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Capacitive Transmission Lines in Coplanar
Waveguide for Millimeter-Wave
Integrated Circuit Design
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Abstract—For use in millimeter-wave integrated circuits, theo-
retical and experimental design data for various useful capacitive
transmission lines in coplanar waveguide on gallium arsenide are
presented. Multifinger and metal-insulator-metal (MIM) lines
enabling low characteristic impedance in the order of 102 as  d
well as broad-band capacitive coupled transmission lines are M
investigated. Simple design rules and accurate models validated e
with measurements up to 120 GHz demonstrate that such planar V\Ja)

transmission lines can be used in monolithic microwave inte-

grated circuits (MMIC’s) to extend the impedance range and the strips
design flexibility with respect to the conventional CPW. ‘ r—{}—«{&.—i
Index Terms—Coplanar waveguides, millimeter-wave, MMIC, ‘ ’;\M ;
planar transmission lines. - b)
Insulator
I. INTRODUCTION /

OPLANAR waveguide transmission lines (CPW'’s), ag
illustrated in Fig. 1(a), are nowadays extensively used fa
high-frequency monolithic integrated circuit (MMIC) applica-
tions. Compared to microstrips, CPW’s offer the advantages d)
of cost effective chip processing as they do not require any _ S _ '
backside and via hole processes, and they have better isola U/lll' D'ﬁgr‘?m anf_'gfrgt'onsl. of °°p'a”ar|"‘.’a"e|9“'de$ (a% I.Conve”goga'
between adjacent lines and lower dispersion characteristicsefamp'f;%f(t?a'n”éemﬂs'i’iﬁi ine test shugures fabricated on Gans,
MMIC'’s, the common CPW covers an impedance range of
about 30 to 8002. In particular, the higher the ratio betweer30 €2, demonstrated experimentally for very low-frequency
center conductor widthy and slot widths is, the lower is ©peration. Our letter presents results extended to millimeter-
the impedance. However, low impedances are limited by tM&ve frequencies as well as new design data for different
lateral process resolution that imposes a minimum slot wid@@Pacitive transmission lines in CPW.
of only a few micrometers and this technological limit cannot Il. CAPACITIVE TRANSMISSION LINES

be overcome simply by a larger ground-to-ground spacing ) o - o
due to higher order modes problem. Moreover, in the case™S described in Fig. 1(b), the multifinger transmission or

of narrow slots, these impedances become very sensitivelligrdigital CPW line consists of at least two conductors
variations of slot widths and metallization thickness. (fingers) carrying the signal, each surrounded by ground strips.

The low-impedance transmission lines are applicable The ground connections are effected at both ends of the line

many applications, as for example in power amplifier desigM\ch airbridges [3]. This trangmissioq line can be co.nsidered
where such low impedances facilitate the matching of lar§erely as garallel combination of single coplanar lines of
gate periphery devices and the current handling capabilityidth w and slots, giving a unit impedance,,. The resulting
Compared with capacitively loaded lines [1] in MMIC's, theyMPedance is estimated as a function of the finger numter
furthermore give better broad-band characteristics. Zu/n. This behavior is demonstrated in Fig. 2 by simulating
In order to achieve lower impedance levels, the convention4fious ICPW geometries by means of the commercial two and
CPW has to be modified: Thomson and Rogers [2] hafe half-d|mena|c'\>/|nal (2.5—D) _elec.tromagn.etm simulator (EM)
first proposed the interdigital coplanar line (ICPW) shown iliP-Momenturi". Transmission lines having a sleof 5 xm
Fig. 1(b). Although, such a fabricated line on RT-Duroid su"d @ center conductor width of 10 ,m have been simulated.
strate(e, = 2.2) exhibits dimensions outside those commonl{F!€2rly, for similar dimensions of CPW (minimum slot and

used in MMIC's, it has a characteristic impedance of abol{f€ Width), this concept allows to achieve relatively low
impedances down to approximately @with relative phase
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Fig. 2. Numerical simulations (HP-Momentum) of the multifinger transmission line with 10 pm ands = 5 pm.
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Fig. 3. Real part of the characteristic impedance of CPW of interdigital CPW
and MIM lines over the frequency range 2-75 GHz. Measured (symbols) apy. 4. Measured (symbols) and modeled (solid curves) effective relative

modeled (solid curves). dielectric constant of interdigital CPW lines, over the frequency range 2-75
GHz.

parameters were extracted frdfrparameter measurements up

to 120 GHz with the method described in [4]. As shown inegligible at millimeter-wave frequencies (in the order of

Fig. 3, compared to the lowest impedance line in convention®* € at 100 GHz), the impedance can be assumed to be

CPW technology (i.e~30 Q with w = 37 pm andd = 50 pm  real, namelyRe{Z.} (Fig. 3), with constant,. (Fig. 4) and

and 2.7zm metallization thickness), the ICPW exhibit lowe® frequency-dependant attenuationwell approximated by

impedances over a broad frequency range (17 and10« = ao-(ffGHz)" [5] (Fig. 5). The parameteis,, .. anda are

for two and three fingers, respectively), with similar relativdetermined by fitting th&-parameters of the equivalent circuit

effective permittivitye,. and attenuation as the normal CPWnodel, to those obtained from measurements. The simulated

line (Fig. 4 and 5). Practically, lower impedances and and measured-parameters for a two-finger 55dm-long line

are achieved than those predicted by 2.5-D electromagnetit GaAs are illustrated in Fig. 6 (dimensions are= 10 m,

simulations. This is explained by the influence of metallization = 5 pm); as shown, the model provides an excellent

thickness, which is not accounted for in HP-Momentum, arajreement between simulation and measurements up to 120

which causes an additional line capacitance (i.e., reduteéd GHz.

and lower energy propagation velocity in the substrate (i.e.,In a MMIC process, very low impedances lines can also

reducede,.). be realized by exploiting silicon nitride as insulator which is
From Figs. 3 and 4, the ICPW lines exhibit very lowsed for metal-insulator-metal (MIM) capacitors [Fig. 1(c)].

dispersion for impedance and effective relative permittivityAlthough in this case the imaginary part &t is in the same

Thus, they can be easily modeled using a simple quaerder as the real part (approx. ), simple parallel plate

static model: as the imaginary part of the impedance remaiggproximation gives an estimation of the impedance value,
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Fig. 5. Measured (symbols) and modeled (solid curves) attenuation of CP

ICPW and MIM lines, over the frequency range 2—75 GHz. ¥Yg. 7. Simulated and measured magnitude 6, and Sy of

Ao/4 = 550 um coupled transmission line witlh = 7 ym, s = 6 um and
d = 120 pgm, over the frequency range 2-120 GHz.

0
in this way resulted in dimensions af = 7 yum, s = 6 yum and
sl d = 120 xm on GaAs. This synthesized line is verified using
i the commercial electromagnetic simulator Coplais shown
=) _103 on Fig. 7, the reflection and the transmission coefficients are
o I lower than—20 dB and—1 dB, respectively, in the 40-70-GHz
s s [ range. For design flexibility, a simple quasi-static model with
= ; odd- and even-mode parametefs= 34.4 2, Z, = 148.1 ,
§_20 [ Ereo = 4.3_,57,676 = 8.7 is _extracted. FromS‘-parameters
E ' plotted in Fig. 7, this model is able to describe accurately the
structure up tolW-band frequencies.
25 o Measured
Simulated [ll. SUMMARY
—300 *1; - 2‘0 : 3‘0 - 4'0 : 5'0 : elo : 7'0 . 8'0 ! 9‘0 '1(‘)0' 110' 0 Multn‘mger, .MIM, and. coupled. CPW transmission lines on
Frequency [GHz] gallium arsenide enabling low impedances down to 10 and

4 Q. respectively, and broad-band coupling have been investi-
Fig. 6. Simulated and measured magnitudeSof andS2; of 16 Q2 ICPW  gated. From numerical analysis and experiment, simple design
line with w =10 pm, s = 10 um, over the frequency range 2-120 GHz. rjles and accurate models validated with measurements up to
120 GHz have been extracted. The broad-band characteristics
of such transmission lines make them very well suited for use
ir|11 millimeter-wave coplanar waveguide integrated circuits.
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