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[0.1, 1.1], where & is the physical coordinate normalized to wave-
length, M, is the y-component of the equivalent magnetic current,
H(()z) is the zero-order, second-kind Hankel function, 7o is the
intrinsic impedance in free space, and H,"“ is the magnetic field
intensity of the TE incident plane wave. Fig. 2 depicts the results
of the magnitude of the equivalent magnetic current obtained using
the periodic wavelet with 2™ = 128 in comparison with the pulse
function as the basis in moment method. The total number of periodic
wavelet functions associated with the expansion with 2™ = 128 is
256, as is also the total number of pulse functions used in the above
computation. Good agreement can be observed between the two sets
of results.

Unlike the case of the use of truncated wavelets on the real line
in the moment method, where strong artificial oscillations almost
definitely appear in the equivalent magnetic current magnitude near
the boundary points no matter how high the resolution is selected
in the wavelet expansion, the utilization of the periodic wavelets
can suppress occurrences of oscillations near the boundary points as
shown by Fig. 2. Due to the finite precision or resolution of computers
and physical systems, solutions of problems under consideration are,
in practice, represented in a finite resolution subspace. One major
advantage of periodic wavelets is that, given a finite resolution 2™,
there always exists a set of periodic wavelet functions that forms a
complete basis in the corresponding subspace VI~ C L*([0, 1]).
By setting a map between the finite interval under study and [0, 1],
one can obtain a complete basis defined on the desired computation
domain from the periodic wavelets. Quite the contrary, it is very
difficult for a set of truncated wavelet functions on the whole real
line to form a complete basis in a finite interval. The occurrence
of oscillations in the equivalent magnetic current magnitude is a
consequence for the lack of completeness in the basis near the
boundaries.

As was expected for a wavelet expansion method, the use of peri-
odic wavelets renders a sparse moment-method matrix. To examine
the sparsity, a threshold procedure is imposed on the moment-method
matrix. That is, in the moment-method matrix, the element is kept
only if its magnitude relative to that of the largest one is above
a selected threshold and set to zero otherwise. Fig. 3 illustrates the
sparseness structures of the moment-method matrix obtained by using
this technique with thresholds of 5 x 10™* and 5 x 1072, where the
black ink indicates the remaining nonzero elements. The ratio R of
the number of the remaining nonzero elements to the total number
of elements can be obtained as R & 7.74% and R ~ 2.08% for the
respective thresholds selected above. Fig. 4 shows the magnitude of
the equivalent magnetic current obtained by using the sparse matrices
in Fig. 3. Note that with the threshold 5 x 10™*, the number of
the matrix elements drastically reduces to R =~ 7.74% after the
threshold processing. Although only such a small ratio of matrix
elements is employed, the resultant equivalent magnetic current is
still quite accurate as shown by Fig. 4. When the threshold 5 x 1073
is applied and the number of the used matrix elements further reduces
to R =~ 2.08%, some modest losses of accuracy appear near the
boundaries in the resultant equivalent magnetic current as shown in
Fig. 4. Considering that only a very small ratio (2.08%) of the matrix
elements is used in this computation, the result is reasonably accurate.

IV. CoNCLUSION

The utilization of periodic wavelet expansions in the moment
methods has been proposed here. Comparing with their counterparts
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on the real line, the periodic wavelets are more suitable to handle the
finite interval problems since they bypass the difficulties arising in
the use of wavelets on the whole real line to expand the unknown
functions defined over finite intervals. The periodic wavelet expansion
preserves the capability of generating sparse moment-method matrix
and adaptively fits itself to the various length scales. Numerical
example shows that the periodic wavelet expansion gives better
accuracy than the conventional wavelet expansion for finite interval
problems.
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Analytical Expressions for Simplifying the Design of
Broadband Low Noise Microwave Transistor Amplifiers

Garry N. Link and V. S. Rao Gudimetla

Abstract—An analytical expression for the minimum achievable noise
figure for a specified gain at a given frequency is derived for a microwave
amplifier. The minimum noise figure is given in terms of the specified gain,
the amplifier noise parameters, and the S parameters. Similarly, another
expression for the maximum gain at a specified noise figure is derived
in terms of the noise figure, the noise parameters, and the S parameters.
It is shown that these expressions simplify the tradeoff considerations
for broadband low noise amplifier design by avoiding the need to draw
several constant noise and gain circles at each frequency of interest.

I. INTRODUCTION

A broadband low noise amplifier is designed to meet a specified
gain versus frequency profile, usually either flat gain or 6 dB/octave
gain increase. The maximum acceptable noise figure over the entire
bandwidth is also specified. To determine the minimum noise figure
for the specified gain at a given frequency, the required gain circle
is drawn on the Smith chart along with several noise figure circles
[1]. [2]. The minimum noise figure corresponds to the noise circle
that is tangential to the gain circle. This process is repeated at each
frequency of interest to ensure that the specified gain can be provided
at or below the desired noise figure over the desired bandwidth. If
not, a different device must be chosen or an additional tradeoff must
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be made between the gain profile and the maximum allowed noise
figure. In any case, this is a tedious design procedure.

The procedure outlined above would be greatly simplified if an
analytical expression resulting in the minimum possible noise figure
for a specified gain at a given frequency was available in terms of
the specified gain and the published transistor parameters. Such an
expression could be used to directly find the minimum noise figure for
a specified gain at each frequency to determine if the specifications
can be met. If the specifications cannot be met with the available
devices, additional tradeoffs must be made between gain and noise
specifications.

Alternatively, an analytical expression that provides the maximum
possible gain in terms of the specified noise figure can be used with
similar results.

In this paper, these equations are derived and used in an example
to show the simplification possible in the design of broadband low
noise amplifiers. In addition, expressions for the corresponding source
reflection coefficients at each frequency are given.

Several related issues such as stability considerations [3], effects
of feedback [4]-[6], and optimum terminations [7] in terms of the
device noise parameters are discussed in detail in the literature, but
the direct relationships between noise figure and gain have not been
addressed.

In an important paper [8], Poole and Paul address a related problem
which results in the optimization of the noise measure of an amplifier.
The noise measure is a function of both the noise figure and the
available gain. Such a result is important in some applications where
a low noise amplifier is followed by a high gain amplifier. But, since
the overall noise and S parameters of a cascaded two amplifier system
can be calculated from the individual data for each amplifier, our
technique is also applicable in this case. Also, unlike the results of
Poole and Paul, the technique presented in this paper allows direct
control of both the noise figure and the available gain. Therefore, our
results are not precluded by the work of Poole and Paul.

II. BACKGROUND
Equations (1)~(9) below are taken from [1] and [2]. The noise
figure of a two port microwave amplifier at any frequency is given
by
4r,|Ts — l"opt[2
(1= Cs)1 + Tope|?

F = Fomn + (1
where Fruin, 7, and Top¢ are the published device noise parameters
and I's is the source reflection coefficient. The noise figure parameter
is given by

N — |FS — FOPt|2
1-|Tgl?
I'—F min 2
=—— |14 Tope|”- 2
47,” I + Pt| ( )
On a Smith chart, the circular locus of all possible source refiection
coefficient values that give a constant noise figure at a particular

frequency can be drawn. The center (C'r) and radius (Rr) of this
circle are given by

. Fopt

=iy N )
— 1 2 _ 2

RF —1—:‘1:—]\7\/]\7 +N(1 |Fopt‘ ) (4)

Similarly, expressions exist for the center (C;) and radius (R,)
of constant available gain (G 4) circles [9] which show the source
reflection coefficient values that provide constant available gain at a
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given frequency. The symbol “*” in the equations below represents
the complex conjugate operator

C. = gacjf

T+ ga(lSu? — [A)

=I.Cy )]

R = [1—2K]512521]9. + 1512521|292]1/2 )

‘ 11+ ga(|S11* = [A?)]

where
Go = é—fP )]
P 1S11* - [Sa2]* + 1A ®
2|512.521

Ci =511 — AS3, )
L Ja (10)

LS T g (ISuP = AP

The constant L;, which is related to the available gain, is defined to
simplify the derivation of the new expressions.

Presently, iterative graphical techniques are used to find the value
of source reflection coefficient that gives the minimum noise figure at
a certain gain, or the maximum available gain at a given noise figure.
After several constant noise figure and available gain circles are
drawn on the same Smith chart, the source reflection coefficient can
be extracted manually. Hence, analytical expressions are needed to
directly provide the optimum source reflection coefficient to simplify
the low noise microwave amplifier design process. These analytical
expressions are presented below.

III. MAXIMUM AVAILABLE GAIN FOR A SPECIFIED NOISE FIGURE

At a given noise figure, the maximum gain occurs at the tangential
intersection of the constant noise figure circle and the (unknown)
optimum constant available gain circle. This can be represented
analytically by

|Ca — C| = |Ra £ Rr|. (11

It should be noted that two values of available gain will satisfy (11).
These values correspond to the two possible gain circles that are
tangential to the given noise figure circle. Care must be taken to
ensure the optimum solution provides a source reflection coefficient
that is passive and results in stable amplifier operation.

To derive the maximum available gain, R, must first be given in
terms of the transistor parameters and the available gain. Solving (10)
for g, and substituting the result into (6) gives

Ro=[14 LI{(|51> = |AP*) (1 = |S22[*)

+ 1512821} = Li BaJ*/? (12)
where
By =14 [511]" — S22 = |A]. (13)
Using (9), (12) can be further simplified to
R. = [1+ L?|C1 % - Ly By~ (14)

Substituting (5) and (14) into (11) and manipulating algebraically
gives
+ 2Rp[l + L2|Cy|? — L1 B1]Y? =
|Cr® =1~ RE

+ L1 (B1 - CFC} - C}CI) (15)

Squaring (15) and rearranging results in the following quadratic
equation:

AL+ A1L1 + Ao =0 (16)
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TABLE I
ExaMPLE DEVICE S PARAMETERS, NOISE DATA, AND MAXIMUM STABLE GAIN

S11 §12 $21 822 Fmin] Rn |Gamma opt|MSG
{GHz}{Mag.| Ang. Mag. [ Ang.|Mag. | Ang.|Mag.| Ang.| (dB) |(Ohm){ Mag. | Ang. | (dB)
2 0.99 | -14° [0.018| 81° | 193 [166°{ 076 | 8° | 059 | 40.5 | 0.78 | 8 | 20.3
4 0.98 | -27° [0.034] 72° | 1.89 | 152°] 0.75 | -17°| 0.7 35 076 | 24° | 175
6
8

0.95 | 40° | 0.049( 63° [ 1.82 | 139°| 0.73 | -24° | 0.82 32 0.73 | 40° | 157
0921 -52°| 0,06 | 556° | 1,73 | 126°| 072 | -32° | 0.96 30 073 | 54° | 146
10 [0.89{-64°]0.068] 48° | 1.64 | 114°| 0.71 | -39°| 113 | 30.5 | 0.7 | 67° | 138
42 | 0.86 | -74° | 0.074| 42° | 1,65 | 103" | 0.69 | 46°| 1.3 30 0.66 | 80° | 13.2
14 | 0.83 | -84° |0.077| 37° | 1.45 | 93° | 0.68 | -53° | 1.48 23 062 | 91° | 128
16 0.8 | -94° 10.077| 33° | 1.36 | 83° | 0.67 | -60° | 1.68 16 0.59 | 104° | 125
18 | 0.78 | -103°] 0.076| 30° | 1.28 | 73° | 0.67 | -66°| 1.9 11.5 | 0.59 | 118° | 9.99
20 | 0.76 [-111°}0.074| 29° | 1.2 | 65° | 0.66 | -73° | 2.13 85 | 058 | 127°| 7.46
22 | 0.75 |-119°] 0.07 | 28° 3] 56°|066|-79°] 235 | 6.8 | 0.58 | 137° | 6.18
24 | 0.74 |-126°§0.068| 30° 6 | 48° | 0.66 | -86° | 2.56 | 5.7 | 0.59 | 145° | 5.25
26 | 0.73 1-133°§0.063] 33° 41° | 0.66 | 92°] 2.78 5 06 | 151° | 4.54

where
As =4R%|C1|° — (CrCi + C3CY — BY) (17
A1 =2[(CrCy + CFCT) (ICF P — 1 - RE)
+ Bi(1 - |Cr|* = R})] (18)
(1= [Tope|*)?
do =" 1
do (N +1)2 19
The solution to this equation, obviously, is
— 2 o
I = 4, £ /A7 4A0AH. 20)
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This solution is a function of the S parameters, the noise parameters,
and the specified noise figure. The optimum available gain values
can now be calculated using (7), (10), and (20). The source reflection
coefficient values are simply the point of intersection of the noise
figure circle and the available gain circles. These intersections are
represented mathematically by

Cy—Cr
I's=Cp — ————R
s F [Ca = Cr] F
for [|[C. —Cr| < Rs and Rp < R,
Co—Cr )
Ts=Cr+ m Rr otherwise. 20

The two solutions can be examined for stability.

IV. MINIMUM NOISE FIGURE FOR A SPECIFIED AVAILABLE GAIN

The minimum noise figure for a specified available gain is derived
by first combining (3) and (4) to obtain the following result:

N 2
R%L = il N|Cr|". (22)
Squaring (11) and substituting (22) gives
2 T * * 2 2 1\/7
(Crl*(1 4 N) = CrCl = CECa + 1l = RE = 555
N - 9
= 2Ra[ 5 = NICr 2. 23)

Squaring (23), substituting (3), and rearranging terms results in a
quadratic equation in terms of the noise figure parameter N

DN 4+ DIN+Dg=0 (24)
where
Dy =(|Cal® — R: = 1) — 4AR2 25)
Dy =2(|Caf® = B2 = 1) (|Topt — Ca|” = RB2)
+ARI(|Cope|” = 1) (26)
Do = (|Topt — Cul® — R2)®. @7
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Fig. 1. Maximum available gain for several values of noise figure.
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Fig. 2. Minimum noise figure for several values of available gain.

The solution to (24) is

=Dy 4 /D —4Do D>
- 2D, '
After choosing the minimum solution, (2) can be used to determine
the optimum noise figure value in terms of the specified available gain
and the amplifier parameters. Finally, (21) can be used to determine
the source reflection coefficient.

N

(28)

V. EXAMPLE DESIGN

The Toshiba JS8830-AS microwave low noise GaAs FET has the
S parameter and noise data given in Table I at a low noise bias point
(Vps =3V, Ips = 6 mA).

Fig. 1 is a graph of the maximum available gain (subject to the
maximum stable gain) that can be provided by this device for several
values of noise figure as calculated using (20). This figure shows that
this device is capable of providing a gain of more than 10 dB with
a noise figure of 1.5 dB over a wide (2—-14 GHZ) bandwidth. If it is
desired to extend the bandwidth to 24 GHz with the same noise figure,
the gain has to be reduced. The large change in maximum stable gain
occurs whetre the optimum solution changes from the positive sign
to the negative sign in (20). In other words, the optimum solution is
changing from one side of the constant noise figure circle to the other.

Fig. 2 shows the minimum noise figure for several values of
available gain. For example, if the required flat gain is 10 dB, the best
possible noise figure is less than 2 dB from 2-16 GHz. The device is
not capable of providing this amount of gain at higher frequencies.

VI. CONCLUSION

Analytical expressions have been developed to directly optimize
the performance of microwave amplifiers. The expressions give the
maximum available gain for a specified noise figure and the minimum
noise figure for a specified available gain. The optimum source
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reflection coefficient can then be calculated using the results of these
expressions. These results can be extended to broadband microwave
amplifier design by finding the optimum source reflection coefficient
over a range of frequencies. The inclusion of these expressions in the
advanced computer aided design tools that are now available would
significantly simplify the low noise microwave amplifier design
process.
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Simple and Explicit Formulas for the Design and
Analysis of Asymmetrical V-Shaped Microshield Line

Kwok-Keung M. Cheng and Ian D. Robertson

Abstract— This paper presents some simple, explicit and practical
formulas for the evaluation of the quasi-TEM characteristic parameters
of asymmetrical V-shaped micreshield line, based on a conformal map-
ping procedure. These formulas give very accurate results in terms of
elementary functions rather than the exact solution in terms of difficult
functions. Two sets of expressions are described using first and second
order approximations. These equations are easy to implement, thus
making it an excellent choice for use in computer aided design, analysis
and optimization of V-shaped microshield structures.

1. INTRODUCTION

Recently, the microshield line, a new type of transmission line
[1]-{4], has been the subject of growing interest as it has presented
a solution to technical and technological problems encountered in
the design of microstrip and coplanar lines. The microshield line,
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when compared with the conventional ones, has the ability to operate
without the need for via-holes or the use of air-bridges for ground
equalization. There are further advantages like reduced radiation
loss, reduced electromagnetic coupling between adjacent lines, and
the availability of a wide range of impedances. Various types of
microshield structures have been reported [1], [2], and [4] including
the rectangular, V, elliptic, and circular-shaped transmission lines.
The quasi-TEM study of V-shaped microshield line (VSML) has
been performed both by a method of moments [3] and a conformal
mapping technique [4]. These methods give highly accurate results
but are computationally intensive.

In this paper, a set of CAD-orientated closed form expressions
that can be readily evaluated is derived for the characterisation of
asymmetrical VSML. Both a first and a second order model for the
approximation of the exact solution are presented. The analyses are
based on the conformal mapping method and the assumptions of pure-
TEM propagation and no dispersion effect. The characterization of the
asymmetrical version of the VSML is extremely important because it
could offer additional flexibility in the design of integrated circuits.
Futhermore, it also allows one to evaluate the actual characteristics
of a VSML normally designed to be symmetrical, but the fabrication
of which is imperfect.

II. ANALYSIS OF ASYMMETRICAL VSML

This section gives a brief derivation of the characteristic parameters
of an asymmetrical V-shaped microshield line. Similar mapping
procedure has been described in [4] for a symmetrical line structure.
The asymmetrical VSML configuration to be analyzed is shown
in Fig. 1(a), where the ground plane is bent within the dielectric
in a V-shape to form the equal sides of an isosceles triangle. All
metallic conductors are assumed to be infinitely thin and perfectly
conducting, and the ground planes to be sufficiently wide as to be
considered infinite in the model. It is assumed that the air-dielectric
boundary between the center conductor and the upper ground plane
behaves like a perfect magnetic wall. This ensures that no electric
field lines emanating into the air from the center conductor cross the
air-dielectric boundary. Although this assumption is hardly verified
for large slots, it has proven to yield excellent results for practical
line dimensions. The center conductor, of width b, is placed between
the two ground planes, which are located on a substrate of relative
permittivity .. The overall capacitance per unit length of the line
can therefore be considered as the sum of the capacitance of the
upper region (air) and the lower region (dielectric). The capacitance
of the lower region can be evaluated through a suitable sequence
of conformal mappings. First, the interior of the V-shaped region
is mapped onto the ¢ domain (Fig. 1) by the Schwartz-Christoffel
transformation

1
/ (12 = 1)/ gy )
1]

and then back onto the w domain using a second mapping function

/‘ dt

u =
o V({t+te)t—te)(t—tc)(t—tp)

where 2/ is the flare angle (in radian) of the V-shaped wall. The
intermediate parameters tc, t p and ¢, are evaluated by the following
implicit expressions, as a function of 3 and the geometrical ratios,
di/b,ds/b and b/W . of the structure

ZE _ da+di+b  ((arcsin(tg))

zB w {(mw/2)

)

(3a)
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