Lect. 19: MOSFET  (Razavi6.2,6.3)

MOSFET: Metal Oxide Semiconductor Field Effect Transistor

Source

Source
region

p-type substrate
(Body)

Channel

region

Body

Drain region

(a)

Control current flow between S and D With voltage applied at G
NMOS, PMOS
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Lect. 19: MOSFET

NMOS: n-channel MOSFET

Source (5) Gate (G) Drain (D) Can currents flow between S and D?

Oxide (5102) Metal
(thickness = 1,,

= Need carriers (electrons)

Channel 1 -> Apply gate voltage (VGS >V-|->O)
4 g x ' (V+: Threshold voltage)

- L S
< —-

p-type substrate
(Body)

1

Body
(B)
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Lect. 19: MOSFET

P s |
-~ Ugs =V, +2V
- Ip

[

Induced n-channel

Ugs =V, + 1.5V

(1.3

p-lype substrate

s = lr'f, +1V

With vgs>v; (threshold voltage) channel is formed. s =V, + 05

|

More carriers with higher vgg 0 0 100 150 00 g5 ()

0.1

(Gate and p-substrate is acting as a capacitor)

=5

How does i, change with vpg?
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Lect. 19: MOSFET

in A
=<— Triode | Saturation ————>
Ups < Ugs — Vrg Ups = Ugs — V,

| \— Current saturates because the

channel is pinched off at the

Curve bends because —
the channel resistance _\

increases with

n-channel drain end, and vy no longes
affects the channel
p-type substrate Almost a4 straicht line
with -\|‘_-|'|-L- proporti .|1,|\
B 1O {55 Vi b : V,
0 Upssa = Ugs — Vi Ups

- With vpg increase, iy begins to saturate
> Less carriers In Drain side  (Vap=Vas * Vsp=Vas~Vos)
When vpg = Vgs-Vr (Vgp = V1), channel is pinched off

=>»No further increase in iy
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Lect. 19: MOSFET

MOSFET (NMOS) I-V Characteristics

ip (mA) A
Ups = Ugs — V, |
- Tz'igtflge ' | ups = vgs — Vi
oein 4.-;--:— Saturation region ————>
|
2.0 ues =V, +20 Yoltage 4 iI
‘LE Ung = Ugs — V,- Overdrive -‘

L5 , :
voltage Saturation

|
=V, + L5 L
Ugs bk \ L'

1.0
Threshold —Y i' T A
0.5 ves =V, + 1.0 resho v I;u:d:'
) -
=V, +05 T
L | 1| Vs ¥e 7
U .']' 4 I'IU.\'fv}

vgs = V, (cutoft)
(h)
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Lect. 19: MOSFET

NMOS: n-channel MOSFET

Source (S) Gate (G) Drain (D)
(thickness = r,,) /
Channel
J region ¢

] —
- -

p-type substrate
(Body)

1

Body
(B)

(b)
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Lect. 19: MOSFET

lapree 3 Catp () brin® - With more detailed analyses (but still approximate),

Oxide (Si02) Metal

(thickness = t,,)

: : W 1,
e a In triode, I, = 4,C,, T (Vos —Vi) - Vps _EVDS
| ‘ |
" aoay (Vg >V, and v <V — V)
Body
(B)
| W
(b) _ 2
vny In saturation, Iy = EynCOX T(vGS -V,)
B o moell L
of !,’ s =V, + 20 (VGS >Vt and Vps = Vas _VT)
1.5: I,L_”u = s =,
,’/ 4. © electron mobility
/ - -
I e C,, . oxide capacitance
e
i V, : threshold voltage
0 1 2 3 4 ups (V)
- ugs = V, (cutoff) k — /«lnCOX
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Lect. 19: MOSFET

Determine Ry and Rq so that [;=0.4 mA and V=0.5V.

V=07V, u,,C,, (k) =100 uA/NV?, L= 1um, W= 32um

Vs = +2.80'Y
o 1$. 1. What region is the MOSFET in?
2 2. What is Vg?
3. Rp and Rg?
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Lect. 19: MOSFET

Example 4.4 Determine Ry so that V= 0.1V.

V= 1V, p,Co WIL= TmA/V2

Vop = +5°¥
A & 1. What region is the MOSFET in?
J§ Ry 2. What is I5?
oV, 0.1 %
al— 3. Whaitis Rp?
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