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A Novel Third-Order Cascaded Sigma-Delta Modulator
using Switched-Capacitor

Jee-Youl Ryu* - Seok-Ho Noh**
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ABSTRACT

This paper proposes a new body-effect compensated switch configuration for low voltage and low distortion switched-capacitor (SC)
applications. The proposed circuit allows rail-to-rail switching operation for low voltage SC circuits and has better total harmonic distortion
than the conventional bootstrapped circuit by 19 dB. A 2-1 cascaded sigma-delta modulator is provided for performing the high-resolution
analog-to-digital conversion on audio codec in a communication transceiver. An experimental prototype for a single-stage folded-cascode
operational amplifier (opamp) and a 2-1 cascaded sigma-delta modulator has been implemented in a 0.25 micron double-poly, triple-metal
standard CMOS process with 2.7 V of supply voltage. The 1% settling time of the opamp is measured to be 560 ns with load capacitance of 16

pF. The experimental testing of the sigma-delta modulator with bit-stream inspection and analog spectrum analyzing plot is performed. The die
size is 1.9%1.5 mm’.
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Fig. 1.Block diagram of sigma-delta A/D converter.
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Fig. 2. A single stage fully-difierential folded-cascode
operational amplifier.
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Fig. 7. The layout of 2-1 cascade sigma-delta
modulator.

Y8 AF FHAN ANFE|S ks 21
2 VR Aolth 2279 de o5& 291 X% A A
B A 27]9] o|4hA 7 A ere Aol JFS v
A7) ol FE3] 255 AAsAY
n
1
§ ., Utygin ey =38M T
T T 5 pF load capecitance on each oupat T
n& .
gD o
ap Ll
7o \"\
£ N
@5 L Phase margin=65 deg. S
ey i T E i R g

8 8 it oM HAEE7|9 Falp 24
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1Y R FE & F UKo ARE AAFEI = o
5pFe] -3l tial oF 83dBY] de °] 52 RS2, oF 38
MHz®] ©$-0]5 F3<4 (unity-gain frequency) 2 65°
o4 9] 914 o (phase margin)E 77t B4t}

F 12 Fote] B gg A4k

A AAE Qo3 Aotk oM E

ob-2El Wxve) AR7|gM AdFEI]E 22 de
o5, W& £F & (slewrate) X zerode L ZA S 2t e
E AA Fojof k|, F&7) ¥hEAIZFS M3t H )7t
zH b 28 Frlojue 443 AAE + YR TR
3] whalol 3t} H 1M E & = gke] AAE At
FE7= AR7) 58 Z REEHEE ST AIYE

2o

E 1. HASED| AlgEolH 23 (2o HR)
Table 1. Summary of simulation results of the
operational amplifier (worst-case).

Parameters Simulation Results
Supply Voltage 27V
Low Frequency Gain 83 dB
Unity-Gain Frequency 38 MHz
Phase Margin 65 deg
Slew Rate 217 Vis
Settling Time 552ns
Output Swing +1 V(diff. output)
Power Dissipation 918V
Load Capacitance 5pF
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Table 2. Simulated results for harmonic distortions.

Harmonics Modified Proposed
THD -479dB -669dB
HD? -594dB -73.0dB
HD3 -541dB -793dB
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Fig. 10. Simulated output spectrum of the SC LPF.
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