MOSFETs as Amplifiers

* |n saturation, the MOSFET acts as a voltage
controlled current source
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 Non-linear V2
* If the current (ip) flows in a resistive load,
output voltage is proportional to ip.

MOSFET as an amplifier
Vo=Vps=Vpp-IpRp
Later, we will discuss small signal equivalent circuit
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Figure 5.28 Biasing the MOSFET amplifier at a point Q located on the segment AB of the VTC.
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Vs =Vpp —1/2k,Rp (Vgs _Vt)2

Vgs (1) =Vgs +Vgs (1)
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VTC by Graphical Analysis

From elementary circuit theory we have

Vpp = Ip Rp + Vpg

That represents a line with a slope of -1/RD
The transistor operates on a point along that

line.

3/7/2013



ink vgs = Vo
V, : ! i
DD Trinde —>re Saturation
|
0 ,}
Ry -
15;'\.\' T R
Ups = 1-Jfl.f D
Ugs = V},-,Lr Uns = Vs
| Tps
Us< V, -
(a) s = Vs (h)
Load-line
slope = — /Ry,
Ugs = """
Uy
Figure 5.31 Graphical construction to determine the voltage transfer characteristic of the amplifier in Fig. 5.29(a).
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Figure 5.33 Two load lines and corresponding bias points. Bias point Q, does not leave sufficient room for positive signal swing at the drain
(too close to V). Bias point Q, is too close to the boundary of the triode region and might not allow for sufficient negative signal swing.
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Small Signhal Operations

The signal v, is superimposed
on Vg

Ves=VestVgs —o—

1
Ip = EanOV

. 1
lp = Ekn(VOV + vgs)z

. 1 1
Ip = Eknvdzv + anOVVgs +§knvg2;s

\_Y_l ( J

Small Signal Operation

* To minimize the nonlinear part

1
Eknvgz;s << K Voy Vgs

Vs << 2V

gs
* Iplptiy
Vbs =Vpp —ipRp

Vbs =Vpp —(Ip +ip)Rp

Vps =Vps —IgRp
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Small Signal Operation

Assuming small

2/
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Vb =Vpp —Rpip =Vpp —Rp (Ip +ig)
Vo =Vp —Rpip

Separating DC Analysis and Signal
Analysis
* Signal quantities are superimposed on DC
guantities.
* We can separate DC and AC Analysis.

* The DC Analysis determine the Q Point

* (Bypass) Capacitors are added to prevent
disturbing the DC bias (Q point). WHY?
* Draw the circuit from the signal point of view
— DC voltages (current) are short (open)
— Capacitors are short
— MOSFET replaced by small signal equivalent Circuit




Why Capacotors

e Adding the load

VF)J')

o ‘i l Rp

Small Signal Equivalent Circuit

e Represents only time varying component (DC
only determine the bias point)

e What is the difference between (a) and (b).
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Example

* Find the small signal voltage gain, input
resistance, and the largest allowable input
signal. V,=1.5V, k', =0.25mA/V?, VA=50 V.

Vop=+15V
. S
%R; = 10 kf}

Rp = 10 k2

R; = 10 MQ) %
+ |

r |

o
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#

(a)

Example cont.
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Example cont.
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Example

e Assume saturation, find gain and input

Vm;
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MOSFET Amplifier Configuration

» Single stage

e The signal is fed to the amplifier represented

as Vgjq With an internal resistance Ry,

e MOSFET is represented by its small signal
model.

e Generally interested of gain, input and output
resistance (overall amplifier circuit not only
the small signal model).

MOSFET Amplifier Configuration

* Considering only the small signal not the bias

PR W

n Source (CS) (b) Commaon Gate (CG) (c) Cor n Drain (CD)
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Characterizing Amplifiers

* Find galn mput and output resistance

T
SEET

Vo
Vi

Amplifer Configuration

Common Source

Common Source with a source resistance
e Common gate

Common drain or voltage follower

3/7/2013
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Amplifiers
Ry, _;,., R, _"),
R B : -
VO = A/OVI R -:R gy Uy R, Al R, 1
L 0
R' = = = =
in sig
RL
A=Ay R 1R,
R: R
Gv — V0 — in A\/o L
Vsig Rin + Rsig RL + Ro

Common Source

Most widely used configuration

In multistage amplifiers, the bulk of the gain is
from common source.

The source is grounded, making it common
between input and output.

e We can use hybrid Tt model.
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Common Source

= For R,, setv;=0
% R,% W Ry =Tl Rp
= = & Ap=-9n(llRp)

(b)

Common Source with Source R

 For simplicity, r, is not included.

* No effect on discrete implementation, not so
forIC’s

* R, provides a negative feedback to control the
magnitude of the signal to prevent nonlinear
distortion.

* Also reduces the voltage gain and extends the
useful bandwidth.
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Common Source with Source R

179y
Ve =—0,V:
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Common Drain Amplifier — Source
Follower

Since there is a resistance
RL connected to the
source, it is easier to use
the T-model

Common Source — Voltage Follower

Parallel
i <‘+l> i
r, :: Rig A3
< %
- Y
. A
1
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Comparison

- .
Rin ) 0 i e

Im
Rout RD || ro Rp Rp 1/9m
G €m(Rp |1 R A, Gy G, =4,
ro) _ Im(Rpl|RL) _ (RplIRL) _ Ry
1+ gmRs 1/gm + Rsis 1/gm + R,

Discrete CMOS Amplifiers

e MOS are mostly used in IC’s

* However, we present practical circuits for

discrete implementation.

e Good if you are building a circuit on a
breadboard (in the lab).
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Common Source
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e DC Analysis

e Can use any biasing
technique we studied

e Calculate the bias (Q)

Vie = Vit Vi pOint
\ 21U/ k! ( W
K ( 7 )
l';I )
AC Point of
3 Vop (0V) .
} view
‘I L]
rr._g : Ry
ML © ; Cer
2 ' Il " ;
" | P =

Bypass capacitor.
Current source is an

=V
Vss

Coupling capacitors: To connect

the input and output without open circuit, provide
disturbing the bias. a path to ground

C is large enough to have zero (source is ground for
impedance at signal frequency. signal).
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Common Gate
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Figure 5.60 (a) A source-follower amplifier. (b) Small-signal, equivalent-circuit model.
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