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Abstract- This paper presents the electromagnetic Finite Ele-
ment Analysis (FEA) of a novel chip-to-chip interconnect for use
in System-in-Package (SiP) applications.  An on-chip coplanar
transmission line is transitioned to an off-chip coaxial cable using
an etched trench on Silicon.  This approach to die-to-die signaling
has inherent advantages over traditional wire bonding that in-
clude matched impedance, shielded signal conductors, and low
impedance return paths.  This paper presents the analysis of the
impedance discontinuities associated with the transition between
the two controlled impedance structures (coplanar and coaxial)
in order to understand if the manufacturing processes used af-
fects the ideal operation of this structure.  We show that this type
of die-to-die interconnect system reduces the parasitic inductance
of the signal path by 57% and that reflections are reduced by
75% compared to a traditional wire bond.

I. INTRODUCTION

 Off-chip SSN is a critical problem in System-in-Package
(SiP) applications.  One such application is the interface be-
tween a microprocessor and memory configured as two inde-
pendent chips on a single package substrate.  This type of con-
figuration decreases the physical size of the total interconnect
because the connection is only made to the package.  This
approach has the advantage of using smaller interconnect,
which has less parasitic inductance and capacitance.  It also
attempts to exploit the cost advantages of design segmenta-
tion.  This type of system is still limited by the overall inter-
connect because the same mechanical connections are used as
in the chip-to-board connection, albeit at a smaller scale.

Another SiP application that suffers from off-chip intercon-
nect deficiencies is the integration of CMOS processing and
wireless communication.  SiP has the inherent advantage that
different circuit substrates can be used in a single package.
This allows the optimal material to be chosen for the applica-
tion.  Silicon has long been the material of choice for digital
CMOS circuitry due to its low static power consumption.
However,  when  interfacing  to  a  wireless  signal,  Silicon  Ger-
manium (SiGe) tends to be a better material for telecommuni-
cations circuits such as amplifiers and mixers which require
more power.  SiP allows application specific materials to be
used and interfaced using package interconnect.  In this situa-
tion, a high quality interconnect is of great importance on the
package because the signals are often high frequency and ana-
log in nature.  Getting a high quality analog connection be-
tween SiGe and Silicon can enable Silicon-based Analog-to-
Digital Conversions (ADC) and demodulation via Digital Sig-
nal Processing (DSP).  These functionally diverse systems

have great promise but will ultimately be limited by the lack
of a high speed connection between multiple substrates within
the same package.

We have performed an initial feasibility study on creating a
micro-scale, coaxial-to-coplanar launch for use as an off-chip
interconnect  in  SiP  applications.    A  Silicon  substrate  which
contains controlled impedance coplanar transmission lines is
processed using a Micro Electrical Mechanical System
(MEMS) fabrication sequence in order to create an anisotropic
trench.  A miniature coaxial cable with extended center con-
ductor is placed into the trench such that the center conductor
of the coax is coincident to the signal trace of the coplanar
structure. The outer shield of the coaxial cable is coincidence
to the outer ground traces of the coplanar structure, thus com-
pleting the electrical connection. This type of off-chip inter-
connect system provides shielding for the signal path in addi-
tion to a controlled and dedicated path for the return current.
This will inherently reduce SSN and enable a higher speed
connection between dies residing on the same package sub-
strates.  Figure 1 shows our proposed system.

In this paper, we present the computer analysis and simula-
tions on the proposed interconnect system. Electromagnetic
Design Systems (EMDS) software from Agilent Technologies
is used to perform Finite Element Analysis (FEA) in order to
predict the electrical performance of the system.

Figure 1.  3D Rendering of our proposed system showing miniature coaxial
cables mounted to adjacent dies in an SiP application.  Our approach is used
in conjunction with traditional wire bonds.
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Figure 3. Cross sections of the coaxial to coplanar launch.

II.   METHODOLOGY

Micro-ElectroMechanical Systems (MEMS) fabrication
technology has advanced in recent years to produce commer-
cially viable products used in the automotive and biomedical
fields.  The ability to reliably form mechanical features on an
IC substrate has created an opportunity to apply novel ap-
proaches to the off-chip interconnect problem.  Using micro-
scale CMOS processes to form MEMS features enables a new
approach to increasing the throughput of SiP systems.

MEMS technology can be adapted to form an off-chip coax-
ial to coplanar launch for the transport of high-speed digital
signals.  In this approach, in order to form the new connection
we  add  a  coplanar  transmission  line,  then  a  trench  is  etched
into the IC substrate. The center conductor of the coaxial cable
is laid onto an exposed outer layer of the signal trace of a co-
planar interconnect. Both ground traces on the coplanar are
connected to the coaxial outer shield in order to provide a re-
turn path for the signal.  This approach yields a controlled
impedance path to transmit signals on and off of the IC using
shielded conductors.  Figure 2 shows the top and side views of
this approach.

This approach has inherent advantages.  The first is that the
shielding of the coaxial conductor eliminates any coupling
within the package interconnect.  The second is that size of the
interconnect can be miniaturized relative to existing intercon-
nect technologies.  One of the reasons that modern intercon-
nect is large relative to on-chip feature sizes is the mechanical
assembly processes that are used.  The machines that handle
the interconnect have limited accuracy so the feature sizes
must be large enough to overcome this error.  The MEMS
trench in this approach has inherent alignment features that
reduce the error of robotic assembly.  When the mini-coax is
placed into the trench, a downward vertical force can be ap-
plied to the coax and the trench will automatically align the
center conductor to the signal trace of the coplanar on the IC
as the coax slides downward.  With this alignment issue ad-
dressed, the physical size of the interconnect can be reduced
which leads to increased electrical performance.

III.   FINITE ELEMENT ANALYSIS

The design shown in figure 2 has 8 major cross-sections.
The first step in examining the feasibility of this approach is to
examine the spatial considerations of such a design.  Then the
electrical parameters can be compared between the new inter-
connect and existing off-chip interconnect to evaluate the im-
provements.

Figure 2. Top and side view  of off-chip coaxial to coplanar launch
using MEMS trench.
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    EMDS from Agilent Technologies was used to perform the
2D and 3D field solver FEA. 2D analysis for each of the cross
sections defined in figure 3 was performed in order to extract
the characteristic impedance (ZO) and the propagation constant
(g) as a first step to create a complete model for SPICE simu-
lations.  Figures 4-11 shows the field lines from the 2D solver.

Table 1. shows the characteristic impedance and propaga-
tion constant for each cross section as determined from the 2D
field solver:

Region ZO g

XC1 52  +  j26 305  +  j615

XC2 50  +  j25 299  +  j604

XC3 114  +  j3 10  +  j269

XC4 128  +  j1 4  +  j239

XC5 134  +  j1 3  +  j229

XC6 111  +  j1 5  +  j276

XC7 50  +  j0 0  +  j296

XC8 50  +  j0 0  +  j296

Table 1.  Characteristic Impedance and Propagation Constant for each
cross-section of the interconnect transition.
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Figure 8. Cross section 5 electric and magnetic fields.

Electric Fields           Magnetic Fields

GND

SIG
Sy
m
m
etr
y
A
xis

Sy
m
m
etr
y
A
xi

GND

SIG

Electric Fields                  Magnetic Fields

GND

SIG

GND

SIG

Electric Fields        Magnetic Fields

GND SIG

Sy
m
m
etr
y
A
xis

Sy
m
m
etr
y
A
xi

GND SIG

Electric Fields      Magnetic Fields

GND

SIG

Sy
m
m
etr
y
A
xi

Sy
m
m
etr
y
A
xi

GND

SIG

Electric Fields              Magnetic Fields

GND

SIG
Sy
m
m
etr
y
A
xis

Sy
m
m
etr
y
A
xi

GND

SIG

Figure 4. Cross section 1 electric and magnetic fields.

Figure 5. cross section 2 electric and magnetic fields.

Figure 6. Cross section 3 electric and magnetic fields.

Figure 7. Cross section 4 electric and magnetic fields.

Figure 9. Cross section 6 electric and magnetic fields.

Figure 10. Cross section 7 electric and magnetic fields.

Figure 11. Cross section 8 electric and magnetic fields.
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Figure 12. TDR/TDT simulation results for a 35ps input step.

Figure 13. Eye Diagram for wire bond at 5Gb/s.

In order to understand if the coaxial to coplanar launch can
improve electrical performance, the parasitic capacitance and
inductance are calculated and compared to standard package
interconnect types.  In the proposed launch, the majority of the
interconnect length resides in the coaxial portion of the line.
We will compare the coaxial portion of the interconnect to a
traditional wire bond, which is the most common types of in-
terconnect for connecting an multiple IC substrates.

For this case, the wire bond used is a 25 m diameter, gold
wire  which  forms a  ball  bond on the  Silicon substrates  using
100 m x 100 m pads [22].  Table 2 shows the parasitics of
our approach versus a traditional wire bond for a 3mm length
of die-to-die interconnect.

Parameter Units Wire Bond Coaxial Line

L' nH/m 569 242
C' pF/m 26 97

Zo 148 50

L3mm nH 1.71 0.73

C3mm pF 0.08 0.29

Table 2.  Electrical parasitics for the two types of die-to-die interconnect
that were evaluated.

This table illustrates that by moving to the coaxial off-chip
interconnect, the parasitic inductance can be reduced by 57%
and the parasitic capacitance by 66% over a wire bond.  In
addition, the impedance of the coaxial line can be controlled to
yield a standard 50  transmission line versus the uncontrolled
148  impedance of the wire bond.

A transient analysis was conducted on the new launch by
simulating the Time Domain Reflectrometry (TDR) and Time
Domain Transmission (TDT) responses.  This type of analysis
was performed by creating an equivalent SPICE model from
the 2D field solver results in table 1.  12 shows the TDR and
TDT result of the simulations.

This comparison showed that the coax launch reflections are
equal to 8% of the original signal, while the wire bond reflec-
tions are equal to 34% of the original signal.

In order to complete our electrical analysis, we stimulated
the system with a pseudo random bit sequence (24-1) and ob-
served the eye diagram at a data rate of 5Gb/s using a source
risetime of 35ps.  Figure 13 and 14 show the eye diagrams of
the wire bonded system and coplanar-to-coaxial system re-
spectively.

These results illustrate that the coaxial-to-coplanar launch
has significant electrical advantages over the standard off-chip
interconnect technology currently being used and is worth
further investigation.

Figure 14.  Eye diagram for the coaxial-to-coplanar interconnect at 5Gb/s
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CONCLUSION
This paper presented the electrical simulation analysis of a

novel die-to-die interconnect system that consists of a coaxial
to  coplanar  transition  using  an  etched  trench.   It  was  shown
that the new interconnect structure reduced the parasistic in-
ductance of the off-chip interconnect by 57% compared to the
traditional wire bond for a length of 3mm.  The new structure
also reduced reflections due to the interconnect by 75% com-
pared to a wire bond.  The coaxial to coplanar interconnect
system evaluated presents a novel solution to the electrical
limitations of modern package interconnect.
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