
Toshiba achieved significant product size reduction 
using 3D chip, package, board co-design in CR-8000 
Design Force
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CR-8000 is a product-centric design solution 
that provides the tools to optimize a design at 
both the product and PCB design level.
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Toshiba faced a difficult design problem: their TransferJet™ 
technology was embedded in a customer cell phone, and when the 
next rev of the phone came around, they learned that they needed 
to shrink the board from 8mm x 8mm to 4.5mm x 6mm, and they 
had to shrink the module thickness from 1.7mm to 1.0mm. 

The original design was a simple board with a wire bond package 
and several peripherals. Competitive pressures required a 
significant reduction in size and thickness. On top of that, they had 
to add RF matching to simplify the adoption of the module. Toshiba 
used Zuken’s CR-8000 Design Force with ANSYS analysis tools to 
accomplish the project.

Results
• Reduction of board and module size 

by combining chip, package, and 
board into a 3D design structure for 
co-design feasibility studies.

• Easy location and correction of design 
issues due to tight coupling between 
CR-8000 and ANSYS analysis tools.

• RF matching simplified adoption of 
the new module.

The wish list

The overall goals were to shrink the size 
and thickness, provide RF matching and 
power stabilization, and to minimize 
noise. The system block diagram plus 
the design goals are shown in the image 
below.

To accomplish these goals, Toshiba came 
up with the following requirements:

• use a bare flip-chip die instead of a 
wire bond package

• embed the die in the package 
substrate, and add extra test pins

• use co-design tools and 
methodologies to optimize pin 
assignments more effectively

• use system-level co-analysis

• view and edit using 3D design 
capabilities

• design in close collaboration with 
CAE tools

Toshiba achieved significant product size reduction 
using 3D chip, package, board co-design in CR-8000 
Design Force
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About Toshiba Electronic Device & 
Storage Corp, Japan
Toshiba semiconductors and storage 
products make possible today’s latest 
smartphones, tablets, ebooks, digital 
cameras, head mounted devices, medical 
devices, automotive applications, 
networking, enterprise applications, and 
PC and notebook storage.
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CR-8000 is a product-centric PCB design 
solution that provides the tools to 
optimize a design at both the product and 
PCB design level.
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Toshiba soon discovered that Zuken and 
ANSYS were the only vendors who could 
provide tools to meet all of the functionality 
requirements. They began by doing some 
feasibility studies, taking advantage of the 3D 
design and embedded design functionality 
in CR-8000 Design Force. 

They embedded the die and explored 
putting it face up and face down and also 
explored the effects of adding test pins. What 
resulted is the configuration shown below – 
the die had the extra test pins, it was placed 
face down, embedded within the substrate, 
and employed ultra-thin shield coating on 
the package and an ultra-thin IC component.

The design process

The module was then combined with the 
board to form a 3D chip-module-board 
design view. Each device had its own design 
rules. Zuken’s CR-8000 Design Force enabled 
engineers to easily and quickly switch design 
context as they proceeded through the 
design process. 

When they needed to design the package in 
3D, a click of a button switched to 3D mode, 
with another click, they were back in 2D, and 
with another click of a button they could 
design in the IC.
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The IC RDL routing was done natively in an 
OpenAccess design environment using IC 
design rules, and generated mask-ready RDL 
routing. Package routing was completed with 
package design rules. Pin assignments were 
updated as needed to create the simplest 
and most optimal routing in both the die and 
the package.

Next, a 3D model of the system was generated. 
This model included IC, package, and board 
elements for a hierarchical 3D model that was 
passed to ANSYS for RF matching analysis. 
The RLC parasitics were based on a 3D model 
and were passed to ANSYS Q3D analysis. The 
circuit and analysis results are shown below 
(bottom left).

CR-8000 Design Force then generated an ANF 
file for use in Siwave for power stabilization. 
A port was set for each power and ground 
terminal of the IC and power and ground 
impedance analysis from the IC terminals was 
run. From this analysis, the optimum number 
and value of the decoupling capacitors 
required was calculated.

In order to minimize noise, engineers 
performed a static resonance analysis on a 
3D model of the module. They found a strong 
resonance at 9 GHz, and were able to find the 
source of the resonance.

Once the resonating wire was corrected it 
was time to re-create the 3D model, and 
re-run the resonance analysis to confirm the 
problem was fixed.

Circuit and analysis results Static resonance analysis on a 3D model of the module

Design process demonstration

https://www.youtube.com/watch?v=9PeuHpukPVI&feature=youtu.be
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Finally, after analyzing dynamic noise, 
engineers found it exceeded their constraints. 
So from there, they built up a series of 30 
possible solutions, and ran the analysis on 
each while applying a stimulus at the source 
of the noise on the IC. The software was 
able to identify the solution that gave the 
best results, reducing noise to 1/30th of the 
original measurement.

Now that they found good package results, 
they combined the module with the board 
for a final waveform, noise, and thermal 
analysis of the product and confirmed that it 
met the requirements.

Quick and accurate results

Toshiba was able to use CR-8000 Design 
Force to combine their chip, package, and 
board into a 3D design structure for their 
co-design feasibility studies to meet their 
physical design requirements. Tight coupling 
with ANSYS analysis tools enabled them to 
find and correct problems and complete the 
project.

CR-8000 Design Force is the only tool that can 
tightly integrate semiconductor, package, 
and PCB devices, and provide the tight links 
to ANSYS tools for quick and accurate analysis 
results.

• Further information: Toshiba Case Study Slides

• Resources for CR-800 Design Force

Before applying 
solution

After applying 
solution

www.zuken.com
http://bit.ly/2Amalky
www.zuken.com/design-force

