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Owing to the shortage of the non-renewable enezggurces (oil,
gas and coal, etc) in recent years and the agreewidn limiting of
greenhouse gases emission by Kyoto Protocol. Peaftech more
Importance to the renewable energy including selargy. The solar
cell is an important candidate for an alternatewdstrial energy source
because it can convert sunlight directly to elettri with good
conversion efficiency, and it will provide nearlgnmanent power at low
operating cost and is virtually nonpolluting.

In this project, we try to use CZ n-type silicenbstrate as’m
junction solar cell base layer. At beginning, tHeemitter layer formed
from boron diffusion to make the simple p-n junaotistructure and then
we deposit aluminum oxide (AlPthin films on the p-emitter layer also
by the AP-MOCVD. After depositing the aluminum oaithin films, we
utilize plasma enhance chemical vapor depositi&C¥D) technique to
deposit silicon nitride (SiNx) films upon the aluraim oxide thin films.
Finally, the Al front contact and Ti/Pd/Ag back tact are both use

evaporation technique to carry out.
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Il\ e-gun for Al

I Il Bl — Metal mask

51 solar cell

|

e s Al

Si solar cell

BT ot aiAl 2 @Wirs -

2.% 7 #&(back contact layer)

SRR S AR RS ANT RS B AT LR
I BEA—RFET RS ij-ﬁ{;\—z- r * o EHEF T R

HEEESEA LI N3 AL EmB B2 L3 ¢ 958

% R et R AR R 2 PERLE * 1 it T 4 * TilPdIAg4
BEF T4 B bo o 04T P Sl > 4 3SFURF v

TP e £ BESIHHES > ESIER A F TP REFTIE K
(AQ) & M7 et > 4 (P)F 1 ok TifrAgF & > @ PdfrAgz. e & 7+
K%l'ﬂgﬁf‘)ﬁ ]‘E'm;%’%o

RS T A &4 (Electron

8



Beam Evaporatiog§ fe £ - & k= = o
(4) r2 AP-MOCVD i #] £ 4 § 431 AlO,
BAXEY C APRE ENPTRATBERFCEF 4pi

f# (APMO-CVD) x siig 7 sa g H R i B4 > ® H & Z P4 PERLL /i
THESHERTE O SRS 207 > A s i ¥ 3 1 (a)fF 1
mE A (0)F BIRE REFIe(C)F B IR -
(@) F %o & #5241

SR F IR AR A SRR R T R B RS R

AR E FR Rk L AR A AR TR A

._]
»

\

‘\h—

P E g S S HCA RTRN A T R s i

FHRESp £, Flptp & ™* MFC (Mass Flow Controb} ;% » #
BRY IR - ARG NE o om D RS LT o ]
2EF L F ] HE R g 2 2 R O Y RO I

T ORPFHAAETEL - RERY T AR F oD
RAvw 5] 6N vk o FalES B2 p TR 0 I Pd g B

KEFIEF A > FF R MIO sk 2 S B o &L

73{;\4 ’E@'mln __»’9' 75’\7‘ ? &#ﬁéﬁﬂ‘% b .r*_—]“ K/T\‘ 4 /:T"ii E'—f'j—" ,J‘ Py "7]. ‘(‘:T"E%_

o

7T

CEAERRRASEAERER NN PG HRE T S LEEE A

,‘\g
oo 2L dekE > & K BN P %’Eéa‘;ﬁ«i)\swu g*;ﬁ* =



e % fb "“56?19 B :é;#ff_@im?,%{-%ﬁio
(b)F o8 B 3041

BRSO [RGB PR A R R T 6]

P

s £ R

s VRN HEE S RS R RS RS

&, d A
A 2N

R

o
~F

ER SRR ORI B Ll E

fd
F_k
o
]

—D
3;

%€ A L5 AT IEn TR T e F RS BT &
#

i B B R 2
N E LT BR S

2 T R K

4

PhPPrEEFRF U EG AT I RIERIDI LT SP

(OF Moea et

FORVEATEGIETF MG (A R E - Y R g e

Fﬁﬁiﬁ:‘év%ﬁfhﬂa%‘%@ 1A2F o 22 FG ;;mgit@gjg]ggg»ﬁ C:

)
|
o
ik
F_&
E
S
=1
JS%
E:Tm‘
‘&r

ER0L IR RETIRS o
FHOES 3 F P FLF BFARKPT I A FPEY ERL

F i g s (% 5~5400 rev/imin o

10



TMA —
—  ——
H:0 —b

Source | Z*X Reactor

RS LR S
b F S AlOg & & % Fac(A) 2 (B) 7 o H ¥ AlLOs i

# Witk kR 5 alternating trimethylaluminium(TMAE -k (H;0) » -3

FHMEEF 05 5(0) REFMETF -

(G,
(A) 2 £ 5 w28 EIL >+ HCHH, i & § 489 11 1225C % gl
C RN L IS SR L
(B) At Al,Os i & & » % £ B A& : 350~450C » PERF : 20-304 4k -

(@)3eF sk i
%\4E3}'fb}; E’T%} EE 30 35%(; "O‘\‘}"I{F -@1’3\2 Q\rj’ﬁﬂi ’ ]% W al'L]—_&r]—__'
PRSP R SRR SR PR T I~ R a4 kAR R S

Fooqm R EHETF o PR G T d BHRE FILfop 262 F SH(TIR) %

N Sing;= NpSind, (22 T I32) (g > )
Sirbc = (n/ny) (B¢ TR &)

Kt 5K HUE SR ELIE HE 0 § R (SINDF 1 (SO 4

11



Frétifgen=2> ¥ | * T f:ffgjrp“ﬂé v 8 % 4p 4 (PECVD),x So= v > H

7

Sigr N chf #ikA W& * SiHgfr NHg o @ fimfsdr St o 0 § 4

RN R STV R L)% . I SUPNE S e S EY AT

T g T4 e E o
l‘g‘-E} ..L ji_(— )E'J(Vf )‘H}% 73}7:-}-5 %d\;éﬁp-'--n j’g_‘i ;{\‘ /E)’; J‘ F%

AR S ArE)

Ie
_\-

& AT n-Sigk A e

Ti/Pd/Ag

Bl p-ndEa S SRR R B

L RARE AR BB R E LT e

7

FEE BT TR R R AR BB LR T
FRRTR(-V)M GRR KA BT TR R AP 8]

Barad B2 BRI sk ¢t in(le) s BT BR(Voe) > i

F| 3 (FF)r 2 B3 chi BE#a5 () BN 5 2B 25 g%



(1) ls (short circuit current)

HAe ndmmEFF > kA WE ¥ TEZEHER g2 7
TFFTREod PP T B Vo "EFRER I 4
B REEEF - mBF oD B e F e d e
~ER (B RAR) s WG TR)E ST R b
o ot Voo d 5 ip it F 3 B -

(3) %4 73 FF (fill factor)

Xl ot EF A ek 2B TR 2 b HIH FH D

-V 2 BB S (Tnae Vinax) * B Pog = lng X Ving, > @ 250 5)
I:)max Imax meax
i R FEF=— M x100%= x100%
+ FF Rl &7 & V.. x| Ve X
oC C oC C

FAPEEABNTAIVERE s s 5y e g
13



miEd M2 AREET AT P, e
(4) = & ##»2F n (conversion efficiency

WO RHOCT A S BRSSP, 0 ek

P P P

n n n

Flp r R A xR s el s Voo ~ FF 11 E r Stk K P

n

L |
Dark !
~a/
//
v
-~ oc
e - 2
‘ o Vorse ™ | Y
I P Muminated
4
______ Max output
Power point
=
L.

B~ SHBL RELCTERZI-VE GE -

14



P x A N-type A HiFB BF P NG SN A B ETH LK

//////

S
Eif
I%
dk
9
/\‘
o
=
sl
<
|k
5
N
.
o
;:‘
+i
C
&5
|_\
N
>
>
<
=
)
(]

PBImA A BT o o |-V BB o

Jsc Voc | FF Eff Rs Rsh

BD-10A-PN| 29.1 0.552/0.74 | 11.9 2.0 689

BD-10C-PN|28.5 | 0.488/0.70 | 9.8 2.5 1481

BD-10D-PN|31.4 | 0.521/0.69 | 11.3 2.4 688

BD-10E-PN| 27.6 0.537/0.73 | 10.8 2.4 904
- |-V 2 R[E R F

S FIIRE AP RERRAWEE RERAERF L2
AREBESEZIB AP AFLAP ) EHMOE > BB EERR
PR FEREREFFERRLNATETIR Y2587 T UAPER
APHEP PR A CZFRFERZ o Fla AT FTHa BT A A
WiEi v RFAR AT P TR FTRF LT AT R
PRenif B iEiE™ > EHITPRIERIERF o eAPRY (LA

#548 lifetime £irl2 {5 % 350 s> % % # < fr(NREL N-type

15



silicon solar cell with al back junction :results and modeling)

<

4% eh lifetime < 3% Ims (7% B @ AP Ap#™ 3 3 L §E
;gw % 5 R AR K §_8.08% 0 i * FZ & A iF e
Bl 2 s 7] 14.86% o fe & st i@ * “rp @ en CZL 7 47 & ) *
sputtering 4%+ Al;Oz 441 & 2 (5 i d ke s B T4 g
4_11. 9% 4 > NREL é}gkv‘ #* FLp A¥Ffcd fop A arcd 2 fFo
PR RIIFL P A FI G RILE ST (3.8 - 30) § B oS
(14. 86%f- 16.41%) » 2 £ %]v ¢ FBRAF D&EF > 7 X3 F ¥ o
CZ P RFEFLF R A RTE R PER > 22 g 3 g
Moo Sl ARPRRT BEF IEE LFL TRY SR E S CL A
RS DAY w2 Mo A A B 2 R A TR

m«gﬁ%ﬁ_

16



B g

[1] J.Schmidt,J.Zhao,A.Wang,et al. “Processedinfjighe third World
Conference on Photovoltaic Energy Conversion,J208a83,

[2] J.A. Rand and J.S. Culik, “High Volume Manufachg of

Silicon-Film Solar Cells and Modules”, 2003.

[3] J. Poortmans, S. Reber, S. Gall, C. Zahedilahso, 19th European
Photovoltaic Solar Energy Conference, 7-11 Jund 2B@ris, France

[4]3.Schmidt,K.Bothe,R.Bock. “?2 European Photovoltaic Solar Energy
Conference,ltaty,2007.

[5] K. Peter, R. Kopecek, P. Fath, E. Bucher, Chefh, Thin film silicon
solar cells on upgraded metallurgical silicon stdiss prepared by
liquid phase epitaxy, Solar Energy Materials andaS&ells 74
(2002) 219-223.

[6] R.A. AbdelRassoul, Renewable Energy 23 (20@9-3108.

[7] Frank R. Faller and Albert Hurrle, IEEE TRANSAMNS ON
ELECTRON DEVICES, VOL. 46, NO. 10, OCTOBER 1999.

[8] J. Zhao, A. Wang, P.P. Altermatt, M.A. GreerP.Rakotoniaina and

O.Breitenstein,

Proceedings of the29th IEEE Photovoltaic Spistsa

Conference(2002).218

[9] J. Zhao, J. Schmidt, A. Wang, G. Zhang, B.Shigrds and M.A.

Green, Proceedings

of the 3rdWorld Conference on Photovoltaic §g&onversion,
Osaka, Japan

(2003) 923.
[10] J. Benick, B. Hoex, M.C.M. van de Sanden,W.MHK&ssels, O.
Schultz and S.W.

GlunzApplied Physics Letters 92 (2008) 253504/1
[11] V.D. Mihailetchi, Y. Komatsu and L.J. Geerliggplied Physics
Letters 92 (2008)

063510

17



PN

Bp A3 g 4

MERNFWERCEF AR LG MERFENE AF LG 28
# 7 (Silicon surface passivation effect of aluminum dexifilms grown by
AP-MOCVD) 2012¢ #==x W4 & ¢ E02.00051 , Taiwan

¥R FE B P RARHREF RN e Al g

14 AP-MOCVD Hephr=k £ o 1t 45 & 9030 07 A 2 7 7
2012¢ =3 W4 £ ¢ E02.00051 , Taiwan

18



Tuesday, Jan. 17, 2012

18:00PM - 20:00 P DESSION

E02.00044 283
Pulsed laser deposition of ZnMnO films: Effects of
temperature and buffer layer’s thickness

*3 324 Tzu-Ching Lin;Wei-Chun Sun;Hung- Jen
Shen;Wei-Kuan Hung

E02.00045 284
Formation and characterization of high-luminescence zinc
tungstate (ZnWO4) micro-plates

*3E8 8 M. K. Tsai (328042);Y. C. Lee (£ £ 8)

E02.00046 285
Temperature-dependent the photocapacitance in
self-assembled InAs/GaAs quantum dots

*%# % % Cheng-Hong Yang;Meng-Chien Hsieh;Yu-Shou
Wang;Jia-Feng Wang;Ross C. C. Chen;Chun-Hung
Chao;Kuo-Hau Tseng;Jenn-Fang Chen

E02.00047 286
ELECTRIC FIELD EFFECT ON In0.1Ga0.9N p-i-n SOLAR
CELL FOR ELECTRIC FIELD

*%& 8347 D.Y. Lin

E02.00048 287
STUDIES OF RAMAN SCATTERING IN HIII-NITRIDE
QUATERNARY ALLOYS

*$## # Yueh-Chien Lee;Zhe-Chuan Feng;Yu-Hsiang
Weng;Kwong-Kau Tiong;Chia-Chih Huang

E02.00049 288
EFFECTS OF Pr-Nb CO-SUBSTITUTION ON THE
STRUCTURE AND FERROELECTRIC PROPERTIES OF
Bi4Ti3012 THIN FILMS

*% 424 Jung-Lung Chiang(iz 35 [%)

E02.00050 ' 289
Microwave measurement for silicon-based quantum-dot
devices :

AL MR IR R A E B

E02.00051 290
PRV ERE Y P ERCPE TR T WY 35S
& & B Z 46162 A % (SILICON SURFACE PASSIVATION
EFFECT OF ALUMINUM OXIDE FILMS GROWN BY
AP-MOCVD)

AR BB R R B AME B RN R R SR

=

E02.00052 : 291
Optical characterization of direct gap transitions in Ge/SiGe
quantum well structures

*3¥F £ # H.P.HsuP. H. WwY. S. Huang;D. Chrastina;H. von
Kinel;K. K. Tiong

E02.00053 292
DRFRABEAET S AR LRSS R A
*HHEE REY IR

E02.00054 293
KBk A A Sk B 54 43 (Bi0.5Na0.5)TiO3 B EM ZE 8 &
A FEFGAE

E02.00055 294
EFFECTS OF ANNEALING TEMPERATURES AND
ATMOSPHERES ON THE PROPERTIES OF BiFeO3
MULTIFERROIC THIN FILMS

REA BEGH SRS R ER

19



Wednesday, Jan. 18, 2012

Session J  16.00pm- 18:00PM

J99.post deadline submission
Room:#¥ & 3F

J99.00001 362
DENDRITIC NANOSTRUCTURES GROWN FROM A
SINGLE ISOLATED ANODIC ALUMINA
NANOCHANNEL

*i% 6% 2% Hsuan-Hao Chang;Ming-Yu Lai;Chih-Yi Liu;Ya-Ling
Tu;Shirley Wen-Yu Chiu;Yuh-Lin Wang

199.00002 T «
THE DOPING EFFECT OF Sb-DOPED TIN OXIDE ON
THE ELECTRICAL PROPERTIES

*AAKE IR RS RARE XK

199.00003 364
£ AP-MOCVD # 47 % K &b e Rig 2 A 5
*E A ELHERAR

363

J99.00004 365
Phonon lifetimes in InN nanotubes and their Temperature
dependence

*shih-chang, Tong

J99.00005 366
Study of charge and spin prdering in SrFeQ3-6 using X-ray
scattering

21

J99.00006 : 367
BREETHATZIHELER

RS

J99.00007 368
Minimal dark matter model with radiative seesaw

mechanism
*3 7 47 Yi Cai;Xiao-Gang He;Michael Ramsey-Musolf

J99.00008 369
COMMENT ON REPARAMETRIZATION INVARIANCE
OF QUARK-LEPTON COMPLEMENTARITY

*# 4% % Guan-Nan Li;Xiao-Gang He

J99.00009 370
Physical properties of the circumnuclear starburst ring in the
barred Galaxy NGC 1097

R AR

20



