
James Lin, Masaya Miyahara

and Akira Matsuzawa

Tokyo Institute of Technology, Japan

A 15.5 dB, Wide Signal Swing, 
Dynamic Amplifier Using a Common-
Mode Voltage Detection Technique

Matsuzawa

& Okada Lab
Matsuzawa Lab.
Tokyo Institute of Technology



2

Outline

• Motivation

• Background

• Design Concept 

• Circuit Implementation

• Conclusion



Roadmap

• ITRS’s roadmap for future supply voltage [1]

• What are some foreseeable difficulties? [2]

3
[1] ITRS, 2010

[2] A. Matsuzawa, ISSCC 2011 Forum
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Conventional Amplifier

• Amplifier design becomes increasingly 

difficult with supply voltage lowering
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Conventional Signal Swing and Linearity
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• Stacked architecture limits signal swing

Veff = VGS-VT[3] B. Razavi, McGraw-Hill
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Motivation

• Ultra low voltage operation (0.5 V)

– Minimally stacked architecture

• Scalable power dissipation with speed

– Dynamic operation for mixed-signal 

applications

• Dynamic amplifier  A minimally stacked 

amplifier with variable power consumption 

is proposed



Conventional Applications

• Conventional applications:

– Pre-amplifiers for dynamic comparators [4]

– Receiver amplifiers for DRAM circuits [5]

7
[4] B. Razavi, IEEE Press

[5] H. Fujisawa et al., ESSCIRC 2000
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Proposed Waveform
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• If discharging can be terminated 

 A single stage amplifier can be realized
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Proposed Architecture
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• A common-mode voltage detector with sampling 

switches realize dynamic amplification
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Signal Swing and Linearity

10

C
o

n
v
e

n
ti

o
n

a
l

@
 1

.2
 V

P
ro

p
o

s
e

d

@
 1

.2
 V

C
o

n
v
e

n
ti

o
n

a
l

@
 0

.5
 V

P
ro

p
o

s
e

d

@
 0

.5
 V

• Minimally stacked architecture gives extra 

margin for signal swing
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Clipping DD oc

diff

eff

2 V -V
G =

V

Gdiff: differential gain

VDD: supply voltage

Voc: common-mode (CM) 

output voltage

Veff: effective gate voltage, 

which is gate-source 

voltage minus 

threshold voltage

VDD = 1.2 V

Veff = VDD/2 - Vthn



Signal Swing and Linearity
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• Wider signal swing, especially in low 

voltage operation

fs = 50 MHz

Vic = VDD/2
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Speed

• Key applications: Mixed-signal circuits
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Power Dissipation

• Scalable power dissipation due to 

dynamic operation
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P (f ) =

P (f )+ P (f )

T S

Amp S CMD S

Incomplete amplification

PT: total power

dissipation

PAmp: power dissipation

in amplifier circuit

PCMD: power dissipation

in logic circuit



Power Dissipation, cont’d
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• Delay causes a gain error and a CM 

output voltage shiftc

Effects of Delay

16

 

t



 
 
 


 
 

I - I
V = V -V

I

        +
I - I

C

D1 D2
OUT DD oc

D1 D2

L

DCM

d

0.0 100.0p 200.0p 300.0p 400.0p
-0.2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

V
o

lt
a

g
e

 (
V

)

Time (s)

Clock

VOUT1

VOUT2
Δt

t1 t2

Voc shift



• Parasitic capacitance causes a common-

voltage error

Circuit Implementation
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• Capacitor mismatch causes a gain error

Sampling Capacitor Mismatch

18

V = V = V = V

Q = C V

1 2 X DD

X PX DD

Pre-charge phase:

Amplification phase:

   

 
 


 
 
  

'Q = Q

C V +C V +V - V -V
V =

C +C

V +V C
V = + V -

C C +C
+

C

ΔC

V -VΔC

C +C

X X

PX DD 0 1 2 1 2

X

0 PX

1 2 PX
X DD

PX 0 PX

1 2

0 PX

0

2

2 2

2

1

2 2
1

2

C0+ΔC/2

CPX

VX
V1 V2

C0-ΔC/2



• 5.59 mV (s 1.27 mV (s

Mismatch Calibration
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• 3 dB gain control

Gain Control
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Conclusion

• A dynamic amplifier realizes

– 0.5 V ultra low voltage operation

– Wider signal swing

– Variable power dissipation for clock scalable 

circuits
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Future Work

• Low-voltage ADC using dynamic 

amplifiers

• Other RF applications such as 

sampling mixers
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