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The detection of subterahertz (200 GHz) radiation by silicon-on-

insulator MOSFETs with submicron gate lengths in the temperature

range from �8 to 350 K is reported. The photoresponse measured

against gate voltage exhibited a maximum near the threshold voltage

with the amplitude decreasing with decreasing temperature. The

photoresponse reached the maximum at the gate bias close to the

threshold voltage and increased with an increase of the drain-to-source

current. This behaviour agrees with the mechanism linking the

photoresponse to the excitation of the overdamped plasma waves in

the transistor channel. The observed effect could be used for non-

destructive, contactless testing of silicon very large integrated circuits

in situ.

Detection of terahertz radiation has potential applications for sensing

and characterisation of chemical and biological systems, detection of

weapons and explosives, and remote testing. Other applications may

span virtually all fields of science, including physics, chemistry, and

biology, and will affect electronics, photonics, and imaging technolo-

gies. The THz detector is a key component of this technology. Terahertz

broadband detectors include bolometers [1] pyroelectric detectors,

Schottky diodes [2], and photoconductive detectors [3]. Selective and

tunable detectors have an advantage because they require no gratings,

moving mirrors, or other elements to analyse the spectrum of incoming

radiation. Dyakonov and Shur proposed to utilise the plasma waves in

high density electron fluid in an FET channel as voltage tunable non-

resonant broadband and resonant detection of THz radiation [4, 5].

Recently, detection of terahertz radiation by plasma waves was demon-

strated in commercial AlGaAs=GaAs FETs [6], a double quantum well

FET with a periodic grating gate [7], AlGaN=GaN HFETs [8] and

Si MOSFETs [9].

In this Letter, we present experimental evidence of the THz detection

by silicon-on-insulator (SOI) MOSFETs in the temperature range from

8 to 350 K under different drain bias conditions.

An FET, biased by the gate-to-source voltage and subjected to

terahertz or subterahertz radiation, can develop a constant drain-

to-source voltage, which has a resonant dependence on the radiation

frequency f0¼o0=2p with maxima at the plasma oscillation frequen-

cies. The width of the resonance curve is determined by the inverse time

of the electron momentum relaxation 1=t. The dimensionless para-

meter, which governs the physics of the problem, is o0t. In the regime

such that o0t� 1, the FET operates as a resonant detector. When

o0t� 1, the plasma oscillations are overdamped, and the FET response

is a smooth function of o as well as of the gate voltage (nonresonant

broadband detection). According to [8], the photoresponse in non-

resonant regime against gate voltage is given by:
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where V0¼VG�Vth is the gate-to-channel voltage swing, where VG is

the gate-to-source voltage and Vth is the threshold voltage, Q¼p
(o=2t)L=s, k is a dimensionless parameter related to the device

leakage current below threshold, which is assumed to be small (k� 1),

and s is the plasma wave velocity. The plasma wave velocity depends

on the carrier density in the channel, n, and the gate to channel

capacitance per unit area C, s¼ (e2n=mC)1=2, where e is the electron

charge, and m is the electron effective mass. In the strong inversion

region, the carrier density in the channel is related to the gate voltage as

n¼CV0=e.

We used SOI MOSFET devices provided by IBM in our experiments.

The gate width, W, was 10 mm, the gate length was � 130 nm. Fig. 1

shows the transistor output current–voltage characteristics measured

at the gate voltages VG¼ 0� 0.7 V. In Fig. 1 the dots represent the

measured data and the lines represent results of simulations by

AIM-Spice using the field effect mobility m¼ 300 cm2=Vs. The inset

shows the transfer characteristics at VD¼ 50 and 100 mV, correspond-

ing to the linear part of output current–voltage characteristics. As can

be seen, the transistors have the threshold voltage of Vth¼ 0.45 V.
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Fig. 1 Output characteristics of SOI MOSFET device

Inset: transfer characteristics at VD¼ 50 mV, 100 mV
���� measured data
—— results of simulations by AIM-Spice

The photoresponse measurements were performed using a 200 GHz

Gunn diode as radiation source. The maximum output power of the

Gunn diode was 20 mW. A waveguide finished with a cone was

connected to the output of the Gunn diode to outcouple the radiation.

The radiation beam was not focused and the radiation beam diameter at

the sample holder was much larger than the device size. No special

coupling antennas were used and the radiation was coupled to the

device through metallisation pads. The radiation intensity was modu-

lated with a mechanical chopper in the 140 Hz range and the source

drain voltage was measured using lock-in technique. For drain current

dependence measurements, a Keithley Source meter was used as

constant current source.

Fig. 2 shows the gate bias dependence of photoresponse at different

temperatures in the range 350–8 K. In Fig. 2, open symbols represent

the measured data, filled symbols represent the threshold voltage at the

corresponding temperature. The line superimposed on the data for

T¼ 300 K represents the simulation result calculated by (1) using the

parameters extracted from the I–V measurements and AIM-Spice

simulations. As seen, amplitude of the response decreases with decreas-

ing temperature. This is in contrast to the subterahertz response of

GaAs HEMTs [6], where the response increases with temperature

decrease. More experimental and theoretical work is in progress to

explain this decrease. The threshold voltage of the device increases with

decreasing temperature and the position of the peak follows the

threshold voltage. Such behaviour is clear evidence of the overdamped

plasma wave THz detection.

Fig. 2 Gate bias dependence of photoresponse at different temperatures

—— calculation results using (1)
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The drain current dependence of the photoresponse is shown in

Fig. 3. As can be seen, the amplitude of the response increases with

increasing drain current. This behaviour is also consistent with the

mechanism linking the photoresponse to the excitation of the over-

damped plasma waves in the transistor channel.

Fig. 3 Drain bias dependence of photoresponse at T¼ 300 K

Conclusions: We have demonstrated the photoresponse to sub-THz

radiation of SOI MOSFETs with submicron gates caused by plasma

wave detection. Our results provide experimental evidence of

nonlinear plasma wave detection in short channel silicon SOI

MOSFETs. The observed effect could be used for non-destructive,

contactless testing of silicon very large integrated circuits (VLSI)

in situ via monitoring power supply current changes against the

intensity and position of a terahertz or a sub-terahertz beam illumi-

nating VLSI.
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