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A Sub-1V 10 bit SAR ADC Robust Against
Process-Voltage-Temperature Variation
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(Shaanxi Provincial Research Center for Telecommunication ASIC Design , Xi’ an University of Posts and Telecommunications
Xi’an, Shaanxi 710121, China)

Abstract: A 10 bit successive-approximation-register (SAR) analog-to-digital converter (ADC) is designed by using
0.11 pm CMOS technology. It can operate with sub-1 V supply voltage and is robust against process, voltage, and tempera-
ture (PVT) variation. Since SAR ADC is with a highly digitized structure, a sub-1 V power supply which is smaller than
the standard supply voltage is used for power reduction. However, asynchronous SAR ADCs are sensitive to PVT fluctua-
tions, especially under low supply voltages. The commonly used delay circuit in asynchronous SAR ADC usually features
fixed delay without any configurable function, so that the ADC cannot operate properly under all PVT conditions, leading to
the degradation of ADC yield. A programmable delay-controlling technique is proposed in this paper for asynchronous
SAR ADC. A 3-to-8 line decoder is used to control the adjustment of current supplied to the delay circuit, so that different
delay requirements of the ADC under different PVT conditions can be satisfied. The post-layout simulation results verify
its robustness against variations of process corners (TT, SS, FF, SF and FS), supply voltage from 0.9 V to 1 V, and tempera-
ture from —40 C to 85 C. With a supply voltage of 0.95 V and a sampling rate of 200 kS/s, the power consumption of this
ADC is 2.24 pW, and the FoM value is only 16.46 fJ/Conv.-step.
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FFRA PVT Rl .

F1 WEBZFRXR,,, SNDR, SFDRFEPVT B HSEZL R (94.14 kHz £, @ 200 kS/s)
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Fb 558 i S A — A7 4 TR ] %) s T, B e sl A ) 3
r f% 22 PVT A5 I R A9 L s ) e .l s YR B 4 14 )
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TT 58.9(101) | 59.1(110) | 57.7(010) | 58.0(101) | 58.5(110) | 58.1(010) | 58.8(101) | 59.1(110) | 58.2(010)
ss 448 (111) | 58.7(101) | 58.8(011) | 59.6(111) | 59.1(101) | 59.4(011) | 59.8(011) | 59.3(001) | 59.1(011)
FF 57.1(010) | 56.5(100) | 57.0(000) | 57.8(100) | 56.9(100) | 57.3(000) | 58.0(100) | 58.6(000) | 57.9(000)
SF 59.3(111) | 58.6(001) | 58.7(100) | 59.4(001) | 59.1(110) | 58.4(100) | 59.7(110) | 59.0(010) | 58.8(100)
FS 57.9(001) | 56.9(001) | 57.4(010) | 57.0(001) | 57.8(110) | 56.9(010) | 56.8(001) | 57.9(110) | 57.3(010)
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SFDR=68.55 dB
SNDR=58.49 dB
ENOB=9 .42 bit@4.29 kHz

SFDR=77.33 dB
SFDR=61.54 dB
ENOB=9.93 bit@4.29 kHz

F/dB

0 20 40 60 80 100 0 20 40 60 80 100
MR /kHz B /kHz
(a) A% [E MR (b) % FEM s

B 17 AR N 4.29 kHz I 19 J5 7 2 FFT

N SCERL 12 PR 9 ADC AT B4 i I SRR (EUR:
ARV IFETAR . SCHR[13] 7 48 1 9 ADC A & 5 AR
(4 DA (HURA B R AT g TR /)N . SCHR( 14

SFDR=77.48 dB
SNDR=61.68 dB

SFDR=70.30 dB
—201 SNDR=58.40 dB

M _40] ENOB=9.95 bit@94.14 kHz c—40{ ENOB=9.41 bit@94.14 kHz
3 o
2 _60 i —60
o oF

—80 = _80

-100 -100

0 20 40 60 80 100 0 20 40 60 80 100
P /kHz P /kHz

(a) N [EM (b) % s
118 kAR K 94.14 kHz Y5 1/ E FFT

HR B ADC DIFERAG , (H R AT TR /N . A B
FICHk[6,12, 14,15 ] AR B THERXF PVT R @ PE M T 18
b . 5L TAEM e, Br 8 3 (1) ADC 7€ 0.11 pum
CMOS T FHUH T RAF e .

RS AXI106LADCE5EAMSAR ADCHIZTEE

e SCikle] SCHR[12] SCHRL13) SCik[14] SCHR(1ST A3
T.Z/nm 55 40 130 180 180 110
R AY 0.5/0.9 1.1 1 0.6 1.8 0.95
A8 B /bit 12 10 10 10 10 10
SREER AR /(MS/s) 1 25 0.001 0.2 0.46 0.2
SNDR/dB @Nyq. 68 53 56.7 56.9 54.1 58.4
ENOB/bit @Nyq. 11.01 8.51 9.12 9.16 8.7 9.41
UIFe/ W 30 68.64 0.053 1.76 21 2.24
A /mm’ 0.27 - 0.16 0.097 0.15 0.049
FoM/(fJ/Conv.-step) 12 7.58 94.5 15.38 110 16.46
PVT robustness No No Yes No No Yes

T e URINRER , Hf QR HA R

5 HiE

ARSCHEETF 0.11 pwm CMOS T 25, %1t T — FCR B
%k 200 kS/s, PVT 25 G 9F 1 V 103 SAR ADC 1P
¥, IR T — AR XTS5 42 SAR ADC fY AT i B 4E 3R
BEHAR . ZEAMI T RE T 545 SAR ADC #ER B
A I S BE PVT % 3 & A AR Ak AR AR T R B S B
ADCVERE T B IR, H7 3 i A RRD 2 8 7 4838 H i
B EL A, BV AT 3 2 45 Fh PVT 24 B s B INF, 4440 1 1F
B AL . R XHIR R N B RS M H 28T 5C L
G e% BB YET T PVT Rk o347, IR 22 PVT
24T Tk, $2 8 TR R % . #£ TT, SS, FF, SF,
FSiX 580 T2 #f,0.9~1 V {it o {5 FBl Ffl-40~85 “CHY &
BT, ADC UG T R AT sh A4 .
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