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Problem Statement & Business Case:
Due to the complexity of the DC Main Brick Printed Circuit Board Assembly (PCBA), AE 
determined the need for design, cost and quality optimization.  Six Sigma tools will be 
used to define, measure and analyze the options.  Once the potential solutions are 
defined, a design review of up to three PCBA technologies for the DC Main Brick will be 
used to obtain the best quality, price and delivery.  The technologies under review will be 
Surface Mount (SMT), Pin Thru Hole (PTH) and Press Fit.  Each technology has quality, 
cost and reliability advantages and disadvantages. 

Executive Summary

Objective Statement:
This project is intended to decrease cost by at least $XX.XX for each assembly of the 
PCBA, effective 1/07/2011, as measured by the Bill of Material for the PCBA parts cost.

A savings of US $X,XXX,XXX.00 in 2011

Conclusions, Recommendations, & Business Results
After numerous design reviews and PFMEA discussions it was decided that the best 
overall design uses a combination of Surface Mount (SMT) and Pin Thru Hole 
Technology.  Press Fit was determined to have assembly advantages, but the cost and 
reliability implications outweighed the advantages.  The optimization resulted in a 
savings of $XXX.XX per PCBA.  Annual usage of XXXX equates to $X,XXX,XXX.00 per 
year.
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Michael Broccardo, Mfg. Eng. Manufacturing

Chad Burnett, MPM Materials

EG Ooi, Plexus Penang Supplier SME

Salim Merchant, Plexus San Jose Supplier SME

Problem Statement: Due to the complexity of the DC Main Brick Printed 
Circuit Board Assembly (PCBA), AE determined the need for 
design, cost and quality optimization.  Six Sigma tools will be used 
to define, measure and analyze the options.  Once the potential 
solutions are defined, a design review of up to three PCBA 
technologies for the DC Main Brick will be used to obtain the best 
quality, price and delivery.  The technologies under review will be 
Surface Mount (SMT), Pin Thru Hole (PTH) and Press Fit.  Each 
technology has quality, cost and reliability advantages and 
disadvantages. 

Goal(s): This project is intended to decrease cost by at least $XX.XX for 
each assembly of the PCBA, effective 1/07/2011, as measured by 
the Bill of Material for the PCBA parts cost.

Project Scope:
Paramount VHF RF Power Delivery System
Scope:   DC Main Brick PCBA design used in the Paramount VHF

Direct Savings or Revenue:  The project intended to decrease cost by at 
least $XX.XX for each assembly of the PCBA.  The cost will be measured by 
the DC Main Brick PCBA Part Number 33020100 Bill of Material. The project  
resulted in a savings of $XXX.XX per PCBA.  Annual usage of XXXX equates 
to a savings of $X,XXX,XXX.00 per year.

Indirect Savings: The plan is to have indirect process, quality and reliability 
savings.

Tollgate Scheduled Complete
Charter:** 8/27/2010 8/27/2010

Define: 9/17/2010 9/17/2010

Measure 9/24/2010 9/24/2010

Analyze: 10/1/2010 10/1/2010

Improve:        10/8/2010 10/8/2010

Control: 10/8/2010 10/8/2010

Certification 10/13/2010 10/15/2010

Define Phase (Project Charter)

** Note:  GBs are encouraged to tollgate their Charter with their champion

Business Case

Team Schedule



Define Phase
Conceptual Picture of the DC Main Brick PCBA

The DC Brick Main is 11”X16”X.125” with 4oz copper and weighs ~8lbs 
when the daughter cards (Bricks) are installed.



Define Phase Summary

In the Define Phase we isolated the scope to 
optimizing the DC Main Brick Printed Circuit Board 
Assembly for quality, price and delivery.  In the 
Measure Phase (and or Identify Phase - DFSS) we 
plan to look at the factors that influence quality, 
price and delivery.

This project was performed in the design world of AE and hence follows 
more closely the DFSS methodology (D-IDOV).  However this presentation 
was prepared in line with the DMAIC training, but I attempted to match the 
phases for both methodologies.



Measure Phase 
IPO

INPUTS

Material Cost

Material Availability

Process Cost

Process Flow

PROCESS

PCBA Design

All designs have advantages and disadvantages.

OUTPUTS

Quality

Cost

Supply Chain

Reliability

Supplier Capability



Measure Phase
PCBA Process Flow Chart

Note:  The green boxes identify the optional processes.



Measure Phase
Cause and Effect (Fishbone) Diagram
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Measure Phase Summary

In the Measure Phase (and or Identify Phase - DFSS) 
we looked at the factors that influence quality, price 
and delivery.  The primary factors that influence 
quality, price and delivery are the types of 
components used on the PCBA.  The technologies 
under review in the Analyze Phase (and or Design 
Phase - DFSS) will be Surface Mount (SMT), Pin 
Thru Hole (PTH) and Press Fit.  Each technology 
has quality, cost and reliability advantages and 
disadvantages.  



Analyze Phase:
Technology / Process Options:

PCBA Process A:
SMT -Selective Wave
This process would utilize SMT connectors that interconnect to 16 Bricks 
(daughter PCBA’s) and the small capacitors and resistors would be SMT.  The 
selective wave would be used for the large capacitors and other PTH 
components.

PCBA Process B:
SMT-Selective Wave – Press Fit
This process would utilize Press Fit connectors that interconnect to 16 Bricks 
and the small capacitors and resistors would be SMT.  The selective wave 
would be used for the large capacitors and other PTH components.

PCBA Process C:
Selective Wave
This process would utilize PTH connectors that interconnect to 16 Bricks and 
the small capacitors and resistors would be PTH.



The PCBA Supplier, Plexus Analysis:

COMMENT ON PROCESS A: Of the three solutions this solution 
will provide the most reliable & ease of manufacturing. The SMT 
connectors are preferred to through hole connectors specifically 
due to thickness of the board.  The solder fillet in these holes will 
be difficult even using ERSA selective wave and/or wave solder 
machine.  The wave solder machine has higher probability of 
‘insufficient’ solder in the fillets.

COMMENT ON PROCESS B: The process will be slightly different 
than stated above. In place of performing operation of press fit, 
we would have Ersa Selective wave or wave solder operation 
prior to press fit. One issue is that RoHS connectors are difficult 
to press fit due to tolerance issues of the pin & PCB hole. 
Normally the PCB press fit hole tolerance has to be +/- .002” as 
compared to normal of +/- .003”



The PCBA Supplier, Plexus Analysis:

COMMENT ON PROCESS C: Strictly from process point of view 
the difference between Ersa Selective wave & wave solder 
operation is that with Ersa Selective wave a more complete 
solder fillet can be achieved in the hole compared to wave solder 
machine. And as the thickness of the board increases this issue 
becomes more critical because achieving a high percentage of 
hole fillet with wave solder becomes difficult.



Analyze Phase Summary

In the Analyze Phase (and or Design Phase - DFSS) 
Surface Mount (SMT), Pin Thru Hole (PTH) and 
Press Fit were evaluated, and we learned that 
having a PCBA using mixed technology was the 
best overall solution.  In the Improve Phase (and or 
Optimize Phase - DFSS) we plan to use multiple six 
sigma tools to narrow the focus and optimize the 
design.



Improve Phase
Design Failure Modes Effects Analysis (DFMEA)

Note from Michael Shover:  “The analysis is attached.  Not much to 
discuss, as the board is essentially a backplane with storage caps 
and current sensors.  The only items of moderate criticality are the 
current sensors, but we have lots of experience using these exact 
parts.  All the capacitors are sufficiently derated.  I don’t anticipate 
problems with this board.”



Improve Phase
Process Failure Modes Effects Analysis (PFMEA)



Improve Phase
Design Evaluation Matrix

Evaluation 
Perspectives

Design
Process A

Design
Process B

Design
Process C

Quality + - S
Cost + - -
Supply Chain + - -
Supplier Capability S S S
Manufacturability + - +
Complexity S + S
Performance S S -
Reliability S S -
Robustness - + +

# of +’s 4 2 2
# of -’s 1 4 4

# of S’s S=Same 4 3 3



Financial Benefit:  Cost Comparison between PTH, SMT, and Press Fit

Process B Process A

Process B Process C

By using the above Surface Mount (SMT) components we are able to 
save $XX,XXX.00 per year versus using Pin Thru Hole (PTH) 
components.

By using the above Pin Thru Hole (PTH) component we are able to save 
$X,XXX,XXX.00 per year versus using the Press Fit component.

$XX,XXX+ $X,XXX,XXX equates to a savings of $X,XXX,XXX.00 per 
year



Improve Phase Summary

In the Improve Phase (and or Optimize Phase -
DFSS) we used multiple six sigma tools to narrow 
the focus and optimize the design.  The final design 
used mixed technology utilizing the best overall 
cost, quality and delivery resulting in an annul 
savings of $X,XXX,XXX.00.  In the Control Phase 
(and or Verify Phase - DFSS) we outline how the 
design is controlled.



Control Phase
Engineering Change Order (ECO)

Advanced Energy controls the design through the Engineering 
Change Order Process.  The following PCBA documents are 
ECO controlled.  (Examples are provided in the Appendix)

1. Bill of Material (BOM)
2. PCB Drawing
3. Schematic
4. Source Control Drawing (SCD)
5. Supplier Process Matrix (SPM)
6. PCBA Test Specification



Control Phase
PFMEA Actions

Actions from the PFMEA will be documented in the BOM, PCB 
Drawing, Schematic, Source Control Drawing (SCD), Supplier 
Process Matrix, or PCBA Test Specification. 



Summary

Due to the complexity of the DC Main Brick Printed 
Circuit Board Assembly (PCBA), AE determined the 
need for design, cost and quality optimization.  Six 
Sigma tools were used to define, measure and 
analyze the options.  The final design uses mixed 
technology utilizing the best overall cost, quality 
and delivery resulting in an annual savings of 
$X,XXX,XXX.00.

The most valuable tool in this project was 
collaboration of the PFMEA.  The PFMEA generated 
communication between the designer and the 
supplier that might not have happened otherwise.



Appendix

Part 9:  APPENDIX (Optional) 
Include additional data, charts, figures, tables, etc. not included in other parts of the 
report



PCBA Bill of Material (BOM)



PCB Drawing



Sample Schematic



Control Phase
Supplier Process Matrix



PCBA Test Specification



Winchester Power Tap Press Fit Design 

Note:  $XX per part



AE Power Tap Pin Thru Hole Design

Note:  $X.X per part



PCBA Design for Manufacturablity Review
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