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In SoC applications it is always a challenge to integrate sensitive components with noisy
digital blocks on the same chip. Simultaneous switching noise (SSN) generated by digital
blocks will cause signal and power integrity (SI/PI) issues. In this study, we will work on: (1)
characterizing SSN and its impacts to high-speed 1/Os and timing modules, and (2) study the

effectiveness of on-chip de-coupling capacitors.

The contents in this report will include: (1) the I/O test chip in review by CIC, (2) the PLL
test chip to be submitted to CIC in February, and (3) a summary regarding a noise sensor design
paper, a joint work with Stanford University, published in /EEE Trans. on Instrumentation and
Measurement, December 2007. Once the measurement results are obtained, the research team
can deliver SI/PI-aware design guidelines to help SoC designers at the beginning of the design

stages.
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System-on-Chip (SoC) solutions hold promise in reducing the number of larger output
buffers, lengths of connections between chips, cost of packaging and fabrication, thus leading to
improved performance and reduced cost of products. However, as technology evolves, higher
operating frequencies, lower power supply voltages, higher transistor density, and integration of
different sub-systems on a single chip will complicate signal and power integrity (SI/PI) issues
because of interactions between the blocks. There are several reports mentioning that extra
effort must be applied to avoid SI/PI issues when integrating sensitive blocks with noisy systems.
Since the driving force for a trade-off between how many resources should be allocated in the
design and how much benefit can be achieved in realizing SOC applications. Novel approaches
to solve SI/PI problems should receive more attentions as advocated in ITRS documents and
research priorities proposed by SRC. Therefore, characteristics of noise and efficient noise
suppression techniques should be studies more extensively in order to support high-performance

system design.
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The study is to investigate signal integrity and power integrity (SI/PI) issues in SoC
applications. The interactions between digital blocks and PLLs/LNAs have been studied at
Stanford University in the late 1990s and early 2000s [1][2]. Following similar methodology,
Simultaneous Switching Noise (SSN) and its impact to high speed I/Os and timing modules are
studied in this project. In addition, the noise sensors are proposed jointly with researchers at
Stanford University [3].
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Test chips have also been fabricated and measured. Su [4] used an on-chip ring oscillator
as the noise source and measured substrate noise using an NMOS transistor. Blalack [5] chose a
shift register to generate digital noise, and studied how substrate noise impacts a X-A modulator
in terms of SNR and SNDR. Xu [1] analyzed how an LNA is impacted by substrate noise.
Larsson [6] gave a detailed survey about PLL jitter impacted by power grid/substrate noise under
different power supply configurations. Distortion of the output waveform of an OPAMP due to
substrate noise is discussed in Catrysse’s work [7]. An 86 K-gate ASIC chip and a 12-bit I/Q
up/down converter are implemented and investigated by van Heijningen in [8]. Nagata used a
ripple-adder and shift registers [9], and a transition-controllable noise source [10] to investigate
noise parameters, instead. In 2007 Symposium on VLSI circuits, there was a section dedicated

to techniques for signal and power integrity [11].



In the first test chip, the research team has implemented DDR3 compatible 1/Os together
with on-chip decoupling capacitors (joint work with Prof. H. S. Chen and T. L. Wu’s group at
National Taiwan University) to test how those I/Os perform under noisy environment (Fig.1). In
addition, by changing the number of the decoupling capacitors attached to the power net using
laser cuts, the researchers can alter cap values to evaluate the effectiveness of those caps as a

function of their values and locations.

In the second test chip, a PLL running at 900 MHz with noise sensors is implemented, and
the PLL is surrounded by noise injection points. By changing the noise patterns (including
frequency, phase, amplitude), the students can observe how the designed PLL is effected by
different noise characteristics (Fig 2). Besides, the test chip can be used to characterize how

noise propagates in the substrate. The detailed methodology can be found in [2].
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In the journal paper published [3], the Stanford-NTU team presents PMOS-based differential
substrate and power-supply sensors and on-chip waveform sampler, which focus on wide
bandwidth, reduced parasitic interactions, and compact size. PMOSs are used because they are
less susceptible to substrate noise. The bandwidth of the proposed sensors, which is
implemented with an IBM 0.13 um CMOS technology, is from DC to 1.6 GHz. Linearity is
better than 1.5% for substrate and 6% for power-supply sensors. Experimentally reconstructed
waveforms with 20-ps time resolution allowed the measurement of amplitude, rise time, and

overshoot of transition edges.

Design guidelines for solving SI/PI issues are carefully examined in this project, and test
structures are designed to verify these guidelines. For example, locations of substrate contacts
are critical; guard rings should be placed near injection points as well as sensitive blocks, if
permitted; guard rings close to injection points could be more effective. The silicon data
coming from the above mentioned test chips will help the research team to finalize good
guidelines with quantitative evidences. Meanwhile, another test chip using flash ADCs as the
test vehicle is being designed. Besides, an electromagnetic simulator, HFSS, is used to extract
wire parasitics, which are included in circuit level simulations to study SSN on power grid and its

impact to SRAM performance.

'+ B] (Please refer to the next page)
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Fig. 1 Test chip (in review) for evaluating I/O performance and the effectiveness of on-chip

de-coupling capacitors.

Fig. 2 Test chip (under revision, to be re-submitted to CIC in Feb, 2008) for evaluating SSN
and PLL performance.
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Fig. 3 (a) Substrate and (b) power grid sensors. [3]
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The progress is a bit behind the schedule, since chip design takes longer than expected.
Even so, the test chip for I/Os is in review, the test chip for a PLL is under revision. In addition,
a test chip for flash ADCs is being designed. The simulation of SRAM performance impacted
by SSN is in progress. A journal paper regarding substrate and power grid sensors is published
jointly with the researchers at Stanford University. There should be solid results for publications

or patterns once measurement data from the test chips are collected and analyzed.
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