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The Pospieszalski Noise Model and the
Imaginary Part of the Optimum Noise Source
Impedance of Extrinsic or Packaged FET’s
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Abstract—The imaginary part XS of the optimum noise
impedance for extrinsic or packaged devices is investigated. The
analysis modifies the well-known Pospieszalski noise model by
applying a series feedback to the source port. A simple expression
for XS is developed and is verified for extrinsic and packaged
devices with a decreasing level of accuracy. The results give
further insights into the way the parasitic inductors Lg and Ls
affect the noise performance of the transistor and can help to
design low-noise amplifier with simultaneous signal and noise
power match at the input port.

Index Terms—Amplifier noise, circuit modeling, feedback cir-
cuits, microwave FET amplifiers, semiconductor device noise.

I. INTRODUCTION

I N 1989, Pospieszalski [1] proposed a simple noise model
for active devices such as MESFET’s or HEMT’s. Many

researchers have granted experimental validity to this model
throughout the years [2]–[4]. Hughes based on it an extensive
investigation of the HEMT’s noise behavior and proved that
the noise figure can be predicted easily [5]. He also applied
this model to a wide range of previously published devices [3]
and showed that the noise equivalent temperatureof the
drain-source resistance ranges around 500 K for the extrinsic
device while the intrinsic device can be modeled similarly
with around 2000 K.

The Pospieszalski model has been applied to extrinsic de-
vices because of its simplicity. However, this causes the model
to fail to predict other noise parameters when considering
extrinsic or packaged devices. This paper proposes a simple
change in the Pospieszalski noise model as Hughes applied it
in [3] in order to explain the behavior of .

II. A NALYSIS

The Pospieszalski noise model of the intrinsic device can
easily be described with a matrix because the noise sources

and associated with and , respectively, are
uncorrelated [1], [6]. In order to improve the model when it
is applied to either extrinsic [3] or packaged devices [7], a
feedback element is added—the lossy source inductance
(Fig. 1). The circuit model is now a feedback network and
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can be easily analyzed as a particular case of [8]: the parallel
feedback admittance is set to zero and the series feedback
impedance is where and

is source of thermal noise. After transforming
the representation into its matrix representation and
developing the noise parameters and as functions
of the model components, the optimum noise impedance
can be obtained. The final expression for is

(1)

where

There, is the of the inductor,
is the frequency where the short circuit

gain is unity, is the reactive series feedback
value normalized to the characteristic impedance, and

K are normalized
values of elements of the model in Fig. 1. Notice that
does not appear in (1). The remaining noise parameters can be
worked out similarly but their expansions give rise to much
more involved expressions [1].

At the frequency , (1) can be simplified to

(2)

if

is verified. This approximation is a very simple expression
whose implications are now developed.

III. V ALIDATION

Expression (2) is dependent only on and at the
frequency for the case of either a lossy or a lossless
inductor . The result is valid for this model as long as
and are large; the exact value of is not really important
for the determination of . Hughes has proved that this
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TABLE I
COMPARISON BETWEEN MODELS CITED IN [3] WITH Tds = 2000 K. EVERY MODEL HAS BEEN EVALUATED AT

THE TOP END OF ITS FREQUENCY RANGE. Cgs; Ls; Lg; andRs ARE THE VALUES AS GIVEN IN EACH REFERENCE

is true for [3]. is usually in the range of hundreds
of ohms.

In order to validate (2), some references used in [3] have
been analyzed (Table I). The references provide a complete
list of the values of the components. It is worth pointing
out that these models as presented in those papers have
been optimized for matching the measuredparameters in
a given frequency range. As Hughes highlighted, noise figure
and associated gain are often the only published quantities
available for characterizing the noise performance. Table I
has been developed according to this procedure. The room
temperature has been assumed to be K; the
input resistance has an equivalent noise temperature

for quite a large spread of the drain current
[2]; the equivalent noise temperature of the output

resistance has been set to K, as [3] suggests.
In [2] (not cited in [3]), the simulation has been carried out
with K but the results in Table I for
and refer to K. The value K has
been chosen for the analysis because the topology of the device
models is available and is therefore part of the intrinsic
device embedded within the external components. Reference
[9] outlines one MESFET model and one HEMT model; they
consist of resistive and capacitive elements only.

The frequency dependence of the optimum noise reactance
has been approximated with a least squares fit for each
reference of Table I with an expression similar to (2)

(3)

The models provided by the references of Table I have been
used to determine for each angular frequency with
a circuit simulator; the frequency range
varies according to the published reference (Table I). The least
squares fit (3) has been applied to packaged devices [10] with
some considerable degree of agreement (Fig. 2).

Equation (3) proves that

1) the expression (2) fits the data of the device circuit
model;

2) a simple Pospieszalski noise model with feedback can
successfully be applied to simulate of extrinsic or
packaged devices.

By comparing the values for and to and
respectively (Table I), it is clear that while

Fig. 1. Noise model for extrinsic or packaged devices. The feedback is a
source of thermal noise ifQs is specified.

Fig. 2. Comparison between (3) and the simulatedXS for
Hewlett-Packard ATF10136.

the inductance . Others [11] have confirmed that
the Pospieszalki noise model for the intrinsic device provides

. In fact, for the Pospieszalki noise model
(intrinsic), where
is the input impedance. This observation suggests that if a
series inductor is connected between the source and the
gate input, then Ł or
more generally as a first approximation, that is the
sum of the reactive components through which the current
from the input port flows (Fig. 3). Therefore, (2) is modified
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Fig. 3. Simulated imaginary part ofZS and Z
in

for Hewlett-Packard
ATF10136 when the output port is terminated by an open circuit (oc).
Z0 = 50
 (50) or a short circuit (sc).

accordingly:

(4)

Table I shows that excellent agreement is achieved.
Equation (4) improves the understanding on how parasitic

inductances affect the noise performance of the device [12],
[13]. is not in the feedback branch and will not have
the same effects on device performance as [14], [15].
The two inductors and give the designer the freedom
to set at the frequency where .
Explicit equations for and allow the designer
of either monolithic microwave integrated circuit (MMIC) or
surface mounted low-noise amplifiers (LNA’s) to determine, at
a given frequency, the values of external inductors that provide

and . The MMIC designer has one
more degree of freedom because of the ability to control.

IV. CONCLUSION

A simple equation explains the behavior of the imaginary
part of the optimum source impedance for minimum noise
figure of extrinsic or packaged transistors. The result
is shown to be consistent with different circuit models pre-
viously published and it is based on the widely accepted
Pospieszalski noise model. The expression confirms that the
Pospieszalski noise model developed for intrinsic devices is
well suited for extrinsic as well as packaged transistor for a
quick investigation of their noise performance and for design
purposes.

REFERENCES

[1] M. W. Pospieszalski, “Modeling of noise parameters of MESFET’s and
MODFET’s and their frequency and temperature dependence,”IEEE
Trans. Microwave Theory Tech., vol. 37, pp. 1340–1350, Sept. 1989.

[2] M. W. Pospieszalski and A. C. Niedzwiecki, “FET noise model and
on-wafer measurement of noise parameters,” inIEEE MTT-S Int. Symp.
Dig., Boston, MA, June 10–14, 1991, pp. 1117–1120.

[3] B. Hughes, “A temperature noise model for extrinsic FET’s,”IEEE
Trans. Microwave Theory Tech., vol. 40, pp. 1821–1831, Sept. 1992.

[4] B. Hughes, J. Perdomo, and H. Kondoh, “12 GHz low-noise MMIC
amplifier designed with a noise model that scales with MODFET size
and bias,”IEEE Trans. Microwave Theory Tech., vol. 41, pp. 2311–2316,
Dec. 1993.

[5] B. Hughes, “A linear dependence off
min

of frequency for FET’s,”
IEEE Trans. Microwave Theory Tech., vol. 41, pp. 979–981, June/July
1993.

[6] H. Hillbrand and P. H. Russer, “An efficient method for computer aided
noise analysis of linear amplifier networks,”IEEE Trans. Circuits Syst.,
vol. CAS-23, pp. 235–238, Apr. 1976.

[7] A. Caddemi, A. Di Paola, and M. Sannino, “Microwave noise parameters
of HEMT’s vs. temperature by a simplified measurement procedure,”
in Proc. 1996 High Performance Electron Devices for Microwave and
Optoelectronic Applications—EDMO, Leeds, U.K., Nov. 25–26, 1996,
pp. 153–157.

[8] L. Boglione, R. D. Pollard, and V. Postoyalko, “Analytical behavior
of the noise resistance and the noise conductance for a network with
parallel and series feedback,”IEEE Trans. Microwave Theory Tech.,
vol. 45, pp. 301–304, Feb. 1997.

[9] K. Tanaka, M. Ogawa, K. Togashi, H. Takakuwa, H. Ohke, M.
Kanazawa, Y. Kato, and S. Watanabe, “Low-noise HEMT using
MOCVD,” IEEE Trans. Microwave Theory Tech., vol. MTT-34, pp.
1522–1527, Dec. 1986.

[10] Communication Components, Designer’s Catalogue, GaAs and Silicon
Products, Hewlett-Packard Company, Palo Alto, CA, 1993.

[11] P. J. Tasker, W. Reinert, B. Hughes, J. Braunstein, and M. Schlechtweg,
“Transistor noise parameter extraction using a 50 ohm measurement
system,” in IEEE MTT-S Int. Symp. Dig., Atlanta, GA, 1993, pp.
1251–1254.

[12] J. Engberg, “Simultaneous input power match and noise optimization
using feedback,” in4th European Microwave Conf. Proc., Montreux,
Switzerland, 1974, pp. 385–389.

[13] L. Besser, “Stability considerations of low noise transistor amplifiers
with simultaneous noise and power match,” inIEEE MTT-S Int. Symp.
Dig., Palo Alto, CA, May 12–14, 1975, pp. 327–329.

[14] R. E. Lehmann and D. D. Heston, “X band monolithic series feed-
back LNA,” IEEE Trans. Microwave Theory Tech., vol. MTT-33, pp.
1560–1566, Dec. 1985.

[15] N. Shiga, S. Nakajima, K. Otobe, T. Sekiguchi, N. Kuwata, K.-I.
Matsuzaki, and H. Hayashi, “X band MMIC amplifier with pulsed doped
GaAs MESFET’s,”IEEE Trans. Microwave Theory Tech., vol. 39, pp.
1987–1993, Dec. 1991.

[16] N. Camilleri, P. Chye, A. Lee, and P. Gregory, “Monolithic 40 to 60
GHz LNA,” in IEEE MTT-S Int. Symp. Dig., Dallas, TX, May 8–10,
1990, pp. 599–602.

[17] P. C. Chao, S. C. Palmateer, P. M. Smith, U. K. Mishra, K. H. G. Duh,
and J. C. M. Hwang, “Millimeter-wave low-noise high electron mobility
transistor,”IEEE Electron Device Lett., vol. 6, pp. 531–533, Oct. 1985.

[18] H. Hida, K. Ohata, Y. Suzuki, and H. Toyoshima, “A new low-noise
AlGaAs/GaAs 2DEG FET with a surface undoped layer,”IEEE Trans.
Electron Devices, vol. ED-33, pp. 601–607, May 1986.

[19] P. R. Jay, H. Derewonko, D. Adam, P. Briere, D. Delagebeaudeuf,
P. Delescluse, and J.-F. Rochette, “Design of TEGFET devices for
optimum low-noise high-frequency operation,”IEEE Trans. Electron
Devices, vol. ED-33, pp. 590–594, May 1986.

[20] L. D. Nguyen, P. J. Tasker, D. C. Radulescu, and L. F. Eastman,
“Characterization of ultra-high speed pseudomorphic AlGaAs/InGaAs
(on GaAs) MODFET’s,” IEEE Trans. Electron Devices, vol. 36, pp.
2243–2248, Oct. 1989.


