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Many problem of analog circuitMany problem of analog circuit

⇒⇒ Propose a solution by circuit designs Propose a solution by circuit designs 

２２ ObjectivesObjectives

３３ Design techniquesDesign techniques

４４ Ultra low supply Ultra low supply 
voltage Amplifiervoltage Amplifier

○○ Influence that device deviation exerts on an amplifier is cleareInfluence that device deviation exerts on an amplifier is cleared up, d up, 
and noise reduction techniques are presented and noise reduction techniques are presented 

○○ LowLow--noise amplifier based on autozeroing and chopper stabilization inoise amplifier based on autozeroing and chopper stabilization is presenteds presented

○○ LowLow--noise amplifier achieved 89nV/noise amplifier achieved 89nV/√√Hz noise PSD, 32dB Loop gain Hz noise PSD, 32dB Loop gain 

and 1.6MHz cutand 1.6MHz cut--off at 0.6V supply voltageoff at 0.6V supply voltage

６６ Conclusions  Conclusions  

５５ Measurement results Measurement results 

＜＜ AutozeroingAutozeroing mode mode ＞＞

＜＜ SWOPASWOPA ＞＞

＜＜Amplification modeAmplification mode＞＞

Analog switch placed at virtual groundAnalog switch placed at virtual ground

0.6V is the limit supply voltage in 0.18um CMOS process 0.6V is the limit supply voltage in 0.18um CMOS process 
((VthnVthn=0.42V,Vthp=0.5V).=0.42V,Vthp=0.5V).

※ITRS-2005

Device deviation

Decrease of signal swing

Impossible to use analog-switch

Improvement of integration technology
Miniaturization of process

■■ Present situationPresent situation

■■ Problem of analogProblem of analog--circuitcircuit

High performance 
High speed

⇒Miniaturization is not effective 
for analog circuit 

Appear
many problem 

〈〈DigitalDigital--circuitcircuit〉〉 〈〈AnalogAnalog--circuitcircuit〉〉
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LNA ADC DSP

<Bio sensor LSI>

Neuron 

Signal of environment

Signal of biologic 

Control circuit
Small signal

Application example of low voltage operation and highly accurate analog circuit
Mobile phone ・Mobile audio ・Pace maker ・Battery operation device etc

Require a Low noise AMP

MixedMixed--signalsignal

OperatedOperated
by New type batteryby New type battery

Solar battery Bio battery Atomic battery

Require a Low voltage AMP

Achievement of low noise Amplifier for sensor LSIAchievement of low noise Amplifier for sensor LSI
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＜＜PrinciplePrinciple of Chopper stabilization techniqueof Chopper stabilization technique＞＞

After filter

Modulation
Amplification Demodulation After filter
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Small offset voltageSmall offset voltage ⇒⇒ EffectiveEffective

Large offset voltageLarge offset voltage ⇒⇒ InIneffectiveeffective
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＜＜Effect of Chopper stabilization techniqueEffect of Chopper stabilization technique＞＞

The output waves are saturated
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AutozeroingAutozeroing technique can calibrate device Mismatchtechnique can calibrate device Mismatch

Autozeroing frequency

Offset voltageOffset voltage
1/f Noise are stored1/f Noise are stored

Offset voltageOffset voltage
1/f Noise1/f Noise

Offset voltageOffset voltage
1/f Noise1/f Noise

Whit Noise

Offset voltageOffset voltage

1/f Noise 1/f Noise 

can be decreasedcan be decreased

Stored Offset voltage = Voff
1-A

A

＜＜Principle of Principle of AutozeroingAutozeroing techniquetechnique＞＞

Vin Vip

Vout

L/W=
0.18/2(um)

bias

＜Monte Carlo analysis＞

Number of sample＝100

Supply voltage＝1V

AMP Gain＝32dB

Input signal sin-wave、

100kHz、2.5mVpp

+22.5mV+22.5mV
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(a) Without autozero (b) With autozero

AutozeroingAutozeroing technique can technique can 
calibrate device mismatch at low supply voltage calibrate device mismatch at low supply voltage 

（（Over drive voltageOver drive voltage））

VVovov=25mV=25mV
（（Over drive voltageOver drive voltage））

＜＜Effect of Effect of AutozeroingAutozeroing techniquetechnique＞＞
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IIncrease of baseband noisencrease of baseband noise

Decrease of baseband noiseDecrease of baseband noise

Decrease of modulated noiseDecrease of modulated noise
Appearance of modulated noise Appearance of modulated noise 

Whit Noise

(b) With Autozeroing
Without Chopper stabilization

Autozeroing frequency

Chopping frequency
Chopping frequency

(c) Without Autozeroing
With Chopper stabilization

(d) With Autozeroing
With Chopper stabilization

1/f Noise1/f Noise

＜＜ AutozeoingAutozeoing + Chopper stabilization + Chopper stabilization ＞＞

Combination of Combination of autozeroingautozeroing and chopper and chopper stabilaizationstabilaization
is required at low supply voltageis required at low supply voltage
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0.6V is the limit supply voltage in 0.18um CMOS process (0.6V is the limit supply voltage in 0.18um CMOS process (VthnVthn=0.42V,Vthp=0.5V).=0.42V,Vthp=0.5V).
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<Performance Summary><Performance Summary>

32dBLoop gain

0.13mWPower consumption

0.186mm2Chip area (mm2)

89nV/√HzNoise@100Hz

0.6VSupply voltage (V)

0.18umTechnology

32dBLoop gain

0.13mWPower consumption

0.186mm2Chip area (mm2)

89nV/√HzNoise@100Hz

0.6VSupply voltage (V)

0.18umTechnology
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(a) Output waves (b) Input Noise PSD
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Without Chopper and Autozero

With Chopper and With Chopper and AutozeroAutozeroWithout Chopper and Autozero

With Chopper and With Chopper and AutozeroAutozero

Input ;100kHz, 8mVpp

1.45uV/√Hz(at 100Hz)

89nV/89nV/√√Hz(atHz(at 100Hz)100Hz)

Offset Voltage 3.3mVOffset Voltage 3.3mV

Offset Voltage 270mV

Noise (at 100Hz)Noise (at 100Hz)
９３％９３％ reductionreduction


