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ELECTRICAL PARAMETERS Of Si n-MOSFET THz-DETECTOR:
MATCHING WITH EXTERNAL AMPLIFIER

The influence of the external load resistance on voltage and current sensitivities of Si --MOSFET THz detectors at
radiation frequency v=142 GHz is investigated. The noise level in the frequency band, which is needed for real-time imag-
ing is specified. Investigated were transistors with the gate widths and lengths within 1x1 pm?® and 20x20 um?. Tt is shown
that internal resistance and external load resistance form the divider, the parameters of which are important for matching
with read-out devices.
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JIEKTPUYECKHUE HAPAMETPBI TT'y AETEKTOPOB
HA KPEMHUEBBIX n-KAHAJIBHBIX MOII-TPAH3UCTOPAX C BHEITHUM YCUJIUTEJIEM

Hccnenyercst BIMsHHE BHEIIHETO HAarpy304HOTO CONPOTUBIEHHS Ha YyBCTBHTENbHOCTh TI'Il HeTekTopoB Ha Si n-
kaHanbHbIX MOII-Tpan3ucTopax M0 HaNpsDKEHUIO U TOKY IpH yacTtore usnydeHus V=142 I'Tu. OnuceiBactcs ypoBEHb
IIyMa B TI0JIOCE YaCTOT, HEOOXOIUMBII [l OTOOpa)KeHHs B peaJbHOM BpeMeHH. MccenoBannuch TpaH3UCTOPHI € ITMPUHOI
¥ JUIMHO# 3aTBopa B mpenenax 1x1 um® 1 20x20 um?. IToka3aHo, 4To BHYTPEHHEE CONPOTHBICHHE U BHEIIHEE HAIPY304-
HOE CONIPOTHUBJIEHHE 00Pa3yIOT AENUTENb, MAPAMETPHI KOTOPOTO BaXKHBI ISl COITIACOBAHUS C YCTPOWCTBAMYU CUUTHIBAHHSI.

Knioueswie cnosa: TI'y mpueMHHKH, TOTIEBBIE TPAH3UCTOPHI, CONNIACYIOIIUE YCUIUTENH.

1. Introduction

Uncooled or slightly cooled THz/sub-THz
broadband direct detection detectors on the
base of 2D electrons in FETs (field-effect tran-
sistors) [1] are promising to be used in large
arrays of low-cost systems. Reaching NEP be-
tween 107'% and 10" W/Hz'" they could be
used in many low-resolution spectroscopy ap-
plications and active vision systems. They can
be designed and manufactured as relatively
large arrays with external or internal circuits for
signal processing. Favorable semiconductor for
these purposes is silicon.

Here, some characteristics of Si n-MOS-
FETs (metal-oxide FETs), as devices for regis-
tration of sub-THz radiation by arrays, de-

signed and manufactured by 0.35 um or 1 pm
design rules, were investigated. Typical dimen-
sions of these transistors were rectangular and
square form with different gate width W and
length L within 1x1 and 20x20 pm®.

Parameters of FETs used as THz detectors,
which are important for matching with signal
processing devices, are input resistance Ry,
amplifier intrinsic noise level U, amplifica-
tion bandwidth Af and gain factor K.

2. Detector model

Line coupling of Si n-MOSFET transistors
for THz radiation registration [1-4] is similar to
common-source circuit. The difference is the
output signal, which is measured at transistor
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drain dU; changes not with THz radiation fre-
quency but corresponds to constant component
which originate from nonlinear signal conver-
sion in the transistor channel. For long transis-
tor channel case the transistor drain rectified
signal voltage response dU is [1, 2]
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Here Ug is a gate voltage bias, Uy, is a tran-
sistor threshold voltage, U, is an amplitude of
input signal in the channel under the THz radia-
tion (U;, = Usin(mt)). Expression (1) is valid
for linear regime of transistor operation when
Up<Ug- Uy Here Up is a drain voltage,
which in these experiments was equal to zero.

The signal direct component dUj is formed
at short part near the source of transistor
(<100 nm) [1, 4], and the channel lengths of
transistors investigated were within 1 and 20
microns. That is a reason why the signals at the
transistor drain dU) differs the signal direct
component dU,. As the channel resistance Rcy
and the external load resistance R; form the
voltage divider (see Fig. la), the relation be-
tween 0U, and dUp, can be written as

SU() = RCH'SID + RL'SID, (2)

where 0/, are the current changes in the chan-
nel under the THz radiation influence.

The maximum current 8/,, which can be ob-
tained in the channel, can be estimated with
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the load resistor value R, =0 Ohm by expres-
sion
81() = SU() / RCH- (3)

In the readout integrated circuit (ROIC) de-
sign process for multielement detector arrays
one should take into account the electrical pa-
rameters of detector and multiplexor (Fig. 1b).
For this purpose an amplifier is used, which
parameters depend on certain detector type.

3. Experiment and discussion

In Fig. 2a as for example shown are the typ-
ical voltage signals dU), at different load resis-
tances Ry within 10° and 10’ Ohm for transis-
tors with channel width W = 20 um and length
L =1 um that were measured at room tempera-
ture influence of radiation with frequency
v=142 GHz and power density ~10° W/cm® at
the samples location. No antennas to input THz
radiation into FET channels were used. Current
signals I (Fig. 2b) were calculated according
to the expression 8Ip = dUp / R;.

Estimations of channel resistance and drain
current 8/, vs voltage Ug using the voltage di-
vider model and Exp. (3) are shown in Fig. 3
for two transistors with different channel
length.

Voltage signal maximum OUp = 120 nV (see
Table 1) is observed for samples with
W =20 um and L = 20 pm. Current signal max-
imum Olp = 2.4 nA (Table 1) is observed for
samples with W=20 um and L = 1 pm.

ROIC

Detectors
array

@ SUp

Matching
amplifiers

Multiplexer:

@ 3Up

Fig. 1. Detector’s equivalent circuit (a),
and schematic of the detector array connections with ROIC (b)
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Fig. 2. Drain voltage 6Up (a) and current oI}, (b) responses
of Si n-MOSFET THz-detector vs the gate voltage Ug.
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Fig. 3. Estimations of the channel resistance (@) and drain current 81, (b) vs voltage Ug
using the voltage divider model

Table 1. Voltage dUp and currents 8/, 8l peak values for different transistors

W=1.5 pum W =20 um W=20um
Sample dimensions L=15um L=1um L=20um
Maximum dUp, WV 13.5 42 120
Us, V 0.6 0.62 0.74
Maximum &/p, pA 120 2400 830
Us, V 14 1.1V 1.4
Maximum &1y, pA 135 3500 1000
Us, V 1.5 1.2 1.5
Rcy, MOhm >10 1.32 1.38
Us, V 0.6 0.62 0.74
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For output signals registration the relatively
low voltages oUp (< 1mV) of Si n-MOSFET
THz detectors should be amplified. For typical
data acquisition systems it is normally if maxi-
mum input signal U, is above 1 V. In this case
the gain factor k., should be ky =
>10° = 10",

For real-time imaging systems with detec-
tor’s array, amplifier bandwidth Af can be cal-
culated as Af = Frae'Mines, Where Frye is frame
rate,  MNipes 1S number of  lines in
the frame. If Fr,. =25 Hz and Ny, = 320 the
bandwidth is Af = 8 kHz.

For these detectors type the thermal noise is
a principal one. Thermal noise U, Was esti-
mated as Upise = (4kaRLAf)” > where ky is
Boltzmann constant, 7 is temperature. Noise
Uie = 129 uvV at R =10°0hm and
Unoise = 41 UV at R, =10’ Ohm for Af= 10 kHz
and T = 300 K. Therefore the dynamic range
DynR =40 dB can be attained only in the case
of signal levels 6Up > 1 mV (which is possible
with antennas applied) and with load resis-
tances R; < 10° Ohm.

4. Conclusions

Intrinsic (n-channel) resistance Rcy of Si n-
MOSEFET and external load resistance R; form
the voltage divider. Without antennas the re-
sponse voltage maximum of these transistors is
dUp < 120 nV. Special design of the FET de-
tectors (including THz antennas) can increase
this value up to 8Up ~ 1 mV [1, 4].

To obtain maximum output signal Uy, > 1V
the gain factor kyn, must be Ky, > 10° = 10,

Estimated noise level is Upise ~41 UV
at R.=10"0Ohm and Upye~12.9uV at
R, = 10° Ohm, if amplifier bandwidth is
Af~10kHz. To obtain maximum signal-to-
noise ratio an amplifier load resistance Ry
should be chosen within R, = 10° = 10° Ohm

Real-time THz imaging system based on Si
n-MOSFETs with dynamical range > 40 dB is
possible when using special design of FET de-
tectors. Amplifier bandwidth should be Af ~ 8
kHz (is chosen for the frame frequency 25 Hz
and the number of lines in the frame N=320).
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