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A 3 & Switched capacitorE &£3
segmented RDAC 7]3¥Fe] SAR ADCE A4 %
SA 43

Al 1 A Switched capacitor & ¢4

Switched capacitor %9 7|& &2 374 3 HAZ yHZ. A
HA A= 28 9. 9F o] P1 AR50 AAA HHEA MEH

capacitor o V, 9 Veom @l Aelwkd Ask7t Aol Hrk (Voou = —2).
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VZ p:—l (':'s Vy _l_l—l_u
o LT f 1| 1|
Vcom P P2 —| | | I

1% 9. Switched capacitor 1¥+4] &2+ 2 timing diagram
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Al 2 A Switched capacitor 7+%& & &3 segmented
RDAC

E =% RDAC & a8z AAs7] 98 MSB ¢ LSB 7}
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LSB<63>  LSB<62> LSB<l>  LSB<O> AR IR VY
R T R I I R T R
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19 12. Switched capacitor® +% ¥ timing diagram

Switched capacitord &%+

524 w=AE ¥ 13, 3 o] o] Hrh
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Ask7t Adol Hh
Q¢ msB = Csms(Vin — Veom) (7)
Qc, s = Csrs8(Vise — Vecom) (8)
Phase 1 &%t #ME® capacitor 5ol A% ® A3H= Qe tota©1™
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A 3 Z Switched Capacitor & &£3%F segmented

RDAC 714k SAR ADC 9] +&

B =XoA AetslE= switched capacitor 8+ segmented RDAC
s &8

¥ 3lt}. Single—ended *+%°]¥W 312.5 kHz ¢ sampling rate =

ot

T 12—H]E SAR ADC + 1% 14. & & Fx=2
:fL
Ad Fx2 AA S}

SAR ADC 3|29 %2 A& Hof Reset ] A137F 1 oA 0 o &

FN

rﬁ.‘;

7Fa A SAR logic ] %< Dout<11:0>9] 3= Vcom o.& A4 af=r}.

SAR ADC 3=e] AJ#2 $2e AAs dels YHAs start of
conversion(SOC_I) 2 ZH-E] Z&Hct SOCI HA AlF7F Q7iew
clock divider & %3l switched capacitor ¢ A& = non—overlapping
clock Al% % SAR logic o A& = clock AE5s A AEoh
SOC_I A&7} @17} ®1 & binary search & %3l 12 W9 Dout<11:0>

Zgo] Yed HF &< ADCout<11:0>& ZE¥du™, 0.5 clock

A5 F o data conversion & 15 E <8l EOC_O Az E Yy}



MSB<47:0> v

LSB<0>,LSB<4>
*=+ LSB<56>, LSB<60>

LSB<0:63>
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Rezisn 3

Resisn 3

12-bit SAR Logic

ADCout[11:0]
—0

EOC_O
—

Dout <11:6>
\
o— "
SEL_MSB<5:0>
64:1 _.Nv|_ N Veom
MUX CsmsB p1 h
\ 4
64:1 PL  Csiss
MUX "
SEL_LSB<5:0> P2
% Hﬂ Dout <5:0>
/
7
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Abstract

Design and Analysis of a SAR
ADC with Segmented RDAC Using
Switched Capacitor Structure

Youseok Chang
Department of Electrical and Computer Engineering

The Graduate School

Seoul National University

This paper analyzes the effect of resistor mismatch on the circuit of a segmented
resistor digital-to-analog converter of a successive approximation register analog-to-
digital converter which can achieve an identical resolution with a lesser area
consumption by using the segmented RDAC and switched capacitor structure. Based
on the analysis and modification of resistor mismatch, this paper proposes linearity-
improved SAR ADC.

Although the conventional resistor string ladder DAC has advantages from a

monotonicity perspective, its DAC size increases twice as the number of bit increases.

This has a great impact on the overall size of the circuit, which makes it very
important to efficiently reduce the size of the DAC from the design perspective. In
this paper, a segmented resistor DAC utilizing a switched capacitor is used to match
the distribution ratio of the segmented bits and construct the segmentation structure.
The results of the differential non-linearity and integral non-linearity caused by the

resistor mismatch of the resistor DAC are analyzed. The performance of the
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segmented DAC was improved by modifying the configuration of the MSB array
and the LSB array of the segmented resistor DAC in order to reduce the degradation
of linearity.

The ramp simulation results demonstrate that the proposed structure with
mismatch improvement does not incur missing code while exhibiting a DNL of
+0.252/-0.374 LSB and INL within +/-1.5 LSB. The total area of the DAC is
0.3489mm?, and the total power consumption is 9.94mW with an analog supply

voltage of 5V and a digital supply voltage of 1.55V.

Keywords : Successive approximation ADC (SAR ADC), Linearity, Differential
non-linearity (DNL), Integral non-linearity (INL), Resistive digital-to-analog
converter (RDAC), Switched Capacitor

Student Number : 2021-27908
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