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Set-top box:PNX8327
One Chip Set-top Box: 2 ADC, 6 DAC…
Video decoder: 12 ADC, 2 DAC, …
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MotivationMotivationMotivation

Testing Complex Testing Complex SoCSoC or or SiPSiP

Context:
Expensive ATE

• With mixed-signal option
• Up-to-date performances 

Time consuming 
• Test mixed-signal circuits (converters)
• Limited number of mixed-signal resources => no concurrent test

Objective: 
Test of converters 
Use Low-cost ATE
Reduce the Testing Time
Guarantee Test Quality



4

OutlineOutlineOutline

ANC Principle

Test Method

Didactic Example

Generalization

Results

Conclusion



5

ANC PrincipleANC PrincipleANC Principle
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Fully Digital Test of Converters
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ANC PrincipleANC PrincipleANC Principle
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Test MethodTest MethodTest Method

Converter Parameters Converter Parameters 

Harmonics => Converter Parameters

Dynamic Parameters
THD
SINAD
SFDR
ENOB
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Harmonics
H2 H3 H4 H5 H6 H7 H8 H9

Spectrum of converter output

Directly defined by 
Harmonics

*

Direct correlation

"Comparison Between Spectral-Based Methods for INL Estimation and Feasibility of Their Implantation",
V. Kerzerho, S. Bernard, J.M. Janik, P. Cauvet, Proc. IEEE International Mixed-Signal Testing Workshop, pp. 270-275, 2005.

*
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Test MethodTest MethodTest Method
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Test MethodTest MethodTest Method
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Didactic ExampleDidactic ExampleDidactic Example
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Configuration C(1,1): First equationConfiguration C(1,1): First equation
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Didactic ExampleDidactic ExampleDidactic Example

Configuration C(1,1): Second equationConfiguration C(1,1): Second equation

1001
1001
1001

0001

1100

1001
1001
1001

0001

1100

DAC2

DAC1

ADC1

FS

Σ

ANC

FS
k

FS
kk HadcHdacHmeas 111 +=

FS
k

FS
kk HadcHdacHmeas 122 +=



15

Didactic ExampleDidactic ExampleDidactic Example

Configuration C(1,1): Third equationConfiguration C(1,1): Third equation
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Didactic ExampleDidactic ExampleDidactic Example
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GeneralizationGeneralizationGeneralization

Test ProcedureTest Procedure
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Test ProcedureTest Procedure
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0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 1 0 0

ADC1
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 1 0 0

Σ

DAC2
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 1 0 0

DAC3
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 1 0 0

DACn
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 1 0 0

ADC2
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 1 0 0

ADC3
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 1 0 0

ADCm
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 1 0 0

DAC1

DAC4
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 1 0 0

ADC4
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 1 0 0

Step # Tested 
convert.

Equi. 
test 
time

#1 3 5
#2 3 1
#3 6 1
#4 12 1Dynamic Process



22

GeneralizationGeneralizationGeneralization

SummarySummary

Significant Parameters of Each Converter
SFDR, THD, INL…

Low-cost ATE 
Fully Digital Testing 

Testing Time
Dynamic Process + Digital resources Concurrent testing
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ResultsResultsResults

Simulation ResultsSimulation Results
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ResultsResultsResults

Simulation Results: Harmonic EstimationSimulation Results: Harmonic Estimation
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ResultsResultsResults

Simulation Results: Parameter EstimationSimulation Results: Parameter Estimation
Converter
Number 

Wanted 
THD 
(dB) 

THD 
estimation 

(dB) 

THD 
error 
(dB) 

Wanted 
SFDR 
(dB) 

SFDR 
Estimation

(dB) 

SFDR 
error 
(dB) 

#1 -59.1 -59.0 -0.1 68.8 69.3 -0.5 
#2 -58.0 -57.9 -0.1 69.3 69.9 -0.6 
#3 -58.2 -58.2 0 67.9 67.5 0.4 
#4 -64.3 -63.9 -0.4 69.4 68.9 0.5 
#5 -66.7 -66.9 0.2 70.9 71.1 -0.2 
#6 -61.7 -58.8 -2.9 63.4 64.2 -0.8 
#7 -48.1 -48.1 0 67.1 66.3 0.8 
#8 -62.7 -62.2 -0.5 65.4 64.7 0.7 
#9 -60.7 -60.9 0.2 64.9 65.5 -0.6 

#10 -59.7 -59.7 0 62.2 62.2 0 
#11 -61.5 -61.8 0.3 64.0 65.1 -1.1 
#12 -61.6 -61.4 -0.2 62.8 62.8 0 
#13 -70.4 -69.6 -0.8 71.1 67.4 3.7 
#14 -55.5 -55.6 0.1 65.0 65.0 0 
#15 -64.0 -63.6 -0.4 68.6 68.4 0.2 
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Simulation Results: Parameter EstimationSimulation Results: Parameter Estimation
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ResultsResultsResults

Experimental Results (real circuits)Experimental Results (real circuits)

12-bit ADC: TDA9910

ADC Expected 
THD  (dB)

Estimated 
THD (dB)

Estimat. 
Error (dB)

Expected 
SFDR (dB)

Estimated 
SFDR (dB)

Estima. 
Error (dB)

#1 66.4 66.0 0.4 -66.9 -66.9 0.0

#2 64.8 65.9 -1.1 -67.2 -65.6 -1.6

#3 70.4 69.4 1.0 -70.7 -72.1 1.4

#4 63.2 63.6 -0.4 -67.8 -65.3 -2.5
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ConclusionConclusionConclusion

Test the Complete Set of Embedded Converters
Low-cost ATE

Digital testing 
BIST  possibilities

Reduce the Testing Time
Concurrent test

Preserve Test Quality 
Embedded resources

Analog Network of Converters (ANC)Analog Network of Converters (ANC)

Future ProjectsFuture Projects
DFT Implementation
Extend the application field
Linear Phase Requirement
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Jitter + noise compensationJitter + noise compensation
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Ref.

•• Noise is considered as a random variableNoise is considered as a random variable
Correlated and uncorrelated values are discriminated  Correlated and uncorrelated values are discriminated  
and processedand processed

Ref: “Improving the dynamic measurement of ADC’s using the 2 ADC method”,
P Cauvet, Teradyne Users Group 2001
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Generalization with n DAC & m ADCGeneralization with n DAC & m ADCGeneralization with n DAC & m ADC

Experimental ResultsExperimental Results
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2 -69.2 -68.1 -1.1 
3 -67.9 -67.8 0.1 
4 -72.5 -70.8 -1.7 
5 -70.8 -71.8 1.0 
6 -95.7 -86.2 -9.5 
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9 -78.7 -78.9 0.2 
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Loop-back techniqueLoopLoop--back techniqueback technique
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[ref]
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Experimental SetupExperimental SetupExperimental Setup
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INL from FFTINL from FFTINL from FFT
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