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Single-transistor amplifier - 1

2lps VeL 2VeL

Av = 9mlps = - =
VGS'VT IDS VGS'VT

A, =100 if VEL=10Vand Vgg-Vr=0.2V
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Single-transistor amplifier - 2

High gain ?

Low Vsg-V7 and large L !!!

O
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MOST or bipolar amplifier ?

Ve L

MOST A =

\"

A, =100 if VEL=10Vand Vgg-Vr=0.2V

Bipolar A = —E
Ipoia v© KT/q 3 vs 2 stages for 10°

A, = 1000 if Vg=26Vsince kT/q= 26 mV
L]
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Gain, Bandwidth and Gain-bandwidth

For all single-stage
Operational amplifiers
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Gain AIC , BW and GBW

A, |4
BW
AvO
: -20 dB/decade
Ao =9nr | g
R GBW GBW= —"

1 ' — 27[: CL
o (Ay)
0°

) (AV) = -45°

- 9(Q° at BW
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Single-transistor amplifier : Exercise

GBW =100 MHz for C;, =3 pF

Techno.: K’,, = 50 uA/V?
Lmin =0.5 Mm

bs? L? W2  SPW.C

IDS
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Gain, Bandwidth and Gain-bandwidth

I Avo = 9mlDs
RS +
1
V- Vout BW =
" ) 275 RscGS
Cos
g r r
GBW = m_ _DS _ fT _DS _ 1 1
21 Cgs Rs Rs  WCyy Ves-Vr

W? L? VggVi?
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Gain, Bandwidth and Gain-bandwidth

Avo = 9mlps
1
BW =
27[ RS AVO CF
GBW =

275 RS CF
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Miller effect

I
—
RS Cry
Vi Vout
Avo = Imfps Cem = (1+Ay) Ck

Miller, Dependence of the input impedance of a three-electrode vacuum tube
upon the load in the plate circuit, Scient. Papers Bur. Standards, 1920, 367-385.
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Miller capacitance feedback effects

1-jfif,
BW 1+ fif

|A

v IA Av = AVO
AvO

00

z 21 Cg - 90°

For phase, a positive zero _ 180°
Is like a negative pole !!!
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Amplifier with local R- (series) feedback

1+9,Rs Rs

ng

Routr = ps (11 9Rs)
= (9mrps) Rs

_ CGS
1+ ngS

CinR

But Rg gives extra noise !
O
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Amplifier with local L- feedback

— gm
1+9,LsS

gmL

Routt = Ips (1+ 9LsS)

L 1 + LoCpnc S2
ZinL =Om _S + S 55
Cas s Cgs

1
No extra noise! 4inL= Lsortlss+—2
S Les
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Amplifier with local MOST-R- Feedback

l lout Vps2=Vgs2-Vgs1 0.2V
'ps2 = L
W1 KP WalL; (Vas2-Vr)
h - Routr = fbs1 (1* 9m1 Mps2)
Css1*Casz
iR > 1+ 9mps2
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Diode-connected MOST : parallel Feedback

Vbs = VesVr |,
4 DS
Ibs

=Vgs

Ips
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Diode-connected MOST: small-signal

rgs = 119, 1 rps = 19,
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Diode-connected MOST at high frequencies

Im fr
2

vy

=
|
7

Willy Sansen 10-05 0219



Wideband amplifier

Vbp
M2 Vout = Vbp - Ves2(Vour)
Vout
Vin M1 Im1 \ / (W/L)1 VGSZ - VT
A 0 - — = —
v gm2 (W/L)z VGS1 - VT
Rout = 192
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Linear wideband amplifier

DD

",
(1) 2ig

Vout

Vout = Ves2
Az Imt ) [ WIL)y _ Vgs2 -Vt
vo gm2 (W/L)2 VGS1 - VT

Rout = 1/92

Current mirror with only nMOSTs

Same Voy1pc as Vinpc
No body bias effect
Good PSRR

Double power consumption
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Wideband amplifiers

(1) 2ig

Vout
Vin M2
Im1 (WL), _ Vgs2- V7
Apw=——""-< -
Im2 (WL), Vgs1-VT
Rout = 1lgm2

Ao = 9m Rout

Rout = rps1//Tps2
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Class A versus class AB amplifier

l lout
M2
Vout
Vin
M1
CL
Vout = Av Vin Vout = Av Vin
Class A stage Class AB stage
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CMOS inverter-amplifier

Digital invertor Analog amplifier
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Operating points nMOST & pMOST

Ips |

Vob = Vpsn * Vbsp Vbsn=Vour  Vbsp=Vobp - Vour
=Vgsn* Vasp Vasn = VIN Vesp = Vop - VIN
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Transfer characteristic

Vbp
Analog
4 amplifier
Voo [ _____ P
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Analog amplifier : DC

Vbp Vo Vpp
| v, = 2L v = DL
l iDSA n- 2 = Vout 2
M2 , W
Vout IDSn =K n -L_D (Vin'VT)2
Vin n
M1 w
C — W
IDSp =K p _I:_p (VDD'Vin'VT)2
P
w W V
K’nv'!'r'l = K, Ips = K’y — (—= -V;)?
P L 2
Ln o n
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Analog amplifier : AC model

ImnViv gmpviv

For the same Ipg en Vgg-V: 90 = 9mp = I
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Analog amplifier: AC gain Av

in

Vbp

l IDSA

M2

M1

Vout

CL

If Vgl =Vgpl,=VE

9psn = Ypsp ~ Yps

(9ps = 1/rpg)
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Analog amplifier : BW & GBW

\'}
. °b AvO = 2ngout
l IDSA i
M2 Rout= —=
Vout 2
Vin ” 1
BW =
CL 27[: ROUtCL
29
GBW= —

275 CL
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Analog amplifier: poles due to CGS

Vbp
AvO = 2ngout
Rg M2
V: Yout GBW = zgm
" Ces L o 2 Cp

Cast = Cgsit Caso

. 'ps
S
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Analog amplifier: poles due to CbG

21 RoutCL
Vout _ Avo (1- SCDGt Igm)

Vin 1+s (RoutCL + AVORSCDGt) + s2 RSRoutCDGtCL
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Analog amplifier: other poles

Vbp
C AvO = 2ngout
DG
Rs M2
Vot GBW= —Im
Vin 27[ CL
M1 C,

Cbet = Cpeit Cpa2

GBW =

But if RcCpes > :
STPC" 2n GBW 27 Rg Cpy
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Class AB operation

M1

I =lig2 -icq

Vbp Vpp Vin
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Single-transistor stages

Common source Common drain
l lout
Vin
Vin
V
Vg B

Iout = gmvin

Routz’”gm Rinz’”gm
Amplifier Source follower Cascode
Voltage buffer Current buffer
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Source follower with Vgs =0 (p-well)

Vour = Vin - Vs

AVoyt = AV|\

A, =1
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Source follower with Vgs #0 (n-well)

1

Loyt <— I
R J. V.c=V.+
S — T es T \/ K'WI/L

Vgg # ct

Voutr = Vin - Vs

1
o= Vi Vit Wour Vizorl] [ A= 2
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Source follower non-linearity
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Emitter follower

1 Rgtrg

A, =1 R =— + Rn=r_+rp+ (B+1)R
Vv ouT gm B+1 IN T B (B ) E

Limited isolation !
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Source follower with Cy, load

10mS

1mS

0.1mS
A,

0.1

0.01

0.001

1M

1G

Hz

AV

(1+ sCgs/9y)
1+s B +s?C?Rg/g,,

C’bs
Im

B = RscDG +

+Cﬁ(1+&)
Im 'ps

C? =C’psCpg +
C’psCgs + CpsCas

C’ps =CL +Cpg
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Source follower with Cy, load

10mS

1mS

0.1mS
A,

0.1

0.01

0.001

1M 1G Hz
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Source follower : Output impedance

Enducﬁve

» f

1MI |

1G

Hz

1 Cgs*Cps

Imu Rs Cgs*Cpg
1
f,=
1
fd higm =

Willy Sansen 10-05 0243



Emitter follower : Output impedance

1 Cn+ CCE

Rs C,+C,

gmr

1 Cje+Cce

~

9
mu Re Cie*C,

1

f. =

y 4

27 Rgllr,, (C,+C,)

Enducgtive
1M ! | 1G Hz
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Source follower as active L

Rs

1
Zout ® g~ (1+RsCess) L= 2t 27 Coe
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Source follower as active L

EIS I

| = | = 1Qmp | = 1Qmp
2T fT 2r fr,, 27 fr

Vbsn=Vesn Vbsn=VesntVesp  Vbsn= Vesp
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Floating inductor with parallel C

Im1
A, =
v Im2

with HF peaking !
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Single-transistor stages

Common source Common drain
l lout
Vin
Vin
V
Vg B

Iout = gmvin

Routz’”gm Rinz’”gm
Amplifier Source follower Cascode
Voltage buffer Current buffer
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Cascode with resistive load

v V;
_ ‘out _ In
AR= Rin= 7
n N
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Cascode with resistive load

RLc = 9mrpsRB
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Cascode with active load

V:
AR = - R, - Lc = 9mlDSRB
In In

~ 100 Rg

Willy Sansen

10-05 0252



Cascode versus single-transistor

Vout
. o
v Vout v
in M1 in M1
Av = (gmrDS)1 Av = (gmrDS)1(gmrDS)2
Rout = Ipdst Rout = I'Ds (erDS)z
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Cascode versus single-transistor

Vout
G e |
Vout CL
Vin M1 c. Vin M1
1 g
BW = GBW = —==  for both !
275 ROUtCL 27'5 CL
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Cascode versus single-transistor

A

Av2

= Om2Ds2

Single
transistor
Av1 = 9m1Ds1

GBW
Cascode : f
High gain GBW = —m
At low freq. 2n C

Willy Sansen 10-05 0255



Miller effect in cascode ?

CL
1CL
. f
No Miller if Rg < Rg, = r, —L Im2
Cm 9Im1
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Cascode with capacitance Cm at middle point

Cmt = 9m2lo2 CL = Av2 CL
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Telescopic Cascode

Av = 9m1 Rout

= —r

Rout o DS Im2 MNps2

1
BW =

27[ ROUtCL
GBW = —m!

27[: CL
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Folded Cascode

Av = 9m1 Rout

Rout= "ps1 Ima2 Mpbs2

1
BW =
27C ROUtCL
GBW = —m
27[ CL

Ips1 =1g1-lg2 = Ig1/2
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Cascode versus cascade

Vout

Ay = (Imrps)1(Imrps)2 Ay = (Imrps)1(Imrps)2
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Cascode versus cascade

Two-stage Miller amplifier

GBW = —m! GBW = —™

2n C, 21 C_ 0

Willy Sansen 10-05 0261




Regulated cascode or gain boosting

Av = (gmrDS)1(gmrDS)2 Av = (gmrDS)1(gmrDS)2 (gmrDS)3

Hosticka, JSSC Dec.79, pp- 1111-1114; Sackinger, JSSC Febr.90, pp. 289-298;
Bult JSSC Dec.90, pp. 1379-1384
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Regulated cascode, Cascode & single-transistor

Reg.cascode Ayq = 9n1lps1
Av2 = 9m2fps2
Ay3 = 9m3lps3

Cascode

Single trans.

v
GBW
—
g
GBW = — f

ZTC CL
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Gain boosting

Ay = Agb(gmrDS)1(gmrDS)2 GBWgp, 1 %BW f
_Im1

_ZnC
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Pole-zero doublet and settling time

A, % Vour 1

0 >
1 t
foz= >
t Afpz r T Tpz
Vour=Vin[1-exp (- TGBW) " aaw P (-—)] 1
Pz GBW =
Kamath, etal, JSSC Dec.74, pp. 347-352 27 Tgpw
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Single-transistor stages

l iout
Vin Vout
Vin
I

Vg Ve B

lout = ImVin Vout = Vin
Zout ~ 1/gm

Amplifier Source follower

Zin =~ 1Igm

Cascode
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MOST amplifier & follower

I lout l lout Rg
v Rout - Rout Vi
< :

' | TRB > T'Ilgm '
Ag dm 1/Rg Ay
Rin > *

Rout I'o dmRBlo

Rs
<Eout Vin <E)ut
Vout Vout
Ig Rg
Rg > 1Igm
1 1
00 00
1/9m 1/9m
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Bipolar transistor (3 >> 1)

Rin Rin
I lout l lout Rg Rg
v Rout - Rout Vin <Eout Vin <E)ut
in Vout Vout
Rg ls Rg
RB > 1/gm RB > 1/gm
Ac  gnm 1Rg Ay 1 1
Rin  rgtr, rg+r.+fRp rgtr +pr,  re+r +Rp
Rout o ngBro 1/gm + RSIB 1/gm + RSIB
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In- & output resistances MOST cascode

RL
l Rout
-rl Vout
N Rin
Rp lin
Rg > 1/gm
AR R_
Rin 1/gm

Rout gmroRB

Rg > 1/gm
dmloRB
Rp

ImloRB

out
_rl Vout
D Rin
IB lin
00
00
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In- & output resistances Bipolar trans. cascode

Rin 1/gm

Rout gmroRB

RB > 1/gm

dmloRB -
Re/l(rg+r,) rg+r,

gmro(RB //(I'B+I'n)) = Bro
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Calculation of AR for a MOST cascode

l Rout
Vout

_rl - Rin

yields

Vout = Vin=9ImV o

Vin = - Rp Vin

Vout = - RB iin (1 T gmro)
Imlo > 1
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