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Probabilistic Model-Based Yield
Estimation for High-Dimensional
Intergrated Circuits

Guohao Dai (2019 )

Abstract : With the development of integrated circuit technology, microelectronic devices have reached
nano-scale dimensions, posing challenges for accurate yield estimation (YE). However, traditional YE methods are
computationally expensive for high-dimensional circuits. To address this, two statistical YE methods were proposed.
The first method, Absolute Shrinkage Deep Kernel Learning (ASDK), used a Hilbert-Schmidt independence
criterion for feature selection, a deep kernel learning Gaussian process surrogate, and an optimization strategy
based on information entropy. To further enhance stability, the second method proposed, Optimal Manifold
Importance Sampling (OPTIMIS), was based on importance sampling. It used onion sampling for parameter space
pre-sampling, fitted the circuit's failure region using a normalizing spline flow model and continuously updated it
with a dynamic framework. The proposed methods were evaluated on 18, 108, 569, and 1093-dimensional circuits.
ASDK and OPTIMIS achieved up to 231.1x and 273.8x speedup over the traditional method, respectively, and up
to 11.1x and 12.7x speedup over other state-of-the-art YE models. Accurate YE during circuit design can reduce
failure rates, lower costs, and expedite time-to-market for microelectronic products.

Key words: Computer Applied Technology; Yield Estimation; Importance Sampling ; Surrogate ; Normalizing
Flow; High-dimensional Circuits
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Table 2 Numerical results of ASDK and its comparison methods on the 18 and 569-dimensional SRAM circuits

18 4 SRAM 569 4 SRAM
Jyik: /1074 o/ % /R /1074 o/ % V&l
MC 4.83 0 265000 4.70 0 928500
HSCS 5.14 6.62 8100 5.82 23.83 44400
HDBO 6.25 29.40 3500 3.87 17.66 6100
LRTA 6.40 19.46 2200 5.60 19.14 5400
ASDK 4.60 4.14 1350 4.39 6.60 4000

%+ 2 REMIF5E OPTIMIS MELEXTRE 108 4. 569 4EFN 1093 4 SRAM H % _EAYSCINLER
Table 2 Numerical results of OPTIMIS and its comparison methods on the 108, 569 and 1093-dimensional SRAM circuits

108 4k SRAM 569 4 SRAM 1093 4 SRAM
Fik /1075 o/ %o /K /107° o/ %0 VAN /1075 o/ %0 /N
MC 5.01 0 699000 2.50 0 931000 4.80 0 1189000
MNIS 4.15 17.07 47500 2.07 17.33 59000 421 12.32 81000
HSCS 4.84 3.36 26500 2.86 1427 46500 4.30 10.47 66000
AIS 4.75 5.21 12300 2.38 4.99 25700 4.43 7.75 38000
ACS 5.68 13.40 10400 2.73 9.19 22500 4.42 7.83 30400
LRTA 4.50 10.18 13000 2.26 9.60 18500 5.52 9.38 24000
ASDK 4.50 10.18 9200 2.30 8.00 11800 6.10 27.08 14550
OPTIMIS 5.02 0.21 5300 2.49 0.25 3400 4.67 2.71 6400
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