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Abstract

We present the development of a lumped
element model for the BGA transition using
both measurements and simulations results.
Measurements of the test structure are used to
generate a circuit model for a single bump
configuration. This model is used to calibrate
EM simulations of the bump geometry.
Furthermore, the effect of the bump diameter
on the equivalent circuit model is presented.
This model approach is scaleable and
extendible to a more global behavior of BGA
interconnects for RF packaging.

Introduction

Ball Grid Arrays (BGA) have received great
attention as a low-cost, high density
microwave integrated system interconnection
solution [1]. The BGA multilayer structures
have the advantages of reduced size and
weight, possibility of mounting cheap
ceramic substrates on PCB, compatibility
with automatic manufacturing and minimized
electrical path to the mother-board.
Therefore, the modeling and characterization
of BGA packages to microwave frequencies
is of great practical interest.

This paper presents the first comprehensive
approach for characterization of microwave

BGA's. A scaleable lumped-element circuit
model up to 12 GHz and extendible to higher
frequency is presented. The demonstration of
the equivalent circuit shows the variation of
the lumped element values with the horizontal
diameter of the bump.

Approach

In order to obtain the equivalent circuit model
for the BGA interconnect, a test structure has
been designed to mount a Low Temperature
Cofired Ceramic (LTCC) substrate on a
Duroid printed circuit board (PCB). A
schematic of the test structure is shown in
fig. 1a. The PCB consists of two 50 ohm
coplanar waveguides (CPW) (A_1 and A_2)
on a low-cost Duroid multilayer substrate. A
50 ohm CPW transmission line (B) on LTCC
multilayer substrate is soldered to the PCB
using two balls. A top picture of the test
structure is shown in fig. 1b.

The study of the loss and reflection due to the
ball interconnect is done using the equivalent
circuit model in fig. 2, which is similar to the
configuration for a flip-chip transition [2]. C1
denotes the discontinuity capacitance at the
chip, C2 the discontinuity capacitance at the
mother-board, L1 the inductance of the bump,
and R1, R2, R3 model the loss in the
interconnection.
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Fig. 1a. Schematic of the interconnection
structure - side view

Fig. 1b. Test structure - top view.

The approach for deembeding the effect of
the interconnection is presented in fig. 3. The
values of the lumped elements are obtained
by matching the measured S-parameters of
the overall attached structure to the cascaded

CPW transmission lines, LTCC vias and
bump model, as presented in the block
diagram in fig. 4.

C1 =0 .08  pF

C2 = 0 .1 pF
R1 =1.5  kΩ

L1= 0.55  nH

R2= 1.5  kΩ

R3 =1  kΩ

Fig. 2. Lumped element circuit model
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Figure 3. Deembeding technique
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Fig. 4. Block diagram

The LTCC grounded CPW and the two
LTCC vias have been simulated using
SONNET EM simulator. The on-wafer
measurements have been taken with an
HP85109C network analyzer. The on-wafer
line-reflect-match (LRM) calibration has been
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performed on a Cascade Microtech
impedance standard substrate.

Experimental results

The values of the circuit elements are
determined by optimizing the circuit until the
modeled and measured S-parameters are well
correlated. Fig. 2 shows the lumped elements
values as the result of the presented
deembeding technique. Excellent correlation
between measured and simulated S-
parameters of the overall attached structure is
shown in fig. 5.
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Fig. 5. Optimization result

For a single bump, the comparison of the
equivalent circuit model to the simple via EM
simulation is presented in fig. 6.

Application of this method is demonstrated
by analyzing the effect of the via horizontal

diameter on the elements of the equivalent
circuit model. For several diameters of the
bumps, the variation of the reactive elements
in the model is presented in fig. 7.
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Fig. 6. Demonstration of the equivalent
circuit.

Conclusion

The study and model of the high frequency
behavior of the ball interconnects give the
possibility to accurately and easily
characterize BGA packages. The accurate
microwave measurements of an attached
structure are compared with simulation of the
modeled circuit, which contains the measured
and simulated cascaded S-parameters of the
interconnected CPW's and the circuit models
for bumps and vias. The applicability of the
model is demonstrated by analyzing the effect
of bump diameter on the lumped elements
values.
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The important issue determining the
applicability of this approach is the coupling
of the EM modeling/analysis with microwave
measurements. This makes the method very
flexible and extendible up to higher
frequencies. Using this approach for various
configurations can relate the ball model to
physical attributes of the circuit, leading to
developing technical insight for BGA
interconnections at RF and microwave
frequencies.

0.2

0.3

0.4

0.5

0.6

0.7

5 10 15 20

L1in
du

ct
an

ce
 (

nH
)

diameter (mil)

0.05

0.06

0.07

0.08

0.09

0.1

0.11

0 5 10 15 20 25

C 1
C 2

ca
pa

ci
ta

nc
e 

(p
F

)

diameter (mil)

bump diameter

bump geometry

Fig. 7. Variation of lumped elements with the
horizontal diameter of the bump.
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