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Q.1) Explain working of MOSFET with diagram. [image: E:\dsp\AMSIC\IMG_20180308_180607.jpg]
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Q.2) What is the Models & Equivalent circuits of MOSFET?
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Q.3) Explain the working of Differential Amplifier?
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Q.4) Explain the working of Comparator?
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[bookmark: _GoBack]Q.5)What is the CMOS operational Amp. including frequency compensation?
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—Amplifier

* Here,
U = A=)
where, V_ . — Voltage between collectors
A= & =gmRc
re
where, r, — Emitter resistance

V, — Non-inverting input voltage
V, — Inverting input voltage

DCanalysis of a differential amplifier

T Vee





image8.jpeg
e

“/mlxer It mixes the sngnal from source the feedback signal.

*
g0 ST B Y 1. 2




image9.jpeg
oler
T RL
npler

Iy
-

5,

od





image10.jpeg
» ¥ T e e
; Vm((‘M) e + ‘?RI )RI
Re > > 1,

i 2gm RE

where, Ay — Common mode gain
A — Differential mode gain

Operational Amplifier

An op-omp is basically a very high gain, direct-coupled amplifier w
inputimpedanee and lew output impedance.

~ Noninverting input 06— + Input Intermediate Level m4| Output

stage stage stage — Output

Inverting input 0— = 4

: s Fisl stage

Equivalent circuit of an op-amp
| Op-amp amplifies the between the two input signals applied at non-
verting and inverting input terminals.

~Veg

Equivalent circuit of op-amp
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. oo@-vi—v,
ey vhere Difference input voltag . 30
Wi ) : . L
4 - Open loop gain of op-amp
output vottage — = AVa .
R.— Differential input resistance
l .
R,— Output resistance
Properties of Op-amp ‘
Parameters “ideal value | Practical ValueT,
Voltage gain o 108 ‘J
AN stance 0 10% Q or 1 MQ
Output resistance 0 10 Q to 100 O
B.W. © 106 Hz or 1 MHz
cM
s ‘3 10° or 120 dB
Slew rati
e . i 80V/u sec. P
rate
Fori ;
rInput V_ sin gt
Where, SR —5 Slew rate ks

fmax — Maximum frequencfy J
A, — Closed loop gain?
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In this case when s =—,
R R

A =0-> Common mode gain and CMRR =

Nonlinear Op-Amp circuits
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This differentiator becomes unstable at h'gh f(eq eney due to finite gain

The drawback of instability can be eliminated by connected R.ini .
path and such differentiator is called practical differentiator.

lLogarithmic Amplifier

oV, V. v
Vo = =mV4in o
0 nvr Io R _L
where, n — Recombination factor
: V, — Thermal voltage
jain: I — Reverse saturation current of diode

- ctorb
ﬁt - Amplifier

R
Vo = —I,R antilo . v,
E & nVve Vo
Misic I, — Reverse saturation current of diode

n — Recombination factor s
V, — Thermal voltage
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Explain the NMOS fabricor:
help of neat diagrm{.& T,
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How an NMOS transisto,

' is JSabricateq? i
the basic steps of NMOS JSabrication in ﬁ%?n

[R.T.U. 2013)

A—_— (a) Operation of Enhanc‘ew NMOS: The

consists of a MOS capacitor with two p-n
junctions p}aced immediately adjacent to the channel
region that is ¢.>ontmlled by the MOS gate, The carriers,
| je,electrons in an nMOS transistor, enter the structure

trough the souree contact (S), leave through the

dnain(D), and are subject to the control of the gate(G)
voltage. To ensure that both p-n junctions are reverse-
bizsed initially, the substrate potential is kept lower than
the other three terminal potentials.

We have seen that when 0 < Vg < Vo, the @ated
rgion between the source and the drain is depleted; no
carrier flow can be observed in the channel! As the gate
wltage is increased beyond the threshold voltage
(Vgs > V), however, the fmid-gap enérgy level at the
&g_ﬁﬂﬂed below the Fermi level, causing the jurface

potential ¢, to turn positive and to invert the surface, Once
| e inversion layer is established on the surface, an n&
| Bpe conducting channel forms between the source a“t
| e drain, which is capable of carrying the d‘:"“\;’“":‘; :
_ Next, the influence of drain-to-source bids Vos 27
different modes of drain current flow will be e";""‘f .
o an nMOS transistor with Vs > Vo At Tos ©
herma ium exists in the inverted channel [e87Eh,
" equal to zero (fig.5(®):

drain current
>phﬂﬂﬂ;h:°d" . mqleduin

5.7

region. Thus, in linear region operation, the
'annel region acts as a yoltage-controlled resistor. The
ectron velocity in the channel for this case is usually
much lower than the drift velocity limit. Note that as the
drain voltage is increased, the inversion layer charge and
the channel depth at the drain end start to decrease.

or the linear
ck
el

Eventually, for Vs = Vpsar, the inversion charge at the

is reduced to zero, which is called the pinch-off point
(fig. 1(b)). i

Beyond the pinch-off point. i.e., for Vs> Vipsar
depleted surface region forms adjacent to the drain, and
?his depletion region grows toward the source with
Increasing drain voltages. This operation mode of the
MOSFET is called thesaturation'mode or the saturation
region For a MOSFET operating in the saturation region,
the szectivem is seduced as the inversion
layer near the drain vanishes, while the channel-end
voltage remains essentially constant and equal to Vpgay
(fig. 1(c)).Note that the pinched-off (depleted) section of
the channel absorbs most of the excess voltage drop (Vpg
~ Vpgar) and a high-field region forms between the
channel-end and drain boundary. Electrons arriving from
the source to the channel-end are injected into the drain-
depletion region and are accelerated toward the drain in
this high electric field, usually reaching the drift velocity
limit. The pinch-off event, or the disruption of the
continuous channel under high drain bias, characterizes
the saturation mode operation of the MOSFET.

Substrate (’{S:l')

Depletion Region
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Noise margin for low signal levels
[(NML) = VIL > VOL]
Noise margin for high signal levels
: )=Vou—Vgl
Q [(NMH B, : When Vigg become
greater. than Vipgg,, then the length-of channel decreases
to some extent and hence the ~ occurs uﬁ:e t}t)e
drain end. So, the channel length is reduced a;lie ue tﬁ
this channel ,length, it is known as Channel Leng

Modulation. o |
d MOS transistqz'o :::ht:h::ss;age of current between
The gate con

: i 's the MOS
. gimplifying this allows t
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where, 7,(ON) — Channel resistance when full channel is availapic
for conduction
a — Half channel width
b — Effective channel width

e D L e .

When Visvaried fromOto V, 1 varies from r4(ON) to .

MOSFET

* Metal oxide semiconductor FETs have a very hiigh inputimpedance.
* MOSFET is used as a vollage controlled capacitor.
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e MOSFET have very fiighswitching-speed.

e Gate capacitance is given by

~=CoxxWxL

3.45x10™"
tOx
Cgate — Gate capacitance ; W, L — Widthand length of gate plate
t,. — Oxide layer thickness ; C,, — Oxide capacitance

where, L =

Ox

MOS Capacitor
MOS capacitor can operate in 3 modes-Accumulation, Depletion, Inversion.

C-V Characteristics of MOS

c ': i : c : i
Accum- | i idogl - b % :
M- | Depletion | Inversion | Strong Accum- | Depletion | Inversion
vlation | H | Inversion vlation | i
Cox | ' ' :
: : :
Copin |-~ e : i
Vrs Vr Ve Vs Mp Ve
tow Frequency Characteristics ‘High Frequency Characteristics
where, V. — Flatbandvoltage V; — Threshold voltage
V, — Gate voltage
o

e Thedropinthe capacitance is due to formation of depletion capacitance
in series with the oxide capacitance.
e IfC,isknown, oxide layer thickness (t, ) can be found as

A
o €ox : to,‘=—e—Q£'A

o
tox 0

where, €  — Oxide permittivity

Ca Cd min
min = *é'""‘é’—"' ) Cd. min = :
ot Ld min Wd.max

C
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6. Characteristics do not drift with temperawre. is to amplify the .
The Differential amplifier. The function of differential amplifier 1S = 1
Differential amplifier : v, 00—
; Vo= -)
where Ay = gain of differential amplifier. V2 o= ]
The common mode rejection ratio (CMMR) : s 2
$ Vo=AVi+A2 V2
2 ut under
where A (42) is the voltage amplification from input 1 (2) to the Outp! Fig. 22
the condition that input 2(1) is grounded. the common mode signal V.

The output depends not only on the difference signal V but also depends on
: V4=V|-V1,Vc=%(V1+Vz)

where

Therefore we can write, V;=Vc+%V4 and V;=V,
Thus we obtain Vj as Vo=AaVa+Ac Ve

where Ad= % (A1 -Ar)

thus the CMMR, which serves as the figure of m

CMRR = P

Vo can also be written as Vo = A v,[ué
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