





\AO

A.;""J“é" blja‘dqu

53 OA/MY 50> 0L > JEs L oanl s ol ol kS
Wl e plandl 04°C L 0 (slas
WY gop S S g Y ke Sl
Sl aids 0 5 ¥e 0r slaoles s 0 Jly S L
S Sy S T SEM T KS Ll el
IS ol sds w5 (Scanning Electron Microscopy)

&S Olen s e Ol | J.{.:; sla¥ ko kel Y(ac)

@

©

VY Sdear kgl A8t 03 sl 6l 0T Sy
.LJSJ)\JB/\'HFJJWJJ&:;J

US55 S S0 IT Yy

o}jl{ S5 (5\)" N|C|2 ch:a éudﬁ k}»ﬁ\ c.ya (.;‘f’
53 el o eslinal PH saS las (58 s HaBO; £

ﬁ).} ol osbel j‘.‘iﬁﬂ £ ﬁ): ch” Zﬁjj I g.)'i\

(0)

@

@zds £4(C) aids Yo (D) cazss V(@) ey a.L.ZLS)LQT JK.UJSEM g Y JS.&':

A3y b Sdeny IS5 Sl wby e d}ajda.dL;)lNU(d)



A

I}

Zge . (Spol MaAN eubet . e 200 pm
27.0°kV 50 - 100x SE  20-4
et

4
o g

L

- -
' ’ ! >3 g #
Acc V Spot‘hnqn Det e [ 2um .
» WOV 4 0 #.8000% » SE. - 20°6 m * s
™ o A ”

-

gA
EZOO
PPN i ;0
;-200
NI AN NN NN SR RN HL;rInHIH ENTERREE 2-400
(©

(@) azds Y+ Q.\A)AJK:JL!:JJJ}L:JM_VJLUJ'I 6;§i° iU .\"JS..Z
(© (@) )3 ok pasein b3S 5 o ai (0) (ko SEM 5o

- Solseal

S 000°C a4 sl S los il b Sy edS ad ool

by Gy aamen 5 b o 5l ey SO (YY)

Sy Oley (Rl L ogd eoedis b ISl s &S
Ssh o 5 S, bay CL’“‘ 33 el edalie 3 &3l
Sl fpm s 5055 (SLasaY 51 138) e ses &5l ()] 5enls
VO um sgd- 4 azds 0 U LY Oy il Lo
i S b sla s )lsenl Slisa 5l L3) (w0
V0 pm ol e ilis LY (gl senl Lol sl fum O sSds
Tl ol senl ples LY das o OLi el ol oS ol
S YA K8 (Bl pwbe eSS 5 skiliy )
(sl 003 a5 DEKIAK (s Sloslizull

Joes S AV 5 5% BU Y@ S s
aids Yo Odeay JSG 5l glaY oS 5 5d e sdaline O Sw
S5 sl TO) ISS 55 5 el 0 JlisaY OF ) 5
gl 3 S sbiles sl e sdalie Y@ K3 5 e
Sladils slal 5 Gl oS Sl mhas (150l 550 0 0> S
(SEM  slai 55 b wls (6,8 o3l Sl eslizall) (S0
ool YV M 5 gd s

Sesliall & mhw cpl glseal YO K3 s
S 3L e Vv A i s (6 S 5100 Dektak e
e gl el Gl e al s Y s Sk
a3lized EDX 5JUT Sl eds g ST IS &Y 3 55 50 juolis
Oljen 5JUT ol bl 358 o sdalie £ 1SS 55 oS o
Sl S 2o YIY 5 IS8 Gl 1y S5s dess AV/A
5Dl Ok &Y 5 b e 65 das e 0L 05k
3 o sdalie OF 53 (6 505 jaie

sdalin |5 Jktle w by e XRD SJUT 0 S5 s
old Sl aY 05k by Sk Y25 Sao 0 S 355 e
Slay 5l IS glaa by e cib IS8l s o
ok asls i3 0407C 3 Y "C slales > sl Sl e
Bgod Sl Lo gd g eds S5 0nl 3 oS 48 Oles o
=% 0l XRD (X.Ray Diffraction) b ¥++°C (los s



VAV

SIS s Sl 50 Sao 0 S5 Sl Y 5l ey
ose ol 4Gl ol eslanal Sl gl e SG ST
H2S04 5 CUSO; Jol 1 Y] oo iy plom Sloslinlly
A esls 13w (00 e Sl 1Y

Obr S 5 e LT Sleslinall al> o pl
Baod Saop Msspe Cubrs Lol Y 00 YA/
LEeblE oo iY e by s SEM w18 s LS
das e OLE 1y iy ol &

s 0313 OLES s LY w b s EDX LTV IS 5
Sslaade BB iy doss AL & cod askis oo
Sl 0w 5 K8 SNl i 5 e Ghaisyge &Y

Al g g Y ol s 6&,&4{31];1;

s e glin 5,8 6500 Y

S8 ol gl (TLM) Jlsl L Jae gy 3l

Gl A USE 53 el el 0L O 3l s eled sl

Sl dde gl Lol By cpl ol el eslizad as Sl
Sos S oolaany b b YL

Sose ol a el 5 e IS Clslie DI ) s

DONY] L ecsa

Rr=psd/Z+2R¢ (1 )alas
s els o Alole d ¢ dans o slin ps alasly ol 5

Ll olad Caglie Ry 5l ules sl Z
koo b d ol oy Ry IS Canglis oy L
Rr=2R; _oled Cuoslin =0 abaii 3 ool Cowsay 1 yas
o3y led Conslie 015 o ¥ Al leslizall T ewsa

23 gos desles |

s

100 200 300 400 600 600  7.00 800 500

=S0o0T

T =200 "

Intensiy (arbitrary unite)

Gdr—depozited

N1
Ni200

Nii220)

|

o |
=0 0 = (=1 o =0 (==

2 Theta

o s @L.";_}A.l‘}? o Jﬁ.q LY 4 by e XRD sla il 0 JS.J.':
000 "C ¥ °C slales 53 05 S T

INT 553 e 0Ll (NIST 5 NipSD (S5 sbadylocks o

o S A T v



6"""“‘«”’ J\}Adeu

\AA

uwu C,.n)u.,d 655)‘.\;' LS‘J" ol eslazul uu.r A JS.::

Sl LT 5 Keithley 2361w SaSi |-V iasnis
ol dplos CUNIIST les Conslin OT 51 ool s &
NG|

Dl Aol s Caglin i s g0 & K2
855 Ceglie s o Ol |y Sletle b ol s ules
S s 6 e Y0 QOM? ol aloes ols
033l b 4 pa S (g sladshe 53 5,8 Gl b
RGwe

S S ams ¥

ol gy ST iy, Al cpl s

sk 53 oalizal 15 &S by S 43805 oal oL
Slras ot opl slesliall VL ool b il 5 slo
Ol sl SLasa¥ L S [ Sess 5 an iy sl piaew

Sl 5 cotle &y 0 Siees Jlis S L 5,2 NI/CU

IS s I e Y SISEM s N S

Cu

100 200 300 400 500 600 700 800 800 10.00 .00 1200 1300 1400

o d2 T e &Y SIEDX LT Y K&

pe=RA (Y) adal

Lgﬁfa)'b.}\wkgg\):a el 33 a L Cuaglie (5,86l



\AQ

L;.AJ..@.& .:lja‘dqu

s S sl (o Sheslaal gl a e ol s
i Sadshe cotla Lusa @l 55 p IS ST

3551 ol 635 A B 0Kk Jlin S

&l

1. Lee E. J, Kim, D. S and Lee, S. H., “Ni/Cu
Metallization for Low-Cost High-Efficiency PERC
Cells”, Journal of Solar Energy Materials and Solar
Cells, Vol. 74 Issues 1-4 (2002) 65-70.

2. Fong, H. P.,, Wy, Y., Wang, Y. Y. and Wan, C. C,,
“Electro Less Cu Deposition Process on TiN for ULSI
Interconnect Fabrication via Pd/Sn Colloid Activation”,
Journal of Electronic Materials, Vol. 32 (2003).

3. Miles, R. W., Hynes, K. M. and Forbes, |., “Photovoltaic
Solar Cells, an Overview of State-of-the-Art Cell
Development and Environmental Issues”, Journal of
Progress in Crystal Growth and Characterization of
Materials, Vol. 51 Issues 1-3 (2005) 1-42.

4. Green, M, A., “Crystalline and Thin-Film Silicon Solar
Cells, State of the Art and Future Potential”, Solar
Energy, Vol. 74 (2003) 181-192.

5. Neu, W., Kress, A., Jooss, W., Fath, P. and Bucher, E.,
“Low-Cost Multi Crystalline Back-Contact Silicon Solar
Cells with Screen Printed Metallization”, Solar Energy
Materials and Solar Cells, Vol. 74 (2002) 139-146.

6. Diehl, W., Sittinger, V. and Szyszka, B., “Thin Film
Solar Cell Technology in Germany”, Surface and
Coatings Technology, Vol. 193 (2005) 329-334.

7. Yamaguchi, M., Takamoto, T., Araki, K. and Ekins-
Daukes, N., “Multi-Junction 111-V Solar Cell, Current
Status and Future Potential”, Solar Energy, Vol. 79
(2005) 78-85.

8. Lawrence, J.,, “Electroplating Engineering Handbook”,
Durney (ed.), 4™ Edition, Van Nostrand Reinhold, 1984.

9. Riedel, W., “Electro less Nickel Plating”, Finishing
Publications Ltd, AMS UNTERNATIONAL Metas
Park, Ohio, U.S.A (1991).

10. Kang, J, You, J.,, Kang, C., Jungho, Pak, J. and Kim, D.,
“Investigation of Cu Metallization for Si Solar Cells”,
Journal of Solar Energy Materials & Solar Cells, Vol.
74 |ssues 1-4 (2002) 91-96.

11. Foggiato, J., Yoo, W. S, Ouaknine, M., Murakami, T.
and Fukada, T., “Optimizing the Formation of Nickel
Silicate”, Materials Science and Engineering, Vol. 114-
115 Trans B (2004) 56-60.

12. Eager, S, Mason, N., Bruton, T., Sherborne, J. and
Russell, R., “Environmentally Friendly Processes in the
Manufacture of Saturn Solar Cells”, 29" |EEE PVSC,
New Orleans, May, (2002).

13. Schroder, D. K., “Semiconductor Material and Device
Characterization”, 2™ edition, John Wiley and Sons,

Total resistance (ohm)
— [ ] ~o (4%
(& p | [} o [}
Il Il Il I

—
(S u o
! !

0 \ \ \ \ \
0 20 4 6 8 100

Distance between pads (um)

CUNIIS Sl 51 olad JS Conslie drloms & S0

o eyl saus Ll o SialS Ses a b s
u,:.ar.o.h w\auqu‘ﬁ u_,g:.\?w JM;& S0
s gar ) n ¢l EDX 5 XRD SEM (gl 3 JUT
Ladsos 635 LY sdias |55 ol 5 o5k« odaw
e

oS eIul s TLM 35 leslinad 5 b sad a3 81 L
ol 0 (6 S o311 Lad gad

S J"SLS‘ J‘:{U b ;,.Ua.a U‘i‘ o.)w"ur‘ou\ sthdjcfe)‘.b\
Caoslin &8 ol /T TQ0M L ol led 635 Cnslie
A Gl gd ke 5o 0,08 Gl ol el
sdsailyl b g 5 ksl Sleslinal .ol O3Sl b S L



L;.,JJ...@.A J\}ac\.leu

15.

3Vol.5(1982) 111.

Schroder, D. K. and Meier, D. L., “Solar Cell Contact
Resistance-a Review”, |EEE Trans. Electron Dev.
ED31, Vol. 5(1984) 63.

14.

chapter 3 (1998) 138-162.

Reeves, G. K. and Harrison, H. B., “Obtaining the
Specific Contact Resistance from Transmission Model
Measurements”, | EEE Electron Device Lett., EDL, No.





