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EXECUTIVE SUMMARY 

Conductive Anodic Filament(CAF) that is one of the copper migration phenomena becomes significant 

problem with higher density circuit for printed circuit board.(PCB) In the past CAF property was 

judged the test vehicle included through hall(TH) (wall to wall 0.3-0.5mm) Recently the circuit of PCB 

becomes higher density, the evaluation vehicle is requested more narrow TH pitch. So we had studied 

drilling process ability and the structure of PCB, finally we made evaluation vehicle that can evaluate 

anti-CAF property by using very narrow pitch TH(wall to wall 0.05-0.10mm) We tested several 

laminates to use this test vehicle and found out one of high Tg halogen-free FR-4 had an excellent 

anti-CAF restraining property. Additional our migration test to use extract liquids indicated the different 

trend between good CAF property’s laminate and bad one. 
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The mechanism of copper ion migration

PWB
+-

Cathode side Anode side
/ H2O → 1/2O2↑+ 2H++2e-

/ Cu → Cu2+ + 2e-

/ H2O + e- → 1/2H2↑ + OH-

/ Cu2+ + 2e- → Cu

Cl-, Na+, OH-, NO3
- etc. : Glass fabric / Resin

(Ion impurities promote the migration of copper ion.)

Elusion of Copper Ion

Migration of Copper Ion

Deposition of Copper Ion

Use high purity glass fabric (including coupling agent) and resin system

(H2O becomes a conductor.)
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PWB

/ Drilling processability
(Shortening of the insulation distance)

Mechanical factor

The factors of copper ion migration

Dendrite: Line / Line
Occurring during MFG. process

The factor of CAF occurrence
Chemical factor

/ The elusion of copper ion
/ The migration of copper ion

CAF : Conductive Anodic Filament
Resin / Fiber (TH/TH,Inner L/TH etc.)
Depending on the laminate properties

IPC 2003
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Influence of mechanical factor in Conventional FR-4

Treating time (h,85oC/85%RH,100V)
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TH/TH=0.4mm, 
φ0.4,Feed rate : 1.2m/min

TH/TH=0.3mm,
φ0.4, Feed rate : 1.2m/min

TH/TH=0.3mm,
φ0.4, Feed rate : 3.6m/min

TH/TH=0.2mm,
φ0.4, Feed rate : 1.2m/min

(Cracks increasing in faster feed rates)

IPC 2003

1.Introduction and history



Through hole
CAF

Soluble Copper Ion Migration of Copper Ion
Suppression of 

Copper Dissolution

Glass Fiber

Ability of Capturing
Copper Ion

Using Original           
Addition

Using Original      
Resin System

The anode(+) The cathode(-)

Concept of preventing CAF Defect

IPC 2003
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Increase of water absorption
Decline of the electric insulation
& CAF restraining property

Filler Interface Control System (FICS)

Original Treatment
/ High Dispersion
/ Good adhesion
/ High heat resistance

FICS Conventional

Cohesion

Filler

High heat resistance
epoxy resin system

Technical Concept of Filler Hybrid System

IPC 2003
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Insulation Resistance Property by FICS

Treating time (h , 85oC/85%RH , 100V)
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250um

φ0.4

t0.4

Untreated

FICS

Laminate : t0.4

IPC 2003
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Presenter
Presentation Notes
/ As the result, an insulation property is good level.

/ This level is equal to the conventional high Tg laminate using PKGs.

/ Toward this, insulation property declines like this remarkably if it doesn't treating of filler surface.






WL-CSP

Flip Chip BGA

Memory (DDR2,3)

Trend of PKG structure

3D type BGA

Stacked CSP

P-BGA

BOC

Redistributed chip PKG

Coreless PKG

Si through-hole PKG

FC-DDR
3D 
SiP

MCP

Embedded 3D

Logic (MPU, Graphic)



Thinner, High density, High Speed

0.01

0.1

1

10

1998 2000 2002 2004 2006 2008 2010 (year)

PC100

DDR
DDR2

XDR

Trend of packaging（Trend of interface）

[Wire] [Flip Chip] [SIP（FC＋WB）]

Logic
Analog
Memory

Ref.:
Electronics Jissou
Technology, Vol22,
No4(2006)

Fr
eq

ue
nc

y（
G

H
z）



Trend of packaging （Trend of interface）



・To make clear what kind of laminate should be suitable for        
narrow pitch TH PCBs.

・The proposal of material which has excellent reliability 

・Which material is suitable for narrow TH pitch? ?

・What is a subject of laminate material? ?

・Which level can laminates maintain? ?

Needs: a new test vehicle to be able to evaluate                      
CAF property of narrow TH pitch

Developing plan
2.The design of CAF evaluation PCB



The original plan of evaluation vehicle for narrow TH pitch

Narrow TH pitch circuit 
(inner layer connect) Former circuit

Insulation length＜Wall to wall

TH

Insulation length=Wall to wall

2.The design of CAF evaluation PCB



2.The design of CAF evaluation PCB

Examination of drilling condition



The cross section of evaluation vehicle

2.The design of CAF evaluation PCB



Cross section（inner joint area）

Surface photograph of evaluation vehicle

Through hole

(Φ0.100mm)

５０μｍ

2.The design of CAF evaluation PCB



2.The design of CAF evaluation PCB

Inner layer board



Table. The laminate materials of PCBs for CAF evaluation

3.Evaluation of laminate materials



0.05㎜

Surface photograph ( CAF part) Cross section photograph (CAF part)

0.05㎜

Observation circuit:

Insulation resistance less than 106Ω

3.Evaluation of laminate materials



The evaluation result of CAF property

Material E indicated the best anti-CAF property

3.Evaluation of laminate materials



Drilling process ability influences anti-CAF performance. 

3.Evaluation of laminate materials



Imaging Fig. of insulation parts after HAST

※ TH :Through Holes

TH 
(Cathode)

TH 
(Anode)Glass Filament

Absorbed water

Absorbed water

Same situation  
as abstraction 

from resin 
system

Resin

Resin

Cu2+

Cu2+
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Copper migration test equipment

Voltage / Charge time：30V/30min. 
Max. electric current : 6mA

4.Result and consideration



Extract method:
sample (40mmX 30mm: 3pcs) in pure water D-200/110

Table. Properties of each extracted liquid 

4.Result and consideration



4.Result and consideration



Ｃｕ２＋ ＋ ２ＯＨ－ → Ｃｕ（ＯＨ）２

Cathode Anode

Cathode Anode

Ｃｕ２＋ ＋ ２ｅ－ → Ｃｕ
Ｃｕ ＋ Ｈ２Ｏ → ＣｕＯ ＋ Ｈ２

E

D



Conclusion
1. We could propose a new CAF evaluation vehicle

for having narrow through hole pitch PCBs.

2.  The new CAF evaluation vehicle can be tested 50μm
from the wall to wall between through holes.

3. We evaluated CAF restraining property using several
types of laminates.

4. Our evaluation result indicated a  new halogen-free 
material had the best anti-CAF property.

5. The migration test to use extract liquids indicated
the different trend between good one and bad one.
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