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Abstract RF characterization of flip-chip II. Test circuits and assembly
interconnects in CPW circuits with underfill has
been investigated by measuring the scattering- Two GaAs chips containing CPW sections were

parameters up to 40 GHz for GaAs coplanar selected for experiment [9]. Chip #1, with dimensions of
waveguide (CPW) through line chips flip-chip 1.106mm x 1.380mm x 0.635mm, has aQ5CPW
mounted on alumina substrate with and without through line of length 0.600mm fabricated on it. Chip
underfill epoxy. Fatigue life of flip-chip assemblies #2, with length of 4.700mm, is longer than chip #1 and
has been computed for different chip sizes and has a 4.125 mm through CPW line on it. On these test
substrates. The results show feasibility of using chips, six silver bumps were plated on the ends of CPW
underfil  encapsulant in  microwave/mm-wave line and the edges of ground planes. The dimension of

frequency range. the bumps is 75um in height and 150um in diameter.
Multi-line-TRL calibration set and the circuits for
. Introduction mounting GaAs chips were designed usin@ S0PW

transmission lines and fabricated on a single 25.4mm x

Because of several advantages compared to W& 4mm alumina substrate. Layout dimensions were
bonding (low cost, better performance, high reliabilitynodified to compensate for the effect of overetching
etc.), RF and microwave assembly packages gmg). Figure 1 shows the layout of a circuit fabricated on
increasingly likely to use flip-chip bonding instead ofhe alumina substrate.
wire bonding [1]. Generally, flip-chip assembly requires
underfill to reduce the stress on joints during thermal
excursions, to increase the fatigue life of joints, and to
protect the assembly from environment [2 - 7].
However, the underfil material affects the electrical LinedShort 5 1
performance of the assembly due to its different
dielectric constant and dissipation factor &an Hl='=l=-=l
compared to those of air. The only study so far reported
the effect of Sealgard;(=2.8) and Globtopg( =3.14)

on performance of an LNA in the frequency range from ]
5 to 15 GHz [8]. In this paper, both electrical and . N
mechanical characterization of CPW flip-chip assembly Line2  Thru Lined
with underfill encapsulant are reported. The effects of =

underfill encapsulant on RF performance are m
characterized up to 40 GHz based on measurements on

CPW flip-chip assemblies. Fatigue life of flip-Cchiprigyre 1. Layout of calibration standard set and carrier
assemblies is studied by finite element method (FEM)..i cuits on alumina substrate.
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The GaAs chips were mounted on the alumina
substrate by thermosonic flip-chip bonding [11]. The
parameters selected for this operation were: temperatur
180°C, bonding force 1.575kg, and ultrasonic power
8.5W. After bonding, the epoxy (U300 from Epoxy
Tech. Inc., witke,=4.1 and tab=0.009 at 100 KHz) was
underfilled in gaps between chips and the substrate an
cured at 120C for 25 minutes.

RF measurements were performed on a HP8510
network analyzer with on-wafer probes for a frequency
range extending to 40 GHz. Measurements on
assemblies for chip #1 and chip #2 were carried out
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before as well as after adding the underfill encapsulantigure 3. Comparison of measured; $f flip-chip
assembly with and without underfill for chip #1.

IIl. RF measurement results and characterization

Figures 2 and 3 show measured S-parameters of t
flip-chip assembly for chip #1 with and without
underfill as a function of frequency, and Figures 4 and
show the same for the assembly with chip #2
Comparing the measured results of the two flip-chi
assemblies with and without underfill, we see two kind
of effects due to underfill: the return loss and insertio
loss of flip-chip assemblies increase, and the frequenci
of minimum reflection shift downwards.
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Figure 2. Comparison of measured, $f flip-chip
assembly with and without underfill for chip #1.
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Figure 4. Comparison of measured, $f flip-chip
assembly with and without underfill for chip #2.
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Figure 5. Comparison of measured; 8f flip-chip
assembly with and without underfill for chip #2.
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A. Losses with and without underfill (as computed by EM
The loss in the flip-chip assembly includes the losmulation on HP-HFSS) are 7.259 and 8.917,
of the CPW on the alumina substrate and the loss of tlespectively. The difference is about 23 percent. Table |
CPW on GaAs. After addition of underfill, the presencghows the measured and calculated (using the computed
of epoxy increases the loss. Figures 6 and 7 show ttaues of the effective dielectric constants) frequencies
loss of the flip-chip assemblies with and withoubdf minimum reflection for the two assemblies. The good
underfill epoxy for chip #1 and chip #2, respectively, asgreement between the measured and calculated
a function of frequency. The additional loss due tipequencies for minimum reflection validates the
underfill epoxy is small. In fact, the additional loss isiccuracy of our measurements and modeling.
less than 0.6 dB for the flip-chip assembly with chip #1

and less than 1 dB for the flip-chip assembly with chjpChip Meas. freq.| Meas. freqg. | Cal. freq.
#2 at 40 GHz. number| for min. for min. for min.
reflection reflection | reflection
5 w/o epoxy | with epoxy | with epoxy
1.75 ..........;..........i..........é... —wit;mutepoxy . (GHZ) (GHZ) (G HZ)
. i i P l==vithepoy | Chip#1 | 36.0050 32.2085 32.4857
%1_25 i Chip#2 | 34.2073 31.4108 30.8637
s i Chip#2 | 21.2235 19.6255 19.1490
h 075 i Chip#2 | 9.4383 8.4385 8.5157
g 051 me
R St Table I. Comparison of measured and calculated
0 frequencies for minimum reflection.
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IV. Mechanical Characterization of flip chip
Figure 6. Comparison of loss of flip-chip assembly witassembly with underfill encapsulant
and without underfill epoxy for chip #1.
Thermomechanical stresses on the joints because of

3 coefficient of thermal expansion (CTE) mismatch

' ' ' between the flipped chip and the substrate result in
thermomechanical fatigue and consequent failure of the
assembly. This stress can be reduced by encapsulation
of the joint with an underfill encapsulating material,
which enhances the reliability of the assembly. Underfill
encapsulant has been widely employed to enhance the
reliability of bonding joints in lower-frequency and
digital electronic assemblies.

FEM simulation was used to analyze fatigue life of
the flip-chip assembly. The mechanical properties of
materials used for FEM simulation are listed in Table II.

elastic strain energy density is computed using FEM
0 calculate fatigue life of flip-chip joints for different
chip sizes and substrates[12]. Figure 8 shows results for
fatigue life with and without underfill encapsulant for
GaAs chips on alumina and duroid. The results indicate

be attributed to the difference in the values of effecti%hat without underfil the larger chip has a shorter
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Figure 7. Comparison of loss of flip-chip assembly wit
and without underfill epoxy for chip #2.

B. Change ing. of CPW on GaAs

dielectric constant of CPW with and without underfi gtlgue life, and with underfill all assemblies have better

. . . tigue life. In fact, for chip #1 (L=0.600mm) mounted
epoxy. Effective dielectric constants of CPW on Gaﬁ?n the alumina substrate, the fatigue life increases from
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5000 to 14000 cycles after the addition of underfiMeasurements were made at NIST at Boulder, for

epoxy. which collaboration with Dr. Don DeGroot is gratefully
appreciated.
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