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1. Why we collaborate?
2. When do we collaborate?
3. Who do we collaborate with?
4. What do we collaborate?



 Every manufacturer I’ve ever known, are always 
encouraging us to be forward thinkers.     

“We can best do this by being prepared, planning ahead, 
to research and anticipate!” 

***Therefore as designers we Collaborate***

 Definition of Collaborate: to work with another person 
or group in order to achieve or do something 

 Our goal as designers is not to just design a board, but 
rather it’s to design a board so that it can be built well!



 Are your designs “Correct by construction?”
 How many boards do you manufacture? ####

…unless you’re a manufacturer, the answer is 0.000 
 Qualify your vendor: visit, learn their process, learn 

their capabilities, speak their language, build a 
relationship, know the person

 Do you know the build plan – proto to prod.? 
 Do you proto-type where you build production runs? 

PROs and CONs
 Will purchasing select the vendor and if so when? 

PROs and CONs



Producibility Levels
[IPC-2221A – 1.6.3] 

DESIGNER
ASSEMBLER

…established to help communicate the 
design complexity to the manufacturers

Producibility levels are NOT design requirements
Ask the question, “Is it technologically 

appropriate for this vendor?”

FABRICATOR



• tooling

• materials

• processing

Hence, progressive increases in 
fabrication cost$

Producibility Levels

YIELDS

COSTS

YIELDS

COSTS

YIELDS

COSTS

…reflect progressive increases in the 
sophistication of:





Design for Excellence (DFX)

• DFM - Design for Manufacturing (Fabrication)
• DFA - Design for Assembly
• DFT - Design for Test
• DFR – Design for Reliability
• DFE – Design for the Environment



Making contact should not be optional; 
it should be standard operating 

procedure



 When do you communicate to your manufacturing chain? 

Is it in the 11th hour or is it proactively?

 When can I get a quote from my fabricator? 

 When are the feature sizes confirmed?

 How and when do you validate your design?

 When is the best time for a DFM review?

 What is required: Complete or partial data; How about a PO?

Collaboration should start at the 
initial estimation of a design!



* 18 layers 1.6mm Thk., 10 Ghz, DDR4, 1760 BGA 300 hours, 2 Months

How would you like to get to this point 
and then find out it’s unbuildable?



 Type of end use for a board
• Build plan High volume production
• Or is it development or debug
• Class 2 or Class 3

 Number of I/O signals on a BGA can 
determine the layer count

 HDI methods allowed
 Feasibility Dispersement Study
 Type of circuitry High-Speed or RF
 Schedule requirements



 As speed and performance increased, so did the heat
 We all know that heat is not our friend…
 So voltages had to come down…
 As voltage drop, so the size & pitch were reduced…
 As performance went up so did the pin count go up…
Result equaled…

 Smaller case size
 Increased pin count
 Lower voltage
 Increased thermal
 And did I mention… 

“it must cost less and be done faster”!



 Placement Feasibility – SMT Parts will not fit with 
room for pin escapes to PTH vias

 Standard PTH vias are too large to pin-escape a 
uBGA (Typically a .65mm or below pitch device)

 High Speed or RF performance – unwanted 
parasitics or excess inductance from standard 
PTH vias

 Increased routing density from high pin count 
devices. Limited layer count per 1.6mmThk. Bd.

 Back to back large active SMT devices – BGA’s
 RF on Primary Side / Digital on Secondary side



Common Land Pitches in Package Family 

Package 
type 

No. 
Pins 

Description Peripheral or grid 
array 

SOIC/FQFP 16 - 48 Small outline IC Peripheral 

QFP/PGA/BGA 48 - 156 Quad flat pack/pin grid array/ball 
grid array 

Peripheral and grid array

BGA/QFP 156 - 256 Pitch size 0.5, 0.4, 0.3mm & PGA Grid array 

BGA > 2000 Large scale integration Grid array 
 

BGA’s ball grid arrays were standardized in the 1990's 

The pin pitch was 1.5 mm  [0.060 in], and 1.27 mm [0.050 in]

As smaller and smaller parts evolved they include pitches 
of 1.0 mm, 0.8, 0.65, 0.5, 0.4, 0.3, and 0.25 mm. (80% rule)



100 Pin
1.0mm

100 Pin
.80mm
100 Pin
.65mm
100 Pin
.50mm
100 Pin
.40mm

90 Pin
.80mm
DDR2116 Pin  1.0mm



Images courtesy of PCB Libraries, Inc.

Common Discrete SMT Case Common Active SMT Case



Usable Board Placement Area

Usable Placement Area
Primary & Secondary Sides



Secondary Side:
Passive Devices 
Shown in Red

Primary Side: 
Active Devices 
Shown in Blue

Quick component dispersement shows 
some feasibility, thus DFM/DFA ready

Usable Placement Area
Primary & Secondary Sides



 Data: Preliminary and/or Final
 Feature sizes
 Materials 
 Capabilities and process adjustments
 Build plan and schedule
 Process steps vs. turn-time



 Symbol Feature Conventional 
m [inch] 

Threshold 
m [inch] 

Leading edge
m [inch] 

State-of-the-art 
m [inch] 

a minimum micro-via size on target land 100 [0.004] 75 [0.003] 75 [0.003] 50 [0.002] 
b maximum micro-via size on capture land 110 [0.004] 80 [0.003] 80 [0.003] 60 [0.002] 
c target land size 350 [0.014] 300 [0.012] 250 [0.010] 130 [0.005] 
d capture land size 350 [0.014] 300 [0.012] 250 [0.010] 130 [0.005] 
e minimum conductor on RDL 125 [0.005] 100 [0.004] 75 [0.003] 50 [0.002] 
f minimum conductor space on RDL 125 [0.005] 100 [0.004] 75 [0.010] 50 [0.002] 
g minimum land with maximum PTH for that land 800 [0.031] 600 [0.024] 400 [0.016] 250 [0.010] 
h minimum PTH diameter 350 [0.014] 250 [0.010] 125 [0.005] 100 [0.004] 
i minimum pitch between micro-vias 1250 [.0049] 800 [0.031] 500 [0.020] 250 [0.010] 
j minimum dielectric thickness RDL 60 [0.002] 50 [0.002] 50 [0.002] 25 [0.001] 
k minimum plating thickness in core vias 25 [0.001] 20 [0.001] 17 [0.001] 17 [0.001] 
l minimum plating thickness in PTH 25 [0.001] 20 [0.001] 17 [0.001] 17 [0.001] 

m minimum plating thickness in micro-via 25 [0.001] 20 [0.001] 17 [0.001] 17 [0.001] 
n minimum board thickness not including plating 800 [0.031] 700 [0.028] 600 [0.024] 600 [0.024] 

Important Ratios 
a/j Maximum aspect ratio for micro-via  0.8 1 1.3 1.5 

All copper thicknesses are 17 m 
Plating thickness for 2 to n-1 layer to be nominal 17 m, minimum 12.5 m 
Annular ring (AR) is land allowance per side of hole. Land diameter equals finished hole size (FHS) + 2x AR. 
Maximum board thickness requires trade-offs. Contact your supplier 





What happens to the quick turn schedule
if desired material is not in stock?

…unexpected delays
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Note the 2x - Nx
for build-up of 

multi-lamination 
cycles-

Top right image 4 
laminations

Process steps 
can take time!



 Stack-up and impedance: 
Who's formula or calculator do you use? 

Answer: Whatever you do, consider it a starting 
point and submit it to the fabricator early. 

 What material is in stock?
 What are the process adjustments they will use? 
 Are the feature sizes and process adjustments 

good for multiple vendors?



Stack-up Request: submitted 
very early in design phase



Designed CLASS 3 or 3A
Is it buildable?

 The answer to this question can be subjective. 
The answer is a collaborative result of feature sizes 
as they relate to manufacturing allowances and 
process requirements per IPC 2221 and  IPC 6012.

 Class 3 or Class 3A design (Appendix A, what revision?) 
(1mil or 2mil Internal Annular Ring) Does the fabricator 
agree based on our design features, aspect ratio and 
plating requirements?



 What’s a panel? Does your Assembly Array provide a 
good Fabrication Panel utilization or yield? 
Fab and Assy may be different vendors and have 
different goals. Collaboration is the key!

 What are the tolerances in your CAD design data?
Answer: None. It’s actually True Position data

 What are the tolerances in your manufactures process?
Answer: Many. 

 What is the difference? “Mfg. Process Allowances” 
How are these documented?

 How many designers don’t understand their own 
fabrication notes?



A Responsible PCB Designer or Engineer 
should understand these notes as they 

relate to their board



Chart / Data 
Courtesy PWB 
Interconnect



Stacked Vias



Stacking of laser vias:
Tests have shown that multiple stacked laser vias are 
stable due to the thinner dielectrics and the plated fill.
However, it is not recommended to stack laser vias on 
top of mechanical buried vias; due to the epoxy fill 
which creates dissimilar Z-Axis CTE issues.



IST Tester 
Interconnect Stress

HATSTM Tester
Highly Accelerated Thermal Shock

Best way to have good test results is to 
design for high yield manufacturing 

via collaboration.



 We want a board that would function and 
perform well. 

 We also want to have a high manufacturing 
yield to our build, thus lowering cost.

 Collaborating with your manufacturing team 
through the entire layout phase is the best 
way to design a “correct by construction” 
circuit.

 The best solution to any problem is to 
preclude it!



Remember IPC is not a “THEM”, 
it’s an “US”!

Thank you, very much!
Michael R. Creeden CEO/CID+

San Diego PCB, Inc.
mike.creeden@sdpcb.com

(858)271-5722


