RF SOI CMOS Tech

nology on Commercial

Trap-Rich High Resistivity SOl Wafer

K. Ben Ali, C. Roda Neve, A

. Gharsallah and J.-Bslkn

Institute of Information & Communication Technolqdslectronics & Applied Mathematics (ICTEAM)
Université catholique de Louvain (UCL), LouvainNeuve, Belgium
khaled.benali@uclouvain.be

l. INTRODUCTION

As CMOS technology continues to scale down, allgwin
operation in the GHz range, it provides the oppuotyuof low
cost integration of analog, digital and RF funcé@m the same
wafer for System-on-Chip (SoC) applications [1]CSarcuits
on Si are prone to substrate losses and couplisggcéally
when RF analog and digital functions are integrdtegbther
into the same chip. In digital circuits, substratpling can
also cause fluctuations in the propagation delalpgit gates
by changing the threshold voltage of devices thinoting body
effect [2]. The development of SOI technology presethe
major advantage of providing high resistivity lic (HR-Si)
substrate capabilities, which are mandatory for hhig
performance RF integrated circuits [3], leadingtbstantially
reduced substrate RF losses and crosstalk [4]. WHewe
oxidized HR-Si wafers suffer from parasitic surfacaduction
(PSC) due to fixed charge®4) within the oxide which attract
free carriers near the Si/SiOGnterface, hence reducing the
substrate effective resistivityofs) and increasing substrate
losses [5]. In addition, PSC increases the norafities
originating from the substrate [6] and RF devices more
sensitive to variations of the DC voltage [7]. Seve
techniques have been developed to reduce thessitgara
effects and to enhance the HR properties of Sinaatdhe
introduction of a trap-rich layer has been provedta most
effective technique while being compatible withusttial SOI
wafer fabrication and with the important thermaldget of
standard CMOS process [5]. The traps capture deedarriers

BOX, 80 nm for the thin active silicon film and 28n for the
gate oxide thickness, all lying on a HR-Si handibstrate (> 1
kQ.cm). The studied FD SOl MOSFET has a 2 um gaigtten
(L) with 20 gate fingers of 20 pm eadh)( Both intrinsic (1&°
at/cn, named NiN) and standard boron implantation (4%10
at/cn, NP2N) are considered for the channel doping.

A. Harmonic Distorsion of CPW line on trap-rich HR-SOI

The 29 and ¥ harmonics of a 900 MHz signal at the
output of a 2,000 pm-long CPW line on both HR-S@d &ap-
rich HR-SOI substrates are shown in Fig. 2. A réidacof
more than 25 and 35 dB is depicted on trap-rich ${R-for,
respectively, the @ and 3 harmonics. Despite its high
nominal resistivity, the effective resistivitpg) [10] sensed by
the CPW on HR-SOI wafer is only 21D.cm (Fig. 3), which
explains the high harmonic level measured at thpud6].
Fortunately, the trap-rich HR-SOI substrate redubesCPW
line harmonics and fully recovers the HR properiidsthe
substrate with measureg higher than 4 ®.cm. A
degradation ofo. (4 times lower) was observed for the HR-
SOl wafer after the CMOS process. This degradat@mnd be
explained by the impact of thermal donor generdigihg the
processing. On the contrary, the RF performanzg,and
benefits of the trap-rich HR-SOI wafer remain unaled after
the CMOS process (Fig. 3). Additional measurememtger
different DC bias conditions (not shown here) alsafirm the
RF performance insensitivity of CPW to the apphettage for
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at the Si/Si@ interface, thereby enabling the substrate td"@pP-fich HR-SOI substrates.

recover its nominal resistivity [5], linearity, glinating the DC
dependency [6], [7], and leading to a substangdlction of
RF losses and crosstalk [8].

B. FD SOl MOSFET DC and RF characteristics

DC and RF measurements were performed on 18 dies fo
both HR-SOI and trap-rich HR-SOI wafers. The noipeal |-

In this paper we aim at comparing the static and RNg andg. Vs curves recorded for 2 um-long FD SOI nMOS

performances of passive and active fully-depleted)(SOl
MOSFETSs fabricated on top of either a standard wajgtrich
HR-SOI UNIBOND wafer both provided by SOITEC.

I DEVICES DESCRIPTION

The passivation efficiency of trap-rich HR-SOI swates
was investigated on commercially available 200 mdustrial
SOl wafers. The tested devices were 1 pum-thick zum
coplanar waveguide (CPW) and nMOS FD SOl trangstor
fabricated using a standard CMOS process [9]. Timemkions
of the 50 CPW line are respectively 38, 18 and 213 um fo

are presented in Fig. 4. For both wafer types ¢lselts outline
similar DC behavior for both channel doping levéléN and
NP2N FD SOl MOSFETSs.

To fairly compare all types of transistors on buetafers,
and to eliminate the impact of threshold voltaggatens, we
extracted the,/lp overlp/(W/L) (Fig. 5). The low body-effect
coefficient for FD SOI devices allows for obtainimgmost
identical high values ofj./lp (35 V?) on both HR-SOI and
trap-rich HR-SOI technologies. High frequency measents
have been performed from 0.04 to 40 GHz using arits\n

'37369A in combination with HP4145A. The pad paresit
were subtracted from the measurements using a et o
dedicated calibration structures. Fig. 6 presenés expected

the central conductor, slot space, and ground.cftes-section
of the FD SOl MOSFETSs is shown in Fig. 1, havin@ 40n



H,; which shows excellent similarity, respectively, fbe NiN
and NP2N FD SOI MOSFETs on both wafers.

IV. CONCLUSION

The excellent matching between the experimenttit siad
RF characteristics of measured FD SOl MOSFETs pnofo
both HR-SOI and trap-rich HR-SOI wafers
demonstrates that the presence of a trap-rich layderneath
the BOX does not alter the DC or RF behavior of M®@S
transistors. Since substrate losses and crosstalkgeeatly
reduced when using a trap-rich HR-SOI wafer andabse
those advantages are also conserve after CMOS gsinge
trap-rich HR-SOI technology can be considered agcellent
solution for the co-integration of digital, analagd RF devices
on the same chip.
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Fig. 1. Cross-section of FD SOl MOSFET on (a) HR-&@l (b) trap-rich
HR-SOI wafers.
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Fig. 2. Harmonics distortion of a CP@# HR-SOI and trap-rich HR-SOI.
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Fig. 3. Effective resistivity of CPWs on HR-SOI amap-rich HR-SOI.
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Fig. 4. Normalizedp-Vs andgn-Vs characteristics ,for NP2N and NiN FD
SOl MOSFETSs.
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Fig. 5.g+/1p ratio versusp/(W/L), for NP2N and NiN FD SOl MOSFETSs.
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Fig. 6. Cutoff frequency as function of supplytegle {/c) atVp=1.5 V for
NiN and NP2N FD SOl MOSFETs



