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ECE 697 Delta-Sigma Converters Design

Lecture#5 Slides
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Quantization Noise Spectrum
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Quantization Noise : Example 1

Quantization
20 \ \ \ w w w Quantized Signal Spectrum

y[n] 80

o s e | R PR BB
e THHRE L ———

0 50FH--—-—-—-—-db Ll [
_20 L 1 1 1 L 1 © | | | | |
5 10 15 20 25 30 = ! !
samples S 4pldo 0 I I R 1
) | | | | |
=
S
5
N

TTW_TT??T%i@TﬁﬁMW
_O_SéMLf fffff lg |

E(e?) = 0.304

| ! w w \ w 50 1 150 200 250
5 10 15 20 25 30 FET bins (k)
samples

-1

nLev=17, A=2, f_/f.=9/256:

> I’ 'S

“E(e?) = 0.304 = AY12

file:Quantization_Noisel.m © Vishal Saxena



Quantization Noise : Example 1 contd.

Quantization
20

i, 3
ol %J}Qmméé

-20

o

1 1
5 10 15 20 30
samples

O'ZTOTT.TT@?T?T_?_T
NS Uf“&w 1

E(e?) = 0.295

1 1 1 1 T T
5 10 15 20 25 30
samples

nLev=17, A=2, f /f. =9.1/256 :

*E(e?) =0.295 = A?/12
*Notice the FFT leakage.

file:Quantization_Noisel.m

20%l0g, IV (K)|, dB

© Vishal Saxena

Quantized Signal Spectrum
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Quantization Noise : Example 1 contd.

Quantization
20 I I I I I I Quantized Signal Spectrum
y[n] 80 ‘

= [ e
P T R R S A

e ) S S (I |
_20 | | | | | | o | | | | |
5 10 15 20 25 30 = | | | | |

samples T | R S L
U’g | q | O | |

1 T T T T ] g P o o ol I "
l l | @ eln] « ] H | l 1
e = ; ; ; ; ;

| | | | S s ) E —
O | | | | |
| | | | |

1 1 1 1 1 T -
05 e T — | | | : |
| | | | E(e? = 0.235 o 1 1 1 1 1

1 \ ! ! ! w ; 50 100 150 200 250

5 10 15 20 25 30 FFT bins (k)

samples

nLev=17, A=2, f /f. =32/256=1/8:

“E(e?) = 0.235 < AY/12

*Quantization noise approximation not valid

file:Quantization_Noisel.m © Vishal Saxena



Quantization Noise : Example 2

Quantization

samples

A=1, A=0.1, f /f.=1/1024 :

ER 10

*Most of the tones around the 44t bin

*Average quantization noise floor lowers by 6 dB

I I I I I I T DS I I
100 200 300 400 500 600 700 800 900 1000

20*log, ,IV(K)|, dB

-10
-20
-30
-40
| |
SOf---1tH-t-H-t1Hr-41H----h
60t~ - HiHH H-HHT
|
|
ST0f - - HAHHT-HHF
|

-80

H

1
20 40 60 80 100 120 140
FFT bins (k)

*SFDR = -39 dB (SFDR increases by 9 dB if LSB size is halved)

file:Quantization_Noise2a.m
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Quantization Noise : Example 2 contd.

Quantization Quantized Signal Spectrum
0 \ \ \
VIK]
40} - - T e g R
| | | |
| | | | | | |
20 - A [ e A A - -
| | | | | | |
| | | | | | |
I i S ST A S T
§ | | | | | |
e T LB et 1 S e
—
D
k) | | | |
1 ‘
601t 4 H-HH-FHHEARFEAHAH-FHAF4H-A -
‘ 1 ‘
[ |
70 - = H-HHT+ FtHET AR AT -FHT - H-~ L -
[ |
[ ‘\
/ [ |
-1 1 1 1 1 1 1 [ 1 1 -80 | 1
100 200 300 400 500 600 700 800 900 1000 20 40 60 80 100 120 140

samples FFT bins (k)

A=1, A=0.2, f /f,=1/1024:
*Most of the tones around the 20t bin
*SFDR =-30 dB

*Quantizer spectrum not white and the error () is correlated with the input (y).

file:Quantization_Noise2b.m © Vishal Saxena
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Frequency Domain Measurements
100 1 . . 7
90 ; : —Peak SNR. =
80
70 =~ 80
60
50
40
30
20
a) 10
|
-10 ;

-100 -80 -60 -40 -20 0
Input Amplitude (dBFS)

NDR (dB)
o

® ©
)]

SNR/S
~J
(&3]

A5, =30, .=5....0
Input (dBFS)

SNR / SNDR (dB)

—

DynamiC range
92.5 dB

L

SUMMARY OF MEASURED ADC PERFORMANCE.

Signal Bandwidth/Clock Rate 24kHz/6.144 MHz

Quantizer Range 3.6Vyp.dif

Input Swing for peak SNR -1.6dBFS

Dynamic Range/SNR/SNDR 92.5dB/91 dB/88 dB

Active Area 0.24 mm?

Process/Supply Voltage 0.18 um CMOS/1.8V

Power Dissipation (Modulator + | 110 W

References)

Figure of Merit 0.0665 pl/level Reference [2]
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T AR

PSD (dB]

(b) FEAN
SRt L'VHM‘-

; bt gy §
100 - imaii et \‘JVJLVJ
Prriii Ui AR Ry 5 110:15:20 25
A 1 i il H 1 i
10

=120 :

10° 10
Frequency (kHz)

10

Reference [2]
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