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Roadmap

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

 What are some foreseeable difficulties? [2]
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Conventional Amplifier

 Amplifier design becomes increasingly
difficult with supply voltage lowering
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Conventional Signhal Swing and Linearity

» Stacked architecture limits signal swing

Vop (1.2 V)

PMOS 0.5V (Very) §

0.375V

Bias Voltage  ~ / A
Maximum
Voltage Swing
2 X NMOS 0-3 V*(Veffn)
Gnd

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



Motivation

» Ultralow voltage operation (0.5 V)
— Minimally stacked architecture

« Scalable power dissipation with speed

— Dynamic operation for mixed-signal
applications

 Dynamic amplifier 2 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]
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Proposed Waveform

* |If discharging can be terminated
- A single stage amplifier can be realized
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Proposed Architecture

« A common-mode voltage detector with sampling
switches realize dynamic amplification
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Signal Swing and Linearity

 Minimally stacked architecture gives extra
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margin for signal swing
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Gain
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Gain (dB)
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Signal Swing and Linearity

« Wider signal swing, especially in low

voltage operation

f. = 50 MHz
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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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Pamp (Ts )+ Peyp (s )
Py.  total power
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Pamp: power dissipation

in amplifier circuit
Pcvmp: power dissipation

In logic circuit 14



Power Dissipation, cont’d

V . -
—Em/l ® ,, * Adynamic amplifier
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Voltage (V)

* Delay causes a gain error and a CM
output voltage shiftc

Effects of Delay
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Circuit Implementation

e Parasitic capacitance causes a common-
voltage error
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Sampling Capacitor Mismatch

« Capacitor mismatch causes a gain error

CO-AC/Z C0+AC/2 Pre-charge phase:
V1—| I—V2 V=V, =V, =V,
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Mismatch Calibration
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Gain Control

« 3dB gain control .I T E
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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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