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A Built-in Self-Test > - A ADC: an Integrated
Test Solution for the ADCs in 3D ICs
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Abstract

The 3D IC is considered as one of the emerging techniques for implementing the next-generation ICs. The 3D IC technique
such as through-silicon vias (TSVs) provides vertical and shorter connections for inter-die communication. Hence, the 3D IC
achieves many advantages such as increased functional density, decreased power, more compact volume, reduced signal
latency, and higher performance. On the other hand, the 3D structure leads to new test challenges. The main issue of testing 3D
ICs is the reduced controllability and observability due to the lack of accessible 1/0 pads. After packaging, the 3D ICs still need
to perform the final tests; the I/O pads of the inter dies, however, may be no longer directly accessible during the final tests.
New test strategies are requested to address the test challenges. From the testing points of view, the circuits under test (CUTs)
incorporated with some on-chip design-for-testability (DfT) or built-in self-test (BIST) functions are highly demanded for 3D ICs.

This work provides an integrated test solution for the ADCs in 3D ICs. We implement a fully integrated BIST > -A
ADC which achieves a high resolution and a BIST bandwidth as wide as the rated input bandwidth. We adopt the
decorrelating design-for-digital-testability (D°T) scheme to implement the input stage of the > -A ADC under test
(AUT). The D’T scheme accepts digital > - A modulated bit-streams and then generates the required analog stimuli.
In addition, the DT structure also provides the advantages such as a small silicon overhead, high fault observability,
and the capability of conducting at-speed tests.

We propose a novel in-phase and quadrature waves fitting (IQWF) method for implementing the BIST design with
a low cost. The IQWF method conducts single-tone functional tests to provide the

standard test results requested by industry such as the SNDR, the dynamic range, " ‘,'.'I'-P.
the offset, and the gain error of the AUT. Since the proposed IQWF procedure is = o
performed digitally in real time, it does not require any analog design effort and =~ _ 7o o ’

huge memory like conventional Fast Fourier Transform (FFT) analysis does. The EH, ..f'"f

all-digital implementation of the IQWF method features robustness, low-power, ;E-; o

a small area, and portability. These characteristics make the IQWF method well " . :T_T"::.-:
suitable for BIST implementations. o
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Fig. 1 depicts the dynamic range test results. The BIST circuits report a dynamic Slmais Asepiys (4EFE)

range of 92.1 dB and a peak SNDR of 87.6 dB, which are very close to the
corresponding test results obtained by conventional FFT analysis. Fig. 2 shows
the frequency response test results. The BIST circuits achieve a test bandwidth as

Fig.1 > Dynamic range test result

wide as the AUT's 20-kHz rated input bandwidth. In conclusion, we successfully 100
implemented the fully integrated BIST > -A ADC with a low cost and high test g T e ——|
accuracy. It provides an integrated test solution for the ADCs in 3D ICs.
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Fig.2 > Frequency response test results
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