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Abstract: The role of Chip Implementation Center 
(CIC), founded in 1992 under the National Science 
Council (NSC) of Taiwan R.O.C.. is to provide [he 
services for the fabrication of multi-project chip 
(MPC). the procurementlintegration of software CAD 
tools. and the promotion of IC and FPGA 
design/tesling/CAD software technology for academia 
in Taiwan. To date, CIC assisted 86 Universities and 
polytechnics to insb!! o v s  6ooo academic licenses of 
FPGA design and verification tools. Mareaver, CIC 
promotes various training courses intcnsively and 
periodically for the FPGA design flow. In year 2002, 
s kinds of courses with over 25 classes are provided 
to meet the demands from academia sites. More than 
1000 students are trained in these classes. CIC and 
the Ministry of Education hold the FPGA contest 
yearly Far training and increasing the design ability of 
students. The FPGA design flow, provided by CIC, is 
used in many of researches for Implementation, 
veriticstion, and prototypes. Based on the demands of 
academics, CIC will build a lahoratory for rapid 
prototyping system-level design. In this laboratory, 
SoC (System on a Chip) and IP (Intellectual Property) 
designs can be downloaded into FPGA to work with a 
processor to verification on an SOPC (System on 
Programmable Chip) environment. Designs can also 
be mapped into an FPGA-based emulator for 
emulation or prototyping. By using the FPGA, many 
research prototypes are created. verified, and 
integrated on a system. In the future, CIC will keep 
on collaborating with the academics, devoting itself 
to training more well-qualified researchers and 
designers, and enhance the ICIFPGAISystem 
technology level. 

1. Introduction 
Since 1991, the 1C market has become one of 
the most important imports of Taiwan. In view 
of this, NSC in 1992 initiated a special 
program-Chip Implementation Center Project 
(CIC Project) to prepare a national research and 
service center aiming to upgrade the IC&ystem 
design technology and cultivate IClSystem 
design seeds of Taiwan. Therefore, CIC's 
missions are: 
P Assist the academia to set up the design 

environment 
P Provide an easy-access and 

fast-turnaround chip fabrication service 
Promote the international cooperation, and 
introdilce more advanced IClSystem 
technologies 

> 

Located in Science-Based lndustrial Park, 
HsinChu City, CIC is originally aimed at serving 
the universities and polytechnics, but recently 
some of the services have been extended to the 
research institiltions and related industrial 
corporations. 

Over the past decade, in addition to assisting 
academics to design ASICs, CIC also makes 
more efforts on promoting FPGNCPLD designs. 
It is still more expensive by adopting MPC to 
fdbricate IC for system design and verification. 
Therefore, CIC avoids this problem by FPGA, 
which can provide field programmable 
environments and silicon proof before fabricated 
in very short time. FPGA plays a very important 
role in the process of developing SoC/lP, 
because FF'GA can provide low-risk verification 
of implementing SoC/lP designs. The major 
difference between ASIC design and P G A  
design is shown in Fig.1. 
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Fig. 1. ASIC design Y.S. F'PGA design 

Xi l inx ,  one of major FPGA vendors, is first 
introduced into CIC in 1992 and later AIfera is 
also introduced into CIC next year. These two 
worldwide FPGA vendors release their hardware 
and EDA tools to universities and polytechnics 
through CIC. Besides, CIC gives FPGA design 



training courses periodically each summer and 
winter vacations. CIC also provides FPGA 
demoboards for design implementation and 
technical supports for FPGA-related 
consultation and assists Ministry of Education to 
host FPGA contests yearly. Furthermore, with 
the advent of high-performance and high-density 
S o C m  designs, a different systedIC design 
methodology should be derived. For example, an 
IP-based SoC design approach is currently 
advocated. To deal with this critical issue, CIC 
continuously introduce novel SoC rapid 
prototyping systems, including Aptix, 
ARM-Based SOPC platform. Providing an 
FPGA to ASIC consistent design flow is also a 
critical topic. Within near future, CIC will 
establish a rapid prototyping laboratory, 
including Aptix with ARM core, Altera/Xilinr 
SOPC prototyping boards and Agilenf 167028 
logic analysis system, and so on. This laboratory 
is intended to support academics involved in 
SoC/IP designs. 

This paper is organized as follows. The cument 
status and available resources in CIC will be 
first addressed in section 2 .  Then the systematic 
planning will be highlighted and the challenges 
in promoting SOPC research will also be 
indicated in section 3. Finally the perspective for 
this SoCnP drive for the coming decade will 
briefly be mentioned. 

2. Current Status 

In this section, we describe the FPGA design 
service to academia as follows: 
2.1 Assistance to Universities in Taiwan 

We are encouraged to help EHCS colleges 
install P G A  tools and maintain the design 
environment periodically. Fig. 2 shows CIC's 
current FPGA design flow released to academics 
In this flow, the first step is to edit RTL 
(VerilogNHDL) codes according to 
specification. Then, users may synthesize RTL 
codes to gate-level circuits by logic synthesizer. 
CIC provides three famous FPGA synthesizers: 
FPGA Compiler 11. Synplifr Pro, and 
LeonardoSpectrum. Academics can choose their 
preferred synthesizer and are well-trained to 
constrain their designs to get optimized circuits. 
After synthesis, you may invoke FPGA vendor's 
P&R tools, such as ISE Foundation or Quanus 
11, to perform technology mapping, partitioning, 
placement, routing and finally outputs a 
bitstream file ready for downloading FPGA 
chips. CIC also provides ModelSim for FPGA 
simulation environment; users can do 
RTUGatePost P&R simulation at each step. 
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Fig. 2. CIC FPGA design flow. 

It is known that one familiar with EDA tools is 
not always the one who can well setup and 
adjust parameters of EDA environment 
including interfaces of tools and design flows. In 
practice, the latter fact always occurs among 
universities; thus, it is our motivation to provide 
a better environment for academia. In Fig. 3, we 
reveal how many suites of FPGA-related tools 
and how many universities utilize and apply 
P G A  EDA tools provided by CIC. 

aroundTaiwan, R.0.C 

2.2. FPGA-related Training Courses 

Providing intensive and high quality FPGA 
training courses aims at upgrading IC-related 
know-how based for academia in Taiwan. Based 
on this strategy, CIC provides intensive training 
courses twice per year for academia. On the 
average, more than 5 kinds of courses with more 
than 30 classes are provided yearly to meet the 
demands from academia sites. Fig. 4 shows the 
number of categories, the number of courses, 
and the number of attendants from 1995 to 2002. 
The categories of the FPGA-related training 
courses include: FPGA design with XilidAltera, 
High Density FPGA HDL Design flow, 
Embedded Processor System Design, FPGA 
Advantage, FPGA synthesizer with Synplicity, 
FPGA with Synopsys design flow, and so on. 
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Fig. 4. No. afstudentr attending the FPGA training 
COUPSeE. 

2.3. Teclmology Consultation 
While CIC builds up the FPGA rapid 
prototyping environment, a lot of problems and 
questions are suffered including FPGA tools as 
well as operating systems (OS) installation, 
interface conflicts, and hardware limitations. 
When the next version is released, the similar 
queries occur again. Thus, in  CIC, n e  have 
made many attempts to create the Q&A database 
as linked in website 
(httix//www.cic.edu.tw/trainindindex.html). As 
a consequence, it turns out that this efficient 
approach enhances our service schedule and 
reduces much redundant working. 

3. 
As IC design advances toward system-level 
integration, it is necessary to provide a new 
design methodology and environment to cope 
with design complexity. Based on the experience 
from the last decade, CIC is now moving into a 
new design era. In addition to maintaining 
current support for the academia, CIC has to 
develop an SOPC system-level design flow by 
taking into account both nationwide research 
resources and industry demands. 

Systematic Planning for the future 

+I 
Fig. 5. CIC SOPC system-level design flow. 

Figure 5 demonstrates an SOPC system-level 
design flow proposed by CIC. In this design 
flow, the platform is configured according to the 
specification and then the RTL code and 

Uassembly code are also developed. These 
codes can be verified by hardware and software 
co-simulation. After verification, logic 
synthesis is adopted and the generated netlist can 
also be verified in this co-simulator. 
Furthermore, the timing information can be back 
annotated into ' the co-simulator for more 
accurate timing. It is expected that designers can 
use this system-level design flow to form rapid 
prototype and integrate their design with 
ARM-based platform or Aptix prototyping 
system. After verification, this FPGA design can 
be ported into ASIC design flow according to 
the FPGA to ASIC Re-modelirg. 

Based on this flow,. the SOPC system level 
design, IP-based Rapid prototyping system, and 
FPGA to ASIC consistence design guideline will 
be proposed by CIC. Finally, a rapid prototyping 
laboratory will be built for all academics in 
Taiwan. 

3. I .  SOPC System-level Design 
Due to the fast improvement of IC fabrication 
technology and the fast increment of design 
complexity, SoC and IP have become a trend in 
the IC/FPGA design. However, it becomes very 
difficult to verify these high complexity designs. 
The integration of the reused IP is still a 
challenge since these IPS are from different 
sources and are created by different software. 
SOPC is one of the solutions of the above 
problems for the specific processor. An 
embedded processor is integrated on an FPGA 
with the clock distribution circuit, carry logic, 
on-chip memory, memory interface, and 
programmable 10s to form as an embedded 
processor-based FPGA. By using this FPGA, 
the system level integration can be easily 
achieved to build the prototypes for verification. 
The pre-defined on-chip bus and the bridge on 
the embedded processor-based FPGA make the 
easy integration between FPGA designs with the 
processor. The programmable processor and the 
programmable FPGA provide the high flexibility 
for the SoC design. Therefore, CIC will promote 
the embedded processor-based FPGA to 
academics for the trend of FPGA design. 

3.2. IP-based Rapid Prototyping System 
To solve the problems of high complexity and 
difficult integration in an SoC design, Aptir 
rapid prototyping system composed of FPGAs is 
used for the acceleration for simulation, 
emulation, rapid prototyping, HWISW 
co-verification, IF' verification, IF' integration 
and verification, and debugging. This rapid 
prototyping system provides more flexibility 
than the embedded processor-based FPGA since 

447 



this system can integrate any kinds of embedded 
processor, bus interface, and more complex 
FPGA designs. More than one processors and 
FPGA designs can be integrated into this system 
for verification. With the integrated software 
simulation environment, the system can be easily 
set up and the test bench can be reused. 
Therefore, the verification time can be reduced 
and the integration can be preformed easily in 
the emulation system for many kinds of research, 
especially for the SoC designs. 

3.3. FPGA to ASIC Consistent Design Guideline 
In most cases, academics regard FPGA design as 
rapid prototyping of ASIC. Eventually they hope 
their design can be transferred into ASIC. 
However, if they want to port their design from 
FPGA designs to ASIC designs, there exists 
much difficulty while integrating FPGA into 
ASIC. Some FPGA special resources, such as 
SelectRAM, JTAG, DLL and so on, can not be 
mapped to ASIC library directly. Therefore, it 
motivates us to investigate the methodology for 
FPGA to ASIC consistent design flow. We 
believe it would be very helpful for those who 
have already been familiar with FPGA design 
but have higher interest in ASIC realization. 

Based on the demand of FPGA design 
verification, a rapid prototyping laboratory will 
be built in the CIC. In this laboratory, Quartus 11 
and 1SE Foundation FPGA development tools, 
high-end platform such as the ARM922T-based 
FPGA development kits and the Aptix rapid 
prototyping system are provided for all kinds of 
designs as the re-configurable prototyping 
systems. The high-end oscilloscopes, logic 
analyzers, and function generators are used for 
the verification of these prototyping systems in 
this laboratory. In addition to the prototyping 
systems, the simulation tools such as Modelsim, 
Verilog XL, VCS, VSS, synthesis tools such as 
FPGA Compiler 11, Synplify Pro and 
LeonardoSpectrum, and other tools are also 
adopted for the FPGA design to create a 
complete design environment. The research in 
the area of embedded systems, high level digital 
systems, and rapid prototyping fabrication with 
various case studies will be supported by this 
rapid prototyping laboratory. 

4. Perspective 
The promotion of IClFPGA design by NSC of 
Taiwan, R.O.C. has already reached a promising 
status which offers many key components for 
domestic and foreign academic needs over the 
last decade. 

We have supplied good FPGNCPLD design 
services to universitiedpolytechnics in Taiwan. 
Actually, due to our efforts, offering the lowest 
cost of FPGA tools and reliable rapid 
prototyping environments are possible to IC 
design for academic and industries. The FPGA 
design service credits and publications have 
grown rapidly per year. As IC design advances 
towards system-level integration, our 
perspective works include following: 1) offer the 
complete FPGA Design flow for SOPC era, 2) 
setup rapid prototyping laboratory and provide 
giga-scale rapid prototyping methodology, 3) 
develop FPGA to ASIC consistent design 
guidelines. 
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