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

MOSFET: Metal Oxide Semiconductor Field Effect Transistor

Source
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Drain

Oxide (Si0,)
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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 (S) Gate (G) Drain (D) Can currents flow between S and D?
Oxide (Si02) Metal
(thickness = 1,,) & = Need carriers (electrons)

Channel 7 = Apply gate voltage (vgs >V1>0)
= o = (V+: Threshold voltage)

o —
— ——

p-type substrate
(Body)

1

Body
(B)
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Lect. 19: MOSFET

+
UGs +
B JT- Ups (small)
Go ¢ ¢ = ip (mA)
/ <= l 04 tgg =V, +2V
Induced n-channel
03 Ugs =V, + 15V
p-lype substrate
B
”2 Ugs = V, +1V
With vgg>v (threshold voltage) channel is formed. AT
(Gate and p-substrate is acting as a capacitor) <V
o [
More carriers with higher vsg ﬂ 7 e = e

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

in A

-<— Triod¢ —> ~<€——— Saturation ——>

vps < Ugs — V; Ups = vgs — V,

\ Cu

channel is pinched off at the

Curve bends because —

rrent saturates because the

increases with

n-channel

drain end, and vp5 no longer

affects the channel

p-type substrate

Almost a straight line
with slope proportional

7
|
|

. |

the channel resistance |
|
|
|
|
|

B 1O (v V) ~ |

|
|

Y

0 Upssu = Ves — Vi Ups
- With v increase, iy begins to saturate

> Less carriers In Drain side  (Vap=Vas * Vsp=VasVps)
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

1.5

1.0
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Ups = =]
o Tnffdfe ! | Ups = Ugs — Vi
. —>—<——— Saturation region ————>
region /

Ugs = V, + 2.0

UGS = V, =155

UGS = V: + 1.0

(b)
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Voltage A

vgs = V, + 0.5

T i T O s o2 B o
3 : K Ups (V)
vgs = V, (cutoff)

Overdrive

\t’l[;lgt'

o-

Saturation

1

Threshold =

A
Triode
U

S

Prof. Woo-Young Choi



Lect. 19: MOSFET

Circuit Symbols
NMOS: n-channel MOSFET
D
Source (S) Gate (G) Drain (D) G c—| +——0o B
Oxide (S102) Metal

(thickness = 1,,)

Channel ) ¢

J region "

B L G c—l—ou

p-type substrate

(Body)
T s
Body o
(B)
(b) Go—|
S
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Lect. 19: MOSFET

Source (S) Gate (G) Drain (D)
Oxide (SiO2) Metal
(thickness = 1,,) /

Channel

+ +
i region 4
——]
p-type substrate

(Body)
Body
(B)
(b)

ip (MA) A

Ups = vgs — V|
L Tru.)de |
region /

tps = Ugs — Vi
~<——— Saturation region ———>

vgs =V, + 20

vgs =V, + 1.5

Ugs = v, A 1A

- vgs =V, +05

Ups (V)

vgs = V, (cutoft)
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With more in-depth analyses,

In triOde, iD = ,Uncoxv%|:(ves _Vt)'VDS _%VDSZ:I

(VGS >V, and Vbs < Vs _VT)

In saturation, i, = %yHCOX \%(VGS -V,)*

(Vg >V, and vy > Vg —V;)

. . electron mobility
C_, . oxide capacitance

OoX

V, : threshold voltage
k' = 1,C,,
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Lect. 19: MOSFET

Determine Ry and Rg so that 15=0.4 mA and V=0.5V.

Vi= 0.7V, 1.C., (K) = 100 pA/V2, L= 1um, W= 32um

Vop = +25V
I l i 1. What region is the MOSFET in?
Y D
i Vp
™ 2. What is Vg?

3. Rp and Rg?
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Lect. 19: MOSFET

Determine Ry so that V= 0.1V.

V= 1V, 1, Co WIL= TMA/V2

"'[,,; — _._5 V

A 1. What region is the MOSFET in?
' J Rp

2. What is |5?
|

C‘\j: ‘_l‘\-
by

3. Whait is Rp? -
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Lect. 19: MOSFET

Homework: (Due Nov. 11)

Example 6.6, 6.7, 6.8 in Razavi
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