
This content has been downloaded from IOPscience. Please scroll down to see the full text.

Download details:

IP Address: 155.198.134.54

This content was downloaded on 29/06/2017 at 15:41

Please note that terms and conditions apply.

Enhancement of sub-terahertz detection by drain-to-source biasing on strained silicon

MODFET devices

View the table of contents for this issue, or go to the journal homepage for more

2015 J. Phys.: Conf. Ser. 647 012007

(http://iopscience.iop.org/1742-6596/647/1/012007)

Home Search Collections Journals About Contact us My IOPscience

You may also be interested in:

Tunable Sub-Terahertz Wave Generation from an Organic DAST Crystal

Tetsuo Taniuchi, Satoshi Ikeda, Shuji Okada et al.

Analysis of Stress in Plasma Enhanced Chemical Vapor Deposition Silicon Nitride Film Irradiated

with Ultraviolet Light

Yoshimi Shioya, Hideki Takagi, Ryutaro Maeda et al.

Study of a rectangular coupled cavity extended interaction oscillator in sub-terahertz waves

Zhang Kai-Chun, Wu Zhen-Hua and Liu Sheng-Gang

Effective-Mass Anomalies of Strained Silicon Thin Films: Surface and Confinement Effects

Jun Yamauchi and Shunichi Matsuno

Experimental and Theoretical Investigation of the Dependence of Oscillation Characteristics on

Structure of Integrated Slot Antennas in Sub-terahertz and Terahertz Oscillating Resonant Tunneling

Diodes

Safumi Suzuki, Naomichi Kishimoto, Masahiro Asada et al.

Development of a THz gyrotron with 20 T pulsed magnet

T Idehara, H Tsuchiya, La Agusu et al.

Experimental and Theoretical Characteristics of Sub-Terahertz and Terahertz Oscillations of

Resonant Tunneling Diodes Integrated with Slot Antennas

Naoyuki Orihashi, Shinnosuke Hattori, Safumi Suzuki et al.

Resonant Tunneling Diodes for Sub-Terahertz and Terahertz Oscillators

Masahiro Asada, Safumi Suzuki and Naomichi Kishimoto

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/1742-6596/647/1
http://iopscience.iop.org/1742-6596
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience
http://iopscience.iop.org/article/10.1143/JJAP.44.L652
http://iopscience.iop.org/article/10.1143/JJAP.47.7081
http://iopscience.iop.org/article/10.1143/JJAP.47.7081
http://iopscience.iop.org/article/10.1088/1674-1056/17/9/042
http://iopscience.iop.org/article/10.1143/JJAP.46.3273
http://iopscience.iop.org/article/10.1143/JJAP.47.64
http://iopscience.iop.org/article/10.1143/JJAP.47.64
http://iopscience.iop.org/article/10.1143/JJAP.47.64
http://iopscience.iop.org/article/10.1088/1742-6596/51/1/125
http://iopscience.iop.org/article/10.1143/JJAP.44.7809
http://iopscience.iop.org/article/10.1143/JJAP.44.7809
http://iopscience.iop.org/article/10.1143/JJAP.47.4375
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Abstract. We report on non resonant detection of sub-terahertz radiation (148-353 GHz)
using strained silicon modulation field effect transistor with different gate lengths. The devices
were excited at room temperature by a Backward Wave Oscillator (BWO) source. Enhancement
of the photoresponse signal by drain-to-source bias was observed. Increasing drain-to-source
voltage leads to asymmetry between the boundary conditions at the source and drain contacts.

1. Introduction
Development of terahertz sensors compatible with mainstream CMOS technology is of
big interest due to it’s capabilities for different terahertz applications like security,
imaging, and inspection [1, 2, 3]. Terahertz rays are located in the spectral region
0.1− 10THz (3mm− 30µm, 3− 300cm−1) between the microwave and the infrared portion
of the electromagnetic spectrum [4]. In early 1990’s, Dyakonov and Shur [2] theoretically
demonstrated the possibility of using sub-micron field effect transistors as detectors of terahertz
radiation by means of the oscillations of plasma waves in the channel. Those devices present
many advantages: low cost, small size, room temperature operation and possible tuning by mean
of gate bias. Experimental and theoretical investigations have been conducted in semiconductor
devices, demonstrating their capabilities for detection of terahertz radiation. Experimental non
resonant detection (broadband detection) was demonstrated using different types of transistors
like GaAs/AlGaAs FETs [5, 6] and Si-MOSFET [7, 8]. A responsivity of 80 kV/W and a NEP
(Noise Equivalent Power) of 300 pW/Hz1/2 as well as imaging at 0.65 THz were reported using
an array of Si-MOSFET processed by 0.25 µm CMOS technology [9]. Recently, asymmetric
double grating gates devices based on GaInAS/InP HEMTs have shown a record of responsivity
and NEP of around 20 kV/W and 0.48 pW/Hz1/2) [10, 11].
In the present paper, we have studied the detection of sub-terahertz radiation by using Strained
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Silicon MODFET at room temperature and under drain-to-source bias. Two Si-MODFET
devices were excited by a BWO at different frequencies, the response exhibits a non-resonant
feature with a good signal to noise ratio. For the first device, with better performance, an abrupt
increase of the responsivity was observed. This was attributed to the asymmetry between the
boundary conditions at the source and drain contacts.

2. Strained Silicon MODFET and experimental setup
The epistructure of the MODFETs used in this work was grown by molecular beam epitaxy
(MBE) on a thick relaxed SiGe virtual substrate grown by low-energy plasma-enhanced chemical
vapor deposition (LEPECVD) over a p-doped conventional Si wafer (Fig. 1). The final Ge molar
concentration in the virtual substrate was xGe = 0.45. The device had a 9 nm tensile strained (in
terms of bi-axial deformation) Si channel, sandwiched between two heavily doped SiGe electron
supply layers to generate a high carrier density in the strained-Si quantum well [12]. The ohmic
contacts were not self aligned. Table 2 shows the geometry of two transistors with different gate
lengths (100 nm and 250 nm). More details on the epistructure can be found in ref. [13].

p-Si Substrate

Si1−xGex virtual substrate
5 nm Si0.55Ge0.45 n++

3.5 nm Si0.55Ge0.45

9 nm s-Si channel

4 nm Si0.55Ge0.45

5 nm Si0.55Ge0.45 n++

5 nm Si0.55Ge0.45

3 nm Si

D S

G
LG

LSD

Table 1. Epistructure of the MODFET

LSD LG WG

(µm) (nm) (µm)

Device 1 2 250 80
Device 2 1 100 80

Table 2. Geometry parameters of
devices.

Two BWOs were used for the detection experiments. The first one with tunable frequency
from 142 to 248 GHz and the second one with frequencies 286 to 353 GHz. The incoming
radiation intensity was modulated by a mechanical chopper at 1.29 kHz and coupled to the
device via the contact metalization pads. The induced photoresponse signal was measured by
using a lock-in amplifier technique. More description of the experimental setup can be found
in [7].

3. Results and discussions
The photoresponse signal measured for the device 1 (table 2) with LG = 250 nm is shown in
figure 1 versus gate bias at different frequencies from 208 to 353 GHz. The signal was measured
at room temperature and at fixed VDS = 0V. Good level of signal to noise ratio was obtained
with a maximum around the threshold voltage (Vth ' −0.9V). The latter is related to the
non-resonant detection caused by over-damped plasma waves that generate into space-charge
waves. The intensity of the signal however, do depend on the incoming radiations frequencies.
The maximum is obtained at 353 GHz and the minimum at 252 GHz. This behavior can be
attributed to the fluctuation of the emitted power from the BWO sources for different frequencies
and also to a better coupling of the incoming radiation to the device at the specific frequency in
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Figure 1. Photoresponse signal
vs. gate bias at different incident
radiations frequencies from 208 to
353 GHz. It was obtained for device
1 at room temperature and at fixed
Vds=0V.
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Figure 2. Photoresponse signal
vs. gate bias under different drai-
to-source biasing (Vds from 0 to
0.5 V). Experiment performed on
Device 2 at room temperature and
under electromagnetic radiation at
182 GHz. Inset shows the transfer
at Vds=0 and 0.5 V

agreement with the theory. Tuning the frequency is obtained by increasing the cathode voltage
of the Magnet (1-5 kV), it’s difficult to maintain the emission power constant for all frequencies
and it fluctuates from 1 to 10 mW [14].

For device 2 (table 2), the photoresponse signal is shown in figure 2. Inset of figure 2 shows
its transfer characteristic for two values of the drain-to-source voltage Vds=0.1 and 0.5 V, for
which value of Vth ' −1.4V was extracted. At a fixed Vds = 0.1V, the maximum photoresponse
was observed around -1.2 V with an intensity around 10µV. When Vds was increased to higher
voltages (up to 0.5 V), the intensity of the signal was increased by several orders with an
abrupt increase of the signal. The estimated responsivity Rv was calculated using the following
equation [10]:

Rv =
St∆U

SdPt
(1)

where ∆U is the measured photoreponse signal, Pt is the total power of the THz radiation in
the detector plane (the power was '0.15 mW lower than the emitted one from BWO because
of the attenuation in atmosphere), St is the spot size of the radiation beam ('3 mm), and Sd
is the active area of the detector. A responsivity of ' 2 kV/W and 20 kV was obtained for
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Vds=0 and 0.5 V, respectively. This clearly shows an increase of the responsivity by two orders
of magnitude induced by Vds. Similar effect was observed by Lu et al. [15] on a GaAlAs/GaAs
HEMT related to the asymmetry of the boundary condition induced by Vds. The gate-to-drain
capacitance CGD decreases as function of Vds and the gate-to-source capacitance (CGS) increases
and it saturates for higher values of Vds [15]. This behavior induces a greater asymmetry degree
in the boundary conditions of the plasma waves and greatly enhances the responsivity of the
detector. The abrupt increase of the photoresponse may be attributed to carrier transfer to a
parasitic channel above the upper supply layer, but further investigation needs to be carried out
to fully understand the phenomenon.

Conclusion
We report on enhancement of the photoresponse signal as well as the responsivity of the detector
by means of drain-to-source bias. An abrupt increase of the signal was observed and an
enhancement of the responisivity by two orders was demonstrated. This was related to the
the asymmetry between the boundary conditions at the source and drain contacts.
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