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Design Problem

Very Low-Voltage (down to 1V) CMOS Systems-on-a-Chip

↓ Battery Technology

Analog design problem typically approached

using Charge-Pump based Supply Multipliers. . .

↓
Extra power+area+components!

Application Example: Analog Hearing-Aids

GVOL

ln(  )

§

Fast/Slow
Envelope
Detectors

I/V

Refs.

Digital
Buffers

Class-D
Amp

Class-A
DriverRegulator0.95V Analog Processing

Control Processor

3bit ADCs

Audiologist Step Trimmers

User Volume
Hearing Aid Selector

GAGC

(1.1V, <1mA, 8KHz)

Novel Analog CMOS Circuit Technique
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Externally Linear Signal Processing
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MOSFET Operating in Subthreshold

V
GB

V
SB

V
DB

I
D

D S

B

G

I = F (V ) =





ISe
−VTO+nVbias

nUt e
V

nUt GD

ISe
Vbias−VTO

nUt e
− V

Ut SD

• Amplification
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Tuning: ±40dB, 0.43dB/mV(25◦C) and suitable for AGC

• Filtering
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Tuning: 0.64KHzpF/nA(25◦C) and programmable order

• Generation
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PTAT References for Gain and Corner Frequency

• Pulse Duration Modulation
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Low-Offset and Multi-Frequency PDM

Product Example: (A True 1V CMOS Analog Hearing-Aid-on-a-Chip)

1mmActual size:

Parameter This design [1] [2] Units

HA models
BTE,ITE
ITC,CIC

CIC
BTE,ITE
ITC,CIC

Technology CMOS Bipolar CMOS
VDDmin 1.0 1.1 1.1(×2) V

IDDQ
@Rload

À100Ω
¿100Ω

0.3
< 0.5

0.4 +
Ext.Class-D

1.1
< 1.4

mA

Gmax 70 48 58 dB
Vnieq 6 3 7 µVrms

THD Class-D
Ext.Class-D

< 1
0.1

−
0.6

5
− %

• 1.2µm (VTON + |VTOP |)max = 1.3V 2P 2M VLSI CMOS technology
• approx. 5K MOSFETs
• SNR ≥ 70dB (100Hz−10KHz)

Conclusions

The new circuit technique allows:

• Very Low-Voltage operation

• Best power supply saving

• First HA without Supply Multiplier

• Application to Σ∆ Audio ADCs
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