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Abstract — A broad-band transition from a coaxial line
to a CPW chip is simulated and realized. It is part of a
80 Ghps optoelectronic communication system covering the
frequency range up to 120 GHz. The extremely lar ge band-
width require efforts not only to keep reflections low but
also to suppress unwanted modes.

|. INTRODUCTION

With increasing bit rates in optoelectronic communica-
tion systems, proper interconnects are to be realized in
order to connect the chip to the outer world. To tackle the
very high speed data exchange, a broad-band approach is
inevitable providing low reflections and insertion loss as
well as high immunity to package resonances. For 40
Gbps applications, the well-known approaches using
BGA's, vias or bond wires result in a sufficient transmis-
sion behavior [1-4]. For higher frequencies, BGA arrays
cannot be arranged dense enough and the bond wire in-
ductance is prohibitively large. Other methods [5] use
coaxial-to-microstrip transitions with SMA connectors,
which are a method of choice for 10 Gbps applications
but not applicable beyond 25 GHz.

In our work, the frequency range up to 120 GHz is cov-
ered. This demands the connecting € ements between co-
axia line and CPW on the chip to be small in size and to
show only low discontinuity effects. The design of such a
transition requires a thorough investigation of the dimen-
sions and materia properties of the CPW chip, the trans -
tion and the carrier substrate. The main task isto achieve
atransition from coaxial mode into CPW mode with low
insertion loss and reflections, while the parasitic modes
generated are suppressed as much as possible.

This paper presents a detailed investigation on the tran-
sition, its electromagnetic properties, and the optimiza-
tion concept. The results are verified by measurements.

II. THE STRUCTURAL OVERVIEW

Fig. 1 shows the CPW-to-coax trangition. The intercon-
nect is realized by so-called pre-shaped metal lids
(PSLs), which consigt of 15 um thick Au and are bonded

485
0-7803-8331-1/04/$20.00 © 2004 |EEE

onto the metalizations of the chip and the coaxial line. At
the end section of the coaxia line, the upper part is re-
moved to allow proper mounting of the PSL (see Fig. 1).
On the chip side, both InP and ceramics are used as sub-
strate.

coaxial line

CPW

InP / ceramic

|

Au

T air gap
Si

Fig.1 Thetransition from acoaxia line to a CPW chip

using aPSL. Along alength D, the upper half of the
coaxial lineisremoved.
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Fig.2 Topview of the PSL. S denotes the separation be-

tween the ground and signal PSL

For the chip substrates, thicknesses from 250 pm to 620
um are considered. To keep the interconnects short, the
chip must be aligned in height with the coaxial core.
Therefore, the chip is mounted onto a supporting carrier.
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In order to minimize influence of substrate moding by
PPL modes, low-resitivity Silicon isused for the carrier.

For the dielectric of the coaxial line, we use Teflon. At
the connecting end, the upper half of the coaxid line is
cut away and a PSL (see Fig. 2) is bonded on both, core
and boundary of the coaxial line and the chip, thus bridg-
ing the air gap. The diameter and dielectric of the coaxial
line are chosen in such away that the cutoff frequency of
the first higher coaxial mode is beyond 110 GHz. The
whole circuitry is embedded in ametal housing.

I1l. THE MODESON THE CHIP SIDE

The chip cross-section forms a conductor-backed CPW
and thus supports also parastic parallel-plate-modes
(PPL) [6], which propagate between the CPW chip sur-
face and the backs de metalization. Due to the broad fre-
quency band up to 120 GHz, even higher-order modes
can appear (though not propagate) at the upper end of the
frequency range.
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Fig.3  Effectivereative dieectric constant of CPW and

PPL modes as a function of frequency and different

substrate materias (250 pm InP-chip on 620 pm Si

carrier (p = 4Qcm) and 254 um Al,O, chip on 620

um Si carrier ((p = 4Qcm)).

The excitation of the PPL mode is enhanced by the ra-
dial field of the coaxia line within the cutted segment,
where a large part of the electrical field pointsin a verti-
cal direction as does the PPL mode on the chip side. To
avoid coupling effects by the PPL mode, it is necessary to
attenuate the PPL as much as possible. Therefore, smula-
tions were carried out for various layer thicknesses (in-
cluding a chip thickness variation) and material proper-
ties of the carrier.
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The effective permittivity of the CPW and PPL modes
is plotted in Fig. 3 for InP- and Al,O; chips with Si car-
rier (p = 4Qcm). Fig. 4 presents attenuation for an InP
chip substrate with varying resigtivity of the Si carrier. As
one can see the attenuation of the PPL mode depends
strongly on the resigtivity of the S carrier. Whereas the
atenuation of the CPW mode is below 0.01 dB/mm at
120 GHz, the attenuation of the PPL mode covers the
range up to 10 dB/mm. This is due to substrate losses in
the Si.

Varying its resigtivity, PPL attenuation shows a maxi-
mum. In case of high resigtive Si, the PPL fields propa-
gate amost unattenuated through the Si carrier. In the
low-resistivity case, on the other hand, the PPL modes
propagate also nearly unattenuated through the chip (S
acts nearly as electric wall).
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Fig.4 PPL attenuation against frequency for InP chip and

different carrier resistivities (250 pm InP chip on
620 um Si carrier).
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Fig.5 PPL attenuation for varying resisitivity of the S

carrier at 120 GHz (250 pm InP chip on 620 pm Si).



From this behavior, it is clear that there must be a
maximum in PPL attenuation corresponding to the resis-
tivity of the S carrier. In our case, for the chip and car-
rier dimensions and materials the maximum of PPL at-
tenuation at 120 GHz is reached for resigtivities p = 0.5
... 1.0 Qcm (see Fig. 5).

IV. INTERCONNECT BEHAVIOR

The key part of the interconnect are the PSLs. Fig. 2il-
lustrates the shape of the PSL. Their dimensions can be
varied in optimizing the design. Of course, technological
constraints and tolerances have to be considered (e.g., the
gap (S) between signal and ground cannot be less than 10
um). As a result, an external compensation structure
could be avoided, so that the broadband performance was
not affected. The em smulations were performed by
means of CST Microwave Studio (FDTD) and an in-
house FDFD software. Additional to the single intercon-
nect, the back-to-back structure shown in Fig. 6 was ana-
lyzed to include coupling effects.

coaxial line

Back-to-back structure of two coaxia-CPW inter-
connects according to Fig. 1 with thru-line on the
chip.

Fig. 6

Regarding the high-frequency characteristics, various
parameters show a strong influence on reflection. E.g. the
gap (Sin fig. 2) between signal and ground PSL affects
reflection rather strongly. For a range of the gap from 20
pm to 30 um with an optimized value of 25 pm, the re-
flection coefficient differs by 6..7 dB. Another example
is depicted in Fig. 7, which shows the influence of PSL
metal thickness. Thus, aso thickness of the PSL is a
quantity to be accounted for in optimization.

A further senditive parameter is the length of the cut-
ting section of the coaxia line (D in Fig. 1), which
should be on the one hand as small as possible but, on
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the other hand, needs a certain length to allow for proper
PSL bonding. The designed length of the cutting section
is 350 pm and allows for a 50 pm tolerance.
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Fig. 7  Influence of the PSL thickness: reflection coeffi-

cient of the back-to-back structure against fre-
quency.

Particularly critical, however, is the air gap (100 pm)
between substrate and coax, which is difficult to control
during manufacturing.

Besides the interconnect behavior, isolation needs to
be assessed. For this purpose, the back-to-back structure
in Fig. 6 is employed replacing the thru-line by two op-
posite shorted CPW stubs on the chip. Fig. 8 shows simu-
lated isolation for an InP chip and different Si carrier
thicknesses. As can be seen, the thicker Si carrier im-
proves isolation. This is a result of the increase in PPL
attenuation (see Sec. I1).
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Fig. 8 Isolation of CPW linesin the back-to-back struc

ture (comparable to Fig. 6, but with shorted stubs
on the CPW chip) for different thicknesses of the Si
carrier and aInP chip of 250 um thickness.



With the optimized transition, a test set-up was fabri-
cated (see Fig. 9) using a 1mm long CPW thru-line on the
chip. The whole transition is embedded in a metal hous-
ing as shown in Fig. 10.

Fig.9  Photograph of the test set-up with PSLsin the cen-

ter (top and bottom).

Fig. 10 Test fixture with embedded test chip.

Fig. 11 presents the measurement results. The ripplesin
the measurements are due to the length of the coaxial
connecting lines in the package. The results show a good
agreement up to 120 GHz. Reflection is lower than
-10 dB for the back-to-back structure over the entire fre-
quency range, what means that the single transition has a
reflection better than —16 dB. The measurements include
the reflections due to the coaxia connectors (1 mm type)
on both sides. The deviations in transmission parameters
(IS,]) can be attributed to conductor loss, which is not
accounted for in the simulations.

V. CONCLUSIONS

A coaxial-to-CPW transition for broadband applications
up to 120 GHz is presented. Pre-shaped metal lids (PSLS)
are used as connecting structure. The interconnect was
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optimized including fabrication tolerances, which repre-
sent a critical issue due to the high-frequency of opera-
tion. Special emphasis is on suppressing parasitic PPL
modes in the substrate. The optimized transition provides
good transmission behavior with less than —16 dB meas-
ured reflection for a Sngle interconnect.
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Fig. 11 Reflection and transmission parameters against
frequency: Simulation and measurement data of the
back-to-back structure with 1 mm long through

CPW line on an Al O, chip.
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