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Abstract

Over the past few years, hybrid devices based on conjugated
polymer/silicon heterojunction structures .In this paper,
hybrid solar cell based on poly(3,4-ethylene-
dioxythiophene):polystyrenesul fonate (PEDOT:PSS) directly

spin-coating on n-type silicon wafer and n-type GaAs wafer.

In the first part, a hybrid PEDOT:PSS/silicon
heterojunction solar employed several n-type silicon substrate
with different quality and thickness . Compared to the planar
PEDOT:PSS/silicon cells, the maximal power conversion

efficiency under AM 1.5 global one sun i1llumination is 9. 76%.



In the second part, A typical III -V solar cell requires a
thickness of several micrometers to absorb all of the incoming
photons. We present 3000-nm-thick GaAs absorbing layer based
on heavily-doping GaAs grown by Molecular beam epitaxy , coated
with PEDOT:PSS. The highest power conversion efficiency under

AM 1.5 global one sun i1llumination 1s 9. 874%.
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Classification” Effic® Area‘ Ve Je FF*
Silicon
Si (crystalline) 24.7+0.5 4.00 (da) 0.706 422 82.8
Si (multicrystalline) 20.3+0.5 1.002 (ap) 0.664 37.7 80.9
Si (thin film transfer) 16.6x0.4 4.017 (ap) 0.645 32.8 78.2
Si (thin film submodule) 9.4+0.3 94.9 (ap) 0.493" 26.0 73.1
I-V Cells
GaAs (crystalline) 25.140.8 3.91 (1) 1.022 28.2 87.1
GaAs (thin film) 24.5+0.5 1.002 (t) 1.029 28.8 825
GaAs (multicrystalline) 18.2+0.5 4.011 (1) 0.994 23.0 79.7
InP (crystalline) 21.9+0.7 4.02 (t) 0.878 29.3 85.4
Thin Film Chalcogenide
CIGS (cell) 18.4+0.5% 1.04 (ap) 0.669 35.7 77.0
CIGS (submodule) 16.6+0.4 16.0 (ap) 0.661° 33.4f 75.1
CdTe (cell) 16.5£0.5°  1.032(ap)  0.845 25.9 75.5
Amorphous/Nanocrystalline Si
Si (amorphous)™ 9.5+0.3 1.070 (ap) 0.859 17.5 63.0
Si (nanocrystalline) 10.1+0.2 1.199 (ap) 0.539 24.4 76.6
Photochemical
Dye sensitised 10.4+0.3 1.004 (ap) 0.729 21.8 65.2
Dye sensitised (submodule) 6.3x0.2 26.5 (ap) 6.145 1.70 60.4
Organic
Organic polymer’ 3.0+0.1 1.001 (ap) 0.538 9.68 524
GalnP/GaAs/Ge 32.0£1.5 3.989 2.622 14.37 85.0
GalnP/GaAs 30.3 4.0 (1) 2.488 14.22 85.6
GaAs/CIS (thin film) 25.8+1.3 4.00 (t) — - —
a-Si/me-Si (thin submodule)’ 11.7 0.4 14.23 (ap) 5.462 2.99 71.3

a. CIGS=CulnGaSe2 : a-Si = morphous silicon’hydrogen alloy. b. Effic = efficiency. ¢. (ap) = aperture area :

(t)=total area : (da) = designated illumination area. d. FF = fill factor. e. FhG-ISE = Fraunhofer Institut fur Solare

Energiesysteme : JQA = japan Quality Assurance : AIST = Japanese National Institute of Advanced Industrial

Science and Technology. f. Reported on a “per cell” basis. g. Not measured at an external laboratory.

h. Stabilized by 800 hours » 1 sun AM1.5 illumination at a cell temperature of 50°C. i. Stability not investigated.

J. Stabilized by 174 hours, 1 sun illumination after 20 hours, 5 sun illumination at a sample temperature of 50°C.
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Band Gap and Efficiencies
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Spectral Response (A/W)

Spectral Absorption Characteristics of Solar Cell
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4-2-6 Time-resolved PL

o RIER Y S E16 7 R4S LR F A F b kg

FABEERF TEAR AP T UFRMBE o it T R AR

Wafer(Grpdberm L 45 ):B R £ » 5 7T P 3 HOTRBART £ fr.%:&
A end g o R TRPLOP I i1 ki )
[5,6,7,8,9] fegt R¥ - * £ & (T80nm)§3 % gy 52 o o
Bis = @ > % MBE & cofh i & & [f] f§ 4 MBE » 37 peromd it 45 & ) A
wafer -

d Bl 4-16-17fr % 4-12-13 * & & T80nm <5 &> aif & TTKP* -
Fow e £ L 826nm 0 sk ewt 5 620uW o Bk cna B MBE chdic
¥y o d=d k0B WAFER ehddy - ¥ % Fitting curve 2 v A i
trpl =& &

single exponential decay model
I(f) =e /"
[ =Aeh + Ayer
FrudaEd P AONAT oAl A BB T1 A7 Al HESE &
¥4 > wafer e02 &3 5 0. 26620 ns > MBE 94 & 8 5 0. 32982 ns >
2 &g e I MBE 4 & 8 vt wafer shd &8 & 1+ 2F % #700 MBE e
TR R gL o

-64 -



d Bl4-15[10] > ¥ &g 232k R SE16em ib 45> - B Ao 3 B
FaAk fE e g > Hoaxbf sz £ £ RS A58 & on v
radiative transitions > i~ ® > 42 & L 5 A3 ML > @7 ]

¥ electron~ionized-donor capture times#$+#] > 7 20| &

neutral-acceptor capture (recombination) time#é+#] -

E— e e — w— — e S ENSN S s S S T

P
" 2
a)
Ry Rz Ta AE (
f l
GROUND STATE
1 — 2 B T_
Y k4 l

GHROUMND STATE

] 4-15. Posslble diagrams for recombination of GaAs.

(a) Supposing nonradiative and radiative processes originate in different

recombination centers.
(b) Supposing radiative and non- radiative recombination originate in

the same centers.
R1 and R?2 represent the radiative recombination rates from levell and

2 5 T1l, T2, and T3 the nonradiative recombination

rates from levels 1, 2, and 3.
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Parameter Value
Al [Cnts]) 109620
tl [ns] 0. 26620
A2 [Cnts]) 41.5
t2 [ns] 34.2

# 4-12 % £ & 7 5> Wafer & 826nm #7icaf 2 & % 2

Parameter Value
Al [Cnts]) 87930
tl [ns] 0. 32982
A2 [Cnts]) 2037
t2 [ns] 4. 887

# 4-13 * £ A & 7 % > MBE & 826nm #ipcs a2 & % #)
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