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Abstract
This paper outlines the design techniques and CAD technology used with the SX-9.
The LSI and package design of the SX-9 was subjected to various requirements, including: compatibility with larger
scales; higher speed; power saving; further miniaturization; methods of verification; reduction of design lead time;
improvement of design efficiency; and improvement of design quality. These requirements were met with the SX-9
through advanced integration of design techniques and CAD technology.
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1. Introduction

The Supercomputer SX-9 is composed of: (1) high-speed,
large-scale, high-reliability LSIs based on the CMOS LSI
technology with the 65nm Cu process; and (2) the package that
accommodates the LSIs in high density at a high speed. In par-
ticular, the LSI features a single-chip implementation of the
vector processor (vector unit and scalar unit). Its core func-
tions at an ultra-high speed of 3.2GHz, and the scale is as large
as a few mega-instances.

To make use of such high-performance supercomputers, de-
sign technology and CAD technology that can handle large
scale, high speed, power saving and miniaturization are indis-
pensable. Verification technology preventing the backsliding
due to design mistakes is also critical. In the following sec-
tions, we will describe the design technology and CAD tech-
nology supporting the LSI and package designs of the SX-9.

2. Logic Verification Technology

In the design of multifunction, high-performance systems, it
is almost unavoidable that logical mistakes (logical bugs) will
penetrate into the design process. These logical bugs should be
eliminated completely in the design period so that the system
can function as it was designed.

With the SX-9, we have adopted logic verification techni-
ques using assertion to improve the completeness of verifica-
tions and detect logical bugs efficiently.

2.1 Logic Verification Using Assertion

Logic design (1) develops hardware functional specifica-
tions from the design concept and (2) details them into de-
scriptions of hardware description language (HDL) with
logical synthesis capability. As the LSI design mainly uses
HDL as input, it is necessary to verify that it is designed as
specified. However, because functional specifications are of-
ten created ambiguously using the Japanese language, dia-
grams and charts, they cannot be subjected as they are to
automated processes for comparison with HDL. Meanwhile,
assertion describes operations and restrictions using a dedica-
ted language, and is capable of eliminating the ambiguity of
functional specifications. When an assertion describing the
functional specifications is used, it is possible to perform for-
mal verifications and simulations directly with the HDL to
detect violations of specifications. This allows the designer to
verify the HDL in the functional specifications at an early stage.
Using the assertion used in the design stage for verification also
makes it possible to ensure consistency and improve the en-
tire design process.

2.2 Formal Verification Using Assertion

Formal verification is a technology for demonstrating the
perfect equivalence between the specifications described in an
assertion and the HDL, using mathematical techniques, with-
out preparing a test bench like simulations. It can also ana-
lyze the structure of the HDL and automatically extract an
assertion that detects, for example, deadlocks or flip-flops (F/
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F) due to the absence of reset signal input. This makes prepa-
ration for verification unnecessary, and therefore makes effi-
cient verification possible at an early stage. In addition, with
the SX-9, we have also developed a technology for partially
automatic generation of functional assertions using the truth
table described in the functional specifications. This technol-
ogy can reduce the burden on the designer related to assertion
development and improve efficiency.

While formal verification is capable of detecting logical
bugs efficiently and without omission in the initial stage of
verification, its property as a complete demonstration also
presents the problem of explosive increase in analysis amounts
when the scale and complexity of the verification target are
increased, which eventually makes verification impossible. To
deal with this problem, we conducted formal verification by
taking the verification scale into consideration, for example
dividing it function by function into the block level.

2.3 Logic Simulation Using Assertion

Since formal verification cannot be used in the verification
of large-scale models, we conducted logic verification at the
system level of the SX-9, particularly that of large-scale LSIs,
separately from formal verification, by introducing assertions
into the logic simulations and operating them exhaustively and
efficiently. Since a large-scale model includes a wide range of
verification targets and involves much complexity, identifica-
tion of logical bugs becomes very difficult if the expected
results are not obtained in simulations. Therefore, we embed-
ded assertions in various points in the model for use as check-
ers for detecting violation of specifications. We used the fact
that the assertions of the functions close to logical bugs de-
tect the violations early to identify the functions with which
illegal operations occurred. This has improved the analysis of
illegal operations even with the large-scale, complicated mod-
el.

We also used the embedded assertions as monitors for the
management of which functions have been evaluated in simu-
lation and which have not. We used the results to create test
benches for the functions corresponding to the non-evaluated
assertions, to eliminate non-evaluated functions and improve
the exhaustiveness of verification.

3. Large-scale Design Technology

3.1 Hierarchy Design Technology

Aiming at designing large-scale, high-performances LSIs
for use in the SX-9, we inherited and also improved the hier-
archical layout technique used in the SX-8. The top-down
hierarchical design technique used with the SX-8 (1) divided
the chip layout into the top layer (TOP) and several lower lay-
ers (UNIT); (2) limited the data amount to be handled at once
to reduce the TAT of individual processing; and (3) at the same
time made the multiple layouts in the lower layers parallel to
reduce the overall flow design period. We adopted a similar
idea with the SX-9, but additionally (1) combined bottom-up
and top-down techniques in order to handle the multiple lay-
ers; (2) improved the budget technique for creating restric-
tions on the delay to UNIT in order to reduce the loss problem
accompanying the division of hierarchical design; and (3) im-
proved the accuracy of delay in physical synthesis of the UNIT
design in order to improve design efficiency. Furthermore, we
decided not to divide and execute TOP and UNIT at the time
of initial layout and wiring operations, but also developed a
technology for building them at the chip level after these op-
erations. With this technology, designated areas can be extrac-
ted from the part (or majority) for modification during layout
change in the final stage, and these modifications can be ap-
plied to the CHIP level again. This method is different from the
previous method in that it isolates a specific area from the chip
layout data regardless of the logical hierarchy, modifies it and
applied the result to the chip data, while the previous method
initially isolates UNIT from TOP at a position matching the
RTL (Register Transfer Level) hierarchy with the conscious-
ness on the consistency, and performs the layout including
optimization on the per-UNIT basis. The new method has made
it possible to reduce TAT into a fraction compared to the case in
which pure physical processing (e.g. dummy metal genera-
tion) is performed on a per-CHIP basis.

3.2 Clock Distribution and Repair

Since power consumption poses a major problem with large-
scale LSIs, we applied clock gating (see Section 4.2 for de-
tails) to reduce power consumption. As a measure at the layout
level, we developed a technology for configuring a clock dis-
tribution buffer, for which clock gating is applied to the low-
skew clock distribution technology used with the SX-8,
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automatically according to the F/F layout, as well as the tech-
niques for distribution and wiring. The SX-9 also employs
multi-step clock distribution of global and local clocks (a tech-
nique for skew reduction according to the current load adjust-
ment) similar to the SX-8, and the clocks are distributed from
the mesh structure to the F/Fs and macros using a distribution
buffer. We attempted to reduce power consumption by con-
trolling the distribution buffer through applying clock control
signals as its input. The clock control signal does not consid-
er the layout, and is distributed only according to logical
consistency at the time of net list synthesis; but, after the lay-
out, the distribution is reconfigured considering the physical
positioning and shortening of the wiring of proper clocks
(mainly by dividing the distribution buffer).

Preservation of signal integrity poses a big problem with
high-speed circuitry such as the SX-9. For error repair in such a
circuit, we did not choose to repair every type of error individ-
ually, but to repair multiple types of errors, including antenna
error violation, electromigration error, crosstalk error, wave-
form distortion, limitation error and fan-out limitation error
(also including corrections of some setup/hold errors in the
delay system) to reduce the TAT of repair flow. Since the use
of a single repair technique, such as simple insertion of a buf-
fer, is insufficient, we had to combine several techniques, such
as improvement of layout according to error, change of gate
type, insertion of new gate and correction of wiring. Estimat-
ing whether or not overlapped errors can be corrected with a
single technique has made it possible for us to improve a large
number of problems with fewer modifications.

4. Power-Saving Design Technology

Reduction of the TCO (Total Cost of Ownership) is indis-
pensable for a large-scale system like the SX-9, and reduc-
tion of the LSI power consumption is an especially important
topic. On the other hand, since the power supply of the entire
system is designed in parallel with the LSI design, it is neces-
sary to prevent backsliding, such as discovery of insufficien-
cy in power supply capability after completion of design, by
determining power consumption at high accuracy in the ini-
tial stage of design.

4.1 Power Estimation Technology

The power estimation technology is roughly divided into two
technologies: leak power estimation and dynamic power esti-

mation. The leak power can be calculated by defining the leak
power of each cell and summing the leak powers of the cells
used in a circuit. For the dynamic power, we first simulated the
operation of the circuitry and obtained the rate at which each
F/F works (toggle rate). Based on the obtained toggle rate, we
used a power estimation tool to calculate the power consump-
tion of each cell based on the charge/discharge current of its
load capacitance, and obtained the sum of the calculated pow-
er consumption values.

4.2 Power Reduction Technology

Among the power reduction technologies adopted in the de-
sign of the SX-9, this section deals with the main technolo-
gies, which are the clock gating and Multi-Vth technologies.
Clock gating is applied to reduce dynamic power during oper-
ation. Since the clock signals sent to the F/Fs are usually
permanently active, and the clock circuitry for the F/Fs func-
tions even when the F/F data does not vary, wasteful power is
consumed in this period. The clock gating technology stops the
clock signals to the F/Fs without data change to reduce the
power consumption of F/F clock circuitry ( Fig. 1 ). On the
other hand, the Multi-Vth technology reduces the leak power
of the transistors in the circuitry. The transistor’s leak power
has been increasing following the advancement of micromi-
niaturization of semiconductor processes. The leak power can

Fig. 1   Clock gating.
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be reduced by increasing the Vth (threshold voltage) of the
transistors, but this would result in a drop of their operation
speed. Therefore, we used low-Vth cells with high operation
speeds in the areas subject to severe delay performance re-
quirement, and high-Vth cells with low operation speeds but
low leak power in the areas with certain headroom in the de-
lay performance requirement. This has made it possible to
improve both the leak power and delay performances, and we
have named it Multi-Vth technology.

5. Delay Analysis Technology

Since the SX-9 utilizes high-speed micro-processes, var-
iance in manufacturing exerts important effects on the ach-
ievement of the target delay.

Therefore, in the delay analysis for the SX-9, we elimina-
ted excessive verification margin in the Setup/Hold verifica-
tions, and succeeded in achieving skew analysis accuracy on
the order of picoseconds (1/1,000,000,000,000 sec.).

5.1 High-accuracy Clock Mesh Delay Calculation
Technology

With a design adopting clock architecture with a mesh struc-
ture in which multiple clock driver outputs are connected with
wired connections, the delay in the mesh area has been un-
able to be calculated accurately with the traditional cell-base
(gate level) delay analysis (STA) tools. In addition, in the GHz-
order clock frequency domain used with the SX-9, the effects
of inductance (L) are also not ignorable. Therefore, we devel-
oped hybrid delay verification flow, which (1) extracts LRC,
including the inductance component, from the PLL to the clock
mesh area; (2) obtains the delay value from the results of tran-
sient analysis using SPICE simulation; (3) obtains the delay of
other data lines using the STA tool; and (4) integrates the two
delay values obtained above. This flow can minimize the pro-
cessing targets of SPICE simulation that tend to increase the
TAT, and can implement a delay calculation environment that
is well-balanced from the viewpoints of clock delay accuracy
and TAT.

5.2 Delay Analysis Technology Considering Random
Manufacturing Variance

With recent microfabrication processes, delay analysis us-
ing the library of the worst/best cases between lots or between

Fig. 2   Delay fluctuations due to random fabrication variance.

wafers in the transistor/wiring manufacturing process is get-
ting insufficient to guarantee actual chip operation due to
random manufacturing variance inside the chips. Therefore,
with the delay analysis of LSIs of the SX-9, we determined the
on-chip delay fluctuation constant according to the extent of
the clock driver placement positions, and reflected the result to
the clock latency in order to achieve skew calculations consid-
ering random manufacturing variance. As a result, with a
transfer bus between closely placed F/Fs, the delay fluctua-
tions are small, because the TX/RX clock drivers are laid out
in a small area, and their variances are low. Conversely, the
delay fluctuations should be considered to be large on a bus
connecting distant F/Fs ( Fig. 2 ).

6. Package Design Technology

With the SX-9, several control LSIs and a large number of
memory modules are mounted on a single PWB to transmit
signals at high speeds. This consequently makes it important
to use technology for verification of logical connections of
wiring, and design technology for carrying out layout and wir-
ing design efficiently.

NEC TECHNICAL JOURNAL Vol.3 No.4/2008 ------- 37

  Special Issue: Supercomputer SX-9



6.1 Early Design Verification Technology

To ensure correct connections of multiple wirings between
the control LSIs and a large number of memory modules, we
developed a tool for generating the wiring connection rules and
a tool for verifying that the connection information in the net
list complies with the connection rules. These tools have made
possible efficient connection verifications, and have also im-
proved design quality by enhancing the exhaustiveness of
verifications.

6.2 Real-time Verification

A large variety of components, including capacitors and
registers as well as control LSIs and memory modules, are
mounted in high density on a PWB. We developed the design
flow so that it can verify, in real time during design, if the
packaging intervals of the above components are enough as
required for production and servicing to improve the layout
design efficiency.

The large number of high-speed signals transferred be-
tween the control LSIs and memory modules are wired as
differential pairs. Various restrictions related to wiring length,
wiring intervals, etc., are set on the two signal wirings in each
pair, and restrictions on wiring length, etc., are also imposed
on many signals other than these high-speed signals.

We developed design flow that can verify if the above re-
strictions are observed in real time during design, thereby
making it possible to achieve design observing wiring-related
restrictions on differential operation, equal lengths, etc., effi-
ciently.

7. Conclusion

In the above, we introduced the features of the design tech-
niques and the CAD technology used with the SX-9.

Since supercomputers are expected to be subject to require-
ments for performance improvement, power consumption and
reliability continually in the future, technology for designing
the LSIs and packages necessary for these requirements, effi-
ciently and with high quality, will increase in importance. To
cope with this trend, we are determined to develop more ex-
cellent design technology and CAD technology so that we can
contribute to the improvement of the competitiveness of our
supercomputers in the future.
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