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GaAs Versus Quartz FGC Lines Signal-Strip Ground-Strips
for MMIC Applications )

John Papapolymerou, Jack East, and Linda P. B. Katehi

Abstract—The performance of finite-ground coplanar (FGC) lines on
GaAs and quartz for high-frequency monolithic-microwave integrated-
circuit (MMIC) applications is experimentally investigated in this paper. ) y
The FGC lines on GaAs are covered with a thin layer of polyimide / Polyimide Film
for passivation purposes. Permittivity and attenuation characteristics ' /
for these lines up to 118 GHz are presented and compared with the
corresponding characteristics of FGC lines on a quartz substrate, which
are commonly used for millimeter-wave applications. The impact of
different characteristic impedance values in attenuation properties for
both GaAs and quartz is also addressed. Results indicate that the loss
on the lines does not depend on the substrate material, but rather
on line geometry. All the lines tested show low-loss and low-dispersion
characteristics.
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Fig. 1. FGC lines on GaAs with a polyimide overlay.

material that has been extensively used in the past as a passivation
I. INTRODUCTION layer and substrate for the fabrication of microstrip lines [7]-[9]. In

The finite-ground coplanar (FGC) transmission line is a modifieis paper, we investigate the effect of a thin-polyimide coating on top
coplanar waveguide (CPW) structure with improved performan® the GaAs FGC lines and compare their performance with low-loss
at millimeter-wave frequencies [1]. It consists of three strips, orffuartz-based lines. The cross section of the fabricated FGC lines can
for the signal and two for the ground, similar to the CPW linebe seen in Fig. 1. Four configurations have been fabricated and tested:
but with ground strips that are narrow. A backside conductor is1) FGC lines on GaAs wittZ, = 40, 50, and60 2;
optional for the FGC line since the characteristics are independen®) FGC lines on GaAs with a 2m-thick polyimide overlay and
of backside metallization. The main advantage of the FGC lines is Z; = 50 ;
that they do not support parallel-plate waveguide modes and, a8) FGC lines on GaAs with a gm-thick polyimide overlay and
a result, do not require via holes for ground equalization. These Z, = 50 ;
vias introduce parasitics and increase fabrication complexity. The4) FGC lines on quartz wittZ, = 70, 90, and 100 €.
permittivity and attenuation characteristics of FGC lines on GaAs and
Si have been extensively investigated by several researchers [2]-[4]. Il. FABRICATION
Experimental results show that a nearly TEM mode propagatesFGC lines have been fabricated on a 528&-thick semi-insulating
over a wide frequency range (2-118 GHz) and that loss is mair®yaAs wafer and a 16Gm-thick quartz wafer. The FGC line signal
ohmic. The use of full-thickness substrates and the elimination efrip (w), slot (s), and ground stripw,) widths are 50, 45, and
via holes for mode suppression will reduce the cost and complexitg0 zm, respectively, and correspond to a @0fine for GaAs
of monolithic-microwave integrated-circuit (MMIC) design and fabsubstrate and to 9 for quartz substrate. The lines have been created
rication at millimeter-wave frequencies. The purpose of this paperhy using a standard liftoff process with a total metal thickness of 1
to discuss the effect of polyimide passivation on these lines and jim. After the lines are formed, polyimide Pyralin PI2545 is spun at 4-
compare lines with different dimensions on both GaAs and quaiad 2.5-K r/min on top of the lines for two GaAs wafers, in order to
substrates. The results confirm the excellent performance of the Fg& a thickness of 2 and;am, respectively. The precure temperature
lines on GaAs. for the polyimide film is 140°C and the hard-cure 200C, while the

High-performance line structures are an important part of MMIGaking time is set to 30 min and 3 h, respectively. At the beginning
design and fabrication at millimeter-wave frequencies [5], [6]. For and end of the FGC lines, the polyimide is chemically etched in
given substrate thickness and cross section, conventional microstiger to allow the probe tips of the measurement system to be in
lines have increasing dielectric loss with frequency. One solutigiectrical contact with the lines. The relative dielectric constant of
to this problem is to use a low-loss material, such as quartz, ashe polyimide film is 3.5. The test FGC lines consisted of a thru line
substrate. However, this requires bonding active circuits onto thgth a length of 1.0 mm, a short with a length of 0.5 mm, and three
quartz, which increases fabrication complexity, especially at highgelay lines with 1.388-, 4.106-, and 10-mm length, respectively.
frequencies, while at the same time, the requirement for thinned
substrates for microstrip or via holes for CPW's is still important Ill. RESULTS AND DiscussioN
to satisfy. FGC lines are conductor-loss dominated, thus, the usey| of the measurements for the FGC line characteristics have been
of semiconductor substrates will have a small effect on the quﬁgrformed with an HP8510 network analyzer and a probe station
loss properties. Furthermore, passivation is also an important pasing a variety of RF probes. Deembeding is achieved by performing
of MMIC fabrication. Polyimide is a well-characterized dielectricg thru-reflect-line (TRL) calibration with the help of multiCaé, mea-
Manuscript received October 8, 1997; revised May 8, 1998. This work Wg%ﬂement_program a_vallable_ f_ro_m NIST. This program also prc_)wdes
supported in part by the Office of Naval Research under Grant N00014-95{0€ effective dielectric permittivity and attenuation characteristics of
1299, and in part by NASA/Jet Propulsion Laboratory under Contract 961 14Be lines-under-test, from the delay-line measurements.
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_ results are comparable for all four cases with GaAs (bare or with
polyimide) being slightly better than quartz. This indicates that the
loss of FGC lines is ohmic in nature and independent of the substrate
1 material. As a result, FGC lines are very good candidates for high-
frequency application circuits. Furthermore, we can conclude that the
thin layer of polyimide which covers the FGC lines on GaAs for

pry
T

Oo 20 40 60 80 100 120 passivation purposes does not increase the total loss of the lines.
Frequency (GHz) Since the characteristic impedances for the lines investigated
Fig. 3. Attenuation per physical length versus frequency for the various Fakere different for GaAs and quartz, additiongl lines with .varying
lines. dimensions and impedances have been fabricated. The impedance

range for the two substrates corresponds to a convenient range for

The effective dielectric constant of the various line configurationge fabrication. The line dimensions and the correspondingan be
is shown in Fig. 2. As can be seen, the nearly constant behaviorseken in Table I. From the measured attenuation per physical length,
. over the entire frequency range indicates the propagation ofite attenuation per guided wavelength has been evaluated and can be
nearly pure TEM mode. In addition, we observe that the thin film afeen in Fig. 5 for GaAs and Fig. 6 for quartz. From Fig. 5, we observe
polyimide is responsible for a slight increase:in for both the 2zm  that the 50- and 6@ lines have practically the same attenuation,
polyimide (1.4%) and the 3m polyimide (2.8%) when compared towhile for the 40¢2 line, there is an increase of about 100% at 60 GHz,
that of bare FGC lines. This increase is more pronounced at higlgtich is the center of the entire frequency range. Similarly, from
frequencies. Fig. 6, we observe that the attenuation for the 90- and 20es

Fig. 3 shows the attenuation per physical length for the foug almost the same, and that the $20kine exhibits a 60% increase
different cases. The straight line between 60-70 GHz represents a ffem the other two lines at 60 GHz. We should note here that the
in the data. As can be seen, the polyimide increases the attenuagintall ripple observed in the 90- and 1Q0lines is due to ripple in
constant with the effect being more pronouncediinband (12%) the mismatched measurement system.
and for the thicker polyimide (23% i/ -band). The quartz has the In order to better understand the behavior of the FGC lines versus
smallest attenuation for all the lines. This lower loss when measuriedpedance, the measured attenuation per physical length data have
in decibels/centimeters is due to the lower effective dielectric constdsgen curve fitted to a + b/f function, and the extracted functions
and higher characteristic impedance of the FGC line on quart£2(90have been used in order to evaluate the attenuation per guided
compared to 502 for GaAs). The results of Figs. 2 and 3 are inwvavelength for three different frequency points in the center of each
very good agreement with similar results shown in [2]-[4] and [7measured band. The final results can be seen in Fig. 7 for both
Since, in most microwave circuits, lengths are expressed in termsqofartz and GaAs. From these figures, we observe that the attenuation
guided wavelengths, the attenuation per guided wavelength for tecreases as the impedance increases in a nonlinear way, as expected
four different lines has been evaluated and is shown in Fig. 4. THE]. In terms of loss in dBY, a 50- or 60 line on GaAs is
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Fig. 5. Attenuation per guided wavelength for lines on GaAs with differedtid- 7. Attenuation per guided wavelength versus characteristic impedance
Zo. Zy for lines on GaAs and quartz at three different frequencies:
f1 = 19.1 GHz, f» = 50 GHz, andf; = 94 GHz.
7 . : . : :
on GaAs. The attenuation per physical length of FGC lines on GaAs
Al .70 Ohms | with or without polyimide is higher than that of FGC lines on quartz.
However, the attenuation per guided wavelength is almost the same
— 90 Ohms for all types of lines investigated in this paper, indicating that the
5 i total loss of FGC lines with the same geometry is independent of the
—— - 100 Ohms substrate material. This allows for the use of a thin layer of polyimide

. over FGC lines on GaAs without increasing the total loss in actual
circuits, while providing passivation at the same time. In addition,

_ the attenuation of the lines decreases in a nonlinear fashion versus
characteristic impedance. Finally, FGC lines with a polyimide overlay
can be used in millimeter-wave receivers and transmitters fabricated
on GaAs, where the active devices are monolithically integrated with
the other circuitry and do not need to be flip-chip bonded, as in the
case of quartz.
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Fig. 1. Shorted slotline and its end equivalent circuit.
An Alternative Method for End-Effect techniques [23], [24] need a large number of experimental circuits,
Characterization in Shorted Slotlines although the results are necessarily limited because of the time needed

for experiment. Using a relatively more simple method based on MDS
G. Duchamp, L. Casadebaig, S. Gauffre, and J. Pistre Momentum simulation [18], we achieved and propose an efficient
analytical model of end effects in a slot line, which can be simply
used for many applications and more general computations.
Abstract—in this paper, we propose an alternative method to charac-  Qur results are then compared to those obtained both by experimen-

terize the end effects in shorted slotlines. Using a commercial software ot : :
to model the transition, a simple mathematical expression of the end tal approaches [23], [24] and by sophisticated numerical computations

impedance, valid for a given substrate family and in a wide frequency [25].
domain, was achieved. Several dielectric substrates were considered and

the obtained results were compared with experimental ones. A correct Il. THEORETICAL APPROACH
agreement was observed. This approach can also be useful in more o ) ) o
complex simulations relative to multilayer structures. As has been shown in the literature [25], slotline termination can

be considered as a simple equivalent circuit such as a resistance and a
serial inductance (see Fig. 1). Hence the expressich pthe slotline
end-effect impedance, 8. = R. + jX. where R. represents the

I. INTRODUCTION radiation losses and’. represents the inductive phenomena at the

THE development of microwave and millimeter-wave integratelf® termination. _ o
circuits (MIC's) has increased and plays an important role in ConsideringZ, the slotline characteristic impedance, due to the

more recent mobile and satellite communication systems. Thi@n-TEM nature of the transmission mode in slot lin&s, cannot

the use of planar structures in interconnects is of greatest intBf defined uniquely [19], but in the present approach, we simply use
est, especially microstrip lines because of their simple structfé results given by the simulator. L&t be the line impedance at a
and their well-developed characterization. As a consequence, mgf¢en pointand: = Z/Z, be the normalized impedance at this point.
sophisticated multilayer circuits must be considered in order foCan &lso be written: = (1 + I'/1 —I'), wherel" represents the
reduce the dimensions. Hence, the study of transitions betwdgyresponding refl_ectlon (_:oefflme_nt. With our simulator, it is possmle
different planar transmission lines becomes necessary. For mdfyet @ portatagiven point and fiidas51, . In the case of a single-
years, several computational methods have been developed to sBRE Measurement, the literal expression of the input impedance is

electromagnetism equations in complex structures. then given by

Two main approaches are investigated. One, generally based on o (14 50)
semianalytical formulations, uses the method of moments and the T (1= S4)
spectral-domain approach [1]-[9], the second one considers esse
tially numerical algorithms like the finite-difference time-domainé1

(FDTD) or the transmission-line matrix (TLM) method [10]—[17].ﬁ

The respective benefits of these two approaches have already b&ﬁﬂed wavelength\,. In the second one, the MDS Momentum

dlscusged in the Ilteratu_re (3], (81, [14].‘ [15]'. . . optimization module gives th&:, maximum value (corresponding
In this paper, we consider the slot—microstrip transition. A rigoro the maximum VSWR) in accordance to a determined length
study of such a structure needs to take into account the end effelcté 5+ (\./2) wheres < (\./2). Therefore, the impedance at

\.Nh'Ch appear on th(_ese t_ransmlssmn lines and depend on the ch”fe' input port(zi, ) is calculated and the end-effect impedance of the
ing frequency and linewidth. These end effects have already be rted slotline. is determined as

characterized as capacitive or inductive according to the type of line.

Index Terms—End effect, slotline.

'Yet us consider a line of length For a given frequency, linewidth,
nd type of substrate, two simulation steps are necessary. The
rst one determines the characteristic impedafgeand the slot

For microstrip lines, simple calculated models have been proposed Zin _jtg<27r5)
[20]-[22]. They give a good evaluation of capacitive effects at the line L= As )
termination. For the slotlines, the existing calculations are somewhat 1 s 276

. . . — JZintg
heavy and they are not so easy to use for circuit design. Furthermore, As

many experimental measurements have been made for differgfimalized resistances. and reactances. are plotted versus
subs.trates.e.md different linewidths at given frequencies in orderﬂ‘équency for different widthe and different substrates. Each curve
obtain families of charts. However, all these proposed measuremegh, e simply fitted with a linear equation. Therefore, for a given

) ) . ) substrate with a thickneds and a dielectric constant., we obtain
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