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Fabrication and Characteristics of High Efficiency Silicon
PERL (passivated emitter and rear locally-diffused cell) Solar Cells
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Abstract

The n'/p/p’ junction PERL solar cell of 0.1~2 £ -cm (100) p type silicon wafer was fabricated
through the following steps; that is, wafer cutting, inverted pyramidally textured surfaces etching by
KOH, phosphorus and boron diffusion, anti-reflection coating, grid formation and contact annealing. At
this time, the optical characteristics of device surface and the efficiency of doping concentration for
resistivity were investigated. And diffusion depth and doping concentration for n+ doping were
simulated by silvaco program. Then their results were compared with measured results. Under the
illumination of AM(air mass)1.5, 100 mW/cm®
43mA, 06 V, 0.62. and 16% respectively,

Isc , Vo , fill factor and the conversion efficiency were

.M 2
School of Electronic & Electrical Eng. Kyung-

pook Nat'l Univ.

* Dept. of Electronic Eng. Kyungil Univ.
** Dept. of Sensor Eng. Kyungpook Nat'l Univ.
*+x*x Major of Electronic materials, Kyungpook Nat'l
Univ.

<HadA 119999 3¢ 299>

A2 A4S 8§74 0¥ EAR A
_6_3_)\40] ;ﬂ;ﬂ ];1 %.q];]_L M
z}%,} Tv}zl a}cd:?_z-! *c:l %9,] 11-149_ 7}
ouf, 87 EAET ofvd AR duA EAE F
FHoR AFE F Ae dyAdez =z g,

- 283 -



74 WeFE A & 7% A9, ¥
A2 E gIFdxe 23F AYE, Ay A8, ¢
A de2 A2 FEE + g 9HE A
g2 YA = FEdrge AgFozA Aridoezn
WA g7t 7heskA R B ¥ dEdoz F
&0 843 "olA = dHel Utk A AYE |
FAAE HEEAgA Adse FdHo] YA, & &
oA ©EA A vE ojFyx o] 7}
ot

gadxe deqd 43
Qo4 HAAT p/n HE ©E
195491 ul= Bell 9749 Chapin, Fuller®} Pearson
sl oo Hxz ATdQt 2en @A 58l
Y 2 olge ZAL AT 1097 33 o FolA
1?1985 M. A. Green ®'& 4489 passivation 7]
&< dvjEe] 243 PESC (passivated emitter solar
cehE MEstdz, 1990 di7t §d A PESC w4
dA A&HA Wz} ojiA AAVee wdE
EHRGE A E 243 wAgAtE AL E4

0.|..

A 18eS FAAAL
9AAd AP BFAxE 1969 AAA HkEA
& g o 574 %2 Ao ¥ g8 o
2 Axe] MdA E1, A4HoZ AZ Wi ¥
E 7%o] ALHD A7) WEe] ok Ropo HoFA
ARgE A& 1 Aol 438 Aoz it
2 dFgAE H4 71€¢ TEE PERL #Y¥AXA

o APyt KOHS A4 o4 o ggozh 4

de wdd o FHehuls &—2— 4% ¥ n'p A%,
BSF23 WAMAS, o 24, 2dn 4%d A3
23 54 99 34E F9o 924 AaE A%

£ 9

A& A3t ol EFFEs} Ak A
& zAsta A5 A9 FHst Ag mAe
& gotrt a2z wEA ¥4 Mgl
SilvacoZ n'THsAEHY &2 Zolg =AFEE
Adsre ZRAS vy, HEAA FHA A
R SA4T dHFAFEE, MERE A FAE,
BAgagse] 74U 54& A A

A

]
pi4

Al& p.5]

2.

net

%
]

= o
PERL (passivated emitter and rear ]ocally—
diffused cell)d] AW AFeu|YeE Fsln, FHL
EATo A2 AF FEF8A RxE 73 72

& 942, 249, 299, W@
9 Y& %422 I¥: =3F F SiE Passi-
vationdt1 HEAYE BFE FZZ Hol o o
$Ae @A Al Ane $UVESS AZsn
Ack® a9 1o PERL 729 Bdx ¥
ez gk
Fin%ergnd “inverted” pyramids
Double layer ‘\.
antireflection )

coating
A
\

\

= p-sxhcan thin oxide

P i

oxide

Rear contact

2% 1. PERL #j%#A 8 +x
Fig 1. Structure of PERL solar cell

71L& HAG] 01~2 2 -
m FAE e
o HA o]

Q) BA7 £39 300

p& (1000 AE oS 24319
Be HE golHE AL o §= )
Aol AgAgte] golx7] W&olg}, H
$4 AeE g9 o dgncygys Bs7) A
Fugon owd AZAA KOHE AH&stqrh
400 mite]l KOH 100 g& & ZoA g% ¢t
A 83 TAHE AL §ANY F 1727 Azgo
Yug oz FEFE Bol 3y S8 EHPYE g
mE 2oz oL Bol de fout A2 By
o o3te dueu= moko] wegns 2ok wrh 9
2 o 2o §599%n wEAD de B a7
A= emulsion maskE A&t ¢ 10~20 m 2719
Aggu=g weqdh

[ N=4
\7%2'1"

=2

W

Texture etchinge] ¢8 9 A wafer FHol 2
FAYEE 7AAA77] g8 A3 F4HA dE 1050
TAA B422 15627 pre-deposition & & ThA] 10

¥t drive-in 39 p'n HEE ¥4 AAD pn A
ol P48 F, Ade np HFE A7) 98 A
FUatx, Aoz POsE AMSHAL2H, 1050
ToAlA 1587 pre-deposition® & F thA] 1087
drive-in 3t & F43std n'p HEE ¥4 &%
¥ 1d 2 23& £EUZ 29 28 old A
g g4 3729 AFEE Yepa 9o n'p 3
& HAAN HE SAd 9FE vAE weEe 4

=2

TE
=2
K

- 284 -



PERL (passivated emitter and rear locally-diffused cell) #4& o] 4% n& ¢ Si h¥AA Y AF 4 54

Q Q19 F%Y carrier 71AY FF

Az Solth,

RS

dg

>

1 AHYE HgAAd op 1 248

Table 1. Experimental conditions of n'p junction

Xl

for Silicon solar cell

75

g

Source Q: flow diffusion temp. diffusion(drive-in)

(4 /min) () time (min)

P05 16 1050 10

2% 4 PERL B9 AZTHE
Fig 4. Schematic diagrams of fabrication proce-

Bubbler temp. controller

a¥ 2. &% Az "=

Fig 2. Schematic of diffusion furnace.

Initial cleaning
4

Texture etching

(Inverted pyramids)
: 2

I local boron diffusion at back side l

¥
I |

Phosphorus emitter diffusion
| Surface passivation with SiOz I
. 4
I Measurement |

. 4
.4
L Metallization I
l Annesling I
4
1% 3. PERL B4R AZsEx
Fig 3. Fabrication sequence of PERL solar cell

dure of PERL solar cell

2 3

FA4% %dd n'd p'g
PECVD(plasma enhancement chemical vapor depo-

AR 97

sition) & AME3te Si0:E passivation@# BRARE |
S FAHRYn, AWdT ¥ FHY BSF (back
surface  field)&&  FAstgt AFogE Al
thermal evaporation 02 %ule] ZFasdty dxg
T 450 To Fa B4 EeM 308 A
¢ 3¢k 29 4] PERL HRAR Y AxFAL e

WAL 1Y 5%
W A5 FF
Fold wygy

o]

¥R A3 2P depisid
BA9 B 28 S@),b)st 2 4
A a2 be)(d FHE uaag

\_
[s}
2

9}

tem

woy

wal

(a) A front surface (b) A rear surface

1em tem
————— YoM . PR OT L.S

ETC TR

woy

(c) B front surface (d) B rear surface

A =2E

LA B

A= G g2l emulsion "FA =

Fig 5. Emulsion mask for grid formation

- 285 -



76 AeE, A4

y y @O,

Azd 2xe A Fez JdFE EEAHE
#2831, UV-visible spectrophotometer (Shimadzu
UV-1601)E o] &3t dutd AT texturedt 22

¥ #F5AEE £A393x, TLMtransmission
line methods)& AHgdtd HEAYES ZHsA

% 6= TLMSO mask ¥ejolr}.

/ active region Ohmic contact metal

* > > > — >

dr d2 o3 a4 d5 dé

1=100um, W=500um
d1=50um, d2=100um, d3=150um, d4=200um, d5=250um, d6=300um

a9 6 A5AYSHE 9% TLM Hd
Fig 6. TLM patterns for measurement of contact

resistance.

w2y 2 P $H U 18(n)E A
dach FAUBEL7E GeF 2ol GAblviA
de 9el BA Ad 2PeuAe v2A Fodn

Do _ le - Ve - B.F
Pinput Pinput

o} 71M I.= 9FAF(short-circuit current), V&
7)4 A SHopen-circuit voltage)°] , % Va2 &
g4& vedle Hd didde dF 2 dddelq,
F.F & 4%l factor)o|th

HWEE A7ldUA pL, S T8 AdME HE
A FAR-AY 54 THol Hod, Fdoze
Bokd AHER(100 mW/er)Z ¥53 gad 23
dug  AgEgn. zeEn -V SFHVVIEME

HP4145BE A&st] AM 15 zstelA FHdsE

#e 24sd,

.28 %

K

Xt
=

¥ dF7dAe np AES gA4s] A

A2

WsE, A2, 44T, 299,

, , a71¢

wafer EWA g walEg A7 2 Y9
T& Z7HA7171 Y1814 texture etchingS 3
texture etchings 3t7] A de|& Z9L HEF
%Y EE "AlA7]= WAl texture etching %
e BEEY ML 10 % AEAA LA

HEHRLE(E 72 FRAEHELE =Y

oD

% slth 19 7¢ KOHE A3t dujgv=z
% #3¢ SEM Abdolth

19 279 EHe

(a) (X3000, 45° tilted) (b) (X3000, top)

(c) (X1000, 45° tilted)

o3 7 99griez q3d
Fig 7.

EAY AzE9FAR
Inverted pyramidally textured surfaces
photographed by SEM

a3 7@%Hc)e AHUE 45 ° 2 71¢d B A
ol 1Y 6(bye FHAM £ FHAHIh of7]A
odg dyen=y A7 10~20 mA =t}

A2l 39 texture etchingAl F83 ®FF9 shie

AR dadzold (11DAF (100)He] LA
Az 77 1566X 10" Jor 9 678X 10" Jor EA]

(11D e] (100)dd vl&) =22 FAHo|RR (100)HY

etching $E& (1DBET o wzg™ g 2
22 wafer TH (1008 Alold Zte7) 5474 °
V-groove’t EA=o edFy T8 FUHA7IL g
AE FENROZA BRUD BEE YIAL F 9

At
1% 82 HWo| textured ¥ AT E FHA dAvn}
]

2l
AYZ x99 FEATE VALY HF9 BAZ Y
Ebll . gieh °17]°ﬂ/‘1 polished 28 Z UL HE
B 40 %E WAATIE G textured AU E A%

- 286 -



PERL (passivated emitter and rear locally-diffused cell)

of WAk TS g WL 5 %olstE HhAAIZIT

90 .
v
80 -
70 4
N polished

P ‘
2 \ !
8 so+ - i
& . E )
T 40 .
% NN
‘o textured

2 textured + SiO, \ | .

- b
104 \/\}'/ B
~.. R -
e
0 T T . : - : r
200 300 400 500 - - p

Wavelength (nm)

29 8 d3d HeEEEY dviy HYE U W
ArE3 gabe] #HA|

Fig 8. Reflectance versus wavelength of the tex-
tured-Si  structure and polished silicon

wafers.

el WhtE A7 AsA e A%t EW
4 wAFE 23} AT FAN wAHE Yol
Az AHHHES oA} BT o BHHZAL THEA
A9 2ov) whpgxate 94 PECVDE AFAAL
M 2 272 & 200 dehigich

E2 S0 wute 23z
Table 2. The deposition conditions of SiOz thin

film.
Conditions Value
N2O/SiHy flow ratio 11
N2QO partial press 220 mTorr
Total 240 mTorr
RF power 40 Watt
Substrate temperature 110 €

WAPLA T Sioyel 2R &0l 1460lBE A T
o 4000 AA 8000 A W wAbgAEe] HAFA
<= 680 A~1370 A= do)

FAg o488 1ES S HEHAY A% 2 4 77

714 n, d, ¥ A¥E 3G whapgAchy Fdg A}
WA g T 283 AR shgelch WAy
o FAZE oF 800 AYd WA & e BAE 2
g 8o eI

AW n'Ed A HEAFL TLM HHozA
2493, FEAY Rew 11 ox

i
x

Resistance {ohms)

=
e}
g
2
£ g
.
o
O
2
I

T T T T T -
50 100 150 200 250 300
Distance (um)

23 9 AA Ay TLM ez Ao

Fig 9. Plot of total resistance vs. distance be-

pn AEE A8 0'H p'e =dsisch 9

O

H

Sheet registance (/)

tween TLM patterns.

=
bt

g H] 482 Hall measurement X2 2

AL drive-in AlZto] 10% | 158 20¥, 58 30
Y 4% 47465, 15,53, 245, ¢
Uebdoh ojm #b Alzke] 258 5
gol F43] F7Ee A& ¢ 5 A ® 3% 24
102 =3A e B v ALEE e

Time (min)

a8 10, =FAL e vlAggghe] B

Fig

—- 287 -

10. Sheet resistance on diffusion time



78 qeE 4 ¥

® 3

Table 3. Sheet resistance on diffusion time
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