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Electrical Properties for Enhanced Band Offset and Tunneling with a-SiOx:H/a-si Structure
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Abstract: a-Si is commonly considered as a primary candidate for the formation of passivation layer in heterojunction (HIT)
solar cells. However, there are some problems when using this material such as significant losses due to recombination and
parasitic absorption. To reduce these problems, a wide bandgap material is needed. A wide bandgap has a positive influence on
effective transmittance, reduction of the parasitic absorption, and prevention of unnecessary epitaxial growth. In this paper, the
adoption of a-SiOx:H as the intrinsic layer was discussed. To increase lifetime and conductivity, oxygen concentration control
is crucial because it is correlated with the thickness, bonding defect, interface density (Dit), and band offset. A thick oxygen-
rich layer causes the lifetime and the implied open-circuit voltage to drop. Furthermore the thicker the layer gets, the more free
hydrogen atoms are etched in thin films, which worsens the passivation quality and the efficiency of solar cells. Previous
studies revealed that the lifetime and the implied voltage decreased when the a-SiOx thickness went beyond around 9 nm. In
addition to this, oxygen acted as a defect in the intrinsic layer. The Di increased up to an oxygen rate on the order of 8%.
Beyond 8%, the Dit was constant. By controlling the oxygen concentration properly and achieving a thin layer, high-efficiency

HIT solar cells can be fabricated.
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Table 1. Details about fabricating amorphous silicon oxide [12-20].

Machine Precusor/Ref Temlzerature Re.fractlve
[°C] index
PECVD TEOS/[12] 360 1.44
APTES/[13] 150 1.45
Thermal SiCl4/[14] 35~82 -
ALD TPS/[15] 140~230 -
TBS/[16] 150~250 1.48
3DMAS/[17] 100~300 1.45~1.46
BDEAS/[18] ~300 -
DSBAS/[18] ~300 -
PEALD BTBAS/[18] ~300 -
BDEAS/[19] 50~400 1.46
BDEAS/[20] R.T -
DIPAS/[20] 60~150 1.46
* PEALD: Plasma enhanced automic layer deposition
* R.T: Room temperature
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Fig. 1. Relation about absorption coefficient and wavelegnth
between i-a-Si:H and a-SiOx:H [21].
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Table 2. The bonding structure of Si-O-H at each wave number
[23].

Wave number o Type of absorption mode (s)

[em™]
750 to 900 Si-O bending
900 to 1,300 Si-O stretching
2,000 to 2,350 Si-H stretching
C-Si C-C CO C-H ¢C=0
Bond energy (kj/mol) 318 346 358 413 799
Bond length (pm) 185 154 143 109 120

stretching mode®} Si-H rocking -wagging 2. =0 A]

x| ME0 @ 0hemt 2e Al (2)9} (308 ettt
Colat - %) = Ag/Ng; f & (w)/w]dw @
Culat %) = A/ [ [ (@)/0ldo 3)

w: Frequency of characteristic absorption peak
a(w): Corresponding absorption coefficient
N;: 5X10%? cm™

Ag: 9.5X10"% cm™?, Ay 1.6X10" cm™?
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Fig. 2. Compare about (a) conventional HIT and (b) changed
strucutre.
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Fig. 3. The interface defect density and lifetime trendency depend
on the oxygen concentration [21].
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Fig. 4. The band offset on a-SiOx:H/c-Si structure [24,25].
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Fig. 5. Relation between dark conductivity and optical band gap
according to oxygen content [28].
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Fig. 6. The relationship between lifetime and implied voltage
according to the thickness [29].
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