2664 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 48, NO. 12, DECEMBER 2000

Suppression of Leakage Resonance in Coplanar
MMIC Packages Using a Si Sub-Mount Layer

Sung-Jin Kim Student Member, IEEEHO0-Sung YoonStudent Member, IEEENnd Hai-Young LeeMember, IEEE

Abstract—In this paper, we examined the parasitic leakage
resonance of coplanar monolithic microwave and millimeter-wave
integrated circuits (MMICs) by the finite-difference time-domain
calculations and experiments. The results show that leakages
from coplanar MMICs become significantly resonant in finite
substrates and packaging enclosures. In order to avoid the leakage
resonance, a resonance suppression method using a doped-Si

sub-mount layer is proposed and experimented in a frequency k T -
; ; “- S/
range from 0.5 to 40 GHz. The resonance suppression scheme is ~1; CPW modé
verified by measuring the S-parameters of the fabricated con- Leaky PP mode

ductor-backed coplanr waveguides having an Si sub-mount layer

of different resistivities (1 mf2-cm, 15€2-cm, and 4 K2 - cm). Fig. 1. Substrate reflections and radiations of a finite CBCPW through the PP
The leakage resonance can be completely suppressed using thg,odes.

typical 15-€2 - cm Si sub-mount layer.

Index  Terms—Conductor-backed  coplanar ~ waveguides, ang millimeter-wave integrated circuits (MMICs) and hybrid
coplanar waveguides, leaky wave, MMICs, parallel-plate mode, modules [10]
resonance, silicon. . : . . .
In this paper, the parasitic leakage effects ina CBCPW and in
a packaged CPW (CPW in a metal cavity) are examined by the
I. INTRODUCTION finite-difference time-domain (FDTD) calculations and experi-
ODERN microwave and millimeter-wave communimental characterizations of the fabricated GaAs CPWs. We pro-

cation systems such as automotive radars, high-spdt$e the insertion of a doped—si!icon (Si) sub-mount layer un-

wireless LANs, and Iocal-multipoint—distribution-servicedemeath the CBCPW substrate in order to suppress the leakage
(LMDS) systems strongly demand low-cost and high-peféSonance. The proper resistivity of the Si is estimated by calcu-
formance integrated circuits and modules [1], [2]. Circuit@ling the surface impedance of the doped-Si layers. The reso-
and modules based on the coplanar waveguide (CPW) Sfice suppression scheme |s_exper|mentgllyvgrlfleq by (_:harac-
cost-effective and high-performance solutions for thodgMZing the GaAs CBCPWs with §5Qﬂ“'th'9k Si having Fj'f'
high-frequency systems because they need no backside f6ent resistivities (heg\{lly. doped: 1, cm, lightly doped: 15
cessing and have compatibility with flip-chip packaging [3]. ‘¥ €™M and highresistivity: 4® - cm). The results show that the

However, the coplanar devices can suffer from parasiﬂi'&sert'on loss of the conventional CBCPW is severely increased
problems of leakage, coupling, and resonance at their packad?@( eakage resonance in the finite subst_rate. Hoyvever, the para-
level. For example, a packaged CPW is incidentally modifiegftiC effect can be greatly reduced by using the lightly doped Si
into a conductor-backed coplanar waveguide (CBCPW) by thk2 €2 - cm) in the microwave and millimeter-wave frequencies.
package ground plane. The CPW mode becomes leaky by cou-
pling to the parasitic parallel-plate (PP) modes [4]. The leakage !l SUBSTRATE AND PACKAGE RESONANCE OFCBCPW
in the form of the PP modes reflects at the finite substrape Sybstrate Resonance
walls and results in substrate resonance and multiple-mode

interference [5]. Moreover, electrically large substrates becomﬁe CBCPW by coupling to the parasitic PP mode. This con-

radiative by the fringing fields at the substrate edges [6]. . . . . .
. ; ; . ration can be easily found in face-up coplanar devices or in
Shorting vias, low dielectric-constant layers, and suspended. S
X main substrates of multichip modules (MCMs). The PP modes
structures have been proposed in order to suppress the PP modes : . ST -
ropagate into various directions, reflect at finite substrate walls

[7}-10]. Howeve;r, a variety of geome trical dlgcqnt|ng|t|es agnd, consequently, resonate in a finite substrate cavity. The res-
last generate incidental leakages in monolithic microwave . . ) .
onating PP modes recouple to and interfere with the propagating

CPW mode.
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Fig. 2. Typical CBCPW on a finite GaAs substrate. (a) Top view. (b)
CalculatedS-parameters. substrate resonant frequencies because of the larger dimensions.

MCMs interconnecting many coplanar flip-chips use very large

conductor (PEC) for the computational efficiency. The sign&l@in substrates and, hence, the severe resonant effects can be
linewidth @ = 40 pm) and the slot width{ = 25 um) are ©observed at lower frequencies.

chosen for 502 characteristic impedandeZo). The CBCPW _ Fig. 4(a) is a packaged CBCPW for the FDTD calculation.
device is 2.5-mm wide and 5-mm long. The device is enclosed in a three-dimensional PEC cavity with

In Fig. 2(b), the scatteringS) parameters are calculated apmall open@ngsfo_rthe CPW mode excitations. The CBCPW has
the CPW ports up to 100 GHz. Above 35 GHz, thg fluctu- the same dimensions as Fig. 2(a) and the coplanar ground planes
ates due to the multiple resonances of the coupled PP mod¥§. Separated from the package walls by 1250 Fig. 4(b)

The insertion and reflection losses of the CPW mode signifiows the calculated-parameters. Highly resonating cavity
cantly increase at 80 GHz and the severe radiation can be Bldes are periodically observed at the frequencies where the
served by calculating the power lo§s— [S11]2—[S21]?). The So, falls deeply. The package resonance is more significant than
finite CBCPW becomes radiative by the CPW ground plané@e substrate resonance above 20 GHz where the substrate ra-
similar to radiating patch antenna [10]. The radiation can cau@@t'on beco.mes significant. The radiation strongly excites the
an additional package resonance of the coplanar devices houdgarete cavity modes [12].

in conducting enclosures.
[ll. SUPPRESSION OFPACKAGE AND SUBSTRATE RESONANCE

B. Package Resonance We have found that the leakage of CBCPWSs becomes signif-
Electrically large CBCPWSs become radiative by the fringingcantly resonant in the finite substrates and in the closed pack-
fields at the substrate edges. The fringing fields radiate in thges in Section Il. In order to avoid the parasitic resonance, mi-
forms of the patch modes fed by the parasitic PP modes. Thesaewave and millimeter-wave coplanar circuits require accurate
radiated fields resonate in the package cavity and coupledantrol of many dimensional parameters or the leakage suppres-
the other devices. Fig. 3 shows two cases of the package resion schemes. Absorbing materials can be a simple and effec-
nance, i.e., single-chip package resonance in Fig. 3(a) and nivle way to suppress the resonance without significantly deteri-
tichips package resonance in Fig. 3(b). The devices experiencating the performance of the coplanar MMICs and modules
a package resonance in addition to the substrate resonance.[I8f [14]. Proper dimensional parameters and arrangement of
package resonance exhibits lower resonant frequencies thanthieeabsorbing materials can be found from the field analysis.
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Fig. 4. Leakage resonance of the packaged CBCPW. (a) Side view. "
CalculatedS-parameters.
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Fig. 7. Fabricated GaAs CBCPW having a doped Si sub-mount layer. (a) Top
view. (b) Side view.

following surface impedance has been derived for a lossy PP
mode propagating along the Si layer [16]:

Doped Si

Ground Plane

Zs =Rs+jXs
Fig. 5. Suppression of resonant leakage using an Si sub-mount layer. Viwpo(o + jwe) 1+ e2Viwnolotios)
- o —|—wa 1— 62\/jwp0(0'+jw5)
It is well known that common doped-Si substrates for 100

CMOS integrated circuits are highly lossy in microwave and” S/m) m

millimeter-wave applications [15]. However, we could take

advantages of the lossy nature to absorb the leakages. In thiiere Zs ande are the surface impedance and permittivity of
paper, we insert a doped-Si sub-mount layer underneath the Si layer, respectively.

CBCPW substrate in order to suppress the leakage resonancén Fig. 6, the surface resistance is calculated as a function of
The absorbing layer scheme is shown in Fig. 5. The lossy tBe frequency and the resistivity for a 5@@a-thick Si layer.
layer attenuates and absorbs the leakages in the form of Tee surface resistance is directly proportional to the attenuation
parasitic PP modes. The optimum doping level or resistivigf the PP mode. The typical resistivity from 0.1 to 20 cm,

of the Si layer should be estimated without significant detéightly doped, is the most effective range for attenuating the
rioration of the CPW mode at a given substrate height. Theaky PP modes.
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Fig. 9. Total loss obtained from the measufegarameters of: (ap = 100 gm, s = 70 gm and (b)w = 70 pm, s = 40 pm.

IV. FABRICATION AND MEASUREMENT resonant fluctuations [see Fig. 8(b)]. The wider-slot CBCPW
also shows the smaller insertion loss, due to the smaller con-
Suctor loss of the wider center conductor than that of the nar-
rower-slot CBCPW. Thes;; peaks can be explained by half-
wavelength resonances of the PP mode in the finite GaAs sub-
strate (10 mmx 10 mmx 0.635 mm). The resonant frequencies
(fmn) can be approximated by the following [17]:

We fabricated a CPW on a 63&n-thick semiinsulating
GaAs substrate without wafer thinning and backside met
lization. Two strip widths ¥ = 100, 70 zm) and two slot
widths (s = 70, 40 xm) are chosen for th&o = 50 Q. The
Cr (200 A)/Au(1 m) deposition followed by a liftoff process
is performed on the finite (10 mm 10 mm) GaAs substrate.
The devices are placed on a ground plane of an on-wafer 5 5
probing station and measured using coplanar probes from 0.5 Fom = —— (ﬂ) + (ﬁ)
to 40 GHz. The ground plane behaves as the package ground VEr V \2a 2b
and, hence, the CPW is modified into a CBCPW. h

. erem andn represent the resonant modal humbers, @and
For the case of the proposed structure, the fabricated GaAs . . .
. . . andb are the length and width of the device, respectively.
CPW is then attached on a 5@®n-thick Si using a nonconduc- .
. N In Fig. 9, we calculated the total power loss from the mea-
tive epoxy and placed on the ground metal, as shown in Fig. 7. . ; 5 9
. T . SlflredS-parameters using the equativn- [S11]>—[S21]%. The
Three typical resistivities are selected for the Si sub—mounh L
) . ; ..~ sharp loss peaks result from the substrate radiation enhanced by
layer; 15 -cm for lightly doped Si, 1 rf2-cm for heavily :
doped Si, and 4® - cm for high-resistivity Si (HRS) the resonant PP modes. The dashed line represents the mate-
P ' ) 9 Y ’ rial loss, mostly by the skin-effect loss. The wider-slot CBCPW
vV M R D shows the slightly lower skin effect loss due to the wider center
- VIEASUREDRESULTS AND DISCUSSIONS conductor in Fig. 9(a) than that of the narrower-slot CBCPW

In Fig. 8, theS-parameters of the conventional CBCPWs ana Fig. 9(b). However, the wider-slot CBCPW has more signifi-
measured and compared with the FDTD results. The wider-st@nt resonant peaks by stronger leakage coupling and radiation.
CBCPW (w = 100 um, s = 70 pm) shows more significant These experimental observations show that the leakage reso-
fluctuations of theSs; by strong coupling to the PP mode [se@ance could significantly limit the performance of the coplanar

Fig. 8(a)] while the narrower{ = 70 um, s = 40 um) has less microwave and millimeter-wave circuits.
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The proposed resonance suppression scheme is verifieddingtor in Fig. 10(b). For the wide slot width ¢ 150 m), the
measuring the GaAs CBCPWs having al25em Si sub-mount CPW mode can be tightly coupled into the Si layer and, hence,
layer, as shown in Fig. 10. The fluctuations of thigparame- the insertion loss increases. The proper ratio of slot width to sub-
ters are greatly improved for both CBCPWs as the Si layer aftrate height can be found from the field analysis of the CPW
sorbs the resonant leakages. The CPW mode is mostly confimedde [18]. For the practical applications, the thickness of GaAs
around the CPW slots due to their small ratio of the slot widiind Si layers also requires an optimization by considering the
to the substrate height. Therefore, the insertion loss mostly cdeakage coupling, insertion loss, and thermal management.
sists of the conductor loss increasing to the square root of frefig. 11 shows the measuretiparameters of the CBCPWs
guency. The wider center-conductor CBCPW shows smaller imaving a 1-r2 - cm Si sub-mount layer. Smooth fluctuation of
sertion loss in Fig. 10(a) than that of the narrower center catte Sz, is shown near the resonant frequencies of the conven-
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tional CBCPWs in Fig. 11(a). This explains that the @ rtm  [10]
Si is too conductive to attenuate the leakage resonance. In
Fig. 11(b), theS,; of the narrower-slot CBCPW is negligible. [11]
Even the very conductive heavily doped Si can be effective
to attenuate the very small resonant leakages due to loo$¥l
coupling to the resonant PP modes.

The measuredS-parameters of the CBCPWs having a[13]
4 k2-cm Si sub-mount layer are shown in Fig. 12. Leakage

: 14

resonance is not suppressed due to the very small substrate Iésg
of the HRS [19]. Comparing with the conventional CBCPWSs,
the fluctuations of S-parameters are slightly reduced due[15]
to smaller coupling to the PP modes in the thick substrate.
However, the resonant peaks are still observed in the wholgs]

frequencies. [17]
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In this paper, the leakage resonant effects in the finitd18]
CBCPWs have been examined by FDTD calculation and ex-
perimental characterization of the fabricated GaAs CBCPWg; g
The results show that the CPW mode couples into the PP
modes and the resultant PP modes become significantly res-
onant in finite substrates and also in package enclosures. In
order to suppress the parasitic resonance, we proposed and
experimentally characterized the CBCPWs using a doped
sub-mount layer for microwave and millimeter-wave frequen
applications. The proper resistivity of Si was selected by t
surface resistance calculation. Using a %00-thick lightly
doped Si (1592-cm), the fluctuations ofS-parameters are
completely reduced by absorbing the resonant leakages.
expect that the Si absorbing layer can be effectively used
resonant-free coplanar circuits and face-up packages.
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