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Abstract — One of the main markets for Silicon-on-
Insulator (SOI) devices is the high-temperature
applications. In the last decade, the technology adnces
to deep submicron to improve device performances in
term of cut-off frequency. Practical application of
integrated circuits requires the consideration of awide
temperature range, and transmission lines are widgl
used in MMIC's as interconnects and matching
networks. Therefore, there is a need to investigatthe
performances of the transmission line structures o$0I
substrate in a wide temperature range, as a functio of
frequency.

The behaviour of 50Q microstrip (MSL) and coplanar
waveguide (CPW) transmission line topologies versus
temperature is presented.

Index Terms — CMOS, MMIC, Silicon-on-Insulator,
MSL, CPW, Standard and high resistivity, High
temperature effect.

|. INTRODUCTION

Large scale commercial applications, such as

cellular communications require substrates that lave
cost, easy to manufacture and capable of beingrimted
with digital technology. Silicon substrate is a doo
candidate for these applications even if it sufféniem
dielectric losses.

One of the main challenges in silicon process i$ no
anymore high performance transistors but ultra logs
passives, and especially transmission lines foiieatig
higher frequency and gain performances [1]. Some
applications (well logging, avionics, automotivg require
electronic circuits capable of operating at tempeeaup to
300°C. The capability of SOI circuits to expand the
operating temperature range of integrated circujtsto
250°C has been demonstrated [1][2]. Thanks to utsed

oxide (Box) as well as the fact that the transistoannel is
defined in thin silicon layer. SOl devices and uits
present advantages in this field over bulk courtespsuch

as the absence of thermally-activated latch-up reddced
leakage current at the source-body and drain-body
junctions.

Transmission lines can be implemented using thim fi
microstrip (MSL) or coplanar waveguide (CPW) liriest
metal layers technology. For the MSL, metall ande2e
used for the ground plane and metal6 for the siginal

The CPW is implemented on metal6 layer. Both
configurations on 130 nm SOl process were modelled
through full-wave EM simulations with HFSS Ansoft
software environment. Correctness of line desanptin
HFSS was ascertained by comparison with S-parameter
measurements of MSL with an excellent agreement
between simulation and measurements [3].

In the next paragraphs, the behaviour of both tréssion

line topologies, MSL and CPW, versus frequency and
temperature is presented and compared. These fismiem
lines were built on standard and high resistivitjcen
substrates.

On-wafer measurements were performed on the MSL and
CPW, with a Anritsu 37369A™ vector network analyzer
operating up to 40 GHz. Temperature control is joled by

a Temptronics 8-in temperature chuck up to 250°@ 1
pm-pitch  ground-signal-ground (GSG) high frequency
coplanar Z Probes from Siiss™ have been used foalsig
measurement. The measurements were done over the
temperature range from 25°C to 250°C.

Il. MICROSTRIP LINES

Microstrip lines (MSL) are made of a conductornlyion a
thin dielectric layrer above a ground plane. Fighbws the
cross section of the line. MSL were realized onhhig
resistivity (HR) and standard resistivity (STD) S@afers.
Six metal layers+alucap layer were available onltB@ nm
SOl process.
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Fig. 1: MS lines: (a) cross-section and (b) topwie

In a MSL structure, the ground plane avoids cougplin

between the signal and the lossy silicon substfidtes, the

properties of MSL are independent on the substrate Fig. 3: Geometry of MSL.

resistivity, and the conductor losses are dominant.

For our study, we have drawn 4 MSL structures with  Fig. 4 shows the losses versus frequency for variou

different widths as summarized in Table I available MSL geometries. As expected, the linesdss
increase with the reduction of the conductor width.

MSL structures | Metal width
W (um) 1
M6+Alucap 7
M6 7 08
M6 2
M6+Alucap 5
M6+Alucap 9 0.6

Table I: The drawn MSL structures.
0.4

Losses (dB/mm)

Each structure contains 800 um MS line, a thry, linshort
and an open (Fig. 2). These structures allow theeton

0.2%
of the losses using a TRL de-embedding method. 1

Frequency (GHz)

Fig. 4: Measured losses for various MSL line geoiegt

2 versions of the 7 pm-wide MSL structures wereghes,
for one the signal conductor is made only in métahd the
other in stacking metal 6 and an extra Al layeru@sp) of
0.88 um.

The use of the Alucap layer enables a reductioB38b of
the losses at 20 GHz.

In MSL, the back ground plane shields the Si sabetr
Fig. 2: Chip microphotograph of the designed MSlibeation kit. and therefore avoids coupling b_etween the S_Igndl tae
lossy substrate. Thus the electrical charactesistfictMSL

_ ) ) are independent on the substrate resistivity, agstin Fig.
The MS Lines were implemented using the upmos{0r9- 5. Consequently, the MSL allows the use of standard
thick metal 6 layer as signal conductor, and usiregal 1 resistivity (20Q.cm) SOI substrates.
and metal 2 layers stacked together to form theurgto Furthermore, compared to coplanar transmissionsjine
plane. The total dielectric layer thickness is 3. is microstrip lines are preferred since they have ghéi

composed of a multilayered structure of siliconxitie and effective inductance per length. Thus, the lines loa kept
silicon nitride spacers, as shown in Fig. 3. compact.

In order to study the behaviour versus temperattire,
measurements were performed over the temperatoge ra
from 25 to 250°C.
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Fig. 5: Losses versus frequency for MSL lying tandard
(STD, 2CQ.cm) and high (HR, >10(Q.cm) SOI substrate

Using a classical TRL de-embedding method, theidine
losses were extracted as shown in Fig. 6, the memsunts
done on the MSL show an increase of 80% of theidine
losses with respect to temperature which is dudhto
positive temperature coefficient of the metallicipst The
temperature dependence of resistivity is often esgmted
by the empirical relationship:

p(M) = Pot k(T _To)
where o is the resistivity at a reference temperature,
usually room temperature, an#dl is the temperature

coefficient.
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Fig.6: Measured lineic losses vs. frequency angégature (W=7 pm).

Ill. COPLANAR WAVEGUIDE (CPW)

Fig. 7 shows a cross section and a top view ofGR&V
structure built on SOI. The characteristic impedaruf
CPW can be fixed on a wide range by changing thdthwi
of the central conductor (W), or the spacing betwtee
central conductor and the ground planes (S).
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Fig. 7: CPW line: (a) cross-section and (b) Topwie

The losses in CPWs are of two kinds: conductordesdue
to the resistivity of the metal and substrate Issdee to the
coupling between the central conductor and the gplan
grounds through the oxide and the silicon substrate

In order to investigate the behaviour of a CPW in far
high temperature application, a complete Calibratidt
was drawn for 5@ characteristic impedance (W=40 um,
S=24 um), containing 1 thru line, 1 short, 1 oped & long
line (800 um) in Metal 6 only, as shown in Fig. 8.

Line
Fig. 8: Chip microphotograph of the designed CPWbtion Kkit.

The actual multilayered structure drawn on the A80SOI
process is detailed in Fig. 9.
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Fig. 9: Geometry of CPW.

The CPW structure was designed on STD (CPW_STD) as

well as on HR (CPW_HR) Si substrates, and the nmedsu
losses are obtained after a TRL de-embedding method



For CPW, the increase of the losses is more impbda
HR compared to STD, but its performance is still
interesting at 250°C. The CPW_HR shows 50% less los
compared to a 50Q MSL at 250°C, because CPW
structures enable using wider lines to achieve same
characteristic impedance which leads to reducediltizet
losses (Fig. 10).

Lineic losses of CPW_HR, CPW_STD and MSL are ptbtte
in Fig. 11 with respect to temperature. We noteerehse
of the losses for the CPW_STD, till 200°C due te th
mobility reduction of free carriers in the substrat higher
temperature [3]. Above 200°C, the losses staihtoease
for both CPW_STD and CPW_HR. This is due to the
increase of the metallic losses on the one hand,the
degradation of the substrate resistivity on theotrand for
the HR substrate. For the MSL, there is a lineardase of

o as expected, because the conductor losses areattmi
as shown earlier.
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Fig.10: Measured lineic losses vs. frequency fonash STD and HR
silicon substrates (W=40 pm, S=24 pm).
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Fig.11: Comparison of measured lineic losses vsp&zature of CPW &
MSL @ 10 GHz

Fig. 12 shows the attenuation coefficient of CP\Wed
made on standard and high resistivity SOl wafessyeall as
fused silica wafer. The CPWs were designed to obtai
characteristic impedance close to®0

By comparing, the attenuation coefficiert) (of the two
lines made on SOI, the importance of the substoates is
highlighted. The substrate losses dominate in #ee of
standard resistivity substrate.

The attenuations of the CPW structures were alsgpaoed
to the 50Q MSL designed with and without the Alucap
layer. MSL even without Alucap layer is still bettédhan
CPW on standard resistivity.

By comparing the results presented in Fig. 12, CipvVdde
on HR SOI or SOS exhibits better performance th&8LM
for impedances close to 0. In both structure, the losses
are dominated by the conductor losses. But MS leres
independent of the substrate used.
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Fig. 12: Measured lineic losses of CPW on STD, HR 80S @ room
temperature.

IV. DISCUSSION

e MSL does not see the substrate, but suffers
from higher losses than CPW lines on HR
substrates due to small conductor widthindeed,
the properties of MSL are independent on the
substrate used, because the ground plane avoids
coupling between the signal and the substrate.
Thus, the conductor losses are dominant.

e AluCap is efficient in reducing conductor losses
for MSL: We note a reduction in losses 0.35
dB/mm at 20 GHz when using Alucap. Adding
Alucap exhibits much more impact comparing to
the effect of increasing the width of the micrgstri
line W.

« CPW losses are twice lower, despite the use of
Metal 6 only: more than 50% less loss for a 80
CPW on HR compared to a 52 MSL with
Alucap. Because CPW structures enables using
wider lines to achieve the same characteristic
impedance which allows reducing the metallic
losses.



» Behaviour of passives versus temperaturethe
loss characteristics of STD and HR CPW and MSL
structures were investigated over a wide range of

temperature. As expected, the losses increase with m e

respect to the temperature except for the STD
CPW: the substrate resistivity increases with the
rise of temperature which compensate the metallic

losses and thus make the CPW losses decreasing

with respect to temperature till 200°C.These
results demonstrate the feasibility and practical
applicability of different passive structures in
circuits design for both room and high temperature
applications.

In CMOS processes, the steady increase in the numbe
of metal layers and the increase of interlayer edigic
thickness enable using wider lines for a fixed abtaristic
impedance and yields conductor losses reductiorh wit
MSL. Moreover, signal conductor is shielded frone th
substrate avoiding coupling effects and thus MSictical
characteristics are unrelated to substrate reitistiv
allowing standard resistivity SOI substrates 2@m).

With CPW configuration, characteristic impedance is
inversely proportional to the aspect raiidS. This enables
to use wide lines for reducing metal losses witke th
drawback of larger consumed area. Up to now, CRasli
on standard resistivity substrates @@m) exhibited very
high losses. But recent availability of high resisg SOI
substrate (1R.cm) or the transfer onto fused silica of SOI
standard resistivity substrates makes CPW configuran
interesting solution for implementing low loss lng].

High frequency characteristics of transferred layen a
fused silica are compared to the ones on stand@d S
substrates by measuring coplanar transmission. lines

Fig. 13 shows the geometry of the measured copliamar
[7]. The coplanar waveguide (CPW) is fabricatedhwt
0.4-um thick Al metallization. For the standard SOI
Unibond substrate, the total Si@hickness, including the
passivation and the buried oxide layers is 2.6 [Time
underlying silicon substrate has a resistivity 9K2cm.

On the other hand, the “transferred layer substrite
entirely composed of silicon dioxide, including the
passivation, the buried oxide and the fused sdidastrate.
Fig. 14 compares attenuatianin the CPW line on the
standard Unibond substrate and on fused silicaisibs

The fused silica substrate clearly exhibits a digaitly
reduced loss, with a value lower than 0.25 dB/mnmi@t
GHz. Even if the resistivity of aluminium lines a@PW
geometry can slightly modify the attenuation, oaw la
values are comparable to results obtained on Gafs-s
insulating substrates and high resistivity Si-stgiss [8, 9].
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Fig. 13: 3D view of the measured transmission auiavaveguide on
standard Unibond substrate and transferred Unibabdtrate on fused

silica.
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Fig. 14: Extracted attenuation on standard Unibsurtastrate, and
transferred substrate on fused silica for the nregiscoplanar transmission
line.

V. CONCLUSION

SOl CMOS technology is now emerging as a mature
technology for the realization of high-temperature
integrated circuits.

Losses of MSL and CPW made on HR and STD SOl wafers
were analyzed with respect to temperature.

MSL allows the use of STD substrate because th& bac
ground plane shields the Si substrate. MSL can beean
interesting topology if the losses can be lowecethe same
level than CPW made on HR SOl or SOS.

For the CPW, the losses are of two kinds: conduoises,
due to the metal resistivity, and substrate losdes,to the
coupling between lines through the substrate.

These results demonstrate the feasibility and joalct
applicability of different passive structures inrcgiits
design for both room and high temperature appboati

To reduce the attenuation coefficient of MS lirthg, width
and the thickness of the conductor must be incthasat
the capacitance between the conductor and the gnolane
must be kept constant ensuring the same charditeris
impedance. To achieve this goal, the thickness hef t



dielectric layer must be increased, or lkwdielectric must
be used instead of silicon dioxide.

These solutions are in agreement with the tendsnafe
semiconductor industries. Indeed, more and morealmet
levels are used, allowing a thicker isolator lapetween
the conductor, made with the top metal layer, ahd t
ground plane. Furthermore, low-k dielectric will beed as
insulator between the different metal layers toumdthe
capacitive coupling between metal lines.

Due to the rapid increase in the number of metallic
interconnects, the top level metals will be locafedher
away from the SOI substrate as the technology scties
reducing the substrate losses for CPW and widen
metallic strip for MSL . In a near future, 12 metabels
will be available and will enable using 5 times ®idstrips
for MSL and thus reduce the losses by a factor wfaBing
MSL as a very promising structure for RF design tfoe
next technological node.
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