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Theory and Measurements of Flip-Chip Interconnects
for Frequencies up to 100 GHz

Andrea Jentzsch and Wolfgang Heinri&enior Member, IEEE

Abstract—A detailed investigation of flip-chip interconnects up 1V, respectively. Section V then presents results on package-re-
to W-band frequencies is presented in this paper. In a coplanar |ated parasitics.
50 environment, different test structures were fabricated and
measured to determine the electromagnetic characteristics of
flip-chip multichip modules, such as detuning, reflection at the Il. TEST STRUCTURESFABRICATED
interconnect, and parasitic coupling. Electromagnetic simulation . L .
is used to explain the details behind the measured results. Key ~Previous work, as well as intuitive understanding, suggest
to high return loss at the interconnect is a small bump-pad area. that high return loss at the interconnect requires small bump
Applying simple compensation structures, the frequency range of diameters [9]. Therefore, we chose a flip-chip technology for
operation can be further extended. It is shown that a return 10SS et strycture fabrication, which allows miniaturized bump
beyond 20 dB in the frequency range up to 80 GHz is achievable diameters down to 2pm. Such small bumps can be achieved
along with excellent reproducibility. Measurements on detuning . e ; !
and isolation are also presented. for instance, by means of lithographic processes and a depo-
sition by microplating in photoresist cavities combined with
" Au/Au-thermocompression bonding (TC-bonding) [11], [12].
At the Alcatel Research Center, Stuttgart, Germany, a set of
seven test chips was bumped and bonded to a ceramics mother-
. INTRODUCTION board. GaAs test chips with different passive coplanar structures
HE increasing interest in wireless communications and aw.ere deSigned and fabricated at the Ferdinand-Braun-Institut
tomotive sensor applications demands for low-cost paclir Hochstirequenztechnik, Berlin, Germany. The bump-pad
aging solutions with excellent millimeter-wave performancé€@ on the chips was chosen to be;60 x 60 ym. Bump
One of the most attractive approaches in this regard are flip-ctijgmeter was varied between 25-3%, whereas bump height
based microwave multichip modules (MCMs) [1]-[6]. In ordefS kept constant at 22m. On-wafer characterization up to
to make full use of the possibilities offered by this technology, H0 GHz was done in-house by means of an HP 8510XF single
basic understanding of the electromagnetic effects related wi€eP network analyzer. . _
the flip-chip scheme with and without housing is indispensable. I the following, measurements and simulation data con-
There are two main issues that determine the millimeter-wa8Ming the two main millimeter-wave effects of the flip-chip
characteristics of a flip-chip-mounted monolithic microwave inscheme, detuning, and reflection at the bump interconnect are
tegrated circuit (MMIC): detuning of the circuit on the chigPresented.
due to its proximity to the motherboard [7], [8] and the reflec-
tion at the bump interconnect [7]-[9]. A package may introduce [Il. DETUNING
additional parasitics, primarily with regard to substrate modes,
which affect isolation [8], [10].

Index Terms—Finite-difference methods, flip-chip devices
MMIC multichip modules, packaging.

Facedown chip mounting is always accompanied by an un-

The purpose of this paper is not only to describe these p%@med (:]_etunlnfg effect.h'_l'hhe Cﬁ rier su?hs tratle stu_r fa(I:e ﬁomets near

nomena, but also to provide design rules, which guarantee(t)_ Ahe chip surface, which changes the electrical characteris-
ics of the circuit on the chip. Previous investigations in &50-

timum exploitation of the millimeter-wave potential offered b | ) th h that this effect is al t
the flip-chip technique. Our investigations are based on m pplanar environment have shown that this efiect 1S almost neg-

surements of flip-chip test structures up to 100 GHz. Three- Qible for bump height# larger than about 0.3 of the ground-to-

mensional frequency-domain finite-difference (FDFD) simulagmllmd spacing! [g] Aé:gs\;dlngly, r:or a typlqal SOpgn—mdﬁ iaht
tion is applied to obtain insight into the underlying electrical effoPianarwaveguide ( ), one has a minimum bump heig

fects. The paper is organized as follows. After a general descrfg—is ukr)n. T:e S|ftuat|%n Igetsthworrs],_e vl;/hen usw:g_ a metallized i
tion of the test structures in Section Il, the detuning effect a pthérboard surtace below the chip because this arrangemen

the reflection at the interconnect are treated in Sections lll aﬁgongly enhances dgtunlng [13] and gives rise FO an unwanted
parallel-plate mode in the gap between the chip and mother-
board [7], [10].
Manuscript received March 16, 2000; revised July 12, 2000. This work Inorder to check these findings a.gamSt measurer_nents’_we use
was supported by the German Bundesministerium fir Bildung, Wissenschatttest structure where the change in the effective dielectric con-

Forschung und Technologie under Contract 01 BM 601. stant is translated into the resonance frequency shift of a simple
The authors are with Ferdinand-Braun-Institut fir Hochstfrequenztechn hich be d d with h hiah

D-12489 Berlin, Germany (e-mail: jentzsch@fbh-berlin.de). liter structure, which can be _et.eCte wit mgc I.g er accu-
Publisher Item Identifier S 0018-9480(01)03302-6. racy than phase-constant variation of a thru-line. Fig. 1 shows

0018-9480/01$10.00 © 2001 IEEE



872 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 49, NO. 5, MAY 2001

. motherboard chip section
chip
0 CPW Zepw-m _I"Ceff Zepw-cH
51
@ A0 e bump-pad length
= -15
23 e — k=
-20 : : unflipped chip
25 T Y
: flip-chip version
-30 H|
0 10 20 30 40 50 bump diameter
frequency [GHz]

dielectric overiap
Fig. 1. Insertion loss of a simple filter structure as a function of frequency: %‘ |%
comparison of the unflipped and flipped version; the shift in resonance
frequency is a measure for detuning (bump height ;28 and 54 ym
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this structure and its measured insertion loss. The short-circuited
shunt stub of a coplanar T-junction acts as a resonator with o ) ) o ) .
half-wavelength resonance at 22.5 GHz. Any detuning will afiy = I el o e mihe eross.sectional
fect resonant frequency, which can be determined with high agew, the width of the transition (center—center).

curacy from the insertion loss curve.

For this purpose, Fig. 1 compares results for the bare chip
and corresponding flipped setup. The insertion loss up to
50 GHz is measured with a frequency resolution of 0.5 GHz.
As can be seen, the resonance frequencies of the unflipped and
flipped chip agree extremely well. Obviously, the frequency
shift caused by the flip-chip setup is smaller than the 0.5-GHz
frequency resolution used here, which corresponds to a change
in characteristic line parameters below 1%. ldentical results
were obtained for the entire set of seven test structures. This
confirms the design rule mentioned above.

IS} [dB]

IV. REFLECTIONS AT THEBUMP INTERCONNECT

A. Main Parameters

0 10 20 30 40 50 60 70

According to [7]-[9], the flip-chip interconnect can be de-
frequency [GHz]

scribed by an effective capacitance. This reactance results from
the ;gperpos_ltlon ofa capagltlve a.nd an _mductlve eﬁeCtj _The . 3. FDFD simulation data of CPW input reflection against
pacitive part is caused by dielectric loading at the transition degguency. Parameters are the bump cross section of the interconnect
to the presence of both chip and motherboard dielectrics. Thethx ! 3025 anod()35 HTZ% g{r}ld cﬂ;?/v bumﬁ-fgg length indpmpagati?jn direction

. P— : = 50,...,60 pm); wit #m ground-to-ground spacing
d_uct!ve g:ontrlbutl_on s_tems from the changes in current densj)fythe motherboard and 54n on the GaAs chip, respectively.
distribution and direction when going from the motherboard line

via the bump to the chip line. In common structures, the capac—Fig_ 3 presents simulation data of CPW input reflections

itive effect is larger than the inductive. Bump height was founfl, ine two bump diameters used in the test structures (25 and

to be of minor importance for reflections and is, therefore, ngt um). The results indicate that a 1n reduction in bump

considered here. The remaining interconnect parameters arQi@meter reduces reflection by less than 1 dB at 70 GHz. The

follows: same variation is applied to chip pad-lengthin propagation
* bump diameter; direction {» = 50,...,60 pm), which results in a somewhat
* bump-pad area (length and width); larger decrease. Since, in practice, minimum pad lefgis
+ dielectric overlap between chip and motherboard; determined by the bump diameter, the conclusion is simple: use
+ total width of the transition (determined by the distancemall-diameter bumps and keep the pad as small as possible.
between signal and ground bump). In Fig. 4(a), the dielectric overlap of chip and motherboard

Their influence is studied in the following by means of FDFDs varied. This parameter is determined by dicing tolerances,
simulation. Fig. 2 displays the flip-chip single transition undegtc. Changing the dielectric overlap from a theoretical value
investigation and defines the dimensions in the transition are#.0-50.m increases reflection significantly by about 2 dB at

The CPW-to-CPW case is treated. 70 GHz. A further extension of the same order, on the other
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width w, Fig.5. Optimized interconnect design. (a) Layout on the motherboard without
any compensation. (b) Staggered bumps: the forward-pulled center conductor
bump leads to a line section with an elevated center conductor. Due to the field
concentration in the air region, the characteristic line capacitance decreases. (c)
y On-motherboard compensation: single high-impedance (Hi) line section at the
15 : : . : : ‘ interconnect and the more complex high—low (Hi—Lo) version. The resonant
Lo 1 : 0 : - 53 : character of the Hi—Lo structure allows a distinctive reduction of reflection in a
” wi= 0 mm, o = Q”m : selective frequency range (see, e.g., [17]).
25 about 2 dB. At a first glance, this is surprising because larger
o i width is expected to increase reflection. More detailed studies
= ‘ : reveal, however, that an internal compensation effect occurs at
D sl L Wi =135um, I = 50 ym L ; :
-30 ‘ ; ; the transition: the longer way of the ground current raises in-
‘ ductance, which compensates capacitance and, consequently,
a5l L Lo L reduces the resulting reflection coefficient. The amount of com-
' ' : : pensation is limited, however, because the width of the CPW in-
40 ‘ : ‘ : ‘ : cluding the ground planes must be smaller than the wavelength
0 10 20 30 40 50 60 70 in the substrate in order to avoid resonances. Moreover, para-
frequency [GHz] sitic coupling into the unwanted substrate mode (parallel-plate
®) line (PPL) mode) increases with metallization width.

In brief, the bump-pad area and, if possible, the dielectric

Fig. 4. FDFD simulation data of CPW input reflection against frequen%verlap should be kept as small as possible in order to achieve

Parameters are: (a) the dielectric overlap lengthic = 0,...,100 pm, o - _ i
w; = const.) and (b) the widthw, of the interconnect; = Minimum reflections. Due to an internal compensation effect,
100,...,170  pm, lo = const.). Interconnect data: chip pad-areathe return loss can be further improved to a certain extent by

60/im X 60 pm, bump diameter 35m, bump height 222m, 502 CPW with
1204m ground-to-ground spacing on motherboard angiBon GaAs chip,
respectively.

choosing a larger distance between signal and ground bumps.

B. Optimized Design

hand, does not result in any noticeable change in return lossThus, the first thing to do is to shrink the bump-pad area. This,
This is understandable from physics because only the dielectimwvever, is limited by the bump diameter, which is related to
next to the interconnect can change capacitance there. In ptthe-flip-chip technology applied. Bump diameters in the range
tice, overlap dimensions below %0n are unrealistic because ifof 50 zm and below are possible [11], [12], but not readily avail-
the bump pads are located at the chip edge, dicing tolerancesatite from the common processes. Therefore, it is important to
not allow smaller values. Hence, one should consider this efféetow what one can do from a circuit designer’s point-of-view
during chip layout, but it does not provide room for significanto optimize millimeter-wave properties of the interconnect. This
improvements. will be discussed in the following. The basic idea is that of com-

The third parameter investigated here is the total width pknsation, i.e., reducing the excess capacitance at the transition
the transition. For this purpose, the distance between signal daydadding an inductive counterpart. Two approaches are inves-
ground bumps is varied from 100 to 178n (center—center). tigated here: firstly, staggered bumps [14], [15] and, secondly,
Fig. 4(b) shows the results: the larger the distance, the lowaer on-motherboard solution employing a high-impedance line
the reflection at the interconnect. The improvement amountsdection [16]. Fig. 5 illustrates these two solutions.
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Fig. 6. Optimized design of a flip-chip interconnect by means ofn the motherboard and %4n on the GaAs chip, respectively.

compensation: CPW reflection as a function of frequency (3-D FDFD

simulation data) comparing the following three different cases: 1)

uncompensated; 2) staggered bumps designed broad-band below 50 GB#tIrn loss, can be achieved (see Fig. 6). This result can be fur-
and 3) on-motherboard Hi compensation designed for optimum behaviortRler enhanced employing atwo-stage compensation realized by
70 GHz. The dimensions are: staggering lerigth, = 144.5 pm, bump-pad . . . .

area 60um x 60 zm, bump cross section 35m x 35 ;m, bump height & Hi—Lo structure, as shown in Fig. 5(c). Such a Hi-Lo compen-
22 um, dielectric overlap @m, distancev; between signal bump, and centersation was successfully applied in [17] for a structure with larger
conductor bump 10@m (center—center). bumps, which documents feasibility of the approach. Although

this Hi-Lo compensation is narrow-band on principle, the us-

In the first example, compensation is achieved by staggeriﬁB'e .bandwidth still spans several tens of gigahertz, which ?s
center conductor and ground bumps. Fig. 5(b) demonstrates §q8siderably more than for comparable compensated bond-wire
main effect: the center conductor of the chip is elevated and #hgerconnects. Further extensions of this approach would lead
field concentrated in the air region, which leads to a decreasd® filter design with well-placed resonances. In brief, compen-
capacitance. Alternatively, with the on-motherboard approadtgtion by CPW circuit elements on the motherboard side is a
a suitable impedance transformation network is realized on tfSt-effective and simple approach. Moreover, once a model of
motherboard next to the interconnect. The most simple vdhe transition is available, this compensation can be designed by
sion is a short line section of high characteristic impedance [sg&mmercial circuit design software and does not necessarily re-
Fig. 5(c)], but also more complex topologies may be employefdyire 3-D electromagnetic tools.

e.g., a two-stage compensation consisting of a Hi—Lo structure,
also illustrated in Fig. 5(c). C. Verification by Measurements

In order to check effectiveness of the compensation tech-
niques, a flip-chip transition according to Fig. 3 is analyzed In order to validate the simulation results, the flip-chip test
by means of FDFD simulation. A bump cross section o35 structures described in Section Il were characterized. They
35,m? and a 60x 60 :m? bump pad are chosen. The resultingnclude compensated transitions, both staggered bumps and a
reflection of the CPW mode is plotted in Fig. 6. The staggerdigh-impedance compensation on motherboard. First, a brief
approach requires a compensation lerigth of 145, m. This verification of our simulation results is given by Fig. 7. It
value was obtained by an optimization carried out broad-baptesents measured and simulated reflections of a flip-chip
in the frequency range below 50 GHz. A significant reductioback-to-back structure with a coplanar thru-line on chip
in reflection coefficient is observed up to 70 GHz. At abouand without any compensation in the interconnect area. The
30 GHz, the capacitive behavior changes to an inductive oragreement is excellent, which validates the model and proves
which leads to a minimum in magnitude and results in a digccuracy of our finite-difference frequency-domain code (the
tinctive increase in reflection up te26 dB at 70 GHz. The differences around 15 GHz are attributed to a resonance effect
clear disadvantage, however, is that the interconnect now cavith the neighboring line structures on the chip, which are not
sumes additional expensive chip area. Moreover, this appro&gtgounted for in the simulation).
is not compatible with common chip layouts, but requires acus-In a second step, measurements of the uncompensated
tomized chip design. The optimum staggering length can beucture are compared with both versions of compensation.
determined only by a computationally expensive three-dimeltore precisely, three different interconnects are considered
sional (3-D) electromagnetic simulation. In brief, this approadtrere: firstly, the uncompensated case as above as a reference,
is effective, but not generally recommendable. secondly, staggered bumps, and, thirdly, a transition with

The on-motherboard approach, on the other hand, affects #re on-motherboard high-impedance section, optimized for
motherboard side only. Using the most simple transformationy8 GHz. On-wafer measurements up to 100 GHz are presented
single high-impedance line section, about 7-dB improvementiim Fig. 8.
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One concludes that flip-chip interconnects allow extremely
o 8 Reflect  the test struct ihout and with i low reflective interconnects because of their small dimensions
o L o i comesnzatr g are, therefore, suitable for millmeter-wave applications up
impedance compensation (Hi-compensation) is designed for optimum behaddithe W -band. Even with larger bump geometries, as obtained
at 70 GHz, whereas the staggering length is chosen for a broad-band degjgna common solder process or stud bumps, for instance, the
below 50 GHz. flip-chip technique offers good millimeter-wave properties if
compensation measures are applied.

The measurement data show excellent performance up to
millimeter-wave frequencies. The return loss of the uncompen-
sated case stays below th0-dB level up to 37 GHz, which V. PACKAGE-RELATED PARASITICS

demonstrates the potential of the technique used. Moreovermserﬁng a flip-chip structure into a housing, one has to take

the effectiveness of the compensation approach is verifigd, »ccount package-related parasitics. In a coplanar environ-

clearly. Staggered bumps offer a return loss beyond 20 dB ug @t 'special attention has to be paid to substrate moding [8],

58 GHz. The minimum in reflection around 30 GHz is in agregy o) ysyally, a conducting backside is present, formed by the
ment with the behavior of the single transition shown in Fig. ottom of the package or the chuck during on-wafer measure-
Looking at t.he.r.esults. for the high-impedance compensqtiqﬂents_ As a consequence, an unwanted mode, i.e., the parasitic
a further significant improvement is observed: reflectionsp| mqde, has to be considered, which represents the floating
remain below—20 dB up to 82 GHz. Note that this data refef, o iia| petween CPW ground planes on top of the mother-
to the back-to-back stru_cture that |.ncludgs two flip-chip inte joard and the backside. Below the chip, this mode has a dif-
connects. Thus, reflections at a single interconnect are 6 glon; characteristic because it extends from the backside metal
pelow the maximum shown here. Insertion Ios; per transitiQf tha motherboard to the CPW metal on the flipped chip and,
is smaller than 0.2 dB up to 90 GHz and, thus, in the order ﬂ‘fus, includes the air gap between the motherboard and chip [see
measurement accuracy (0.3 dB for the uncompensated cas&liy 10(a)]. Hence, its effective permittivity is smaller than that
Comparing the return-loss level of the staggering and Hi agf the conventional PPL mode.
proaches, one should mention that both compensation concepis, order to avoid package-related malfunctions in flip-chip-
can provide similar results, depending on the structure designgésed coplanar millimeter-wave MCMs, parasitic coupling phe-
If the simple Hi variant does not reduce the reflection suffhomena due to the unwanted substrate mode must be accounted
ciently, the Hi-Lo compensation can be chosen, which alloviig. Until now, a simple way to suppress this additional mode is
further improvement. The disadvantage of the staggering aft known. Therefore, the crosstalk issue is of high priority re-
proach is not its electrical behavior, but the area consumptigarding system applications. Recent simulation work [8] reveals
on chip. strong resonance peaks caused by the PPL mode and demands
Besides the return-loss data, reproducibility is a key issf@ a more comprehensive investigation.
regarding system application. In order to clarify this, Fig. 9 The test structure shown in Fig. 10(a) is used to demonstrate
presents measurements data of the Hi compensation for @mel quantify parasitic crosstalk (a similar setup was applied in
whole set of seven test structures. The deviations are almfi€d]). A passive GaAs chip with two opposite CPW short stubs
negligible. Reflections remain below20 dB up to 82 GHz is flip-chip-bonded to a ceramics motherboard. Due to the large
for all seven samples. This impressive result reveals that thiglistance in the order of 2 mm between the stubs, CPW cou-
not a single best value, but can be maintained also in a largding between the stub vanishes. Due to the conducting back-
MCM lot. Moreover, since the samples have two differergide, however, the PPL mode will propagate between both ports
bump diameters of 25 and 3@n, these measurements verifyand cause nonzero transmission.
the above-mentioned results, stating a minor influence of bumpFig. 10(b) presents the measured transmission coefficient of
diameter variation (see Section IV-A). the bare chip before mounting and after flip-chip bonding. In
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Fig. 12. Measured and simulated transmission between CPW stubs of
the flip-chip setup in Fig. 10. Simulation data is based on the two-mode
representation shown above with scattering mésix calculated by the FDFD
method. The reflection coefficient-p;, at the outer PPL ports is varied as
specified ¢ppr. = 0 and—1).

SI [@B]

mode in the forward directionSipr2) is in the order
‘ , of —20 dB, a value comparable to the CPW reflection.
100 %0 40 60 80 100 In contrast, transmission into the backward PPL mode
frequency [GHz] (Sprr1) remains smaller, with magnitude values in the
(b) order of—30 dB.

_ , _ * The PPL mode is almost unaffected by the CPW struc-
Fig. 10. Test structure for crosstalk measurements. (a) Chip layout with two t t fth therb d f th d t
opposite CPW short stubs (stub lengths 1100 and }3@0respectively, the ur.e o_n op o _e mO. erboard as far a; . € groun r_ne 3
distance between is about 2 mm, interconnect data as in Fig. 7) and field pattern ~ allization there is not interrupted. More difficult is the sit-
of the PPL mode in the chip area. (b) Transmission coefficient of the flip-chip uation at the outer PPL ports which refer to the bound-
version against frequency (0.15,., 110 GHz) in comparison with data for the . f th therboard Th, flecti fficient
bare chip before mounting (0.15,., 50 GHz and 75, . ., 110 GHz). a”es_o € motherboard. ere, a retlecton Coe_ icien

rppr IS assumed. In the usual packaged case, the sidewalls
of the housing connect the CPW ground planes with the

CPW input chip backside, thus forming a short circuit for the PPL mode
----------- CPW 1| . CPW2 (i.e.,rppr, = —1). During on-wafer measurements, the
— [s] . edge of the motherboard is free and instead represents an
f"“ﬁ ,si“, PPLT. — PPL2 open-boundary condition for the PPL mode. To this open

circuit, however, we have a parallel path, the unknown
impedance of the probes seen by the PPL mode. This point
Fig. 11. Flip-chip single transition and the appropriate electrical four-port. A can be clarified comparing measurements with simulation
part of the incoming CPW signal is scattered at the bump-pad discontinuity into  qata.
aforward Grri2) and backwardferr.) PPL mode. In Fig. 12, the measured transmission between the stubs [see
Fig. 10(a)] is compared to simulation results according to the
the unflipped case, parasitic coupling on the chip is in the ordejodel given in the upper part of the figure. Two different values
from —50 to —40 dB. After flip-chip bonding, its value in- for the reflection of the PPL mode-pr. at the outer ports are as-
creases to about30 dB. The curve measured on-wafer does n@umed, i.e.;ppr. = 0 (the matched case) amgpr, = —1 (the
exhibit package-induced resonance peaks, but a smooth hgjéal short), which corresponds to the short-circuit condition.
wavelength resonance of the short stubs with a minimum aroupge finds close agreement between measurements and simu-
50 GHz. lation for 7ppr, = 0, which means: a matched condition for
In order to obtain a better insight into the coupling effect$he PPL mode is effective. This leads to the conclusion, that the
the structure in Fig. 10(a) was analyzed in more detail using theobes act as an absorber for the PPL mode, representing a par-
FDFD method. The frequency-domain treatment allows mogdge| path to the boundary effect of the substrate.
separation and, thus, offers the possibility of different port ter- Note, however, that this statement applies to the on-wafer
minations for the CPW and the PPL mode. Fig. 11 illustrates thgeasurement setup only. In a package, one has a different sit-
electrical four-port used to describe the setup. uation since usually the CPW ground planes are connected to
» A single flip-chip transition can be represented as the conducting backside of the substrate, formed by the bottom
four-port with scattering matrixS). The incoming CPW of the housing, at least at a coaxial-type feedthrough. This con-
signal at port (1) is scattered at the bump interconnect rgguration represents approximately a short circuit for the PPL
only in CPW modes, but also into a forward and backwamiode. Thus, the package walls (and any vias) form a low-loss
PPL mode. Simulations show that coupling into the PPhalf-wavelength resonator for the PPL mode, which is coupled



JENTZSCH AND HEINRICH: THEORY AND MEASUREMENTS OF FLIP-CHIP INTERCONNECTS 877

to the CPW transmission lines at each bump interconnect. This has to be included in optimization of the flip-chip inter-
leads to peaks in the transmission coefficient under a resonance connect from the beginning. New motherboard solutions
condition, as observed in Fig. 12 for the caser, -1, such as thin-film structures, multilayers, etc. have to be in-
which may cause severe circuit instabilities, although coupling  vestigated to develop cost-effective packaging techniques
to the PPL mode at each flip-chip interconnect is only in the  with acceptable millimeter-wave properties.
—20-dB range. This means: even if isolation is acceptable under
on-wafer measurement conditions, one might experience dif-
ficulties when putting the structure in a metallic housing with
coaxial feedthroughs. Low parasitic coupling under measure-The authors would like to thank the Process Technology De-
ment conditions does not guarantee stability under real circBRrtment, Ferdinand-Braun-Institute flr Hochstfrequenztechnik
applications. Of course, these effects are of particular impdFBH), Berlin, Germany, particularly S. Knigge, for fabricating
tance for systems where high gain or high input—output isolile GaAs test wafers, F. Lenk for chip design, and R. Doerner
tion is required [4]. for performing the network analyzer measurements. Regarding
The more general consequence is that it does not sufficeflig-chip technology, the process of the Alcatel Research Center,
consider a flip-chip interconnect isolated from the way the strugtuttgart, Germany (H. Richter), was used.
ture (primarily the motherboard) is packaged. Beside chip de-
tuning effects and the return loss of the bump interconnect, one
has to include coupling to the PPL mode and suitable measureﬁ]
to suppress it. In other words, developing an optimized flip-chip
approach must include the individual packaging solution of the
motherboard.
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