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Abstract

Up until now the simplified "real frequency" technique
has been applied to the design of broadband multistage
microwave amplifiers where gain and VSWR are optimi-
zed. In this paper we extend the method to the optimi-
zation of the noise figure in parallel with the gain and
VSWR. The synthesis of the networks is carried out in
“two ways, with lumped elements and distributed ele-
ments. Then we give several examples of design ; ultra
wide band GaAs monolithic amplifier, transimpedance
amplifier for optical receivers and low noise ultra
wide band amplifier.

1 - Introduction

In the design of broad-band multistage microwa-
ve amplifiers the double-matching real frequency me-
thod [1] has been used favourably. It is a powerful syn-
thesis tool developed to design lossless impedance mat-
ching networks. This method utilizes directly the mea-
sured data obtained from the generator and the load
networks (scattering parameters of the FET devices).
Neither an a priori choice of an equalizer topology, nor
an analytic form of the system transfer function, is
assumed. No transformers are used in the synthetized
solutions. The optimum solution of the problem is gra-
ranteed as the method is associated with a strong opti-
mization process, such as the J. MORE routine [2]
which is an improvement on the levenberg-Marquardt
technique. It should be noted that the nonunilateral
behavior of the transistor is taken into account.

In very high data rate fiber-optic systems, such
as an optical receiver, it 1s necessary to have a band-
width spanning usually three decades. But at low fre-
quencies, microwave GaAs FETs are unstable and vir-.
tually impossible to match over large bandwidths. It is
thus necessary to use either lossy matching or RL feed-
back to reduce terminal impedances and stabilize the
transistor [3]. The GaAs MESFET is thus embedded in a
network including a parallel feedback loop, a drain se-
ries inductance and a gate shunt resistance to form an
elementary module termed Transistor Feedback Block
(TFB). Then we extract the scattering parameters of
this TFB and use the simplified real frequency method.
With this approach we have designed and built a 6 MHz-
6 GHz microwave amplifier in hybrid and monolithic
technology (PLESSEY foundry, GB) for a wide-band fiber
ptic receiver at 4.8 Gbit/s (fig. | and fig. 2) [3] [4]. We
explicit now the simplified real frequency method; the
initial version and the extension of the technique [3, 4.
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Fig. 1 - Hybrid three-stage 6MHz-6GHz
amplifier - LANNION (F)

Fig. 2 - Monolithic two-stage 6MHz-7GHz
amplifier - PLESSEY (GB)

II - The simplified real frequency technique

Initially, the simplified real frequency technique
was introduced by YARMAN and CARLIN [1]. It is an
optimum approach to broadband matching. In this sec-
tion we show how the simple formalism of this method
allow us, without complex calculations, to optimize
many characteristics of a multi-stage microwave ampli-
fier.
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a ~ Formalism

It has been shown [5] that the scattering para-
meters of lossless reciprocal two-port E, or equalizer,
can be completely determined from the numerator poly-
nomial h(p) of the input reflexion e, (p). E is assumed
to be a ladder network. Then the scattering parameters
are given as {Belevitch representation) :

e“(p) = hip) / gp)

= e21(p) =+p' / glp) n

= (-1)" h(-p) / glp)

where r > 0 is an integer and specifies the order of the
zeros of transmission. The polynomial

h(p) = h, + h; p + «. + h_pN is chosen as unknown and
the polyhormal g(p) 1s generated from the Hurwitz fac-
torisation of

&P g(-p) = h(p) h(p) + (-1

e P

e,.(p)

¥ (E assumed lossless) (2)

With these expressions we are able to describe all the
characteristics of a multistage amplifier (1.e, gan,
VSWR. and noise figure) using the measured scattering
parameters and noise data of the FET.

b - Transducer power gain
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Fig. 3 - Computation steps for designing
a broad-band multistage amplifier
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Fig. 4 - Synopsis of CAD procedure FREEL

Refering to Fig. 3 for the first k cascaded am-
plifier stages, the transducer power gain (TPG) is given
by [17:
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T(w) =T, (0) (3)
k k-1 | 2 A 2
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1, "G, 22 11,
Le. Tk(w) = Tk-l(w)’Ek(w) )
where T : 15 the TPG of the first (k-1) stages
k-1 .
with normalized resistive terminations,
(el.)k : scattering parameters of the kth equa-
PX lizer B,
(Slj)k : scattering parameters of the kh TFB.

The overall gain T{w) 1s defined after the final equali-
zer Ek+1 has been added :

T(w) = (T) = T, e T B, () (5)
¢ - Input and output VSWR

Using the same method, we are able to define
the input and output VSWR. For the furst k cascaded

stages, the mput and output VSWR are gtven by [3,4] :

“leu 1|

Rink = Ak (e
|S I
22 k 7)

Routk™ S5, k]

d - Noise figure

Up until now the simplified real frequency
method has been applied to the optimization of gain
and VSWR characteristics. Now we show how this tech-
nique can take nto account the noise parameters of the
FET and optimize the noise figure of each stage. So,
refering to Fig. 3, the noise figure of the amplifier at
stage k 1s given as :

7% 220ptk| 1

.
nk "k“'ezzthkl =&
[8]

[F +R

1
k-17T_

F, =F
K ak-1

mink”*

where

1 e

] ¢ s the noise figure of the (k-1) first stages

min k
ak-1°
nk *
ok *
22k ¢

T

: munimum noise figure of the kth FET

—

: Available gain of the (k-1) first stages

noise resistance of the kth FET

oo

normalized conductance

[0

reflection coefficient at the output of
the equalizer E, to the left
€ opt k'’ optimum value of the reflection coef-

ficient €50k

Consequently, the noise figure of each stage can be op-

timized with only the polynomial h as the gain and
VSWRS.

e - Optimization of gain, input VSWR and noise figure

Here, the optimization will be performed simul-
taneously upon the transducer power gain, the input
VSWR and the noise figure. Relating to the gain, 1t has
been shown [5] that the convergence behavior of the
simplified real frequency technique s excellent (the
degree of the nonlinearity of 1/T(w) tends to be qua-
dratic).




At stage k (fig. 3), according to the least square
criterion, the objective function can be written as :
m
2 _1)2 _1)2
Ek jzzl Wl(Tk(wj)/TOk 1? + W2(Rmk(w j)/ROk 1)

+ WB(Fk(uo]./FOk—l)Z 9

where T0, , RO, and FO, are the desired gain, input
VSWR and noise figure to be approximated, m is the
number of sampling frequencies over the bandpass, W,
W, and W, are weighting functions. At each iteration,
h.”+ Ah, are corrected to minimize the objective func-

tion ‘using the J. MORE routine which 1s an improve-
ment of the Levenberg-Marquardt algorithm. VectorAh
is given as :

bh-- T3 an™ortaTe,

where :
e, is the error vector

(10)

J: the Jacobian Matrix of e (where the elements
are : Bej/ahl 3j=le.mysyr=1la.n)

D : a diagonal matrix which take into account the
scaling of the problem

o: the Levenberg-Marquardt parameter.

J. MORE introduced relattonships between J, D
and o which permit rapid convergence, and this without
initial guess on the vector h.

f - Design with transmission line elements

The real frequency technique presents results in
lumped elements in the matching circuits. However, it
is able to proceed directly to the reahzation of the
equalizers made from transmission lines by using Ri-
chards's transformation for the frequency variable

(1

where T 1s the delay length of the commensurate trans-
mission line. All the approxtmations are now calculated
in the transformed §! domain, but otherwise, the real
frequency procedure remains basically unchanged [6].
Here the real normalized scattering parameters of E
are given as @

t=jR=jtanwt

__h(1)
1™ = (n .
2
(1 -1
ey = e (1) = G
h(-1)
€220 = -2

where q ts the number of parallel stubs.

Fig. 4 shows the different stages of the CAD procedure
associated to the method namely FREEL. The results
obtained are in concordance with the commercially
available computer programs.

III - Examples of design
1) MMIC Amplifier 50 - 50 Q. 1 MHz - 10 GHz

We have already designed and built an amplifier

50 Q- 50 R 6 MHz - 6 GHz [3], [4] for an optical recei-
ver at 4.8 Gbit/s. For a similar project at the CNET of
LANNION (France) we have designed a 50 - 50 &,
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1 MHz - 10 GHz for an optical receiver at 9.8 Gbit/s.
It 1s a three stage monolithic amplifier which will be
carried out at the GaAs ANADIGICS foundry (USA).
In this circuit, diodes permit decoupling bias at low
frequencies (fig. 5).

2) Transimpedance amplifier

Anoptical receiver consists of a photodetector and
a low-noise amphfier (transimpedance). A photodiode 1s
assumed to be a high impedance current source with a
shunt capacitance. The transimpedance amplifier 1s pla-
ced before the post-amplifier (ex : amplifier 1 MHz -
10 GHz design above). We give an example of transim-
pedance design (200 @ - 50 Q3 0.3 - 2.5 GHz) which
will be carried out in hybrid technology with the
NEC 32000 transistor (fig. 6). Gan, input VSWR and
noise figure are optimized symultaneously. Noise
figure is less than 2 over 1 GHz to 2.5 GHz.

3) Ultra-wide band low noise amplifier

The latest developement in GaAsFET technology
(low noise HEMT transistor) permits a higher break fre-
quency amplifier, fig. 7 shows the design of an ultra-
wide band (0.1 GHz - 30 GHz) low-noise amplifier
(transistor FHX02X Fujitsu) with distributed elements.
We obtained a good flatness of the gain and VSWRS
less than 2.
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Fig. 7 - 0.1 - 30 GHz two-stage amphfier

IV - Conclusion

The double-matching real frequency method descri-
bed in this paper is particularly useful in practical de-

sign problems such as broad-band microwave amplifiers.

After the VSWR optimization, we have included noise

in the method, and optimized 1t using the same routine.

Loads and devices need only be specified by empirical
data, and since an a priori choice of an equalizer topo-
logy is not assumed, the technique has wide flexibility
in 1ts range of application. Furthermore this technique
can be applied to other devices where broad-band mat-
ching is important, such as antennas or active filters.
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