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Effect of Hydrogen Dilution Ratio on The Si Hetero-junction

Interface and Its Application to Solar Cells
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Abstract: Hydrogenated amorphous silicon (a-Si:H) layers deposited by plasma enhanced chemical vapor

deposition (PECVD) are investigated for use in silicon hetero—junction solar cells employing n-type

crystalline silicon (c-Si) substrates. The optical and structural properties of silicon hetero—junction devices

have been characterized using spectroscopy ellipsometry and high resolution cross-sectional transmission

electron micrograph (HRTEM). In addition,

the effective carrier

lifetime 1is measured by the

quasi-steady-state photocoductance (QSSPC) method. We have studied on the correlation between the
order of a-Si:H and the passivation quality at the interface of a-Si:H/c-Si. Base on the result, we have

fabricated a silicon hetero—junction solar cell incorporating the a-Si‘H passivation layer with on open

circuit voltage (Vo) of 637 mV.
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A Aol H9-Ho Ay (1], 9¥ Sanyoe HIT
(hetero—junction with intrinsic thin-layer)= ™ %%+

FHT HFAA A Fashd A4 wPA Aol
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2.1 EHEE dEE(c-Si) HlolH MFE

v A3 1-10 Q-cm, +7 300 mE MR =
(100) c-Si flelsE 7]@oz AgskATh
H>SO4H20:=1:1,  H:O:NH,OH:H»0.=5:1:1, HO:HCL:
H:00= 5111 &5 AHEStal DI-waters A&
rinseZ AAE & HE &0 A3tut 2480 zx
H-terminations 5334t [4,6].
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i-a-Si:H (10nm)

ntype c-Si(300 pm)

Fig. 1. i—a-Si:H/c-Si/i-a-Si:H
structure for the characterization of the passivation effect.
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Fig. 2. Schematic of Si solar cell

structure.

hetero—junction

Table 1. Deposition conditions of a-Si:H layers.

a-Si'H layers

Parameters
p-a-Si:H i—a-Si:H n-a-Si:H

Substrate 220C 290°C 180T
temperature

Plasma 15 W 1w 30 W

power

Pressure 1 Torr 0.15 Torr 0.5 Torr

Electorde 25 mm 40 mm 25 mm

gap

Gas ratio

(Hy/SiH,) 10 0.8~3.0 3.3
Flow rate of
PH; (sccm) 0 0 10
Flow rate of 5 0 0

BoHs (scecm)

a9 32 4 4R mE F& 25 Ao 7
He FE3 A2 £ AN 00 174A F&
g Aol RS kst 4 SMEZE 1 B
AdFE F7 29 Ao 82 AT

ol <dle wAsyl flsl HRTEM=E &3

c-Si dlelHA ¢} i-a-SitH ¥ete] AW AA Fx2 4
HEgt 18 49 HRTEM o]u| x| oA Ho]x] %ol
T2 FAn7E S7kgel whel Hap olu A Fe]l AX =
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Fig. 3. Effective carrier lifetime as a function of

hydrogen dilution ratio.

Hz/SiH4 = 0
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Fig. 4. Cross—sectional HRTEM
H2/SiH3 ratio.
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oscillator, Eo= peak transition energy, E,© Tauc
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i-a-Si:H +c-Si +void

Si-Si0, interface

c-Si

Fig. 5. EMA model of
ellipsometric analysis.
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Fig. 6. The change of the spectroscopic ellipsometric

parameters as a function of hydrogen dilution ratio.
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Fig. 7. Characteristics of Si hetero—junction solar cells
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Fig. 8. Photo J-V curve of the fabricated Si

hetero-junction solar cell.
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