Journal of Intelligent Procedures in Electrical Technology

J | P ET Vol. 13/ No. 51/ Autumn 2022

P-ISSN: 2322-3871, E-ISSN: 2345-5594, http://jipet.iaun.ac.ir/

https://dorl.net/dor/20.1001.1.23223871.1401.13.51.5.8
Research Article

Design and Simulation of Ultra-Low-Power Sigma-Delta Converter Using the Fully
Differential Inverter-Based Amplifier for Digital Hearing Aids Application

Shima Alizadeh Zanjani?, Ph.D. Student, Abumoslem Jannesari?, Associate Professor, Pooya
Torkzadeh?, Assistant Professor

'Department of Electrical and Computer Engineering- Science and Research Branch, Islamic Azad University,
Tehran, Iran
2Department of Electrical and Computer Engineering- Tarbiat Modares University, Tehran, Iran
shi.alizadeh@srbiau.ac.ir, jannesari@modares.ac.ir, p-torkzadeh@srbiau.ac.ir

Abstract

In this paper, an ultra-low-power, second-order, discrete-time sigma-delta converter is proposed for
hearing aids application. In portable biomedical devices such as hearing aids that permanently use,
the battery lifetime and power dissipation are very considerable. In a typical delta-sigma modulator,
the operational trans-conductance amplifiers (OTAs) are the most power-consuming parts. The OTAs
elimination in the converters is now challenging. Therefore, the converter with a self-biased fully
differential inverter-based amplifier was designed with only 1.15 pw static power dissipation at a 1-
volt power supply. The inverter-based amplifier was used instead of the OTAs in two stages of the
modulator. The modulator’s structure is CIFB, single-loop, and single bit. The proposed differential
modulator was designed and simulated using a standard 180 nm CMOS technology, which obtained
spurious free dynamic range (SFDR) and signal to noise and distortion ratio (SNDR) of 95.2878 dB
and 64.004 dB, respectively. The sampling frequency is considered 2.56 MHz, and the input signal
bandwidth is 10kHz. The modulator consumes power just about 5.1091 uW, and the Walden figure
of merit (FOMw) achieves 0.197 pj/step.
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Figure (1): Feedback structure of the second order sigma-delta modulator [10]
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Table (1): System coefficients of the CIFB structure for the proposed modulator
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Figure (2): PSD diagram Simulation and behavioral analysis of the proposed second-order modulator
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Figure (3): The inverter circuit used in the implementation of the proposed second-order discrete-time sigma delta modulator

Table (2): Voltage and current values of the transistors in the proposed inverter-based amplifier
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Table (3): The voltage gains corner analysis of the proposed amplifier
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Figure (4): The amplitude and phase diagram of the proposed inverter-based amplifier
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Figure (5): The amplifier output diagram with sine input and display the values of THD,SNDR and SFDR.
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- Monte-Carlo Analysis for Amplifier Voltage p‘-ain )
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Figure (6): Monte-Carlo analysis for voltage gain of the proposed amplifier with 100 samples
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Figure (7): Voltage gain changes of the proposed amplifier due to the different power supply voltage

V43)



0338 5 Lgy —g kil plasgel — il 0oly e Lol o e Jous (g5lwals 5 21k

S
o
T

Gain (dB)

w
©
T

w
0

37 | | | | | |
-40 -20 0 20 40 60 80
Temperature (Celsius)

Lod Ol i’ 351 50 (goleaiion cuisS' o gli 5L g 0 o Ol s ((A) Sl
Figure (8): Voltage gain changes of the proposed amplifier due to the different temperature
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Figure (9): (a) The integrator linear model of sigma-delta modulator (b) The circuit model
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Figure (10): The second-order discrete time modulator schematic with CIFB structure [7]
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Table (5): Consumption of the proposed sigma-delta converter blocks
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11. Signal to noise ratio

12. Noise transfer function

13. Signal transfer function

14. Power spectral density

15. Auto zeroing

16. Common mode feedback
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18. Total harmonic distortion
19. Spurious free dynamic range
20. Signal to noise and distortion ratio
21. Charge redistributive

22. Transmission gate

23. Clock booster

24. Figure of merit

25. Schreier figure of merit

26. Walden figure of merit
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