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Table 1. Base parameters of the simulation.
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Fig. 1. (color online) Influence of carrier lifetime on (a) amplitude and (b) phase.
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Fig. 2. (color online) Influence of diffusion coefficient on (a) amplitude and (b) phase.
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Fig. 3. (color online) Influence of front surface recombination velocity on (a) amplitude and (b) phase.
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Fig. 4. (color online) Influence of rear surface recombination velocity on (a) amplitude and (b) phase.
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Experimental study on scan imaging of silicon wafer by
laser-induced photocarrier radiometry

Liu Jun-Yan Song Peng Qin Lei Wang Fei Wang Yang'

(School of Mechatronics Engineering, Harbin Institute of Technology, Harbin 150001, China)

( Received 29 October 2014; revised manuscript received 4 December 2014 )

Abstract

In this paper, the modulated laser-induced excess minority carrier density wave (CDW) of bipolar semiconductor is
developed. An analytical expression of CDW in frequency domain is introduced. The numerical simulations are carried
out to analyze the effects of minority carrier transport parameters (minority carrier lifetime, diffusion coefficient, and two
surfaces recombination velocities) on response of laser-induced photocarrier radiometry (PCR) signal to frequency for
semiconductor silicon wafer. The PCR amplitude increases with increasing the minority carrier lifetime, and decreased
with increasing the carrier diffusion coeflicient and surface recombination velocity. In contrast, the PCR phase lag
decreases with increasing the minority carrier lifetime, and increases with increasing the carrier diffusion coefficient and
surface recombination velocity. The silicon (Si) wafer with an artificial defect (mechanical scratch) on the surface is
experimentally investigated by PCR scanning image system. The distribution maps of the minority carrier transport
parameters are obtained by best-fitting method which is based on the carrier density wave analytical expression, and
the influences of the artificial defect on carrier transport parameters are discussed in detail. The experimental results
indicate that the surface recombination velocity and carrier diffusivity at artificial damaged location are dramatically
increased compared with those in the healthy region. The carrier bulk lifetime of whole Si wafer is obtained to be
about 38.33 us by PCR scanning image measurements. Simultaneously, quasi steady-state photoconductance (QSSPC)
method is used to measure the carrier effective lifetime of Si wafer, and it is about 33.85 us. Therefore, the carrier
bulk lifetime of Si wafer by PCR scanning image measurement is in good agreement with the QSSPC measurement.
However, QSSPC measurement could obtain only the carrier effective lifetime of Si wafer. Furthermore, PCR scanning
image measurement can be employed to measure the carrier transport parameters with high resolution in comparison

with QSSPC measurement, and to evaluate the localized imperfection.

Keywords: modulated laser-induced photocarrier radiometry, silicon wafer, carrier transport properties,

scanning image
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