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A modelling procedure is presented for MESFETs with both electricar
and optical inputs. First a physical model is introduced for
the illuminated MESFET. The actual circuit model with electrical
and optical variables is developed from measured S-parameters of
the device by calculating a set of linear circuit models and by

approximating the linear circuit elements with two-variable nonlinear
functions.

1 II\ITRODUCTIOII

Several models have been developed for microwave
MESFETs with large electrical inputs tI-Zl. Ffowever, for
simultaneous electrical and optical excitations [3-a] general
MESFET models are not available presently.

In this contribution a modelling procedure is outlined
for representing the high-frequency operation of the MES-
FET with both electrical and optical inputs. The proce-
dure starts with presenting the physical model of illumi-
nated MESFET}. That is followed by s-parameter mea-
surements in a wide frequency band and in the range of
electrical and optical variables, that are to be covered by
the model. Secondly, a set of linear circuit models are
developed for the different operation points defined by the
electrical and optical variables. At last the set of various
circuit element values are approximated by two variable
nonlinear functions using curve fitting procedures. The
resulting circuit model is suitable for analying MESFETs
with large electricai and optical inputs.

2 THE PHYSICAL I/IODEL OF ILLUR/III\IATED

[/lESFETS

The operation of a MESFET device can be describcd
by a simple electrostatic physical model. The structure of
the device is presented in Fig. 1. On the semiinsulating
substrate a semiconducting epitaxial layer is grown. The
drain (D) and source (,5) elcctrodes have ohmic contacts
to the epitaxiai layer. F{owever, at the gate (G) a metal-
semmiconductor junction is established and because of its
potential barrier a depletion layer is created below the gate

ohmic contact
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Fig. L Tlrc stntcnre of the MESFET device

as shown in Fig. 1. A potential difference exists between
the substrate and the epitaxial layer also therefore a
depletion layer is created between them as well.

in the depletion layers there are no charge carriers
thus they behave like insulators. The conductivity of
the semiconducting epitaxial layer is high enough, thus it
serves iike a conductor, and therefore the depletion layers
can be considered as capacitors in the equivarent circuit
of the device. Fig. 4 shows the equivalent circuit of the
MESFET where C n represents the capacitance between
the gate and source, C a is the capacitance between the
drain and source, and C" is the capacitance between the
drain and gate providing a feedback from the output to
the input. Nevertheless, the resistance of the epitaxial
layer is not completely negligible, thus reistors appear in
the equivalent circuit between the gate and source (Rr )
as well as between the drain and source (Gil"

The basic operation of the MESFET is determined by
the voltage dependence of the depletion layer next to
the gate area, resulting in the variation of the junction
capacitance and the drain current.

The effect of illumination is dependent on the optical
absorption in the device material. If the optical absorption
coefficient is too high most of the photons will be absorbed
at the surface and their effect on the device performance
will not be significant. On the contrary if the optical
absorption coefficient is too small only a part of the
photons will be absorbed inside the device and their effect
will again not be significant. The absorption coefficient
is dependent on the optical wavelength therefore the
wavelength of the illuminating light should be chosen
properly.

The absorbed photons generate charge carriers which
carriers reduce the potential barrier. This effect is called
the photo-voltaic effect. According to the theory [4] and
experiments [5] the photo-voltage is a logarithmic function
of the absorbed light intensity.

Applying the appropriate illuminarion the light is ab-
sorbed in the vicinity of the depletion layers. Thus charge
carriers will be generated in both depletion layers reducing
their thickness. Charge carriers will also be generated in
the epitaxial layer and in the substrate increasing the con-
ductivity. The increased conductivity of the epitaxial layer
makes no significant change because the conductivity of
this layer is high enough in the dark case as well. However,
there is a remarkable change in the substrate due to the
illumination because the originally semiinsulating material
becomes semmiconducting and thus current can flow in
the substrate, too.

JOURNAL ON COMMUNICATIONS 32



The illumination makes changes in the elements of
the equivalent circuit based on the beforegoing physical
effects. As the thickness of the depletion layer is de-
creased the capacitances and the drain-source current are
increased. The latter is enhanced due to another effect
as well, namely the originally insulating substrate becomes
conductive due to the photon absorption, and thus current
will flow through it between the drain and source.

Consequently, all elements of the equivalent circuit
describing the inner part of the device are dependent on
the illumination. This dependence will be investigated
based on measurements of the scattering parameters
carried out in a wide frequency range at several biasing
voltages.

3 S.PARAn/IETER ll/lEASUREn/lEl\lTS

In the followings we investigate the HP MESFET type
HFET 1101. The S-parameter measurements were carried
out by using the HP Network Analyzer type HP B409lA.
Optical illumination was provided by a laser equipment
with 780 nm wavelength.

Representative Szr parameters are shown in Fig. 2

in the frequency range 2 - 1,0 GIlz for the operating
point Uc -- -1,5 V Uo _ 4 V with 0 prW
and 600 pW illuminating powers. In the illuminated
case an approximately 2 dB increase was obtained in the
Szt parameter, which decreased at higher frequencies.
Considerable changes were observed in the reflection
parameters ,Srt and ,522 also.

Fig 2. S21 parameters

To develop a two variable circuit model for the MES-
FET in the gate voltage range Uc : (-2 V , 0 V) and
the optical power range (O pW 600 pW) S-parameters of
the device have been measured at L0 different value-pairs
of the electrical and optical variables as illustrated in Fig. 3.

Using the measured S-parameter values linear circuit mod-

els, comprising 1"4 circuit elements have been determined
in all L0 operating points by a circuit optimization pro-
gram.

-o.5-t-o

Fig. 3. Operating points for modelling measurements
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4. EQUTVALENT CTRCU|T

The circuit model for the MESFET is given in Fig. 4.

The measured S-parameters have been approximated by
a modelling routine. From several runs of this program
it has been observed that the set of S-parameters can
be represented accurately with a circuit model having
4 elements depending on the operating point variables
and l-0 elements being independent of the electro-optical
variables. The variation of the gate voltage and the
optical intensity produced considerable changes in the
circuit elements G*, G s, Ga, C s.On the other hand the
parameters Rs, Ls, Rr, L", Rd' La, Ca,T, Rt, Crhave
not been changed significantly.

Fig. 4. MESFET equivalent circuit

The optical intensity dependence was approximated at
the gate voltage Uc : -1,5 V The measured values are
given in Table L.

Thble 1. Intensity dependence at (J6 - -I.5 V

I, pw 120

G-, mS

Gn, rns
G4, ms
Cn,pF

The admittance-intensity characteristics are shown in
Fig. 5. It was found that a logarithmic curve could be fitted
to the measured points in the form:

Y-A+Blg(1 +IlIn)

with the reference power Ip - 1 pW the coefficients A
and B are summarized in Table 2"

Thble 2. A and B parameters ot [Jc : -I.5V

G-, mS Go, mS Ga, mS C o, pF

LB,1 0,79
3,r3 -0,15

I8,7 24,0
0,79 0,57
0,77 L,gg
0,47 0,48

25,L 27,4
0,48 0,37
2,46 3,08
0,484 0,49

A
B

a,77 0,4'l
o,B3 0,007
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Fig. 5. Admittances vs. optical power

Next the gate voltage dependence of the measured
parameters was approximated. The measurements have
shown gate voltage dependence of the input and the trans-
fer admittances. The voltage dependent circuit element
values for .I = 0 pW and I = 600 pW are given in
Table 3 and Table 4, respectively.

Table 3. Gate voltage dependence with I - 0 p,W

Uc.v -1,8 -1,-5 -1.0 -0.5
G-, mS
Gr, mS
Cg,PF

Table 4. Gate voltage dependence with I - 6A0 p.W

Ue ,Y -1,8 - 1.5 - 1.0 -0.-5

12,9
0,65
0,42

18,7
0,79
0,47

23,3 27,8
0,88 1,0
0,51- 0,56

G-, mS
Gg, mS
Cs,PF

23,5
0,r4
0,44

27,4
0,37
0,49

29,6 30,2
0,58 0,72
0,53 0,59

Cg, pF

The admittance-voltage characteristics are shown
Fig.6.
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Fig. 6. Admittances vs. gate voltage

The following functional form produced a good approx-
imation for the'element characteiistics:

Y _[At*AzUc*hua]+
*lBr * Bzuc * atuZl tg lL + rl rRl (1)

The A and B coefficients of the nonlinear characteristics
are given in Thble 5 and Table 6, respectively.

Thble 5. A coefficients

Grrr, mS Gn, mS cc,PF
29,1 mS 1,05 mS 0,59 pF

0,75 mSV-1 0,06-5 mSV-1 0,0-5 pFV-1
-4,47 mSV-2 -0,0g2 mSV-2 0,02 pFV-2

Thble 6. B coefficients

G-, mS Gn, mS cn,pF

-0,64 mS -0,12 mS 0,01"4 pF

-3,31 mSV-1 -0,064 mSV-1 0,013 pFV-1
-0,48 mSV-2 -0,057 msv-2 0,0036 pFV-2

The circuit elements found to be independent of the
gate voltage and the optical intensity are as follows: 7 -14,5 PS, E; = 0, 14 ohm, C, = 0,05 pF, Ca - 0, 18 pR
R, = 0, 11 ohm, Rn = I,24 ohm, ,R4 - 0,8 ohm,
L, : 0124 nH, Ln: 1,3 nH, L4: 1, 1 nH.

5. I/IESFET n/lODEL

The high-frequency operation of the MESFET has been
represented by the conventional circuit topology where

Ar
A2
At

Br
Bz
Bs

t0

F
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some of the equivalent circuit elements are given by two
variable functions as in Eq. (1). The remaining circuit
elements are considered as independent of the operating
point variables. The model is suitable for perforrning
analysis of circuits comprising the MESFET device with
optical illumination.

6 ILLUSTRATIVE EXAII/|PLE

We use the N4ESFET model for calculating the gain and
distortion of an amplifier stage wirh HFET 1101. The gain
of a tuned MESFET stage operating between source and
load impedances /ls : Rr :50 ohm is given by:

A_ Rr,G^(Uc,I)
[1 + RsG n(]c, 1)l[1 * ]?,rGa(Uc,I)l

The third order distortion measure I)3 canbe expressed
by the admittance function coeffficicnts. For a polynomial
admittance function:

Gt: Gn * GnUc + GBtrL (3)

i - mtgtd
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ffi
w w 'tr'w!:l

a _:r:" #

, ! r.::rtl

ffi.".+a+r*

the n-1h order distortion measure can be expressed as
follows:

r'1

Dn=,t ffi (4)

where the constant fi is determined by the distortion order
and the reference power level.

The gain and distortion values calculated for different
operating points are given in Table 7.

Tnble 7. Gain and distortion parameters

Operating (-1,5 Y (-r, s V (-r V (-r Vpoint 0 pw) 600 pw) 0 pw) 600 pw)
Gain -1,6 dB
Distortion -42 dBm

\,7. dB 0,9 dB 2,0 dB

-48 dBm -49 dBm -bl dBm
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pronounced for more negative gate voltages, however, in
this case the gain is smaller and the distortion is somewhat
Iarger"
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