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ABSTRACT

In this paper an analytical noise model for HFET,
based on the physical interpretation of the bias de-
pendence of the equivalent intrinsic noise sources
[1], is presented. This model is bias-dependent and
scaleable with the gate-geometry and allows the
prediction of all noise parameters using two device
dependent parameters in a wide bias range.

INTRODUCTION

An accurate noise model for the prediction of all
noise parameters in a wide bias and frequency range
is a special task of interest in the actual research

areas [2, 3]. In this paper we present a new approach
for an analytical noise model. The model is based on
an extended temperature noise model which includes
effects of gate-leakage current and especially of
impact ionization on the noise behaviour of HFET
[1, 4]. Using two bias- and gate-geometry independ-
ent parameters the behaviour of the main intrinsic
noise sources can be described by simple analytical
equations. In this paper the values of these two pa-
rameters (~d, Kg) are derived using measured and
modeled noise parameters of InAIAs/InGaAs/InP-

HFET in a frequency range from 2 GHz up to 18
GHz (atn & HP8970B). It is shown that a set of two
independent modeled noise parameters is sufficient
for the prediction of the scaleable noise behaviour in
a wide bias range. Furthermore, the derived equa-
tions form the b;sis
all noise parameters.

for a new geometry scaling of

MODEL

In [1] it is presented that the enhanced tempera-
ture noise model (fig. 1) gives excellent agreement
between measured and modeled noise parameters.
Furthermore, it has been shown [1, 5, 6] that the
investigation of the equivalent intrinsic noise

sources gives an extremely powerfhl tool for the
understanding of the device physics. At bias condi-
tions of interest, the influence of impact ionization
and gate-leakage currents on the small-signal and
noise performance is negligible, so that so main
noise contribution is caused by channel- and output
noise sources (normalized to 1 Hz bandwidth):

equivalent intrinsic channel noise voltage:

(1)

equivalent intrinsic output noise current:

r

id,n= 4“k.~,
%

(2)

with k= 1.380662.10-23 ~ (Boltzmann constant).

If the equivalent output noise current id,n is plotted

in dependence on the shot noise drain current (fig.
2), it can be seen that the bias behaviour can be ap-
proximated by a simple analytical expression:

r

id,n= 4“k”~
% (3)

with ID the drain-current.

To obtain a comparable relation for the equivalent
channel noise voltage Vg,n, it is necessary to trans-

form this noise contribution to a noise measure of

the output circuit of the HFET.
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Fig. 1: Intrinsic and extrinsic small-signal- and
noise equivalent circuit of HFET including modeling
of gate-leakage current and impact ionization on the
RF- and noise behaviour.

This can be done by multiplying Vg,n with the ratio
of the square of the transconductance gm and the
intrinsic current gain cut-off frequency ~~. Now, the
mathematical interpretation of the bias behaviour of

the transformed channel noise voltage Vg,n (fig. 3) is
given by:
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Fig. 2: Equivalent output noise current id,n in de-
pendence on the shot noise drain-current for a typi-
cal InP-based HFET (Lg = 0.5 pm, W,= 80 pm).
Points indicate measured/extracted values, line rep-
resents simple linear approximation.
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Using the small-signal equivalent elements and the

device parameter, ~~, ~D,g, ~~ and ~D,d the IIOke

behaviour (all noise parameters) can be predicted in

a wide bias range. The parameters K; and K; are

shot noise drain current ~ /pA --

(4)

bias independent but gate-geometry dependent. To

investigate the geometry dependence (gate-length Lg

and gate-width Wg) of these parameters, the equiva-
lent intrinsic noise sources of transistors with vary-
ing gate-width and gate-length have been extracted

and analyzed in dependence on the shot noise drain

current (fig. 4).

!0

Fig. 3: Transformed equivalent channel noise volt-
age v ,n in dependence on the shot noise drain cur-

?rent or a typical InP-based HFET (Lg = 0.5 pm, Wg
= 80 pm). Points indicate measured/extracted values,
line represents simple linear approximation.

Based on these investigations following final ana-
lytical expressions can be derived for the equivalent
intrinsic noise sources:

I T

Jid,n= 4“k”*
%

=KdS(~m-~_)’

(5)
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Fig. 4: Normalized transformed equivalent channel

noise voltage Vg,n in dependence on the shot noise
drain current with a): normalized on the gate-length
b): normalized on the gate-width; (T= 300 K, VD~ =
0.9 V up to 1.8 V, V~~ = -0.3 V up to 0.1 V)

For practical operation the small influence of the
parameter ~~,d and lD,g can be neglected, so that

following equations are sufficient for the prediction
of the noise behaviour:

id.=~q=.dm, (7)

‘U ‘J=-=
f’ “=Kg”wg”Lg”J_” —
d

(8)

GEOMETRY SCALING OF THE
NOISE PARAMETERS

To veri@ the new analytical noise model and to
obtain a new scaling method [7] for all noise para-
meters, which can be easy implemented in any cir-
cuit design tool, a simplified intrinsic temperature
noise model [8] is used to derive analytical expres-
sions for all noise parameters:

Fmin

ii /=%9 “)

s=1+-”-” R, “T

n
R&@ = ~ “ R,, q, (lo)

11
(11)‘Q,o@=~”~. n.Cg,’

[

ql

1

#_. R,,. T,+-. — .
To % g:

(12)

These estimations are sufficient for the geometry

scaling of the intrinsic noise parameters of HFETs.
Using these formulas and the equations (7), (8) a
coherence between the intrinsic noise parameters
and additional transistor parameters can be derived:

w ~ 2“q”lIDl
Fmin--l=-f.K~.f g. g. 9 (13)

d

q ~t_fT. Kg. ~g. @, (14)

11
‘Q,oPt=~.2.Z.cg,’

R:+;:;i[[Kg.:Lg.$j+K:]:

with q the electron charge = ~.6022. 10-19 As and

TO the reference temperature= 290 K.
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With the estimations for the gate-length- and gate-
width-scaling of the drain-current ID, transconduc-
tance gm and gate-source-capacitance Cg~ listed in
Tab. 1, the geometry dependence of the intrinsic

noise parameters, shown in Tab. 2, can be obtained.

gate-length dependence gate-width dependence
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ID # f(Lg) = COllSt. ID cz Wg
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The validity of the presented method is clearly dem-
onstrated by the comparison of measured extrinsic
noise parameters of InP based HFET with varying
gate-geometry.

CONCLUSION

A new analytical scaleable noise model for HFET
is presented. The novel approach is based on an ex-
tended temperature noise model and the analysis of
the bias dependence of the equivalent intrinsic noise
sources. Intensive comparison with measured noise
parameters of InAIAs/InGaAs/InP-HFET demon-
strates the capability of the presented method. Fur-
thermore, a simple practical estimation for the ge-
ometry scaling of all noise parameters can be
obtained using the new model. Finally, the model is
easy to implement in any large signal model which
allows an access to the noise and RF-behaviour si-
multaneously.
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