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A 10-bit 40-MS/s Low-Power CMOS Pipelined A/D Converter Design
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Abstract

In this paper, the design of a 10-bit 40~-MS/s pipelined A/D converter is implemented to achieve
low static power dissipation of 70 W at the *25 V or +5 V power supply environment for high
speed applications. A 1.5 b/stage pipeline architecture in the proposed ADC is used to allow large
correction range for comparator offset and perform the fast interstage signal processing. According to
necessity of high-performance op amps for design of the ADC, the new op amp with gain boosting
based on a typical folded-cascode architecture is designed by using SAPICE that is an automatic
design tool of op amps based on circuit simulation. A dynamic comparator with a capacitive reference
voltage divider that consumes nearly no static power for this low power ADC was adopted, The ADC
implemented using a 1.0 mm n-well CMOS technology exhibits a DNL of 0.6 LSB, INL of +1/-0.75
LSB and SNDR of 563 dB for 9.97 Mk input while sampling at 40 M.
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Fig. 2. Transfer characteristics of a pipleline
stage of ideal ADC.

(a) the case of 2-bit resolution and
(b) the case of 1.5-bit resolution
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Fig. 12. Typical INL plot of the designed ADC.
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Table 1. Comparison of characteristics between
the designed A/D converter and a

high performance A/D converter.

AAE ADC 71€¢ ADC
A 10 HE 10 H|E
AEY FIh5| 40 MS/s 20 MS/s
DNL +06 LSB +05 LSB
INL +1/-075 LSB| *05 LSB
SNDR 56.3 dB 58.7 dB
SDR 676 dB
SNR 56.7 dB
R 70 oW 35
TEAY 25V 33V
kR 10V
z 3 1.0 i n-well | 1.2 um n-well
CMOS CMOS

INL 8o gt d77 A&sojop g} a8
FALY ARG A wet 33V #FAA FF
st & A/D ¥E7] Mg FAdok & Folth

fhced
[}
Pl

il

rot

g

[11 S. H. Lewis and P. R. Gray, "A pipelined 5
IEEE Solid-State Circuits, vol. SC-22, pp.
954-961, Dec. 1987.

[2] S. H. Lewis, H. S. Fetterman, F. Gross, Jr. R.
Ramachamdran and T. R. Viswanathan, "10 b

20 MS/s analog-to-digital converter”, IEEE J.
Solid-State Circuits, vol. 27, pp.351-358, Mar.
1992.

[3] Y.-M. Lin, B. Kim, and P. R. Gray, "A 13-b
25 MHz self-calibrated pipelined A/D
converter CMOS", IEEE .
Solid-State Circuits, vol. 26, pp. 628-636,
Apr. 1991.

[4 C. S. G. Conroy, D. W. Cline, and P. R.
Gray, "An 8-bit 85-MS/s paralle pipeline
A/D converter in 1-ym CMOS", IEEE ]
Solid-State Circuits, vol. 28, no. 4, pp.
447-454, Apr. 1993.

[51B. S. Song, M. F. Tompsett, and K. R.
Lakshmikumar, "A 12-bit 1-Ms/s capacitor
error-averaging pipelined A/D - converter”,
IEEE ]. Solid-State Circuits, vol. 23, no.
6, pp. 1324-1333, Dec. 1988.

{6] M. Yotsuyanagi, T. Etoh, and K. Hirata, "A
10-b  50-MHz pipelined CMOS A/D
converter with S/H”, IEEE ] Solid-State
Circuits, vol. 28, pp. 292-300, Mar. 1993.

[71 B. Razavi and B. A. Wooley,
techniques for high-speed, high-resolution
comparators”, IEEE J. Solid-State Circuits,
vol. 27, no. 12, pp. 1916-1926, Dec. 1992.

[8] S. Hosotani, et al., "An 8-bit 20-MS/s CMOS
A/D converter with 50m¥ power consumption
"IEEE J. Solid-State Circuits, vol. 25, no. 1,
pp. 1916-1926, Feb. 1990.

(9] B. Razavi and B. A. Wooley. "A 12-b 5
MSample/s two-step CMOS A/D converter”,
IEEE ]. Solid-State Circuits, vol. 27, no. 12,
pp. 1667-1678, Dec. 1992.

[10] M. Ishikawa and T. Tsukahara, "An 8-bit
50-MHz CMOS subranging A/D converter
with pipelined wide-band S/H”, IEEE J.
Solid-State  Circuits, 6, pp.
1485-1491, Dec. 1989.

fil} T. B. Cho and P. R. Gray, "A 10 b 20
Msample/s 35mW pipeline A/D converter”,
IEEE J. Solid-State Circuits, vol. 30, pp.

in 3gm

"Design

vol.24, no.

- 143 -



64 ojAd, #dd

166-172, Mar. 1995

{12] W. Song, H. Choi, S. Kwak and B. Song, "A
10 b 20 Msample/s low-power CMOS ADC”,
IEEE J. Solid-State Circuits, vol. 30, no. 5,
pp. 514-521, May 1995,

[13] K. Bult and G. J. G. M. Geelen, “A fast
settling CMOS opamp with 90-dB DC gain”,
IEEE ]. Solid-State Circuits, vol. 25, no. 6,
pp. 1379-1384, Dec. 1988.

xZ £ B 2
/g B IPN
1972+ 49 294, 19954 223
Bostn AxEssd 2AEg ¥4 2R
Ab). 1997 24 dA AEdgm
et AATEG ATy, T3

Al Bop  ojdra 3l2A4A.
olg] W&y 4A.

Eoa

._144_

FA7E3 A A 58 A 43,

s AAH7FE

h-23
i
j=3
E=3

T %-5-4-10
_\‘ﬂ__

e,

a3
=]

£.



