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ABSTRACT
A full-wave finite element analysis is used to

examine the dispersive effects of a thin metal-

insulating layer in CP W and microstrip MMICS.

This layer is often encountered in the MMIC man-

ufacturing process residing on top of a semicon-

ducting substrate. The effects of metallization

thickness are also examined.

I Introduction

Since many monolithic microwave integrated cir-

cuits (MMICS) are currently realized on multi-

layer semiconducting substrates, the frequency

dependent effects due to a thin metal-insulating

layer must be accounted for. At present, the most

common transmission line used in microwave cir-

cuit technology is the microstrip line. However,

MMIC technology is also showing trends toward

more coplanar waveguide ( CP W) configurations

[1]. The addition of a thin metal-insulating layer

is often introduced in the semiconductor manu-

facturing process as a passivation layer, electric

isolation between two metal layers and realiza-

tion of MIM capacitors [2] ,[3]. Since this layer

is generally very thin compared to neighboring

substrates, its effects on wave propagation are

usually ignored and not well known. It is im-

portant to characterize the frequency dependent

effects of these thin layers using more rigorous

analyses, such as full-wave techniques, in order

*This material is based upon work supported by the

U.S. Army Research Office under grant DAAL03-92-G-

0262.

to optimize microwave circuit performance and

design. Planar structures, such as microstrips

and CPWS, have been studied using a variety

of computational methods including the Spectral

Domain Approach (SDA) [1] and Finite Element

Method (FEM) [4]. While the SDA is a popu-

lar choice for analyzing simple planar configura-

tions, the FEM is the most generally appli~cable

and versatile technique, since it allows modelling

of arbitrary geometric and material complexities.

This paper examines the effects of a thin metal-

insulating layer of Silicon Nitride (Si3N4 ) on

the effective dielectric constant and characteristic

impedance of two MMIC transmission line con-

figurations. This layer of Si3N4 is commonly

found in the semiconductor process residing on

top of a Gallium Arsenide (GaAs) substrate. Two

common planar structures, microstrip and CP W,

are investigated with and without a thin metal-

insulating layer of Si3N4; the effect o-f finite con-

ductor thickness in conjunction with such a laver. .
is also considered. The effective dielectric con-

EIustant and characteristic impedance of the domi- I
,,

nant mode is examined as a function of frequency.

II Theory and Formulation

A full-wave analysis of shielded planar waveguide

structures, which incorporates arbitrary materi-

als and geometries, is formulated using the FEM

applied to the electric field vector wave equation:
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It is assumed that the dependence of the electric

field in the longitudinal direction is e-~~”z, where

kz is the corresponding propagation constant in

the z-direction. The formulation involves repre-

senting the longitudinal fields using nodal basis

functions and the transverse fields using vector

basis functions [4].

After solving the eigenvalue problem at each

frequency point, the propagation constant in

the z-direction and the corresponding normalized

transverse and longitudinal fields inside the struc-

ture can be obtained. Although the definition of

the characteristic impedance is not unique for in-

homogeneous waveguide structures, the voltage-

power definition was chosen for the current anal-

ysis.

111 Numerical Results

Two commonly used structures in MMIC designs,

the CP W and microstrip, whose geometries are

shown in Figure 1, were modelled using the FEM.

In practical circuit designs, it is important that

finite conductor thickness be accounted for. This

was incorporated in the analysis at values of t =

0.5pm and 3pm for both CPW and microstrip

configurations. The dispersion characteristics of

the dominant mode are examined as a function of

frequency for configurations with and without a

thin metal-insulating layer.

The method implemented in this paper was val-

idated by comparing results with the SDA. Fig-

ure 2 illustrates the comparison between the two

methods in the case of a CPW with no conduc-

tor thickness. The effective dielectric constant

obtained using the two methods are in excellent

agreement for cases with and without the Si3N4.

Analysis of the CPW structure has been fur-

ther investigated for various heights (h2) of a

thin metal-insulating layer. Figures 3 and 4 il-

lustrate the corresponding dominant mode disper-

sion characteristics (c.ejf and ZC, respectively) for

a conductor thickness of O.5pm. While holding

the total substrate height (hl + h2) constant, the

thickness of the Si3N4 layer (h2 ) is varied from

0.2pm to 2.Opm. It is observed that both the

creff and ZC of the dominant mode change quite

significantly when the Si3N4 layer is varied from

0.2 to 2.Opm. Specifically, at low frequencies the

G.e$j changes from % 6.75 to x 5.35, whereas the

Z. changes from % 50.OQ to = 56.00. In many

MMIC applications and designs, such significant

variations in the effective dielectric constant and

characteristic impedance must be accounted for;

otherwise, unnecessary dispersion and/or reflec-

tions due to transmission line missmatch will re-

sult .

The same CPW configuration, shown in Fig-

ure 1, was considered this time using an increased

conductor thickness of 3pm. The dispersion char-

acteristics, C,.fj and ZC, are illustrated in Fig-

ures 5 and 8, respectively. Both these figures show

a similar trend to the ones presented for the pre-

vious case; however, both Crefj and ZC are now

shifted to lower values due to the increased con-

ductor thickness. In addition, the wave propaga-

tion becomes slightly more dispersive.

Results for the microstrip structure, as shown

in Figure 1, are also computed using the same

conductor thicknesses (0.5pm and 3.Opm) and the

same thin insulating layer of Si3N4 previously

used for the CPW. The dominant mode disper-

sion characteristics for both cases are shown in

Figures 6, 7 and 9, 10. Similar observations are

seen for the microstrip as were noted for the CPW

configuration. Increasing the height of the insul-

ating layer results in a decrease in Cr.ff and in-

crease in ZC. On the other hand, increasing the

conductor thickness results in a decrease in both

‘Teff and ‘c”

IV Conclusions

A full-wave analysis using a finite element formu-

lation of two common MMIC transmission lines

has been presented. It has been shown that the

addition of a thin metal-insulating layer, such as

Si3N4, can significally change the propagation

characteristics in CPW and microstrip structures.

In addition, an increase in the conductor thickness

results in lower values of the effective dielectric

constant and characteristic impedance as well as

higher dispersion.
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Figure 1: Geometries for the CPW and mi-

crostrip. The dimensions are the following:

W=1OO pm, WI = W5=25 pm, W2 = W4=20

pm, W3=10 pm, hl + h2=20.2 pm, h3=20 pm.
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Figure 2: FEM and SDA dispersion curve com-

parison for the dominant mode of a CPW assum-

ing no conductor thickness.
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Figure 3: Effective dielectric constant curves for

the dominant mode of a CPW with finite conduc-

tor thickness (t = 0.5pm).
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Figure 4: Characteristic Impedance curves for the

dominant mode of the CPW with finite conductor

thickness (-t = 0.5pm).
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Figure 5: Effective dielectric constant curves for

the dominant mode of a CPW with finite conduc-

tor thickness (t = 3pm).
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Figure 6: Effective dielectric constant curves for

the dominant mode of a microstrip with finite con-

ductor thickness (t = 0.5pm).
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Figure 7: Effective dielectric constant curves for

the dominant mode of a microstrip with finite con-

ductor thickness (t = 3pm).
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Figure 8: Characteristic Impedance curves for the

dominant mode of the CPW with finite conductor

thickness (t = 3pm).
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Figure 9: Characteristic Impedance curves for the

dominant mode of a microstrip with finite conduc-

tor thickness (t = 0.5pm).
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Figure 10: Characteristic Impedance curves for

the dominant mode of a microstrip with finite con-

ductor thickness (t = 3pm).
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