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Back-surface Field Simulation and Optimization
of a-Si(n)/c-Si(p)/uc-Si(p+) Heterojunction

Solar Cells at Different Working Temperatures
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Abstract: The influence of back surface field of microcrystalline silicon on the a-Si(n)/c-Si(p)/uc-Si(p+)

heterojunction solar cell is simulated with the afors-het software at different operation temperatures. The

results show that the open circuit voltage and conversion efficiency increase with the increasing of the

band gap of microcrystalline silicon. The open circuit voltage, fill factor and conversion efficiency increase

with the increasing of the doped concentration. The cell performance declines when the microcrystalline

silicon become thicker. The corresponding best values of doping concentration and thickness change a

little when the operation temperature of the cell rises. However, the corresponding best value of band

gap tends to move right obviously when the operation temperature of the microcrystalline silicon back

surface field increases. The experimental results provide the experimental parameters for the commercial

production of solar cells.
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q

∂2ϕ(x, t)
∂x2

= p(x1, t) − n(x1, t) + ND +
∑

defects

pt(x1, t) (1)

ε0εr

q

∂2ϕ(x, t)
∂x2

= p(x2, t) − n(x2, t) − NA +
∑

defects

pt(x2, t) (2)

−1
q

∂jn(x, t)
∂x

= Gn(x1, t)−Rn(x1, t)− ∂

∂t
n(x1, t) (3)

1
q

∂jp(x, t)
∂x

= Gp(x2, t) − Rp(x2, t) − ∂

∂t
p(x2, t) (4)
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ϕ(0) = 0 (5)

jn(0) = qsfront
n (n(0) − neq(0)) (6)

jp(0) = −qsfront
p (p(0) − peq(0)) (7)

!8< (x=L) ���+Æ<>2���:

V �7=9;
,��

ϕ(L) = φfront − φback + V (8)

jn(L) = −qsback
n (n(L) − neq(L)) (9)

jp(L) = qsback
n (p(L) − peq(L)) (10)
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; 1 <=>?@ABCDE

E= a-Si(n) c-Si(p) uc-Si(p)

F= /nm 5 300000 >G

?2H= 11.9 11.9 11.9

25>@? /eV 3.9 4.05 4

IA /eV 1.74 1.12 >G

A�IA /eV 1.74 1.12 1.6

6BJI@K /cm−3 1×1020 2.86×1019 1×1020

6BBI@K /cm−3 1×1020 1.04×1019 1×1020

25ACB /cm−2V−1s−1 5 1106.5 10

CDACB /cm−2V−1s−1 1 424.6 3

D7L8EK /cm−3 0 1×1016 >G

F7L8EK /cm−3 2.5×1019 0 0

25GEK /cm· s−1 107 107 107

CDGEK /cm· s−1 107 107 107

F@K /g·cm−3 2.328 2.328 2.328

25MFCDG= /cm6s−1 0 2.2×10−31 0

CDMFCDG= /cm6s−1 0 9.9×10−31 0

IECDG= /cm3s−1 0 0 0
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1.54 eV
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(a) ]UVKW^_IAOKWBB EFF 4@K

(b) ]UVKW^_IAOXT2X VOC 4@K

(c) ]UVKW^_IAO`T2U JSC 4@K

(d) ]UVKW^_IAOYaZ5 FF 4@K
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(a) ]UVKW^_L8EKOKWBB EFF 4@K
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(b) ]UVKW^_L8EKOXT2X VOC 4@K

(c) ]UVKW^_L8EKO`T2U JSC 4@K

(d) ]UVKW^_L8EKOYaZ5 FF 4@K
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(c) ]UVKW^_=KO`T2U JSC 4@K

(d) ]UVKW^_=KOYaZ5 FF 4@K
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