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MOS I-V characteristics
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MOSFET’s Threshold Voltage

Vi=Vio+V¥ [\/Vsa +2¢; - \/2¢"f] for Vsg >0
V;q is the threshold voltage when Vg5 = 0.
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The Fermi level @, is temperature dependent, i.e.,

d 1 |E o
% =-F [in - cpf] E,o = Silicon band gap at 7 = 0°K

The V,,'s temperature coefficient is
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e dV,,/dT is usually in the range between -0.5 mV/ "C to -4 mV/ ‘C.
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Square-law [-V characteristic

In triode region, 1st-order long-channel model is

W 1 W 1
Ip = ﬁ-‘caxr (Vgs = VilVps - EV,;}?S] =K T [(Vas - VilVps - EVDES]

When Vg = Vygar = Vgg = V4, the MOST is in the pinch-off region (or saturation region),
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-’as = fas,qr = fﬂ(vas = VGS - L’}) = E#Caxf(ves = L’”E = Ek Tl’fv

e k' = uC,, is called the process transconductance parameter.
e k== ,uCM¥ is called the device transconductance parameter.

e V,, = Vz5 -V} is called the gate drive or the overdrive.
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Channel-length modulation
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Using one-dimensional abrupt PN junction model,
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Channel-length modulation

The [, variation due to V;g can be written as:

= X = — X —— =/5-4
OVps OLgrr  OVps Lerr 2V Nsus \ W g = Voo, + ¥,

The drain current in the pinch-off region can be approximated as

1 .I'W 1 ’W VES
";DI[SEFJ = Ek Tbﬁ, (1 +AVps) = Er‘f TV‘:'E" (‘1 + T)
A

e lis inversely proportionalto L,i.e., A ex 1/L.
e Typical values of A are in the range 0.05 V10 0.005 V.

« The accurate calculation of 1 from the device structure is quite difficult. Extraction
from experimental data is usually necessary.
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Small-signal model of MOSFET in
saturation region

G D
o) . * o
D +
G % B Vgs (*)vags Cf)th Vsh < do
s -
O * *
Os
+
Vsb
OB
ol w W /
Transconductance = g, = 2 - k'—V,, (1 + AVpg) = \/2,&:*—;’5(1 + AVpg) = =
OVzs L L V., /2
ov
ol,

QOutput Conductance = g, = = Al

Vs

8 Mixed-signal ICs Design, A. Thanachayanont, 2010



Small-signal model of MOSFET in
saturation region
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2\/Vsg + 2¢;

e The factor y is typically 0.1-0.3.

e Since y = \/2g€4;Nsys/Cox

y=le _KJZESJ(VSE + 2¢)¢) 1 _ Ssifxdmax _ Cﬂ"‘?ﬂ"
. QNSUE Cﬂx Cr:rx Cr.‘.rx

Xamax: The width of depletion layer under channel.
Cyepit The capacitance/area of depletion layer under channel.
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MOSFET small-signal capacitances
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Csp =AS x C(Vsg) + PS x C g (Vsp) Cyp = AD x C;(Vpg) + PD x C sy (Vpp)
C;b = CS.I'J + ch Cr_'.-‘b = WL x CJ(VSE)
e AS and AD are the areas of the source/drain junctions.

e PS and PD are the source/drain perimeters excluding the sides adjacent to channel.
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MOSFET small-signal capacitances

Junction Capacitances:

C C 1 1
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Overlap Capacitances:
Covs =W x Cggo =W x (nLpC,,) Cova =W x Cgpo =W x (nLpC,y)
1<n<2 (Due to friniging)
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Complete small-signal of MOSFET in
saturation region
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Small-signal
region

model of MOSFET in Triode
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Small-signal model of MOSFET in Cut-off
region
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e C,p I8 highly nonlinear and dependent on the gate voltage.
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MOSFET in subthreshold region

gm'! 1D

1 Weak Inv. Asymptote

¥ Strong Inv. Asymptote

. Hubwhrasnokd expnnantal regean Mﬂderate
. ] i t i — |/ (I{WiL)

o 0.01 0.1 1 10 100

w g 06 ) LE 2 Weak Strong

In the weak inversion region
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MOSFET in subthreshold region

When |V,g| > 3U;, I, saturates and
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To find V,,, for strong inversion, let

9m_ 1 _2 oy, =2, ~78mV
I nUy V,,
e 2nUr <V, — Strong Inversion
0<V, <2nU; — Moderate Inversion
\,, <0 — Weak Inversion

* In weak inversion, C,, = C_, = 0, and

C

gh = WL x (cr:rx”Cdepi) = WL x caxcdepa’x(cax + Cdepf)
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