
1

Wafer-Level Extraction of BSIMSOI
Low-Frequency Noise Parameters for 130 nm 

Partially-Depleted SOI MOSFETs

Patrick MARTIN, Mickaël BOASIS, Olivier ROZEAU, 
Jérôme PROUVÉE and David AXELRAD

LETI/CEA-Grenoble

17 rue des Martyrs, 38054 Grenoble Cedex 9 (France)

Email: pmartin2@cea.fr

MOS-AK Compact Modeling Group, Spring Meeting, April 8, 2005, Strasbourg (France)



2

Outline of presentation

• Aim of this work
• Physical Low-Frequency Noise (LFN) models
• Extraction of LFN parameters, without simulation
• LFN models implemented in SPICE and BSIM3/4
• Experimental
• Extraction of LFN parameters, with simulation
• Discussion
• Summary and conclusion
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Aim of this work

� Design of analog and RF circuits : phase noise

� Need for LFN models and parameters
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Physical LFN models

• 1/f noise : σσσσ fluctuations

• Hooge’s model (∆∆∆∆µ)

• McWhorter’s model (∆∆∆∆n)

• McWhorter’s enhanced model (∆∆∆∆µ-∆∆∆∆n) : Ghibaudo

• Total noise spectral density (without Raccess):
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Extraction of LFN parameters, without simulation

• McWhorter’s enhanced model (∆∆∆∆µ-∆∆∆∆n) : Nt
* [eV-1 m-3]

• 2-parameter definitions : (Nt,αααα) or (A,C) with B = 2(AC)1/2

� With (Id,gm) measurements only (n-MOSFET) :  
A = 1023 eV-1 m-3 (⇒⇒⇒⇒ Nt = 1017 eV-1 cm-3)
B = 9 x 106 eV-1 m-1

C = 2 x 10-10 eV-1 m
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LFN models implemented in SPICE and BSIM (1/2)
• SPICE : 

(∆∆∆∆µ) if AF = 1
(∆∆∆∆n) if AF = { 2 when Vg < Vt or 1 when Vg > Vt }

• BSIM : (∆∆∆∆µ-∆∆∆∆n)

• Weak inversion : NOIA

• Strong inversion : NOIA, NOIB, NOIC
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LFN models implemented in SPICE and BSIM (2/2)

• Strong inversion :

• Continuity :

� Need for extracted DC parameters
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Experimental
• Point-probe noise measurements
• Noisys : enables wafer-level LFN acquisition
• 130 nm PD SOI MOSFETs (VDD = 1.2 V, tox = 2.6 nm)
• FB (Floating Body)
• BC (Body Contacted) : T- type or H- type
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Extraction of LFN parameters, with simulation (1/2)
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Extraction of LFN parameters, with simulation (2/2)

� With DC parameters 
and simulation only :

NOIA = 1020 eV-1 m-3

(⇒⇒⇒⇒ Nt = 1014 eV-1 cm-3 !)

NOIB ~ 3 x 105 eV-1 m-1

NOIC = 2 x 10-13 eV-1 m
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Discussion (1/2)

� (NOIA, NOIB, NOIC) ≠ (A, B, C) using BSIMPD2.2.3 !

unitseV-1 meV-1 m-1eV-1 m-3

n-MOSFET2 x 10-13~ 3 x 1051020

ResultsNOICNOIBNOIA
n-MOSFET2 x 10-109 x 1061023

ResultsCBA

x 10-3

• Why this factor ? No clear answer but …
• Change of units : since BSIM4.0.0 and BSIMSOI3.2 releases

• γγγγ = 108 [cm-1] ���� γγγγ = 1010 [m-1] 
• N* = 1014 [cm-2]   ���� N* = 1018 [m-2] 

C code values
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Discussion (2/2)

Default old
values

NOIColdNOIBoldNOIAold

n-MOSFET1 x 10-125 x 1041020

n-MOSFET1 x 10-95 x 1071023

Default new 
values x q

NOICnew x qNOIBnew x qNOIAnew x q
n-MOSFET9 x 1093 x 10266 x 1041

Default new 
values

NOICnewNOIBnewNOIAnew

x 10-3

• old : < BSIM4.0.0 (2000) or BSIMSOI3.2 (2004)
• new : ≥ BSIM4.0.0 (2000) or BSIMSOI3.2 (2004)

� NOIAold = 10-3 A ; NOIBold = 10-3 B ; NOICold = 10-3 C 
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Application : Phase noise simulations & measurements in VCO

« A Multi-phase 10 GHz VCO in CMOS/SOI for 40-Gbit/s SONET OC-768 Clock and Data
Recovery Circuits », D. Axelrad, E. de Foucauld, M. Boasis, P. Martin, P. Vincent, M. Belleville and
F. Gaffiot, IEEE RFIC 2005 Symposium, Long Beach CA, 12-14 June, 2005

n-MOSFETs
BC-T
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Summary and conclusion

• Wafer-level LFN measurements
• 130 nm PD SOI MOSFETs
• BSIM noise model based on physical model ∆∆∆∆µ-∆∆∆∆n
• Proposed extraction method without simulation
• Easier than BSIM simulation (no need for DC parameters)
• If revision < BSIM4.0.0 or BSIMSOI3.2 then factor 1000
• Compatible with Philips’ MM11 model (NFA, NFB, NFC)
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