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ABSTRACT

A new CAD oriented noise model of the GaAs small
signal FET is proposed. It introduces only one param-
eter to describe noise properties of the MESFET, con-
trary to previous models [1-4], which used more num-
bers. Model components are bias and temperature
dependent. Temperature dependence of parameters is
modelled by a numerical approximation to the physical
behavior of carrier mobility and carrier saturation
velocity in GaAs. Comparison with measured and
published transistor parameters is presented.

INTRODUCTION

Existing linear microwave FET models implemented in
popular CAD packages make it difficult to predict the
effects of bias or temperature changes on the perfor-
mance of transistor and usually require a set of coef-
ficients to be supplied or measured [2,10,11].

The goal of this work was to develop a simple model,
which would require only a limited number of parame-
ters to be identified and would provide sufficient accu-
racy to be used in the design of microwave devices,
especially low noise amplifiers.

MODEL OF THE INTRINSIC FET

Two FET channel regions are considered [5,8]: con-
stant carrier mobility region and saturated velocity re-
gion. The assumption was made, that the noise in the
first region is of purely thermal origin, and may be
represented by the equivalent voltage source e, ., de-
pendent on the channel temperature T (Fig. 1). In the
saturated region two main noise sources are accounted
for, both dependent on the DC drain current /. These
are: the high-field diffusion noise [1,6] and the current
distribution between channel and substrate.
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Fig. 1. Noise sources in the microwave FET.

Substrate current may reach 20 - 40 % of the total
drain current [6], and the scattering mechanism is ran-
dom. These noise processes in the channel second
region have been modelled as one current noise source
i,s» With the mean square value linearly dependent on
the I, value. Noise sources: e, and i, , are not corre-

lated. Proposed model of the microwave FET [5] is
shown below,

Z
€nd Ry

=T o=,
¢ -L‘TV égds Cos b

1L 7

4}
]
1
-0
P oo
RPN

Fig. 2. Noise model of the intrinsic FET

The placement of the source e, reflects the reasoning,
that the origin of this noise is most of the area under
the gate. The exact model of the gate-channel region
should be that of a distributed RC line, but the author
follows the suggestions by P. Ladbrooke [6], that good
lumped representation is obtained, when channel resis-
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tance R, is placed in series with the channel-gate capac-

itance C,.
The mean RMS values of the main noise sources are
e ?= 4kTR df (1a)
= Cn‘ qIDdf (Ib)

The value of the dimensionless coefficient C, is found
in the process of fitting the model to the experimental
data. Thermal noise in other portions of the chip is
represented by the sources e, ng? En s and e, where

e, = 4kTR df
e, = 4kTR df @
en = AKTR df

T is the channel temperature which depends on actual
bias (I, and Vp¢) and on ambient temperature T,
Several components in the model are bias dependent.
The model was created with iterative computations in
the CAD routines in mind, and simple, albeit less
accurate approach was considered.

Following relationships were established to model the
dependence on the drain current

ym=gme—jwv gm=gmoﬂx) gdszgdoﬂx) (3)
c+1 d
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&nos &do> Reos Cgso are the values of particular parame-
ters for Iy = I,... Parameter x and the function f{x) are
defined as follows
2
x =(i) &) = (+a+b)x” '6))
I xX+ax+b

Coefficients a and b in (5) are chosen to model a typi-
cal behavior of transconductance g, versus drain cur-
rent. It was found, that values: a = 0.05 and b = 0.02
give very good fit for many different transistors evalua-
ted. Typical values of other coefficients are: ¢ = 0.6,
d = 2, e = 3. The dependence on drain voltage V¢
was also modelled, but it was restricted to two elements
only: g, and ng. Following approximation was found
satisfactory for small deviations from a typical value of
Vps =3V

3.6

gd_‘-( s) = gd,-_q'(‘—)
VDS8+0.6 ©6)
CedVps) = Cga'('f,;s‘rs)

where g3, ng3 are the values at Vo = 3V,

TEMPERATURE DEPENDENCE OF THE MODEL
PARAMETERS

Elements of the model depicted in Fig. 2 reflect the
physical processes taking place in the FET structure
and are linked with such physical quantities, as transi-
stor dimensions and with parameters of the manufac-
turing process. In this work, simple expressions rela-
ting model parameters to the FET geometry and the
GaAs properties, were adopted [6,7].
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where R, - contact resistance, and the GaAs parame-
ters are: v, and p, - electron saturation velocity and
mobility, ¢ = 12.85, N - the donor doping density and

- the resistivity of the gate metal. The dimensions

L h, d and t are explained in Fig. 3.
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Fig. 3. Cross-section of the GaAs FET.

The function ¢(h - d) may be selected to provide pro-
per g, variation with Ip, as in (3). Depleted region
thickness d at the end of the channel is related to the
drain current I, by

I, = gNv_(h - d)We @®)

The zero gate bias current I, ; varies with temperature
in proportion to vg,. Usually transistors in amplifiers
are operated at constant drain current and the parameter
x(T) /see (5)/ is equal

L h-d
x(T) = D h-d )]
where d, = d(Vgg = 0). The ratio d(T)/d;y,
arn) _ 1 - xN{1 - X) (10)

A0 1 - x(1 - K)
where K = d_/h /typically X = 0,6 + 0,8/
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is needed for evaluation of the C,; variation with tem-
perature. Final equations for the model parameters at
temperature T are as follows

V(D)
8mo "8moso0™ gm(I) =g,,w(7) f(x(T))
300
_ "sa:(n_ B o300 _ 300
RC(T) = RCJM v300 p'o(n st(T) = C‘”"":{E—ﬁ (1 1)
ng(T) =const T(T) =Ty Y300
VoolT)

Numerical model of temperature variation of y and v,
is based on typical data [7] for donor doping densities
encountered in microwave FETs (Fig. 4 and 5).
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Fig. 4. The dependence of mobility x, on temperature.
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Fig. 5. The dependence of saturation Qelocity onT.

The approximation of physical data is given by equa-
tions (12)

7.115 (0.4 + y?)
(T) = pypy——2022Y)
* M e+ y?)
(12)
2090 3.568
ValT) = Vaoo' (G 50)

where 300 and vy are the values for 7 = 300 K, and
parameter y = 7[K]}/50.

SELECTED RESULTS

Equations (11) were implemented in the computer pro-
gram for transistor modelling. Data for several transis-
tors types were compared with computed results and
good agreement was obtained. The plot of minimum
noise figure F_, in Fig. 6 shows the temperature de-
pendence whiclfJ agrees well with the results published
(e.g. [10]). It has been confirmed, that Fop, is relatively
insensitive to drain current variations at low tempera-
tures, but strongly dependent on I, at high temperatu-
res. Data in Table | confirms the usefulness of the
model proposed and Fig. 7. shows the close model fit
for different values of drain current.
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Fig. 6. F ops Versus temperature and drain current.

Table 1 Computed vs published noise parameters for the FSCIOFA transistor [9]

f=8.4 GHz Ambient temperature = 297 K Ambient temperature = 12.5 K

ID Tnmin[K] Rsopt[Q] Xsopt[Q] ID Tnmin[K] Rsopl[Q] Xsopl[QJ
5 |published - - - 5 |published 16 1.8 29
mA {computed 111 15.9 28.9 mA |computed 16.4 5.6 31.3
10 [published 135 11.1 29.0 10 |published 14 4.1 28
mA |computed 134 13.5 25.5 mA jcomputed 14.1 5.8 32.0
15 |published 131 12.5 28.0 15 |published 16 4.9 26
mA jcomputed 155 12.4 22.1 mA [computed 14.2 5.1 34.2
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Fig. 7. Modelled and measured S-parameters of the NE76100 transistor vs frequency for different drain currents.
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