Low doping level and carrier lifetime measurements in InAs
with a novel THz characterization technique

J. Guise,! S. Blin,! H. Ratovo,! J.-B. Rodriguez,! L. Cerruti,! E. Centeno,? R. Smaali,?
F. Gonzalez-Posada Flores,! M. Thual,® J. Hesler,* T. Reck,* and T. Taliercio!
L1ES, Univ Montpellier, CNRS, Montpellier, France
2 Univ. of Clermont-Auvergne, 63170 Aubiére, France
3 Univ. of Rennes, 22305 Lannion, France
4 VDI Inc., VA 22902-6172 Charlottesville, USA

In this abstract, we present a novel, contactless opto-THz technique for measuring low doping
levels and carrier lifetime in InAs. Preliminary studies proved that THz waves can be
modulated using an optically-pumped InAs slab ™. This optically-driven modulation is
efficient in the 0.75-1.1-THz frequency band because of its vicinity with the plasma
frequency of electrons, that leads to a strong dependence of the real and imaginary parts of
the dielectric permittivity of InAs on free carrier density, the latter being strongly increased
using optical pumping. Additionally, without any optical pumping, we show that n-type
doping levels around 10'® cm could be measured thanks to THz transmission measurements
analyzed using a single-variable Drude-Lorentz model, as shown in Fig. 1(a), thus offering
an original and accurate technique to measure very low doping levels. Using an amplitude-
modulated optical pump, we could also easily retrieve the effective carrier lifetime by
measuring the transmission of a THz probe signal, as shown in Fig. 1(b).

25

—— Sample 1 —#,=0.6 x 10" cm*®
| — Sample 2 — —n,=1.1 x 10" cm®
20 — Sample 3 - --#n,=2.2x 10" cm® ||

Teff =
14 2n f.

Normalized THz modulation peak power (dB)

Differential THz transmission (arb. units)

18 -[—_—Sample 1 - — Bode fit: /,=8.5 MHz
20 L|——Sample 2 - — Bode fit: £ =12 MHz
i ——Sample 3 - — Bode fit: £=20 MHz
0

! 1 . . 22k T
09 095 1 105 1.1 106 107 108
Frequency (THz) Modulation frequencyjfn (Hz)

0.75 0.8 0.85

Figure 1. (a) Differential THz transmission measurement: transmission through substrate only
(500 um of GaAs) divided by the sample transmission (5 um of InAs on GaAs substrate). Black
curves correspond to the model fittings. (b) Typical THz modulation Bode spectrum at 0.81 THz
under 10 W/cm? mean optical density. The bandwidths give information about the carrier effective
lifetime in the three InAs samples.
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