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RF antenna switch – isolation (1)

High resistivity  Si

BOX

Capacitance in off  case : COFF = CGSoff + CGDoff + CDS

High Isolation is obtained by using :
� Floating body devices (no current flow from S/D towards the substrate)
� Thin SOI in order to get low CDS capacitance
� High resistivity substrate to reduce losses through back substrate

By courtesy of C. Tinella
STMicroelectronics internal report

OFF
CGDoffCGSoff

CDSON

Isub through substrate

+
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RF antenna switch on SOI (2)

Isolation (-32dB @ 1900Mhz) as good as with SOS technology with a lower cost

This isolation specification is not possible with bulk standard resistivity substrates

Insertion loss compatible with GSM & WCDMA specifications

C. Tinella et al, SiRFIC 06
RF SP6T antenna switch for GSM 
& WCDMA processed with 130nm 
STMicroelectronics technology
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PA + RF antenna switch on SOI ?

J. Costa et al, « A Silicon RFCMOS SOI Technology for Integrated Cellular/WLAN RF TX 
Modules », IEEE MTT-S, June 2007

A typical 2.5G RF TX (transmit) module 
for cellular applications (6mm x 5mm) 

today
GaAs

Near 
Future  
SOI ?

TEM of integrated Power MOS

RF characterization @1880MHz of a 48mm 
IPMOS VDD = 3.5V, integrated on SOI

PAE ~ 50% and Gain ~11dB
@ 1880 MHz & @ 20dBm Pin
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Outline
● Introduction – We live in a mobile world…
● Advanced RF Low Power technology - what does it mean ?
● Figure of Merit for Active Devices in advanced bulk and thin 

SOI technologies
▪ MOS
▪ Bipolar 
▪ High voltage MOS

● Integrated on chip Passives – benefit from High Resistivity 
(HR) SOI substrate

● RF SOI performance – a few circuit examples
▪ VCO
▪ LNA
▪ RF switch

● Conclusion
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RF communication
Why SOI looks better than bulk ?

Frequency 
Synthesizer

T/R switch

LNA

FE modules

Lower Power
Co-integration with RF  
modules
Lower cost (reduced area)

a lower cost 
than SOS or 

GaAs

Lower Power for same Gain and Noise

Lower 
Power 
in VCO

co-integration with 
RF switch or with 
more functions

• Floating body MOS in switch 
• Floating body MOS in LNA
• Floating Body MOS in Baseband
• LDMOS in PA
• Body contacted MOS in VCO for 

LF Noise issue

Lower Power

Baseband Processor

PA

Down converter
(mixers, filters…)

Up converter
(mixers, filters…)
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Conclusion
� Wireless Communications is a tremendous market and it is still growing with 

increasing data rates

� RF TECHNOLOGIES must provide RF PERFORMANCE at the LOWEST 
COST

� CMOS Advanced Technologies are more and more considered for a wide range 
of RF circuits, especially for WLAN today (3-10GHz range)

� High resistivity (HR) SOI can reduce the cost by integration of more modules in 
one chip

� SOI is the solution for today Applications (3-10GHz range)

� Lower total power in both RF and Digital circuits (key for mobile)

� Easier co-integration of RF-Analog and Digital circuits (lower cost by 
reduced area)

� SOI is the most promising solution for Applications at higher frequencies 
(60 GHz WLAN…etc) that will emerge in near future
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Back-up slides
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MOS – strain to increase gm 

Intel, IEDM 05, C.-H. Jan et al, « A 65nm Ultra Low Power Logic Platform Technology using Uni-
axial Strained Silicon Transistors »

eSige on S-D for PMOS

AMD & IBM, IEDM 05, M. Horstmann et al, « Integration and optimization of Embedded SiGe, 
Compressive and Tensile stressed liner films and Stress Memorization in Advanced SOI CMOS 
Technologies »

Tensile Si3N4 for NMOS

Buried oxide

SOI

NMOS PMOS

SOI

Buried oxide
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SOI BSIM MOS model  extraction

Parameter Extraction 
on Body currents and 
capacitances

1. Impact ionization 
current

2. I diode + C diode

3. Igidl

4. Ibjt (parasitic bipolar 
current)

5. Igb (direct tunneling 
current)

Parameter extraction 
on floating body (FB) 
devices 

1st order parameters adjustment to 
account for the layout differences 
between the Body Contact and the 
Floating Body MOSFETs

SOI specific:

+ self-heating

+ floating body

By courtesy of J. Pretet, 
STMicroelectronics

Nominal Die 
Selection + 
measurement

First-order Parameter 
extraction in linear 
regime on BC 
devices

Parameter Extraction in 
saturation regime on BC 
devices

1. TOX, NCH, NGATE, 
CGDO.

2. VT, KB, U0, RDSW, DL 
and DW.

3. VT(T) and U0(T)

As for bulk:
Deep submicron physical effects

BC MOS 
model card

FB MOS 
model card
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RF SOI MOS model = 
MOS model + added features

Check specific SOI features:

Check self-heating effect vs
frequency (Rth & Cth extraction)

Check gds vs frequency due to 
floating body and self-heating

+ Substrate effects modeling in high frequency range: 
big issue (layout dependent), but more difficult for bulk than for HR SOI !

DC &AC SOI MOS model

As for bulk:

gate resistance effect

Low and high frequency noise models

RF SOI MOS model
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Bipolar on thin SOI – FOM (1) 

J Cai et al, “Fully Depleted Collector Polysilicon Emitter SiGe –Base Vertical Bipolar Transistor on SOI”, 
VLSI 2002

SEM cross sectional view  of 0.13µm emitter 
width vertical bipolar transistor on SOI

Integration of a vertical bipolar device in a thin SOI film (140nm) with high 
BVCE0 and fT above 40GHz is possible !
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Bipolar on thin SOI – FOM (2)
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Nc: 1016 cm-3 to 3.1017 cm-3

� For low collector doping 29 / 63 GHz fT/fmax and 6.4V BVCEO

� Fully-depleted collector region  increases BVCEO due to reduced electrical field

� fT reduced due to increased collector space charge region transit time  

� For high collector doping 67 / 98 GHz fT/fmax and 2.2V BVCEO

Partially depleted collector region, identical to a bulk transistor but fT is reduced

due to a larger collector series resistance

STMicroelectronics data
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BV- fT tradeoff – Bipolar /LDMOS

I. Sun et al, “A Novel SOI Lateral bipolar transistor 
with 30GHz fmax and 27V BVCE0 for RF Power 
Amplification”, ISPSD 2005

LDMOS and bipolar LDMOS – SOI & bulk

J.G Fiorenza et al,
“RFPower LDMOSFET on SOI” 
EDL, vol22, N°3, March 01
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CPW band pass filter at 180GHz 

F. Gianesello et al., MTT-S 2007
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Even better results have been presented this year , with Insertion losses in the 
order of    2 dB @ 180 GHz using High Resistivity  SOI.

Always looking for the limits of HR SOI (still working at 300 GHz ?)




