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In silicon solar cell devices, bulk distortion that IS
may be caused by extended defects (EDs) such T s T v
as Intrinsic stacking faults (ISF) and grain | ! e
ooundaries (GBs) has considerable effects on the
ohysical properties of photovoltaic bulk material
1]. However, at the extremum of disorder, these
structural Iimperfections are known to have a I L N
beneficially increased or decreased band gap [2] Wavelength Gum)
and absorption coefficient depending on the strain Fig. 2. Calculated optical absorption (_:oeffici_ent Versus | | | | | | | |
degree that caused by these EDs, as well as their wavelength for extended defects and ideal Si together e e
: : . . with the AM1.5¢g solar power spectrum for comparison. | | | . | | L2 7 Foousido B
roles to segregate and interact with diffusing R S
Impurities such as iron.
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Fe (with different concentration) in bulk silicon and ) i o6 os i 2 o e ISF sites GB sites

in the vicinity of ISFs and 5 (001) twist GBs in Wavelensih Gm Fig. 1: Binding energy of iron to the ISF and 35 GB as a function of site and charge
order to predict their effects on solar en state. In each case, the energies of the lowest energy spin configurations are used.

Labels a—f and a-i' indicate the non-equivalent interstitial sites investigated
performance.

Fig. 4. Computed real (n) and imaginary (k) parts of the refractive index

Fig.3. Comparison between the optical properties of the _ _ : .
for different structures showing the impact of ED and Fe contamination.
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1) Density functional Theory: AIMPRO L8] — , | , 103
= Dielectric function: Complex, energy ’ | | 5
dependent Ref. index.
Computational convergence of image part of
Refractive index:
All occupied bands
Around 3 times as many empty bands | | |
Dense sampling scheme to integrate over the 020 S 300 - _ - BN
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<! 10 0 0 0 o 10 0 o 10 10 10 Table II: Key results from the solar cell device for pure and doped Si for different Fe
Br|”|0n Zone. Fe concentration (cm'3) Fe concentration (cm'3) Fe concentration (cm'3) concentration under AM 1.5 illumination.
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Table I: Key results from the solar cell device for O
pure and perfect EDs under AM 1.5 illumination.

Structure J.. V,. FF n
(mA/em? | (V) (%) Fig. 14. Parasitic series
Ideal Si 36.92 0.65 83.36 20.25 resistance in a solar cell.
Si with ISF 38.44 0.56 81.29 17.68 circuit. The reduction in FF
Si with GB 26.73 0.67 87.65 22.92 IS modelled as series
resistance
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Fig. 5. Variation of carrier mobility with  Fig. 6. Variation of carrier density with Fig. 7. Variation of recombination rate Structure | Fe concentration (cm3) | j_ (mA/cm?) |V, _ (V) FF 0 (%)
Fe concentration, (left) electron mobility  Fe concentration, (left) electron density with increasing impurity oncentration.

d (right) hole mobility. i o
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* Recombination via Shockly-Read-Hall - . . g s — — | W S § Y=_(001) P 2680 - -
re Com b | natlon rate . . Fe concentration (cm-3) Fe concentration (cm'3) Voltage (V) 4.52X 1 o 26.62 0.81 11.9 6

Previous
Present work theory Experiment

Sampling Pure Si . 36.92 0.65 83.36 20.25

R ? ? Individual Fe in 1.17 X 10° 37.71 0.65 17.62
& 4‘:. === ! bulk Si 7.91 X 10" 37.69 0.63 16.73

—&— pure Si | | ‘ ‘
"= © -~Feinbulk Si| : 4.52 X 107 35.20 0.49 10.84

Iron pair in 1.17 X 108 36.82 0.65 17.24

-
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: | | bulk Si 7.01 X 10" 36.82 0.63 16.39

4.52 X 105 36.45 0.49 11.22

Individual Fe in 1.17 X 103 26.89 0.97 18.37

g N At Fig. 8. Current density (left) and open circuit  Fig. 9. Conversion efficiency versus  Fig.10 J-V characteristics of silicon solar LIEHE| R8T HE 117 X107 20,515 0-97 18,610
= Solar cell parameter: voltage (right) versus Impurity concentration.  Fe impurity concentration. cell showing the Fe impurity influence. Y5-(001) 7-91 x 10" 26.86 0.95 17.24

«* Short-cct. current-density (J..) 4.52 X105 2659 081 12.26
< Open-cct. voltage (V) : 3 ; Y Yy S
< Device efficiency (n%) v | o perteet B | | Loo- FeimideIsF] % E———r
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