical properties of the used glass frit

=

rlo

oZ

Ideal Flow
Density Qi Tg Ts -Soft. HE PSA D50
Glass No. e J i Temperature
(g/cc) | xO™7€)~(C) | () () . (zm)
(C)

GF—-2811 6.84 127.0 290 | 307 341 450 1.67
GF—-2027-1 6.25 98.8 370 | 404 448 500 2.96
GF—-2027-2 6.24 94.6 373 | 401 445 500 0.20

GF—-0981 5.26 82.8 382 | 419 462 550 1.06

GF-2172 5.21 42.9 343 | 535 606 850 2.58
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b 239 TYUE

HFaA g G244 A=l el (KPE Co., Ltd., Korea) flell d=29]
A= 239 JAHA7IE ARt AHAd=E FAsiAd. vakst A8
98ke] #lolA n] (NANIO 532—10-V, Innoras Ltd., UK) & A}-&-3}¢]
20 mm x 20 mm = 7}&3FAY, 50 mm x 50 mm = 7}gsto] Ao
AFESE TR 250 mash o F8dlol A EFql el Al (Samborn screen Co.,
Ltd., Korea) & AF£3F3 37, 20 mm x 20 mm A=2] 74-$ Figure 14 A 9
200 me] A Zo 7 AAE AFAS AFEste] d3star, 50 mm x 50 mm
AME AR Aol dF 80 me] AdE AHE-ske] A& skl o

Figure 14. Producing a sample for measurement of contact resistivity of solar

cell using screen print
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3gAY Ax FHE AXA ¥dk 80 T, 150 T,
200 CollA zZFz; 1084 hot plate (Dailhan scientific Co., Ltd., Korea)
el AxdAY. Ax7E g5d AMES Figure 159 w5 dAg FA

=

(AccuThermo AW610, Allwin21 Corp., USA) oA 24 F4S A A

Hed, 24 ZE9YS 7471 A g 93 2 S Ure] &

At AFS WA 7] 7EHQ 229 S YA ek

AR A ZRIAE VEow ¥A 2RE thste AFCAE

750 C, 770 C, 800 T, 830 T ﬂaf%g_% W slsle] A28k
%

o

Figure 15. RTP (Rapid thermal processor)
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—

o = 3L [e) = O = [e] T1E] S =
AE g5 AEY AUASS AVHer £ B4s AT 7 A

=
olof Bt ole] Ao HH MATEL Syl AT WA AL P

7}sFi o). Source meter2} probe station (MS TECH Co., Ltd., Korea) &

Aol 1% NATL St

AE vAY SAHOEE TLM (transport length method) & AFE3}¢]
% v A S ASHSIT. Figure 16(b) ek #ofid= Alo]o] A= 2
mm=zE g3t AHE A SEH 9e] 18 (current high) ©H¥ 2W
(voltage high) H& &= A= A& 9l A= 7, 16 mm Hoixl A=
o 49 (current low) <& H=Fstth. 3H (voltage low) & 1¥H¥ 49
Hol AFHolgl= el k4 2,4, 6, 8, 10, 12, 14 mme] 1€ &
of A= A= A= wAT gh= Aabsi

.
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3. 771 AW H7F A9

A A= 48 da Az Al 771 AW A7 &, Sl m
€ A5 WAT 2 58 W3E Adssiv. Addd AgE 717 AnEs

AW Yl ed7t-ee] E (silver neodecanoate, Gelest Inc., USA) & A&
shoith 7] AWe] MR Qlsk d=5e SA WIE dEetr] A
T UxsdAEstdg el o=ete], FAF Ax} dAn|A  (field emission
scanning electron microscope, Hitachi High—Technologies Corp., Japan)
o7 A= WS #AST a8 ST d=o] AAHANE
50 mm x 50 mm o] 9l Figure 178 ojn| ] e} o] A58 A &
A A 2

Reliability Tester, Mcsciénce Co., Ltd., Korea) S ©]&3}3] e okx =] 2]
A=

b Al A B 7 AJA~E (commercial Solar Cell &

a8e ST 5 vudes AR

ol

Figure 17. Before and after printing solar cell electrode using solid-crystal wafer

25



Aode] @Re ol @A Y. olHw

e Fo 79 AREEE w=d T A Ao V]Sl AREsd
BCA°| 7] ®ly 2 AT ethyl cellulose. (EC)ell tst £3/do]
2 UEFS w2 xylenes EF3FO] AN k. BCASH xylene]
&S ol 7] vile (EC 300) 2 wt%s-37kste] &3S ul
7Hg @ AR vdem S5 SR 7R =2 HES 3] SIsiA
AEE = 313, Figure 184 E<l BESE o] 39 | A H oA

(BCA : xylene)d w1185 cp®E 7Fg ©E2 ATV} Hol= AHAS &

J

4w

Viscocity (cp)
N
8

.10 0 10 20 30 40 50 60 70 80 90 100 110

Xylene (wt% with respect to BCA+xylene)

Figure 18. Graph of changes in viscosity according to the ratio of BCA and

xylene
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o= Ztztol &A7F G7] npelrle &£3x7F xtolzl 9=d olw F
7HA 9] G erE Haglo]l ol=w el P we AR yEhdTh
7)o 9 n&w A AP oy, HAA ol <6 sE Ay A
YAzt wEA AxE = dAdo] WAYte] xylene= terpineol® A&k
A8 S APt AA R terpineol AAQ] HE7F xylene? FHERT}
Be] wolA FrEe] @oldaR HAm A FHol F Aol dgglon
Ay AFe vgod= 2 WL Qe 2 o® UElWtl Figure
190 yebd 2= E B BCAS} terpineol®] H[E©] 5 @ 54 w7b4] =
H]

el R

MO

% Eol 17 AA Gt AL B 5 UAAW, oF

1o

1200 ¢
1100 | i
1000 |
900 [
800 |-
700
600 |-
500 |-

Viscosity (cp)

400
300 -
200 |-

100-—.|.|.|.|.|.|.|.|.|.|.|.
0 10 20 30 40 50 60 70 80 90 100

Terpineol (wt% with respect to BCA+terpineol)

Figure 19. Graph of changes in viscosity according to the ratio of BCA and

terpineol
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BCAS} xylene? 2 nlgolgt A8gd 7 @ 3 wjo] F7f 204.7
cpE YEF}E=H|, BCAS terpineole] 5:5Y9 wje] Ax7} 210.9 cpE, H]
A Ax zol7l ALY gle RS A 5 Ay JAre & Adso] sl

3l A

RS gAR 2 Holrk glol Ak AEEAY, £7] IE} 4
3 &
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Figure 20. Test method formt'esting the degree of dispersant dispersion (a) 1 hour

<

o e
ot
L o
A,
N

2

+
20,
o

after dispersion, (b) 24 hodrs after dispersion

Table 3011"'1%5}1413:14. BYK=P104, KD—1, PD2246<

T e PR BRI st e gl

W
)

m?i'

Table 3. Dispersibility of various dispersants using a sole solvent of BCA

Ag | Ni | Cu-Ni  Zn | Sn  GF-2811 GF-P632
BYK-111 @ X | X A
BYK-204 X @ X X
BYK-2155 | A | X A
BYK-P104 | O | X O o O O O
KD—-15 X | X X X | X X
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PD2246 O X O O O O
KD—-4 X X O X O X
KD-1 O X O O O O
KD—-57 X X X O O X
KD-9 X X O X O A

o] BCA+xylene® WZH uhepx FAkAl 24 ASH o]

27 E . Table 4°1M  abAl ¥ zhzbe] A g Hds

Table 4. Dispersibility of various dispersants using a solvent of BCA : xylene (7 :

3)

Agr| Ni | Cu—Ni | Zn“| .Sn . GF-2172

BYK—-P104
KD-15
PD2246

KD—-4
KD-1
KD-57
KD—-9

<o O =< O e
I I I I I
O = O O O]
MO O = O X o
O O O O O » ™=
<o O =< O
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Ay o7 2 7FA 9] BAMA (KD-1, PD2246) ol slite] EAA=
)=}

Agstojol shzdl, Eabgel mstel wwlatd F KD-1 ¥4kA

Aol A H

KD-1(after 1 hour) KD-1(after 1 day)

1o

ir). PD2246(after 1 day)
!

D-1 dispersant Wlth EC

7} vlit = ”‘ = EC 2949

=9 S ¥ a7
Mﬂﬂ EC 7}

FigurJ 21. Yellowin
I

Figure Zi'- o] Al H.o]=

- b
HFS- 0% Qls}o]

A 71o|
uhelr o] ghepol %lg‘%i!]
Astsn 4Ese Ao h__tw[ﬂ

Figure 22. Gelation due to the reaction of KD-1 dispersant with EC
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Wol @ uHel A7l wAlste] Q1 Eae Qo) dgle] Fry

i el PD—-2246 &) Figure 21 oA Hi= vie} Zo] EC £} RESS&

Ado7|A] o} shHol Adojux] gom EC 7} Aol MEHE
FAHE Holx ¢k=th T Table 5 o ZA3pel o] HF:How
BCA+terpineol & 4|2 AFEE Ao B4 TAZF ¢l Aoz

g€ o] A¥iE fYs FAME ek, ulo g vkE

EAS Holx &= PD2246 HEAMAES Aesit)

d

A

Table 5. Dispersibility of various dispersants using a-solvent of BCA : terpineol

(5:5)
Ag—0702 | Ag—0710 Ni Cu—Ni Zn Sn
BCA
O X X O O | O
_|_
GF—-2811 | GF=0981 | GF—-2027—1 | GF—-2027-=2 | GF-2172
terpineol
X A\ AN A JAN
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3. 771 mi]lY, AW vy F5F 8l g mE A7

%7) 7] kel duely Z 28k

al
Zeks 23 (GR)ol &3] #F Hol AS3 AYE gl

AMOR olBHWA WAl WA 52 olFse] e HH WAL
TR 2e BRow Ak oo s we ol4d % LEE

= AR ot o= tEA

oFekt}l. Figure 23 & 22
24T 800 T 4o S ol

GF-2027-1

2mm

GF-0981

2mm 2mm

Figure 23. Melting behavior of different glass frit at the firing temperature of

800 T
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GF—-2811 ¢ A% & Zg~ x| nHlaxa AgrRoz FAHE
7

dojoizh F4E Aol melrh Feha =y dolort YUY FAL A%
AP ol FAH AYE AAt AFow FAHEU YR 3
Qa7 Gk B9, AT BR] gl SHAZ wAHEA A2 7o)

:H_
Aoy}, Figure 24+ AWHATY xHS dujAdoz  #zdl
olu|Rlolt}, vl AR Qlste] xHol wlg ARA Hol= A&
olgd 4= Qlt} o= (b oA Hol:= GF-2811 9 S A} o] #Ake

Figure 24. (a)-aggregates on the surface of a silver.electrode (b) image of

particles-after ultrasonic dispersion of GF-2811

GF-2811 ¢ H#YJ=7k A3 (D50=1.67 m) ol wg} FAako]
AR o] FofA A k& AF T SRAEC] LA EAe] A=
Aolt}, o]gdt A= 3-roll mill & #AF ¥ ALEstdaA A==
AE & T Aotk A9 S HAgeE o] fo SuE ks 2

J

Ade fleiAd dx dArjg o wEsielty. Figure 25 9 A #vw|73

olmA gt 2ol Ag FF W Wel % HolE (Table 2)sh =
zhzte] Zeps melel Qul 37 Aol7h YA e o] sid).
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Contact resistivity (mQ-cm)

1600

1400 ;
1200 ;
1000
800 ;

600

| 934.193

400
200
I 63 4.034 39.596 7308
0+ [ ] —— ©  ———=nm
-200 I 1 . 1 N 1 . 1 . 1
GF-2811 GFE-0981 GF-2027-1 GF-2027-2 GF-2172
Glass frit

Figure 26, Graph of contact-resistivity with different kind of glass frits

Table 6. Mean and standard deviation of contact resistivity with various glass

frits
ORiat]. GFY - FF—2027— _GF—2027—
| GF-2172
2811# 0981 1 : 2
A :
H] A g 934.193 10.63 4.034 39.596 7.308
(mQ-cm?
¥F #®x} | 467.537 9.902 18.6 62.798 12.054
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AW sEe] A9 w

Agstel AEe AWt

Fata Y= F /1A (Ag—0702, Ag—0710)=
Stk Figure 27(@¢<¢ (b)) A= Ag-

0702 9+ Ag—0710 ©oJt}. w7} A=z e AS FAE 4 9= Azt
w7 o]u|X o},

Figure 27. SEM image of silver powder with different granularity

A AP E GF-2172F 12 iHl3,4,7,9,11 wt%= Yol 4=7t
OE AW TS AFSstel AF BIAR S v wstglth Figure 28
Ay JE7E Z Ag=07109 AF7F AL RE ZFEA =3 shakol A
g Aol B2 AEWAMS TR E T 3

ol Ag-0710 &7} HImA A Feka-THlo] 24 TN 83
A3k A 7189 A Alol= o]Fstar WhAbgAE FE& o P A
dEe F e A¥E FPHT i) Ag-0702 o g e ZE
71E0]l A&skA xetol 3 wt% olstelA = WA RAPA RS 2]
NHAZNA Fohe Ao Helth auRE A5 A ovE F1H
HEol FA4 ob w2 HF Aol Yehs ddE FS5HEr o
dlelels Seks 28l §s AR 247 2 5 vk Ag-
0710 & AHEE A% =k T 935 3 ~ 11 wt% Aoz 2%
Aol BE FRhell A oAl A HAEE Bol=d, fus AR

7wtz A7 2 st



400

—a— Ag-0710+GF-2172
BOF 7 —e— Ag-0702+GF-2172

300

250

204.53

200
150

100

50 -

Contact resistivity (mQ-cm?)

12
GF-2172 content (wt%)

Figure 28. Comparison of contact resistivity according to the content of glass frit

with different granularity of silver powders
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Al

4, Ax W A4 23 g 7] 5A

ot

A JPelS Q) & Ax FAL & 394 (80 €, 150 C,200 CO)=
2474 10 & w]b Ax7F JAHY. 2710 150 Tl 1 2 dxE

AP =, olw v Ho] AfA o E & xylene (138.5 C)2 A%
*

Be Aol THEe] VxR QIst 7] WALTE WojA= As g
T AN o] F terpineol & HFHl o] o= 1 WA HFx2E<Q1 80 TellA
bgA o= HAx AR F 150 TelM 2 2k Ax, 200 T 3 2 Ax
= AAEA EAE S8 ST Fu 39 dx FAo]
o|Fo AN FHOoR EozA Y.

|

—750TC

800 - —===770.C 875 |- —T
il 850 70T
r g s - ——800 T

——830 T 830 T
800

750 [
725 -
700 |

A \
A : \
A A
875 [ W \
Iy .
650 [ /
625 [
0 W
k] 38 40 42 44 a6 48 50 52

Time (sec)

Temperature ('C)
Temperature (T)

L 1 L i
0 20 40 60 80 100
Time (sec)

Figure 29. Firing temperature profile with-different peak temperatures

Figure 29 o] &4 Z23dS JAs] B 27] 450 C7HAE $2&
75 C& 3tal, 450 CHE 500 CT7HA19] 7+ burn out *3Fe® A
e 4718 (771 Bkly, Ak 5o $3kste] AAHE R
st s28& 2.2 TR M8 S3HH 5o 94 25 oAM=
28 73 CE st 93 25738 A% 750 C, 770 C, 800 €,
830 C= u¥A AdS st

o

44 ruo
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180

ol —u— Ag-0710+GF-2172 (7Wt%)]
__140f
§ 120]
& | 107129
E 100
!
S 8or
z Ol
‘3 60
9 L
= 40 F
g F 22.684
20
o \ 9.904
S I 7_3@3—__}
0 -
-20 I . ] . ] , ] i ] ,
740 760 780 800 820 840

Peak temperature (°C)

Figure 30. Contact resistivity of silver electrode with different peak temperature

oA I A L= AZe] EA ®igle] & 93 mjmc) 24
Figure 30 °l4] Hoji= uksel o] 800 T olahe] XA F43]
HE HIATo] 7R EEe #A2ASes 4 2R olshd
e Sdks ZHo] -FEs] Hopd Ay Ea A=Y AHow
ol-&3dt7] ol¥ ¢l WAL WA EE = 2 AFANA A= WALl =
Hes d3s 7HAsith oS wtg o Ao A4 A4 &= 800 CT®

ki

-z
2
|o

=
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Jr o] TxFe} Ho]A~E (Fujikura kasei Co., Ltd. Japan)? 7%
I 7F H7bE A ksl ®e B st A & 7l Hiy
Al et vders Row G ALY ol LyE ZA T}

R
z7d Foll 771 An

e = FEsklt
71 A= 180 TAHEAAM f7l= S3tHa oj&o® QW Ag =
U ool An qixte] ez sk s A ok sedE v A ke

63
A ZAEY Ao HIwe dAH S ulF

—a— Ag-0710+GF-2172 (7.wt%)
—o— Ag-0710+GF-2172 (7 wt%)+organic silver

140

=

N

(@]
T

107.129

-

o

o
T

80 -
60 -

40 F

Contact resistivity (mQ-cm?)

20 |

-20 I . 1 . 1 . 1 . 1 .
740 760 780 800 820 840

Peak temperature (°C)

Figure 31. Change of contact resistivity in the presence of organic silver with

different firing temperatures
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ol f7] AWE HIFe JAg HUKSHA e JAE ARESte] 7
2% F7hE AHAF vATSE FAH& B4tk Figure 31 9 Ai}efA
gy zol 800 T o] A 2ZoAe F 7HA A5 HF
vl A go] 7 & ztolE HolA AR, 1 o]ske] &Rl 770 T,
750 CellAe= /71 AWE 92 da9 A7t 297 g AeRt
A vAFe] 9 ves AS FAT & vk sHARE 282 A
B2 Zol7h Sl Aol gAd wolu, HAF ke Wt TEE,

dlolel 4 Fitgel tig @Fol Bast

Table 7. F-test of two variables for contact resistivity at. 770 C with and without

silver neodecanoate

F-774: 24 ot 2 3g @51 W2
= 8.1166783 92.68396
| ==k W 75.24847 | | *656.0977
= 5 [ N=/15
g ' -\~ 1
Fe o [LH e
P F<HES HA | 0.003888
F 7144 @5 3A 0.283348
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Table 8. T-test of two variables for contact resistivity at 770 C with and without

silver neodecanoate

T-A%: s 718 + A< A 1 g 2
B 8.116678 22.68396
o, 75.24847 656.0977
asT 8 15
7V H=} 0
A= 19
T 5A% - =1.99822
P (T<t) @& AA L ~0.030105
T 7124 2= 34 1.7291353- ¥,
P (T<p-%= ABS - |  10.06021 ;
T 7172 4= AA 2.093024 D
golee AFS AAMAE-AZY T-3HA< tel S ekt

Table 7 oA ~K<Ql Hle}

FANAE A5 w4

de F UAde ARE EF

2ol TAATE E3MAL 7707 TN F
Ao F-#A9 A3 P 3t0l.0.05 Hth-Zo g fgrads A8 sho]
o] #Aatle & 4= 3t} Table 8 T-AG of L4t 714 F He 319

Al A3 P @tol 0.05 Bop Hormw = Huo ool zbol7t

et ol §7 AW A7

Asrl ke Aow

=

o,

43
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Axol= BEdA 7HE & 542 a8&eds 9SS 74 @k Figure
32 adze] Ayt {7] AW H7ER QI a&e] S HoE

50 mm x 50 mm =7]¢] ©@dd AT dlojHel /7] AWE HIHE
a9 €A B IS Al 7t AL A F oG85S =74

st

18
= Ag Ink 16.518
16 e Ag+organic silver Ink 16.32
14 F
r\ax -
& 12.276
= 12
(&)
c
Q
QL 10 |
=
L
9.121
8 -
6 -
L | L 1 L | L | L
760 770 780 790 800 810

Peak-temperature (°C)

Figure 32. Efficiency comparison in the presence of organic silver with different

firing temperatures

A= JF v A fAbsk AS &
&Y Zol7t mAEY, 770 C FIFIAE =

% e, 800 TAAE
33 a&e Aot F9d

S ApelelA] ofm e
97 A9



et A7k B estth Figure 33 & #7] wkltle} 7] AW E &4
EAe

S Sts % 0] QoS o s ;11 o ] N3 5 ko3
glﬂo]—o T U o= EjoFdx] &4 é go]s el A3 s &
37 = T = = o) =
Ay iRt §]_5:/] L == o 1
Q) é A Eﬂ fu _,—O] = Qfd@' XRD EﬂO]E O]E]'
(a) [ —— Organic silver + organic binder solution coated Si wafer(80 °C) | (b) [_—— Organic silver + organic binder solufion coated Si wafer(200 °C)]
300 300
y
« S
200 | 200 | « Ag
w i
O 00} +Ag ol
f
of - oM
. . . . . . I . . . . .
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
Position (°2 Theta) Position (22 Theta)
(C) [(—— Organic silver + organic binder solution coated Si wafer(500 °C) (d) [_—— Organic silver + organic binder Solution coated Si wafer(800 °C} |
300 - 300
K k)
200 | 200 |-
® e Si ® s
5 - Ag g » S
k: 3 -4
100 [ 100 [
.
= | .
0 0
10 0 N 20 5 % 70 80 10 2 30 10 5 % 70 80
Position (°2 Theta) Pasition (°2 Theta)

Figure 33. XRD dataof the matrix fo organic silver-and binder along with

subsequent thermal treatments

1 &4 Ax #7420 80 T dx ZHoA 10 &1t
dxe F 8¢ &k XE wAAClE (Jeio tech. Co., Ltd. Korea)
7] AW Aw AR gk w A grof
A4 A7t obd #FrlEEC] IR doldle] Twoew AREH
Ao Azd AAHE Ao Fldny. b= 39 dx 38= BF

W37k dehbs ez BW 200 CT7HA

s An (O«

=
_{
=2,
>
17
r o
Z
>~
mlu
o
o
0]
S
»
Jo

o
e

AAL G Folt AW FegEe]l YL AL F
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b
2
(Kl

23] A burn out 73IF (450 ~ 500 T)7FA EA]glst MZ,
(d+ 800 T &4 ¥4 EF vk A" AZelth (o), (e )
AEH AR AW 937k Yehvds e g1 & Y £ oo
FAgt FAE S84 SEM o|n| x| &2 #3 Ut} Figure 34(a), (b), (o),
(e A= Ax 347 24 FHS 24 g AEe] xW Az
#Hu7 ojulxolt}, 80 Told AZXF HBE (v AAF Ayl go
O ol Qo] ®we] AW At HolA

Figure 34. Morphological change of organic silver along with subsequent

thermal treatments
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= #7710 AdelA AW dArE A ET|= oA FHE A
2Ltk Flolth 39 Ax 3de A AE b oAM= F7lEe] A9
AbERA AL, dfalel Aw ixbEoe] W] A" RS #AFT S+ gl
Burn out TXWHA AAHE HE (O AW A= A77
AstEA mdel F55 A weA Hi, Jd3 2 2R
AA e E o] Foll= shte] HolojAd AeE dold AHe xHs "
= 25 g F v A7IA olfre A" AW YnwgiAEol
A ZH A= AA ouE o] dojurle] AHF BIAF]

Aol AsaeA 3t Aot} Figure 35 & WA WA TS
TR AT doly fof] AW YeHsedelE g AWIY g

F Az 9 24 IS AT AEY T A ") oA o)t

&

51/nm 20 nm!
— ===

Figure 35. TEM images after firing organic silver and silicon wafer with the top

coating of SiNx
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(@, (), D+ HWi&Es v=2A sto] 42 ZAd IJNEE FYJT

[Aolet. 7] AwelA BAdE Aw o ARG A B A &
wEetd, F T Weow st AEA AHE EHAS KolA k=
e = T Atk T3 A dAv)A olm AR ofygl (c)¢ SADP
(selected area diffraction pattern)@ =733 oJn|x 2 &l
G444 awute] gwth. x7] SisNy, AgNs, AgeSi, AgsSi 9}
Addel AEE FE Ubdes HES FAAN, &l 43 9G4 d
A gko] WA= ZS fRleal, o2 WA T {7

AEE AW gAete] wkgo

—

ru

kel
(g
T

g F52 7714 dA A AT QIR 2lsE A
A AA9 F71E A7 4= vk Rigure 36 & A28 943 & A

Y
BN

1 a4 FANY 49 AMe ABE mAE F Aol

SN 7] AWM AW hedAzh A% g | bR
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