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Abstract

In this paper, we present the design of a 20MHz bandwidth 3rd-order continuous—time low-pass sigma-delta
modulator with low—noise and low—-power consumption. The bandwidth of the system is sufficient to accommodate
LTE and other wireless network standards. The 3rd-order low-pass filter with feed-forward architecture achieves
the low-power consumption as well as the low complexity. The system uses 3bit flash quantizer to provide fast
data conversion. The current-steering DAC achieves low-power and improved sensitivity without additional
circuitries. Cross—coupled transistors are adopted to reduce the current glitches. The proposed system achieves a
peak SNDR of 65.9dB with 20MHz bandwidth and power consumption of 32.65mW. The in-band IMS3 is simulated
to be 69dBc with 600mVp-p two tone input tones. The circuit is designed in a 0.18-um CMOS technology and is
driven by 500MHz sampling rate signal.
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Fig. 1. Proposed 3rd-order low-pass sigma-delta modulator
for wideband application
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Fig. 2. Schematic of the proposed 3rd-order low-pass
sigma-delta modulator for wideband application
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low-pass sigma-delta modulator
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Performance summary of the proposed

Parameters Value
Technology TSMC 0.18-um CMOS
Power Supply 1.8V
Clock Frequency 500MHz
Bandwidth 20MHz
Peak SNDR
. 65.9dB
@ 20MHz Bandwidth
SFDR 74.8dB
ENOB 10.65bit
Dynamic Range 62dB
Power Consumption 32.66mW

[e)

Qrl. B =Roa zot®E ADCE A A

s 5 )
A8 A2EE 3266mWoltt o] F 132ImWE 3
2} 5% ZH, 10.0lmWE 7], 8.16mWE %

248} 3|2, 1.2TmWE DACA AR5 ATt 2 A
A28l 9] Figure-of-Merit(FOM)+  508f]/bito] ™
ol thi F2& o] &3] ALtE AL

Power

FOM= @)
2ENOB<2fBa71 dwidt h)

n &2

=i A= feed-forward compensation<
sk 32k AHEA L A9 E Alav-dE e

dlele &  Aletsttt. Aletst= ADC+  0.18um
CMOS technology® A7} o]Fojxem 18V
Aol A 20MHzo] %, 183l 32.65mW
AE £2RE vepdt 7]E9 ADC4]5]¢ 1)
, 2 m=EollA AAIGE ADCE]
& g FdE s Bolth 3bit
)

 Ebde] <dAE FRE AR 3149

_q
9

e e

% R 2
ox 2l £

F current-steering DACE A| 28 o1 %
2 glitch cancellationS $3] A}8= %l Peak
SNDR< 65.9dBE YEWFon  SFDR % DR
< Zb7} 74.8dB<F 62dBelth. 2 =aEoll Al Al A g
ADCY Ads¥ Y AEE scaled CMOS 34
= AHgddd g dd 5 vk

References

(1] J Kim and J. Silva-Martinez, "Low-Power,
Low—-Cost CMOS Direct-Conversion Receiver Front-End
for Multistandard Applications,” IEEE J. Solid-State
Circuits, Vol. 48, No. 9, pp. 2090-2103, Sep. 2013.

DOI: 10.1109/JSSC.2013.2265781

[2] C. Ahn and Y. Kim, "A 8-bit 10-MSample/s
Folding & Interpolation ADC using Preamplifier
Sharing Method,” Jowurnal of the IKEEE, Vol. 17,
No. 3, pp. 275-283, Sep. 2013.

DOI : 10.7471/ikeee.2013.17.3.275

[3] S. Hwang and S. Lee, "An 8b 52 MHz CMOS
Subranging A/D  Converter Design for ISDN
Applications,” Journal of the IKEEE, Vol. 2, No. 2,
pp. 309-315, Nov. 1998.

[4] ]J. Jo, J. Noh, and C. Yoo, "A 20MHz bandwidth
continuous—time XA modulator with jitter immunity
improved full-clock period SCR(FSCR) DAC and
high speed DWA,)” in [EEE Asian Solid-State
Circuits Conference (A-SSCC), Nov. 2010, pp. 1-4.
[6] C-Y Lu et al, "A 25MHz bandwidth 5th-order
continuous—time low-pass sigma-delta modulator
with 67.7dB SNDR using time-domain quantization
and feedback,” IEEE J. Solid-State Circuits, Vol. 45,
No. 9, pp. 1795-1808, Sep. 2010.

[6] V. Singh, N. Krishnapura, and S. Pavan,
"Compensating for quantizer delay in excess of

one clock cycle in continuous-time XA

(336)



Design of the Low—-Power Continuous—Time Sigma—-Delta Modulator for Wideband Applications

modulators,” IEEE Transactions on Circuits and
Systems [I: Express Briefs, Vol. 57, No. 9, pp.
676-630, Sep. 2010.
DOI: 10.1109/TCSI1.2010.2058496
[7] M. Choi and A. A. Abidi, "A 6-b 1.3-Gsample/s
A/D converter in 035-um CMOS,” I[EEE J.
Solid-State Circuits, Vol. 36, No. 12, pp. 1847-1858,
Dec. 2001. DOL  10.1109/4.972135
[8] J. Bastos et al, "A 12-bit intrinsic accuracy
high-speed CMOS DAC,” [EEE J. Solid-State
Circuits, Vol. 33, No. 12, pp. 1959-1969, Dec. 1998.
DOL  10.1109/4.735536
[9] S. Park, Y. Palaskas, and MP. Flynn, "A
4-GS/s 4-bit flash ADC in 0.18-um CMOS,” IEEE
J. Solid-State Circuits, Vol. 42, No. 9, pp. 1865-1872,
Sep. 2007.
DOL: 10.1109/JSSC.2007.903053

— BIOGRAPHY [——

KunmoKim (Member)
2012 : BS degree in Electrical

Engineering, Texas A&M

University.
201272013 : Engineer,

Qualcomm Incorporated.

.

i,

2014 : MS degree in Electrical Engineering,

California Institute of Technology.
201472017 : Senior Engineer, Oracle
Incorporated.

2017 Present : Senior Engineer, Apple.

Chang-JoonPark (Member)
2003 : BS degree in Material

Science and Engineering,
Yonsei University.
2005 : MS degree in

Electrical Engineering, Yonsei

i | N

X “H University.

2013 : PhD degree in Electrical Engineering,
Texas A&M University.

201372016 : Research Engineer, NXP
Semiconductor.

2016 Present : Research Engineer, Intersil

Corporation.

(337)

SanghunLee (Member)
2002 : BS degree in Electrical

Engineering, Kwang—-Woon
University.
2004 : MS degree in

Electrical Engineering,

) Kwang-Woon University.
2012 : PhD degree in Electrical Engineering,
Texas A&M University.

201272015 : Senior Engineer, Samsung
Electronics.

2015 present : CTO, Wavepia Incorporated.

SangkilKim (Member)
2010 : BS degree in Electrical

Engineering, Yonsei
University.

2012 © MS degree in
Electrical Engineering,

Georgia Institute of

Technology.
2014 : PhD degree in Electrical Engineering,

Georgia Institute of Technology.

2015 : IET Microwaves, Antennas, and
Propagation Premium Award.

2015 present : Senior Engineer, Qualcomm
Incorporated.

Jusung Kim (Member)
2006 : BS degree in Electrical

Engineering, Yonsei

University.

2011 : PhD degree in
Electrical Engineering, Texas

“ A&M University.

201272015 : Staff Engineer, Qualcomm

Incorporated.
2015 Present : Assistant Professor, Hanbat

National University.





