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Abstract ; The test of analog-to-digital converter (ADC) mainly includes two test processes of static parameters and dynamic parameters.
With the improvement in the performance, the testing complexity and cost of ADC increases dramatically. Alternative test, which means
obtaining two types of parameters from only one test process by analyzing the relationship between static and dynamic parameters, has
been proven to be a major solution to reducing the complexity and cost of ADC test. In this article, the alternative testing is achieved by
constructing a regression model based on artificial neural network. The model takes total Harmonic distortion (THD) as the prediction
target, and takes the static performance parameters as the input features. For high-dimensional ADC nonlinear curves, statistical analysis
and principal component analysis are combined to design a special feature extraction method, which greatly reduces the feature dimension
and the loss of information. The prediction results on the test set show that the mean absolute error and R-squared between the predicted
THD and the reference value reach 1. 15 dB and 0. 6, respectively, which are significantly better than those of other comparison models.
In addition, SHAP (shapley additive explanations) model interpreter is used to analyze the dependencies between the prediction target
and feature variables of the model, and meaningful results are obtained.
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Table 1 Statistics of ADC dataset

¥ H1E iz wmOKME ME HLpE
INL 3.46 0. 64 6.90 1.94 LSB
DNL 0.55 0.05 0.74 0.44 LSB
OE 0.04 0. 04 0.18 -0.12  %FSR
GE -0.49 1.00 2.81 -3.42  %FSR
SNR 78. 60 1.60 81.33  63.45 dB
SFDR 84.73 2.79 94.56  74.71 dB
THD 78.20 2.66 89.36 7207 dB
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Fig. 1 Test platform environment

EF%fES | SMAIOOBZY 5 #fiAn
s s R

WU B AR
opl =K iy
E! I ey iz GPIBE.£
gy g st |
E |& & V93000% U iAHL

IMulti—Site Power Supply Card]
> Pin Scale 1600 Digital Card)

{SOC Port Scale RF Pure Clock Card] ‘—"im

B2 DT 5 S5 A P

Fig.2  Structure block diagram of the test platform
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Fig.3 DNL and INL curves and their statistical histograms

were measured
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Bk[ 167,

3 25 ADC 1Y INL i 28 F1 DNL i £k i e 145
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2) fdi F 3£ A% 43 43 BT ( principal component analysis,
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Fig.4 Schematic diagram of the PCA algorithm
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Table 3 Statistical parameter statistical analysis feature

distribution feature table

28 WfH i BRRME  RME
Mean 0.22 1. 491 7. 65 -6.57
Std 9.96 3.359 29. 14 1.46
G, 0.12 0.277 1. 04 -0.93
G, -1.03 0.327 0.48 -1.73
Max 7.61 2.253 17.26 1. 14
INL fh£k
Min -6. 66 1. 687 -1.19 -16. 12
Q, -2.43 1. 444 4.13 -9.2
0, -0.03 1. 124 7.82 -7.3
Qs 2.89 1. 875 10. 86 -3.99
Power 12.23 5.797 73.4 1.59
Mean 0 0 0 0
Std 0.02 0. 002 0.03 0.01
G, 0. 06 0.125 0. 46 -0.59
G, 0.01 0. 066 0.4 -0.25
Max 0.55 0. 047 0.74 0.42
DNL Hh £k
Min -0.48 0. 040 -0.38 -0.65
Q, -0.08 0. 006 -0.07 -0.11
0, 0 0. 004 0.02 -0.02
Qs 0.08 0. 007 0.11 0.07
Power 0.02 0. 002 0.01 0.03
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Fig. 8 The predicted value versus the reference

value of some data in the test set
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Fig.9 Schematic diagram of predicted value versus

reference value on the test set
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2) FROESR IO IR o A SR FH I SE 33 BT F
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DASERR 3 A SR RAE LA YO L, X A B2 5 B B 7R B sk
X LA AT

Fa g T B S B A F ¥ E B (mean
regression, MR )., % JC & IH ( multiple linear
regression, MLR) 5 ANN 7£ %) 3 /) THD i B |-
HIPEREXT HE . Hort MR 248 JHUIZR4E | THD (972414
PE AL |- THD (8 TN, 1208 L B8 6% hy HoAh Tt ) 45
RUPRAE— A TPPA B, B G0 SR — 4> S0 55 8 1) 7 ) 3K A
AR ARAN I MR, AR A

R4 AEEBTEREX L

Table 4 Comparison of prediction performance

N pIE =S A
el

MAE R MAE R’
ANN 1.21 0.53 1.15 0. 60
MLR 1.38 0.47 1.36 0.49

Mean 1.93 0 1.95 0
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Fig. 10 Feature importance
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