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INTRODUCTION
Types of Amplifiers
Type of Amplifier . Output Ideal Input Ideal Output
Gain = Input Resistance Resistance
Voltage A = Output Voltage Infinite Zero
V™ Input Voltage
Current __ Output Current Zero Infinite
!~ Input Current
Transconductance G = Output Current Infinite Infinite
m = Input Voltage
Transresistance _ Output Voltage Zero Zero
m — Input Current

Most CMOS amplifiers fit naturally into the transconductance amplifier category as they
have large input resistance and fairly large output resistance.

If the load resistance is high, the CMOS transconductance amplifier is essentially a
voltage amplifier.

CMOS Analog Circuit Design © P.E. Allen - 2016
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Characterization of an Amplifier

1.) Large signal static characterization:

* Plot of output versus input (transfer curve)

 Large signal gain

e Output and input swing limits
2.) Small signal static characterization:

e AC gain

e AC input resistance

e AC output resistance

3.) Small signal dynamic characterization:

e Bandwidth
* Noise

e Power supply rejection

4.) Large signal dynamic characterization:

e Slew rate

* Nonlinearity

CMOS Analog Circuit Design
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Inverting and Noninverting Amplifiers
The types of amplifiers are based on the various configurations of the actual transistors.

If we assume that one terminal of the transistor is grounded, then three possibilities
result:

‘%DD ‘}DD 145)5)
Load Load Vino—]
+
o Yout * 0 Vout + Vout
+ +

Vin O_|l: Vin O__‘I_I__ Load
Coﬁmon Coﬁmon Common
060608-01 Source Gate Drain

Note that there are two categories of amplifiers:

1.) Noninverting - Those whose input and output are in phase (common gate and
common drain)

2.) Inverting - Those whose input and output are out of phase (common source)

CMOS Analog Circuit Design © P.E. Allen - 2016
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ACTIVE LOAD INVERTING AMPLIFIER

Voltage Transfer Characteristic of the Active Load Inverter

vIN=5.0V viN=4.5V

0.5 s EA oY
. “. «Avin=3.5V 1
- K ZV]N=3.0V _ Jvin=2.5V

The boundary between active and saturation operation for M1 is

vps1zvgs1 - Vin = Vourzvin-0.7V

CMOS Analog Circuit Design © P.E. Allen - 2016
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Large-Signal Voltage Swing Limits of the Active Load Inverter

Maximum output voltage, voy7(max):
vOUT(maX) = VDD - |VTP|
(ignores subthreshold current influence on the MOSFET)

Minimum output voltage, voy7(min):
Assume that M1 is nonsaturated and that V71 =1Vl = V7.

Vpsi=Vgsi - Vin' = Vour zviv- 0.7V

The current through M1 is
>
, VDs1 (vour)?
ip = Bi|(Vas1 - Vrvpsi - ) = pi ((VDD - Vo(vour) -— >

and the current through M2 is
B2 P2 B2

ip="71 (Vsc2 - V1)2="5 (Vpp - vour- V)2 =" (vour + Vr- Vpp)?

Equating these currents gives the minimum vy7 as,

, Vbop - Vr
VOUT(mln) = VDD - VT_ \/1 + (/32//31)

CMOS Analog Circuit Design
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Small-Signal Midband Performance of the Active Load Inverter

The development of the small-signal model for the active load inverter is shown below:

VbD
A S2=B2
I:MZ 8m2Vgs2 R
o out

l rour erl D1=D2=G2 o

VIN : Vin  8mlVgsl Vout : Vin Vout
Ml ) gmlvln rdsl gmszul’ rdsz

O

S1=B1 = Fig. 320 03

Sum the currents at the output node to get,

Em1Vin + 8ds1Vour + &m2Vour + 8ds2Vour = 0
Solving for the voltage gain, v,,,,/v;,, gives

Vout ~8ml Eml (K 'N Wle) 12

Vin  8dsl + 8ds2 + &m2 = gm2 |\ K'pL1W;

The small-signal output resistance can also be found from the above by letting v;; = 0 to
get,

1 1
Sdsl + 8ds2 + 8m2 ~ &m2

Rout =

CMOS Analog Circuit Design © P.E. Allen - 2016
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Frequency Response of the Active L.oad Inverter

Incorporation of the parasitic
capacitors into the small-signal
model:

If we assume the input voltage has a
small source resistance, then we can
write the following:

SCM(Vour-Vin) + &mVin

+ GoutVour + SCoutVour =0

VoullGour + SCpm + sCour) = - (§m—SCm)Vin

sCuy N
v ) _sC 1-—— _ngout -7
out (&m—sCwm) _ R gm _ <
Vin = Gour+ sCpr+ sCour — “mfout | 14 SRout(Cm + Cour) | ~ 1- S
P1
-1 Eml
where &m=8ml, Pl = Rout(cout+CM) , and {1 = CM

and Ry = [8as1+8ds2+gmalt =g, >, Cay=Cgar, and  Copyy = Cpa1+Cpar+Cos2+CL

CMOS Analog Circuit Design © P.E. Allen - 2016



Lecture 18 — Inverting Amplifiers (6/23/14) Page 18-9

Complex Frequency (s) Analysis of Circuits — (Optional)

The frequency response of linear circuits can be analyzed using the complex frequency
variable s which avoids having to solve the circuit in the time domain and then transform
into the frequency domain.

Passive components in the s domain are:

1
Zr(s) =R Zy(s)=sL and Zc(s) = C

s-domain analysis uses the complex impedance of elements as if they were “resistors”.
Example:

s-domain 175C A

o ) o— o , o
+ conversion + 0 T
V V1 Ch== W \% Ro| |—| Va(s
L @ % B gmv1<s)® 2] ey Y
o o

O
060204-06

Sum currents flowing away from node A to get,
sC1(Vo = V1) +2,V1+ GoVo +sCrVr =0
Solving for the voltage gain transfer function gives,

Va(s) -sC1 + gm sC1/gm - 1
I($) =V (5) = s(C1+ Cy) + G, = 8mR2 | 5(C1+ CHRy + 1

CMOS Analog Circuit Design © P.E. Allen - 2016
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Complex Frequency Plane — (Optional)

The complex frequency variable, s, is really a complex number and can be expressed as
S=0+]jw where o= Re[s] and w = Im[s].

Complex frequency plane:

Positive Imaginary Axis

K

Negative Real Axis Positive Real Axis

/ 3¢ O—> (e)
P1 Z1

Negative Imaginary Axis

e

081112-03

It is useful to plot the roots of the transfer function on the complex frequency plane.
For the previous 7(s), the roots are:

The numerator root (zero) is s = z1 = +(g,4,/C1)
The denominator root (pole) is s = p1= -[1/Ry(C1+ C9)]

CMOS Analog Circuit Design © P.E. Allen - 2016
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What is the Frequency Response of an Amplifier? — (Optional)

Frequency response results when we replace the complex frequency variable s with jw in
the transfer function of an amplifier. (This amounts to evaluating 7(s) on the imaginary
axis of the complex frequency plane.)

The frequency response is characterized by the magnitude and phase of T(jw).
Example:

R . _agtaps s=jw - _agtayw  ap+joa
ssume (S)_b0+bls (/w)_190+b1ja)_b0 +jw by

Since T(jw) is a complex number, we can express the magnitude and phase as,

Cl02 + (C()Cll)2 waq a)b1
T(w)l = \/boz + (b)) Arg[T(jw)] = +tan‘1(a—0) - tan” (b—o)
For the previous example, the magnitude and phase would be,
1 + (wCq/gn)? Note: Because the zero is on
TGw)l = ngzvl + [ Ro(C1+CH)]2 the positive real axis, the

phase due to the zero is
Arg[T(jw)] = —tan‘l(a)C 1/8m) - tan‘l[a) R>(C1+C))] -tan‘l( ) rather than +tan‘1( ).

More about that later.
CMOS Analog Circuit Design © P.E. Allen - 2016



Lecture 18 — Inverting Amplifiers (6/23/14) Page 18-12

Linear Graphical Illustration of Magnitude and Phase — (Optional)

The important concepts of frequency response are communicated through the graphical
portrayal of the magnitude and phase.

Consider our example,
Vo(s) sC1/gm - 1 s/z1 -1
1) =v1(5) = &mR2 | s(C1+ CRy + 1) = T O gjp 11
where 7(0) = g;»R2, z1 = +(gn/C1) and p1=-[1/R2(C1+ C2)].

Replacing s with jow gives [remember tan™!(-x) = - tan"1(x)],

1 + (w/z1)?
IT(jw)l = T(0) 5 and  Arg[T(jw)] = +180°-tan"L(w/z;) - tan"w/p]

I+ (w/py)
Graphically, we get the following if we assume Ip1l = 0.11z1],
1.0 180°
L 08} g 1007
= g
= 0707f--- &n  140°F
s~ 5
o 06 2 120+
=S £ 100°k
=72 04 = 100
s RN
= 0.2 g T
* B < Of—
£ 0.707 frequency £ 00
:CZD 00 b/ 40° A N T SN N NN S B
00 1.0 20 30 40 50 60 70 80 90100 00 1020 30405060 708090100
060205-01 Normalized Frequency (w/Ip1l) Normalized Frequency (w/Ip1l)

CMOS Analog Circuit Design © P.E. Allen - 2016



Lecture 18 — Inverting Amplifiers (6/23/14) Page 18-13

Logarithmic Graphical Illustration of Frequency Response — (Optional)
If the frequency range is large, it is more useful to use a logarithmic scale for the
frequency. In addition, if one expresses the magnitude as 20 log1o(I7(jw)l, the plots can

be closely approximated with straight lines which enables quick analysis by hand. Such
plots are called Bode plots.

0dB S

O ope =

o = _ <+ /(;)\
22 3dBf oo ) -20dB/decade O
=K 5dBr | &
T en
£ g
= £-10dBf =
K= z
Y i : o
E = -15dB[" 3dB frequency! &
o \ =
Z l A

-20dB I L I | 0° I I IR I R B B |
0.01 0.1 1.0 10.0 100 1000 001 0.1 1.0 10.0 100 1000
060205-02 Log Normalized Frequency (w/lp1l) Log Normalized Frequency (w/Ip1l)

To construct a Bode asymptotic magnitude plot for a low pass transfer function in the
form of products of roots:

1.) Start at a low frequency and plot 20 log1o(I7(0)! until you reach the smallest root.

2.) At the frequency equal to magnitude of the smallest root, change to a line with a
slope of +20dB/decade if the root is a zero or -20dB/decade if the root is a pole.

3.) Continue increasing in frequency until you have plotted the influence of all roots.
CMOS Analog Circuit Design © P.E. Allen - 2016
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Influence of the Complex Frequency Plane on Frequency Response — (Optional)

The root locations in the complex frequency plane have a direct influence on the
frequency response as illustrated below. Consider the transfer function:

s/z1 -1 Ip1I $-71 5-71
T(s) = -T ~—=1__p. ] _
() =-TO\ 57y 1-1] == 2, TO) |, | = - 01T || where 21 = 10lp]
/o ITGO)IT(0)
, A Region of
j10 1.0 4 maximum
0.8 + influence Region of
. b .
; 8 Yy P1 maximum
J10-p1 { /jIO—z1 0.6 influence
3 0.4+
.] _pl ]6 jS-Zl 02 i
. j6-21
]6‘]71 00 ] ] ] ] ] ] ] ] ] ] >
P iz 01 2 3 4 5 6 7 8 9 10
JA-p1 B 72-71
. '0_
21 K2 A
O-prjl/
] & ‘]Ol | | | | | | | > O
p1=-1 z1=10 070413-03

Note: The roots maximally influence the magnitude when w is such that the angle
between the vector and the horizontal axis is 45°. This occurs at j1 for py and j10 for z;.

CMOS Analog Circuit Design © P.E. Allen - 2016
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Bandwidth of a Low-Pass Amplifier — (Optional)

One of the most important aspects of frequency analysis is to find the frequency at which

the amplitude decreases by -3dB or 1/@. This can easily be found from the magnitude
of the frequency response.
IAGj)

A0)]
0.707AQ) |- .

—— Bandwidth —»

] : (D
0 WA=0.707 060205-03

Amplifier with a Dominant Root:

Since the amplifier is low-pass, the poles will be smaller in magnitude than the
zeros. If one of the poles is approximately 4-5 times smaller than the next smallest pole,
the bandwidth of the amplifier is given as

Bandwidth = ISmallest polel
Amplifier with no Dominant Root:

If there are several poles with roughly the same magnitude, then one should use the
graphical method above to find the bandwidth.

CMOS Analog Circuit Design © P.E. Allen - 2016
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Frequency Response of the Active Inverter - Continued

So, back to the frequency response of the active load inverter, we find that if Ipql < z,
then the -3dB frequency is approximately equal to the magnitude of the pole which is

[Rout CourtCap]-L.

dB
A

< 20log10(gmRour)

<1

0dB ; > logo®@
pil= 03¢\
I 0512-06-02.EPS

In general, the poles in a MOSFET circuit can be found by summing the capacitance
connected to a node and multiplying this capacitance times the equivalent resistance
from this node to ground and inverting the product.

Observation:

CMOS Analog Circuit Design © P.E. Allen - 2016
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Example 18-1 - Performance of an Active Load Inverter

Calculate the output-voltage swing limits for Vpp = 5 volts, the small-signal gain,
the output resistance, and the -3 dB frequency of active load inverter if (W{/L1) is 2
pum/1 pym and Wo/Lp = 1 pm/1 ym, Cgq1 = 100fF, Cpgq1 = 2001F, Cpgp = 100fF, Coyp =
200fF, C;, =1 pF, and Ip1 = Ip> = 100p A, using the parameters in Table 3.1-2.

Solution
From the above results we find that:

voyr(max) = 4.3 volts

voyr(min) = 0.418 volts

Small-signal voltage gain = -1.92V/V

Royr = 9.17 kQ including g4s1 and gy and 10 k€2 ignoring g4s1 and g4
z1 =2.10x109 rads/sec

p1 =-64.1x106 rads/sec.

Thus, the -3 dB frequency is 10.2 MHz.

CMOS Analog Circuit Design © P.E. Allen - 2016
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CURRENT SOURCE INVERTER

Voltage Transfer Characteristic of the Current Source Inverter

Regions of operation for the transistors:

Ml1: vps1 =2vGs1-V1a

or

vour =VIN - 0.7V
M2: VSpD2 = VSG2 - lVTpl

or

Vop-vour =zVpp -Veez - IVl

or
VoUuTr = 3.2V
Swing limits:

vour (max) = Vpp

vIN=5 0V viN=4.5V
N N L VIN=4.0V

T
1

B/

KJI
202k

ol

L S R a s

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

| R AR R

,,,,,,,,,,,,,,,,,,,,,,,,,,,

voyr(min) = (Vpp - V11)

| | (@) Vop - Vg - 1V
] \B1 VoD - V11

i

CMOS Analog Circuit Design
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Small-Signal Midband Performance of the Current Source Load Inverter
Small-Signal Model:

VbbD
S2=B2
+4| M2 ] "
i —°=> + + + <« 3
" VIN Vi &m1Vesl Vour = Vi v
O_l l: M1 in mlvgs out in SmVin ol . out
o o) o o)
L S1=B1=G2 L = Fig. 5.1-5B
Midband Performance:
Vout —8ml 2K 'NWI 1/2 -1 1 1 1
= =\, A+ o) S oand Roy = =100 + A
Vin ~ &ds1 + &ds2 Ip 1+ 42) T[T 8ast + 8as2 Ip(A + 1)
Vout
Vin | .«— Strong Inversion—»
Weak !
<) Invers- _,E
on .
: » log(Ip;
~ 1A << g(IBias)

060614-01

CMOS Analog Circuit Design © P.E. Allen - 2016
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Frequency Response of the Current Source Load Inverter

Incorporation of the parasitic capacitors

into the small-signal model (x is Cos2,

connected to VGG2): x o——]

If we assume the input voltage has Cod2” Vo 2

a small source resistance, then we Ceal s . - Vm ngm@ c. =~ Vour
can write the following: Vi o] ~CL Toup To]

\)
Vout(S) _ngout (1 B Zl)

Vin(S) B 1 s
2
h -1 d 7 = &m
wnere gm - gm19 pl = Rout(cout+CM) ’ an Zl - CM
and R, = 2sl + 8a and Cpr = Coan + Cpa1 + Cpa + CL Cyr=Cgai

Therefore, if Ip1l<izyl, then the -3 dB frequency response can be expressed as

8ds1 + 8ds2
@-3dB= P1=Coyy + Coan + Chat + Coraz + CL

CMOS Analog Circuit Design © P.E. Allen - 2016
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Example 18-2 - Performance of a Current-Sink Inverter

+ ‘DD
A CllI'I'@Ilt-SiIlk iIlVCI'tCI' iS ShOWIl. Assume that [’[’1 = 2 um, L] = 1 S_Gl

um, Wo = 1 um, Ly = lum, Vpp = 5 volts, Vyg1 = 3 volts, and the v’NO_I|
parameters of Table 3.1-2 describe M1 and M2. Use the capacitor vy,,, D
values of Example 18-1 (Cgq1 = Cgq2). Calculate the output-swing <——||: M2
limits and the small-signal performance. 041304
Solution

M1
|, Your

To attain the output signal-swing limitations, treat the current sink inverter as a
current source CMOS inverter with PMOS (NMOS) parameters for the NMOS (PMOS)
and use NMOS equations. Using a prime notation to designate the results of the current
source CMOS inverter that exchanges the PMOS and NMOS model parameters,

. 110-1) 3-0.7
voyr(max)” =5V and voyr(min)’ = (5-0.7)[1 - Vl _

2

502 15-0-0.7 [=0-74V

In terms of the current sink CMOS inverter, these limits are subtracted from 5V to get
voyr(max) =4.26V and v gyr (min) = 0V.

To find the small signal performance, first calculate the dc current. The dc current, I, is

Ky'Wi 110-1
Ip = 2L, Veo1-Vn)? = EXE (3-0.7)2 =291 A
Vout/Vin = -9.2V/IV, R, = 38.1 kQ, and f-3d = 2.78 MHz.

CMOS Analog Circuit Design © P.E. Allen - 2016
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PUSH-PULL INVERTING AMPLIFIER
Voltage Transfer Characteristic of the Push-Pull Inverting Amplifier

0 vin=5 0V ™ 4f,\v/m=4.ov  VIN=3.5V
' / A S VIN=0.5V] A
PN =10V
Y \“\/!IN_ OV WZZ%MTH
o % wiv=1.5VA —]| L m
/ Vlmz.ou#‘&y,_[i——: vIN=3.0V / 2 u
- _____K’/_-/ > “\‘\‘ b M2 lD
-~~~‘ ~ Y J O— l——O0
/ VINS2SV| TN ] + M1 +
/ S VN=25Y - vouTr
//‘?l':' “-“-“\-\ \‘\“.“\‘ VIN E Wi _ 1“1’11
OV *NE.\\\
Note
the rail-
to-rail
output
voltage
swing
Fig.5.1-8

Regions of operation for M1 and M2:
MI1: VDS1 = VGS1 - VTl — Vour = VIN - 0.7V
M2: VSp2 = VSG2'|VT2| —> VDD “VoUT = VDD 'VIN'|VT2| — Youyr =VIN + 0.7V

CMOS Analog Circuit Design © P.E. Allen - 2016
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Small-Signal Performance of the Push-Pull Amplifier
5V
J Oy
— o—=errfieee 3
2_ 1;/[/[1 _-|O- D Vin gmlvin®rds1%gm2vin®rds2% Comj:;:: Vout
Vin_|: Vout ° : °
Fig. 5.1-9
Small-signal analysis gives the following results:
Vout —(8m1 + &m2) K'n(W1/Ly) + \K'p(W2/Ly)
Vc?ut= Em Em _ (2/]1)) V N - X P
in 8ds1 + 8ds2 1+ /A2
R 1
U= gas1 + &ds2
_ Em1t8m2 _ Em1+8m2 d —(8ds1 + &ds2)
T Cy T CuHCepn M PU=Coqr + Coap + Cpar + Coar + Cr.
If z1 > Ipyl, then
8ds1 + 8ds2
W3dB =

edl + Cor + Cpa1 + Cpp + Cp,
CMOS Analog Circuit Design
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Example 18-3 - Performance of a Push-Pull Inverter

The performance of a push-pull CMOS inverter is to be examined. Assume that W,
=1lum,Li=1um, Wo =2 um, Ly = lum, Vpp = 5 volts, and use the parameters of Table
3.1-2 to model M1 and M2. Use the capacitor values of Example 18-1 (Cgq1 = Coa2).
Calculate the output-swing limits and the small-signal performance assuming that Ip; =
Ip> =300uA.

Solution

The output swing is seen to be from OV to 5V. In order to find the small signal
performance, we will make the important assumption that both transistors are operating
in the saturation region. Therefore:

Vour  -257uS - 245uS
vi, = 12uS + 1548 = 18.6V/V

ROW = 37 kQ
f34B = 2.86 MHz

and
71 =399 MHz

CMOS Analog Circuit Design © P.E. Allen - 2016
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NOISE ANALYSIS OF INVERTING AMPLIFIERS
Noise Analysis of Inverting Amplifiers

Noise model:

Vbbb Noise Vbbb Noise
enn2 ___‘__1/ Free .---A--~‘/ Free
el I MOSFETs el I MOSFETs
(C)—': 2 —HC2
5 E ¢ ;oeomz = 5 E ¢ ;oeoutz
énl” : €eq : :
vmo_@_:{[j:lliﬂi Vino—@—:{[jjli/[li
= = Fig.5.1-10
Approach:
1.) Assume a mean-square input-voltage-noise spectral density e,2 in series with the
gate of each MOSFET.

(This step assumes that the MOSFET is the common source configuration.)

2.) Calculate the output-voltage-noise spectral density, e, 2 (Assume all sources are
additive).

3.) Refer the output-voltage-noise spectral density back to the input to get equivalent
input noise eq?.

4.) Substitute the type of noise source, 1/f or thermal.

CMOS Analog Circuit Design © P.E. Allen - 2016
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Noise Analysis of the Active Load Inverter
1.) See model to the right.

Noise Noise
g e et »~ Free . Free
2) eoutz = el’llz 2] 2+ en22 : 25 MOSFETs 25 MOSFETs
[ : :Oe 2 = Cout?
2 2 @ 2 @ 2 en12 E : ou ou
3) eeq = enl 1 + gml €n1 Vino—@—:|

Up to now, the-type of noise is not defined.
1/f Noise

KF B
Substituting e,,2= 2fC, WLK' = fWL * into the above gives,
ox

5 Bl K‘sz L1 2 Bl 1/2 K‘sz L1 21172
Ceq1p” = \fW,L, L+ K'\Bi)\Ly) | Ceatn = \fW,L, L+ K'\B;)\L,

To minimize 1/f noise, 1.) Make L»>>L1, 2.) Increase W1 and 3.) choose M1 as a PMOS.
Thermal Noise

o SkT .
Substituting e,,2= % into the above gives,
8kT WHLiK5\ 17211172
Ceqty =\\32K (WIL) 11 112) | 7 \ LWk

To minimize thermal noise, maximize the gain of the inverter.
CMOS Analog Circuit Design © P.E. Allen - 2016
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Noise Analysis for Weak Inversion

How does the analysis change for weak inversion operation?

| . Ip gqlp
Small signal transconductance is gm = nV, = nkT

Noise sources in weak inversion:
. : 5 KF B
1) 1/f noise given as e,+= 2fC, WLK' = fWL

| gm2\?(en2)?| (_B1 | Ipo/na V2 (Bolf Wolyp
emt) \em) | T \WALL ) |* \Ipy/m V) \Bilf W1L1
By n’BoW1L1
- L 1 +
1L

ny?By W)L,
2.) Thermal noise given as e

eeq(l/f)2 = ep1?

8kT
n =3gm

8m2\%(8m1 8kT 8m?2 8kT ny
1+ =z, |1+, || =z |l1+]|,2

&m1) \&m2)| ~ \3&m1 Eml 3gm1 ny
Therefore, weak inversion operation does not lend itself to easy minimization of the 1/f
or thermal noise.

eeq('[h)2 = ep1?

CMOS Analog Circuit Design © P.E. Allen - 2016
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Noise Analysis of the Current Source Load Inverting Amplifier
Model:

Vbp Noise Vpp  Noise
en?  mmmbona " Free P x~ Free
' , MOSFETs : ' MOSFETs
1[@_:‘ M2, M2
Voo — —=

eoutz é eout2

= = Fig.5.1-12.

The output-voltage-noise spectral density of this inverter can be written as,

eout2 = (gmlrout)zenl2 + (gm2r0ut)zen22
(g m2! 0ut)2

_ 1+ Em2\2 en22
(gmlrout)zen2 B Eml en12

This result is identical with the active load inverter.

or

€ 2= enlz + €n12

q

Thus the noise performance of the two circuits are equivalent although the small-signal
voltage gain is significantly different.
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Noise Analysis of the Push-Pull Amplifier
Model:

S

AD Noise
Free

'MOSFET
M2, 3

[ 1

Mli
_____ 1
1— Fig. 5.1-13.

The equivalent input-voltage-noise spectral density of the push-pull inverter can be
found as

3 \/ 8m1€nl |2 N 8m2€n2 2
eeq B 8m1 + Em2 8mi1 + Em2

If the two transconductances are balanced (g;,1 = g,,2), then the noise contribution of
each device is divided by two.

The total noise contribution can only be reduced by reducing the noise contribution of
each device.

(Basically, both M1 and M2 act like the “load” transistor and “input” transistor, so there
is no defined input transistor that can cause the noise of the load transistor to be
insignificant.)
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SUMMARY
Table of Performance
AC Voltage  AC Output - _ Equivalent,
Inverter Gain Resistance Bandwidth (CGB=0) input-referred,mean-
square noise voltage
p-channel -gm1 1 gm2 Egm2
active load om2 om?2 CBD1+CGS1+CGS2+CBD2 eni? + epn? - 2
inverter "
Current -gm1 1 £ds1+8ds2 )
source load  gdg1+gds? gdsl+gds2 ~ CBDIFCGDI+CDG2+CBD2 enl® +en2g 2
inverter "
Push-Pull -(gm1+gm2) 1 gds1+8ds2 Em1¢énl o) Em1¢nl 2
: C C C C — |+
inverter gds1+gds2 gds1+gds2 BDIF-GDIFGS2+-BD2 gmit €m2) \gmit &m2
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