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Abstract: Time-interleaved analog-to-digital converters ( TIADC) and quantization-interleaved ADC ( QIADC) techniques are the
effective solutions to improve sampling rate and resolution of acquisition systems. The hybrid parallel acquisition system based on TIADC
and QIADC offers the capability to provide a blend of varying sampling rates and resolutions, however, high sampling rate is not
compatible with high resolution. In this paper, the focus is on investigating the optimal acquisition performance of the system. To this
end, we analyze the effects of the sampling rate and resolution on both input noise and quantization noise in the system. It is concluded
that it exists an optimal sampling rate and resolution combination for a given number of ADCs present in the system, which makes the
system achieve the best acquisition accuracy. Additionally, we also analyze the impact of offset mismatch and conclude that the offset
error degrades the performance of QIADC, and establish the relationship between offset error and increased bits. Theoretical analysis and
simulation results demonstrate that the optimal performance of the system is achieved when the input noise power equals the quantization
noise power, leading to an excellent combination of sampling rate and resolution. The maximum output signal-to-noise ratio is attained at
this point.
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Fig. 1  The block diagram of TIADC
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Table 1 the values of input noise power, quantization noise power and OSNR with different sampling rates and resolutions

ISNR=40 dB ISNR=50 dB ISNR=60 dB
N (M) E./ E,/ OSNR/ E,/ E/ OSNR/ E./ E,/ OSNR/
dB dB dB dB dB dB dB dB dB
1(48) -12.92 -47.75 43.03 -22.91 —47.83 53.01 -32.90 —-47.86 62. 87
2 (24) -15.93 —44.73 46. 04 -25.94 —44.82 55.99 -35.93 -44.85 65.51
3(16) -17.68 —42.62 47.78 -27.69 —42.68 57.67 -37.68 -42.68 66. 60
4 (12) -18.91 -41.73 48.99 -28.93 —-41.81 58. 82 -38.95 -41.83 67.25
6 (8) -20.71 -39.60 50.75 -30. 68 -39.67 60. 26 —-40. 66 -39. 69 68. 23
8 (6) -21.95 -38.32 51.94 -31.95 -38.38 61.15 -41.94 -38.36 66. 88
12 (4) -23.69 -36. 60 53.57 -33.69 -36. 66 62. 00 -43.72 -36. 62 65. 94
16 (3) -24.98 —-35.32 54.73 -34.97 -35.36 63. 28 —-44.97 -35.33 65. 01
24 (2) -26.73 -33.57 55.99 -36.72 -33.57 61.94 -46.70 -33.47 63.36

48 (1) -29.73 -30.55 57.24 -39.74 -30. 60 60. 22 -49.74 -30. 61 60. 69
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different sampling rates and resolutions

)5, % QIADC 9 it b I 7% 1R 22 S e i AT 1 525,
15 B FH IR B 5% 100 Hz B9 1F3%3% , QIADC £ 45 H
4 ASREER N 1 kHz (9 ADC 4, 30 HUAY 4 45 br
ADC FIA R EC(ENOB) , B0l DL SNR JHE 55"
THEZEMERWT

SNR(dB) = 6.02 - ENOB + 1.76 (33)

B A AR LA % ADC B 5 4 ENOB, SR )5 5

4 3EiB QIADC AR AR 2 T ) ENOB #1745 53
k2 pin . R EJG PSRN RGHA ¢/8 fl ¢/
6 ImFsiR 21 ENOB, BAHIEAL T ,4 {08 QIADC 14315
Y ENOB LUJE 4G ADC 191 2 bit, 1M A I FS 1R 221 4
WIE QIADC AR IETH A EUE T 2 bit, WE2 B
SRATLIAS B W F IR 220K T QIADC RGN IERE.

R2 RBRRESHOWREMLER

Table 2 The offset error and increased bits

LR AR ENOB r=0 r=q/8 r=q/6
4 2.98 4.92 4.34 4.22
8 6.97 8.96 8.35 8.15
10 8.96 10.97 10. 39 10.23
12 10.96  13.02 12.33 12. 14
16 14.97  17.04 16. 40 16. 12
4 &

ASCIHTF TIADC F1 QIADC IR A I AT 388 R EE R
g8 9T T S A E R, i iR TE RS
T ADC B BIARAET , 21 A M A Iy A 5 A e
PRARSERS % RG] LA B B i RAEAS B, TEXS 3R
GE RN 43 B AT RS TC B I, A SR AR AR K
RGNS IRAE 2 R AR AR /N RGEEA
SEPRAIE o BE AR, BEAh, AR SCIE IR T M A% R 22 X
QIADC HYFEM . W FAESLPR R G AR LB R 2R 5
piEs e R L L TN RS gt Sy R A g
M, DA SORTESEBRoR AR R GE b kAT 523, Rk AT 1 38
WA SO, A SCTAER— SR AR T SEPr Y
REE R v H A5 m TR R G b, th T1F
5N JhE G Y S B AR S T g TR R 2B B
RAEARIR A SR RAE R GETT BB 23 FUAR I Y 5 4 PR R
GERBLEAFAPERE . X T H—RY QIADC REEM & , I fF
AT ERE W 1) o O 7 2 R GE M RE O ORAIE , (H SRR
RS 308 A 0 ) T i S S L TR SR ), PR O 50 7
el B iR 22 %5 REMERERYZ M2 B/, (R 22 TAE
PR B 22 1 R G MR P ) i IR AT R IR LR G TR A 2R
WP S A A 5 S PR R G W), o — AP R
FHPE,

5%k

(1] THSC M, 3K 45F 500MS/s 12 LKLk ADC 1)
BRI ]. AT O S AR 41, 2022, 36 (3)
130-138.
DING B W, MIAO P, LI F, et al. Design research of
500MS/s 12 bit pipeline ADC [J]. Journal of Electronic

Measurement and Instrumentation, 2022, 36 (3):



5 4 3

AT SR AR BB T .25 -

(2]

[3]

[4]

[5]

[6]

(7]

[8]

(9]

[10]

130-138.

WLV, B PSS, e R AU R A R S
WSS )], B E,2022(7) ; 105-108.
YANG J T, LYU Z Q, HE Z H. The design and
realization in high speed and high-resolution data
acquisition system [ J ]. China Academic Journal
Electronic, 2022(7) : 105-108.

IR, H AR, IO, . ST IRAT A A B AL S
I TEERAFEARBE ST S BT ], AR, 2014,
35(7) : 1669-1675.

QUI D Y, TIAN SH L, YE P, et al. Research and
implementation of a random equivalent time sampling
based on parallel structure [ J]. Chinese Journal of
Scientific Instrument, 2014, 35(7) : 1669-1675.
BERTOCCO M, FRIGO G, NARDUZZI C, et al.
Resolution enhancement by compressive sensing in power
quality and phasor measurement[ J]. IEEE Transactions
on Instrumentation & Measurement, 2014, 63 (10):
2358-2367.

RO, BYESE, B ARAE, %E. JET VMD il K-SVD ¥
g o A T8 Tk AR S {5 S TR AR Tk [T ],
IUAHANFE 24 ,2020,41(3) : 49-60.

LISHY, MAO W P, CHENG ZH H, et al. Compressed
sensing method for leakage vibration signal in water-
supply pipelines based on VMD and K-SVD dictionary
learning[ J ]. Chinese Journal of Scientific Instrument,
2020, 41(3) : 49-60.

HUNG T C, LIAO F W, KUO T H. A 12-Bit time-
interleaved 400-MS/s pipelined ADC with split-ADC
digital background calibration in 4, 000 conversions/
channel [ J]. TEEE Transactions on Circuits and Systems
IT; Express Briefs, 2019, 66(11) . 1810-1814.

CHOI H S, ROH S, LEE S, et al. A 6b 48 GS/s
asynchronous 2b/cycle time-interleaved ADC in 28 nm
CMOS [ C]. 2021
Conference (ISOCC), IEEE, 2021, 127-128.

MANGANARO G, ROBERTSON D. Interleaving ADCs .

18th International SoC Design

unraveling the mysteries[ J|]. Analog Dialogue,2015.
LE DUC H, NGUYEN D M, JABBOUR C, et al. Fully
digital feedforward background calibration of clock skews

for sub-sampling TIADCs using the polyphase

decomposition [ J]. IEEE Transactions on Circuits &
Systems I Regular Papers, 2017, 64(6) ; 1515-1528.

SO, BN, kTR, 48 R T E® ADC B R Y

[11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

TIADC R GEM )1 22 [ IS A ERT L [T ], AR
2 4¢,2021,42(11) : 132-139.

CULWT, LIJ, ZHANG D B, et al. TIADC system time
error adaptive calibration algorithm based on domestic
ADC chip [J]. Chinese Journal of Scientific Instrument,
2021,42(11); 132-139.

MG, BRLC M, B, S BT S mE AL
TIADC BafESE ik [1]. Ik 5 3088 2 4z, 2021,
35(6) . 147-153.

XIAO R, CHEN H M, WANG J, et al. A Ref. ADC-

based calibration for time interleaved ADCs using random

sampling sequence [ J ]. Journal of Electronic
Measurement and Instrumentation, 2021, 35 (6 ).
147-153.

CHEN Y S, WANG Z Y, ZHUANG Y Q, et al. Analysis
and design of sigma-delta ADCs for automotive control
systems [ C].2021 IEEE 3rd International Conference on
Circuits and Systems (ICCS), IEEE, 2021.235-241.
D’ARCO M, GENOVESE M, NAPOLI E, et al. Design
and implementation of a preprocessing circuit for
bandpass signals acquisition [ J]. IEEE Transactions on
Instrumentation and Measurement, 2014, 63 (2):
287-294.

JIANG J, GUO L P, YANG K J, et al. Information
entropy-and average-based high-resolution digital storage
oscilloscope[ J]. Mathematical Problems in Engineering,
2014 947052.

GAO J, YE P, ZENG H, et al. Theory of quantization-
interleaving ADC and its application in high-resolution
[ J]. IEEE Access, 2019 (7):
156722-156732.

PUPALAIKIS P J, LECROY T. Understanding vertical
[C].
Clara, CA, USA, Tech. Rep, 2017.
ZHENG Y Z, ZHOU N X, ZHAO Y J, et al. A short
review of some analog-to-digital converters resolution

[J]. 2021,

oscilloscope

resolution in oscilloscopes DesignCon, Santa

enhancement methods Measurement ,
180 109554.

GAO J, HUANG W, WEI W, et al. Trade-off between
sampling rate and resolution: A time-synchronized based
multi-resolution structure for ultra-fast acquisition [ C].
2018 IEEE International Symposium on Circuits and
Systems (ISCAS). IEEE, 2018; 1-5.

MIZUTANI K, HARADA H. Analytical model of
in-band  full-duplex

quantization noise for wireless



- 26 -

LSRR R e o %37 &

[20]

communications [ C ]. 2020 23rd International

Symposium  on  Wireless  Personal =~ Multimedia
Communications (WPMC). IEEE, 2020 1-6.

NEUHAUS P, SHLEZINGER N, DORPINGHAUS M, et
al. Task-based analog-to-digital converters [ J]. IEEE
Transactions on Signal Processing, 2021, 69; 5403-5418.

EEE N

MEFE, 2017 4T P4 R A1 R 4R
b, U BT R R LS A
FEBRTFE D5 1l R S R AR S A B
E-mail ; Zhyz@ std. uestc. edu. cn

Zheng Yanze received his B. Sc. degree

from Southwest Petroleum University in 2017.

Now he is a Ph. D. candidate in University of Electronic Science

and Technology of China. His main research interests include
high-speed signal acquisition and processing.

R CH {51 , 2012 4F 3R 45
FHER A A 3 A TR A Be i B R 5 AL E
T A, B T R R R T
AR, 3B FE D5 [ S G I S 1
oA,

E-mail ; yijiuzhao@ uestc. edu. cn

i

Zhao Yijiu ( Corresponding author) received his Ph. D.
degree in measuring and testing technology and instruments from
the University of Electronic Science and Technology of China
(UESTC)in 2012. Now he is a professor and doctoral supervisor
of UESTC. His main research interest includes wideband time

domain testing.



