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The Doping Concentration and Physical Properties Measurement of
Silicon Wafer Using Terahertz Wave
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Abstract In this study, a terahertz time domain spectroscopy (THz-TDS) imaging technique was used to measure
doping concentration and physical properties (such as refractive index and permittivity) of the doped silicon (Si)
wafers. The transmission and reflection modes with an incidence angle of 30° were employed to determine the
physical properties of the doped Si wafers. The doping concentrations of the prepared Si wafers were varied from
10" to 10'™ in both N-type and P-type cases. Finally, the correlation between the doping concentration and the
power of the THz wave was determined by measuring the powers of the transmitted and reflected THz waves of
the doped Si wafers. Additionally, the doped thickness, the refractive index, and permittivity of each doped Si
wafer were calculated using the THz time domain waveform. The results indicate that the THz-TDS imaging
technique is potentially a promising technique to measure the doping concentration as well as other optical
properties (such as the refractive index and permittivity) of the doped Si wafer.
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Fig. 1 Schematic of THz-TDS imaging system
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Fig. 2 The THz-TDS transmission image for (a)
case 2 and (c) case 3 and THz waveforms
for (b) case 2 and (d) case 3

Spot 2

» 2
Time (ps)

1 won] = Spotl
@ ] Pol
swn. = Spot 2

Time (ps)

Fig. 3 The THz-TDS reflection image for (a) case 2
and (b) case 3 and THz waveforms for (c)
case 2 and (d) case 3
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Table 1 The specification of the prepared Si wafer
and the measured transmittance and
reflectance with respect to the prepared Si
wafers using THz-TDS technique

Type DC (cm™) Tr R P
1 P 1.33 x 10" 0 0.81 -
2 P 2.68 x 10'® 0 0.68 -
3 P 1.00 x 107 | 036 | 0.53 | 11.9
4 P 400 x 10" | 040 | 047 | 11.8
5 P 1.50 x 10® | 052 | 0.31 11.6
6 Pure - 024 | 041 | 113
7 N 292 x 10" | 067 | 030 | 11.5
8 N 1.13 x 10” | 061 | 036 | 11.4
9 N 1.34 x 10 0 0.41 -
10 N 228 x 107 0 0.88 -

* DC : Doping Concentration, Tr : Transmittance,

R: Reflectance, P : Permittivity

QE °l&dto]l =3 FF F=o wE EHets
2 =vko] FI-E 3} WSS 54 5 th(Table 1).
Tr = Asilcon-wafer / Aﬁ'ee-space (1)
R = Asilcon-wafer / Ametal (2)

* A : THz wave amplitude
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Fig. 4 Schematic diagram of Si wafer thickness and
reflectance measurement method
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Fig. 6 The reflected THz waveform of pure Si wafer
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