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I. INTRODUCTION

II. PDN NOISE ABSORBER CHARACTERISTICNowadays, power integrity (PI) has become one of the major 
concerns in designing high-speed circuits or mixed-signal systems. 
Under the trend of faster switching speed and closer circuitry 
blocks, the increasing high-frequency power noises may not only 
affect signal and power qualities, but also cause significant 
radio-frequency interference (RFI) and electromagnetic interference 
(EMI) problems.
To suppress these PDN noises, adding various decoupling capaci-
tors (de-caps) between power and ground to form low-impedance 
paths is the most common solution. Besides, etched slots and 
electromagnetic bandgap (EBG) obtain the power noise suppression 
by keeping part of PDN at high impedance. These above-mentioned 
PDN noise suppression approaches are classified as reflective type. 
The reflected noises would propagate back and forth and form 
standing waves along the PDN. That is to say, although the PDN 
noise at target location is mitigated, PDN noise at other crucial 
locations may be seriously enhanced. This issue has become 
increasingly critical with the development of millimeter-wave 
wireless communication and sub-terahertz (sub-THz) integrated 
circuits. The distance of a few millimeters between a noise source 
and reflective filters may cause significant power noises.
Accordingly, a novel PDN concept which employs a PDN noise-ab-
sorbing circuit, referred as PDN noise absorber, to power system is 
proposed for the first time. The PDN noise absorber prevents power 
noises from both reflecting and transmitting; thus, the PDN noise 
absorber can keep PDN more stable and prevent local deteriora-
tions of PI.

Among all the existing absorptive circuits, a low-pass reflectionless 
filter is used to realize the PDN noise absorber in a trace-type PDN. 
The structure and the corresponding circuit model are shown in Fig. 
1. Through even-odd mode analysis, low |S11| and |S21| could be 
achieved at 750 MHz, and both of |S11| and |S21| can be kept low 
as the frequency goes higher. The S-parameters of the PDN noise 
absorber are shown in Fig. 2.
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Fig. 1. The structure and the corresponding circuit model of the PDN noise absorber

Fig. 2. Simulated and measured S-parameters of the PDN noise absorber.



Then, a conventional reflective-type solution is also implemented 
to compare with the novel absorptive method. The structure and 
the circuit model of a de-cap counterpart are shown in Fig. 3; 
then, the S-parameters are shown in Fig. 4. It can be observed 
that the de-cap reflects power noises with |S11| close to 0 dB and 
prevents power noise transmission at 750 MHz with |S21| less 
than -40 dB. 

Fig. 3. The structure and the corresponding circuit model of a de-cap

Fig. 5. Comparison of the absorption efficiency.

Fig. 6. Measurement setup and the corresponding schematic for PI comparison

Fig. 4. Simulated and measured S-parameters of the de-cap.

Finally, the comparison of the absorption efficiency is shown in 
Fig. 5. The absorption efficiency of the PDN noise absorber is 
more than 95% above 660MHz, while the de-cap case is relatively 
small in the whole frequency band. 

III. SUPPRESSION ON POWER NOISES

For the following comparisons, three prototypes are fabricated: 
power trace only, power trace with a de-cap, and power trace with a 
PDN noise absorber. The measurement setup and the correspond-
ing schematic for PI comparison are shown in Fig. 6. There is a dual 
inverter IC, feeding a 250-MHz clock signal, on each board. Nine 
sampled voltages on PT1, V1 to V9, are at the “reflective end”, while 
four sampled voltages on PT2, V1’ to V4’, are at the “transmitted 
end”. Since the third harmonic of the input signal just falls at the 
designed stopband frequency of both solutions, the Fourier 
transform is applied to voltage ripple at each point, and the 
750-MHz components are picked out for comparison.
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Fig. 7. 750-MHz power noise comparison (a) at the reflective end. (b) at the transmitted end.

Fig. 8. The simulation setup for coupling noise comparison.

Fig. 9. LNAs’ gains comparison when adjusting the power trace length Lrf (a) at the 

reflective end. (b) at the transmitted end.
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Fig. 7(a) shows 750-MHz power noise comparison at the reflective end. PDN noises for the absorber case remain roughly 100mV, while PDN 
noises for both reference and de-cap cases become larger and then smaller. The maximum voltage ripple for the absorber case is 115mV, which 
is 40% less than the de-cap case. Furthermore, when the distance is larger than 2 cm (0.1 λ0), power noises for the absorber case are smaller 
than the de-cap case. This shows that we can make power traces more stable and avoid significant power noises by using a PDN noise absorber 
rather than a de-cap. As for PDN noises at the transmitted end shown in Fig. 7(b), power noises are suppressed well by both a de-cap and an 
absorber with more than 80% suppression rates.

The simulation setup for coupling noise comparison is shown in Fig. 
8. Two Infineon RF transistors are used to design two low noise 
amplifies (LNAs) with 24.3-dB gain at 750 MHz, which is set as the 
reference gain. Although having good performance at the design 
stage, LNAs will suffer from coupling noises and the performance 
will degrade in a practical system. Besides, an inverter, whose 3rd 
harmonic appearing at 750 MHz, is used to model the coupling 
noise source of nearby digital modules. In this scenario, gains of the 
LNAs at both ends are compared when adjusting the power trace 
length L�� at the reflective end. The closer gain to the reference gain 
means the LNA is less susceptible to the coupling noises.
As shown in Fig. 9(a), gain1 of the LNA1 at the reflective end for the 
case of power trace only and the de-cap case has a 5.8-dB and 
3.7-dB fluctuation, respectively, while the absorber case only has a 
0.01-dB fluctuation. This reveals that LNA1 could keep perfect 
performance in a noisy environment regardless of the distance 
between LNA1 and the proposed PDN noise absorber. This advan-
tage will become more powerful as mm-Wave wireless communica-
tion in 5G and beyond is getting popular and a few mm placing 
distance is inevitable. As for gain2 of the LNA2 at the transmitted 
end as shown in Fig. 9(b), both the de-cap case and the absorber 
case have stable LNA gain.
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Categorical and Ordinal Data 
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Statistical Information

For leveraging beyond-pairwise statistical information, we cast it 
into a quantitative group testing problem where the recovery 
algorithm can take multiple measurements on different group of 
entities (called pooling), each of which records the histogram of 
community labels in the selected group. Our main contribution is on 
the characterization of the fundamental limits and the explicit 
construction of the optimal measurement plan, for the general case 
with noisy measurements and a partial recovery criterion. In an 
earlier work [2], we show a sharp phase transition phenomenon in 
the number of measurements (pooling complexity). In particular, if 
the noise level is greater than square root of the target distortion, 
pooling complexity is non-polynomial in n (the number of items); 
otherwise, it is Θ(n/log n). Recently in [3], we further characterize the 
leading coefficient and give an explicit construction of the optimal 
deterministic non-adaptive measurement plan, along with a 
nearly-linear-time decoding algorithm. The construction combines 
Hadamard matrices and lossless unbalanced bipartite expanders 
based on a novel embedding approach. Extension to the problem 
with a sparsity constraint is also made. See Figure 2 for illustration. 

Meanwhile, pairwise comparisons may be heterogenous due to the 
hidden community structures, and such heterogeneity can be 
leveraged to recover categorical and ordinal data simultaneously. To 
explore such opportunity and its theoretical limitation, in [4] we 
study a joint clustering and ranking problem, where items belong to 
several communities and are compared in a pairwise manner. The 
task is to identify the community that each item belongs to and to 
give a consistent ranking of the items in each community. A statisti-
cal model called Cluster-BTL, extended from the Bradley-Terry-Luce 
(BTL) model, is proposed to model the difference between 
inter-community and intra-community comparisons, which is a kind 
of heterogeneity. The fundamental limit on the heterogeneity level 
and the number of comparisons for reliable joint clustering and 
ranking is then characterized, and a polynomial-time algorithm that 
combines the Borda counting algorithm and the semidefinite-pro-
gramming-based method is developed.

Categorical and ordinal data recovery, including community detec-
tion and ranking, are important tasks across many disciplines, 
including data analysis, social networks, and computer science. 
When the data size is huge, a prevalent approach is to leverage 
pairwise relational information such as linkage and comparison to 
efficiently extract categorical and ordinal data. 

In many scenarios, however, there is abundant beyond-pairwise 
relational and statistical information which can be further 
harnessed. We explore two community detection methods that 
leverage beyond-pairwise relational and statistical information 
respectively. For harnessing beyond-pairwise relational information, 
in [1] we cast it into a hypergraph clustering problem, where each 
hyperedge represents the relational information among the entities 
represented by the vertices in that hyperedge. Under a generative 
hypergraph model called “d-wise hypergraph stochastic block 
model” (d-hSBM) which naturally extends the Stochastic Block Model 
from graphs to d-uniform hypergraphs, the asymptotic minimax 
mismatch ratio is characterized. We propose a two-step polynomial 
time algorithm that achieves the fundamental limit. The first step of 
the algorithm is a hypergraph spectral clustering method which 
achieves partial recovery to a certain precision level. The second 
step is a local refinement method which leverages the underlying 
probabilistic model along with parameter estimation from the 
outcome of the first step. See Figure 1 for illustration.
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Figure 1: Setup of the hypergraph community detection problem and the two-step algorithm.

Figure 2: Setup of the quantitative group testing problem and the fundamental limits.
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Categorical and ordinal data recovery, including community detec-
tion and ranking, are important tasks across many disciplines, 
including data analysis, social networks, and computer science. 
When the data size is huge, a prevalent approach is to leverage 
pairwise relational information such as linkage and comparison to 
efficiently extract categorical and ordinal data. 

In many scenarios, however, there is abundant beyond-pairwise 
relational and statistical information which can be further 
harnessed. We explore two community detection methods that 
leverage beyond-pairwise relational and statistical information 
respectively. For harnessing beyond-pairwise relational information, 
in [1] we cast it into a hypergraph clustering problem, where each 
hyperedge represents the relational information among the entities 
represented by the vertices in that hyperedge. Under a generative 
hypergraph model called “d-wise hypergraph stochastic block 
model” (d-hSBM) which naturally extends the Stochastic Block Model 
from graphs to d-uniform hypergraphs, the asymptotic minimax 
mismatch ratio is characterized. We propose a two-step polynomial 
time algorithm that achieves the fundamental limit. The first step of 
the algorithm is a hypergraph spectral clustering method which 
achieves partial recovery to a certain precision level. The second 
step is a local refinement method which leverages the underlying 
probabilistic model along with parameter estimation from the 
outcome of the first step. See Figure 1 for illustration.
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Developing Automatic Speech 
Recognition Engine in 
Taiwan AI Labs

Graduating from the Speech Processing Laboratory, Graduate 
Institute of Communication Engineering(GICE), National Taiwan 
University in 2017, I decided to join the startup software company 
Taiwan AI Labs, founded by Ethan Tu as the starting point of my 
career. There are two career pathways our alumni would choose: the 
first one is to join IC companies in Taiwan, and the second is to go 
abroad to get Ph.D. degrees. In recent years, thanks to the achieve-
ments of DeepMind and AlphaGO, startup companies have vivid 
imaginations about artificial intelligence, so they try to hire more 
new grads to develop innovative AI products. As a result, an increas-
ing number of graduates choose to stay in Taiwan to join the raising 
startup community. 

As one of the earliest employees building our core technologies of 
AI, I’m glad to participate in the development of the Mandarin 
speech recognition engine. In the early stage of Taiwan AI Labs, 
products are not our main concerns. We aim at creating fundamen-
tal AI technologies. For example, automatic speech recognition. 
During the first two years of the company's development, we were 
dedicated completely building our own Mandarin speech recogni-
tion solution in Taiwan. From data collection and model training to 
the establishment of the fundamental code of streaming recogni-
tion, all developing processes are from the collaboration of our 
team. Moving on to the next stage, we extended the development 
scope to relevant applications. Yating Verbatim, a free app for 
speech recognition was launched based on our core technology, 
ASR.

With high accuracy of speech recognition, we deploy speech 
processing techniques such as speaker diarization and automatic 
punctuation to produce complete speech assist products in various 
kinds of scenes. In court questioning scenarios, our product 
transcribes the cross examinations of judges and criminals automat-
ically and produces high accuracy transcription. In healthcare 
applications, medical staff can finish medical records for each 
patient via speech. In the National Theater and National Concert 
Hall, the live caption of pre-show talks can be recognized correctly 
by using our customized ASR solution.

Currently, I am the team lead of Yating ASR and take charge of the 
planning and development of our ASR and speech technology. In the 
future, we plan to develop product-oriented models and conduct 
research based on the most cutting-edge algorithms of speech 
recognition. In our latest achievement, we apply self-supervised 
learning to our ASR model and get more than 8% improvement from 
the last model in a real and noisy dataset. This performance 
suppresses all the tier 1 Mandarin automatic speech recognition 
solutions in the current market. 

In Yating ASR team, we maintain strong connections with NTU GICE. 
We arrange a routine meeting with prof. Hung Yi Lee, as a consul-
tant to our team, helped us overcome technical problems and gave 
us advice on our future blueprint. Moreover, the connection 
between our team and GICE proves that what we have learned in 
graduate school can significantly contribute to our career in the 
startup community of the AI industry.

As alumni of NTU GICE, I would like to share with young juniors: we 
not only gain professional skills in GICE but also learn how to solve 
problems. There are always challenges and uncertainties when we 
want to deal with problems, so do not be afraid to propose ideas and 
create values in the process of solving problems. Young startup 
companies will always be a good place for you to sharpen your skills 
and pack yourself with versatility.
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Figure. Ethan Tu, the founder of Taiwan AI Labs, and I

Figure. Dinner of team members in Taiwan AI Labs
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