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thermal noise

 random thermal motion of charge carriers
+ frequency independent: “white”

¢ e.g. resistor:

Nyquist’s theorem:




thermal noise in MOSFETs
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thermal noise in MOSFETs
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thermal noise in MOSFETs
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thermal noise in MOSFETs
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thermal noise in MOSFETs
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motivation
— enhancement S5 up to factor 10:
e Abidi (1986)
e Klein (EDL 1999)
e Franca-Neto (ESSDERC 1999)

— enhancement S,; up to factor 30:

e G. Knoblinger, ESSDERC2001




motivation
— enhancement S5 up to factor 10:
e Abidi (1986)
e Klein (EDL 1999)
e Franca-Neto (ESSDERC 1999)

— enhancement S,; up to factor 30:

e G. Knoblinger, ESSDERC2001

calls for a detailed investigation
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drain current noise model (l)

G MOSFET equations:
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drain current noise model (l)

G MOSFET equations:
b = g(x)':—\):

AV Alp

BI
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drain current noise model (ll)

4.k . T VD(SAT)
=| Sp=—"7 |g*(V)aV
D 0

Klaassen & Prins (1967)

calculation based on MOS Model 11

(WWW .semiconductors.philips.com/ Philips_Models)

velocity saturation

mobility reduction

channel length modulation

all parameters follow from DC and CV
no hot electron effects

no additional parameters




RF noise model (l)
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RF noise model (ll)

segmentation leads to induced gate noise
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measurements

noise figure meter + RF extension to 20 GHz

new technique, using 3 fixed source
impedances

full de-embedding Finin (AB)

L=0.18 um; f= 3 GHz

down to DUT level 0.4 L V=1 V; V =1.8 V

Sia» Sig» Re(c), Im(c) 0.3 L

0.18 um technology | . fold=64

optimized layout g %\l
(fmax=150 GHZ, I
see IEDM2001) 0 l— el

folding factor




drain current noise (l)
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without parameter fitting




drain current noise (ll)
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drain current noise (lll)
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drain current noise (IV)

white noise gamma factor: y

Siy=4kgT -dyo- Y

e vy quantifies amount of drain current noise
* J4o = 9us at zero V
¢ long-channel: v =1 (linear regime)

v = 2/3 (saturation)




drain current noise (V)

DD-MC simulation
(Jungemann, IEDM 2001)
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moderate increase of yin 0.18 um CMOS




drain current noise (VI)

major noise contribution 0.18 um NMOS, f=3 GHz:
intrinsic MOSFET thermal noise




gate current noise (l)
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gate current noise (ll)
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gate current noise (lll)

e [} quantifies the
amount of gate
current noise

43 * long channel:
B = 4/3 (saturation)
Vgs=1V; Vpe=1.8 V
02 05 1 3 e short channels:
channel length (.m) strong increase of [




gate current noise (IV)
{

major noise contribution 0.18 um NMOS, f=3 GHz:
gate resistance




gate current noise (V)
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gate current noise (V)
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gate current noise (V)

),

Sic = 4kgT-Rg: (2nf C )3

—
Sip =4kgT-Rg-0,,°

gate resistance leads to noise o f 2 in gate current
(resembles induced gate noise)




gate current noise (V)

silicide

'

polysilicon dependent

layout

optimized layout: Independent
gate resistance dominated
by
silicide-to-polysilicon
contact resistance (Litwin, T-ED 48, p.2179)




correlation coefficient
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minimum and 50¢2 noise figure

frequency (GHz) frequency (GHz)

F_. of 0.18 um NMOS well below 1dB for f<10 GHz

F-, 0f0.18 utm NMOS well below 2dB for <10 GHz
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layout effects (introduction)

standard, fold = 1, contact = 1

fold = 4, contact = 1 fold = 4, contact = 2
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layout effects (drain current noise)

V3

RF noise
2
model —
with
varying
folding factor

< 1w markers: data

1 .
' fold = 64 2/3

0.1 0.2 0.5 1
channel length (um)

increase of y with decreasing folding factor




layout effects (gate current noise)
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avalanche noise
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avalanche multiplication:

avalanche noise
[van der Ziel (1978)]:

Sp=M*-S5+2.q-I5-(M-1)
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avalanche noise
Abidi (1986)

additional noise Abidi partly due
to excessive bulk current




shot noise In gate leakage current

low-frequency noise in a 10/10 n-channel
with 1.5 nm EOT
S [A?/HZ] S [A?/HZ]
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e e edata
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first experimental observation of shot noise
in gate leakage current




shot noise In gate leakage current

impact on RF noise behavior
simulated using RF noise model
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shot noise in gate leakage current
only relevant at intermediate frequencies
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conclusion (l)

drain current noise

no observation of large enhancement
thermal noise in deep-submicron CMOS

confirmed by MC simulations

model without carrier heating gives
excellent results

without any parameter fitting




conclusion (ll)

gate current noise

enhancement in deep-submicron CMOS

short channel devices:
gate resistance dominates
even for optimized device layouts

due to silicide-to-polysilicon contact resistance
may explain some results in literature

deep submicron CMOS: attractive noise figures




