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Abstract-- A novel vertical interconnect package
(VIP) based upon swate mount plastic lead frame
packages is presented for microwave applications.

The prototype has been fabricated and measured,

and its finite element method (FEM) simulation is
confirmed by experimental results. This new
package demonstrates improvements of
approximately 10 dB in return loss and 1 dB in
insertion loss over the small shrink outline package
(SSOP) to 10 GHz. Investigation into the behavior
of the discontinuities has provided insight into
mismatches at interconnects, and higher
performance prototypes are in fabrication.

|. INTRODUCTION

The rapid growth of the wireless
communication  market  motivates  the
development of microwave packaging which is
a significant portion of the cost in
communication systems. Presently low cost
plastic surface wunt packages are widely used
at frequencies below a few GHz. Plastic
packages in its current form are limited by
parasitic parameters at higher frequerities
Application of a high volume nmafacturable

technology such as plastic lead frames provides

a path for low cost high frequency packages. In
this paper, a novel low cost microwave
package, the vertical interconnect package
(VIP), is introduced. The VIP demonstes
improvement in transmission and exftion
loss over SSOPs. Arototype of this package
has been measured and simulated.

[I. DESCRIPTION ORVERTICAL

INTERCONNECTPACKAGE
This paper presents a novel vertical
interconnect  package  utilizing  simple

fabrication and inte@nnectiontechniques. The
VIP is a surface wount package with the
prototype providing two RF leads and multiple
DC connections. Figure 1 shows the top view
of a 12-pin VIP before encapsulation. The
majority of the frame consists of a ground
plane with tabs cut out to provide DC and RF
input. The lead frame has a U-shape at each RF
port, shielding the signal with the surrounding
ground. The chip is mounted in the center of
the ground of the lead frame and is connected
to signal lines of the lead frame before
encapsulation of the package. For our
measurement, a S0 microstrip through line
acts as the packaged qooment and is
wirebonded to the lead frame. The entire
package is mounted on an alumina substrate
patterned with CPW feeds (shown in Figure 2)
for on-wafer probing.
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Figure 1: A 12-pin VIP mounted on alumina substrate
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‘” ‘ ” ” ‘ results are in good agreement with

| experimental data, as shown in Figure 4.

\HH
Figure 2: Alumina substrate patterned with CPW feeds § " . :
The central concept behind this package ol /

is to use a pseudo coaxial feed as a waveguide g fp +_ Ot vip easure =
structure and to minimize the coupling between -40 | '
RF interconnects in the package. To illustrate T T T T T T e T T
the improvement, the S-paramars of a VIP o Frequency (GH2)
and a SSOP package were measured. The two O .
sample packages have similar size and the w2t ) .
same number of pins. In Figure 3, we compare 30 e
measured results of the VIP and SSOP, both -%4; S~
with a 50 microstrip transmission line 26l
mounted on. The measured S-pagéens show S |
that the VIP has a return losstter than 12 dB e T iR vie S ™
and insertion loss better than 1 dB to 10 GHz. &_10- el
The plot also demonstrates that the VIP has ° CRequenycHy 2
approxinately 10 dB better ratn loss than the Figure 4: Comparison of FEM simulation result
SSOP to 10 GHz. with measurement

; RO lll. STUDY OF VIP ELECTRICAL
Y I et I /f" I 227’“%\ CHARACTERISTICS AND
5. / T / i "/ OPTIMIZATION OF STRUCTURE
g 1/ \ Because of the complex multi-material
;” | IS |2 8sor geometrical shapes in the microwave package,
: "‘°{ [ | i many of the recent research on microwave
0 15— 10 . packages relies heavily on various
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electromagnetic (EM) simulation tools and
Figure 3: Comparison of S-parameters shows that vip Numerical calculations[2-5]. Our investigation
has a 10dB better return loss and better insertion loss Of the first generation VIP combines 3-D FEM
over SSOP at most frequency points below 20GHz. simulation, using HFSS, and experimentatiad
Figure 5 shows the 3D solid model of the VIP
We have fabricated arB-pin VIP for FEM simulation.
(VIP8) and a 12-pin VIP (VIP12). The The lead frame plays a key role in this
experimental S-parameters are _obtalned with package. It provides both a shield for the signal
an HP8510 network analyzer using the LRM Jine and an interconnection to the packaged
(ine-reflect-match) calibration technique. We chip. The package can be considered as a

have also simulated the VIP8 using a sequence of several interconnections, as shown
commercial FEM simulator. The sinauéd
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in Figure 6(a). The discontinuity in the figure is millimeter-wave surface ount plastic

at the interface between the CPW feed and thepackages.

lead frame. If we consider the lead frame at the
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Figure 6: (a)Schematic Circuit model of VIP.
(b)The discontinuity is modeled as a junction of two transmission lines with
different characteristic impedance.
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Figure 7: 3-D simulation model for redesigned Figure 8: Comparison of FEM simulation of
VIP redesigned VIP and original VIP
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