Analysis of multilayer amplifier structure by an
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Abstract—A new compact microwave amplifier structure using
an iterative technique based on the wave concept @P) is
presented. This new multilayer structure is compose of five
planar interfaces with microstrip lines. The technque used to
model this structure provides a mixed resolution inmodal and
spatial domain taking the best advantage of each selution
domain and lower computation time. The purpose ofttis work is
to demonstrate that a near field amplification teclmique is
possible and the WCIP is suitable to electromagnetianalysis of
this kind of structure.

Index Terms— Microwave amplifier,
Electromagnetic analysis.

Iterative methods,

I. INTRODUCTION

The usually used WCIP scheme is very simple. Two
operators relating incident and reflected waveshmspatial
domain and in the modal domain governs the itegativ
procedure. It can be represented through two empsati

A=SB+A (1)
B=TA )
whereA, is the local source of the circuit.

When the wave concept is extended for multilayer
structures, a new relationship formulation betweeves is
introduced for the transformation between two asljc
interfaces [4]. The boundary conditions on therfatees are

FORMULATION OF THE WCIP

The manufacturing of miniaturized hybrid microwaveepresented by a diffraction operator, S, definedspatial

integrated circuits (MHMICs) is performed either bging

domain. In the homogeneous media, the wave projpagat

the multilayer LTCC or HTCC (low or high temperatur between interfaces are represented by a transfiegixnig, and

cofired ceramic) technology [1]. The use of maltir
circuits makes microwaves circuits more compact #mel
design more flexible [2]. For applications in thellimeter-
length bands, new methods for the conception cfettoircuits
have been developed, and others perfected, in ¢odereet

on the extremities of the circuit (top and bottoly a
reflection operatod;, both defined in modal domain.

The structure under study is composed of five fatass, a
transmitter and receiver, an amplifier and two ppkas
positioned perpendicularly. Using the wave concepi

requirements such as cost, performance and corplexiinterfaces of the polarizers can be substituted visual

These methods allow the integration of differentclions on
the different planar surfaces among the dieledaiers on
which the active and passive elements are deposisaty
several techniques. This article presents an efftdiechnique
based on the Wave Concept Iterative Procedure (YWoiP
solving continuity conditions in terms of waveshet than in
terms of tangential electric and magnetic fieldatmalyze a
compact microwave amplifier structure. This methsdot
conditioned by the complexity of the circuit designd was
proved to be particularly interesting for planacuait [3].
In the work reported herein the analysis and sitrareof

a strucuture with five interfaces were caried autepresented
in Fig. 1.
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Fig. 1. Block diagram of the amplifier structure
Section Il provides the formulation used with theC\¥.
Simulations and results are presented in sectibriihally,
conclusions are included in section IV.
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interfaces. For example, an ideal polarizgrd®es not disturb
or attenuate the propagation of thg &ectric field and
produces a total reflection of thg Electric field and it, it is
easy to express,h terms of waves:

Eiy = \/Z_Ol(Ay - B|y) (3)

To satisfy the boundary conditiors, = 0, the relationship

between the incident and reflected waves becomes:
Ay = _ay 4)

As a result the polarizers can be expressed biratb
the modal domainhat avoids the discretization in the spatial
domain. Therefore the structure is composed oftipteysical
interfaces. For the amplifier interface modelingisiused an
auxiliary feed method. This method allows the
electromagnetic modeling of structure composed assjve
elements (P) and active element as represented.i2.F

Fig. 2. Example of active circuit



The first step of the method is the electromagreatialysis
of the passive structure substituting the activment by an
auxiliary feed as shown in Fig. 3. (a).
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Fig. 3. (a) Passive structure analysis (b) Activecture analysis

The admittance matrix jYof the structure is determined
using the WCIP. The second step consists in substit the
auxiliary feed by the electrical representationtioé active
element as illustrated in Fig. 3. (b), wherg répresents the
impedance of a diode. Considering this active etdnmas
negative impedance:

®)

As a result, a new admittance matrix is calculaed the
three-port circuit becomes a two-port circuit. Fromis
admittance matrix of the amplifier structure, tlhefficients of
the equivalent scattering matrix are given as:

2
- (1_ ZchlAmpI )(1_ ZcY22Amp|) + Zc Y12Ampl Y21Amp|
2
(1+ ZchlAmpI )(l_ ZcY22Amp| ) - Zc Y12Ampl Y21Amp|
_ZZCY21AmpI

S, =
A+ ZNMamp Y= ZYoopmp ) — z? Yi2ampl Y21amp
where Zis a 5@2 characteristic impedance.

1

(6)

(7)

Finally, it is possible to express the boundaryditions in
terms of waves on each cell of the structure ustigty.

In order to present and evaluate the performancthef
proposed tools, a simulation of the amplifier stowe was
performed. Fig. 4 shows the multilayer structurgahwihe
physical interfaces used with the auxiliary feedhmod.
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SIMULATION RESULTS
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Fig. 4. 3D view of the structure with auxiliary fe

On the first interface, the microstrip feed lines veidth of
2mm and length of 18mm. On the second interfacelthe
resonator has width of 4mm and length of 20mm. i@nthird

interface, the microstrip line has the same dinmssias the
first interface. Expressing the polarizers directhto the
modal domain avoids the discretization in the ghatomain.
Therefore, a time computational of 30% associatih these
operations is released. The waveguide is 32mm \gicle
32mm |Ong,8r1 = &2 = &3 = 2.2,8r4 =1 andll = |2 = |3 =

0.65mm. A simulation of the proposed amplifier sttwe was
conducted varying the negative impedance of thdedfoom -

1200 to -6(2 at a frequency of 5.6GHz. As seen in Fig.5, a

gain of 13.4dB is obtained for negative impedangefB0Q
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Fig. 5. Gain versus impedanicihne amplifier structure
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IV. CONCLUSION

In this paper, an implementation of the WCIP for a

multilayer amplifier structure is presented. Thetaited

results show that the method herein formulated and

computationally implemented is suitable to electagmetic
analysis. A very good result of 13.4 dB is obtaineith a
simple negative impedance model. The next stepisfwork
is to substitute this impedance by a transistorehading the
WCIP and the auxiliary feed method.
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