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Fundamental OTA Linearization Techniques
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The input-output characteristics of an OTA can be expressed as 
a non-linear polynomial 

For linear applications, the ideal input-output relation for an OTA is:
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In actual implementations is not possible to obtain the above 
expression. Thus, we can only aim to reduce as much as possible
the coefficients of the higher-order terms , that is naaa ,...,, 32

In what follows, we will discuss different linearization techniques 
to minimize these higher order terms.For instance differential 
outputs can ideally cancel all  even coefficients.
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To be able to make a weakly linear approximation, we can express the
polynomial as a Taylor Series, as shown below:



Nonlinear Metrics
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ROUGH CLASSIFICATION OF 
TRANSCONDUCTANCE LINEARIZATION 

SCHEMES

1. By attenuating the input signal.

2. By using negative feedback.

3. By strategically  adding several non-linear OTAs.

4. By connecting a nonlinear function and its inverse non-linear  
function.



Active attenuation based on a self-
cascode transistor 
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Nonlinearity Reduction
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2. Linearization by using negative feedback.
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DEGENERATED DIFFERENTIAL PAIRS

CONCEPT
BASIC PRINCIPLE:

Linearity is determined by the resistor
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CONDITIONS:

M1, M2 are saturated
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GLOBAL CHARACTERISTICS:

High linearity at the cost of large area
occupation.

Low transconductance (less suited for 
high frequency applications)



DEGENERATED DIFFERENTIAL PAIRS-IMPLEMENTATIONS

Single Most in Ohmic Region
As a Resistor (TSIV86)
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Active  Source  Degeneration topologies;  (a)  and (b) transistors biased on 
triode region and (c) with saturated transistors. 
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Table 1. Main characteristics for differential pair based OTAs.
N(=GmR) is the source-degeneration factor.
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Table 2. Properties of OTAs using source degeneration

Reference/Figure Transconductance Properties

Fig. (a)

Fig. (b)

Fig. (c)

3

1
1

4
1

β
β+

mg
Low sensitive to common-mode input
signals.  The linear range is limited to
Vin<VDSAT, and THD=-50 dB.

( )Tgsoxo

m

m

VVCR
Rg

g

−=
+

μ1
1 1

1 Highly  sensitive  to  common-mode  input
signals.   For   better  linearity   large  VGS3
voltages are required. Large tuning range if
VG is used.

31

1

/1 mm

m

gg
g

+

Low   sensitive   to  common-mode   input
signals.   Limited  linearity   improvement,
HD3  reduces  by  -12  dB.   More  silicon 
area is required.M1=M2

M1=M2, M3=M4



Vp

Vn

M6
M6

M5
M5

M3

M4
IB IB

IBIB

Mp Mp

MnMn

Vgp

in+ out

14

pn iii +=

( )

( )
2

2

12
1

1

12
1

1

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

+
−

+
+

+⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

−
+

=

DSsatppp

mp

DSsatnnn

mn

VN
v

N
vg

VN
v

N
vgi

11 +
+

+
=

p

mp

n

mn
m N

g
N

gG

pmpp

nmnn

RgN
RgN

=
=

( )TGS
DS VV

R
−

=
β

1

Vgn

in-

+-



15

Vcm

M6
M6

M5
M5

M3 M3

M4
IB IB

IBIB

Mp Mp

MnMn

Vp

Vn

Vgn

Vgp

in+ in-out
+-

02 =HD

( )
( ) ( )

( )
( ) ( )11

1
1

1
32
1           

11
1

1
1

32
13

22

22

+++
+

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛

+

+
+++

+
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

=

nmppmn

nmp

DSsatpp

nmppmn

pmn

DSsatnn

NgNg
Ng

V
v

N

NgNg
Ng

V
v

N
HD

( ) ( )2
2

2
1

11
3

+
+

+
∝

pn N
a

N
aHD

11
21

+
+

+
∝

pn
m N

b
N

bG



16

CGDt

CGSt
CpGmVin

Vin

+

-

+

-
Ro

CL Vout

( )
om

in

oinm

in

out
o RG

V
RVG

V
VA ===

( )po
p CR

f
+

=
LC 2

1
π

( )pL

m

CC
GGBW
+

=
 2π

DC Gain:

Dominant Pole Frequency:

Gain-Bandwidth Product: CGDt effect:

GDt 2 C
Gf m

z π
=

Ref.-Antonio  López/Silva-Martinez



Current Divider Concept to tune Transconductance Amplifier
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Source Degeneration Transconductance with Current Divider

Ref.- Z.Y. Chang, D. Haspeslagh, J. Boxho and D. Macq, “A Highly Linear CMOS Gm-C
Bandpass Filter for Video Applications,” IEEE CICC, 1996.
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Balanced Nonlinearity Cancellation (no even power terms)

2
VVV A1 +=

2
VVV A2 −=

0V0I

cV
Implementations

cV
2
VVV A1 +=

2
VVV A2 −=

Single Device
in Ohmic Region

( )
( )⋅⋅⋅+++

⋅⋅⋅++++⋅⋅⋅++=

A65
5

2
A5A43

3
A210

Va6aV
16
1                                          

Va10Va4aV
4
1)Va2a(VI

2
VVV A1 +=

2
VVV A2 −=

210 III −=

1I
2I

cV

Two Matched Devices in Saturation

 voltages.and components of matchingperfect  requires  techniqueThe
poor is CMR  

•
•



3.  Subtraction of Polynomials.  This is Another Balanced
Nonlinearity Cancellation.
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LINEAR OTA USING FEEDBACK CONTROL ON  COMMON SOURCE NODE
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  Nonlinearity Cancellation Using Function Compensation
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Example 1.  Linearization via bias current modulation of a differential pair operating
in strong inversion.
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Where Gm is the linearized transconductance, and ΔV is the input differential voltage.
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How to generate ?22VKIM Δ=
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4. By cascading a nonlinear function and 
its inverse non-linear function
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Nonlinear Function Combined with its Inverse Nonlinear Function

If bulk – and lambda effects are neglected, it can be shown that HD2 = 0.
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Improved Transconductor via Series-Shunt Feedback (DUPU89)



TRIODE TRANSCONDUCTORS

CONCEPT
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Nonlinearity is mainly due to mobility reduction
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TRIODE TRANSCONDUCTORS - IMPLEMENTATIONS
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Compensation (NAUT91)

• VGS2  is modulated, so that, VDS1 remain 
constant and equal to VB.
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Concept
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M1, M2 in strong inversion and saturation

Basic Principle:

Most of the proposed techniques are based on the simple algebraic identity:
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Conditions:

M1, M2 are perfectly matched

VGS1 + VGS2 must be held constant

VDS of M1, M2 above VDA,SAT

Global Characteristics:

Also, nonlinearity is mainly due to mobility reduction
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Careful layout required



Cross-Coupling (KHOR84)
• M1 = M2, M3 = M4
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Class AB (SEEV87)
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