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Chapter 4 — MOS Field-Efftect Transistors (MOSFETS)

Text book: “Microelectronic Circuits by Sedra and Smith
- Metal-Oxide semiconductor Field-Effect Transistors (MOSFETS):

- MOSFET has been extremely popular since the late 1970s. Like transistors,
the current flow between two terminals (Drain to source) in MOSFET are
controlled by the third terminal (gate)

- Why MOS Transistors? - Most digital ICs use
 Takes smaller silicone area on the IC MOS technology.
e Simple to manufacture - Also recently more
* No need for biasing resistors. and more analog
 Used in VLSI (very-large-scale integration) circuits are
implemented in MOS

- Comparison between MOSFET & BJT??

- Can be made smaller /higher integration scale technology for lower

« Easier to fabricate /lower manufacturing cost cost integration with

digital circuits in the

« Simpler circuitry for digital logic and memory

« Inferior analog circuit performance (lower gain) same chip (IC)



4.1:Device Structure of MOSFET: The name of MOS is apparent from figures
Source (S) Gate (G) Drain (D)

Oxide (Si0,)
Channel "
Sogrce ] I‘CgiOH n
region
< e >
N p-type substrate
D-lype substrate
f y}EBody) (BOdy)
Channel
region
L=0.15to 10 um,
Drain region W=0.3 to Sooum’ BOdy
| MOS layer=0.02 to 0.1 um. B)
(a
. . (b) Figures from text book
e Four Terminals are Gate, Drain, Source & Body

 Unlike BJT, MOSFET is normally constructed as a symmetrical device (DS)

e Minimum achievable value of L in a particular MOS technology is often
referred as the feature size. Intel Pentium-4 uses 0.13 um technology.

* Lately poly-silicon with high conductivity 1s used instead of metal to form gates



BASIC OPERATIONAL THEORY OF NMOS: N-channel MOSFET considered

* The current controlled mechanism (for drain current) is based on electric field
established by the voltage ‘V¢” applied to control terminal (gate).

e Current (i) is conducted by only one type of carrier “electrons (for NMOS or N-
channel MOSFET) or holes (for PMOS)”. So FET is also called unipolar transistors

Figures from text book

+ Gate electrode
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_ Induced % Upg
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C aljme D

L n' l
\ . . <~ = . ; : TR e
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Physical Operation with No v4: With no bias voltage 1s applied to gate, two back-to-
back diodes between drain & source prevent the flow of 1, as v 1s applied. (R~ 1012Q)

Creating a Channel for ij, flow: If ‘S’ & D’ are GNDed and a ‘+v4’ 1s applied to ‘G’
holes are repelled from the channel region, leaving behind a carrier-depletion region.

Further increasing V 4 attracts minority carrier (e’!’s) from P-substrate into the channel
region. When sufficient amount of e!’s accumulate near the surface of the substrate
under the gate, an N region (N-channel) is created-called as the inversion layer.



Applying a Small vy or if vpg = (0.1 or 0.2 V) causes a current Iy to flow through
the induced N-channel from D to S. The magnitude of iy depends on the density of
electrons in the channel, which in turn depends on vq. For vg =V, (threshold
voltage), the channel is just induced and the conducted current is still negligibly
small. As, vsq > V,, depth of the channel increases, 1, will be proportional to (vg —
V,), known as effective voltage. Increasing v above V, enhances the channel,

hence it is called enhancement type MOSFET. Note that 1, = 0, due to M.O. layer

-Now since the v drops across the channel length, this voltages decreases from vDS
to 0 volt, as we travel along the channel from drain to source. Thus the voltage between
the gate and the points along the channel becomes: v;¢-0 at source end and v¢-vpg at
the drain end. This shows that the channel don't have even depth, as the depth depends

on voltage. Now increasing v beyond v value causes channel to pinchoff

- THUS, (vgs—Vps) >V, or vpo<(vgs- V) or vgp>V, produce continues
channel depth at drain end and results the MOSFET to operate in Triode region.
Otherwise the MOSFET operates in Saturation region with pincoff channel and 1, 710 Vbs



Channel length Modulation: If vq is further increased from pinched-off channel
(Vpssar)> the channel length 1s reduced (by moving from drain end). This phenomena
is known as “channel length modulation” & its affect on I, is incorporated by “A”

i i Note: Most of the problems here will assume A=0

1p-vpg curve for MOSFET for L Figures from text book
small vg the device operates

as vpg controlled resistor i) (mA)A

1p-Vgg curve for enhancement-type
Book figure 4.4 _——EE Y — NMOS transistor in saturation

4 Book figure 4.12

T - o 0




Physical Operation of Enhancement NMOS: For increasing vpg.
Thus, Vg appears as a voltage drop across the channel. Voltage across the oxide

decreases from Vg at ‘S’ to (Vgg- V) at ‘D’. The channel depth will be tapered and

become more tapered as Vg 1s further increased.

Eventually, when (V45 - Vps)= V,, the channel will be pinched off (see figures 4.5 & 4.7)
Increasing Vpg beyond this value has no effect as Iy saturates. Thus, MOSFET is now
operating in the saturation region. Thus, Vpyg,= Vgs- V,

MOSFET transconductance )i » A ( 1 >
| T . 1 W 2 : _ 1
k' anpx is constant depend on ip= ;En'f[‘ft}s—‘ft] ‘ in=k H.EL(TJ cg - Vt)“ Da - Ev D
the fabrication process. , g —
u, = channel e"! mobility —— Triode | Saturation
C.= cap. of unit area of channel) Ups < vgs — Vi Ups = vgs — V,
Vap~ Vi

Curve bends because
the channel resistance
increases with vpg

L

|
I
|
| Current saturates because the
| channel 1s pinched off at the
| drain end, and vps no longer
| affects the channel.

Almost a straight line ——__| :

with slope proportional to |

(vs — V) |

|

|

!

ugs = Vi

Figure from text book

P
0 Upssat — Ugs — Vi Ups

Book Figure 4.6




4.2:Circuit Symbol for Enhancement type I NMOS | Hea10 ot
[he arrowhead on the source terminal points in - | e <t ?m%..-.;wlul.....d
. a g | 0 rype MLEEL, Al Simplali
the normal direction of current flow. Therefore, < nn_Jr_i Sl N cat sl for
it indicates three things: (1) distinguishing the | { MOSFET wil e s (8
= : ‘ a 0 o poEneckd 1 the sowree ().
source from the drain, (2) indicates the polarity ; 5
of the device and (3) designating the terminals. \ w
________________________________________________________________ - [ i 3
Three Regions: [ (@) : ‘ | -?“1 w7 Vs
i ] & j '.|. - 'I} . ? W = -V
Cutoff region | vas <7, > I'"l Yos ITEEA RN
: : . - Ty = ¥, +4
Triode region =» Switch I
Vas e o
Vi =1, . and Vgp >V, \ > |
(Vu‘u =V¥as TV¥en = ¥s — V¢ i'.'-.) 9VD5 <Vigs-V; =t
: N | |
Ip - RHT| Was — | i }'L'fm _?llm — = V42
VDS = VGS V L] |:Im =t .I.
7 Rk V)

Saturation region =» Amplifier

g8 = e

7

— ¥ = Ve — Vn ] )

Y 1'.&'-'1 1:;_%. 1':'1.‘- Ir{ Figures from text book
3

V)

3 =¥

Ty =V (out off)




Example: Use triode expression of ip, ) Exercise 1:For Enhancement type NMOS with V,
given in eq 4.5(a), to calculate rpg =1V and k' (W/L)= 0.5 mA/V?, find iy and
whether the circuit below is operating as

| - L a switch or an amplifier.

‘D = Eﬂ'?[“"ﬁs ~ "l vps - 3 vps ] (a) if Vog=4v and V=2V

(b) if Vog=4v and V= 6v

For Triode Region

1
Howewer for small <, then E-VDSE approaches zern:u.>

The resulting equation then is R ip \L +
G T
%_
. A + l_H i Ups
i = k'n'f[“"t}s — Vi) v | —_ D
UGs -|- ¢ ls = Ip —
o =

To find the drain-to-source resistance

- Remember for symbol and similar circuit

DS if other parameter are given

TR oy } We can solve this rpg ) for PMOS, read book pg 256 and 258

NMOS PMOS
CMOS: Cross section of a ’ " \ ’ . .
complementary MOS integrated 9
circuit. Note that the PMOS $i0,
transistor is formed in a separate n-
type region, known as an n well. P
Another arrangement is also el

possible in which an n-type body is
used and the n device 1s formed in
a p well.

p-type body

Figures from text book




Physical Operation of Enhancement PMOS: P-channel MOSFET.

S

[ - L

1i- ll“‘ ll ra —
] Uy - Y ‘
G o—l T —
r — | Uns

T
—! |||,|I. = |:] .|,. 1.'” |
Y

@ (b)

(a) Simplified PMOS circuit symbol with connected
source & body. (b) PMOS circuit. Note that v4 and
Vps are negative and iy flows out of drain

Since in PMOS, V, is negative, So v = V,

to induces a channel. Thus, vy; = |V,

is used

\

J

To operate in Triode region:

Ups 2 Vgs— V, (Continuous channel)

. W , ] 27
Ip= ":~ PT [[ Vgs — - Y ) Ups — ~ Ups

where v, V,, and vy, are negative and k, = u,C,,

To operate in Saturation region:

vps < vgy— V, (Pinched-off channel) OF Vp>V,
.1, W
ip=2k, L[(’ -V f{l‘*‘iw}ﬂ'
. . l ] H’ . nd
Neglecting A, Ip =3 k I,,I[i.'m -V)

Thus to recap PMOS operation, the gate voltage has to be made lower than that of the source by
at least |V |. To operate in Triode region, the drain voltage has to exceed the gate voltage by at
least |V |, other wise the PMOS operates in Saturation region.

Exa 4.6: Desiegn the circuit of Fig. 4.24 so that the transistor operates in saturation with [, = 0.5 mA and

Il"f.'J

= +3 V. Let the enhancement-type PMOS transistor have V, = —1 V and & (W/L)

| mA/V~.

Assume A = 0. What is the largest value that R, can have while maintaining saturation region operation’

The figure is given in next page:

Sol: v 2V =3 M£L.:

fah =

: Ry =2 MQ and R

R,=8kQ

Saturation until Vj+ [V{| >V
See book pg 268 for solution




4.2.5 & 4.2.6: some Practical Considerations of Enhancement MOS

B The Body Effect

In ICs, the substrates of all NMOS are usually
common and connected to the most negative

power supply. If a source is not at this voltage
level, the reverse-bias voltage Vgg between S
and B will widen the depletion region and in turn
reduces the channel depth. The result is an
increase of Vg

Vi = Vi +f?f{\l‘1';"]_x' + Vg _Jj'?ﬁ_x \]

Vo with Fg, =0,

where
¢, 1s a physical parameter with 2¢, typically 0.6V,

and » is a fabrication - process parameter.

It follows that the body voltage controls ig; This is
an undesired phenomenon know as the body

effect.

Same situation exists in PMOS.

Body effect can cause considerable degradation in
circuit performance (as shown in chapter 6 of book)

B Temperature Effects

Both V, and k™ are temperature sensitive.
The magnitude of V, decrease by about
2mV for every 1°C rise in temperature.
This decrease in | V; | gives rise to a
corresponding increase in drain current
as temperature is increase. However,
because k' decreases with temperature
and its effect is a dominant one, the
overall observed effect of a temperature
increase is a decrease in drain current.

PMOS circuit in previous Exercise 4.6

Vibp 3V

»
"r1'-!'.-'|




4.11: Depletion Type NMOS or n-channel MOSFET’s:

The depletion type MOSFET has similar structure to

that of enhancement type but with a physically

implanted channel (instead of an induced channel). Thus

an n-channel depletion-type MOSFET always has an
n-type silicone region connecting the source and drain
(both +n) at the top of the type substrate. Thus, for any

(= Normally-ON

=V, is negative
< ® Symbols:

® A thin n-channel layer is implanted

device
for NMOS

D D
il ]
i1 |

ol

\

-

S S

Vps applied between the drain and source, 1, flows even 1f v, = 0. Thus, the channel
depth and hence 1ts conductivity is controlled by V4. Applying a ‘+ v’ enhances the
channel by attracting more e!’s. Applying ‘— v’ is said to deplete/reduce the channel.

36 —

32
28
24
20
16
12

4

L ip (IMA)

——— Triode region

Upsy =

vy — V,

Saturation region ——=—

Upy =

vgs — Vi

Ups — Ugs

Vi

Ugs = +2 'V
=(V, + 6)
as Wg =-dv

vy = +1 WV

oy = OV

Ugs

Vgs

1 1 |

inp (MA) A

mode 32

28
24

For v = 0. the drain

current 1S = I

1 )
Ipss ==K (WTLYXF) 20

—— Depletion —=—|—<-Enhancement-=

mode

Upnsg = Yy Vr

& Vt =-4V here
| |

10

IQ/
Ugs = —4 V (V)

14

Ups

Figures from text book

—4 —3 —2 —1 0 1 2

L —
T—

Ues (V)



4.3: MOSFET circuits at DC:

EXAMPLE Design the circuit of Fig. 4.20, so that the transistor operates at /p = 0.4 mA

Vo =1V. The NMOS wransistor has V, = 2V, p.Cor = 20 pA/V:, L = 10 um, and
W = 400 pm. Neglect the channel-length modulation effect (i.c., assume that A = 0). s Rp
Y Vo

Since Vp = | ¥V means operation in the saturation region, we use the saturation-region s
expression of ip to determine the required valove of vgs.  as Vep<V; _FIL_.‘

l W 1
Ip = = paCosv(Vas = V) e 04 =220 107" X ﬂivm - 2 Fs

2 L 2 10 ¥ L

This equation yields two values for Vg, | V and 3 V. The first value does not make physical

sense since it is lower than V. Thus Vigg = 3 V. Referring to Fig.4.20, we note that the Vg = =5 V
gate is at ground potential; thus the source must be at =3 V, and the required value of Ry '
S 50 COmmnNG. om To establish a dc voltage of +1V at the drain, we must select Rp as

PIROE. hacs. - [0 o - Voo = Vp _ 5 — 1

Rp = = 10 kil
In 04 - .fp 0.4
EXAMPLE Design the circuit to obtain a current fy of 0.4 mA. Find the value reguired for
R and find the dc wvoltage Vi Let the WNMOS wansistor have VWV, = 2 WV, o O, =
20 pANE L = 10 gom, and W = 100 gem. MNeglect the channel-length modulation effect
(that is, assume A = 0).
i-"'::n = 1 W
Because Ve = 0, the FET is operating in the
saturation region. Thus 1 W
1 _ L]
0.4 = Ecm}{]n MO IO Ve — 232 _ | Vo
wihich wields two wvalues for Vige, namely 4 and 0. The second wvalue
obwviowsly does not make physical sense since it is lower than W, —
Thus Vge = 4 W, and the drain voltage will be Vo = 44 W
The reguired wvalue for R can be found as follows: R=Vﬂﬂ_vﬂ *lﬂ_“_]sm

In o 0.4



4.3: MOSFET circuits at DC:

EXAMPLE Analyze the circuit shown to determine the voltages at all nodes and the Voo = +10V - Fig.]
currents through all branches. Let V, = 1V and k}(W/L) = 1 mA/V?. Neglect the channel-
length modulation effect (i.e., assume A = 0). koo = 10 MO Ry = 661
LIV RN R {0 Since the gate current is zero, the voltage at the gate is simply A
determined by the voltage divider formed by the two 10-M{} resistors, T .
10 .
Ve = 10 X 0+ 10 +5V. = | =5-06/, > Assume Saturated =» L L
Thus / J-f"”. V.=V )P =Lix1x(5-61,-1)°
I p = Thy—Was =) 7 D=0 = 1)
L v
. . . . ) =
which results in the quadratic equation : 18/, =25/, +8 =10 T,f 0sua o)
This equation yields two values for I: 0.89 mA and 0.5 mA. The first value results in a | 10 M() 6 kil
source voltage of 6 > 0.89 = 534, which is greater than the gate voltage and does not 0l
- . —_— R 0 — 6 .|Ir_|
make physical sense. Thus as {VGS_(VG'VS)}>Vt 16V | 0
[, =0.3mA 3 —0 bl
Ve =0.5x6=+3V Since Vi > V-V, lhe transistor 10 M1 6 ki)
s A 1S operating in saturation, as initially .
Vs =3-3=2V assumed. Dy
I, =10-6x05=4TV = =

i

Exercise-2: Solve the above problem in Fig.1, after replacing NMOS with PMOS (P-
channel MOSFET) with V py 6= -1V. Hint: see example 4.5 (NMOS) & 4.6 (PMOS) solutions




CMOS DC circuits Assuming k(W /L)=k (W, /L )= mA/V", v, ==V

(see pg 269)

T-"lr O‘—L

\

AT25YV

—[ o,

=235V

Figures from text

book

assume small wps -

also From the circuit diagram :
Iy (MA) =

These two equations yield :

\

——il:QN §m k()

QOp = cut off,
as V¢ of zero

> +2.5V 0—4

A T25V

_||th* = OFF

4, lpp =0
T—._O ;I:rl'_l'
+EI.|'}.-"-:

— l:@,-v § 10 k()

=1Vand A=

i
\ —'—2._'.:' 1‘!'? T:-";f_}
Viox Ay,
).
IRZ 10 k)

=23V

v will be negative,
I-",:'_;lr_;. ::5‘ L-"'.lr. Or VDS< (VGS_Vt)

Y -

) -25V = ) . =triode region
TR TR . — — o —— =1
{:’Ff_-ﬂd Vo Vs Vo Vs Vi A v, ,= 10V |
Ipy 2 k(W /L)Vis= V)V :Vf;*lj Vdﬂd s R, = 15 k&2 |
kWL = 1 mANV? |
= 1[2.5 - (-2.5) - 1[vp- (-2.5)] " ' osat |
: Biasing A v {_] V Vf_} _VIJFJ_RI} ‘E—f_} :
07 :U81ng _|_I Vor = Vas — Vi
10 (kQ)  Constant - Vs ' |
| Current Ro&E I
: source | | .7 MEL2 ) :
| = Vs =—10 ¥V |

Iy = 0244 mA @ vy = =244V

— — — — — — — — — — — — — — — — — — — — — — — — —



Summary of DC biasing a MOS amplifier in discrete circuits:

Vono

L —
—
—

- Single power suppler

- Since =0, Rg, and
Rgp can be very large,
allowing large R,

- Rg provides negative
feedback

- Rp should be large for
high gain and should
be small for large
signal swing.

2k
L

Y

Vs

- Two power suppliers
- Simpler bias

arrangement.

- Rg establishes a dc

ground and presents
a high input resis-
tance to a signal that
may be capaci-tively
coupled to the gate.

2
Tt

I——'|

Hl: i |

Vs

- Even simpler and
more direct bias.

- A constant-current
source | feeds the
source terminal.

Vi

r||

- Large resistor Rg
forces the Vg to be
equal to V.

- The output signal
swing should be
limited in the
negative direction
to |V}

See text book



4.6: Small signal models for MOSFET amplifier:

(a) neglecting the dependence of iy on vV in saturation region of operation (channel-
length modulation effect);

(b) including the effect of channel-length modulation modeled by output resistor (r,)

(c) T-model with output resistance, r,= |V,|/1;=1/(A.Ip)

G 0—o0 oD
+
Ugs gmvgs
_ . VoA \
O l §r S
Ys € 1/gm
S l ¢ §
G o—oO0 ® o D = L
+
Ugs 8m Ugg g Fo S ©
S Remember that for PMOS:
t:“—,, and

S Figures from text book




Calculating small signal parameter for MOSFET Amplifier:

B MOSFET transconductance

W .
Formula 1: | g, = &, —(Vg — 1)

] S r
/

It indicates that g, is proportional to
the k', Wil ratioand (1", - 1)
However, a large UGE reduces the
allowable signal swing at the drain.

Formula 2: | g, = 2k, %,jﬁ

It shows:
(1) for a given MOSFET, g, « the
square root of the dc bias current.

(2) At agiven bias current, g, -r.,.,{u' )

In contrast, the g, of BJT = the
biasing current | and is independent

of the geometry.

Remember for PMOS, the calculation of
gn > T, and K is calculated using [(V V)|,
|V Al or [A| and replacing p, with p,
respectively. See book page 297

Here for NMOS =K' .= u C

0X

® Formula3: | g, -

o=V )2

[,

As compared with that of BJT, for which £ = f
]

The transconductance value for MOSFET is much

small than that of BJT in light of the fact that the
values of (Vgg-V))/2 are at least 0.1 V or so.

In spite of their low g,,, MOSFETs have many other
advantages, such as high R;,, small size, low
power dissipation and ease of fabrication.



MOSFET As An Amplifier — Small-Signal Analysis:

Example 81 Figure4.38(a) shows a discrete enhancement MOSFET amplifier in which the input signal
v; is coupled to the gate via a large capacitor, and the output signal at the drain is coupled
to the load resistance Ry via another large capacitor. We wish to analyze this amplifier
circuit to determine its small-signal voltage gain and its input resistance. The transistor has
Vi =15V, (WL = 0.25 mA/V?, and V4 = 50 V. Assume the coupling capacitors to
be sufficiently large so as to act as short circuits at the signal frequencies of interest,

Solution) I
: .

We first evaluate the dc operating point as follows.
As I=0, Vr .=V on=0, Thus V=V,,. Since V=05 V=V g

! R | I
transistor must operate in saturation region as Vp>(Ves-V) = 1omo # B !
. -4+ R, = 10 k)
[, =2x0.25(V - 1.5) + ! L’ |
I, =1x0.25(V, -1.5) ) -i- =
- o T . DC__
Vy=15-R,I, =15-101,, .

Two solutions: I, = 1.0589 mA and Vp = 4.4 V =5 -
o, = 1.721 mA and V, < 0 A ; :
which is not physically meaningful h @ fﬂw<i> no Sk SR

| .

So, V= (15 -ip*10K) = 4.4 v DV DV : T



The value of g, is given by

The EILJ[[JLJ'[ resistance
Fa S0

- = 47kQ
[, 1.06

&l

Since Rg is very large (10M22), th

=
current through it can be FIEQ|E'ET.EC<-

-
!

i

2V R, 'R, I'F,)

4 _-,..G Hﬁ_ E . ,
| + -
- *

< b @ ':'.gl A 1]1 <'Ir> E: T ]"T:_l T E: L
. . S

s £L

" =

\ T

Eim:& e = 1 the voltage gain is

Vg
1:]-

~&nRplIRL/I7;)
—0.725(10//10//147) = —33VIV

To evaluate the input resistance K, we note that the input current i;

EI {Ui - v::]‘rHG
Yo

B

L%
_'l_
R

4.3 l-'l'
Rg

(] . -
R_G[l (—3.3)]

Thus,

10
— = 233 MQ)
4.3

Rin

- Remember channel length modulation is neglected in this solution.
* Solve exercise 4.24, 4.28 and hand-in next class.



4.7: Common Source (CS) Amplifier: Single stage MOS Analysis

Ce g v = _Q,”Ifulfr'” | Rn R;)
. -0 U ———0)

} Uy I
HJ' fi}_,nl,_ J:l' U H
AMN—0 - }II g § !
lj__ o E S BmYes
1 ) i &
é — Uio N Rr- T——'J p—
i - | Eill J =
i — — —— Rum
/ Figures from text book
o s .
! °? =T ly = 0 Rin - Rf;
i,
Ril'l Rf_.'
i R R Ui = Vg = Wyia
§ g L § 4 % Riu + H::iu Rfr T H
g.‘??lﬂ?l. -
ﬁ'i” T Hm:l B
— = e gt g— v = I“rw'i,u_: Vey = U
o= q — -
= v, = =gV, | Ryl R,
K. R ..
{“..zéﬂ..z_—“; - . = _ -
£ R+ H : R.+R. gulr, IR, IR, ) { Ko, = r, I Ry, { A, ol i | R | R,)



4.7.4: Common Source (CS) Amplifier with source resistance (R)):

R reduces i, by the factor (1 + g, Rs).

v, = iy (Rp IR |

[

H-JJJ(RI_} || RJ}

JH’m = He = Rfi and Rout
3
As1,=0, v; = R
) O iy g 9 i "\«.l_\_!{{- | ffhl”-r
Ry = Ry o < here v, is only a fraction of w,.
1
- 1 1.
ﬂ.u.-. - ?"Ir']LL = ﬁ
—_— R.‘: + Smivyg
{{H.l.' AV os oC I/RS
g = 1= *fflj‘l'RH
R, introduce ‘-’ feedback, b o< vy )
that 1 the BW but | the -
gain by (1+g,R,) wW.r.t CS -i g o ,
in;.‘ _i::;_ {11 L
Rl:-ul - -R.U

N

an{.H,r_} H RL} 4-'4 =
1 +ng_'-,'

| + H.IJ.IH:"J

1’0 is neglected

Figures from text book




4.7: Common Gate (CG) Amplifier:

acts as Unity gain current amplifier

iy =i

- Yd
> O ) T'Ir.i'
" D -<—|
RI'III
[ R” | Rf.
— g_L
. gm
k;
Hﬂ;—' — 5
e
lF"’III _:_
0. o
e = Figures from text book
s
| R. 0 I
R, = — R =R =R Vo= g — =y OM
L > ul > — VD ! "SI “sig ‘sig
e N ' ’ RJII+RH i+R::i!- l +c5'3rf.'rR:-;ig
| 2 v, Bm
"I.' — == = = -:{'{.l.'.'ﬂ.' . f. — J' p— f e [ir
JF:;"min lfuif.u.' , & ! SR
. ~ 1
v, = Uy = —1(Rp I Rp) = 8.(Rp I R R o 4
"'r‘.':u.- — gr.'r[HH |I Rf] n sig E— + H‘w_ T Sm sig
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4.7: Common Drain ( CD) Amplifier: acts as voltage amphﬁer Flgures from text ook
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which approaches unity for R; = R, r, = 1/g,.and r, = R;.
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4.4.4: Operation as a linear Amplifier: see page 279 of book for more explanation

A ip (MA)

f

3

Load line is drawn between the two extreme biasing
points; (1) when i5=0, v5=Vpp, (2) since slope = 1/Rp;

Ip=Vpp/Rp (When max iy is flows)
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( As v; varies, Vg also
varies and the Q-
point moves along the
load line. Thus.
wrong Q-point will
cause distortion in I
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Figures from text book

Triangular v; 1s
superimposed on a
DC bias voltage
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