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Abstract This paper describes techniques for creating a low-power SAR ADC with an error-correcting non-binary
successive approximation algorithm:

(1) We propose a non-binary SAR ADC with two dynamic comparators; a low-power high-noise comparator for the
first conversion stages, and a second comparator with lower noise but higher power consumption for the last stages.
Comparator decision errors — due to the high noise of the first conversion stages, and offset mismatch between the
two comparators — are digitally corrected by the error-correcting non-binary successive approximation algorithm.
(2) For realizing low power consumption, a charge-sharing SAR ADC using a binary successive approximation algo-
rithm would be attractive. However the comparator offset in the ADC degrades the ADC linearity, and this offset
is usually calibrated by an analog method. Here we propose a charge-sharing SAR, ADC with an error-correcting
non-binary algorithm, and with digital correction of comparator offset, so that analog calibration is not required.
(3) We also propose a non-binary charge-sharing SAR, ADC with two dynamic comparators, which is the combination
of (1) and (2). This makes further low power implementation possible without analog calibration.

Key words SAR ADC, Comparator, Low Power, Redundancy, Digitally-Assisted Analog Technology — 1
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Table 1 Conventional 10b SAR ADC algorithm with two com-

parators
k | DAC(k) | er(k) [LSB] | D OO [LSB]
1 512 7.0 1
2 256 7.0 1
3 128 7.0 1
4 64 7.0 1
5 32 7.0 1
6 16 7.0 1
7 8 7.0 1
8 4 7.0 1
9 2 7.0 1
10 1 0.2 0
11 1 0.2 0

02 0000 20000000000 10b SARADCOOOOO

od
Table 2 Proposed 10b SAR ADC algorithm with two compara-

tors

k | DAC(K) | er(k) [LSB] | 000 [LSB]
1| 512 7.0 8
2 | 256 7.0 8
3] 128 7.0 8
4 64 7.0 8
5 32 7.0 8
6 16 7.0 8
7 8 0.2 0
8 8 0.2 0
9 4 0.2 0
10 5 0.2 0
11 1 0.2 0
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Table 3 10bit binary SAR ADC algorithm
k | Cu(k) | er(k) [LSB]
1| 256 28.1
2| 128 14.0
3| 64 7.0
4 32 3.5
5| 16 1.7
6 8 0.8
7 4 0.4
8 2 0.2
9 1 0.1

04 10000 1100000000000000000 SARADCOO
Table 4 10-bit 11-step algorithm for a charge-sharing SAR ADC

k | Cu(k) [ er(k) [LSB] | DD DO [LSB]
1 237 31.4 32
2 127 16.6 18
3 69 8.7 10
4] 37 46 5
5 20 2.4 3
6 11 1.3 2
7 6 0.7 1
8| 3 0.3 1
9 2 0.2 0
10 1 0.1 0

05 2000000000000000000 SARADCOOOO

ooood

Table 5 Conventional charge-sharing binary SAR ADC algorithm

with two comparators

k | Cu(k) [ er(k) [LSB] | DD O [LSB]
1 256 11.3 1
2 128 13.3 1
3 64 14.3 1
4 32 14.8 1
5 16 15.1 1
6 8 15.2 1
7 4 15.3 1
8 2 15.3 1
9 1 15.3 1
10 1 0.2 0
SAR
SAR logic l¢—o Clock
Pol Po2 Po3l Pod
Analog ] i
o S/H 102 3 4
u | g
3MSB Digital
| " output
Analog LSB

output

DAC

01 SARADCOOOO.
Fig.1 SAR ADC block diagram.
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Table 6 Proposed charge-sharing non-binary SAR ADC algo-

rithm with two comparators

Comparator

k | Cu(k) | er(k) [LSB] | 00O [LSB]
1 256 11.4 16
2 128 13.4 16
3 64 14.4 16
4 32 15.0 16
5 16 15.2 16
6 16 0.4 0
7 8 0.3 0
8 4 0.3 0
9 2 0.2 0
10 1 0.2 0
Flexible ?°__

Analog input
4’“7

DAC

select
Comp

SAR Logic

Digital output
—

CLK T

02 0000000 2000 SARADCOODOOO.
Fig.2 Block diagram of an SAR ADC with two comparators.
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Fig.3 Block diagram of a sharge-sharing SAR ADC.
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Fig.7 Simulation result of the proposed charge-sharing SAR
ADC with non-binary algorithm.

COutput
1200 T |p

1000 -

Output [LSB]
Qutput [LSB]

+ | | H : : : | i
1} 100 200 300 400 500 600 700 800 Qo0 1000
Vin

ik

DNL [LsB]

DNL [LsE]

' ' ' | | | | H | | 1 | 1
' ! ! ' ' ' ! ! ' ! 0 100 200 300 400 500 600 700 800 900 1000 1100
05 | | | | | | | | | |
0 100 200 300 400 500 600 70O 800 900 1000 Code Number
Code Number

08 U0OOUUUUUD 200000000 20 SARADCOO
goooooooo.
Fig.8 Simulation result of the conventional charge-sharing SAR
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Fig.5 Simulation result of the proposed SAR ADC with two com-

ADC with two comparators.
parators and using non-binary algorithm.
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Fig.9 Simulation result of the proposed charge-sharing non-

binary SAR ADC with two comparators.
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Fig.6 Simulation result of the conventional charge-sharing SAR
ADC with binary algorithm.



