
 

 iii 

 

Table of Contents 
Chapter One - Introduction ................................................................. 1 

Definitions ...................................................................................... 2 

The Problem ................................................................................. 12 

Solutions ....................................................................................... 15 

Chapter Two - BGA Packages ............................................................. 17 

High Pin Counts ............................................................................ 17 

Impact on Routing, Performance and Cost .................................. 20 

Off-Matrix Ball Pads ..................................................................... 22 

0.8mm Pin-Pitch ........................................................................... 23 

The Near Future ........................................................................... 24 

Chapter Three - HDI Layer Stackups ................................................... 25 

Fabrication Vendors ..................................................................... 25 

Dependencies ............................................................................... 26 

Overview of Stackup Types .......................................................... 27 

HDI Stackup Details ...................................................................... 31 

Via Models .................................................................................... 36 

Plane Layer Assignments .............................................................. 39 

Layer Count .................................................................................. 42 

Design Rules ................................................................................. 43 

Fanout Patterns ............................................................................ 43 

Signal Integrity ............................................................................. 44 

Recommended HDI Stackups ....................................................... 44 

Secondary HDI Stackups ............................................................... 48 

Any-Layer-Via Stackups ................................................................ 52 

Conclusion on HDI Stackups ......................................................... 53 

Chapter Four - Fanout Patterns ......................................................... 55 

Theoretical Breakout Methods .................................................... 56 

Signal Integrity Concerns ............................................................. 60 

Minimizing the Variables.............................................................. 61 

Fanout Pattern Goals & Approach ............................................... 64 

Conclusion .................................................................................... 91 

 
 

lvangrove
Inserted Text

lvangrove
Text Box
BGA Breakouts and Routing

lvangrove
Text Box
Effective Design Methods for Very Large BGAs

lvangrove
Text Box
by Charles Pfeil



 

iv 

 
 
 
 
 
Chapter Five - Layer Biased Breakouts ............................................... 93 

Board Description ......................................................................... 93 

General Assessment of Original Board......................................... 93 

Recommendations and Solutions ................................................ 94 

Using Layer Biased Breakouts ...................................................... 95 

Fanouts for Micro-Via Layers ....................................................... 99 

Route Results .............................................................................. 117 

Conclusion .................................................................................. 118 

Chapter Six - 0.8mm Pin-Pitch BGA Tests ......................................... 119 

Test Scenario .............................................................................. 119 

Test 1: Through-Vias ................................................................... 122 

Test 2: Micro-Vias & Through-Vias ............................................. 132 

Test 3: Any-Layer-Vias ................................................................ 147 

Summary .................................................................................... 161 

Conclusion ...................................................................................... 163 

About the Author ............................................................................ 165 

 

 
 
 
 
 
 
 
 
 
 
 



 

 

 165 

About the Author 
 

 
 
Charles Pfeil is an Engineering Director at Mentor Graphics, Systems Design 
Division. He was the original product architect for Expedition PCB and is an 
inventor of XtremePCB, TeamPCB and XtremeAutoRoute. Charles has been 
in the PCB industry over 40 years as a designer, owner of a service bureau, 
and has also worked in marketing and/or engineering management at 
Racal-Redac, ASI, Cadence, PADS, and VeriBest. He can be contacted 
through email at charles_pfeil@mentor.com  
 
To find more information about Mentor PCB design solutions, go to 
www.mentor.com/pcb 
 
 
 




