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Abstract

Practical application of integrated circuits requires operation over a wide temperature range. In the case of microwave monolithic
integrated circuits (MMICs), the quality of the interconnections as well as the passive matching networks in term of losses is predomi-
nent. Therefore, there is a need to investigate the performances of transmission line structures on Si-based substrates in a wide temper-
ature range, as a function of frequency. The behaviour of 50 X thin film microstrip (TFMS) and coplanar waveguide (CPW) transmission
line topologies on both standard and high resistivity silicon-on-insulator (SOI) substrates versus high temperature is presented.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Large scale commercial applications, such as cellular
communications require substrates that are low-cost, easy
to manufacture and capable of being integrated with digital
technologies. Silicon substrate is a good candidate for these
applications even if it suffers from dielectric losses. Some
applications such as well logging, avionics, and automotive
require electronic circuits capable of operating at tempera-
ture up to 300 �C. The capability of SOI circuits to expand
the operating temperature range of integrated circuits up to
250 �C has been demonstrated [1,2], thanks to its buried
oxide (BOX) as well as the fact that the transistor channel
is defined in thin silicon layer. Indeed, SOI MOSFETs

present lower leakage currents than bulk devices at high
temperature, as well as a smaller variation of threshold
voltage with temperature. They are also immune to temper-
ature-induced latchup. As a result, SOI circuits can operate
at temperatures above 300 �C, while bulk CMOS is usually
limited to 150 �C [1,3]. In [4], authors have analyzed the
impact of high-temperature operation on the RF perfor-
mance of a travelling wave amplifier (TWA). They have
demonstrated that the losses induced in the passives are
the main contributor to the TWA gain and bandwidth deg-
radation at high temperature.

One of the main challenges in the silicon process is no
longer high performance transistors but ultra low loss pas-
sives, and especially transmission lines for achieving higher
frequency and gain performances [1].

On-chip transmission lines can be implemented using
thin film microstrip (TFMS) or coplanar waveguide (CPW)
lines in a multiple metal layers CMOS technology. Both
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configurations were built on 130 nm SOI CMOS process
modelled through full-wave EM simulations with HFSS
Ansoft software environment [5].

In next sections, the behaviour of both transmission line
topologies, TFMS and CPW, versus frequency and temper-
ature is presented and compared. These transmission lines
were built on standard and high resistivity silicon-based
substrates.

2. Methodology

On-wafer measurements were performed, with an Anri-
tsu 37369ATM vector network analyzer. Temperature con-
trol is provided by a Temptronics 8-in temperature chuck
up to 250 �C. Ground-signal-ground (GSG) (100 lm-pitch)
high frequency coplanar Z Probes from SüssTM have been
used for signal measurement. The measurements were done
over the temperature range from 25 to 250 �C.

In order to extract the transmission lines parameters
such as the attenuation coefficient and the characteristic
impedance, we performed a two steps calibration. The first
calibration step consists in defining the measurement refer-
ence planes at the CPW probe tips. This is performed in
measuring standards on an alumina substrate and applying
the so called LLRM (line-line-reflect-match) calibration
technique.

After this first calibration step, the reference planes move
at the end of the probe tips, and the reference impedance is
equal to 50 X. The second step consists of a TRL (thru-
reflect-line) calibration in order to withdraw the metallic
access CPW pads and then determine the characteristics
of the TFMS and CPW lines made on the silicon-wafer,
in term of attenuation coefficient and thus lineic losses.
The latter step is repeated for each temperature value.

3. Thin film microstrip lines

TFMS are made of a metallic strip, lying on a thin
dielectric layer above a ground plane. TFMS were realized
on high resistivity (HR) and standard resistivity (STD) SOI
wafers. Six copper layers and one extra aluminium (Alu-
cap) layer were available on the 130 nm SOI process of
ST-Microelectronics. In our study, the TFMS lines were
implemented using the upmost 0.9-lm-thick metal 6 layer
as signal conductor, and metal 1 and metal 2 layers stacked
together to form the ground plane. The total dielectric
layer thickness is 2.9 lm. It is composed of a multilayered
structure of silicon dioxide and silicon nitride spacers, as
shown in Fig. 1.

We have drawn four TFMS structures with different
widths as summarized in Table 1. For each TFMS dimen-
sion, a thru line, a short and an open have been designed.
These structures allow the extraction of the losses using a
thru-reflect-line (TRL) de-embedding method [6].

The lines are designed to have a characteristic imped-
ance of 50 X. Fig. 2 shows a typical TRL calibration kit
in TFMS implemented on SOI substrate.

The standards are embedded in CPW to strip line tran-
sitions for on-wafer measurement purpose. These access
CPW pads as well as these transitions are withdrawn from
the measured S-parameters in using the TRL calibration
method.

Fig. 3 shows the losses versus frequency for various
available TFMS geometries. The lineic losses are defined
as the ratio of the real part of the propagation constant
(c = a + jb) and the length of the line. As expected, the line
losses increase with the reduction of the conductor width.

Two versions of the 7 lm-wide TFMS structures were
designed, for one the signal conductor is made only in
metal 6 and the other in stacking metal 6 and an extra Al
layer (Alucap) of 0.88 lm.

The use of the Alucap layer enables a reduction of 33%
of the losses at 20 GHz.

In TFMS, the back ground plane shields the Si substrate
and therefore avoids coupling between the signal and the
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Fig. 1. Geometry of the designed TFMS.

Table 1
The drawn TFMS structures

TFMS structures Conductor strip width, W (lm)

M6 + Alucap 7
M6 7
M6 2
M6 + Alucap 5
M6 + Alucap 9

Fig. 2. Chip microphotograph of the designed TFMS calibration kit.
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