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Agenda

• Simple OTA Review
• Three Current Mirror OTA Parameters
• Three Current Mirror OTA w/ Cascode/

Output
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OpAmps and OTAs

OpAmp OTA

• High voltage gain • High “voltage” gaing g g
• High input impedance
• Voltage source output

g g g
• High input impedance
• Current source outputVoltage source output 

(low impedance)
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Current source output 
(high impedance)



Operational Transconductance Amplifier
VDD

M5 M6

TAILnmm I
L
WKPgG   ctanceTranscondu

1
1

M1 M2Vi+ Vi-

Rbias

M5 M6

CL

Vo  

n

pn
TAIL

ooout

L
W

I
KP

Iggg   eConductancOutput 62

2

2


Itail

M3 M4
oo

pn

TAIL

oo

m
outmv

gg

LI
gg

gRGA










PoleDominant

  Gain DC

p1
62

1

62

1





VSS

gs

mg

M

m
p

L

C
g

C
g
C

  PoleDominant -Non

 PoleDominant p1

6

6
2 2





L

TAILn

L

m

C

I
L
WKP

C
GGBW  1

 

























62

61
2

1182

3
82

m

mmon

gkTv

ggkTi

VoltageNoiseInput

Current   NoiseOutput 

4
L

tail

C
ISR   Rate Slew


















11

1
3

2
mm

in gg
kTv  Voltage NoiseInput 



TAMU-Elen-474                                                                                                                   Jose Silva-Martinez-08

Basic Operational Transconductance Amplifier Topologies

M2
vI+ vI-

io
vI- vI+

io

M1 M2M1 vO

vO

SINGLE-ENDED

ITAIL
ITAIL

(a) (b)

vI+ vI -
M2M1 vO-

vI+ vI- vO-M2M1vO+ vO+

ITAILITAIL

(c) (d)

IB IB

- 5 -

( ) (d)
FULLY-DIFFERENTIAL



3 Current Mirror OTA
B     :      1 1     :      B
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• Relative to Simple OTA
• Factor of “B” increase in Gm, GBW, and SRFactor of B  increase in Gm, GBW, and SR
• Same Av

• Slightly higher noise
L f d i t l d thi d l
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• Lower frequency non-dominant pole and third pole
• (B+1) times the power
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WOTA based on 3 current mirrors

 pn
TAIL

oponout

TAILnmm

BIggg

I
L
WKPBBgG





  eConductancOutput 

  ctanceTranscondu
1

1

2


OTA based on 3 current mirrors

 

TAIL

n

m
outmv

pp

L
W

I
KP

BgRGA





  Gain DC
11

2

2

B 1 1 B

L

opon

pnopon

C
gg

gg






  PoleDominant p1

B     :      1 1     :      B

MP

  gsp

mp

Mp

mp
p

IWKPB

CB
g

C
g


  PoleDominant -Non 2 1

V-I V+

io

M1M1

ITAIL

vO2
BITAIL

tail

L

TAILn

L

m

BISR

C

I
L

KPB

C
GGBW





RateSlew

  Bandwidth-Gain 1

1                  :                     1

MN

- 7 -

LC
SR  Rate Slew
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WOTA based on 3 current mirrors
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3 Current Mirror OTA Noise
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3 Current Mirror OTA w/ Cascode Output
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• Relative to 3 Current Mirror OTA
• Same Gm, GBW, and SRSame Gm, GBW, and SR
• Av increased by cascode gmcroc factor
• Approximately same noise

I t d t dditi l d d i t l

10

• Introduce two additional cascode non-dominant poles
• Same power
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Small Signal Analysis: Common-source Cascode Amplifier
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Small signal circuit gout out U
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Small Signal Analysis: Noise Level
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• Cascode transistor noise can generally be neglected
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Cascode transistor noise can generally be neglected
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OTA based on 3 current mirrors using cascode transistorsg
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3 Current Mirror OTA Noise
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• Cascode transistor contribution can be neglected
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g
• Approximately equal to 3 current mirror OTA noise
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OTA based on 3 current mirrors using cascode transistors
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OTA based on 3 current mirrors using cascode transistors
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Gain margin = Gain measured at 180 excess phase



Next Time

• Folded Cascode OTA
• Two Stage Miller OTA
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