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More MOSFETSs from the Text Book

* Current-Voltage Characteristics
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Figure 4.12 The iy—Vvgg characteristic for an enhancement-type NMOS transistor in saturation (V, =1V, k’, W/L=1.0

mA/V?2),
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More MOSFETSs from the Text Book

« Circuit representation of Current-VVoltage Characteristics in the
Saturation Region ignoring channel length modulation effect
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Figure 4.13 Large-signal equivalent-circuit model of an n-channel MOSFET operating in the saturation region.

=V,

« This circuit is called Large-Signal equivalent circuit

o Note: This circuit is NOT USED in most of our practical
MOSFET problems
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Outline of Chapter 4

e 1- Intro to MOS Field Effect Transistor (MOSFET)
e 2- NMOS FET

e 3-PMOS FET

o 4- DC Analysis of MOSFET Circuits

e 5- MOSFET Amplifier

 6- MOSFET Small Signal Model

o 7- MOSFET Integrated Circuits

8- CSA, CGA, CDA

e 9- CMOS Inverter & MOS Digital Logic
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MOSFET DC Analysis

1. Make an assumption about the state of operation
— There are three possibilities
— The mostly used case Is saturation mode
— This is the mode used in designing amplifiers
2. Solve to find DC voltages and currents
— Namely, Iy, Vp, Vg, and Vg

3. Verify the found values with the inequalities
describing the state of operation

4. If not correct, start solving the circuit again with
another assumption about the state of operation
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Example 1

* No gate current: I, =0=V, =V,
« Have expressions for I:
VDD _VD _ Vs +VEE

I
D
RD RS
— Assume saturation mode:

. W
5 :%kn T(VGS -V, )2(1+/1VDS)

— Body effect: VB — _VEE :>VS ¢VB

Vi =V +7/(\/2¢f +Vgg _m)
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Example 1 —con’t

5-V, V42
5\ ID = =
1k 500
e Assume saturation mode:
1k
2V 2
/\ v I, =Im(2-V, -V, ) {1+ A(Vp =V )]
oV
IS V, =1+0.5(,/0.6+V, +2 -~/0.6
k! =100 4 _ .
ﬂ_zoﬂ Vs o With Vj In terms of V4,
L get cubic I expression
A=0.01v " 50002
y =05V * Neglect CLM and Body Effect.
2¢, =0.6V
V, =1V 2V |, = 1m(2 -V, —1)2
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2\

/\
Lo

k! =100 4
W

— =20
L

A=0.0V"
y =0.5V
2¢, =0.6V
V,, =1V

Example 1 —con’t

oV

1k

V. +2
|, =1Im(2-V, -1)" = =3
VZ-4V,-3=0

V. =4.646V or V. =-0.646V

Check conditions for saturation

Vee >V, = 2-V, >1=V, <1V
V, =—0.646V

| =2.708mA
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Example 1 —con’t
V, =5-1,R, =2.292V

5V _ _
« Verify saturation :
o/ 1kO VDS >VGS _Vt
A S\ Vp =Vs >V =V =V,
D
IR 2.292>2-1=1
VG_looﬂA/v V, * Maximum Ry that sustains
1% saturation mode: V > 1V?
A=0.0V" 500Q2
y =05V V, =5-(2.708m)R,, > 1V
2¢, =0.6V
-2\
Vo =V R, <1.477kQ
MOSFETSs 43




Department of Electrical and
Computer Engineering

ECSE-330B Electronic Circuits |

10V
1 mA
2.5V
ZE@_{ VD
M1

k! =100 4 | ' ‘
- 1% Vs
f =26
A =0.005v* >00€
y =0.5V
2¢. =06V  T——

V,, =1V

Example 2

|, =1mA=—5 =V, =0.5V

e Calculate V.

500

V, =1+0.5(/0.6 105 -+/0.6)=1.137V

e Assume saturation mode:

|, =1.3m25-05-1.137%°[1+5m(V,, —0.5)|

* Solve for V.
Vo, =7.0V

Verify the assumption

/

>VG'Vt
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Example 3
L 10-V, V+10
NESAN 0% ° 12k 6k
I  Assume saturation mode:
w21 o = 25m(-V, ~V,F[L+ AV, -V, ]
y =0.
26, =0.6V oV, * Nosimple way to find Vg;
V=V - neglect Body effect
v e With V; In terms of Vg, get
= S cubic for I; neglect CLM
15-VZ +29-V, +5=0
-10V

Vo =-019V or V,=-1742V
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Example 3 —con’t

k; =100 % 10V ° Require VGS > Vt V., =-1.742V
W
W _gp V. +10
L * Solve for Iy Ip =——=1.376mA
A=00W" 12kO 6k
y =0.5 « Solve for V: Vo =10=15Rs
26, =0.6V ——o V, =-6.51V
V,, =V :
M1 But, require Vp > Vg - V= -1V
— V, .- Cannot be in saturation

Assume triode region :
Iy = 5m[(VGs -V )\/DS _%Vbzs]

-10V Need expression for V¢
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Example 3 —con’t
10—V, Vo410 Vp=-2Vs-10
° 12k 6k V,, = -3V, —10

ki =100 % 10V
T 50 e Substitute & solve for V:
A =001V 12kOQ 45-V¢ +511-V +1210 =0
y =05V V, =-3.365V or V,=-7.991V
2¢, =0.6V L oV _ _ .
Yy b« Find corresponding V’s:
M1 V,=-327V or V, =598
— V, :
- > But, require Vp <V - V,= -1V
6k

V,=-327V & V,=-3.37W
|, =1.11mA

-10V
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DC Analysis — General Comments

What should we do In our engineering calculations?

 CLM generally has small effect at DC (a few
percent)

e (Can usually be safely ignored

* Neglecting Body effect can result in significant
errors in DC analysis

* Rules of thumb (DC Analysis):
— Ignore CLM unless easy to include
— Include Body effect unless V¢ not easy to find
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Outline of Chapter 4

e 1- Intro to MOS Field Effect Transistor (MOSFET)
e 2- NMOS FET

e 3-PMOS FET

o 4- DC Analysis of MOSFET Circuits

 5- MOSFET Amplifier

 6- MOSFET Small Signal Model

o 7- MOSFET Integrated Circuits

 8-CSA, CGA, CDA

e 9- CMOS Inverter & MOS Digital Logic
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k = 100pA/V
W/L = 50
A=0.01V"
V=1V

V., = 6V
R, = 1kW
V.. =2V

Small Signal Analysis

V'

D

R

D —

T

"y o

{:}
&,,___q_‘

=)

1

v

i (t)=l_+i (t)

e

v, (t)=V, +v,(t)

Gate Input has
DC and AC
components

So will the
drain voltage
and current

Develop small
signal model
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Operating Point 15 vs Vg

k. = 100pA/V :
W/L = 50 . e DC analysis, AC sources off
— - DD . - .
ﬁ'f 'ﬂ}w zﬁ e QOperating point determined by
| Je Ve-V, in saturation
Vyp = 6V
R, = 1kW Rnf-f<- ID L e .
Vo =2V =0 / I Operating Point :
eew T NS
M i |
—» | a
> |
VGS o i
e— Pov v T z0v  2.ev
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Small Signal Superposmon — I VS Vg

cr Consider superposition of
0 Operating an AC signal at the DC
| Point operating point
Slope of i4-v, curve at
room. operating defined as
MOSFET
transconductance, g,
' g =] LAl
" OV o AVss
SR T TR Vg
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MOSFET Transconductance —g,,

To derive an _ dlg
expression for g,: In = OV
ip=Ip
: _ W ,
Start with full I ip =2k —(vgs =V, ) (1+ 2 -Vps)
equation L
Take derivative and Ol W
i li = kn _(VGS -V, )(1"" A 'VDS)
simplify Nee L
Y
2-1,
g. = 2-1p (VGS _Vt)
VGS _Vt
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Summary of g,

e Sedra & Smith use several expressions for g,

21
VGS _Vt

On =

W
On = kr’1 T(VGS _Vt )(1+/1'VDS)

W
g. =+/2k’ \E\/lm-vm\/l[)
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Basic MOSFET Amplifier Operation

k. = 100LA/V _

fiLO=U51?f" « Apply small signal at

e gate: v,

v ey ‘ L * Results in signal current

T == R ;lid(t)%m\’gs flow at drain iy; gy,

Vs =2V proportionality constant

TV, (t)=-g,v.R, * Signal current through

— L’Nh Ry produces output

v,.(t) @ : voltage

e Qutput signal voltage
. equal to: vy = -91,,VgsRp
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