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Abstract

Due to the trend of SOC/IP, design environments of 

SOC/IP including the system level simulation, hardware 

software co-simulation, hardware implementation, 

hardware software co-verification, and rapid 

prototyping are needed for education and research. The 

infrastructure provided by Chip Implementation Center 

(CIC), founded in 1992 under the National Science 

Council (NSC) of Taiwan R.O.C., is used to speed up the 

development and improvement of IC/SOC/IP design 

environment. Different kinds of EDA tools, training 

courses, SOC/IP design examples and a system-level 

rapid prototyping laboratory are provided  for education 

and research. In the future, CIC will continue 

collaborating with the academia, devoting itself to 

training more and well qualified researchers and 

designers, and enhancing  the SOC/IP  technology level. 

1. Introduction 

     Since 1991, the IC 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/System design technology and cultivate IC/System 

design seeds of Taiwan. The role of CIC is to provide the 

services for the fabrication of Multi-Project Chip (MPC), 

the procurement/integration of software CAD tools, and 

the promotion of IC design/testing/CAD software 

technology for academia in Taiwan. 

     The SOC/IP related software, hardware, and IP’s are 

provided by CIC to build the infrastructure for education 

and research of SOC/IP in universities. These software 

tools, hardware tools, and the needed IP’s are adopted 

for a platform-based SOC design proposed by CIC. 

Based on this SOC platform, hardware and software can 

be co-designed, co-simulated and co-verified. The 

prototyping environment can be partially re-used for the 

system with the same platform. Therefore, the system 

can be built, verified, and implemented rapidly by using 

this platform design. 

2. CIC SOC reference platform 

      In order to speed up and re-use the SOC research and 

development for universities, a reference platform-based 

design is proposed by CIC. Fig. 1 shows the block 

diagram of CIC SOC reference platform. In this 

reference platform, we adopt the AMBA 2.0 [1] as our 

on chip bus (OCB) to connect all components together 

[2-5].  There are two types of components appear on the 

diagram, where the solid-line boxes represent building 

blocks that included in the platform already, and dashed-

line boxes represent optional building blocks that will be 

added to the platform soon. Currently, several AHB 

devices such as: CPU cores, decoder, arbiter, external 

memory interface (EMI); and APB devices such as: 

timers, UARTs, watchdog, and interrupt controller are 

included in this platform. The purpose of the platform is 

to provide an application execution environment for 

embedded software verification as early as possible. 

Once the algorithm and data structure of the software are 

well verified, software profiling and platform scaling are 

adopted for the optimization. The bottleneck of the 

software execution can be located by using profiling 

tools,  Figure 1. CIC SOC reference platform-based 

design. 

ARM922T

AMBA

Wrapper
TIC

DMA

Controller
DSP

Reset

Controller

Arbiter Decoder

EMI
M2S

Mux

S2M

Mux

AHB/APB

Bridge

VFPU

Interrupt

Controller

Remap/

Pause Ctr
Timers UART Watchdog

IEEE1

394

Internal

Memory

P1500

Controller

MMX

Dummy

Slave

External

Memory

External

Coproessor

External

AHB

Dev.

External

APB

Dev.

AHB

APB

CP-Bus

ASB

Proceedings of the 2003 IEEE International Conference on Microelectronic Systems Education (MSE’03) 
0-7695-1973-3/03 $17.00 © 2003 IEEE 



and the results can be used to guide the platform scaling. 

There exist two methods to scale the platform: removing 

the unnecessary components to reduce the cost of the 

platform and plugging in the dedicated hardware 

components to enhance the computation power of the 

platform. For example, we can plug in a DCT/IDCT 

component into the platform for a JPEG application. 

3. Software/hardware tools and IP’s 

      So far, CIC has assisted 88 universities and 

polytechnics to install over 16,000 academic licenses of 

EDA tools for IC design environments [6]. For SOC 

platform-based design, CIC introduced the system level 

design, simulation, and verification tools, like the 

Cadence SPW (Signal Processing Worksystem), 

Synopsys Cocentric System Studio, Mentor Graphics

Seamless CVE (Co-Verification Environment), Agilent

ADS (Advanced Design System) to universities. By 

using the platform design, these verification 

environments can be co-designed, co-simulated, and co-

verified. In this way, the virtual prototyping can be 

performed by using these tools. However, the simulation 

and verification speed still cannot afford for the high 

complex SOC designs. The SOC development boards, 

like Altera/Xilinx SOPC prototyping boards, Tensilica

XT2000 board, ARM core module, and Aptix MP4C, are 

used to speed up the verification of the SOC designs. By 

integrating the system level software, development board, 

and prototyping board, the SOC rapid prototyping can be 

performed. Within near future, CIC will establish a rapid 

prototyping laboratory, including Aptix with ARM core, 

Tensilica XT2000 board, and Altera/Xilinx SOPC 

prototyping boards, and so on. This laboratory is 

intended to support academics involved in SOC/IP 

designs. 

      The IP’s such as ARM CPU core and ARM 

EASY(Example of ARM System) are used as the CIC 

platform design. Based on this platform. the 

AMBA/VCI/P1500 wrapped IP’s will also be introduced 

to the universities. CIC plans to build the 

AMBA/VCI/P1500 wrapper of Xtensa CPU and other 

IP’s. These IP’s could be built from the design of CIC, 

universities, or commercial IP’s. The AMBA/VCI/P1500 

compliant IP design guidelines will also be provided in 

the future. 

4. CIC SOC design examples 

The design examples can speed up the SOC design flow. 

Therefore, CIC has implemented the first version of the 

platform-based SOC design as the design example. As 

shown in  Fig. 2, this example is designed in UMC 

0.18um 1P6M process. The operation speed is 100MHz. 

The pin count of this chip is 150 pins and the chip size is 

4.5x 3.5mm². In this design, a 2-D DCT/IDCT IP and a 

P-1500 wrapped design are integrated into this example 

design. The applications for this platform design are 

JPEG, G.723.1, and MPEG4. After the manufactured 

chip is verified, CIC will provide all the materials 

including design guidelines, DCT/IDCT IP, P1500 

wrapper designs to universities for their SOC research 

and education.  

      CIC will also provide a mix-signal design example to 

university besides the platform design since there are the 

analog circuits in the most SOC designs. In the future, 

these two design examples will be merged into a chip for 

the demand of SOC designs. 

Figure 2. The ARM-based platform design example. 

5. Perspective 

We have tried to supply good SOC/IP design services 

and infrastructure to universities/polytechnics in Taiwan. 

Actually, in the first quarter of 2003, many SOC related 

courses are held in CIC for the development of SOC 

design. The infrastructure of rapid prototyping for CIC 

platform is still under constructed. As the IC design 

advances towards system-level integration into a chip, 

our perspective works include the follows: 1) offer the 

complete SOC/IP design environment to universities, 2) 

setup rapid prototyping laboratory and provide platform-

based rapid prototyping methodology, and 3) develop 

AMBA/VCI/P1500 compliant IP design guidelines and 

introduce the compliant test environment. 

6. References

[1] AMBA Specification 2.0. 

[2] ARM Technical Training Course 2000. 

[3] AMBA University Kit Technical Reference Manual. 

[4] AMBA University Kit User Guide. 

[5] The Example AMBA System Technical Reference Manual. 

[6] C. Y. Lee et al., “CIC Annual Report 2001”, Chip 

Implementation Center of NSC, R.O.C, 2001. 

Proceedings of the 2003 IEEE International Conference on Microelectronic Systems Education (MSE’03) 
0-7695-1973-3/03 $17.00 © 2003 IEEE 


	Index: 
	CCC: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	ccc: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	cce: 0-7803-5957-7/00/$10.00 © 2000 IEEE
	index: 
	INDEX: 
	ind: 


