CHAPTER 5 MOS FIELD-EFFECT TRANSISTORS (MOSFETs)
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5.1 Device Structure and Physical Operation

Device structure of MOSFET

Source (S) Gate (G) Drain (D)

Oxide (Si02)

Oxide (Si0O,) (thickness = 1,,,)

Source

region Channel +
; n
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| |
IF€ L |

p-type substrate
(Body)

p-type substrate
(Body)

Channel

region

T

Body
Drain region (B)

O“MOS” = metal-oxide-semiconductor structure

O MOSFET is a four-terminal device: gate (G), source (S), drain (D) and body (B)

U The device size (channel region) is specified by channel width (W) and channel length (L)
O Two kinds of MOSFETSs: n-channel (NMOS) and p-channel (PMOS) devices

U The device structure is basically symmetric in terms of drain and source

U Source and drain terminals are specified by the operation voltage
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Operation with zero gate voltage

U The MOS structure form a parallel-plate plate capacitor with gate oxide layer in the middle

U Two pn junctions (S-B and D-B) are connected as back to back diodes

U The source and drain terminals are isolated by two depletion regions without conducting current
U The operating principles will be introduced by using the n-channel MOSFET as an example

Creating a channel for current flow

U Positive charges accumulate in gate as a positive voltage applies to gate electrode

U Electric field forms a depletion region by pushing holes in p-type substrate away from the surface
U Electrons accumulate on the substrate surface as gate voltage exceeds a threshold voltage V,

U The induced n region thus forms a channel for current flow from drain to source

U The channel is created by inverting the substrate surface from p-type to n-type — inversion layer
U The field controls the amount of charge in the channel and determines the channel conductivity

Gate electrode

Induced

n-type
channel

\ ~

o - > . —_ -
p-type substrate

1
Depletion region B
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Applying a small drain voltage

U A positive v > V, is used to induce the channel — n-channel enhancement-type MOSFET

U Free electrons travel from source to drain through the induced n-channel due to a small v

O The current iy, flows from drain to source (opposite to the direction of the flow of negative charge)
U The current is proportional to the number of carriers in the induced channel

U The channel is controlled by the effective voltage or overdrive voltage: v,y = vV,

U The electron charge in the channel due to the overdrive voltage: |Q| = C,WLvy

U Gate oxide capacitance C_, is defined as capacitance per unit area

U MOSFET can be approximated as a linear resistor in this region with a resistance value inversely
proportional to the excess gate voltage

. ip (mA)

Upg (small)

Ve = Vi +3V

Vs = Vi +2V

Induced n-channel

p-type substrate Vs = Vi a1V

% B Vs <V,

- 100 200

NTUEE Electronics - L.H. Lu 5-4



Operation as increasing drain voltage

U As vyg increases, the voltage along the channel increases from o to v

U The voltage between the gate and the points along the channel decreases from v at the source
end to (vgg—Vpg) at the drain end

U Since the inversion layer depends on the voltage difference across the MOS structure, increasing
vpg Will result in a tapered channel

U The resistance increases due to tapered channel and the i-vpg curve is no longer a straight line

L At the point vy, = Vos—V,, the channel is pinched off at the drain side

U Increasing vpg beyond this value has little effect on the channel shape and i}, saturates at this value

UTriode region: v < Vg

U Saturation region: vpg > Vg,

¢ Vgs

Gate

n-channel

p-type substrate

B

Channel

Source
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]
)
=5
=
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Voltage A
Derivation of the I-V relationship Vas |- = o === mm s mm oo ¥
. . v, g
U Induced charge in the channel due to MOS capacitor: B _* _________ SR
0,(x)==C, [ves =V, —v(x)] v (Vov —3ps) ‘ %
U Equivalent resistance dR along the channel: . Ly .
Source 0 Voltage drol L | L Drain x
dR = dx = dx alortlggthe cl?annel 2 Average=;
qn(xX)ph()W 11, W0, (x) l |
Q1-V derivations: i VT Channel ‘ @‘ (Voy = Ups)
dv = lDdR — lDdx — lDdx Sourccl : Drain
WO, (x) 1, C Wvgs =V, —v(x)]

Vps L
J. luncoxW[vGS - I/t - V(.X)]dv = J.iDdx
0

0

. w 1
lD = lunCox T[(VGS - V;)VDS _EvéS]

B Process transconductance parameter (uA/V?): k' .= 1,C,, _ _ , -
B Aspect ratio: W/L
B Transconductance parameter (uA/V?): k= 1, C, (W/L) ip A

- ~<—Triode = <— Saturation —>
U Drain current of MOSFETs: - (Ups = Vo) (tps = Vi)

|
I
|
B Triode region: i, =k [(v.. =V )v,c——v
g D AVas =V )vps 2 Ds] : ves = V, + Vyy
|
|
|

t

B Saturation region: i, = %kn(VGS A%

0 On-resistance (channel resistance for small v):

Ths =11k, (Vves =V)) 0 Vossat = Vov Ups
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The p-channel enhancement-type MOSFET

U p-channel enhanced-type MOSFETs are fabricated on n-type substrate with p* source and p* drain
U Normally, source is connected to high voltage and drain is connected to low voltage

U As a negative voltage applies to the gate, the resulting field pushes electrons in n-type substrate away
from the surface, leaving behind a carrier-depletion region

U As gate voltage exceeds a negative threshold voltage V,, holes accumulate on the substrate surface
U A p-type channel (inversion layer) is induced for current flow from source to drain
U Negative gate voltage is required to induce the channel - enhancement-type MOSFET

Complementary MOS (CMOS)

U CMOS technology employs both PMOS and NMOS devices
QIf substrate is p-type, PMOS transistors are formed in n well (n-type body needed)

QIf substrate is n-type, NMOS transistors are formed in p well (p-type body needed)

U The substrate and well are connected to voltages which reverse bias the junctions for device isolation
NMOS PMOS

( ] 4

S G D D G
Gate o
oxide Polysilicon

\ y

Exercise 5.1 (Textbook)
Exercise 5.2 (Textbook)

n well

p-type body
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5.2 Current-Voltage Characteristics

Circuit symbol
U n-channel enhancement-mode MOSFET

D D D
Q o] o]

GO—li—OB Go—l—OB Go—l

o o o
S S S

The current-voltage characteristics
U Cut-off region: (v < V,)
2i,=0
U Triode region: (vgg > V, and vpg < ve—V,)

w 1
9 lD ll’ln ox L [(VGS _I/I)VDS _Evés]

QO Saturation: (vgg > V, and vpg > v—V,))
1 w

9 iD ZEﬂnCoxT(VGS _I/t)z

Qlarge-signal model (saturation)

G o— B8 —0 D
- -
1, W
Ugs 2 kn r(l’(;s - V.a)z Ups

O . * O
Ls

ip (MA) A
tps = vgs — Vi =
Thcde | Ups 2_?’(,1? _Vf
< : —>-<— Saturation region ———>
region /
41 "I UGgs = V, +4
~ /
3 b vps = vg5 — V,
i /
vgs =V, + 3
2 /
/
B /
= 4 vgs = Vi + 2
/
s =V, +1
I R T T T . B S
0 1 2 4 5 6 7 8Ar9 Ups (V)
Ugs = V, (cut off)
in (MA) A
4 -

0
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Channel length modulation
U The channel pinch-off point moves slightly away from drain as vpg > Ve,
L The effective channel length (L.q4) reduces with v
U Electrons travel to pinch-off point will be swept to drain by electric field
U The length accounted for conductance in the channel is replaced by L _¢:

ves =V, Loy

I k,;W[vGS —Vt —v(x)]dv = J.iDdx “Source Channel } Drain
0 0
|
) 1, W , 1. W , 1. W ) AL |
ipy=—k,— e —V,) ==k, —— (s —V,) ==k, — (Ve V) (1+— ’
D ) nLeff(GS z) 9 nL_AL(GS z) 2 nL(GS z)( L) | _ o | + Iidj/rm "
) AL . W ) !-<7!‘ [4>|[!<—
assuming that TOC Vps —>1p =Ekn—(vGS V) (+Avys) . L |
. . . il) J\
Finite output resistance Triode
iy 1 k, w L1y
T E[ 2 ]V(l;S:constant :[ﬂ’_n_(VGS _Vt)z] 'r—=—A
OV 2 L Al, I,
Go—o ’ , o D o
+ + -

1 " W 2
TJ{!‘.\. ? n _('U(;_g‘ — V,)‘

Ups

e ]

e —

—V, = —1/\

bs
QV, (Early voltage) = 1/ 4 is proportional to channel length: V, = V', L

O V’, is process-technology dependent with a typical value from 5~ 50 V/um
U Due to the dependence of i, on v, MOSFET shows finite output resistance in saturation region
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The body effect
WU The BS and BD junction should be reverse biased for the device to function properly

U Normally, the body of a n-channel MOSFET is connected to the most negative voltage

U The depletion region widens in BS and BD junctions and under the channel as V increases
U Body effect: V, increases due to the excess charge in the depletion region under the channel
U The body effect can cause considerable degradation in circuit performance

WU Threshold voltage:

V, =V + 7120, +Vss —[26,]

A 2gN (&
wherey = Y2945t g g = KTy Vay
Cox 4 q ni
Q Current equations: I ‘/)
) w 1 Vg p-type substrate
ip = 1,Co — (Vs =V Vs __Vés] -

L 2 T
1 w
il).ml = 5 Iun CUX f (VGS B I/z )2 I VsB
— +

Temperature effect

LV, decreases by ~2mV for every 1°C rise — i, increases with temperature
U k’, decreases with temperature — i, decreases with increasing temperature
U For a given bias voltage, the overall observed effect of a temperature increase is a decrease in ip,
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Breakdown and input protection

U Weak avalanche
B pn junction between the drain and substrate suffers avalanche breakdown as V¢ increases
B Large drain current is observed
B Typical breakdown voltage 20 ~ 150 V
U Punch-through
B Occurs at lower voltage (~20 V) for short channel devices
B Drain current increases rapidly as the drain depletion region extends through the channel
B Does not result in permanent damage to the device
U Gate-oxide breakdown
B Gate-oxide breakdown occurs when gate-to-source voltage exceeds 30 V
B Permanent damage to the device
U Input Protection
B Protection circuit is needed for the input terminals of MOS integrated circuits
B Using clamping diode for the input protection
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The p-channel enhancement-type MOSFET

S S S
o} o o]

F ¥

A

Gofl—»on o ff——op  co]

o o o
D D D

U For a PMOS, the source is connected to high voltage and the drain is connected to low voltage
O To induce the p-channel for the MOSFET, a negative v is required — V, (threshold voltage) < oV
U The body is normally connected to the most positive voltage

The current-voltage characteristics

U Cut-off region: (vgg > V) iph<— Triode —>l<— Saturation —
> i =0 Usp < [ov : Usp > |ty |
b A
: . 7/ \ T ) Yov '
UTriode region: (vgs < Vy, and vpg > veg—V,,) BOERE E v /| |
) w 5 | Vs = [Vp | + |Vov
> i, =41,C, T[(VGS =V, Vs _EVDS] ! Cut-off
: I UsG < |Vip
U Saturation: (vgg < Vy, and vpg <veg-V,,) Slope = —> : sg.< [V
L -
.1 /4 -1 0 ol
> A Eﬂpcox T(VGS - Vzp)2 &s = "ns lvoy| Usp

) y — }f —V |U
U Transconductance parameter kp = 14,Cox = 0.4 Kk’ ol L ) lvov]

L The values of v, vps, V, and 4 for p-channel MOSFET operation are all negative
U Drain current i, is still defined as a positive current
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Exercise 5.4 (Textbook)
Exercise 5.5 (Textbook)
Exercise 5.6 (Textbook)
Exercise 5.7 (Textbook)
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5.3 MOSFET Circuits at DC

DC analysis for MOSFET circuits

U Assume the operation mode and solve the dc bias utilizing the corresponding current equation
O Verify the assumption with terminal voltages (cutoff, triode and saturation)
QL If the solution is invalid, change the assumption of operation mode and analyze again

DC analysis example
VDD= sV VDD
|

§RD= 10kQ
i e

yav (1) ' VM

|
VSS: -5V VSS
Assuming MOSFET in saturation
1. W
Vg =Vgg + 1Ry =V +Ek” Z(Vcs -V
— Vs =3V or 1V(not a valid solution)
(Vps=4V) 2 (Vgs— V,=1V) -

Rp=24.24kQ

3) g 3)

RS: SKQ

Assuming MOSFET in saturation
YR, — Vg =3V and V5 =-1.696)

Vps < Vgg— V,— not in saturation!
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VDD

Rp=124.24kQ

R

‘RS = SKQ

&)

M

VSS
Assuming MOSFET in triode
N4 1
I,=k T[(VGS VWV —EVgs]
Vas T IpRs ==V
VDS +ID(RD +RS) == VDD + VSS
— Ve =3.35V,V,s =035V and I, = 0.33mA4

Vps < Vgs= V>
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Exercise 5.8 (Textbook)
Exercise 5.9 (Textbook)
Exercise 5.10 (Textbook)
Example 5.5 (Textbook)
Example 5.6 (Textbook)
Exercise 5.12 (Textbook)
Example 5.7 (Textbook)
Example 5.8 (Textbook)
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5.4 Applying the MOSFET in Amplifier Design

MOSFET voltage amplifier
U MOSFET with a resistive load R, can be used as a voltage amplifier

U The voltage transfer characteristic (VTC) N
B The plot of v; (vss) versus v (vp) ’

B DC analysis as vg increases from o to Vp
B Cutoff mode: (0 V<vg< V) oo 1 U= Ups
> i, =0 é il

> Vo =Vis =Vip

| Saturatlon mode: (vgg > V))

9 lD k (VGS I/[) UDS A (::)1;-::_ L‘glturatl(ﬂ""l"_ Triode —
|
1 |
> Vo = =Vpp = kn (Ves =V, )2 R, Vs A

B Triode mode: (VGs further increases)
. 1
> i, =k,[(Vos —V)Vvps _5"12)5]

1
D Vo =Vps =Vip =k, [(Vos =V Vs _Evés IR,

= VGS‘ _V.f

B
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Biasing the MOSFET to obtain linear amplification

U The slope in the VTC indicates voltage gain

U MOSFET in saturation can be used as voltage amplification

U Point Q is known as bias point or dc operating point
> Vs = k (Ves =V’ Ry
UThe 51gnal to be amplified is superimposed on Vg
D vs(t) = Vigs + v(t)
U The time-varying part in vs(¢) is the amplified signal
U The circuit can be used as a linear amplifier if:

|I|'.l‘| h-

¥in o

B A proper bias point is chosen for gain
B The input signal is small in amplitude l _____ %
The small-signal voltage gain Y3
U The amplifier gain is the slope at Q: $——ou

dv,
d GS

A =

D —
|4, == VOV/2| E | Ay |

NTUEE Electronics -

v =v— ves—Vos = —Kn Vs =V )R, ==k, Voy Ry, . I: | :r\

Q Maximum voltage gain of the amplifier  “ @Q—‘ |
Voo i 4 <
%

Slope al Q@ = voltage gain

V.V

= Timc

[ime

L.H. Lu
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Determining the VIC by graphical analysis

U Provides more insight into the circuit operation

L Load line: the straight line represents in effect the load
> ip = (Vpp—vps)/Rp

W The operating point is the intersection point

Locating the bias point Q

U The bias point (intersection) is determined by properly choosing the load line

U The output voltage is bounded by V, (upper bound) and V,, (lower bound)

U The load line determines the voltage gain

U The bias point determines the maximum upper/lower voltage swing of the amplifier

ipk vgs = Vop

Triode a—i--(— Saturation

! 5"R

Ugs = ™

SN

0 vn.s'L Vm|ﬁ = EJX'B -V Vos Voo Upg
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5.5 Small-Signal Operation and Models

The DC bias point Voo

L MOSFET in saturation

. 1
B Drain current: /, = %kW(VGS ~V) = Eanon

B Drain voltage: v,,=V,,-I,R, >V,,

U The small-signal circuit parameters are determined by the bias point

The signal-signal operation v
U The small-signal drain current: .
Vas = Vas Vg =
1w , LW w LW
Iy :Eknf(VGS +VgS—Vt) :Eknf( V) +k ( V)V +2 vgs
|4 W iph An almost

u

linear segment

Ekn T(VGS _Vz)z +knT(VGS _Vz)Vgs =1,+i,
1, =k,; %(VGS =V,)v

gs

U The small-signal voltage gain:

vp =Vop —ipRy =V, =y +i)Ry =V, —1,R, =V, +v,

v, =—i,R, =—k — ud VOVR Vi

n

—>Av——:—k’WVOVR

gs
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The small-signal parameters

U Transconductance (g,,): describes how iy change with v,

i oi W W
gm Ei: o ves =Vas :kn_(VGS_I/t): 2kn_ID
Ve OVs L L oD
L Output resistance (r,): describes how iy change with v,
7"0 E[ alD ];1 =constant zL :Q (} © < O B
R TR
B Drain current varies with v due to channel length modulation
B Finite r, to model the linear dependence of i, on v °5

B The effect can be neglected if r, is sufficiently large

L Body transconductance (g,,,;,): describes how iy changes with v,

2

g mvgs

ImbVbs

T

o D

+0—OB

o Vp

S

. 1w

lD:Eknf(VGS_I/t)Z G 0—+O
Oi oi, 0V, W v, ov,

- gmb =" Vg =constant =—>2—t= _kn _(VGS - I/t) ~= gm t Vgs
aVBS Vg =constant th GVBS L 5VBS 8VSB

V=V Y205 +vsy =26, T wherey =2gN &5,/ C,, o

LA

OVgy 228, +V,
gmb = ng

B The body effect of the MOSFET is modeled by g,;,

B Can be neglected if body and source are connected together
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The small-signal equivalent circuit models
U Hybrid-t model

G o—=o0 D
+
Ugs EmUsps L
o
l Small-Signal Parameters
S NMOS transistors
QT-model B Transconductance:

/4 W 21
D = _ = _— — —D
gm - ﬂncm.\' L VU ¥ zlunca.\' L I D V()V

B Output resistance:
r, = V/I, = 1/l
1 Xi
Neglectr, G

i

|
§ 1/g,
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5.6 Basic MOSFET Amplifier Configuration

Three basic configurations
Common-Source (CS) Common-Gete (CG) Common-Drain (CD)

o = T
’ —o—|
J:T ” Rng

R
- D Uy
= v = ,
Yo

Y

Characterizing amplifiers

LU The MOSFET circuits can be characterized by a voltage amplifier model (unilateral model)
U The electrical properties of the amplifier is represented by R, , R, and A,

n’

L The analysis is based on the small-signal or linear equivalent circuit (dc components not included)

QVoltage gain: 4 =2 = R, »
v, R, +R,

1

U Overall voltage gain: G, = Yo
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The common-source (CS) amplifier

U Characteristic parameters of the CS amplifier
B [nput resistance: R, =x
B Output resistance: R =R, |5, R,
B Open-circuit voltage gain: 4, =-g,(R, ||,)~*-g,R,
W Voltage gain: 4, =g, (R, || R, || 7,) =g, (R, || R,)

B Overall voltage gain: G, =——"=—¢ (R, R, |I1,)~-g,—=—(R, | R,)
rﬂ' Rsig rﬂ' + Rsig

L CS amplifier can provide high voltage gain
U Input and output are out of phase due to negative gain
L Output resistance is moderate to high
U Small R, reduces R, at the cost of voltage gain

Rhlg

M O # O

L O R
- 4 -

- R. - 3 R, s

.||- o !{IJ::I\!”H r,
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The common-source (CS) with a source resistance

0 Characteristic parameters (by neglecting r,)

B Input resistance: Riig
P / MA——o—
in 0 :
B Output resistance: Uyig : R,
R =R, -
.. ) = R,
B Open-circuit voltage gain:
__ &k
v l1+g R,

B Voltage gain:

’ l1+g R

s

B Overall voltage gain:

_ _gm(RD I1R,)
1+g R

v

)

U Source degeneration resistance R, is adopted
0 Gain is reduced by the factor (1+g,,R,)
U Considered a negative feedback of the amplifier

NTUEE Electronics - L. H. Lu
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The common-gate (CG) amplifier

0 Characteristic parameters of the CG amplifier (by neglecting r,)
B Input resistance: R, =1/g,
B Output resistance: R =R,
B Open-circuit voltage gain: 4, =g,R,
B Voltage gain: 4,=g,(R, | R,)
|

I+g R

m” sig

B Overall voltage gain: G, = 2, (R, |IR,)

L CG amplifier can provide high voltage gain

U Input and output are in-phase due to positive gain

U Input resistance is very low

U A single CG stage is not suitable for voltage amplification
U Output resistance is moderate to high

L Small Ry, reduces R, at the cost of voltage gain

U The amplifier is no longer unilateral if r is included

]
R,,=1/g,,

NTUEE Electronics - L. H. Lu
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The common-collector (CD) amplifier

0 Characteristic parameters of the CD amplifier (by neglecting r.)
B [nput resistance: R, =
B Output resistance: R =1/g,
M Voltage gain: 4, =R, /(R, +1/g,)=g,R, /(g,R, +1) ~1
B Overall voltage gain: G, =(R,)/(R, +1/g,)=g,R, /(g,R, +1) =1
U CD amplifier is also called source follower.
U Input resistance is very high
U Output resistance is very low
L The voltage gain is less than but can be close to 1
U CD amplifier can be used as voltage buffer

NTUEE Electronics - L. H. Lu
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5.7 Biasing in MOS Amplifier Circuits

DC bias for MOSFET amplifier

U The amplifiers are operating at a proper dc bias point
U Linear signal amplification is provided based on small-signal circuit operation
W The DC bias circuit is to ensure the MOSFET in saturation with a proper collector current I,

Biasing by fixing gate-to-source voltage
U Fix the dc voltage V4 to specify the saturation current of the MOSFET: 7, = %kn Ve =V,) =

1
Ekn (VG - V;)Z
U Bias current deviates from the desirable value due to variations in the device parameters V, and

Biasing by fixing gate voltage and connecting a source resistance

. .. . . 1
W The bias condition is specified by: v, =V +%k” (Ves—V)’Rs, and I, = Ek” Vs =V,)’
U Drain current has better tolerance to variations in the device parameters
I

[ 1 | Ip
Y Y

o—i[, —

+ \

Vo 6 R
e = ’ Y \ ]
J— Device 2

Device |

A Device 2

“———__,____( Slope = — 1/R;

: ’ e ; : H-_H':-—h-
0 Vos YGs 0 Vis: Vs Vi Yos
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Biasing using a drain-to-gate feedback resistor

U A single power supply is needed

LR, ensures the MOSFET in saturation (Vg = Vo)

VD — VG

U MOSFET operating point: S = %kn(VGS -V’

U The value of the feedback resistor R, affects the small-signal gain

Biasing using a constant-current source
L The MOSFET can be biased with a constant current source [
U The resistor R, is chosen to operate the MOSFET in active mode

U The current source is typically a current mirror

U Current mirror circuit: Voo
B MOSFETs Q, and Q, are in saturation
B The reference current Ippp =1 =1

V. -V 1 b
%=Ekn(Vcs—Vt)z Y

1
IREF :Ekn(VGS _I/t)z

R(f
B When applying to the amplifier circuit, the voltage I
Vp, has to be high enough to ensure Q, in saturation -

NTUEE Electronics - L. H. Lu
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Y
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Example 5.12 (Textbook)
Exercise 5.33 (Textbook)
Exercise 5.34 (Textbook)
Exercise 5.35 (Textbook)
Exercise 5.36 (Textbook)
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5.8 Discrete-Circuit MOS Amplifiers

Circuit analysis:
U DC analysis:
B Remove all ac sources (short for voltage source and open for current source)

B All capacitors are considered open-circuit
B DC analysis of MOSFET circuits for all nodal voltages and branch currents
B Find the dc current I, and make sure the MOSFET is in saturation
U AC analysis:
B Remove all dc sources (short for voltage source and open for current source)
B All large capacitors are considered short-circuit
B Replace the MOSFET with its small-signal model for ac analysis
B The circuit parameters in the small-signal model are obtained based on the value of I,

Complete amplifier circuit DC equivalent circuit AC equivalent circuit
Voo Vo _
; Ry gh’,,
*—0 Uy 9
Ry R

L A I I Ry VA ': R,
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The common-source (CS) amplifier

Vpp (0V)

Rsi-_,- _r'HI-I— G D %= "8nY R;
¢ o—=0C @ +—o0 o
+ e
Ry Uyig Re Ugs ’ Rp R,
‘ 8inTys
= L L o—y—s -
R is R f\lr, I
—Vss
The common-source amplifier with a source resistance
‘;IJJJJ (0V)
4 s+

Ry R,
R, Ce 0
N = 2
- f : R, =R
U z R
i

—iC
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The common-gate (CG) amplifier

Vpp (0V
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The amplifier frequency response

U The gain falls off at low frequency band due to the effects of the coupling and by-pass capacitors
U The gain falls off at high frequency band due to the internal capacitive effects in the MOSFETs
U Midband:

B All coupling and by-pass capacitors (large capacitance) are considered short-circuit

B All internal capacitive effects (small capacitance) are considered open-circuit

B Midband gain is nearly constant and is evaluated by small-signal analysis

B The bandwidth is defined as BW = f}; - f;.

B A figure-of-merit for the amplifier is its gain-bandwidth product defined as GB = |A|BW

(dB) |

/
¥

Vg

Low-frequency : Midband : High-frequency band

band | _
Al Ay a1t 9y " . lartad
‘.\IlI..Illll.'\|||.|]LI.\l...||]|1'_ neglected

: * Gain falls off due
* Gain falls off

due to the effect
of Ceiy, Ca,
and C,

to the internal

capacitive effects

ol the MOSFET

((
7
Jr Ju f(Hz)
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Exercise 5.37 (Textbook)
Exercise 5.38 (Textbook)
Exercise 5.39 (Textbook)
Exercise 5.40 (Textbook)
Exercise 5.41 (Textbook)
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