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Abstract

In this paper, a novel general architecture for single-loop Sigma-Delta Modulator is presented by
combination low-distortion and noise-coupled techniques for high-resolution low-power applications.
The low-distortion technique in the proposed architecture makes its signal transfer function equal to
one. In addition, the noise-coupled technique increases the order of quantization noise shaping at the
modulator output. The purpose of using these techniques in design of the architecture is to increase the
order of the modulator without needing to additional operational amplifiers during its circuit
implementation to finally achieve a low-power modulator compared to similar ones. To reduce the
required amplifiers, a second order infinite impulse response (IIR) filter was used instead of an
integrator in the modulator loop. To evaluate the performance of the proposed structure, its
implementation and simulation for speech recognition application, i.e., digital hearing aids, were
performed in 180nm CMOS (complementary metal-oxide semiconductor) technology. For a third-
order structure with a sampling rate of 64 and an input sine signal of -6dBFS and a sampling
frequency of 2.56MHz, the signal to noise and distortion (SNDR) is 81.9dB and the dynamic range
(DR) is 88dB. The power consumption of the modulator is 126.9 uW and its bandwidth is 20 KHz.
The results of circuit and system level simulations prove its performance.
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Figure (1): Block diagram of sigma-delta modulator architecture by combination noise-coupled and low-distortion techniques
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Figure (5): Realization of the loop-filter in the proposed modulator

- I
. i

I I I I I I
1550 1600 1650 1700 1750 1800 1850 1900 1950 2000 2050 [*(1/Fs)
Time

Olej 05 53 yiVgae (9,5 5 (639,9 JUSms (A

Input BandWidth

32768 FFT Point
-4 dBFS Sine Wave Input B

OSR=64 @ Fs=2.56MS/s
-160 |- Noise-Shaping Slope: SNDR=86dB 7
+60 dBidec ENOB=13.99 bit
180 /\/\ i
-200 ‘ ‘ ‘

0.0015625 0.015625 0.15625
Normalized Frequency [f/fs]

ol Jloayl e S5l 28,8 S5 50 gy (z9y5 JiSew ol il S (2)

¥ ad po (goleiilay 59 gee (g 3lwands gl :(F) U
Figure (6): Simulation results of the proposed 3rd order modulator, a) Modulator input and output signal in time domain, b) The PSD of
output signal without considering the non-ideality

-7



Q-VY - NV Sl /can g olxty ojled foo 3l Jlw /50 oo )0 diadign slo by, 4yl

100
8096 point FFT
g0 Sine Wave Input
OSR=64
o 60k
E
g
= 40
w
20+
—————————————————— Dynamic Range e e LT LR
0 !
-100 -90 -80 -70 -50 -40 -30 -20 -10

60
Input Level (dBFS)

bg 09900 (rmati 9 (59959 JUSomw Olyundi cons 2 Zl2 gl g g8 A JUSomw Ol (V) Sl
Figure (7): SNDR versus input signal range and DR range determination

59 O ol a9 (V) bl 198 ey i b Gl o0 85 Sl (nlonii 2Ll V50 o> sla Ty 5l S
aS olao )5 Gl oy slol aly (V) IS 5o eolaian sl izl 1) 5,8 bul> 1) g Jows b slayan 516
Cger il LSl o gladlol dore Souud s (pnd 4 55 aSST g0 68,5 S 55 05,00 5L cawy Wb sl
94a_wl.>oo (a) LL:)‘) wl_w‘)_tjj_'a.:é)}‘o\ﬂ M)A)yYy.\A Slasiin d‘fa)‘m W) o)Lw‘ Wﬁwuww
Sade ol sl jei¥ann (gilwancs L g VAA plna gl onds dewlos jlade bl cpl o slodl JLobe gloans
maol> 8l ol ol ab logel lawlgl o aST (85,8 (IS 4 Az g L aus S (A) S O jse 4 2,5 b @
e ¥ ogas g 3l plas a8 00,5 Jews A 11 SNDR . Jlasie B 048 oo cael a5 Gl NTF Los 1l a0 ol>
Sl o e (58,5 a5 0 L golppiny (Lol 15880 cwyp cdslol o o)l 29,5 0 ,See jo 88 Con e b
3ylge iyl s plosil «,J35 o 130 55V 900 0 Shas 5 e s (B (59, AS ¢ ot (S jlwdnds ;0 (5,00 JTows] e
5 0] (9, S Cadgae 0ALS Ca gl Sgde Lot (sl 0diiS Lo 985 Sgazme AC 0 g0 daallS )l > g5 Jelis
0j9> ;o 398 )Ll aSiyl (23,8 s o b bagilu Jow cpl loads objyl g (g5l Jow oS el by i Gillas pae
b, S a0 gl S (69l .l 4185 O jao g o (50w (gilwooly VS5 aldS slalae b g a5 e
sl tslu 5l plas o ol (Hg ol Godios ) 1185 0,50 0515 (6l oo 00,91 anlsl o (g low JToaslue il 51
15 Y9000 50 eoliiwl 0,90 DAC |55 oomis 48,5 ,1a5 ,0 el 4o 75 95V g0 ddl> (Sooud s 0 (DAC) Sl
LlsS 5l e e IS 8 s T 518, g5l i a5 VY] ojls (e 18, BIS ez 5 ol (i S5 soleinig
Llod 55 ol e 31 ol dasloJow 5o sl 3 g 00gs s f ¢ o aiz DAC L8, wad o solatul o o>
Ly ad aales o] gylae >lb os gee]) del cotumw mhaw ;0 ,5Y 500 (55lo o a5 Cusl ;S5 4y a3Y 05l

gl o O gl o o) e Olae lhdaasin gl

0
ﬂ Zero
Optimization
-50 Effect
o
=
o
[d
a -100
-150 /\/\/J

0.00015625 0.0015625 ""6.015625 0.15625
Normalized Frequency [f/fs]

29 Jo @b fho o gilwaints ¢l (o295 JUSw b :(A) JSB
Figure (8): Output signal spectrum with NTF zero-optimization
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Figure (9): Output signal spectrum with/without considering the effect of noise on the modulator input
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Figure (11): Modeling the effect of limited DC gain on the amplifier required in both blocks
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Figure (12): SNDR versus DC gain changes of amplifier required in the first and second blocks
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Figure (13): The output swing of the first and second blocks, before and after the scaling

Table (2): The amount of output swing in the loop filter blocks of proposed Sigma-Delta modulator
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Figure (14): Equivalent circuit of the single-ended first block in phase 2
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Figure (15): Implementation of sigma-delta modulator, a) Fully differential switched-capacitor circuit for proposed modulator, b) Timing

diagram of the clock for driving the switches of the modulator
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Table (5): Length and width of transistors of the first and second block operating amplifier and comparator circuit
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Figure (18): Power spectrum density of the modulator output in circuit-level simulation
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Table (6): Comparison of the results of different process corners in the modulator
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Table (7): Results of modulator implementation and comparison with other similar works
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. Over-sampling ratio

. Noise-coupled

. Operational amplifier

. Dynamic range

. Low-distortion

. Infinite impulse response

. Distributed weighted feed forward
. Noise transfer function

. Finite impulse response

10. Signal to quantization noise ratio
11. Signal transfer function

12. Slewing

13. Swing

14. Signal to noise and distortion ratio
15. Power spectral density

16. Switched capacitor circuits

17. Coefficients mismatching

18. Slew rate

19. Unity gain bandwidth

20. Clock feedthrough

21. Total harmonic distortion

22. Bootstrap

23. Common-mode feedback

24. Single-stage telescopic

25. Cross coupled

26. Hanning windowing

27. Effective number of bit

28. Process corner analysis

29. Walden figure of merit
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