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ABSTRACT 
 

This paper presents how to use the TRIZ for successful implementation of the 
Design for Six Sigma (DFSS).  As an organized and systematic approach for 
creating conceptual designs, TRIZ makes it possible to reduce the error of 
decision-makings in the selection of the appropriate activities for 
breakthrough innovation.  By combining the TRIZ and the DFSS efficiently, 
it could be obtained synergistic effects such as shorter time to market, 
enhanced customer satisfaction, reduced cost, variety and flexibility, and 
continuous improvement, etc.  In this paper, we develop the procedures for 
conceptual designs at the Analyze Phase in the DFSS process roadmap.  To 
demonstrate the procedures mentioned above, the conceptual design of Low 
Temperature Co-fired Ceramic (LTCC) package, which was developed for 
achieving high performance in comparison with the rival’s product, is 
illustrated. 
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INTRODUCTION  
 
As a breakthrough management philosophy, the Six Sigma has proven that it is 
possible to achieve dramatic performance improvement for conducting business.  
It is primarily a business initiative first introduced by Motorola in the early 1980s.  
In the 1990s, Six Sigma success stories from General Electric, AlliedSignal, and 
Raytheon have received considerable industry’s awareness of its power and 
usefulness.  For example, General Electric explains and positions the Six Sigma 
as a way to deal with global business issues.  Consequently, GE has estimated 
benefits about $10 billion during the first five years of Six Sigma implementation.    
 
Over the last decade, a great deal of research concerning the Six Sigma has been 



conducted to examine and improve product quality and cost savings.  This has 
made an enormous impact on the field of engineering by revolutionizing the way 
in which engineers think about their approach to design.  The idea behind the Six 
Sigma starts with the recognition that quality improvement in a product begins 
with product design.  By designing quality into a product at its earliest stages of 
development, the design engineer may create a product that may successfully 
enter the market.  The DFSS, which is a general tool of systematically obtaining 
and organizing knowledge or technical information, is one important approach for 
designing new products and/or processes, or a methodology for redesigning 
existing products and/or processes. 
 
However, current business environments due to rapid development of markets, 
their diversity and uncertainty are asking industrial companies to make the 
optimal decisions for product development.  Also, it is known that there is a high 
uncertainty in making decisions.  In fact, there are often significant delays in Six 
Sigma projects.  One of the most frequent reasons is a decision-making error that 
leads to rework and time consuming data collection activities.  This reason leads 
not only to delays, but also increase the Cost of Poor Quality (COPQ) due to 
rework.  TRIZ can be used for minimizing errors of the decision-making 
between the optimizations of existing technologies or the development of a new 
creative technology.  It helps increase innovation during the design process by 
addressing technical challenges and resolving contradictions, as opposed to 
making design compromises or trade-offs (see George (2002)). 
 
TRIZ is a Russian acronym for the Theory of Inventive Problem Solving, which is 
an established scientific methodology for stimulating innovative ideas and 
improving engineering systems.  TRIZ was developed to assist engineers in 
finding innovative solutions to technical problems in product development 
processes.  TRIZ is about providing means to access the good solutions obtained 
by a knowledge base built from the analyses of approximately 2.5 million patents. 
 
Sometimes, traditional Six Sigma methodology could be inefficient and/or 
insufficient enough for complex problems and for finding appropriate innovative 
solutions in a short time period.  TRIZ can be used for enhancing this traditional 
Six Sigma methodology.  Particularly, the DFSS, coupled with TRIZ, is capable 
of achieving dramatic performance improvement for conducting business.  In 
this paper, we concentrate on developing conceptual designs in implementing the 
DFSS projects.  To demonstrate the approach, which is suggested in this paper, 
the conceptual design of Low Temperature Co-fired Ceramic (LTCC) package, 
which was developed for achieving high performance in comparison with the 
rival’s product, is illustrated.   
 
 



DESIGN FOR SIX SIGMA 
 
DFSS is an established, data-driven methodology based on analytical tools that 
provide engineers with the ability to prevent and predict defects in the design of a 
product, service or process (see De Feo et al. (2002)).  It consists of a set of 
engineering and statistical tools to be used during product/process development.  
The DFSS has been used for developing a new product that exceeds customer’s 
needs and a corresponding process operating at Six Sigma.  Also, It is all about 
preventing troubles and performing the right things at the first time during 
product/process development.  From a management point of view, it is about 
designing the right cycle-time for the appropriate development of new products.  
In addition, it enables the consequent conceptual development, design, 
optimization, and verification of new products prior to their show into their 
competitive markets (see Creveling et al. (2003)). 
 
The DFSS follows a specific process roadmap for the development of products 
from the voice of customer or technical specifications derived from a Quality 
Function Deployment (QFD).  It is outlined by the DMADOV acronym, which 
stands for Define, Measure, Analyze, Design, Optimize, and Verify.  This is 
based on the works of General Electric.  Figure 1 shows the roadmap for the 
DFSS. 
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Figure 1. DFSS Roadmap (General Electric) 

 



TRIZ: THEORY OF INVENTIVE PROBLEM SOLVING  
 
TRIZ is not a new methodology.  It has been around since the late 1940s.  The 
TRIZ was invented by Genrich Altshuller, who is credited with discovering the 
method after studying thousands of worldwide patterns and lessons.  He saw that 
the same fundamental problem had been addressed by a number of inventions in 
different technological areas.  The effort led him to identify 40 heuristic 
inventive principles – common sense rules drawn from experience – that were 
used to resolve specific recurring contradictions.  Three of the more frequently 
used principles are called Segmentation, Inversion, and Prior Action.  
Segmentation suggests fragmenting a component or part into two or more pieces 
to make it flexible or adjustable.  The Inversion principle suggests doing 
something opposite to what is currently being done.  Prior Action says to 
perform a required action beforehand, either partially or completely (see Dvorak 
(2001)).  
 
Originally TRIZ was used for analysis and innovative problem solving for 
manufacturing processes such as process/product improvement and failure 
correction, innovative design, etc.  Now, It extends traditional system 
engineering approaches and provides powerful systematic methods and tools for 
problem formulation, system and failure analysis, for both existing and future 
issues, by using system patterns of evolution.  
 
The TRIZ tools contain a variety of different problem definition and problem 
solving tools.  Among these tools, Yamashina et al. (2002) suggest three basic 
tools as follows: (1) the ‘system conflict resolution principles’, which are 40 
principles to resolve effectively conflicts or contradictions between customer 
requirements, (2) ‘effects’, which is a knowledge database system consisting of 
physical, chemical, and geometrical effects and rules for problem solving, (3) the 
‘substance-field model’ for modeling a technological problem and for deriving 
answers. 
 
TRIZ solutions of inventive problems could be classified into five categories by 
Royzen (1993): 1) Solutions do not eliminate engineering contradictions.  These 
solutions are well known and available.  2) Solutions eliminate engineering 
contradictions connected with this improvement by employing knowledge of the 
same disciplines as the problems.  3) Solutions eliminate engineering 
contradictions connected with this improvement by employing knowledge of the 
same science as the problems.  4) Solutions eliminate engineering contradictions 
connected with this improvement by employing knowledge of a different science.  
5) Solutions are based on new discoveries of rules of nature that have to be made 
to eliminate a contradiction.  Except the solutions of fifth category, the other 
solutions mentioned above could be obtained by using an Algorithm for Inventive 



Problem Solving (ARIZ) in TRIZ.  
 
 
AN APPROACH FOR CONCEPTUAL DESIGN  
 
In the conceptual design, scientific and engineering knowledge is used to produce 
the basic functional prototype design.  It includes the selection of material, 
components, and tentative values of product factors in product design; and the 
selection of production equipment, and tentative values for process factors in 
process design.  Also, an understanding of both the customer’s needs and the 
manufacturing environment is required.  Thus, it is the most creative part of the 
design process.  To generate more efficient innovative ideas or concepts in the 
design process, the TRIZ is one of the powerful methodologies.  
 
The Six Sigma must be more collaborative with other breakthrough management 
or technology methodologies.  It will be complemented and integrated with each 
other – for example, Lean Six Sigma and TOC Six Sigma, etc.  Similarly, 
Averboukh (2003) suggest that integration of TRIZ and Six Sigma methodologies 
generally leads to: 1) increased effectiveness of Six Sigma deployments, 2) 
increased efficiency in terms of reduced life-cycle time and resources used, 3) 
reduced errors in decision making at the early stages of the deployment, 4) 
reduced Cost of Poor Quality (COPQ) of Six Sigma due to the rework and time-
consuming repeated idea collection activities, 5) increased Rolled Throughput 
Yield (RTY) of Six Sigma projects at the Improve/Design phase, etc.  Thus, the 
Six Sigma methodology, coupled with TRIZ, is capable of achieving dramatic 
performance improvement for conducting business. 
 
In this paper, we concentrate on Step 4 for developing conceptual designs at the 
Analyze Phase in the Six Sigma DMADOV roadmap, as shown in Figure 1.  A 
commercial knowledge-based and computer-aided solution, TechOptimizer (2002), 
is used for designing innovative ideas or concepts.  By combining the TRIZ and 
the DFSS efficiently, it could be obtained synergistic effects such as shorter time 
to market, enhanced customer satisfaction, reduced costs, variety and flexibility, 
and continuous improvement, etc.  The recommended procedures are as follows: 
 
1: Idea Generation  
 
The idea generation consists of two sub-steps:  the first sub-step relates to 
execute the Function analysis.  The purpose of this analysis is to analyze the 
system to be improved, and/or is to identify the core problems in systems and the 
functions of the components and the super-system elements.  As a type of 
engineering system analysis, Function analysis is based on Value analysis 
algorithms to formulate clear problem solving statements for guiding the 



exploration of innovative design variations (see TechOptimizer (2002)).  After 
executing the Function analysis, five basic function models can be considered by 
Royzen (1999) as follows: 1) adequate useful function, 2) insufficient useful 
function, 3) absent useful function, 4) harmful or undesired function, 5) unknown 
and undesired function.  The primary goal of Function analysis is to clarify all 
the functions of an existing design without the loss of performance and/or cost.   
 
The second sub-step includes the contradiction matrix or Altshuller’s Substance-
Field analysis.  As a primary tool to generate innovative ideas, the contradiction 
matrix is a 39×39 cell matrix where improving features of a design are crossed 
against worsening features.  The cells of the matrix contain the numbers of the 
recommended generic inventive principles (numbered 1 to 40) with which other 
problem solvers have successfully eliminated those contradictions (see Jones et al. 
(2001)).  This 39×39 matrix presents a two dimensional arrangement of the most 
effective Inventive Principles, which can be used to solve typical engineering 
contradictions: a technical contradiction and a physical contradiction.  A 
technical contradiction (or system contradiction) is a situation where changes in 
one part of a technological system cause deterioration of another part of the 
system.  A physical contradiction is a situation where one object ought to be in 
mutually exclusive physical states. 
 
As the other tool for idea generation, Altshuller’s Substance-Field analysis makes 
it possible to describe generic types of problems and their solutions.  The 
appropriate Substances and Fields for the problem could be selected from the 
Resource Constraints checklist.  The Resource Constraints filter can be used in 
conjunction with the Effects Knowledge Base searches to retrieve only those 
Effects that utilize available resources.  As a problem solving tool, the Effects 
Knowledge Base, which is designed to assist engineers in finding innovative 
solutions to engineering problems, contains thousands of descriptions of unique 
scientific Effects and examples.  Each Effect is characterized by a set of 
independent variables and a single dependent variable. 
 
2: Idea Selection  
 
The idea selection consists of two sub-steps:  the first sub-step is focused on the 
selection of ideas generated from the previous step.  A Pugh’s method can be 
used for assisting in decision-making during the idea selection. The second sub-
step relates to refine the decision-making based on the Design of Experiments 
(DOE).  The DOE, which is a general method of systematically obtaining and 
organizing knowledge or technical information by experiment, is one important 
tool for decision-makings based on the engineering judgment.  Based on the 
results of DOE, final conceptual design will be selected.   
 



3: Idea Confirmation  
 
The idea confirmation includes a review of the customer requirements.  The final 
conceptual design should be confirmed with the customer requirements including 
product features and working physical principles, etc.  If needed, confirmatory 
experiments should be conducted to validate the final conceptual design.  If 
satisfactory results are obtained from the confirmatory experiments, this final 
conceptual design must be chosen.       
 
 
A CASE STUDY  
 
As a part of the DFSS project, an illustrative example is related with the Low 
Temperature Co-fired Ceramic (LTCC) package, as shown in Figure 2.  The 
primary purpose of this project is to develop the optimal design of the LTCC 
package.  For reference, the LTCC technology makes it feasible to produce 
compact multi-layer structures with buried passive components for high density, 
as a shape of hermetically sealed package.  It offers a promising solution for RF 
wireless applications.  One of the most important processes in manufacturing 
multi-layer LTCC packages involves co-firing of metals and ceramics.  
Undesirable defects due to the mismatched densification between the metal and 
the ceramic, such as cracks and pores, should be eliminated. 
 
 

 
 

Figure 2. Schematic View of LTCC package 
 
 
In this paper, commercial TechOptimizer (2002) is used for developing conceptual 
designs at the Analyze Phase in the Six Sigma DMADOV roadmap.  Using the 
TechOptimizer functional analysis and trimming as problem statement tools, a 
simplified manufacturing process of the LTCC package was developed.  The 
related Function analysis of LTCC printing process is displayed in Figure 3.  
 



 
Figure 3. Function Analysis of LTCC process 

 
 
Using the Substance-Field Analysis, models of improved systems can be obtained.  
Figure 4 shows an example of Substance-Field modeling of technical 
contradictions.  Figure 5 shows the results for the current (before) and improved 
(after) surface morphology (left) of LTCC package.  The grain size and the 
density of top metal electrode are increased.  Also, glass infiltration area (right) 
of LTCC package is decreased significantly.  This final design has been proved 
to achieve high performance and improved to minimize undesirable defects in 
comparison with the current LTCC package. 
 
 

 
 

Figure 4. Substance-Field Modeling of Technical Contradictions 



 
 

Figure 5. Surface Morphology (left) and glass infiltration area (right: refer to 
isolated dots) of LTCC package 

 
 
CONCLUSIONS 
 
There is no doubt that the integration of TRIZ with the DFSS is powerful to 
improve quality, reduce cost and product development time, and achieve major 
competitive market advantages.  To demonstrate how to efficiently use the TRIZ 
in implementing the DFSS projects, the conceptual design of LTCC package is 
illustrated.  The approach suggested in this paper will facilitate successful 
competition in the global economy by designing robust products, improving a 
product’s quality and reliability, reducing time to market, reducing life-cycle cost, 
etc.   
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