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Introduction
A smple example of the current noise output from a MOSFET driven in saturation with alarge Snusoid around
aDC bias. Theandysswill be extended and used to anayze and design both bipolar and MOS oscillators.

Model Parameters

2
m:= 300l
\/>sec
tox = 10nm
e =39

ep = 8854240 2

3|m
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Cox :
tox

T:=(273+ 27K

k= 1.380640 >
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Device mohility under bias

Gate oxide thickness
Rdative permittivity of slicon dioxide

Permittivity of free space
Cox = 3453
2

mCox = 10850 ™
Ldle unesioiu vul Lage
Noise coefficient
Operating Temperature

Boltman's congtant
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Inputs
Vgs:= 15V
fo:= 1GHz

N := 100
A = 2006mV

DC gate to source bias voltage
Frequency of input Sne wave

Number of pointsin time vector
Amplitude of 9gnd swing a gate

Calculations
2 4 2

fo>N f0>N fo
v(t) = A>sn(2>p>f0>t)

Ip(t) := @X%%Ves- VT + Vg('[))2

gm(t) = j ancOxx%xD(t)
gm(t) = chxx%%sz- VT - vglt)

1
vn(t) = MXTQXT

mCo
lspn®) = Txx%%s- VI + vgt) + V(D)

Expansion of current noise:

Time vector

Largeinput Sgnd

Largesgnd current in the device.

Time varying smal sgnd transconductance

transconductance written another way

Input referred device thermd noise

Current of sgnd plus noise
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X W A . 1 )
lspn(t) = > XT)EVGS- VT + A>sm(2>p>f0>{) + AkxT>y W W 2lLJ
£ mCox’TmCoxT{VGs- Vr + Asin(2pot)) Iﬂ
mCox W
lo:= > >(VGS VT)
Vbsat = VGs- VT
2
A A AT 1 U
& Vosa Dsat W A g U
P mCOXX—XOﬁ+ >sn(2>p>fo>t)_- Vv
& L ¢ Vost 2 Q
2
A vn(t) &
Ispn(t) = |O>ﬁ + "5'”(2’13’*0’{) R
& Vpsa VDsat g

Expand and droo the vn(t)2 term (noise sauare is nedliaible

& vn(t)
Ispn(t) := 10§61 + 4><L>sin(p>fo>{)>cos(p>fo>{) - 2 A
e VDsat Vi

Trignometric subgtitutior
s n(p>f0>{) >cos(p>¢0>{) = —;xsi n(2>p>f0>t)
lspn(D) = |0>£1 + 2><L>gn(2>p>fo>t) v oen®

é

2

+ 4 2>sin(p>f0>t)2>cos(p>fo>t)2 + 4><L2>sin(p>fo>t) >COs
VDsat VDsat

sjn(2>p>f0>t)2 = §>(1 - cos(2>p>Q>f0>{))

2 vn(t) U

><—>(1 cos(2>p>Q>f0>{)) + 2><—>gn(2>p>f0>{)

VDsat Vosat 2 VDsat VDsat'L
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Substitution

2
Imo=—o—
VDsat
& 2 40 A2
5pr®) = 1081+ 2%+ (gmonssin(2pigr) - ———cos(2p2A01) .
cC =
e Vosa g VDsat
vn(t)
+dmoVn(t) + 9m0”°\’9n(2>p>f0’t)
VDsat
This expression represents both the large signal currents and the noise currents. Thelarge Sgnd currrent by itsdf is:
In() = lo41+ 2%7 + (gmoAsin(2pfot)) - § y Z%X:os(bp@fox)_'
é Vpsat® g & VDsat

which consgts of three components. A DC (or time average) component, thefundaﬂentd input component times the
smal sgnd transconductance and a second harmonic distortion component. The noise current terms are time varying
are represented below

vn(t)
VDsat
This equation contains two components. Thefirg isalinear cyclogtationary white noise component. If viewed under a
spectrum analyzer a arate much less than the input oscillation frequency, the time vary component averages out and
the DC component is left

In(®) = gmoWn(t) + gmoAsin(2ppt)x——

gm(t) == j anCOXX%HD(t) Time varying smdl signd transconductance
w .
Im(t) = mCoxx—{VGs- VT - A>Sln(2>9>fo>t))
J.
Vn(l) := 44Ty om(® Input referred device therma noise
1

Vp(t) = KXT>g W
m’COXxT>(VGS' Vr - Asin(2pgt))

The time average voltage is

L 2P
% = AKXy ! >8 1 dx
nave -— A .
W 0 Vgs- V1 - Aein(X
mCox oy 8 ( GS- V1 ())
L O
é o ol
BKAT>g csgng(Ves - VT)>§/(VGs- vr)©- A
Vnave = W 2D >
rT"’COXXT J(Vgs- VT) - A
_ 4XxT>g
Vnave = W
m’CoxXT{VGs- %
Or better written as the output referred current noise:
in(t) —4>k><T>g>m>Cox><—>(VGS VT - A><sm(2>p>f0>t))
Thetime wawge v wno o
. W K
Inave == 4’kxT>9’m’COXXT>(VGS' VT) Vnave = #KA>gmo + T

which is the same without the large Sgnd input. The last noise term represents a mixing term

cos(2>p>f1) >cos(2>p>f2) = % >(cos(f1 + f2) + cos(fl - fz))
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i i Z
vn(t)
ImoA s n(2>p>f0>t) Vn
sat
If the noise is white than noise from one location replaces noise from another location and
the resultant isawhite noise floor. Since noiseis uncorrelated from one frequency point to the next it will add
uncorrelated to the first component of n0|se
inwhitelf) = 4>k><T>g>gm0>§i + O
VDsat a
But, any low frequency noise components such as 1/f noise will noise mix around the carrier. 1/2 will go to one Sde of
the carrier and 1/2 will go to the other Sde of the carrier

A & K K {
2 + |
Vst &2{f + o) 2{f - fo) gy

in1 f(f) = 9mo

Thenet result is:
The output current increases by (1+A2/V i, %/2)

The output white current noise increases by (1+A/V Dsat)
The output 1/f noiseisImply ¢,o* K/f

Two new U/f terms are added: g,0* A/V pey™ K/2% (1/(f-To)+1/(F-Tp))
The fundamenta exigts: gy,0* Vi
A second harmonic existis: gyo* AV peat/2* V;

o gk wbdpF
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The routines are protected by copyright as a collective work and/or compilation, pursuant to federa copyright
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