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MOS - Active Region
A

i Active

triode | Region
[regionl

« Saturation
— Channel is pinched off
— Increase in V¢ has little effect on i
— Square-law behavior wrt (Vgs-V5)
— Acts like a current source
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Diode-Connected Transistor

S .

When the drain and gate of a MOSFET are connected
together the result is a two-terminal device known as
a diode-connected transistor

for saturation region. Since V. is zero, then the
\4 sp S Vyq device is always in the saturation region.
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Diode-Connected Transistor

Ip =1 :Ek T( GS Vt)2
If we replaceV, byV and use k :%kr']

. W 2

1=k T(V _‘Vt‘)
Incremental .\l
resistance \r :(ﬂj = W : = V\ll

N 2k (VM) KV

=V, |+V,,
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Example

An MOS process technology has L ;.= 0.4
um, t. =8 nm, u=450 cm?V.s, V.= 0.7V

(a)Find C_, and k. ’= #.C_,

(b) W/L = 8 um/0.8um. Calculate V., Vi, fOr
operation in saturation with 1,= 100 pA

(c)Find V4 for the device in (b) to operate as

a 1 kQ resistor for small v
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Example - Solution

—11
c, =fo 230 3100 Fim? = 4.32 R/ um?
t 8x10

OX

C, =432 fF/um’
k =uC =450cm®/V.sx4.32 fF/um* =194 uA/V?

For operation in saturation region

2

. 1 W
'D:’EkMI%N%s_V+)
100 =%x194x%(VGS —0.7)" = Vg —0.7=032V =V, =1.02V
VDSmin :VGS _VT =0.32V VDSmin =0.32 V
"'"'ILLINOIS
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Example — (con’t)
Triode region with v very small
_ Vbs I

Ips =
Vl\_/(VGs _VT )}

[ .
D [small vpg kn

1

1000 =
1194x10° x10(Vgg —0.7) |

Vo —0.7=0.52V
V,, =1.22V
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Body Effect

 The body effect
— V; varies with bias between source and body
— Leads to modulation of V;

Potential on substrate affects threshold voltage

Vo (Veg) =V, + 7| (21| +Vea) = (216 )|

KT N, _ _ .
6 | = ) In Y Fermi potential of material

1/2
y = (2aN,&;) Body bias coefficient

C

(0),¢
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Channel-Length Modulation

Source : | : Drain
[ I |
| I |
_ I Ds™VDsat
: Vpsat=Ves VT | :
I [ |
I [ |
| { -AL -, AL | -—
I | |
- L : |

With depletion layer widening, the channel length is in effect reduced from
L to L-AL =» Channel-length modulation

This leads to the following I-V relationship

. 1. W
i :Ek”T(VGS -V )2(1+/IVDS)

Where A is a process technology parameter
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Channel-Length Modulation

A triode

I
/ | Saturation

I
I
I
I
!
I

!

1 I

v
-V = -1/A oS

Channel-length modulation causes ij to increase with vq in
saturation region
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Problem
A MOSFET has V;=1 V with measured data:

Vis(V) Vps(V) I5(LA)
2 1 80
2 38 91

Find A

(@) Voo >V, Vo =V —V; = Pinchoff

(b) Voo >V, Vo >V, —V; =1V = Active region
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Problem (cont’)

| = 2k; - (Vs =V ) (14 AV )
1, W

IDl = Ekn T(Vem _VT )2 (1 + ﬂ‘VDSI)
1, W

ID2 = Ekn T(VGsz _VT )2 (1 +2“VD82)
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Problem (cont’)

R 1t AVosi 91, a0s

1+ AV, 80

1+ AV, = R+ RAV,

A(Vpsy =RVpg) =R -1

R-1  1.1375-1

= =0.02V "
V.., —RV,, 8-1.1375

A=
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NMOS - IV Characteristics

ip (mA) A
Ups = Ugs — Vi | = v
f

: Upg = UGS —
Triode
— —-— ‘J" Saturation region ————>=

region [

Ugs = V, + ?‘.ﬂ

'”GS — V: + 1.5

s
=  Ung

&+ .
— ﬁ's
-

[

Ug = Vr + 1.0

Ve = V; + 0.5
T al
Ups (V)

/—>'

Ugs = V, (cutoft)
(b)

characteristics for a device with k', (W/L) = 1.0 mA/V~.
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NMOS IV Curves
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MOSFET Circuit at DC — Problem 1

The MOSFET in the circuit shown has V., =1V,

k,’=100nA/V? and A = 0. Find the required A
values of W/L and of R so that when v, = V=
+5V, rps=50 Q and v,= 50 mV. IR
V, =V =5V, v, =V, =0.05V A
Vos 0.05 G B
<« =50Q=-"2=1,=—-=0.00l A=1mA
I 50 i
Vi, — - 0.
R =22 Yo _2 (1)05:4.95k£2
D
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MOSFET Circuit at DC — Problem 1 (cont’)

Ve <V —V, = triode region

'W
ID :knf_(VGS
1:100><10‘3W
L L
W 50
L
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Vt )VDS o %S_
(5-1)x0.05—

0.05°
2
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MOSFET Circuit at DC — Problem 2

The NMOS transistors in the circuit shown L i v

have V,=1V, . C,, = 120uA/V?, A= 0 and
L,=L,=1um. Find the required values of o lg 2
gate width for each of Q, and Q, and the "

value of R, to obtain the voltage and t @ 4+FSV
current values indicated. _1|: 0,
Vg, = 1.5V o
oSl H[-, @
. 1 . =
Using | —EknT( s — Vi)
1 W
120 uA = —x120=L(1.5 ~1)" =W, =8um
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MOSFET Circuit at DC — Problem 2

Using |, :%kr.]WT(VGS —V; )2 1iv
Voe, =3.5-1.5=2V lgﬁ —
12()IUA:%><120V%(2—1)2:>W2=2ﬂm 1 o iR
R=275_ 12 5k0
0.120
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