
ECEN474: (Analog) VLSI Circuit Design 
Fall 2011

Lecture 14: Simple OTA

Sebastian Hoyos
Analog & Mixed-Signal Centerg g

Texas A&M University



Agenda

• Simple OTA Parameters
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id1 id2 If both transistors are saturatedd1

M1 M1

v1 v2

d2

 2T1gs
OXn

1d

2d1d

VV
L
W

2
Ci

IBii








IB  2T2gs
OXn

2d VV
L
W

2
Ci 

Solving these equations ==>

  2

21211
1 2

1
22 







 



 m

d V
vvvvgIBi

Solving these equations  
IB

IB/2
LINEAR
REGION

For Derivation, see Sedra/Smith Ch8

  2

21211
2

1

2
1

22

222








 







m
d

DSAT

V
vvvvgIBi

VIB/2

-2VDSAT1 2VDSAT1

REGION

V1-V2

- 3 -

1222  DSATV



TAMU-Elen-474                                                                                                                   Jose Silva-Martinez-08

Diff ti l P iDifferential Pair
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Is a non-linear circuit
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Operational Transconductance Amplifier

• Important Parameters
Diffe enti l G in• Differential Gain

• Gain-Bandwidth Product
• Common-Mode Input Range
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OTA Differential Gain
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OTA Gain-Bandwidth Product (GBW)

m
DM

gA 1
oo

DM gg 26 

 nodemirror""theatandnodeoutputtheat

poles 2 have willcircuit  The

M

m
pm

L

oo
po

pmpo

C
g

C
gg 526 


 



     ,

nodemirrortheat andnodeoutput theat 

moom
DMdBDM

ggggAAGBW 1261
3 



 






 

dominates  and spaced widely are poles the Assuming po

LLoo
poDMdBDM CCgg

AAGBW
26

3 








 



7



OTA Common-Mode Input Range

• Common-mode input range set 
by transistor saturation 
conditions
• Low end set by tail current source• Low-end set by tail current source 

saturation
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• High-end set by differential pair saturation
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OTA Common-Mode Gain

• Ideally, common-mode 
perturbations are suppressed

[Sedra]
perturbations are suppressed 
by the differential amplifier, 
i.e. Acm = 0

d• Finite common-mode gain 
exists due to amplifier 
asymmetries and finite tail y
current source impedance

• Note transistor numbers are 
diff t f i liddifferent from previous slides, 
as I borrow figures from 
Sedra/Smith text
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OTA Common-Mode Gain

[Sedra]

ioio
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OTA Common-Mode Gain

[Sedra]

iio
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OTA Common-Mode Gain

[Sedra]

KCL at vo

Since Ro2>>ro4 and Ro1>>ro3 and gm3=gm4S ce o2 o4 a d o1 o3 a d gm3 gm4
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OTA Common-Mode Gain 
& Rejection Ration (CMRR)& Rejection Ration (CMRR)
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• To improve (lower) common-mode gain, 
we need a high tail current impedance
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• An amplifier figure-of-merit is the common-mode rejection ratio (CMRR)
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OTA Power-Supply Rejection Ration (PSRR)
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OTA Slew Rate

[Razavi]
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OTA Slew Rate

[Razavi]
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Next Time

• Other OTA Circuits
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