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Aim of this work

(= » Design of analog and RF circuits : phase noise

» Need for LFN models and parameters

LF noise HF noise
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Physical LFN models

e 1/f noise : o fluctuations o=qny
eSS S (f
« Hooge’s model (Ap) i )ZA” 41
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« McWhorter’'s enhanced model (Au-An) : Ghibaudo
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» Total noise spectral density (without R, .ss):

[Si(f)]llf = [Si(f)]McWhorter(An/Au—An) + [Si(f)]Hooge(Au)



Extraction of LFN parameters, without simulation

 McWhorter’'s enhanced model (Ap-An) @ N, [eV1 m-3]
eS® S.(f)n n —gm? CKTNS 1 S:(F)n =gm? 9 KTNe__1
i)Ap-An =8 v WL C0x2 CEF i)an = 8Mm v WL C0x2 (EF
 2-parameter definitions : (N,,a) or (A,C) with B = 2(AC)Y?
E ~ Cox (Vg - Vt) ~ N(x) in linear regime & SI
sm (A =Ny
N =N[l£ape aN®]? =A+BN®)+CN®? { B=20p g q N,
| C=(0 Ky 9)° Ny
» With (Id,gm) measurements only (n-MOSFET) :
A =102eVim3 (= N,=10YeV!cm3)
B=9x 10%eV1im-!
C=2x1010eV1im
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LFN models implemented in SPICE and BSIM (1/2)

* SPICE : KF Ids*"
S.(f) =
(D) if AF = 1 0=\ c e
(An) if AF ={2when Vg <Vt or 1when Vg >Vt }

* BSIM : (Ap-An) Ny =NOIA +NOIB N(x) + NOIC N(x)*

e Weak inversion : NOIA 2 2

Swi(f) =
kT EF
Y WL [=5(Cox +Cyep +Cie)l* T YyWLN
q

« Strong inversion : NOIA, NOIB, NOIC

%2 fEF
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LFN models implemented in SPICE and BSIM (2/2)

e Strong inversion : S (f) =S (F) + S, (F)

0

2 %
kT Id No +N
9 Hefr S 1 INotA n—2 +NOIB (NO—NL)+NOIC
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Sei1 (F) =

2
kTIds® ; | NOIA +NOIB N, +NOIC N2

S, (f) = AL .
si pin yWL2 (EF (NL +N*)Z

« Continuity : r 1 ., 1
Si(f)  Syi(f)  Sg(d)

» Need for extracted DC parameters



Experimental

e Point-probe noise measurements

* Noisys : enables wafer-level LFN acquisition
=, 130 nm PD SOl MOSFETs (Vpp = 1.2V, t,, = 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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P-MOSFET BC-H W=5 L=10 [pm] @ f=10 Hz |Vds|=50 mV ¢



Extraction of LFN parameters, with simulation (2/2)

_ 1E-15 ¢ |
Dots : measurements 1E16 oy
Red line : Au-An g e | el
: - = 1E18 [ a
&) _ « 1E19 | 4~ -
Green line : BSIMPD2.2.3 = 1820 | .
7 1E21 | A
1E22 £, o °
1E-23 [ ” e — e e
> With DC parameters 1E08 1E07 1E06 1E05 1E04 1E03
and simulation only : Id (A)
1E-07 ¢
NOIA = 1020 eV-1 m-3 o A . A
E 1608 | \~~A\AN
— 14 -1 '3| —' A A
(= N, =10 eVicm31!) = 1o | \\%{
E 1E-10
NOIB ~3x 10°eViml @ . N
1E-08 1E-07 1E-06 1E-05 1E-04 1E-03
NOIC = 2 x 1013 eV-1 m W

N-MOSFET BC-T W=10 L=0.13 [pm] @ f=10 Hz Vds=50 mV 10



Discussion (1/2)

> (NOIA, NOIB, NOIC) # (A, B, C) using BSIMPD2.2.3 !

- A B C Results
1023 9 x 106 2 x 1010 | n-MOSFET
x 103 NOIA NOIB NOIC Results
1040 ~3x 105 | 2x 1013 | n-MOSFET
ev:im= | eVimt | eVim | units

 Why this factor ? No clear answer but ...

 Change of units : since BSIM4.0.0 and BSIMSOI3.2 releases
e y=10%[cm1] -—y=1010[m1]
e« N"=10%[cm?] - N =10%[m~]

C code values
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Discussion (2/2)

e old : < BSIM4.0.0 (2000) or BSIMSOI3.2 (2004)
oyt hew: > BSIM4.0.0 (2000) or BSIMSOI3.2 (2004)
NOI|Anew NOIBnew NOICnhew Default new
values
6 x 1041 3 x 1026 9 x 10° n-MOSFET
NOIA®W x q | NOIB"&W x g NOICnew x g Default new
values x g
1023 5x 107 1x 107 n-MOSFET
NOIAold NOIBold NOICold Default old
values
1020 5x 104 1 x 1012 n-MOSFET
X 103

» NOIA°d =103 A ; NOIB°d =103 B ; NOIC°ld =103 C
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Application : Phase noise simulations & measurements in VCO
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« 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
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Summary and conclusion

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

NFA = L(NOIA +NOIB N*) v1m™
yWL 5 .

NFB = L(NOIB +NOIC N*) vI1im™
yWL . o

NFC =—1_NoIcC [V_I]
YWL
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