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Testing Technologies for Analog/Mixed-Signal Circuits in [oT Era
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(2020 4F 3 7 18 HZAF, 2020 4= 6 H 21 A FXAT)

This paper reviews production testing issues for analog and mixed-signal SoC in IoT era for analog circuit designers,
and also introduces research examples including authors’ group research results in this area. Notice that production
testing and measurement/characterization for ICs are similar but different, and this paper introduces the former. For
IoT systems and automotive applications, analog and mixed-signal circuit testing is very important to realize their
reliability at low cost, and there are a lot of technology challenges. Their overview including future technology
challenges is described.
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Fig. 1. Loopback test configurations. (a) ADC/DAC loopback.

For ADC testing, the DAC is used for its test signal generation.
(b) Wireless communication transceiver loopback. The signal
from the transmitter is directly received with the receiver circuit
on the same chip and the DSP judges whether the correct

communication is done or not.
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Fig. 2. Oscillation-based analog filter configuration.
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Fig. 3. Operational amplifier with negative feedback configuration.

Parametric failures tend to be hidden during test.
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Fig. 4. On-wafer test. Failures can be detected before packaging,

but PADs may be damaged if there are no cares.
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Fig. 5. ADC system configuration. (a) Incoherent sampling.

(b) Coherent sampling.
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Fig. 6. Equivalent-time sampling principles. (a) Coherent

sampling and waveform reconstruction. (b) Sequential Sampling.

(c) Random sampling.
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Fig. 8. Operational amplifier open-loop characteristics
measurement with summing node method. The minus input
voltage of the DUT with the closed-loop configuration is
amplified and the DUT open-loop characteristics can be

measured.
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Fig. 9. Proposed AZADC INL test method. Sine wave is

applied as an AD modulator input, and its harmonics power is
obtained from the modulator output 1-bit data stream, so that

the overall ADC INL is estimated.
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Fig. 10. Sine curve fitting method for ADC testing.
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Frequency

IEEJ Trans. EIS, Vol.141, No.1, 2021



7w 7T A M CMRRR, )

Hilbert Filter Complex

Sampling| 22 T FFT | frest
Acos2rfpt +0) Circuit Tm1 Power
1 Spectrum
cos(2mfint) RC | fs1 Sampling
— | Polyphase Frequency
1 Complex

fi Filter [~ | Re2 .
(Unk;"own) - Sampling FFT fres2 | Remainder | | ggtimate
Circuit Tm2 Power [~ | Theorem fn

Asin2ufi,t +6) T Spectrum
fa2
Generate 5 -
In-phase Signal I : 'omplex
Quadrature Signal Q — FFT fress
Circuit Power
T Im3

Spectrum ‘

fs3
_— —

Sampling Frequency

. & : Residue Frequency
is Relatively Prime

12 FIRREMNCBEY TV T T L,
Y7V N KD EBEEAT VR L A FRRCHIH Y S,
Fig. 12. Waveform sampling system with residue number.

Spectrum folding due to the sampling is proactively utilized.
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Fig. 13. Time-interleaved ADC system. M-times sampling rate
of the channel ADC can be realized.
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