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A New Micromachined Overlay CPW Structure With
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Its Application to Low-Pass Filters
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Abstract—in this paper, a new micromachined overlay- and ground lines are overlapped, but vertically separated by thin
coplanar-waveguide (OCPW) structure has been developed and polyimide [8], [9]. The overlap between signal and ground lines
its characteristics are studied in detail as a function of the line makes very lowZ, lines possible without the slot size con-

parameters. In OCPW, the edges of the center conductors are . . . -
lifted by micromachining techniques and partially overlapped straint. However, this approach requires additional process steps

with the ground plane to facilitate low-impedance lines. The and, more importantly, the lines with a dielectric layer of a few
elevated center conductors help to reduce the conductor loss by micrometers still suffer from high conductor losses due to high
redistributing the current over a broad area. Comparative experi-  field intensities between the signal and ground plates.

ments on low-loss and lossy substrates also confirm the screening Recently, the authors proposed a new overlay-coplanar-wave-

effect from the substrate losses by confining the electric field - . .
in the air between the overlapped conductor plates. Compared guide (OCPW) structure, in which the edges of center conductor

with the coplanar-waveguide (CPW) lines, the OCPW lines show are partially elevated and overlapped with ground, to achieve
wider impedance range (25-8@2) and lower loss «0.95 dB/cm at  broadZ, ranges and to reduce the line losses [10]. Microma-

50 GHz). The advantages of OCPW for lowzZ, lines are utilized  chining techniques allowed metal overlay without resorting to
to realize a high-performance stepped-impedance low-pass filter ye thinfilm process, leaving air between the plates. It also re-

at X-band. The OCPW filter shows distinct advantages over the tedin al ina betw th tal plat hich
conventional CPW filter in terms of size, loss, skirt, and stopband sulted In a large spacing between the metal plates, which was as

characteristics. much as 15m.

Index Terms—Coplanar waveguide, low-pass filter, microma- In_this_ paper., the Ios§ characteristics of the OCPW Iines. are
chining technology, transmission line. studied in detail for various elevation and overlap values. Field
simulations and comparative experiments have been performed
to fully characterize the OCPW lines. The screening effect from
the substrate losses is also investigated by comparing the OCPW

ONVENTIONAL coplanar-waveguide (CPW) lineslines fabricated on low-loss quartz and lossy glass substrates.

suffer from high conductor losses at high and low chaimulated characteristics of the OCPW lines are described in
acteristic impedancéZ,) extremes due to narrowing of theSection Il. The detailed fabrication process of the OCPW lines
center conductor and slot width, respectively [1], [2]. Moreoveis presented in Section Ill, together with the measured results
very low-Z, lines are practically impossible to realize in CPWn Section IV. To demonstrate the practical usefulness of the
due to the minimum slot size limit imposed by the fabricatio@CPW, anX-band 0.5-dB equiripple Chebyshev seven-section
process. Therefore, designers are often restricted in their chaitepped-impedance low-pass filter (LPF) has been designed and
of impedance values when designing monolithic-microwavabricated using lowZ, OCPW lines. The filter results are com-
integrated-circuit (MMIC) circuits with CPW. pared with the same filter realized with CPW lines in Section V.

To reduce the losses of the highy-lines, there have been at-It is shown that lowz, OCPW lines can be used as lumped ca-
tempts to elevate the center conductor [3]-[5]. The capacitargacitors, which help to solve the inherent problems of the LPF
of the line is decreased in this way and wider center condugsing distributed structures, such as low cutoff rates and poor
tors can be used instead of narrow lines. Recently, micron&ttenuation in the stopband. Compared with the CPW filter, the
chining techniques have also been applied to reduce the cagaCPW filter shows distinct advantages such as small size, low
itance of the highZ, line by removing the high dielectric ma-insertion loss, sharp skirt characteristics, and wide stopband.
terial, leaving only a thin membrane that suspends transmission
lines [6], [7]-

As far as the lowZ, lines are concerned, a thin-film process
has been utilized to realize overlap CPW lines where the signalThe schematic of an OCPW is shown in Fig. 1 together with

the associated parameters. The edges of the center conductor

Manuscript received November 3, 2000. This work was supported in part B partially e_levated using mlcromachlmlng techniques and are
the Korean Ministry of Science and Technology under the Creative Reseaaverlapped with the ground. It can be easily seen from the struc-

|I. INTRODUCTION

Il. SIMULATION
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Fig. 1. Schematic diagrams of: (a) CPW and (b) OCPW showing dimension ]
details. Dimensions are specified in the text. 2

equally easily achievable by employing negative overlap be-
tween the two conductors; negative overlap means the separa-
tion between the conductors. The OCPW helps to reduce the
conductor loss by reducing the field concentration and current L )
crowding at the edges of the signal lines. Moreover, the OCPW 0 10 20 30 40 50 60 70 80 90
is expected to reduce not only the conductor loss, but also the Characteristic Impedance (L)
substrate loss by confining the electric field in the air between (b)
the overlapped conductor plates. Fig. 2. Comparison of calculated: (a) losses and (b) effective dielectric
The loss analysis of both the OCPW (= —50, —17,—5, constants for CPWS = 50 ~ 2 um) and OCPWO = —50 ~ 65 zm) on
10,20, 30, 50, and65 pm) and CPW § = 50,28,17,5,3,and @ 520um-thick quartz substrate at 59 G‘Hz as a functiorZgfand elevation
2 um) lines is performed using a 52@m-thick quartz substrate (E). The ground-to-ground spaciitdi” + 25 is fixed to 200um.
(e, = 3.8,tandé = 0.00033). The ground-to-ground spacing
(W + 28) is fixed at 200um. In the OCPW, the width of the
center conductor touching the substrate is fixed atr&Qand the
ascending angle of the sloped lengt#('in Fig. 1) is setto 17.
Fig. 2 shows the calculated losses and effective dielectric ¢
stantsé.x's) as afunction o¥, and elevatio £) for both lines.
The simulation is carried out at 50 GHz using a commercial el
tromagnetic (EM) simulator (IE3D). In case of the CPW lines, it
is practically impossible to achieve thg values lower than 3Q
duetothe photolithographical limitthat setsthe minimum spacing The OCPW lines are fabricated on quartz and glass substrates.
between the signal and ground lines atrd. On the contrary, a The process steps are identical in both cases. All the conductor
wide impedance range down to £0can easily be obtained bylayers are realized using /@n-thick electroplated gold. The
controlling the overlap (O) inthe OCPW. The loss of OCPW lindength of each transmission line is 1 cm and the elevation of the
with a high elevatiof £ = 15 ;zm) is maintained to less than 1signal line is 15:m measured from the substrate. Fig. 3 illus-
dB/cm over a wide impedance range from 20 tdB%vhile that trates the fabrication process of the OCPW line. At first, titanium
ofthe CPW(E' = 0 um) line increases rapidly as the impedancand gold are thermally evaporated on the substrate as a seed
decreases below 30—4D layer [see Fig. 3(a)]. The electroplating mold is formed using
It is also worthwhile to note from Fig. 2(a) that the loss ishick photoresist, through which @m-thick gold transmission
greatly reduced and become independent of the impedancdirass are electroplated [see Fig. 3(b)]. The gold electroplating
the elevation of the signal line increases. OCPW lines with @mocess is carried out using commercially available noncyanide
elevation of 15:m shows less than 0.7-dB/cm loss over the emlectrolytic solution (NEUTRONEX 210 B) and the electrolytic
tire impedance range from 20 to 85 On the other hand, the solution temperature is fixed at 6C. The electroplating rate
conductor loss improvement is only marginal at a low elevas proportional to current density and electroplating time. The
tion of 5 um. Improved loss reduction at high elevation is athickness ofthe electroplated structures can thus be controlled by
tributed to the enhanced spreading of the current over the withe electroplating time at the fixed current density. In this study,
area as the elevation increases. Fig. 2(a) indicates that the eléva-current density of the electroplating is fixed at 2 mAfem
tion should be high enough to have any meaningful impact @noducing the electroplating rate of 0.128/ min. The surface
the loss and the usahf® range. This point proves the advantageoughness of the electroplated structure is 0,081 To form a

E=10 pm

of the micromaching techniques over the thin-film technology
that permits only limited elevation up to a few micrometers.
Fig. 2(b) shows that at a giver, value, the effective dielectric
%)nstant becomes lower as the elevation increases, which illus-
of- X . . .

trates enhanced field confinement in the air between the over-
eIé\_pped plates at high elevation.

Ill. FABRICATION
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> Fig. 4. SEM photograph of the fabricated OCPW line with a CPW-to-OCPW
o transition for measurement. The wide center conductor represents the probing
Au (1000 A) - pad at the CPW end of the integrated CPW-to-OCPW transition.
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Fig. 3. Fabrication process flow for OCPW line. (a) Seed layer deposition. -~ Simu.(CPW) o : Meas.(CPW)

(b) Photoresist patterning and first metal line electroplating. (c) Sacrificial layer
patterning. (d) Sacrificial photoresist curing. (e) Photoresist mold patterning.
(f) Second metal line electroplating. (g) Sacrificial layer ashing.

— : Simu.(OCPW) o : Meas.(OCPW)

Fig. 5. Measured and simulated losses for CEAH 50, 28,17, and5 pm)
and OCPWQ = —50,—17,—5,20, and50 p«m) on a 520um-thick low-loss
o ; ; ; ‘ot Quartz substrate at 50 GHz as a functionZgf The ground-to-ground spacing
sacrificial !ayer_ with a thickness of 1bm, a th|cI§ photoresist (" 1 25) is fixed to 200.m and the elevatiot) is 15;:m.
(AZ4620) is spin coated and patterned by UV lithography [see
Fig. 3(c)]. The patterned sacrificial layer is thermally cured at a
temperature of 200C for photoresist reflowing that is required

for smooth metal overlay [see Fig. 3(d)]. Next, the seed Iayg

is evaporated and electroplating mold is formed [see Fig. 3(e)]. I S :
After electroplating elevated gold structures, the sacrificial lay 50 GHz in F|g 5. Also shovv_n n F'.g' 5 are th_e simulated
s characteristics for comparison. Lines with five and four

[ h ith pl Fig. 3(f .Th
's ashed with plasma process [see Fig. 3(f) and (9)]) eto J;erentZo values are measured for the OCPW and CPW, re-

ashing time is about 90 min. spectively. At highZ, levels (~50 €2), the OCPW and CPW
show comparable losses. However, the losses of the OCPW are
maintained to less than 1 dB/cm as tHg decreases down to
Various Z, OCPW lines are fabricated on both low- an®5 2, while those of the conventional CPW increase rapidly at
high-loss substrates to demonstrate the effect of the substtate-Z, values (2 dB/cm fotZ, = 38 ). Fig. 5 clearly shows
losses. A 52Q:m-thick quartz ¢, = 3.8, tané = 0.00033 at the advantage of OCPW lines for lof; applications. Due to
30 GHz) is used for a low-loss substrate and a pB8thick the negligible dielectric loss of the quartz substrate, the loss is
glass €. = 4.6, tand ~ 0.02 at 50 GHz as extrapolatedbelieved to be dominated by the conductor loss arising from cur-
from the given data sheet) is used for s high-loss substratent crowding at the conductor edges for CPW lines.
For comparison, CPW lines were also fabricated at the samélhe screening effect from the substrate loss in the OCPW
time on both substrates. The microphotograph of the fabricatemh be demonstrated by comparing the loss characteristics on
OCPW line on the quartz substrate is shown in Fig. 4. THew-loss quartz and lossy glass substrates. The results on the
S-parameters of the lines were measured by an HP 8510f@ass substrates have been reported by Kiral. [10], which
network analyzer. included the comparison with the elevated coplanar waveguide

First, the measured losses of OCPW£ —50, —17, —5, 20,
pd 50 pm) and CPW § = 50,28,17, and5 m) structures
low-loss quartz substrates are compared as a functigp of

IV. MEASUREMENT
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Fig. 8. Layouts and detailed dimensions for CPW and OCPWand LPFs.

Fig. 7. Measured and simulated losses for CP® = 15,5 pm), ECPW
(G = 10,4 pm), and OCPW(O = —8,10 um) structures fabricated on
a 520um-thick lossy glass substrate at 50 GHz as a functiorZ ef The
ground-to-ground spacin@? + 2.5) is fixed to 170xm and the elevatioE)

is 15um.

(ECPW) besides the CPW and OCPW. The schematic of the
ECPW is shown in Fig. 6, where the center conductor and
ground planes are partially elevated to the same height. Fig. 7
shows the losses of CPW, OCPW, and ECPW structures on the
glass substrates as a functiongyf at 50 GHz [10]. Unlike the
case of quartz, OCPW lines show lower losses than the CPW
for the entireZ, range; on quartz, the CPW and OCPW show
comparable losses at a highy-range. Lower loss of the OCPW

at high, values is the result of the elevated signal lines, which
lessen field penetration into the lossy substrate. This point
demonstrates the screening effect from the substrate losses in
OCPW lines. Thus, the OCPW can be a good candidate for
lossy substrates such as silicon.

The ECPW also shows loss improvement over the CPW.
However, the loss increases rapidly at Iéfy-values as in the
case of the CPW, which demonstrates that simple elevation of
the conductor planes, as in the ECPW, cannot keep the loss
from rising at lowZ, extremes. Loss degradation at |-
values in the ECPW line is caused by a strong electric field at
the narrow gap between the ground and signal conductors, as
in the case of the conventional CPW structures.

V. LPF APPLICATION ()

As is well known, stepped-impedance LPFs using distrilbut%_ 9. SEM photographs of single highi,—low Z, section used in the
structures suffer from low cutoff rates and poor attenuation M-band LPFs. (a) CPW filter. (b) OCPW filter.
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(W = 30 um) was calculated to be 0.64 nH/mm. The width of
the center conductdi?’ 2) of low-Z, lines was fixed at 29¢m
for both filter cases. Thanks to the enhanced capacitance, the
OCPW line showed lowex,, (18.7 versus 35.2) together with
smallere.g (1.3 versus 2.2) than the CPW line. Therefore, the
length of low-Zj lines of the OCPW filter was reduced to 69%
of those of the CPW filter according to Richard’s transforma-
tion [11]. In this way, the capacitive sections using the 1Bw-
OCPW line show the properties more similar to the lumped el-
—— OCPW 1o 4 8 12 ements.
Frequency (GHz) The close-up photographs of the fabricaf&dband CPW and
0 10 F 2 30 40 50 OCPW LPFs with meandered highy CPW lines are shown
requency (GHz) . . . .
in Fig. 9(a) and (b), respectively. The comparison between the
@) simulated and measured performance of both filters is shown
10 in Fig. 10(a) and (b). Good agreement is found between the
$21 simulation and measurement. Besides the size reduction effect
stated earlier, the OCPW filter offers additional advantages of
low insertion loss, sharp skirt, and wide stopband characteris-
tics; an insertion-loss improvement of 0.2 dB is observed at the
center of the passbhand (6 GHz) and high rejectisB{q dB) is
obtained over multiple-octave bandwidths (15-50 GHz) in the
OCPW LPF.

S21

' -
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o o

S-parameters (dB)
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=}

S-parameters (dB)

12
Frequency (GHz)
0 10 20 30 40 50 In this study, a micromachined OCPW structure was devel-

Frequency (GHz) oped to solve the loss problems of the low-impedance CPW
(b lines and to extend the usable impedance ranges. Microma-
chining was employed to elevate the center conductor and

Fig. 10. (a) Simulated and (b) measured responses of both CPW and OCB)ﬁhia”y overlap it with the ground planes. A systematic and

X-band LPFs. . .

comparative study has been performed to characterize the

the stooband 111, T the limits of i |1E.|OCPW lines. It was found that the elevation of the OCPW
e stopband [11]. To overcome the limits of conventiona 'Shquld be high enough to have meaningful impact on the loss

ters, numerous research activities have recently been activartg ction. The experiments on both low-loss quartz and lossy

in the design of the uniplanar filters, in which Il_Jr_nped capacg—l S substrates show that the OCPW also has a screening effect
tors or folded shunt stubs were used as capacitive element '8 the substrate losses. Compared with the conventional

the filter.[12], [13]. In Fhis study, we have employeq . CPW, the fabricated OCPW lines with 1Bn elevation showed
OCPW lines as capacitive elements in the stepped—lmpedaﬂgﬁer

LPF. Thus, this LPF is expected to benefit from the low-loss arEi ra
low-Z,, capabilities of OCPW structures. For experimental Vefﬁ(ia
ification, X-band 0.5-dB equiripple Chebyshev seven-secti(gw

VI. CONCLUSIONS

OCPW lines, anX-band stepped-impedance LPF was
icated using OCPW lines. The OCPW LPF showed distinct
vantages over the conventional CPW filter such as lower loss
and reduced size, together with improved spurious responses,
qﬂéluding sharp skirt and wide stopband characteristics. Thanks
o their wide impedance and low-loss characteristics, the pro-

of each section were first calculated using a commercial E sed OCPW using microelectromechanical system (MEMS)

S|mu_lator (IE3D). Baspd these |nformat|o-n, the lengths of ea &:hnology is expected to be very useful for various uniplanar
section were determined so that they might meet the elem?r%rowave/miIIimeter-wave integrated circuits

values of the filters. The total response of the filter was finally
simulated by cascading tt#eparameters of each section. In the
actual layout, the inductive sections were realized using mean-
dered highz, CPW lines for size reduction and were common

to both filters. The capacitive sections were implemented with [l R.W.Jackson, “Considerations in the use of coplanar waveguide for mil-

. . . limeter-wave integrated circuits|EEE Trans. Microwave Theory and
low-Zy, OCPW lines for the OCPW filter, while lovi, CPW Tech, vol. MTT-34, pp. 1450-1456, Dec. 1986.

lines were employed for the conventional CPW filter. The de- [2] K.C. Gupta, R. Garg, |. Bahl, and P. Bhartiicrostrip Lines and Slot-
tailed dimensions and the schematics are shown in Fig. 8. lines  Norwood, MA: Artech House, 1996, ch. 7.

. . . . [3] M. S. Shakouri, A. Black, B. A. Auld, and D. M. Bloom, “500 GHz
All the line elements were realized with a fixed ground-to- GaAs MMIC sampling wafer probeElectron. Lett, vol. 29, no. 6, pp.

ground spacing of 30@m. The inductance of the highy line 557-558, Mar. 1993.

stepped-impedance LPFs have been implemented using C
and OCPW lines on 52pm-thick quartz.

The element values of the filters were calculated using a st
dard design procedure [11]. To save the design tifgende g
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