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Abstract-In this paper we present the detection of sub-THz 
radiation at 220 GHz by using 0.35 µm AMS Metal Oxide 
Semiconductor Field Effect Transistor (MOSFET). The design 
procedure and experimental setup are shown in order to 
design and characterize the MOSFETs photoresponse. The 
experiment and observation of photoresponse are measured 
against gate voltage with a drain current bias detraction at 
room temperature. The measured photoresponse is a 
superposition of a generally increasing response with a 
decrease in V cs coupled with a small peak approximately at 
threshold and there is evidence that the MOSFET can be a 
sensitive sub-THz detector in the room temperature. 
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I. INTRODUCTION 

Recently sub-THz and THz radiation detection by 
Complimentary Metal-Oxide-Semiconductor Field Effect 
Transistor or MOSFET in conventional CMOS process had 
been reported by W.Stillman et al.[l]. Both P channel and N 
channel of MOSFETs can be used as sub-THz and THz 
detector. Previously, work on detecting CW sub-THz 
radiation had been done by using HEMT [2]. In the 
beginning years of plasma wave detector, non resonant 
plasma wave detection has just been discovered by using 
HEMT and Silicon FET. These types of detector work as 
sub-THz and THz broadband detectors. Later on, it had been 
reported that Silicon-On-Insulater Metal Oxide 
Semiconductor Field Effect Transistor (SOI MOSFET) can 
be used as THz detector at different temperature from 8K -
350K [3]. All these devices were tuned to the THz 
frequency by varying the gate bias, with a drain current 
enhancement. 

In MOSFET devices, the plasma waves have linear 
dispersion law, 

w=sk (1) 

where s is the plasma wave velocity and k is wave vector. 
The velocity of the plasma wave is typically in the order of 
108 emfs where this is larger than electron drift velocity in 
FET channel. This plasma wave velocity also depends on 
the carrier density in the channel and the gate to channel 
capacitance per unit area, 
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(2) 

where e is the electron charge, m is the electron effective 
mass. For channel approximation, 

n= cug /e (3) 

where ug = V.~s -v;h ' voltage difference between gate to 

source voltage and threshold voltage. Hence, plasma wave 
velocity can be controlled by controlling gate voltage, 

s = '1 eU, Im . In this case the fundamental plasma 
frequency can be written as :-

je(Vg~Vth) 

Jo= 4 Lg (4) 

This equation can leads to two important things (i) a 
sufficiently short (submicron) FET where it can operate as 
THz detector and (ii) the resonant frequency of detection 
can be tuned by the gate voltage [4]. THz detection by 
FETs is one of promising technologies since it can be both 
selective and tunable. Recently, experimental evidence of 
detection of THz signal was demonstrated in commercial 
AlGaAs/GaAs FETs[5], AlGaN/GaN HFETs[6], a double 
quantum well FET with periodic grating gate[7] and 
HEMTs[8]. 

II. DESIGN PROCEDURC 

The aim for this paper is to present the photoresponse of a 
MOSFET device, which detects continuous wave (CW) sub
THz radiation up to 220 GHz. As far as the author concern 
there have never been an experiment done before above 200 
GHz in CW sub-THz detection. Several MOSFET devices 
were designed using CADENCE in AMS 0.35 µm CMOS 
process technology. In this design the MOSFET's gate 
length is Lg= 0.35 µm and the gate width, Wg = 5 µm as 
shown on Figure 1. From equation ( 4) as the gate length 
decreases the frequency will increase up to several THz. 
These MOSFET devices design then, were simulate m 
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Layout vs Schematic (L VS) to make sure the connection 
between layout and schematic are same. As the author 
concern, the MOSFET devices design for this work are 
different from the previous published work since the gate 
and drain were connected directly to the RFP ADs which 
allows electrical ( both DC and RF) connections to be made 
by using RF Probes which have a 75 µm pitch. The 
maximum frequency of operation of the Picoprobe GGB 
Industries RF-Probe is 0.22 THz [9]. 

The layout of the MOSFET devices was sent for 
fabrication. The observation of photoresponse by the 
detector has been done by as a function of gate voltage and 
with drain current enhancement. All measurements were 
made at ambient room temperature and in an open 
laboratory. 

RFPAOS 

i 

Figure 1: MOSFET with gate length is Lg= 0.35 µm and the gate width, 
Wg=5µm. 

III. EXPERIMENTAL SETUP 

From figure 2, the sub-THz radiation was produced by 
an Olsen Microwave Lab (OML) vector network analyser 
extender (V03VNA2-T/R module) which operates between 
140 GHz up to 220 GHz. The VNA extender was connected 
to an Anritsu Broadband Network Analyzer ME7808B that 
operating in CW mode. MOSFET devices were placed on to 
the XYZ Probe station, so that the 75 µm pitch RF probe 
can be easily placed on to the appropriate RF pads which 
allow the connections to the drain, gate and source of the 
device. Note the devices are configured in common source 
mode so the source is connected to ground. The biasing gate 
voltages and drain currents are supplied by Keithley Source 
Measurement Units model numbers 236 and 237 
respectively. The drain-source voltage (Vns) was measured 
using a Keithley Digital multimeter 238. 
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Figure 2: Experimental setup for this work. 

The RF power of -13dBm from the VNA extender was 
coupled into the MOSFET devices using a length of 
rectangular waveguide connected with 75 µm pitch RF 
probe. The RF probe was placed directly onto RF pads so 
that the frequencies can be couple towards MOSFET 
devices. This method as author concern was never been 
published before. 

To measure the photoresponse of the device to the 
incident radiation, the value of Vos measured when the 
incident radiation was on, was subtracted from the value 
obtained when the radiation was off. (The power of the 
incident radiation was turn off by removing the incident RF 
power to the VNA extender).Since the photo-response is 
small, the measurements had to be repeated 100 times and 
the average taken. The experiment was conducted using 
LabVieW programed and all the measurements data were 
analyze using Matlab. 

IV. RESULTS AND DISCUSSION 

The photoresponse of the MOSFET devices is shown in 
Figure 3. This photorepsonse was measured as a function of 
V GS with the drain current enhancement. The frequency in 
all these measurements was constant and set to be 220 GHz. 
In the beginning of the experiment, the photoresponse is 
very small until V Gs is close to the threshold voltage of the 
device (0.5V~0.6V). When the V GS is reduced near to the 
threshold voltage, the photoresponse begins to increase and 
then levels off before sharply increasing again. There is also 
evidence that the photoresponse reaches a maximum, as the 
current bias decreases. 
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Figure 3: Photoresponse for MOSFET Lg= 0.35 µm, Wg = 5 µm. 

Previous published works on the use of THz detectors 
just shows a single broad peak in the responsivity whose 
maximum approximately occurs at the threshold voltage of 
the device. Based on this result, there is a superposition of a 
possible small peak with a general increase in responsivity 
as VGS is decreased below the threshold and the effect on 
drain current enhancement. Several points of discussion 
were put forward regarding this matter. 

Firstly, previous reports on measurement setup were 
totally different. In general, previous published work used a 
Gunn diode as the source of the radiation, and then the THz 
radiation being chopped using mechanical chopper. The 
signal was then measured using standard lock-in techniques. 
This kind method is in contrast with the method that been 
used in this experiment where in this experiment the THz 
radiation been detected using quasi-statically. Secondly, in 
terms of devices is totally different from previous published 
work. Recent worked, most of the transistors have generally 
sourced them from IBM [10]. Physically, the IBM devices 
have a different gate length and width. Bear in mind that the 
physics of the 2D plasma will depend strongly on the device 
layout, size and CMOS process. 

Thirdly, in general previous published paper measured 
peak width was approximately 0.2V. It shows that the result 
presented is just one side of an unobserved peak. However, 
VGS could not be reduced any further to test this criterion. 
As VGS is reduced below pinch off, the resistance of the 
channel between the source and the drain rapidly increases. 
Since, the drain is driven by a constant current source, the 
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drain voltage will increase and reaches 3V the maximum 
permissible VDS of this device. 

Finally, the measured photoresponse of MOSFET THz 
detector depends critically on the orientation of the [ 11]. 
However, there was none of the published photoresponse
VGs characteristic look like the measured characteristic of 
this work. The high sensitivity of MOSFET devices due to 
CW sub-THz radiation detection gives evidence that it can 
be a sensitive sub-THz detector. 

V. CONCLUSION 

In summary the photoresponse to sub-THz radiation of 
MOSFET devices with gate length , Lg = 0.35 µm, and the 
gate width, W g = 5 µm caused by plasma wave detection 
has been demonstrated. The general shape of the response is 
different to previously reported results and several 
explanations have been put forward to account for these 
differences. There is evidence that the MOSFET can be a 
sensitive sub-THz detector. 

ACKNOWLEDGMEMT 

The authors would like to thank Mr. Mark Pitter, Mrs 
Suhaila Ishaak and Mr. Roger Light at Institute of 
Biophysics, Imaging and Optical Science, University of 
Nottingham, UK and also to Universiti Teknikal Malaysia 
Melaka for sponsoring my postgraduates studies m 
University of Nottingham, UK. 

REFERENCES 

[I] W. Stillman, F. Guarin, V. Yu. Kachorovskii, N. Pala, S. 
Rumyantsev,M.S. Shur and D. Veksler,"Nanometer Scale 
Complementary Silicon MOSFETs as Detectors of Terahertz and Sub
terahertz Radiation", IEE Sensors, pp.934 - 937, 2007. 

[2] M.A. Othman, I. Harrison, "Continuous Wave (CW) sub-Terahertz 
(sub-THz) detection by Plasma Wave in High Electron Mobility 
Transistor (HEMT)'', APCCAS 20 I 0. 

[3] N.Pala, F.Teppe, D.Veksler, Y. Deng, M.S.Shur and R.Gaska, 
"Nonresonant detection of terahertz radiation by silicon-on-insulator 
MOSFETs",IET Electronics Letters,Vol.41, pp.447 -449,April 2005. 

[4] Y. M. Meziani, J. Lusakowski, N. Dyakonova, W. Knap, D. Seliuta, E. 
Sirmulis, J. Devenson, G. Valusis, F. Boeuf and T. Skotnicki, "Non 
resonant response of terahertz radiation by submicron CMOS 
transistors'', IEICE Transactions on Electronics, Vol. E89-C, No. 7, pp. 
993-998, July 2006. 

[5] W. Knap, V. Kachorovskii, Y. Deng, S. Rumyantsev, J.Q. Lu, R. 
Gaska, M. Shur, G. Simin, X. Hu, M. Asif Khan, C.A. Saylor and L.C. 
Brunel "Nonresonant detection of terahertz radiation in field effect 
transistors," J. Of App. Phys, vol. 91,No. 11, 9346-9353, 2002. 

[6] F. Teppe, D. Veksler, V. Yu. Kachorovski, A.P. Dmitriev, X. Xie, X.C 
Chang, S. Rumyantsev, W. Knap, M. Shur,"Plasma wave resonant 
detection of femtosecond pulsed terahertz radiation by nanometer field 
effect transistor," App. Phys. Lett.81,022102,2005 

[7] X.G. Peralta, S.J. Allen, M.C. Wanke, N.E. Harff, J.A. Simmons, M.P. 
Lilly, J.L. Reno, P.J. Burke and J.P. Eisenstein, "Terahertz 
photoconductivity and Plasmon modes in double-quantum-well field 
effect transistors," App.Phys. Lett.,vol. 81, no.9,pp.1627-1629,2002 

[8] M. Dyakonov and M. Shur, "Shallow Water Analogy for Ballistic 
Field Effect Transistor: New Mechanism of Plasma Wave 
Generation by de Current," Phys. Rev. Lett. 71, 2465 - 2468,1993. 



[9] T.Gaier, L.Samoska,"On-wafer Testing On Circuits Through 220GHz", 
Jet Purpolsion Laboratory, California Institute of Technology, 1999 

(lO]W. Stillman, F. Guarin, V. Yu. Kachorovskii, N. Pala, S. Rumyantsev, 
M.S. Shur and D. Veksler,"Nanometer Scale Complementary Silicon 
MOSFETs as Detectors ofTerahertz and Sub-Terahertz Radiation," 
Proc. IEEE Sensors, 2007 

(11] M.Sakowicz, J. Lusakowski, K. Karpierz, M.Grynberg, W. Knap and 
W Gwarek. " Polarisation sensitive detection of I OOGHZ radiation by 
high mobility field effect transistors" J. Appl. Phys, I 04 024519, 2008. 

750 


