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Introduction 
 
A standard multilayer printed wiring board (MLB) contains internal and external copper circuits separated by 
insulating dielectric polymer.  Through holes or blind vias are formed by mechanical or laser drilling and then 
plated to interconnect them.  Figure 1 illustrates the standard fabrication process for a multilayer panel. 

 
 

Figure 1: MLB fabrication 
 
Electroless copper remains the most usual process employed to make the dielectric surfaces of holes/ vias 
sufficiently conductive to allow subsequent acid copper plating.   
 
During assembly, the board must tolerate multiple thermal excursions to solder reflow temperatures and 
during its subsequent service life, it may have to tolerate many cycles from low to high temperature (for 
example, when the equipment is repeatedly turned on and off, or in the case of automotive equipment, the 
service environment itself may vary from below freezing point to temperatures well above 100°C).  
 
Dielectric materials used in printed wiring boards have higher coefficients of thermal expansion than copper.  
As a result, when the board temperature rises (for example, during soldering), the dielectric expands more 
than copper. Within a through hole, this leads to an increase in the stress applied to the innerlayer 
interconnect surfaces.  
 
In order for the circuit reliability to be retained, connections made between innerlayer circuits and the through-
hole copper plating must withstand assembly and service without failure. Therefore, very strong adhesion 
between the copper plated in the through hole and the innerlayer copper is essential to successful board 
function. 
 
If the adhesion between the electroless copper and the innerlayer copper or between electroless copper and 
electrolytic copper is weak, thermal stresses may lead to the formation of interconnect defects (ICD). This 
paper describes some of the factors within the electroless copper process that may influence ICD 
performance. 
 
ICD testing 
 
Interconnect reliability tests fall into two general classes: thermal shock (for example, solder float testing) and 
thermal cycles (for example, Interconnect Stress Test IST). No matter which test method is used, 
microsectioning techniques are used to identify the nature of defects.  After micro-sectioning and mild surface 
etch (for example, with a 1: 1 mixture of ammonia and water with few drops of hydrogen peroxide), copper to 
copper interfaces can be inspected for ICDs.   
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When the electroless copper layer is thicker than about 1 micron, three different types of ICD can be 
distinguished. Type I is separation that occurs at the innerlayer copper / electroless copper interface, Type II 
is separation at the electroless copper / electrolytic copper interface, while Type III is a separation that’s 
occurs within the electroless copper layer itself.  Type I and III defects may be related to poor controls within 
the electroless copper process.  If Type II ICDs are observed, the focus should be on post electroless copper 
cleaning, pre- treatment prior to electrolytic plating or the electrolytic copper process. 
 
In order to distinguish between the different types of ICD, it is critical to prepare a cross section with a very 
well polished surface and to etch the copper sufficiently to reveal the structure of the interface region. Over 
etching will destroy the whole interfacial region and make interpretation impossible. 
 
 

 
Figure 2a: Type I ICD      Figure 2b: Type II ICD 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2c: Type III ICD 
 
Effects of Laminate Material and Panel Design on IC D Performance 
 
Laminate quality should be confirmed by thermal analytical methods like DSC (IPC-TM-650 2.4.25).  If the 
laminate is under-cured (for example, showing a change in Tg was greater than 5oC), it may have a 
significantly higher degree of expansion during soldering, leading to increased stress on the interconnect 
surface.  Different panel construction factors, like inner-layer copper foil thickness, the distance between the 
board surface and the nearest innerlayers (N-1), overall panel thickness, hole size, board lay-up, laminate 
material and prepreg style (glass content), will affect the stresses applied at the interlayer copper interfaces.  
Therefore, it is not surprising to find very large differences in ICD performance between different laminates or 
designs, even through the same plating chemistry was used in each case. 
 
ICD Caused by Incomplete Smear Removal 
 
Through hole formation involves mechanical drilling which generates significant localized heat.  The heat 
softens the resin, which can then be transferred by the drill onto the inner layer copper surfaces as shown in 
Figure 3. This resin material is referred to as smear. 
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Figure 3: Smear on interlayer copper 
 
If this smear is not completely removed, it forms a barrier between the innerlayer copper surface and the 
subsequently plated copper, resulting in ICD.  The amount of smear depends on both the laminate properties 
and drill conditions.  In general, for laminates with lower Tg, smear can be generated more easily.  However, 
if the drill conditions are not optimized for higher Tg laminates, smear can also be generated and can be more 
difficult to remove than from lower Tg laminates.   
 
Smear is typically removed using a three step desmear process, comprising sweller, oxidizer and neutralizer 
steps.  The desmear effectiveness can be expressed by “desmear weight loss” data.  First, weight a bare 
laminate sample and then process it through the steps from sweller to neutralizer. Then dry the sample and 
re-weight it.  Calculate the weight loss rate by dividing the weight difference by the total surface area.  
Abnormally low desmear weight loss (compared to baseline data for a particular material) may be an 
indication of that the desmear process is not functioning properly and that ICD occurrence might be 
associated with incomplete smear removal. 
 
Glycol ethers are widely used in sweller formulations.  These materials have similar solubility parameters to 
the components of FR-4 resin systems and so can penetrate into the resin, swell and soften it, enhancing 
attack by the subsequent oxidizer process.  Glycol ethers (such as those used in Rohm and Haas Electronic 
Materials Circuposit™ MLB Conditioner 211) are more active on low Tg laminates, but, as shown in Figure 4, 
have lower levels of attack on higher performance laminates.  High performance laminates usually have 
higher Tgs, due to the use of multifunctional epoxies, leading to higher levels of crosslinking.  In general, the 
higher Tg of the laminate, the greater its chemical resistance.  In order to increase the degree of interaction 
between the sweller chemistry and high performance laminate, a more aggressive systems based on cyclic 
amide (for example, Rohm and Haas Electronic Materials Circuposit™ Hole Prep 3303) have been introduced 
into the market. 
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Figure 4: Desmear Weight Loss Comparison 
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ICD Caused by Fillers in Laminate Materials 
 
In recent years, fillers are being increasingly added to improve laminates physical properties, particularly the 
coefficient of thermal expansion (CTE).  They are common in both “green” and phenolic type laminates.  As 
the percentage of fillers is increased, laminates become more brittle and hard, leading to the need for 
changes in drilling conditions.  Sub-optimum drilling conditions can lead to filler materials becoming 
embedded in the interlayer copper’s surface causing the ICD shown in Figure 5. 
 
Due to their chemical characteristics, they cannot be dissolved by typical permanganate desmear processes.  
The most effective way to reduce filler caused ICD is to optimize the drill conditions, to reduce the amount of 
smear generated.   
 

  

 

 

  
Figure 5: ICD Caused by Laminate Fillers 

 
In order to confirm the origin of ICDs of this type, EDX, XPS or Auger can be used to analyze the elemental 
composition of the defect area. Commonly used fillers are talc, alkaline earth silicates or alkaline earth 
hydroxides and can be detected by the presence of elements including silicon, aluminum and calcium.  
 
Low levels of such defects can also be addressed by other approaches.  Process factors, such as faster 
filtration circulation in the sweller and neutralizer steps (in order to remove filler particles from the chemical 
solution more rapidly) can help to prevent filler re-deposition on the innerlayer copper.  Chemical factors, such 
as the use of peroxide-based, rather than amine-based neutralizer, can help to slightly increase the degree of 
copper etching, leading to better “undercutting” of embedded fillers.  Based on the same reasoning, higher 
microetch rates in the electroless pretreatment process can also help. 
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ICDs Associated with Electroless Copper Process Con trol 
 
In order to provide adequate coverage of the dielectric areas in through holes or vias, the electroless copper 
process requires that sufficient catalyst be applied to those areas to allow proper initiation and plating in the 
electroless copper bath. However, should the levels of catalyst be too high, the process quality will be 
reduced. These two requirements lead to the need to carefully balance the various process steps to give 
adequate coverage at the minimum levels of catalyzation. 
 
The first stage in the catalyzation process is referred to as “conditioning” 
 
This step prepares the dielectric surfaces for subsequent adsorption of catalyst, as shown in Figure 6. 

 
Hole Wall   Bath Interface 

 

 
 

Figure 6: Model for Catalyst Adsorption on Dielectric 
 
However, conditioning agents do not adsorb selectively on the dielectric materials, but can also adsorb on the 
innerlayer copper.  The subsequent microetch step is designed to remove the adsorbed conditioning agents 
from the copper surfaces.  However, if the microetch is too low (< 0.5 micron) or if the level of conditioning 
agent adsorbed is too great, some conditioning agent residues may be left behind.  Those residues can have 
two negative effects. Firstly, they may form a layer that acts as a barrier between the electroless copper and 
innerlayer copper, causing an ICD. Secondly, the residues may adsorb colloidal catalyst. This catalyst layer 
forms an additional barrier at the interface and may locally increase the plating rate, leading to formation of a 
poorly adherent deposit of electroless copper.  
 
The degree of coverage of through holes can be assessed by a simple Backlight Test, in which an electroless 
plated coupon is sectioned, so as to allow areas of incomplete coverage to be detected as bright spots when 
viewed over a strong light source.  
 
While it might seem that a completely covered surface might be best, it is actually better to aim for a condition 
in which all except a very small proportion of the surface is covered.  
 
In contrast, a completely black backlight can often be an indication of over-conditioning. While dielectric areas 
are perfectly covered, undesirably high levels of plating activity on the innerlayer surfaces can be associated 
with ICD formation.   
 
It is therefore better to operate at an electroless copper backlight coverage of 4.5 – 4.75 on the backlight 
scale of 0 – 5, as shown below in Figure 7. 
 

Conditioning agent 
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Figure 7: Recommended Operation Range for Backlight Coverage 

 
The level of catalyst absorption can be checked by analytical methods. A bare laminate coupon can be run 
through the process from conditioner to catalyst. The catalyst can then be stripped off and analyzed by ICP-
AA.  
 
This technique can be used to baseline the levels of catalyst that are absorbed on different laminate materials. 
These levels can then be correlated with backlight measurements, to identify the optimum line parameters to 
achieve the desired coverage level.   
 
If conditioner parameters are altered (deliberately or accidentally) in such a way that much higher levels of 
palladium adsorption are achieved, there is an increased chance of ICD problems.  Therefore, the lowest 
value of palladium adsorption which will meet the backlight performance target should be used. 
 
Palladium adsorption data of this type are shown in Figure 8 
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Figure 8: Palladium Adsorption Data for Different Conditioner Systems 
 
Conclusion 
 
Interconnect reliability is essential to overall board performance.  
 
In order to ensure the best possible reliability, process controls ranging from incoming laminate material 
inspection to drilling parameters and finally chemical controls within the electroless copper process should be 
implemented.  
 
Crystal Li is a Research Technologist in the Circuit Board Technologies group of Rohm and Haas Electronic Materials 
Asia Ltd. (Hong Kong). She may be reached at plli@rohmhaas.com. 
 
Rohm and Haas Electronic Materials LLC is a global supplier of a comprehensive range of making hole conductive 
(MHC) products, including desmear, pretreatment, catalyst, electroless copper and direct plate chemistries. 
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