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niela Staiculescu, Kyutae Lim, Albert Sutono, Hongwei Liang, 
ougher competition in existing wireless communication
markets and emerging wireless applications that utilize a
higher frequency spectrum are pushing hardware vendors
to make more competitive products (such as the front-
ends and the passive and active components). In the last

rs, the need for high integration levels for RF and microwave
ions have made the choice of interconnection solutions a very
nt issue, especially since the quality of these interconnects has
impact on the performance and cost of the entire system.The
 better electrical performance—along with the cost reduction
y for achieving the large growing potential of the wireless
make vertical interconnections very promising.

cent years, both level-1 (chip-to-package) and level-2 (pack-
oard) vertical interconnects have been considered.This article
marize the advantages and the drawbacks of flip-chip vs. the

used wirebond for microwave and millimeter-wave (mm-
pplications, and how these affect the job of designers and
rs. As an alternative solution, ball grid array (BGA) packaging
l be addressed.
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process 
frequenFigure 1 - Flip-chip schematic
urations for comparison
p is a solder ball array for level-1 of assembly (chip-to-pack-
e example illustrated in Figure 1 is a side view of a coplanar
de (CPW) to CPW flip-chip interconnection including three
two for ground and one for signal. Figure 2 shows the pho-

 of a flip-chip ball before and after the bumping process.
irebond, also a level-1 interconnection solution, is generally

microstrip configurations. Figure 3 illustrates a sideview of a
d test vehicle.

al aspects
h new packaging and interconnection technologies have been
ed, wirebonding is still dominant in RF/wireless products
has strong benefits in cost and reliability. However, the strin-
cifications of emerging communication systems and use of
requency band cause the engineer to be concerned about the
ks of wirebonding—e.g., parasitic effect and losses.Wirebond
an interconnection in a microwave and mm-wave module

 a high characteristic impedance due to the high inductance
ire diameter and a small capacitance due to the small dielec-

stant of air gap between wire and ground plane. In addition,
 loss resulting from wire discontinuity becomes significant,
rly in the mm-wave frequency range.
al interconnection solutions have gained a significant interest

 they provide features that can eliminate the problems associ-
th wirebonding: poor repeatability of the manufacturing
www.pcdmag.com

and a drastic increase of the losses associated with increased
cy. Along with showing better electrical performance, flip-
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s a considerable difference between the two test structures, with

ost 1dB at 75 GHz. The better electrical performance of the flip-
 compared to wirebond is caused by the minimized parasitic
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Figure
hnology allows several chips to be mounted together on the
oard to increase density, improve system performance and
cost (see Reference [1]). This packaging technique also
ombinations of active and passive devices, silicon (Si) and
arsenide (GaAs), and probably analog and digital circuits on
e motherboard. Furthermore, the compatibility with auto-
anufacturing improves the reliability and reduces assembly

r microwave circuit applications, low cost, high density and
nsition interconnects are considered to be the main advan-

 the flip-chip technique.
dition to these benefits, since the die in flip-chip is flipped
own, all the chip area is available for interconnect, eliminat-
wirebond restriction of having all the I/Os along the chip
er.This, along with the short electrical path which eliminates
 issues, allows true chip-scale packaging and therefore

d integration levels.
her important issue is the transmission line choice. The two
mmon choices for the transmission line to be used in a
monolithic microwave-integrated circuit (MMIC) are

ip and CPW. Coplanar MMICs are more suited to flip-chip
gy due to the immediate availability of all the grounds on
ace. In addition, coplanar circuitry requires no backside pro-
eliminates the need for ground vias and allows the use of a
more physically robust chip. Better matching with coplanar
sion lines is possible due to the ground-signal-ground con-
n. On the other hand, microstrip design tools are more pop-

d MMIC manufacturers prefer to make full use of their
ies.
ver, thermal performance of flip-chip packages is poor com-
 wirebond. Heatsinking is more efficient when the chip is
ing on the vertical stack-up rather than having no other con-
 it than the interconnecting bumps. The coplanar design of

 eliminates the need for the vias, and shunt elements can be
moved or added if tuning is necessary.
 a mechanical reliability standpoint, flip-chip technology still
o be improved. An underfill technology—to fill the gap
 the chip die and board with a dielectric material—has been
ed to improve the heat dissipation and the mechanical sta-
d to compensate CTE mismatch. However, it is difficult to
nderfill technology for RF modules, since the additional
c loss generated from the underfill material will reduce the
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 2 - Picture of flip-chip bump. The flip chip ball before
(left) and after (right)
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insertion
shows tFigure 3 - Wirebond schematic
efficiency. Moreover, characteristic impedance of the trans-
 lines on an MMIC chip will be significantly changed due to
er dielectric constant of the material. To avoid this problem,

he MMIC circuits should be designed to compensate the
 impedance change.

arison of electrical performance
arative analysis using microwave measurements of similar
d and flip-chip test structures is presented in Reference [2].
ntical CPW transmission lines on GaAs substrate have been
 to a ceramic motherboard using both wirebond and flip-
e wirebond assembly has been realized with the shortest
ossible. The measurement of the insertion loss to 75 GHz
associated with the shorter chip-substrate transition.
ce [3] shows another comparison between wirebond and
.

urement and simulation of the wirebond interconnection
 loss for three different wire lengths: 50 µm, 410 µm and
 showed worse performance than a similar structure using
 with a bump height as high as 200 µm. It is worth men-
that the performance of the interconnections are strongly
nt on the material of the base substrate, type of conductor,
th and number of interconnections and the location of

ground, as well as the maturity of the process. This implies
gesting an absolute figure of frequency of operation in any
gy would be difficult.
e package-to-board level of packaging, the bump intercon-

method is BGA. Since the early 1990s, the BGA package has
idely used in electronic packages, including high-speed
icroprocessors and the chip-to-board interconnections for
twork boards. Basically, the advantages of using BGA tech-
refer to the same issues as flip-chip. Although flip-chip has
requency performances and less loss than BGA, BGA has
es in reliability and cost perspectives over flip-chip. In

ave and mm-wave applications, it has been successfully
that the BGA package can support up to 40 GHz with the

Figure 4 - Wideband LNA with BGA package
www.pcdmag.com

 loss of less than -1 dB and –10 dB return loss. Figure 4
he BGA-packaged wide band LNA for 20-40 GHz. The inser-
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 degradation due to the package is negligible (see Reference

e 5 presents a review of the published insertion loss results for
d, flip-chip and ball grid array interconnections (see
ces [5] through [16]).The test structures used in these analy-
ot identical and the individual characteristics are reflected in
rameters. However, it is observed that flip-chip shows evi-
f lower insertion loss over the entire frequency range than
d. On the other hand, BGA performance is poor compared
-chip, as a result of the larger dimensions and the use of lossy

es for the motherboard. Similar results have been reported for
ss.

sion
the key issues in the RF area is interconnection technology,
nables low cost and better performance of RF systems. A
f the existing technologies showed that many of the large

ies conducting research and development in the field of pack-
terconnects develop a growing interest in flip-chip vs. the
sed wirebond. High density and low cost are among the main
es of flip-chip technology, along with the flexibility given by
anar design. Comparisons of electrical characteristics of flip-
d conventional wirebond packages showed the superior per-
e of flip-chip. Still, thermal performance is poorer for
 due to the limited heatsinking capability of the bumped die.
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Figure 5 - Summary of |S21| results for flip-chip, 
wirebond and BGA
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w [www.yamacraw.org] is a Georgia-funded initiative
 public, private and academic entities to further broadband
ment in communication systems, devices and chips.
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