
FPGA World Conference
Stockholm 08 September 2015

John Steinar Johnsen    -Josse-
Senior Technical Advisor



- IPC 4101C Materials

- Routing out from a «FPGA (BGA)» related to BGA pitch.

- Design suggestions for BGA (0.8mm , 0.5mm and 0.4mm pitch)

- HDI Design rules

- Different HDI via-structures, “ALIVH -Anylayer Inner Via Hole

Stacked & Staggered mVias , Buried vias , Filled & Capped vias Capabilities.

- Impedance requirements and considerations

- Eliminate throug hole vias using existing via span.

- Sample on known stackups.
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Materials

Brief introduction to IPC-4101D-WAM1
Specification for   Base   Materials ,  for   Rigid   and   Multilayer Printed Boards

Buy this and other specifications from: IPC.ORG



Materials

• In order to review for the balanced build, consider an imaginary line in the
middle of the board. This will divide the board into upper and lower half.

• The copper layers in the top half of the board should match with
the bottom half of the circuit board.

• The layer to layer spacing in the top half of the board should
match with the bottom half of the board.

• The material used in the upper and lower half of the board should
be the same to avoid warpage.

• The stack-up for hybrid circuits should be reviewed by design to design basis.

Layer stack-up (Balanced build):



1. Determine how many signal layers are needed

2. Determine how many power planes are needed — Distribute Power and Ground

3. Arrange signals and planes accordingly — Partner planes for signal layers
— Parallel plate capacitance between Pow and Gnd — Select dielectric materials.

4. Set signal height above planes for crosstalk requirements

5. Set trace widths to meet impedance goals  (Consider component I/O pitch)
— Differential signals, in particular

6. Set plane spacing to meet capacitance requirements

7. Set spacing between signal layers to meet overall thickness

Steps in High-Speed PCB Stackup Planning



Materials 4 layer Standard 1.6mm  foil build

It is common to see four layer boards stacked as above. 2 layer core with 2 foil layers.

That is, four evenly spaced layers with the planes in the centre.  Although, this certainly makes the 

board symmetrical it doesn’t help the EMC.   

To put the power planes closer in the middle certainly creates good inter plane capacitance, but it 

doesn’t help with signal integrity, crosstalk or EMC 



Materials 6 layer Standard 1.6mm  foil build

A six layer board is basically a four layer board with two extra signal layers added

between the planes. 

This improves the EMI dramatically as it provides two buried layers for high-speed signals 

and two surface layers for routing low speed signals.



Materials

Improved EMC performance, planes between each signal layer. This reduces coupling hence crosstalk 
dramatically.    This configuration is commonly used for e.g. high speed signals of DDR2 and DDR3 designs 
where crosstalk due to tight routing is an issue.

8 layer Standard 1.6mm  foil build



Materials 10 layer Standard 1.6mm  foil build

A ten layer board should be used when six routing layers and four planes are required and EMC is of concern.    

This stackup is ideal because of the tight coupling of the signal and return planes, the shielding of the high speed 

signal layers,   the existence of multiple ground planes,   as well as a tightly coupled power/ground plane.     

“Prepared for mVia use”



12 layer Standard 1.6mm  foil build

The above twelve layer, 2 signal layers are added in the middle, and stackup provides shielding on six 

of the internal layers.         “Prepared for mVia use”



14 layer Standard 1.9mm  foil build

The fourteen layer stackup below is used when eight routing (signal) layers are 
required plus special shield of critical nets is required.      Layers 6 and 9 provide 
isolation for sensitive signals while layers 3 & 4    and     11 & 12 provide shielding 
for high speed signals.

“Prepared for mVia use”



16 layer 1.6mm foil build, microvia via 

A sixteen layer 1.6mm  based on only 3 cores. This build is adapted for 5 microvias
stacked or staggered.  (  1-2  /  2-3  /  3-4  /  4-5  /  5-6  ) and  indentical ( 16----11 ) 



Materials Comparation (Dk vs. F)



Dielec Constants vs. Frequency



Isola-group.com

Copper Foil Types

DSTF=

Drum Side Treat Foil



Isola-group.com

DSTF®& RTF Process Introduction



Isola-group.com

Copper Roughness Specifications



Materials PCB Materials Properties 



Materials

Isola-group.com



Materials IPC-4101D-WAM1
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Advanced HDI PCBs

microvia holes , stacked and staggered ,   buried vias and    buried holes



HDI Advantages

boardsize reduction

PCB reduction

Layer reduction

Although PCB price will increase by 
adding Microvias, 
the total system costs can be reduced.



HDI Advantages

• Increasing Fan-out

No lost routing space on innerlayers.

More routing space between pads.

• Less risk during soldering process on;

solder-bridge

solder paste flow away through via holes.

• Advanced electrical properties

Shortest possible connection

• Advanced electrical properties

Thermal Microvias



HDI Advantages

 Through hole microvia

High Inductance               Lower Inductance

High Density Interconnect



Dual head Laser

• UV – copper ablating laser

• CO2 – Dielectric ablating laser

High Density Interconnect

Microvia under 800x 

magnification

HDI Advantages



HDI Microsection

Lay up structure: 1+1+0+1+1

Lay up structure: 2+4+2

HDI Advantages



HDI Advantages

Lay up structure: 3 + 6 + 3

HDI Microsection
of a 

12 layer PCB





HDI Advantages

What to do when you need a stack up with impedance requirements:

Additional information:
- Final PCB thickness 1.6mm      PCB Size: 110 x 70mm
- Single ended 50 ohms, Routed on Layer 1, 2, 4, 7, 9 & 10
- 100 ohms differential, Routed on layer 4 and 7.
- Prefered min track width is 0.127mm.



HDI Advantages

Changes in physical parameters will affect impedance as follows:

As Physical Values Change Impedance Will Move

Dielectric Constant   (DK)    
Dielectric Thickness  ( h )      
Line Width                 ( w )     
Line Thickness          ( t )       



HDI Advantages Effect of variables on impedance value. 

We can take a simple strip-line configuration, vary one element at a time, 
and calculate the resulting value. 



HDI Advantages

Feed back from manufacturer should be:

- Complete stack up,  BOM.
- Track width to use on the impedance traces
- Space to use between the impedance traces
- Calculation result

Make your critical tracks visible and easy to find

- Use a dedicated D-Code for theese traces 

What to do when you need a stack up with impedance requirements: (Cont’d)









HDI PCB Structure -1



HDI PCB Structure -2



HDI PCB Structure -3



HDI PCB Structure -4



HDI PCB Structure -5



HDI PCB Design Guide



HDI PCB Design Guide -1



HDI PCB Design Guide -2



Mechanical Tolerance Capability



RoHS Compliant Surface Finish



PCB Design Suggestion



PCB Design Suggestion

Trace goes through pads of P0.5mm BGA



PCB Design Suggestion

Inner layer trace goes through pads of P0.4mm BGA.



PCB Design Suggestion

0.35mm BGA pitch

Layout suggestion.

Pads are defined by

Solder mask.

uVias need Cu filled.



PCB Design Suggestion

Design suggestion for staggered uVia & Buried via



PCB Design Suggestion

Design suggestion for staggered uVia & Buried via



PCB Design Suggestion

Design suggestion for stacked uVias



PCB Design Suggestion

Advantage of Non-PTH design.



PCB Design Suggestion

Red: pattern

Green: SM opening

Blue: micro via

Design Suggestion for BGA Layout



PCB Design Suggestion

Design Suggestion for fine Chip layout



PCB Design Suggestion

01005 layout suggestion (with SM dam) Pads are defined by

Solder mask.

uVias need Cu filled.

The surface copper thickness 

must be under 0.036mm.



Design for Manufacture



Design for Manufacture

DFM => Plug Through Via

Do



Design for Manufacture

DFM => Oval hole



Design for Manufacture

DFM => Legend

Don’t



the end

If you want to hear more of this, send me an email, and 

Elmatica will arrange somthing for you and your company

josse@elmatica.com


