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1/f noise and 1/f “ noise in MOSFETs
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The Poole-Frenkel effect
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Charge confinement; the LOCOS process and channel depth
The effect of deep channels; Bias conditions for low noise
Hysteresis and aging of noise in depletion mode MOSFETs

5.  Charge detecting field effect transistors (CDFETS)
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NOISE PERFORMANCE OF CCDS AND SI X-RAY DETECTOR
(electrons rms)

Sensitivity Noise Corner Thermal Noise 1/f Noise N, Ideal JFET
N L=3pum
t
T=180K
. t=0.1ps
(nv/e) (Hz) at0.1 ps | C=2Cgs
. 6
Typical CCD 1 10 25 4 14
Low Cap CCD (A) | 12 104 10 (20 MHz) 4
Low CapCCD(B) | 4 5x 10" 8 2 7
2 3
10 mm Si Det 0.08 <10 100 <5 45

i FElectronics at RAL
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GATE REFERRED NOISE OF ENHANCEMENT MODE MOSFET (180x15)

V=2V Id=.4nA Vss=-6.5V
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Fig.5 EFFECT OF TEMPERATURE (Vd=+8@mV, Vg=+.65Y)

Temperature 268.8K I1d=818pA
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F1g.3 GATE VOLTAGE EFFECTS ( vd=B5mv, T=260.8K)

Gate +.64V 1d=680 pA
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The noise model assumes that:-
All low frequency noise is generated by bulk Si and oxide traps.

Energy levels, cpature cross sections and densities of all traps are known.

13 -3

Bulk Si trap density < 10 com
17 -3

Bulk Oxide trap density 10 cm
10 -2

Interface state density 10 cm
_ 15 2

Capture cross section 10 cm

Gradual channel approximation.

Thermal velocity saturation of carriers at drain.

ii Electronics at RAL







RTS CURRENTS IN FETS

Amp11itudes

Extended Ramo’s theorem gives drain current amplitude

, A
o has @ jh@;f " 2
& . n _
dI= -E.&E pasiR o e (OMM” (0””
where ({ko‘( o 24
G=Charge coupling factor to channel — %m&*‘ -
q=Electronic charge ‘ pbp’”y &7
u= Mean local carrier drift velocity OLWk R !
L= Channel length d o .
h W

\'\U



RTS CURRENTS IN FETS
Characteristic times

(T

M [#3

| l time uy e
Capture — (ocak €

nve - .

. Aemsi
Emission §§Q£§§£kT)
Nve

Tunnelling exp(2Ky)

4nvc

where

n=local carrier density
v=thermal carrier velocity
c=capture cross section of trap
Eg¢=energy level of trap
k=Boltzmann’s constant
T=temperature

N=density of states at band edge
y=depth of trap in oxids
m=es]ectron mass

Eo=oxide barrier height
h=reduced Planck’s constant



(a)

-— 3

(b)

AERE R11410.FIG.1. (a) DUAL-REGION MODEL OF A

JFET CHANNEL. (b) TYPICAL ELECTRON DENSITY

DISTRIBUTIONS ACROSS SECTIONS AA,BB AND CC
OF AN n-CHANNEL DEVICE,



|__ Gaussian
curves

x/Lp

'AERE R11410. FI1G.4. EXACT 1D ELECTRON DENSITY
PROFILES FOR VARIOUS MID-CHANNEL DENSITIES (n,).



GATE REFERRED NOISE DUE TO SINGLE BULK TRAP
Maximum value assuming trap at drain pinchoff point

N@sc

exp (E, 7kT)

. Corner frequency £ =

Noise at frequency f is given by

davﬁf

S €

2L (g + g

E,

where ,
% = carrier velocity at drain
q = electronic charge

g,= transconductance



IMULATED NOISE: NORMAL JFET; NO OXIDE TRAPS . /6

GRTE 180x6 um, Depl! 8008 Angs. at 8.5 mA/V
SINGLE BULK TRAP at @.28V and SINGLE BULK TRAP at B.32eV
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CHRARACTERISTICS OF NOISE GENERATED BY A SINGLE TRAP IN JFET VX5185A
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) INTERFACE STATES —
Si CHANNEL

BULK Si TRAPS

ACTIVE TRAPS IN A MOSFET

lectronics at RAL




GATE REFERRED NOISE DUE TO OXIDE TRAPS

MOSFET

Noise

wvhere

in strong inversion

at frequency f is given by

2
N, q
2
24KNLcS, f

= volumetric oxide trap density

= electron mass

= oxide barrier height

= reduced Planck’s constant
= gate width

= gate length

= oxide capacitance per unit area

/7



GATE REFERRED NOISE DUE TO OXIDE TRAPS
Ideal depletion mode MOSFET

Nv, c

exp(ﬁ,/ZkT)

Corner frequency f, =

Noise at frequency f is given by

3 »

4N kTqf,

- <
CBUNLES (£, +F )

Ny =areal interface state density
E; =silicon bandgap
W =gate width

L =gate length

=oxide capacitance per unit area

20



2/

SIMULATED NOISE: DEPLETION MODE MOSFET,CCD PROCESS; NO BULK TRAPS or 1/f NOI¢
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22
IMULATED NOISE: DEPLETION MODE MOSFET, EFFICIENT HOLE COLLECTION; 1 BULK TRAF

GATE 1@8x6 um, Tox 888 Angs., Operated at B8.84 mA/V
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En (nV/Hz~.5)

23
MEASURED NOISE: DEPLETION MODE MOSFET;GATE 188x6 um
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NOISE RS H FUNCTION OF DRAIN CURRENT; DEPLETION MODE MOSFET (16x8)

16 =8

CCD PROCESS

Freq(Hz):18 VdiVi:Z2 T(degs.KJ):1/8.1
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Vg=—2.28V ss=-BV
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INVERSION MODE MOSFET ; Node Cap. = 2%Cgs

Gate:60xB; Oxide:588| NitrideS8B; Depl.:|8
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UNIT Al ; Node Cap. = 2%Cgs

Gate:68x6; Oxide:500] Nitride508; Depl.:3080
Node: 136fF; v=3EB |/ reduced by 2.5

Single bulk S1 traps at : TEMP. (degs.K)
150
i e 200

He—tet—tt- 3008

@' \

Qn (e~ rms)

Sk

2k

4 1 1 1 1 L ]
T 5 I 5 K 5

18 10 10

Time.(micros.)



27

+UNIT A1 ; Node Cap. = 2%Cgs
Gate:608x6; Ox1de:588| Nitride500; Depl.:3000
Node:136fF;  v=5EB | /f reduced by 1009
Single bulk Si traps a} :0.32eV, TEMP. (degs.K)
5F 153
e e e ] 200
—o—o—o- 250
H—H—H—H- 308
2 -
10} SSSE§>\
5
‘o
£
[ 3
I
\
c
<]
2
laa \_:>
5 d
2+
=1 1 1 1 1 1 1
18 -1 2 S (%) 2 5 { 2 5
10 10 10

Tims.(micros.)



I GATE

NITRIDE

OXIDE

N CHANNEL

S
=

NEAR IDEAL

I

ﬁ\YtT GATE
NITRIDE

OXIDE

n CHANNEL

NOT IDEAL

MOSFET-L0COS \SOLAT|ON

A8



Current(pR)*1D Current(pA)*18

Current(pA)%*10

T

1.5x%1.5um NMOS; Vs=—-2BmV, Vd=BV, Vss=+.2V, T=236.8BK (WAVFRMS B823.1)

Vg=-6BmV, I1d=429pHR

i i

Vg=-58mV, Id=511pR
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En(nV/Hz"2)

SHALLOW DEPLETION MISFET 3 AGING AND ANNEALING
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NOISE AT 10 Hz OF DEPLETION MODE MOSFET AFTER STRESS
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X V4= 6v
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V<0 —, Potential

E * potenial minimum
: . for electrons
: : "

; depleted
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Potential ©




THERMAL NOISE (e rms)

CDFET
2 2kT WL Cgso
B LV q?

FET + CHARGE SENSING ELECTRODE
5 .
ﬁz _ _2kTC
2
W Cgso t v

(a) FLOATING DIFFUSION
(b) FLOATING GATE

C = Cg (WLCgSO+C0) + C4 (WLCgso+ G +Cg)

Cg
k = Boltzmann's constant
T = Temperature
WL = Gate width, lenth
Cgso = Gate to channel capacitance per unit area
\% = Carrier velocity at drain
q = Electronic charge
Co = Total capacitance added to gate of FET
C, = Capacitance between charge and floating gate
Cq = Capacitance between charge and all other electrodes
tp = Signal processing time

ectronics at RAL







