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Figure 5.1 n-Channel enhancement MOSFET showing channel length L and channel width W.
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n-channel enhancement
MOSFET in ohmic region
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Figure 5.3 For vzs< Vi, the pn junction between drain and body is reverse biased and i=0.
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Conductance of
inverted channel

* Q= - Cox(VeeVr)
* g = C o (Vec-V7)/q, (# inv elect/cm?)
» The conductivity o, = (n',/t) q u,
+ 6=0,(Wt/L)=n’.qpn, (W/L)=1/R, so
I V/R = dV/dR, dR = dL/(n'.qu, W)
Vo
I(I)dL VICoX((Ve Ve )= V1) unWdV
S
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Basic I-V relation
for MOS channel

VvunCOx

I = oL (Z(Ve ~Vr Vos — Vs ) Wos <V —Vr
At Vos =Vpssat = V6 —Vr, Qn(y=L)=0= Sat.
so let Iy be given by ID(VDS,saT )

for' VDS > VDS,SGT = VG — VT SO

W, Cox

ID = ID,SG'I‘ = 2L
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I-V relation for
n-MOS (ohmic reg)

T, =0 W ~ Ve s - Vo) Note for

2
ohmic
Ws 2V ~Vr =Vbossatr T -
result is non - physical. I 4 \\ | non-physical
' D,SGT--
At VDS,sa‘r' Ngy=L = 0 |-
"
assume that channel curr. .
is const for Ve >V :
DS = b5 sat saturated |l

CH. W
Ib sat = = ZOX 3 (Vos — Vi )

L23 - 15Apr09

: 2>
VDS, sat VDS7




i
= | rinde —1-:-:— SAluraiion ——a=

Ups S0gs— Vid  Upg2 Ugs—V,

|
|
I
|
|
|
| Vg

Figure 5.5 As vpsincreases, the channel pinches down at the drain end and /5 increases more slowly.
Finally for vps vis- V3., ip becomes constant.
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Figure 5.4 For vzs>V}, a channel of #-type material is induced in the region under the gate.
As vzsincreases, the channel becomes thicker. For small values of vps,/p is proportional to vps

The device behaves as a resistor whose value depends on v,
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Universal drain

characteristic
Ty =MWy Tosar=""5" | Yos
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Characterizing the
n-ch MOSFET

0 R
E :

D

v WBs=V%s. V20 \/(”nC'Ox Wj
VDS ZVGS —VT , SO

Ch, W
ID,SC(T = Hn Zox L (VGS o VT )2
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L23 - 15Apr09 Figure 5.6 Characteristic curves for an NMOS tfransistor.
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Figure 5.2 Circuit symbol for an enhancement-mode #-channel MOSFET.
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Low field ohmic characteristics

Cox W
ID = ZO L (Z(Ves _VT)VDS _VDZS)'

for ohmic region. Furthermore, let
Vs <<V, —V;, so that
W

I, = HnC'Ox T(Ves - Vi )VDS
_ KP%(VGS VN KP=pC KP¥ _K
- dI, W
~KP—V,
_dVGS AVpg <<V —Vs L >
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MOSFET circuit

parameters
Transconductance
oL,
In =
OV< ‘.
Ins = WHECOX VDS = KVDS' saturation
— WHnC'Ox

G (VGS - VT) = K(VGS -V ) ohmic region

L
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MOSFET circuit
parameters (cont)

Output or drain conductance

oI,

94 = —avbs

Vs
9qs = 0, saturation

wWu,.C' .
9dL = urll O (Vc;s - Vi _VDS)f ohmic
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Substrate bias effect
on Vs (body-effect)

Letting V; calculationbe relative to Source

qN ><d ,max
C Ox

><d,max - \/28(22;\]_'_ VSB) , SO AvT = VT (VSB)_

Vi = Vg = Ve — 20, — , where

2e..qN
Vi(Vig =0)= 20, + Voo = 20,
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Body effect data
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23 - 15Apr09 Fig 9.9, Device Electronics for Integrated Circuits, 2nd ed., 18
. Pr by Richard S. Muller and Theodore I. Kamins, Wiley, NY, 1986
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Figure 5.7 This circuit can be used to plot drain characteristics.
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K
ID = ID,Ohmic = _(2(\/6 - VT )VDS — DZS ), VDS < ve — VT

. K 2 I —
ID,saT - 2 DS,sat D D,sat
= load line = E(VG - T) ’ VDS > VDS,SGT
A e = 5
15 I
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I
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L23 - 15Apr09 Figure 5.14 Drain characteristics and load line 20

for the circuit of Figure 5.13.
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