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IMPROVING THE DETECTION LIMIT OF QUANTITATIVE EPR ON
SILICON DANGLING BOND DEFECTS BY RAPID SCAN EPR

STRUCTURAL DEFECTS IN THIN-FILM SILICON CW EPR: DEFECT COUNTING

Crystalline

Thin-film Si solar cells: a-Si, pc-Si, poly-Si 1| V5 Signal intensity from cwEPR signal
e Reduce material cost to increase price efficiency OO f’ b o * Field modulation: derivative spectrum
g * Signal intensity from double integral

Electronic defects limit solar cell efficiency &g« . L :
» Currently 9-12 % for TF devices (c-Si wafer: 25 %) o Quantitative EPR: number of spins
OO0 k. ektronen * Double integral prop. to number of spins

cw derivative

Amorphous silicon: dangling bond defect

o Broken bond: three-fold coordinated Si atom \/P - B, -0 ng- S(S+ 1)

o Recombination center for charge carriers [ DI =c- .
o Number of spins vs. open-circuit

(voltage and current losses — efficiency decrease) - voltage (V. ~ efficiency) | f (31. Bm)
(Fehr et al., Appl. Phys. Lett. 2011) |

Dangling bond: paramagnetic | | | Reference sample for calibration
e EPR signal at gy, = 2.0055 N | | - Sample with known number of spins (e.g. a-Si:H)

N

Normalized EPR signal (a. u.)

> Use EPR for defect analysis . | | Problem: sensitivity limit of cwEPR

 Quantitative EPR for spin counting | | | - Currently 10"-10" spins detectable (12 h)
e Link defect density to efficiency '_ ' | | - Enhanced material quality: increase sensitivity

e Microscopic structure of defects et | | ¢ Alternative: rapid scan EPR

Magnetic field (G)

RAPID SCAN EPR S/N STUDY ON A-SI:H OF VARYING QUALITY
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Improved sensitivity of defect counting by rsePR in a Bruker setup
* rsSEPR implemented on Bruker E5S80 pulse spectrometer without hardware changes

* S/N enhancement for a-Si:H dangling bond by a factor of up to 90

» Use rsEPR intensity for defect counting by comparison with reference sample

* Limitations: sample size (modulation field inhomogeneity), scan rate (max. 40 G, 100 kHz)
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Outlook on further developments

* rSEPR at low temperature (increase of relaxation times)

* rsEPR at 263 GHz (longer relaxation times favor rs over cwEPR)
* Frequency-swept rsEPR, possibly at 263 GHz without a resonator
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