
IEEE MICROWA17E AND GUIDED WAVE LE’ITERS, VOL. 6, NO, 11, NOVEMBER 1996 4Q7

Specifications for a Linear Network Simultaneously

Noise and Available-Power Matched
Luciano Boglione, Student Member, IEEE, Roger D. Pollard, Senior Member, IEEE,

vasil Postoyalko, Member, IEEE, and Tariq Aktm, Student Member, IEEE

Abstract— This letter addresses the problem of designing a
linear lossy input matching network for low-noise amplifiers

so that the source impedance can deliver its available power

and correspond to the minimum noise figure of the driven

stages. The differences between Iossless and 10SSYnetworks are
highlighted because matching circuits are usually considered
to be lossless when designing an amplifier. After stating the

assumptions, a solution to the problem of the minimum number

of elements fulfilling the requirements is developed. The result
explains why the standard distributed approach often fails to
cope with minlimum noise specifications when practical elements
are considered.

I. INTRODUCTION

T HE MOIST desirable input matching circuit for a mi-

crowave active device should allow the source to deliver

all its available power and simultaneously be the impedance

corresponding to the minimum noise figure of the cascaded

stages (Fig. 1). This letter addresses this issue and presents

some theoretical results about the design of a real lossy input

matching circuit. It is noticeable that the device J’~in can still

be achieved if a series feedback is applied to the transistor: the

lossy input matching stage will increase the overall F#n, but

a proper choice of the series feedback element can decrease

the device Flnin [1], [2] so that F#n N Fmin. The chained

stages are described by

C“’=l%‘$1“’+T’CAT’+‘1)

“’’=k$:~1‘T’TA (2)

0s are correlation matrices [3], ~A = p~A ~=

where p~A is the correlation coefficient of the stage, T“’s tie

transmission matrices, and the superscripts refer to the input

matching circuit (1), to the following active network (A), and

to the cascade of the two (1A). * and + are, respectively,

the conjugate and the Hermitian conjugate operation. Thus,

noise parameters change nonlinearly as functions of the input

stage (l), while the signal matrix TrA is linearly dependent

on the input matching network (2), once the active stage T’

is defined. Further stages are neglected in (1) because they

follow the active device [4].
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Fig. 1. Input-matching stage cascaded with a microwave amplifier and the
assumptions for the design.

II. ASSUMPTIONS

Consider Fig. 1. The following assumptions are made.

1) The stages are linear.

2) The source impedance is 20 and the scattering parame-

ters are normalized to 20.

3) The amplifier is assumed to be simultaneously signal

and noise matched, i.e., SSNM~ = I’~ – 17$~p,= O.

SSNM defines a measure of how close the power match is

to the condition for minimum noise figure. The condition

SSNMA = O is achievable in microwave low-noise amplifiers

by a proper choice of the load r~ = I’~sNM [5], usually after

making use of a feedback element [1].

A proper choice of the load is necessary in order to get a

SSNM condition at the input port of the device; this technique

usually fails if applied to a device without feedback. If this

condition is not achieved, the input matching network cannot

simultaneously provide two different values—i.e., I’;:’ and

I’$OP,—at the design frequency. The SSNM condition of
the amplifier allows for the matching circuit to deliver its

available power and a simultaneous noise and input match

to be transferred to the input port of the cascaded stages,

i.e., SSNM~A = O. The underlying assumption is that the
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overall design is carried out in two steps, the design of the

amplifier and the design of the input matching circuit. If the
amplifier’s matrices CA and TA are known, the analysis can

be focused on the input matching stage and simplifies the

design problem. Different results might be expected if both

the matching network and the amplifier had to be designed at

the same time, e.g., by letting the feedback element vary. A

full analytical approach as the following Sections, however,

describe seems too complicated due to the inherent nonlinear

nature of (1).

III. REQUIREMENTS

At the design frequency, the input matching circuit must

satisfy the following requirements:

r::pt ––o (3a)

r{$ = o (3b)

r:ut = rf?pt. (3C)

The system of equations (3) implies:

a) the source impedance to correspond to the optimum

source reflection coefficient of the driven stages, so that

the minimum noise figure of the cascaded stages is

achieved;

b) the source to deliver all its available power to the driven

stages;

c) the output port of the matching circuit to deliver all its

available power to the next active stage.

Notice that (3a) implies a noise requirement that is usually

neglected at the early stage of the design. Equations (3b) and

(3c) are equivalent in the case of lossless reciprocal networks,

but not for practical lossy networks.

IV. DISCUSSION

As described in Appendix A, system (3) can be restated as

O =Zo(g~ + R~lC~12 + 2!Re[~C1’D~] +gflD~12)

- Yo(R~ + R$IA112 + 2!Re[~A~*13~] +g#lB~[2)

(4a)

o =Qm[z + R~A1’C1

+ ~* B1” C1 + F:A1”DI + g: BI” D1] (4b)

o = [1 + (rg?opt)*]A~ + [1 – (J%OPJ*I(BWO)

- [1+ (rg=F&)*](c’zo) -[1 - (r~opt)*]D1 (4C)

o = [1+ r&pt]A1 – [1 – r$opt](B1yo)

+ [1 + r$opt](c~zo) – [1 – r$opt]D1. (4d)

The system (4) is a compact set of nonlinear equations

at a fixed frequency; there are seven unknown input stage

parameters: four of them refer to its transmission matrix,
AI, 51, CI, and D1; three refer to its noise behavior, R:, g:,

and pi. These seven unknowns are not independent.

1) If the input matching circuit is passive, then a plain

expression between noise and signal parameters is ob-

tainable as Appendix B demonstrates.

2)

3)

Suppose the input stage is an ordinary distributed match-

ing circuit—a transmission line and a stub. Once the

substrate has been chosen, the length and width of

the transmission line and of the stub are the only

independent variables. These four variables set up both

the signal (the transmission TI matrix) and the noise (the

correlation CT matrix) performance of the stage [6].

Assume the input stage is made of lumped RLC com-

ponents: then, it is possible to work out the signal and

noise parameters of the input stage as functions of these

components.

There is no assumption about the passive or active, dis-

tributed or lumped nature of the input stage in writing (3). The

relation between the noise and signal parameters of the input

stage, however, has to be known, so that the expansion (4) may

be restated as a function of the unknown circuit elements.

The input stage noise parameters may be expressed as

functions of the complex unknowns A1, BI, CI, and DI.
Three complex equations form system (3): there are more

unknowns than equations. If the circuit has to be reciprocal,

however, the determinant of TI must be one. A reciprocal

matching circuit must provide four degrees of freedom for

its Tr matrix; each is responsible for a complex matrix

term. A lumped circuit must contain resistors in order to get

complex elements in TI. Therefore, either a simple stub plus

transmission-line matching circuit or a lossless network cannot

fulfill the goals (3).

For instance, if a single lossy transmission line is considered

as input matching circuit, the only unknown is its length 1. Its

correlation matrix is [6]

[

~ZO sinh(20d)
C1= 2

sinh2(c@

sinhz(at) ~YO sinh(2al) 1
where a is the attenuation in Np/m. Its transmission matrix

satisfies 11’~I = cosh2 (71) – sinhz (T1) = 1 where v = a + .I’~

and ,6 is the phase constant in radfm. After substituting the

transmission line parameters_into (4a) the condition (g#Zo –

R~Yo) cos(2~l) = 2Jle[jp$] sin(2~l) is obtained; (4b) is

satisfied if (g#ZO – R~YO) sin(2@l) = 29m[~] cos(2/?l);

(4c) and (4d) are solved only if I’~op, = O. This last condition

on the amplifier is equivalent to g~Zo = E~Yo and ~m[~] =

O, as it can easily be demonstrated by applying the expressions

developed for Y& in Appendix A to Y~~P, when a real

characteristic impedance Zo is considered. Therefore, (4) is

valid W only if I’-& = O. This result is quite obvious: the
amplifier is already signal and noise matched at its input port

r~ = r$:p, = O and a lossy transmission line will transfer

the SSNM condition to its input port while affecting the noise

figure only.

V. CONCLUSION

Noise and signal requirements for a distributed or lumped,

active or passive matching network set up a system of non-

linear equations. A reciprocal matching circuit must provide

four independent complex terms for its signal matrix. There-

fore, a microstrip network comprising only two transmission

line elements cannot satisfy the requirements. Nonreciprocal
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networks can satisfy the system. The matching network must

comprise resistive elements in order to have complex elements

in its Tr matrix. The active network after the matching stage

must satisfy the condition r~ = (R&)* if the source has

to deliver its available power and to assure FrA = F~&

simultaneously. This letter assumes that the second stage

(Fig. 1) is designed before defining (3) on the input-matching

circuit. A simultaneous design may lead to different results.

The SSNM requirements (3a) and (3b) may be relaxed in order

to investigate those applications where an extremely low input

return loss is not required.

APPENDIX A

The system of equations is given as (3). Consider equation

(3a), which corresponds to Y&, = YO. According to [7], after

taking real and imaginary parts, the equation can be rewritten

as

(5a)

B:; = O (5b)

where YCO, .= G~~ + jB~~ is the correlation admittance

rof the cascacled network. Since Y# = p~A gIA/RIA =.

Piz/RiA,it is Possible to write

@AL = 9:A _
1~/2

.—IY4$ 12R;A = 9iA R;A

!Re[fi]
‘Al = ~G~fi. = !J2e[Y& ~

Sm [~]
B::, = %[y:$] = R~A -

n

After substituting (6)–(8), system (5) is equivalent to

m – ~“)z = (2 R;’4YO)24g;4R~A + (Pn

~_~*=o.

(6)

(7)

(8)

(9a)

(9b)

After expanding R~A, g~A, and ~ from (l), (4a) and (4b)

are obtained from (9a) and (9b).

Now consider (3b). r~~ = O is equivalent to Z~A = 20 or

in terms of the T1 matrix elements

ZIA = Br + AIZ: _ z
m DI + CIZ~ – 0

which gives

Z;;AI + L# – ZOZ&I = ZODI – O. (lo)

Using r: = r::,, and Z: = Z.(I + r:)i(l – r:), UO)
reduces to

[1+ (l’$OI,,)*]A1 + [1- (r#op,)*]Nyo

- [1+ (rt$pt)*]clzo - p - (rgop, )*]@ = 0,

Finally, consider (3c). Since the source reflection coefficient

is zero, r:ut = S~2, which can be rewritten in terms of the

Tr elements [8] as

S;2 =
–AI +YOBI – CIZO + D1 r~—
AI + YOB1 + CIZO + DI – %t

The final equation is therefore

[1+ r:opt]A~ -[1 - rfJB’Yo

+ p + rgopt]clzo– p – r:optp = o”

APPENDIX B

The noise figure can be expressed as

F= ~min+#;j;;;i2 (11)

where ,8 = R~/Zo/ 11+ I’soP, 12, while the available gain as

I – ]rslz

‘a” = 11-sllrSy’s21’21 - Ii!outlz
(12)

both as functions of the scattering parameters of the stage. Here

I’OUt = (S22 –AI’S)/(1 – S1lI’S) and A = S11S22 –S12S21.

For a passive noisy network F = I/Gav holds so that (11)

and (12) can be equated. The result is

F . = 1– ISI112– IS2212+IA12+(Z
mm

2/s2112

rsop, =
(S1l – S;2A)*

plsz,p

p=
1 + ISI112 – 1S2212– IA12 + a

21s2112

~=@+lSI112-/5’2212- IA12)2-41SUS;2A12.

The sign providing 117SOP,I <1 and ~~in >1 should be chosen.
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