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SECTION

1.0 ACKNOWLEDGEMENTS, PREFACE, PURPOSE, SCOPE, AND INTRODUCTION
This section is self explanatory but important regarding what the DFM/CE process

is about in terms of cost savings, what it can do for those smart and willing enough

to take partin it.

2.0 WARM-UP SECTION WITH MOONMAN ARTICLES AND SOME HUMOR
MoonMan gets down in this section often ridiculing, in a kind way of course,
those ignorant or irresponsible enough to disregard DFM/CE.

2.1 WHERE THE FUGARWE, AND DOES IT REALLY MATTER?
Uh oh! No need to go here as some do.

2.2 HUMBLE BEGINNINGS FOR THE MOONMAN AND HIS TRANSFORMATIION
This section talks about how the MoonMan got started in this crusade to save jobs
and increase productivity by doing it right the first time, on time, every time, at

the lowest cost. Some people understand, others are selling real estate or
insurance, or are working in China.

2.3 FREEDOM TO GO WHERE AND DO AS | CHOOSE - IF NOT FOR RULES

Ah, those damn rules. Those stinkin' rules. MoonMan once received ridicule and
laughter by a Silicon Valley engineering manager (mangler) type who now is selling
used cars because he and his motley crew did it their way no matter how many times
it took to get it right. Of course, right never was.

2.4 PRINTED CIRCUIT BOARD FABRICATION BASICS — AN OUTLINE
This section is an important primer for designers, especially, and all others needing
to know how PCB's are designed and fabricated.

2.5 MULTILAYER BOARD (MLB) CONSTRUCTIONS FOR HIGHEST LAMINATE
INTEGRITY, DIVENSIONAL STABILITY, AND ELECTRICAL PERFORMANCE
After learning the basics, it is possible to begin understanding the importance of
MLB constructions and the materials required to make them acceptable as quality,
reliable product meeting customer contract requirements.

2.6 MLB MATERIAL PRESENTATION FROM MY PPT PRESENTATION
A graphic look at MLB materials and how they are made.
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2.7 SAMPLE MULTILAYER PCB'S AND ASSEMBLIES
This section contains graphic details about sophisticated PCB's and PCBA's not

found in your mother's pantry and not possibly designed or produced without DFM/CE.

These products cannot even get beyond the conceptual phase when assumptions
ignorance, excuses, and non-concurrence are present and/or practiced (four of the
MoonMan's seven deadly, to a design, sins.

2.8 SOME NEW INTERCONNECTION TECHNOLOGY
Just a glimpse into some newer technology and the possible future.

2.9 JUST A LITTLE BGA REWORK OR, BETTER, REPAIR - IF YOU PLEASE
Non-concurrence at the design level surely will land you and your suppliers performing
this unpleasant, unspeakable task though rework, repair, and modification must be
part of the DFM plan.

2.10 HASL - WHAT A HASSLE, or HASL'd AGAIN

MoonMan has been down on HASL since its inception many years ago when SMT
was in its infancy. This is just another writing about this problematic solder termination
area finish.

2.11 ALTERNATIVE (TO HASL) SURFACE FINISHES
There are so many alternative finishes available. Many work much better than HASL.

2.12 LEAD FREE AND WE'RE RUNNING OUT OF TIME THOUGH THE DEBATE
NEVER ENDS

This section will be ongoing as serious issues continue concerning this topic now vital
to us all non-paint eating folks.

3.0 RESPONSIBILITIES AND AUTHORITY
This section discusses specific DFM/CE team member responsibilities and the
authority they must exercise to make the process possible and make it work

4.0 QUALITY SYSTEM AND DESIGN PROCESS REQUIREMENTS/ELEMENTS
A closer look at one total quality management system element as an ISO 9000 quality
policy manual the MoonMan wrote and implemented when doing this type consulting.

5.0 REQUIRED DFM/CE ELEMENTS AND TOOLS
This is self explanatory but there's a whole lot more to it than most folks think.

6.0 DFM/CE DESIGN PHASES
This section explains DFM/CE design phases and what must be done when to design
and make quality product.
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7.0 REVIEW PHASES AND CHECKLISTS 252
This is where it really gets down. If you're not using the material in this section, mine
or yours, you cannot make DFM/CE fly.

8.0 PCB DESIGN REVIEW PHASE AND CHECKLIST (PRE and POST-CAD ROUTING) 260
The PCB design review, after the phases in 6.0, prepares us for flight. You don't fly an
airplane without a walk around inspection checklist, AND A FLIGHT PLAN AND

CLEARANCE CLARENCE, followed by pre-flight, take-off, climb-out, and in-flight

checklists. Likewise, you don't fly or land a plane without appropriate checklists and

TOTAL CONCURRENCE with various controllers along the flight route. It's the same

for product. If you don't do it all, you CRASH AND BURN.

8.1 DFM/CE TEAM 260
This section simply talks about the DFM/CE team and its members.

8.2 COMPONENT AND PCB RELATED CONSIDERATIONS AND REQUIREMENTS
(PRIMARY SMT PAD DESIGN REQUIREMENTS START IN IPC-782 WITH BGA
REQUIREMENTS OUTLINED IN IPC-7095) 262
This section references many IPC requirements as | remember [PC's humble

beginning with little substance and less to offer designers. How times have changed!

8.3 PCB PHYSICAL CHARACTERISTICS AND CONSIDERATIONS 300
Self explanatory but important.

8.4 PCB MATERIALS 303
More on materials. Pretty important stuff, en?

8.5 QUALITY CONFORMANCE TEST CIRCUITRY AND COUPONS 305
Most MLB designers, or at least the ones | work with and respect without my help,

understand this VITAL part of DFM/CE and what this means especially concerning

quality determination and the important feed back that is absolutely required for effective
design and process improvement.

8.6 QUALITY CONFORMANCE TEST CIRCUITRY AND INDIVIDUAL COUPON

TEST REQUIREMENTS - (IPC-2221 and IPC-7095 design guidelines, and

IPC-A-600F, IPC-6012, and IPC-TM-650 within those specifications) 306
Very important.

8.7 MLB CONSTRUCTIONS AND OTHER MLB CONSIDERATIONS 311
One of my asymmetrical MLB's again is shown here along with other important info
correlating to IPC design standards and acceptance specifications.

8.8 TRACE, SPACE, CIRCUIT PLATING/COATING CONSIDERATIONS AND
REQUIREMENTS 312
Self explanatory.

8.9 SOLDER MASK, MARKING, SOLDERABILITY, ESD/EOS, MSD, AND
CLEANLINESS REQUIREMENTS 315



Self explanatory.

8.10 TEST CONSIDERATIONS AND REQUIREMENTS (TEST STRATEGIES
DEVELOPED FOR HIGH DENSITY BOARD TYPES) 317
Self explanatory.

8.11 IN CIRCUIT TEST (ICT) CHECKLIST 324
MoonMan's important check list corresponding to test procedures in Part 3.

8.12 DOCUMENTATION REQUIREMENTS 325
Basic and detailed documentation requirements as master and assembly drawing

graphics, notes, and tables. You won't get far, without constant schedule interruptions,

if you don't do this stuff right. MoonMan's master drawing notes form a large part of

the concurrent engineering language and abilities to discuss contract requirements

with board shops during the qualification process, as one example. Over done you say?

NOT IN THE SLIGHTEST because without the language and the ability to communicate,

you cannot begin to have DFM/CE.

9.0 POD PRINTED CIRCUIT BOARD (PCB) DESIGN, PCBF, PCBA, QUALITY
CONFORMANCE & TEST DFM/CE CHECKLISTS (BARE BONES W/O PICS) 332
Cut and paste these checklists for your use.

10.0 PCB DESIGN REVIEW PHASE AND CHECKLISTS FOR YOUR USE -

NO IMAGES 344
Cut and paste these checklists for your use.
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This part is fairly self evident so there really is no reason to explain it but to say you can
learn from failure analysis (FA) but why end up there for lack of DFM/CE.

SECTION PAGE
11.0 COMPONENT AND OTHER SUPPLIER EVALUATION & QUALIFICATION

REVIEW PHASE AND CHECKLIST 4

11.1 COMPONENTS AND COMPONENT SUPPLIERS 4

My client didn't do this right.

11.1.1 COMPONENT FAILURE ANALYSIS AS MY PPT TRAINING PRESENTATION 22
| spent a lot of time with my client here. | liked it but my client spent a bundle learning
this unneeded lesson.



11.1.2 SOME TOOLS FOR COMPONENT FA 77
If you have to do FA, these are the tools required for the processes.

11.2 PREVENTING THE NEED FOR FAILURE ANALYSIS - ONE TOOL FOR DFM/CE 94
| had to learn this tool on my own. After two weeks | was proficient and "wrote" the
accompanying procedures using mostly graphics instead of the thousands of words

the software supplier included in the destructions.

11.3 PCB FABRICATION CAPABILITIES 219
This section gives you a view of a PCB fabrication capability without leaving your easy
chair.

11.3.1 PCB FABRICATION OPERATIONS FOR EVALUSTION AND
QUALIFICATION PURPOSES 227
If you don't use these procedures, you are doomed.

11.3.2 PCB FAILURE ANALYSIS 293
This is where the doomed spend way too much time.

11.4 PCB ASSEMBLY CAPABILITIES 301
You need this.

11.4.1 PCBA FAILURE ANALYSIS 312
You don't need this.
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This part provides very detailed photo procedures for nearly every process required to
assemble your boards. If you did DFM/CE right so will your assembly capability. If not,
there's an expensive FA operation, as in Part 2, in your immediate future. After FA, you'll
know if it was your design or supplier evaluation and qualification process, or both, at fault.

SECTION PAGE
12.0 PCBA MANUFACTURING OPERATION PROCEDURES 4

12.1 SOLDER PASTE AND STENCILS 5

12.2 STENCILPRINTING 19
12.3 A FEW WORDS ABOUT THROUGH HOLE TECHNOLOGY 57
12.4 SMT COMPONENT PLACEMENT 60

12.5 REFLOW SOLDERING 124



12.6 WAVE SOLDERING 160

12.7 HAND SOLDERING 202
12.8 WINESCO REPAIR/REWORK 234
12.9 SRM4 REPAIR/REWORK 246
12.10 BGA REPAIR/REWORK 264
12.11 MSD AND VACUUM SEALING PROCEDURES 350
12.12 LIQUID SOLDER MASKING PROCEDURES 366
12.13 PANELIZATION AND DE-PANELIZING 385
12.14 FINAL ASSEMBLY (SYSTEM OR "BOX" BUILD) 389
12.15 CLEANING AND CLEANLINESS 399
12.16 INSPECTION AND TEST 407

PCB FABRICATION PROCEDURES ALSO AVAILABLE ON A CUSTOM BASIS
THOUGH | HAVE MANY OF THESE FOR VARIOUS SHOPS THROUGHOUT THE WORLD.
HOWEVER, THERE ARE SO MANY PROCESSES AND DIFFERENT WAYS OF DOING THEM, |
CANNOT POSSIBLY INCLUDE THEM HEREIN.
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SECTION PAGE

13.0 LEAN MANUFACTURING AS MY PPT TRAINING PRESENTATION 4
How to create, implement, and maintain a Lean Manufacturing environment in your organization
starting with management, 5's, KanBan, Kaizen, Cells, Poka and Baka Yoke, and so much more.

14.0 INITIAL QUALITY AND LONG TERM RELIABILITY 108
A discussion about quality and reliability - their differences and dependencies and what it takes to
achieve both in conjunction with this book's use.

15.0 SUMMARY 149
This book does it all. No, this book does nothing without you using DFM/CE. It does tell you exactly
how to do that and do it well.

16.0 THE FUTURE FOR YOU, ME, AND THE BOOK 161
What do you think is our future with or without DFM/CE?



