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Abstract: Time-interleaved analog-to-digital converters (TIADCs) overcome the sampling rate bottleneck of
monolithic ADCs and enable ultra-high-speed broadband acquisition of optical signals in applications such as
laser 3D imaging lidar and high-speed optical communication systems. However, their practical performance
is fundamentally limited by inter-channel mismatches in offset, gain, and sampling timing, which introduce
pronounced spurious components and nonlinear distortion. Such errors directly degrade the sampling accur-
acy of laser echo signals and impair system ranging and demodulation performance. To address this issue,
this paper proposes an all-digital TIADC calibration algorithm based on a multi-channel all-phase fast Fouri-
er transform (FFT) frequency discriminator. A two-stage low-pass filtering and interpolation reconstruction
architecture is devised, paired with the multi-channel all-phase FFT frequency discriminator. By exploiting
the phase invariance property of all-phase FFT and the phase correlation of multi-channel sampling, the pro-
posed method achieves high-precision frequency estimation and interval discrimination of input signals,
which eliminates the inherent high-frequency performance deterioration of traditional algorithms. Integrated
with a least mean square (LMS) adaptive filtering framework, the algorithm realizes synchronous joint calib-
ration of offset, gain, and sampling timing mismatch errors. A 4-channel TIADC experimental platform with
a total sampling rate of 2 GHz is constructed based on MATLAB and FPGA for performance verification.
Experimental results demonstrate that the proposed frequency discriminator maintains a frequency interval
discrimination accuracy of 96.7% even at an extremely low signal-to-noise ratio (SNR) of =5 dB. After calib-
ration, the spurious-free dynamic range (SFDR) of the system is improved from 19.8 dB to 81.2 dB, and the
signal-to-noise and distortion ratio (SNDR) reaches 73.8 dB. The proposed algorithm operates without dedic-
ated calibration signals and exhibits outstanding calibration performance under low-SNR conditions, provid-
ing core technical support for high-speed, high-precision sampling systems in optical fields including lidar

and high-speed optical communication.
Key words: TIADC channel mismatch calibration all-phase FFT frequency discriminator
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Tab.2 Experimental Parameter Configuration of the
TIADC System

Fs 2 GHz
ADC fon 500 MHz
ADC 14 bit
20000
FFT 1024

100 MHz

3
Tab. 3 Configuration of Channel Mismatch Errors

LSB ( ) ps
1 0 0 0
2 3.5 0.025 9.2
3 -4.8 -0.022 -7.5
4 2.9 0.018 6.7

TIADC

Signal-to-Noise and Distortion
Ratio, SNDR
Dynamic Range SFDR
ber of Bits, ENOB

Spurious-Free
Effective Num

4.2
MAT-
LAB 4 TIADC
F,=2GH
1000
42.1
4 -5dB
30dB
4

4
Tab.4 Comparison of Frequency Discriminator Per-
formance under Different SNRs

-5dB 3.2% 96.7%
0dB 8.7% 98.4%
5dB 12.8% 99.1%
10dB 31.6% 99.6%
15dB 67.5% 100%
20 dB 92.3% 100%
25dB 96.1% 100%
-5 dB
96.7% 10dB
100%
10dB 31.6%
422
20 dB
4
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Tab.5 Performance Comparison of Frequency Dis-
criminators at Different Input Frequencies

100 MHz [0; fh=2] 92.3% 100%
200 MHz [0; fh=2] 91.7% 100%
300 MHz [fen=2; fen] 90.5% 100%
400 MHz [fen=2; fen] 89.2% 99.1%
600 MHz [feh;3fen=2] 87.6% 98.4%
700 MHz [feh;3fen=2] 86.3% 100%
900 MHz [3feh=2;2fen] 85.1% 100%
950 MHz [3feh=2;2fen] 84.3% 100%
0~1GHz
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85%
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Fig.5 Frequency Spectrum Before Offset Error Calibra-
tion
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Fig. 6 Frequency Spectrum After Offset Error Calibration
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Fig. 7 Frequency Spectrum Before Gain Error Calibration
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Tab.6 Verification Results of Calibration Perform-
ance for the Proposed Algorithm
[19]
SFDR 19.8 62.3 81.2
100 MHz
! SNDR 185 60.1 73.8
| SFDR 21.2 58.7 80.5
300 MHz
SNDR 19.7 56.9 732
SFDR 20.5 423 79.3
600 MHz
10 SNDR 19.2 401 72.1
Fig. 10 Frequency Spectrum After Clock Skew Error Cal-
o SFDR 20.9 38.7 78.4
ibration 900 MHz

SNDR 19.5 36.8 715
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10 201 512 778 Tab.8 Resource Utilization of Core Modules of the FP-
GA Calibration Algorithm
15 20.7 58.7 79.6
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