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ANfA| sxekst W25 fAE slo] B2l = SAR ADC
Hybrid SAR ADC with Improved Energy Consumption and Area
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Abstract

This study proposes a capacitor switching scheme that reduces both the energy consumption and area through multiple reference
voltages of a capacitive digital to analog converter (CDAC), a component of successive approximation register (SAR) analog to digital
converter (ADC). With a 10-bit SAR-ADC, if the reference voltage is used as 3-bit with a 6-bit capacitor array, the energy and area
(number of capacitors) are reduced by 99.97 % and 93.75 %, respectively. Furthermore, we propose a switching algorithm that
minimizes energy consumption, which is proven analytically.
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Fig. 1. The structure of N+M+I bits SAR ADC using the
proposed switching scheme.
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quA LEFI} WAL 7)AE o] = SAR ADC
E1.N=6, M3 W, 2t @A & H 2RUA [CV2)]
Table. 1. Average Energy consumption at each phase when N=6, M=3 [CV}’/].
Phase
Output 1 2 3 4 5 6 7 8 9
00000000x 0 0 0 272 274 276 28 2710 21
00000001x 0 0 0 272 27 276 278 2710 61#¥27 12
00000010x 0 0 0 272 274 276 278 20%710 | 5wy
00000011x 0 0 0 272 274 276 278 20%2710 | 5712
00000100x 0 0 0 272 27 276 13%2°8 510 gx 12
00000101x 0 0 0 272 274 276 13%¥278 5% 710 | 53w 12
00000110x 0 0 0 272 274 276 133278 | 25%710 | 3¢
00000111x 0 0 0 272 274 276 13%27% | 25%2710 | 4912
00001000x 0 0 0 272 274 5% 6 5% 8 gxp 10 | 2
00001001x 0 0 0 272 274 5476 5%) 78 9x 710 | 45¥p712
00001010x 0 0 0 272 274 5%p76 5%p78 21#2710 | 2112
00001011x 0 0 0 272 274 5% 548 212710 | 4172
00001100x 0 0 0 272 27 5% 98 13%2710 5% 12
00001101x 0 0 0 272 27 5% 9% 8 13%2710 | 37712
00001110x 0 0 0 272 274 5% 9% 8 17#2710 | 29712
00001111x 0 0 0 272 274 5% 98 1742710 | 33%p712
Avg. energy consumption 0 0 0 272 2! R 7% 1542710 | 314712
2 NJ»]' Moﬂ EHE}‘ 7—}' D]’;ﬂ O H 5]-%_ ﬁjﬂ' oﬂL‘]Z] ‘avg,proposed
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’ Sample V+=Vip,V-=Vin,i=1 ‘

V+ = V+ - Vref/2/(i+1)
V- = V- + Vref/2/(i+1)

V+ = V+ + Vref/2/(i+1)
V- = V- - Vref/27(i+1)

NO

V+ = V+ - Vref/24i V+ = V+
V-=V- V- = V- - Vref/2Ai

V+=V+ V+ = V+ + Vref/2A
V- = V- + Vref/2Ai V- = V-
V+=V+ V+ = V+ - Vref/2Ai
V- = V- - Vref/2Ai V-=V-

NO
T

YES NO

‘BI 1‘ ‘Buzo‘

a8 4. Ak 2913 +H 9 M=

Fig. 4. Flow chart of proposed switching rule.
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Fig. 5. The proposed switching scheme of 6 bits SAR ADC (N=2, M=3).
A v Ao wet 244 Hn ATE] e At v Wsht glek 23 vt ol
MSB-27} 10| B2, U] WA GAoA V& BE 75 of Weir v, ,/8 0153, MSB-3°] 24 ¥
A b= 21, 83 AAR T8Y v e A5 MSB-3¢] 10]BE, T4l A @AA V& BE A

767



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 32, no. 9, September. 2021.

A shekoll Ak WSt )l v & AFAE st
el 72t 5y, /8, 57,08, 6V,.,/8, 6V,,,/87t AAE
ot 2= <Qlall, vorb ool HEA v, /165 7tsk A,
MSB-47} A4 €t

MSB47} 10122, H3F gAoA viE EEAINAH
s WS glom, v & AAY shdie
V.08, 6V,.,/8, 6V,,8 6V, /8% Wttt v = o]
A AR v, 328k Sk 1§, LSBe P
Hlaol ofsf A4,

2 @0 S A HA BT Al WA ¥ wA] A
A AFF Ag sk dskel Abe] Mshgol ¢l
wO2 o] &~R7} o] Hr I3 vl WA Hlwe}
oA WA BlE v &9 AAE A e ke
P e Aol tig WS AFACHE oA &
H 7} A st

. Agajol
34 A9E oUA| 24

19 6@ "MEHS T3l xFS ANAIE WE HE
N) 7, y5< 7124Y HEWM) 7, T3 255 4o
294 oA AR #Hes 2 2AY(10log(energy[J]*
10)2 =438 T2 Zo|t},

£ 3 71EAS HIEM)S AHAEH WE HEN)
w2t AN 2903 7o ga) AR uRAE e
W ZoH, o]F T ZE Yepd 19 6t 2k 1
g 6b)E F HIEZL 10-bit NHMHI=100D 9, xF S N, y
5 W 29F UA ARZORE VER T zelt
I¥ 65 E3l M ol AZFE ARUA 7L EoEs

[e] =
AL % 5 ok

=N T

Kl

32 A9 %0 T2 ofux Y WE u@

¥ 4= 10-bit SAR ADCelA Conventional, Monotonic,

HSRS, Vag-based Tri-level, Hybrid, Vem-based 329} Al

AE 29 FZ2E dUA < Ao gl vk Ao

I oA aR9] A9, 7 =79 Tabled] F+01%
o

%S B L5 AL, olE A (), A QOERE FU3

768

40

20

avg energy [10*Iog(energy*’|07)]

oo
.

*/

CAPBIT(N) Vref BIT(M)
(@ M3 Nol w2 Hg 294 oA 2H g A=
1~10, N=1~10) [10log(energy[J]*10)]
(@) Result of average switching energy consumption in 10 bits
SAR ADC (M=1~10, N=1~10) [10log(energy[J]*10")]

90

]
— 80 r
<
=
*s 70 -
E [~]
2 60
o Q
o
2% °
i
5 40
I=)
® L
>\3()
=4
5]
5 20g
o
=
© 10
0 |
1 2 3 4 5 6 7 8

CAP BIT(N), M+N+1=10
(b) 10 bit SAR ADC (N+M+1=10)¢] H# A9H oz 2
3} [10log(energy[J]*107)]
(b) Result of average switching energy consumption in 10 bits
SAR ADC [10log(energy[J]*107)] (N+M+1=10)
J8 6. N3k Mol w2t 293 duA g AlE
ol A3
Fig. 6. Simulation results of average switching energy
values according to N and M.

A LE F e folth & =AM Hlude B4
CDACS] AMAY wjds 4sks AMAEEo] 24
sle WS ovdth ¥ 404 FEE 10 WIES] ADC
of 2 2913 725 A&skls W CDAC €23 &
g AR AE 9] T2 RE WA A sHlHh Monotonic



# 3. AFAEHUMEN), 7124 vIEM)Y w2 Hg 294 YA [10log(energy[J]*107)]
Table. 3. Average switching energy for capacitor bits (N), reference voltage bits (M) [10log(energy[J]*107)].

M
N 1 2 3 4 5 6 7 8 9 10
1 60.97 54.95 48.93 4291 36.89 30.87 24.85 18.82 12.80 6.78
2 64.95 58.93 5291 46.89 40.87 34.85 28.82 22.80 16.78 10.76
3 68.57 62.55 56.52 50.50 44.48 38.46 32.44 2642 20.40 14.38
4 71.89 65.87 59.85 53.83 47.81 41.79 3577 29.75 2373 17.71
5 75.07 69.05 63.03 57.00 50.98 44.96 38.94 32.92 26.90 20.88
6 78.16 72.14 66.12 60.10 54.08 48.05 42.03 36.01 29.99 23.97
7 81.21 75.19 69.17 63.15 57.13 51.11 45.09 39.06 33.04 27.02
8 84.24 78.22 72.20 66.18 60.16 54.14 48.12 42.10 36.07 30.05
9 87.26 81.24 75.22 69.20 63.18 57.16 51.14 45.12 39.10 33.07
10 90.28 84.25 78.23 72.21 66.19 60.17 54.15 48.13 42.11 36.09

H 4. 10-bit SAR ADCO| 7+ 2917 720 AR
Table. 4. Summary of performance on different switching
schemes for a 10-bit SAR ADC.

Average . An
Switching switching N8 Area e
saving reduction
scheme energy %) (© (%)
(01/7_26/‘) 0 0
Conventional [1] 1,363.3 Ref ol Ref
Monotonic [2] 255.5 81.26 210 50.00
HSRS [3] 106.2 92.20 210 50.00
Vag-based s
triclevel [4] 48.03 96.48 2 87.50
Hybrid [5] 15.88 98.83 29 75.00
Vem-based [6] 170.17 87.52 210 50.00
Proposed 9
(M:INS) 26.542 98.05 2 75.00
Proposed 8
(M2NT) 33022 99.76 2 87.50
Proposed .
(M3N:6) 0.4089 99.97 2 93.75
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