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Determination of trace impurity concentration in semiconductor
by low-temperature photoluminescence measurements

Student: Hsin-Feng Chen Advisor: Prof. Wen-Hao Chang

Department of Electrophysics
National Chaio Tung University

Abstract

The species and concentration. of trace. 111-V impurity in silicon wafers
are determined by photoluminescence (PL). Atlow temperature and low
excitation conditions, " the emission of  free = exciton (FE) and
impurity-bound exciton (BE) could be: clearly.observed. In particularly,
the intensity ratio between BE and FE increases with increasing impurity
concentration, having a correlation close to linear dependence. The
intensity ratio for impurity concentration: between 10*~10" cm™ have
been measured using-calibration samples, by which the impurity species
and concentration in silicon wafers can be determined. In the second part,
the Mn concentration in GaN is determined by reflectance spectra, and
the impact of Mn on bandgap is measured by PL. First, the increasing FE
energy with the increasing Mn concentration is observed by PL,
indicating the p-d exchange interaction plays a very important role in this
material. Then, the intra-atomic absorption of Mn*" can be measured by
reflectance spectra, the concentration of Mn** has a linear dependence on

the Mn incorporation.
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311 FF Rk RE
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He UZ@E@EE B EFMPpenEiy Ucllf i i st A L3+ 1Y
A= - B R EDTRE B WNy = dE,(x)/dxR) s %+ vk E > S
R ep 2 E oom*L R o 5 UUc<<l:- band-edge e % Ey @
1145 5 —xNoWo % UlUgenfe e 30 & F nT kL4 hing
(localized spins)# & ¢4 33 1% % (weak coupling ) i = % ¥ & (strong
coupling ) » p-d #rus 2 & ¥ < B (exchange integral ) ¢ sx s H & f & »
d W S - B2 B Ap el [ 9] > band-edge ¢ ¢ A& etE i L &
B Al g Ful B UUc>L ¢ 9T @ A4 kp s
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PUgF G ] AR SRR B A enin B > B Tk et gt i (delocalized
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B [3.2-1] 3 n50 4 sz PL 17k o # & 8 1 oo 50| > 417
BIERe@ v @RTERS45x108 cm™3 o d pLismst e g
FELSGZBRES AL EERM 91083 110eV R EFE
& £ #-5 (transverse optical phonon lines) 73 & §& & > Pro & Bk ehi
vk B BT R R 0 Brg 5 AR ek E BT L F g oo
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5 % -7 k% Celectron-hole droplet) 3F sk o 7 1.11 &7 1.14 eV 2
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