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cascode amplifier with an input matching net-
work consisting of source inductor Ls and series
input inductor Lg.  The output matching network
is a traditional shunt L, series C arrangement.
The real part of the input impedance can be made
approximately equal to the generator impedance
Ro with the proper selection of Ls, and the imagi-
nary part can be made approximately equal to 0
by tuning-out Cgs with Lg [1],[2].

In [2] & [3] it is shown that the resulting noise
figure with this choice is close to Fmin.  The
corresponding value of vgs, which is related to
IIP3, is

Typically,               .  ft and gm are the ex-
trapolated short circuit current gain and transistor
transconductance, respectively.  It can be shown
that the noise figure of this circuit at resonance is
[2]

Here, Rg, Rs, and ri are the gate, source, and input
(in series with Cgs) extrinsic ohmic resistances of
the FET, respectively.  If the FET is implemented
with parallel unit devices that are not very wide,
say 30um or less, the gate resistance can be
shown to be negligible, particularly with gold
metalization.  Rs and ri vary inversely with total
device width, WT. Γ is a coefficient used to model
channel noise for the FET, and typically varies
from 2/3 (low field) to 3 depending on the FET
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ABSTRACT
A derivation of the optimum device width for
minimizing noise figure at a specified bias cur-
rent is presented for a cascode LNA circuit topol-
ogy in GaAs MESFET technology.  This configu-
ration achieves excellent third-order intercept
and input return loss by employing source and
series gate inductance.  The resulting noise fig-
ure can be chosen close to Fmin or traded for
acceptable noise figure and/or input IP3 at re-
duced current consumption.  Computer simula-
tions confirm the predicted results.

It is generally known that GaAs MESFETs have
superior noise figure and third-order input inter-
cept compared to bipolar transistors.  None-the-
less, few designs achieve noise figures close to
the transistor Fmin.  To be sure, several factors
prevent Fmin from being attained in practice, but
many designers employ an empirical, sometimes
haphazard approach to implementing their cir-
cuits.  While some assume that noise figure must
be compromised to obtain a good input match, it
has been shown that this is not the case [1],[2].  If
a small input device is employed that requires a
large input impedance transformation, the third-
order input intercept can be degraded, sacrificing
some of the inherent advantage of GaAs MES-
FETs unnecessarily.  In this paper we develop a
solution for the optimum device width of a GaAs
MESFET to minimize noise figure at a specified
bias current in a cascode LNA.  Additionally, we
investigate other trade-offs commonly encoun-
tered in practice.

Figure 1 is a simplified schematic diagram of a
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when solving (13) and (16), or that the above
equations can be solved iteratively if necessary
knowing how Γ varies with bias.  Γ is usually
close to its minimum value for typically chosen
current densities, minimizing this interaction.

Clearly, (11), (13), and (16) show that optimum
noise figure is achieved when the contribution of
channel noise is equal to that of the extrinsic
ohmic resistances.  Device width is increased
(extrinsic resistance decreased) and ft decreased
(channel noise increased) until this is the case.

In practice, an LNA circuit will have a higher
noise figure than a single transistor since other
transistors, bias circuits, and matching networks
with finite Qs will all degrade noise performance.
The Q of Lg can be taken into account in (13) and

(16) by substituting

It can be shown that the total device width can be
related to vgs in the following way.

(11) and (19) can be combined along with substi-

tuting to produce

    (5)f
d f

d V V
V V f V Vt

t

gs t

gs t t v gs t≅
−

− ≡ −
1 6

2 7 2 7 2 7/

I W V V

V V
I

W

g W V V

R R r
R

W

d T gs t

gs t
d

T

m T gs t

g s i
ext

T

≅ −

− ≅

≅ −

+ + ≅

β

β

β

2 7
2 7

2 7

2
    (6) 

      (7)

   (8)

      (9)

2

F
R

W R
R

f

f

W

V V

R

W R
R

f

f

W

I

ext

T o
o

t v

T

gs t

ext

T o
o

t v

T

d

≅ + +
�
��

�
�� −

+ +
�
��

�
��

1 2

1 2

2

2
3 3

β

β

Γ

Γ

/

/

2 7     (10)

   =          (11)

F
f

f

R

V V

f

f

W

I
R

f

f

R

I R

opt
t v

ext

gs t

t v

T

d
ext

t v

ext

d o

≅ +
−

≅ +
�
��

�
��

≅ +
�
��

�
��

1
2 2

1
2

2

1 2 2

0 75

0 25
0 5

0 8 0 6

0 2
0 4

/

/

.

.
.

/

. .

.
.

β

β

β

Γ

Γ

Γ

                        (14)

       (15)

         (16)

1 6

1 6
1 6 0 5

W
f

R f

R V V

f

R f

I R

T opt
t v

o

ext gs t

t v

o

d ext

| /

/

. .

.

.

≅
−

≅
�
��

�
��

�
�

�
�

2 7
2

2

0 8 0 2

0 6

0 4

β

β

Γ

Γ

         (12)

            (13)

W
f

R f

I
R

f

f Q
T opt

t v

o

d

ext
t v

Lg| /

. .

.

/
.

≅
�
��

�
��

+�

�

����

�

�

����

0 8 0 2

0 6

0 4

2

2β
β

Γ
 (17)

F
f

f

R
f

f Q

I R
opt

t v

ext
t v

L

d o

g≅ +
�
��

�
��

+
�
!
  

"
$
##

�
��

�
��

1 2
2

2

0 8

0 6

0 2
0 4

/

.
/

.

.
.

β
β

1 6 0 5Γ

                                                                       (18)

    (19)W
f

f R

v

vT
t v

o

in

gs

≅ / 1

2
2

β

F R
f

f Q

v
v

f

f R I

v

vext
t v L

gs

in t v o d

in

gs
g

≅ + +
�
��

�
��

+
�

�
���

�

�
���

1 2
1

2

1

2
2

3

β
/ /

Γ

                                                                              (20)

R
f

f Q
Rext

t v

L
ext

g

+ /

2 β
 for .

  for  R
f

f Q
Rext

t v

L
ext

g

+ /

2 β

and its bias condition.  Unlike [2], we do not
neglect Rs and ri as their contribution to the noise
figure in GaAs MESFET LNAs is substantial.  ft

can be approximated with reasonable accuracy
for low-to-moderate current density (usually cho-
sen for LNAs) by

By using (4), (5) and

one can show that

β is the FET transconductance parameter.  Differ-
entiating F with respect to WT and equating it to 0
results in

Although Γ is generally bias dependent, we as-
sume that a representative value can be employed
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(20) shows how noise figure varies with vgs.  This
can be used to facilitate the trade-off of noise
figure for IIP3.

Figures 2 and 3 show optimum noise figure and
FET width versus drain current for three values
of Γ using Ro=50Ω, β=139µA/V2, ft/v=50GHz/V,
and Rext=800Ω-µm.  Figure 4 shows a SPICE
simulation of S11 and noise figure for a single
FET, which agrees substantially with the pre-
sented results.  Figures 5-7 show noise figure
versus device width at 5mA for different frequen-
cies and input inductor Q’s.  Figures 8 and 9
show noise figure versus vgs for different values
of Γ and drain current.  Figure 10 shows how WT

varies with vgs.  Typically, the optimum device
width is 1mm or more, resulting in a low value of
Rn and vgs.
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Figure 6. NF vs WT, 5mA, 1900MHz, QLg=50.

Figure 7. NF vs WT, 5mA, 1900MHz, QLg=1000.
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Figure 8. NF vs 2vgs / vin at 5mA.
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