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Motivation

World of loTs and m-Health

!

Miniaturized Wearable & Implantable Devices

A Automated, remote monitoring
A Early detection/diagnosis

Major Challenges:

A Continuous reliable monitoring via a small integrated unit
A Ultra-low power sensing circuits with long battery life




ECG Acquisition Amplifier

Amplifies weak, low-bandwidth gy Power consumption
physiological signals IS

Noise Efficiency Factor (NEF) A noise-current trade-off
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Noise Efficiency Limitation

For a differential amplifier if

A only input diff-pair noise
A devices in sub-threshold

Il : gatecoupling coefficient
typically ~ 0.7
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NEF Improvements: Prior Art

A Current Reuse [1]: Inverter-based OTA
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AC-coupled inverter-based transconductor

Stacked OTA



Proposed Stacked OTA
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Proposed Stacked OTA
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Noise efficiency enhancement:
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For a differential 2-stack NEF limit ; 1.01
implementation: 3-stack NEF limit ;: 0.82




Trade-offs

Inverter-Stacking Trade-offs:

300 1.6

-= NEF o w ’
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w ,w :voltage headroom for
single inverter, tail source

Normalized NEF / PEF
Input Parasitic Cp (fF)
VDD min (V)

Normalized minimum PEF:

A 2-stack: 0.82
0.4 : - : Js0 o ﬁ 3-stacki 0.75
No. of Stacked Stages 4-stack: 0.72

3-stack with 1 V supply is optimal




Upmodula}:ed, low swing signals

Key Challenges:

A AC-coupling of low bandwidth ECG (~250 Hz) would require very large capacitors
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A Signal swing with OTA stacking is limited
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ECG Amplifier Architecture
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Upmoclulaied, low swing signals

Key Challenges:

A AC-coupling of low bandwidth ECG (~250 Hz) would require very large capacitors
A Upmodulate to a higher (chopping) frequency A simpler ac-coupling

A Signal swing with OTA stacking is limited

A First stage with low signal swing

11



ECG Amplifier Architecture

Upmoclulaied, low swing signals
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Other Requirements:

Low in-band flicker noise
High CMRR (for 60Hz noise)
Electrode polarization offset
High input impedance

2"d stage DC bias



ECG Amplifier Architecture

1 Cib
G| X [ tmeedance Boosting Other Requirements:
c.,c”_X o Choven 2¢ A Low in-band flicker noise
== Cm% Ve A High CMRR (for 60Hz noise)
o A Electrode polarization offset
IS X A High input impedance
Stacked OTA Vem q .
c R.,:] — 2c A 2nd stage DC bias
.—X | —{+——- E + -+ T ®
I .4'+ = X + - — oo
o G ) Rblj — iCL
’ ! VCM

Upmoclulaied, low swing signals
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ECG Amplifier Architecture

Upmoclulaied, low swing signals
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Other Requirements:

A Low in-band flicker noise

A High CMRR (for 60Hz noise)
A Electrode polarization offset
A High input impedance

A 2nd stage DC bias



ECG Amplifier Architecture
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Circuit Implementation

Fully Differential Stacked OTA:
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Circuit Implementation

Fully Differential Stacked OTA: Mid-band gain:
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2nd stage OTA: TAaEJENeration: Desigh Summary:
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Simulation Results

Stacked OTA simulations
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Simulation Results

Closed-loop amplifier simulations

Amplifier differential-mode gain Amplifier loop-gain
(using PAC analysis) (using PSTB analysis)
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