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Table 1. Photovoltaic Solar cell efficiencies

~ 29 —

T T T T T T L T T T T T T T T 1 Al T T
: Hightest 23or ]
Semiconductor : S
Type of Cell ) Efficiency [
Constituents (AM1, %) - [
:
Homojunction Silicon 18 6 :
” Polysilicon 7-13 E 2ok
” GaAs 22 z
» InP 6 E L
Heterojunction P-Cu,S/n-Si 5 vt
» P-InP/n-CdS 14 S r
Homojunction hetero- ; tor
structure Alea TxAs, GaAs 18 |
Heterojunction ITO/Silicon 12 os o s 20 25
” SDOZ/SﬂjCOH 12 ENERGY GAP (eV)
” P-Cd Te/n-Cds 8
MiS Silicon 12 Fig 1. Maximum conversion efficiency
” GaAs 15 VS. energy gap
SB a-Silicon 6
» WSe, 5 Bte 90% Fgkel elo} o] MElst H& oge
TF/TF heterojunction | p-Cuy S/n-CdS Zol 4 WS vlo] BRI £ & BT EHHR |
CVD process) _ B
(YD o o4 EF e,
(Spray process) 6
TF heterojunction p-Cu2 Te/n-CdS 6 o HEE Rl s AR LElls
Single crystal hetero- | o 1 s /Cds 12 Ao 2 RS Holel BAY 4ol 90%
Junction 2 2 @iRsl7] Bel A& B ol sl absorber film 5
TF heterojunction Culn Sez/CdS 6.9
TF homojunction GaAs 15
Heterojunction (CdfZn) S/CuZS 6.3
T
Cells for use in concentrated sunlight ,}
¥
Optimized silicon cell (single crystal 18 <
homojunction), 200 times concentration M
o
Interdigitated back-contact silicon, single 15(20 ) b1
crystal homojunction, 100 times concentration .
‘o
Thermophotovoltaic 13 3 vt
>
GaxAly | Al/GaAs (200 times) 24.5 S =
Gay Al Ly GaAs (1700 times) 19 % z
Vertical multijunction (silicon) 9.6 o
-
&
MIS : MetalInsulator-Metal E
SB Schottky Barrier, &
TI* : Thin Film
ITO : Indium Tinoxide

oA A FHFel 70%, 100 emFolol 4 90 BT Bl

ahet,

olebe WzH o2 of Y2 Bl
shel Falold 90 % ol 4% FHE + Utk

1 #mo)
Bl =

Cu,S & w=Al 04 pm Tl 4 =419 Egol4te] K
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KAl 26l o] £EEN 2 BTH WEL a-g fitel
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c—c o FEEHL LM E KT 2 F

S chagal o] & s 7] Alolvh a gk il
E‘I i o] oj ol 5k al, ¢ —¢ HEl A=<
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= Rkl , BEFEF A0 matching slofe} dhch
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L pde|vy, c—c &= nojel o] HH ¢ - 9
BIEMAe] a—g o EBFEMANEY of 31 BAK

1

BH Z4E Mo R BT BR HHEES
7H44] a]uP R¥E c—co HTBFAe ag 2o
Zowl, BDS A£AA #RH HEAA £ 2

A2 7]-21-?_—\'/]», lattice matching & ¢—c 2} a-¢g
o] &WEBM ELHA Fste Mar(dislocation )
E a4 7ldh EAE A Ede BEsHLe
2 R3] o Bl BAEREY ke £FS #BHH
ol fHES ZBS vzt 001 %< lattice mism-
atch & [0/od o REEMNFEES, 1% A e
108/ 9ol WuHES ukErk Cu,S/Cds %
F& lattice mismatch 7} 4 Bk 5ol 3 x 108/c4
o REEMBRES 22 HES L5020l wix|
5 %uto] o] Rimell 4 BiEAE oL Aot
R we] @iRstEE EMsle HAEBR 7 aldl
ol o] & RE#EAE BEFHMAe) mismatch = &
7 §-9} zFo] current path & {2ftsle] M ANEHE
74 4] 71+

LIEo) BetE E#ER dlod Ea, MRSl c-c
MEle a-g ke MERae] KHel H— #HE,
= homojunction o] Mol ¢c—c 7} a-g 2}
v} 2 @@ e % heterojunctione] t4-F o g fu
3l #i#solcl, =4 Schottky barrier 2tm
4B ¢ —c 7} =)l Schottky barrier 5=
4 7H4% homo , heterojunction ¥} {KPEHERE |
&t Holel. & Schottky — barrier FifE= MIS
MER goz4 HEdE + Uk
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ERBHIE HINE LW 1982F 8A

3. 421z

Si ® FEME
Auksl ol oA

1954 Bell d

Aol v E A4S
o=

H T 4el4 AHZZ
A7} A S B

=3

o %

EAETER HzAY
A3 58 A=z

HEelR HF FuAel UHE R

ol 4 1978 & & Fobwt stedeb® <k 10,000 m?]
A 9 4 At B

o, ARSI HA £ AL

F& AFachE AL Ao £

A Apsh 0] L Hof

SEAS
od Fol Fqloha

e,

ézJO

73& (3

3t Si %%BH =y

;2.1 o) ¢}

e okAzl R& D 7129 of +2&& Sidf °k1411
el oFAd =]

37 4

# AztAe slab-g SiAdel 59 o}L A K&

mi ke A E
371 A A=

=%9 $050/peak watt & =4
AAE tAA Sio sHHo] A §

70/ kgol A oF$ 10/kg o & ZtA4s{ofokut Fleh &
2= £HE Si 7HA HEE(C S 10/peat watt)E o

47 g 5 BA4QE ZEaUS B

Ao

Z,0l5 5= DOEo 98 Y = HEHoz

Aguwtn ek =oHE Fg oA F AlgL Cz FHol
Table 2. Low Cost Polysilicon Programs
Method Scale up Entergy | Contractor
Status Payback
Catalyzed reaction |{100ton(M)/ yr 9mo  |Union Carbide
of hydrogen and plant in design
silicon tetrachlo
ride with :metall-
urgical silicon to
form trichlorosilane
thence silane
Zine reduction of (50 ton (M)/ yz 13mo. |Batelle
silicon tetrachlo-  |plant in design
ride
Silicon tetrafluo- |8 ton(M)/yr plant| 3mo. |Motorola
ride purification nearly designed
of metallurgical
grade silicon
Sodium reduction |No experimental | 14mo . |Westinghouse
of silicon tetgachlo- verification of
ride in 3500 K reactor yet
plasma arc reactor
Increased purity Now testingina 10 mo, | Dow-cerning
of material in a 27 ton (M)/ yr.arc
conventional sili- | reactor

con dioxide arc
furnace !
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ofs) 447 Aetet BEEE ingot & £elolAlE)
+ Fae HEd Al R Hgkel a4 BiER Sh
eet & A8 & Helvh B & LEL A%
trolu ICESalA BEEEl o)y o Fol 712 21

H TR Atz At} etching 3 Aol 4
zl@o 50~ 60 %7t BEscl. 24l CzIie &

Ko Ago eyl g Adal TR R
7l f1et -+ xdo] HFH2 Ak BE zzz_eg
o] Avstr 9+ A A7l ngxo|w A g

ug_ £2 2 2447y o] Si Sheet & np= Aol

— 3-8 M BEEF A Sheet TS w[mst o)
4 Mobil-TyCo = &%z e F& SlitE 23
A 84 SiZ ribbon 40 2 FTojuyrl Westing
house T £§ Sio &7]2He Sj2 webZ Zo)
2o g4 ribbon & FEk4|Zk web-—dentrite
Tizel ols nbfelal \ie Cz THo R akioal
#ipel wlms &+ g &A4el vk RTR LEL =
ol & FIiste Z#& ribbon & <A A ssl= A
o2 AR YE(F, AFAD Z HuE A
I 9leh. ribbon o Ha& g 5504/ minog ®
E HHEFE A wlaclh sheet 4xdo] s1x3 &
=, o] whel.e KEFEmpAY s A ysE 7
441 B Ao 2 el Sivhdle4] @y Hg

<= glh w9l Solarex ¢} 52| AEG — Tele -
funken & mmw 9] grain size & z}:= LS
Si sheet 2 Hihs abEa vk BHH Si Fitkel

A 14%e &gl ol gleh elAgA g A

Bia B2 — 3] -

€ AR aTEHE A 2R 1w ¥
& @735k %Ecl sheet g9 = ¢ &

HE A A E abE T Uvke Aojeh A4}
4 M=) £ e ok =] bl F7lo] ¢EE array =
+ sl 25 Ak kel Czaix]= ingot ghaio)
Aoz slo] glv] W Rl Talslth TejEw A
AbkgAlx) array of EREMAKES o %ok Sim
2ol QoA Az e GE F Qe oE de A
3 AuHe A Hs]—t Zolrh, 1 el 24 ion im-
platation (ZF A & laser = eleetron beamoi
R ownnol deb. e BAEYL B 4

_l
242 avlsta, AEHs) ofHeh 2932 ionim
plantation J:hi Wely Aol o] Tiiez 3
T 15 ~16 %9 283 e KRBT Yol
—O-M B4 uhe cost & okeslm el waf o
B ol TeR AEs5h7l A o g kel F
ﬁ}ﬂ- ion implantation z2}z]9| BE%o] g -7=ch
. ERRLZ2
%#au St HEihe A g8
Arbele AAds #a s W Fel 2 oo okel AA
Ao 2 #akalA o FEo-& Ao 7 9ol FEREA
?] & (a—Si) ureb-g deposition 3l mlE FEHE
del 2 KB &Eiol ok ©] Bt hydrogenated amor
phous silicon (a—Si: Hy2 2}&35}d 19744 R
CAAg UellA 222 BEFESIA »E a-SiEi
o) 27] HElg&¢ wX 001 YA EHst G| qk
et 2e hd el 5L o)l Bel Lol A

ol 4= Fr3hv

y

Table 3. Comparison of sheet growth methods

To Achieve Con-

Process Description A
tinuous Growth

To Achieve High Best growth
Through-Put

rate Problems/Features
Demonstrate

EFG: Sipulled from melt by

Replenishment of | Multiple ribbons 37cm2/min

Die contamination of ribbons/

capillary slot thence Si in melt for melt several years of experience
ribbon

RTR: Poly ribbon deposited, Continuous poly | Side-by-side 55cm2/ min Complex mechanical design/
ribbon recrystallized by | feedstock ribbons - high purity aahdevable
swept laser

CAST: Sipulled from melt Replenishment of | Very wide (5”) 30cm2/ min Contamination of ribbons/very
by capillary slot and liguid ribbons wide ribbons
ribbon pulled

WEB DENDRITIC: Si method | Replenishment of | Multiple pullers 12cm2/min Dendrites must removed/good

dendrites seeded ribbon
pulled dendrites removed

liquid

ribbon quality
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Fig 3. Advanced ion implant solar cell process
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Fig 5. Tandem-cell structure
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