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STENCIL DESIGN GUIDELINES 
 

Considerations with Stencil Design:  

Aperture Size vs Pad Size, Aperture Shape, Stencil Thickness, Adhesives Printing, 
Stencil Manufacturing Method, Stencil Thickness, Aperture Design, etc. 
 
 Aperture Size vs Pad Size  

It is recommended that finer pitch aperture openings be slightly smaller than the landing 
pad size. This is primarily for:. 

• Improved gasketing between the landing pad and the underside of the stencil 
• Prevent bridging on fine pitch component 

Recommended Pad and Aperture Size: 

Component 
Pitch 

Industry Standard 
Pad Width 

Industry Standard  
Aperture Width 

50 mil 25 mil 25 mil 

40 mil 20 mil 20 mil 

31 mil 17 mil 16 mil 

25 mil 15 mil 12 mil 

20 mil 12 mil 10 mil 

16 mil 10 mil 8 mil 

12 mil 8 mil 6 mil 

Aperture width reductions must be taken equally from each side so that aperture is 
centered on the pad. (Fig 1.) 

Aperture lengths can be reduced by similar dimensions to reduce the potential of solder 
balling. 

 
Fig 1.  

Apertures can be shifted to the outside edge of a pad to reduce potential for "underchip" 
solder balls. (Fig. 2) 



 
Fig 2. Aperture versus Final Glue Dot Diameter. 

 
Aperture Shape  

Different aperture shapes have been found to offer the benefits of less paste utilization, 
consistent paste release and reduced or eliminated solder balling. Shapes to consider 
include:  

 
Fig 3. Oval - Home - V-shaped. 

  Stencil Thickness  

Stencil or "foil" thickness is an important part of stencil design. Optimal paste deposition 
onto a PCB is impacted by the relationship that exists between the pad size, aperture 
opening and foil thickness. While the aperture may be appropriately sized for a pad, a 
stencil that is either too thin or too thick may still cause less than optimal deposition of 
solder paste. 

This relationship is also known as "aspect." Aspect is the difference in forces that either 
pull paste from an aperture and on to a pad or cause paste to be held within an aperture. 
These forces can be quantified and represented as a measurement called the Aspect 
Ratio. In simple terms, for a paste to be adequately deposited on a pad, the paste surface 
tension must be stronger that the surface tension of the paste to the aperture wall.  

A broad set of rules has been adopted that help us design stencils with appropriate 
Aspect Ratios depending on the type of stencil ordered. It is important that the smallest 
aperture on the board be used for this calculation. 

Stencil Type 
Pitch 

Ratio of Foil Thickness to 
Minimum  

Aperture Width  

Chemically Etched 1:1.5 

Laser-Cut 1:1.2 

Electroformed 1:1.1 

For example: 

a laser-cut stencil with a 16 mil leaded component (8 mil aperture width) should have a 
maximum foil thickness of 6 mil* [6 x 1.2 = 8]  



A stencil should always have a Paste Pulling Tension of 0.2 or greater:  

   

Pad Pulling Tension (P)  
 

Aperture 
(Length (L) � 
Width (W)) 

 

 =  � 0.6 

Retaining Wall tension (R) 

 

Stencil 
Thickness (T) � 

Aperture 
Perimeter (2 � 

(L + W)) 

 

 

 
Fig 3. Aperture Width Vs Deposit Profile. 

 
Diameter of stencil openings for different components: 

The diameter (GDD) and the height (GDH) of the glue dots depend on: 

• Diameter of the stencil openings 
• Stencil thickness 
• Viscosity/Rheology of the glue 
• Surface roughness of the stencil apertures - surface tension forces between the 

glue and the stencil. 
• Surface topography of the PCB 

To find an optimal diameter of the glue dot /stencil apertures for different components, 
dots with different diameters were printed onto a glass substrate then populated with 
various components. These combinations of components and glue dots were then 
inspected for the maximum dot diameter that did not contaminate the component 
metallizations. 



In the table below are approximate GDD (and openings in the stencil) for different 
components when printing with a metal, laser-cut stencil of 10 mil thickness using the 
printing parameters described: 

Component size Multiple Dot 
Approach 

*(stencil opening diameter in 
mils)  

Typical Multiple 
Dot Pitch 
(pitch in mils) 

Single Dot 
Approach 

(stencil opening diameter in 
mils) 

0402  N/A  N/A  12 - 16  

0603  2 X 20  15  16 - 20  

0805  2 X 24  20  20 - 24  

1206  2 X 32  24  40 - 47  

Mini Melf  N/A  N/A  40  

SOT 23  2 X 28  28  40  

1812  2 X 55  40  50 - 60  

SO 8  3 X 55  43  N/A  

SO 14  3 X 55  43  N/A  
* For the Multiple Dot Approach for chip (leadless) components, position the dots so 
that between 0.5 and 0.3 of the dot area is under the body of the component. The 
Multiple Dot Approach is very effective for preventing skewing of chip components, 
especially Melf types. 

  
Stencil Cleaning  

Metal Stencils: 
Some say "Acetone is the best solvent for cleanup from both a cost and solvency 
standpoint" 
But if a non flammable solvent with equivalent solvency is desired then Acceton is not an 
option!! 
 
It is recommended to verify the compatibility of the cleanup solvent with the stencil frame 
adhesive. 

Plastic Stencils: 
Plastic stencils can be cleaned with the same recommended solvents as for metal 
stencils with a few additional considerations. 

• A static charge may build up on the stencil during cleaning that can effect printing 
results. 

• Plastic stencils are more susceptible to scratching during manual cleaning. 
• Typically plastic stencils are much thicker than metal stencils and small apertures 

may require more aggressive cleaning such as high pressure spray and/or 
ultrasonic methods 



Glue Selection  

The shape and the consistency of the glue dot depends on the rheology of the adhesive 
(yield point and plastic viscosity). 
Pay attention that the adhesive must have been developed with a rheology designed for 
stencil printing, not hygroscopic and excellent adhesion with standard and difficult to glue 
components (Low-Stress Plastic Encapsulated Components). 

Printing Parameters  

Printing parameters have a crucial influence on glue dot shape and consistency. In 
laboratory conditions, optimal results have been obtained with the following parameters: 

Stencil 
Material: 

No major difference was observed between metal and 
plastic stencils. A metal stencil is preferred because it 
is easier to clean, more robust and more readily 
available. 

Stencil 
Thickness: 

For chips (leadless), only use a 6 mil thick stencil. For 
designs that include SOIC’s use a 10 mil thick stencil. 
It is possible to obtain a dot height of 80 mils with a 1 
mm (40 mil) thick plastic stencil. 

Snap-off: Contact print (0 snap-off). For much higher dots with 
the same thickness stencil, a snap-off of up to 1 mm 
(40 mil) is recommended. 

Squeegee 
Material: 

Metal blade for metal stencils, polycarbonate blade for 
plastic stencils. 

Print Speed: 25 - 50 mm/sec (1 - 2"/sec) 

Squeegee 
Pressure: 

0.2 to 0.3 kg/cm (enough for a clean wipe of the 
stencil) 

Separation 
Speed: 

slow (0.1 - 0.5 mm/sec) for 3mm distance (separation 
height) 

Print 
Sequence: 

Print/Print mode is recommended for good aperture fill, 
especially if large apertures (> 1 mm diameter) are to 
be printed. Another method of obtaining higher dots 
than the stencil thickness without increasing snap-off is 
to leave a film of material over the apertures after the 
second print stroke by either using less pressure ( 0.01 
to 0.05 kg/cm) or printing much faster (150 mm/sec) 
with the second squeegee. This simulates a flood 



stroke. 

   
 
Printing Technique versus Dispensing  

Advantages: 
(Valid for Conventional and for the Printing Process with Thick Stencils) 

• Higher throughput.  
• There is no need to install dispensing machines on the line:  

- shorter lines 
- lower investment.  

• Larger glue packages can be used:  
- less package waste 
- lower costs for the glue per quantity unit.  

• This process is well suitable for double sided boards populated with SMD-
components only.  

• Adhesive deposits that are shapes are possible.  

Disadvantages: 
(Valid for Conventional and for the Printing Process with Thick Stencils) 

• Less flexible as each PCB-Layout requires another stencil or screen. 
• Thick stencils are more difficult to be cleaned than needles. 
• It is not possible to print adhesive on a populated PCB. 
• Not applicable for double sided reflowed boards, as it is only possible to dispense 

the glue after printing of solder paste (process: first side of the PCB - print solder 
paste, dispense the glue, place the components, reflow the paste and cure the 
glue ; second side of the PCB - print solder paste, place the components, reflow 
the paste). 

• Adhesive is exposed to the environment over longer period of time - bigger 
temperature differences and water absorption can cause performance changes in 
the adhesive - it is recommended to use non-hygroscopic adhesives which have 
low sensitivity to temperature. 

• There is a danger of dust/lint entrapment in the glue. 

(Valid for Conventional Printing Process only 

• It is difficult to process components with a big difference in stand-off (QFP’s and 
PLCC’s) as all glue dots have the same height.  
This assumes that the component stand-off height is > 10 mils. 

Concerns: 
(Valid for Conventional and for the Printing Process with Thick Stencils) 



• There is a danger of air entrapment in the glue during the squeegee process. The 
danger of air entrapment is bigger with high viscosity adhesive. On the other hand, 
an increase of the temperature and smaller vertical squeegee movement 
decreases the risk of air entrapment. The use of metal squeegees, can significantly 
reduce the entrapment of air. 

• If a printing technique is used for processing of PCBs which are populated both 
with SMD and also with through-hole components, then the process must be 
organised as follows: print the glue, place the SMD’s, cure the glue, insert the 
through-hole components then wave solder. During the placement of the through-
hole components a strong bending of the PCB is possible which might cause a 
loss of SMD’s. This danger is less present when the glue is applied by dispensing 
because through-hole component insertion typically precedes the glue dispense 
and SMT placement operations. 

(Valid for Conventional Printing Process only) 

• If there are components on the board with a very big difference in stand-off, it may 
be necessary to dispense the glue manually or automatically . 

(Valid for Conventional Printing Process with Thick only) 

• During the cleaning process with plastic stencil a static charge can occur.  
• When printing with stencils considerably thicker than 10 mils the dot consistency of 

small dot (< 20 mils) is compromised 

  Conclusion  

The conventional printing process works fine with the limitation that all glue dots have the 
same height.  
High dots with excellent consistency for the component range of 0402 chips to SO 28 
leaded components can be obtained with a thick (10 mil) metal stencil. 
A print-print print mode with a metal squeegee blade and slow board to stencil separation 
speed are recommended.  
By adding snap-off or by leaving a controlled film of material over the apertures after the 
last squeegee stroke, very high large dot heights can be obtained. 



FIDUCIAL MARKS 
  

 

 
Fiducial Mark Design Guidelines. 

These guidelines are intended to provide a generic outline for the design and layout of 
circuit pattern recognition marks, commonly called Fiducial Marks. The guidelines adhere 
to design rules standardized by the Surface Mount Equipment Manufacturers Association 

and are supported by IPC.  

Fiducial Marks are a feature of the printed circuit board artwork, 
created in the same process as the circuit artwork.  
(The circuit pattern and fiducial should be etched at the same 
step)  
   
   

Fiducial Marks provide common measurable points for all steps in the assembly process. 
This allows all automated assembly equipment to accurately locate the circuit pattern. 
Fiducial Marks are generally categorized in the following types:  

• Global Fiducials:  

Fiducial marks used to locate the position of all features on an individual printed 
circuit board. When multiple boards are processed as a panel, the global fiducials 
may also be referred to as panel fiducials if used to locate the circuits from the 
panel datum. (See Figures 1 and 2.)  

• Local Fiducials:  

A fiducial mark (or marks) used to locate the position of an individual 
land pattern or component that may require more precise location, such 
as a .020” pitch QFP.  

• Image Fiducials:  

Global fiducial marks on a multiple printed circuit board fabrication panel that are 
located within the perimeter of an end-product printed circuit board.  

• Panel Fiducials:  

Global fiducial marks on a multiple printed circuit board fabrication panel that are 
located outside the perimeters of the end-product printed circuit boards. (See 
Figures 2.)  



 

Waste edge Fiducials. 

  Global Fiducials  

Global and/or panel fiducials should ideally be located on a three point grid based system, 
with the lower left fiducial located at the 0,0 datum point and the other two fiducials 
located in the positive X and Y directions. 

Global fiducials should be located on all PCB layers that contain components to be 
mounted with automated equipment.  
This is true even if the circuit design contains no fine pitch (<= .020” pitch) components, 
as most modern assembly equipment uses vision recognition for PCB alignment.  
While other circuit objects (via-holes, etc.) can be used, this can compromise accurate 
component placement. 

Offsets: 

A minimum of two global fiducial marks shall be provided when it is necessary to correct 
for translational (X- and Y-position) and rotational offsets (theta-position). These global 
fiducial marks should be located diagonally opposite one another and as far apart as 
possible on the printed circuit board or fabrication panel. 

Nonlinear Distortions: 

A minimum of three global fiducial marks shall be provided when it is necessary to correct 
for nonlinear distortions, such as scaling, stretch and twist.  
These global fiducials should be located in a triangular pattern and should be located as 
far apart as possible on the printed circuit board or fabrication panel. 



 

Figure 
1.  

Global and Local Fiducials. 

  Local Fiducials  

A fiducial mark (or marks) used to locate the position of an individual land pattern or 
component that may require more precise location, such as a .020” pitch QFP.  

Translational Offsets:  

One or more local fiducial marks shall be provided when it is necessary to correct for 
translational (X- and Y-position). 
These local fiducial marks shall be located inside the perimeter of the land pattern, 
preferably at the center of the land pattern.  

If space is limited, a minimum of one local fiducial mark may be used to correct 
translational offsets (x and y position).  
The single fiducial should be located in the center of the land pattern.  

  Panel Fiducials  

Three panel fiducial marks should be provided when it is necessary to provide the most 
accurate correction for both translational and rotational offsets. 
For these applications the three panel fiducial marks should be in a triangular pattern and 
should be located as far apart as possible outside the perimeters of the end-product 
printed circuit boards. 



 

Figure 
2.  

Panel Fiducials. 

  Fiducial Mark Design  

The minimum recommended size for fiducials is 1.0 mm.  
It is good practice to keep all fiducial marks the same size as some assembly equipment 
is less flexible in its ability to recognize different size marks on the same printed circuit 
board. 

Shape: 

There are several common used shapes. Some say that the optimal fiducial mark is a 
solid filled circle. 

 

Figure 
3.  

Common used Fiducials. 

Size: 

The minimum diameter of the fiducial mark should be 1 mm (0.040 in).  
The maximum diameter of the fiducial should be 3 mm (0.120 in).  
Fiducial marks on the same PCB should not vary in size by more than 25 microns (0.001 
in). 

Clearance: 

A clear area devoid of any other circuit features or markings should be maintained around 
the fiducial mark.  
The size of the clear area should be equal to the radius of the mark. A preferred 
clearance around the mark is equal to the mark diameter. 



 

Figure 
4.  

Fiducial Clearance. 

Edge Clearance: 

The distance from a fiducial mark to the edge of a printed circuit board or fabrication 
panel shall not be less than the sum of 4.75 mm [0.187 inch] (the SMEMA Standard 
Transport Clearance) and the fiducial mark clearance. 

Base Material: 

The prefered base material of the fiducial mark should be bare or bare copper protected 
by a clear anti-oxidation coating.  
It may also be nickel or tin plated, or solder coated (HASL). 

For optimum performance, there should be a high degree of contrast between the surface 
of the fiducial mark and the adjacent printed circuit board base material. 

Plating and coating Thickness: 

When used, the thickness for the bare-copper fiducial mark plating or coating should be 
from 5 to 10 micron [0.0002 to 0.0004 inch].  
The thickness of a solder coating should never exceed 25 microns [0.001 inch]. 

Flatness: 

The flatness of the surface of the fiducial mark should be within 15 microns (0.0006 in). 

Land Patterns: 

The fiducial marks should be used in conjunction with land patterns that have been 
designed in accordance with the requirements of IPC-SM-782. 



VOLUME ASSEMBLY QUALIFICATION FOR 0201 PACKAGES 
  

A QUALIFICATION VEHICLE IS DESIGNED THAT INCLUDES STUDIES OF SUCH 
PROCESS PARAMETERS AS SOLDER-PASTE PRINTING, COMPONENT PICK-AND-
PLACE, AND SOLDER REFLOW.  

By means of a number of experiments on pad-design identification, pick-and-place 
machine evaluation and assembly process investigation, understandings for 0201 
assembly can be summarized as follows.1,2 

1. Two types of pad size (non-soldermaskdefined) are recommended in previous 
work.  

2. The pick-and-place machines evaluated are able to place 0201-size components 
side-by-side, as close as 0.004" and at acceptable defect levels.  

3. Placement height vs. solder paste location is critical to achieve low defect rates. 
Thus, any placement machine having the highest ability to control placement 
height will be recommended.  

4. For reflow, low soak time and low peak temperatures will help reduce the number 
of components skewing.  

Based on the experience, a Qualification Vehicle (QV) is designed and more experiments 
performed to further understand the 0201 assembly process. These experiments include 
assembly with solder paste and components from various vendors.  
  Qualification Vehicle Design  

 

As shown in Figure 1, the 0201 QV is a double-sided panel with 
mirror images.  
The outside dimension is 5 x 7" with 0.030" thickness. Four 
boards with a cell phone form factor are designed into this panel. 

For 0201s, two types of pad design (Pad U and Pad H) also are 
used; 
boards A and B are designed with Pad U,  
boards C and D with Pad H. 

In addition, Boards A and C will test 0201-to-0201 spacings 
(0.006, 0.008 and 0.010"), while Boards B and D will test the 
spacing between 0201 and other components.  
The same spacings (0.006, 0.008 and 0.010") will be tested for 
between 0201 and 0402, while between 0201 and chip scale 
and S08 packages, an 0.008" spacing is designed.  

Figure 1. 

Finally, with a 0.005"-thick stencil, the Area Ratio (AR) is 0.60 for Pad U and 0.74 for Pad 
H. (AR is the ratio of the aperture opening area to that of the aperture wall.)  
On the top side of the QV there are total 5,728 components, including 5,092 locations for 
0201s, 624 locations for 0402s, eight locations for S08s and four locations for CSPs.  



The 0201 resistors from two vendors and 0201 capacitors from two suppliers are 
distributed equally in the pick-and-place program.  
   
Experimental Work  
No-clean solder pastes from three vendors are selected for this experiment.  
All are particle Size 3 with a mesh size of 25 to 45 µm and with metal contents from 90 to 
90.25 percent (by weight).  
An electroform stencil of 0.005" thickness and 1:1 ratio (between the aperture size and 
pad size) is used. 
A standard assembly line consists of a solder paste printer, a turret pick-and-place 
machine, and a nine-zone reflow oven.  
During the experiment, solder paste height, area and volume for each board are 
measured by using an automatic measurement machine, and the process control (Cpk) 
for solder paste volume also is calculated.  
Manual inspection is performed after printing, pick-and-place, and reflow. At least 35 
panels are assembled for each solder paste, yielding a total of more than 555,000 0201s 
and 68,000 0402s in the experiment.  
  Results and Discussion Post-printing Data Analysis. 
As can be seen from Table 1, for all types of solder paste, on both Pad U and Pad H, the 
average height is about 0.0055" with 0.005"-thick stencil, and the average solder paste 
volume transfer ratio is 65 to 70 percent for Pad U and 84 to 89 percent for Pad H. 
The higher the AR, the higher the Cp of solder paste volume.  
During visual inspection, no bridging or missing solder paste is observed in any of the 
printed boards in this experiment, indicating that the printing process is under control 
during the entire experiment.  
No misalignment above 20 percent of pad width is observed in either X or Y direction. 

 
Table 1. Post-printing Data Analysis. 

 

Post Pick-and-Place Inspection. 
Post Pick-and-Place Inspection reveals that missed components 
is the primary defect.  
A typical appearance of a location with a missing component is 
presented in Figure 2, showing that the component had been 
placed onto the solder paste but did not remain in place. 

Figure2. 



 

Figure 3.  

Figure 3. 
Defects charted on Pad U using solder 
paste from vendor A exhibits five types of 
defects with missing component and 
tombstoning being the primary faults.  

Post-reflow Analysis on Pad U. 
Post-reflow Analysis on Pad U. Figure 3 shows that when using solder paste from vendor 
A, five types of defects are observed, such as:  

• component missing 
• billboarding 
• bridging 
• tombstoning  
• and off-pad 

with component missing and tombstoning being the main defects.  
Compared with the results from solder paste vendors B and C, more defects of missing 
components and tombstoning are observed with solder paste A.  
(In a previous solder paste study, the experiment data had revealed that a higher tack 
force was observed with solder paste B than with solder paste A. The tack test procedure 
was based on IPCTM-650 and the tack force was measured up to eight hours.)  
Accordingly, the reason for missing components may be due to the relatively low 

tackiness for solder paste A than that for paste B.  
Figure 3 also indicates that there were many more missing 
component defects from locations with 0201 capacitors than 

with 0201 resistors, probably due to the height and weight 
difference between these two parts.  

 
 
As shown in Figure 4, the solder paste height before placing a component is about 
0.0055". 
The average height is about 0.012" for a 0201 capacitor and about 0.009 to 0.010" for a 
0201 resistor. The average weight is about 0.00028 g for a 0201 capacitor and about 
0.00014 g for a 0201 resistor.  
During the pick-and-place process, when a 0201 resistor is placed into the solder paste 
about two-thirds of its body will sink into the solder paste while only about half of the 0201 
capacitor body will settle into the material.  
With air blow or board movement, a 0201 capacitor would be more likely to fall out of its 
correct location in the solder paste, causing the defect of missing component.  
With respect to the bridging defect, more than 98 percent come from locations with 0.006" 



spacing with solder paste from vendor B, while 100 percent of bridging defects come from 
locations with 0.006" spacing with solder paste from A and C, most likely due to more 
solder paste being deposited when printing with solder paste B.  
More defects concerning 0201 capacitors (missing) are observed with components from 
vendor C than from vendor A.  

 

Figure 5. 

Post-reflow Analysis on Pad H. 
Post-reflow Analysis on Pad H ( Figure 5) 
shows a similar trend to Pad U.  

More defects of missing components are 
observed with solder paste from vendor A, 
and most from 0201 capacitors rather than 
0201 resistors (especially from component 
vendor C).  

More defects of bridging were found with 
solder paste from vendor B than the other 
vendors.  

 
Post-reflow Analysis on Pad U vs. Pad H. 
Post-reflow Analysis on Pad U vs. Pad H. For all type of defects, fewer are observed on 
Pad H as compared with Pad U.  
Reason: the pad size (and therefore the aperture size) for Pad H is larger than that of Pad 
U. 

 

Solder Paste Comparison.  
As shown in Table 2, regardless of 
component types, the results from 
assembly with solder paste B 
exhibit the lowest defect level, with 
solder paste A having the highest 
defect level, probably due to the 
different tackiness. Based on 
previous experience, after a printer 
idles for more than five minutes, 
solder paste will exhibit a release 
issue. Solution: it will need to print 
a couple of boards before 
achieving a consistent print. Solder 
paste C has less of that problem 
than displayed by solder paste B. 

 

Component Type. 
As shown in Table 3, for different component types, 0201 resistors display fewer defects 
than 0201 capacitors.  



The latter from component vendor C have twice as many defects as those from 
component vendor A.  

To understand the relationship between the defect level and 0201 capacitors from 
different vendors, another experiment is performed:  
Using a different assembly machine, five types of capacitors from four 0201 component 
vendors (Comp A, C, E and F) are tested.  
Two types are tested from Comp C, labeled as "Comp C(1)" and "Comp C(2)." The only 
difference is that Comp C(2) has a smaller spacing between it and the pocket. Twenty-
three 0201 test panels are used in this study.  
Five types of capacitors are equally distributed in panels A and C and a total of 82,800 
capacitors are assembled, with 16,560 components for each type of capacitor.  

 
Table 3. Defects per Million Oppertunities for types of 0201 Components. 

 

The pickup errors for each type are 
presented in Table 4 and Figure 6. 
As can be seen, there are mainly three 
types of defects:  

• mispick,  
• component pickup in vertical position 
• andcamera-recognition error.  

No component drop is detected for any type 
of component tested.  
Results: Comp A shows the best pick-up. 
The pocket-size difference between Comp 
C(1) and C(2) shows some improvement on 
the pick-up process. However, the 
improvement is not very significant. 

Figure 6. 



 
Table 4. Pickup Errors for Various 0201 Components. 

 

All boards are inspected post-reflow and 
five types of defects are observed (Table 5 
and Figure 7).  

The defect level from component F and 
C(1) is lower than 100 DPMOs.  

Figure 7. 

 
Table 5. Number of Defects Post-reflow (By Component Type). 

 

The final comparison (Table 6) is made by 
combining the results from post pick-up and post-
reflow. 

Table 6.  
   



Conclusion  
In this work, a QV is designed for 0201 packages including more than 5,000 locations for 
0201s and 1,400 locations for 0402 components, with the pad-to-pad spacing for 0201 
components ranging from 0.010, 0.008 to 0.006".  
No-clean solder pastes and 0201 components from several different vendors are 
evaluated.  
Detailed studies are carried out on important process parameters, including solder paste 
printing, component pick-and-place and reflow.  
Based on this study, 0201 capacitors show a higher defect level than that of 0201 
resistors, and solder pastes with higher tackiness exhibit a lower defect level for 0201 
assembly. 



CAUSES AND CURES OF TOMBSTONING CHIP COMPONENTS 
 

What is Tombstoning? 

A tombstone-sometimes called a Manhattan 
skyline, crocodile, leaning tower or space rocket-is 
a chip component that has partially or completely 
lifted off one end of the surface of the pad. 
Tombstones may be caused by solderability 
variations on terminations; volume of paste; 
surface area of pad; variations in thermal demand 
of pads; solder mask thickness; paste under parts; 
limited placement force; and nitrogen usage. 

To understand how tombstoning can occur, watch 
the reflow process. A small board can be printed, 
placed and reflowed, on a hot plate or under a 
rework station, simulating the conditions of the 

reflow process. If you are lucky, you will see the component lift. As components get 
smaller, the surface of the wettable area of the parts becomes significant and can develop 
high surface tension forces during reflow. The lifting of parts is becoming more of a 
problem as products continue to be miniaturized.  
  Incorrect Pad Design  

Ideally, with reflow soldering, the pads are designed so that the termination is positioned 
equally in the x- and y-axis so that, during soldering, the forces are fairly equal.  
If the termination surface is not positioned centrally on the solder paste deposit and pad, 
a tendency to pull the part in the direction of the highest energy promoting lift exists.  

When movement occurs, it is difficult to stop and can often result in an open connection at 
one chip junction-hence the lifting action. 

 

   
Solderability of terminations  



Solderability of terminations on chip parts has been found to vary when subjected to 
testing. Due to the original plating technique or the 
application of the final protective coating, variations on 
the solderability may exist and cause the wetting 
forces acting on each pad.  

If the solderability of the terminals is poor on one side, 
the termination wetting forces will draw the part to the 
center of the pad where the forces are balanced 
before the other termination wets. This process occurs 
in a couple of seconds and can be the cause of lift. 

Even if the lift is subtle, satisfactory wetting will occur on one surface and not on the lifted 
termination-not on the base.  

In the case of a chip resistor, most of the wetting force occurs on the base, then the end 
that tends to start the lifting action.  

  Volume of Paste  

When the copper pad surface is equal and paste volumes are different, the point of reflow 
can be affected.  
If the deposit on one pad is smaller than the deposit on the other, the larger deposit will 
reflow first and also wet the termination first.  

This phenomenon has been seen during process trials on ball grid array (BGA) and 
microBGA.  
The smaller volume will always reflow first.  

  Surface Area of Pad; Thermal Demand of Pads  

It is important to maintain equal pad sizes and track interconnections on each termination 
of a device.  

During reflow, terminations do not reflow at exactly the same time. 
A difference in the surface area of copper, connected to the termination, may affect the 
wetting speed and increase the wetting forces applied to one side of a chip component, 
which increases the possibility of lifting. 

  Solder Mask Thickness  

The resist or solder mask thickness on the surface of the board should be examined, as 
thickness can vary.  
Components have been found to rock on the surface of the solder mask between the 
pads.  
This "rocking" can also be exaggerated where a copper track runs under the body of the 
parts.  



I recall seeing this on vapor phase systems during reflow of 0805 chip resistors. 

    Paste under parts  

If solder paste is allowed to slump under parts, or is forced under the chip body during 
placement, an upward force may be developed during reflow.  
All the individual particles of the paste reach reflow temperature and try to join together. 
As they combine, the size of the group particles can lift the part.  

If lifting does not occur, the paste often seeps out the side of the chip and is seen as a 
solder bead.  

An example of this lifting defect can be seen in the last issue of IPC 610 (not the updated 
issue released in January 2000). 

 

  Limited Placement Force  

When any component is placed into the solder paste, on the pad surface, the component 
should slightly break the surface of the paste to improve the termination wetting when part 
solderability may be marginal.  
This practice also overcomes any effect in paste dry out in warm production areas or 
where delays have occurred.  
The parts should not be forced directly into the paste, as this can lead to solder shorts 
and an increase in solder beading after reflow.  

  Nitrogen Usage  

The use of nitrogen during reflow is relatively limited in the industry, although it does have 
its benefits.  
People have seen a far higher incidence of part float or lifting in nitrogen as opposed to 
air.  

The nitrogen does not cause the problem, but simply enhances the wetting forces and the 
part lifting.  
Normally the benefits of nitrogen soldering can be obtained in terms of wetting around 
600 to 800 ppm.  



If the process is running at 50 to 100 ppm, try saving money and reducing chip lift. 

 



PRINTING OF SMT SOLDERPASTE 
  

In the screen printing process, solder paste are printed through a metal stencil or 
mesh screen onto the PCB solder pads. 

 
 Printing Factors  
When printing solder paste onto a PCB there is a lot of factors to consider.  
In the listing below the most essential factors are mentioned. 

Equipment Method Materials Environment Operators 

-Screen Printer -Print parameters -Solder paste 
-Production 
area 

-Training 

  -Printing head   -Squeegee   -Flux   -Dust & dirt 
-
Knowledge 

   -Squeegee    down stop 
  -Alloy 
composition 

  -Air circulation 
-
Awareness 

  -Printing table 
& 

  -Squeege 
pressure 

  -Alloy particle 
size 

  -Air humidity -Authority 

   Support   -Snap off -PCB    -Temperature   

  -Vision system   -Printing speed   -PCB flatness      

  -Printing  
  -Separation 
speed 

  -Solder land     

   repeatabillity   -Stencil cleaning    flatness     

-Stencil         

All the factors in the five groups are differently important but all plays a role in the 
final result and it is important to consider all aspects to reach the quality needed in 
the products produced.  

  Printing Equipment.  

Printing equipment can be divided into two main groups; In-line and off-line. 
For "small" production sites an off-line screen printer should be adequate but for high out-
put placement lines, where the product cycle-time is short, an in-line system can be 
necessary. 

 

  



Before investing in an in-line machine there are several 
things to consider: 

1. the out-coming print quality.  
Since approximately 70% of all faults found on 
SMD PCBs come from the solder printing process, 
it is important that all process parameters are known 
and under control.  

2. Inspection of the solder paste print is necessary. 
Especially if printing fine pitch. This could be done 
either by operator, vision or laser inspection systems. 

Since the introduction of laser-cut stainless steel stencils (in the beginning of the 1990's), 
metal stencil printing has been the dominant method.  

The printing squeegees can have different designs and made of different materials. E.g. 
square rubber rods, thick rubber plates, flat metal plates or other combinations. Today the 
commonly used squeegees, for metal stencil printing, are thin metal squeegees (See Fig. 
1. above).  

The squeegees must have a very smooth and none-sticking surface and at all times a 
sharp printing edge. This will ensure that the solder paste will roll more easily on top of 
the stencil and help prevent clogging of the stencil apertures. 
The newest development in solder paste printing is the direct printing. This system 
replaces the squeegees with a printing head that press the solder paste directly through 
the stencil apertures using a piston. This type of printing system is not widely spread and 
is mostly used in high run production because of the large amount of solder paste in use.  

To make a perfect solder paste print, the PCB support must hold the PCB in a locked 
position and absolutely parallel to the stencil.  
If the PCB is hold by vacuum cups, be aware that the solder paste easily can be sucked 
into the small via holes leaving the solder lands with too little solder paste. It will also 
result in solder balling.  
The PCB support must be designed for both flexibility and fast change over. In general, to 
secure a good print-ability the printer construction must be rigid and the squeegee axis, 
stencil and PCB support must be precisely parallel.   

To secure an accurate print onto the solder lands a vision system is necessary. For off-
line printers a so-called manual system could be adequate. The operator adjusts the PCB 
position to fit an overlay picture of the solder paste pattern or cross-hair lines.  
Automatic vision alignment of PCBs is on the other hand necessary for in-line screen 
printers. This type of vision system usually uses fiducial marks on both stencil and PCB 
as adjustment reference. The PCB or stencil is then moved to fit the other. 
The modern screen printers can be provided with a lot of options such as computer 
control, vision or laser print control systems, environment control, automatic PCB support 
set-up and underside stencil cleaning.  

 
Fig 1. Squeegee blade. 



  Metal Stencil  

Metal stencils can be made of different metals. Besides stainless steel, they can be made 
of copper, bronze or nickel.  
There are 3 different metal stencil manufacturing methods:  

• Etching,  
• electroforming  
• and laser cutting.  

The apertures in both laser-cut and electroformed stencils have very sharp edges and are 
slightly conic. 
This makes the solder paste easily slip of the aperture edges and thereby secures a 
uniform print. See photographs for stencil types below. 

For more info about stainless steel stencils (laser-cut, Chem-etch, Electropolishingtake 
andElectroforming) look at Metal Stencils Overview. 

   

Fig 2a. Lasercut. Fig 2b. Electroformed. Fig 2c. Etched. 

The metal stencil is attached to the printing frame using tensioned mesh or directly using 
a special frame with a gripping system.  
Mesh attachment is a little more expensive but handling the loose stencils, for the direct 
attachment systems, easily damage the stencils and thereby results in poor printing 
quality. 

If properly handled a stainless steel stencil will last more than 10.000 prints.The thickness 
of the metal stencil is typically 150 microns but 100, 125 and 200 microns is also 
available. The thickness should be chosen depending on the job in hand.  

For very fine pitch such as 0.3 mm lead pitch 100 or 125 micron stencil could be used and 
for lead pitch down to 0.5 mm 150 micron stencils can be used. The stencil thickness 
together with the aperture sizes also determines the amount of solder paste present to 
form each solder joint during reflow soldering. 

As a guideline the minimum stencil aperture width must be at least 3 times (preferable 5 
times) the diameter of the largest solder particle and the stencil aperture width should 
also be larger than the stencil thickness.  
Rounded aperture corners will reduce clogging of fine pitch apertures and smearing. The 



top surface of the metal stencil should be slightly roughened to make the solder paste roll 
perfectly during printing. 

  Printing Method  

The main reason for printing solder paste onto the PCB is to supply solder alloy for the 
solder joints. To reach this objective, the solder paste print must be aligned correctly, the 
correct amount of solder paste for each joint must be present and the print should form an 
even layer of paste for perfect component placement. 

The solder paste on top of the stencil is partly rolled and pressed into the stencil 
apertures and onto the PCB solder lands by a moving and angled squeegee.  
The squeegee angle must be between 45 to 60 degree (usually not adjustable) and the 
rolling solder paste should have a diameter of 15 to 20 
millimetre for optimum conditions.  

As a main rule, thin steel squeegees should be used for 
metal stencils and thick rubber squeegees, as hard as 
possible, for mesh stencils.  
Rubber squeegees used on stainless steel stencils will wear 
out quickly and cause severe scooping in large apertures.  
Steelsqueegee used on mesh stencils will damage the mesh 
after only a few prints.  

The squeegee printing edge must be sharp to secure a well-defined print. If using an old 
worn out squeegee with rounded printing edge the squeegee angle is reduced and the 
solder paste will not roll as desired. 

Several items are important to reach a good result when printing solder paste onto PCBs.  
The parameters: Squeegee down stop, Squeegee pressure, Printing speed, Snap off, 
Separation speed,Printing area and stencil cleaning are explained below. 

   

 
Fig 3. Stencil printing. 



Squeegee down stop  

The squeegee down stop is a mechanical stop that prevents the squeegees to move 
further down. It must be adjusted only to just touch the stencil surface.  
However, if the squeegee axis and the stencil are not perfect parallel it can be necessary 
to over-adjust the down stop to compensate. But, if the down stop is adjusted too far 
down, both stencils and squeegees will wear out rapidly.  
Some machines do not have a mechanical down stop but a squeegee origin point. 
Usually were the squeegee just touches the stencil. The squeegee pressure is the added 
using a spring-loaded system. 

  Squeegee Pressure  

The squeegee pressure should be as little as necessary to scrape the stencil clean of 
solder paste particles when printing. 
If adjusted correctly, a thin layer of flux will remain on top of the stencil.  
The amount of pressure is determined by printing speed and stencil type. 

  Printing speed  

Usually the solder paste manufacturer gives a hint towards the printing speed window; 
Typically between 20 and 80 mm per second.  
The possible printing speed is determined by the solder pastes thixotropic behaviour. The 
solder paste must be soft and fluid when printed but jelly-like and stable when printed 
onto the PCB solder lands.  
The more fluid the paste is when moved and rolled the higher print speed can be used.  

The printing speed must be set so the solder paste rolls perfectly on top of the stencil. 
The printing speed is a major factor in the printing cycle time and one is therefore 
interested in the highest speed possible without compromising the print quality. 

  Snap off  

Snap off is the distance between the stencil underside and the PCB placed in print 
position but without the squeegee touching the stencil.  
For metal stencil printing the snap off should be zero. This is also called contact printing.  

(For mesh screen printing the snap off should be set to between 0.5 and 3.0 mm. Here 
the snap of plays a role in the amount of solder paste printed onto the solder lands. A 
high snap off will result in a thicker layer of solder paste.) 

  Separation speed  

The speed of separation between stencil and PCB after printing is important. A too rapid 
separation speed when printing fine pitch will result in clogging of the stencil apertures. A 
too fast separation will also result in tailing and form high edges around the solder paste 



deposits. The ideal separation speed depends on the solder paste and the stencil 
aperture wall smoothness. On the other hand, a slow separation speeds will slows down 
the printing cycle time. 

  Printing area  

To ensure that the solder paste is rolling correctly before the aperture pattern is reached, 
the squeegee movement should start 80 - 100 mm or 2 times the solder paste 
circumference outside the pattern area.  
To the sides the squeegee overlap should be minimum 20 mm. 

  Stencil cleaning  

In general, if all printing parameters are in control, stencil underside cleaning should not 
be necessary.  
Stencil underside cleaning can be done by hand or automatic.  

My experience with automatic stencil wipers without vacuum has been badly. The wiper 
does not clean the stencil underside but simply moves the solder paste particles from 
around the apertures to the complete stencil underside. And when performing the next 
print the solder particles are transferred to the PCB where they are found all over the 
surface. 

Stencil cleaning prior to use is important to prevent dust and dirt to enter the solder joints. 
The stencil should of cause also be cleaned for solder paste after use. 

  Materials  

Solder paste: 
The solder pastes function is basically to supply solder material to the soldering spot, hold 
the components in place prior to soldering, clean the solder lands and component leads 
and finally to prevent further oxidation of the solder lands. 

PCBs: 
The flatness of the PCBs and the solder land flatness are both essential to the printing 
quality.  
If the PCBs are bend or twisted, the result can be large variation in the solder paste layer. 
And especially for fine pitch printing the solder land flatness is important.  
For PCBs with lead pitch at 0.65 mm and less it is recommended to use NiAu solder land 
surface. HAL (hot air levelling) is simply not flat enough. 

The PCBs must also be clean and without fingerprints that will cause poor wetability in the 
reflow process.  
Fingerprints on the solder lands can also result in too little solder paste or none solder 
paste, because the solder paste will not stick to the surface and are left inside the stencil 
apertures. Especially PCBs with NiAu surface are sensitive to these problems.  



  Environment  

Dust and dirt from the air that ends up on the PCBs and stencils can cause defects such 
as bridging and poor wet-ability in the reflow soldering process. 
A small piece of fibre or hair between two fine pitch solder pads can easily cause 
bridging. It is therefore very important that the PCBs are stored in sealed packages and if 
necessary cleaned before use.  
Air draught in the production area, can speed up evaporation of the solvents in the solder 
paste and thereby make the solder paste dry out.  
Also a high temperature will make the solder paste dry out quickly. If the room 
temperature in the production area varies a lot, it will be very difficult to control the printing 
process.  
The viscosity of the solder paste changes with the temperature and the solder paste print 
will sometimes be perfect and other times the paste will slump and result in bridging. 
Check the solder paste supplier’s data for the temperature window. 

  Operator  

The solder paste printing is a very sensitive and delicate process. Therefore the operators 
has to be trained and experienced.  
The operators should be able to foresee problems and adjust the process to secure a 
good printing quality. 
Things like; position of deposit, shape of deposit and volume should be controlled 
frequently. 

  



 LIST OF FAILURES RELATED TO PRINTING  

Solder balling: Spattering can be caused by badly oxidised solder paste particles.  

Large solder ball next to the pad. If the screen-printing is done 
inaccurate and the solder paste is partly printed outside the pad, a 
large solder ball can be formed next to the pad when the solder paste 
melts.   

Solder beading (side balls) are often a result of a combination of to 
much solder paste present at the pad, and outgassing of solvents 
during the reflow pre-heat phase.  
The out-gassing forms a lump of paste underneath the chip 
components. And when melted, the solder alloy is pressed out and 
forms a small or large solder ball at the side of the chip component.  
This problem can be solved by reducing the amount of solder paste, 
either by minimise the stencil aperture size, by reducing the thickness 
of the stencil or by reducing the temperature ramp-up rate during 
preheat. 

Tomb stoning & 
Skewing: 

Tomb stoning & Skewing is caused by an unequal wetting at the 
two terminals of a chip component. In relation to solder paste printing, 
this can happen if there is very little or no solder paste present at one 
end of the chip component.  
The surface tension of the melted solder alloy makes the component 
rise and stand up on its end. Too much solder paste will also make 
this problem more severe. 

Bridging: Bridging is often seen on fine pitch components and is usual caused 
by inaccurate screen-printing. But it can also be a result of too much 
solder paste printed on to the solder pad, if the paste is not scraped 
entirely of the stencil surface.  
Dirt and fibres on the PCB can also result in bridging. 
For instance if a thin fibre of paper, plastics or a hair lies across a row 
of pads, the small solder particles tend to move along the fibre and 
when melting a bridge will form. 



 

  

To little or 
much solder: 

To little solder in a SMD solder joint is usually caused by poor 
printing. Either by missing paste on the stencil, clogged stencil 
apertures, too high squeegee pressure, scooping if using a too soft 
rubber squeegee or finally if the solder paste are not rolling properly 
on top of the stencil. 

To much solder in a SMD solder joint can be caused by poor printing 
where the solder paste is not scraped completely of the stencil and 
leaves a massive layer of paste on the solder lands. This is caused by 
wrongly adjusted down stop, to high squeegee printing speed, to little 
squeegee pressure or wrong snap off setting. 

A wrong stencil design can also be the problem. The stencil could be 
to thick or the aperture reductions to little. 

Misaligned 
component : 

Misalligned component after reflow soldering can be caused by a 
combination of misaligned solder paste print and inaccurate 
component placement. 



SUGGESTIONS FOR LAYOUT OF "RAT-BITE" BREAKAWAY TABS 
  

Perforated Breakaway Tabs 

These guidelines are intended to help assist you in your design and are not meant to be 
the only workable solution.. 

The distance between tabs along the periphery of the board will vary depending to board 
thickness. Typical spacing: for an .062" board, one tab every 2.5-3.0", for .031" thick, one 
tab every 2.0-2.5". Remember, the tabs are designed to support the weight of the board 
and components through the reflow or wave soldering while still being relatively easy to 
break.  
Usually, the "rat-bite" tab consists of a series of holes(3-5) drilled side by side along a flat 
section of the board outline in an unrouted area of the base material.  
  Rule of thumb.  

Pitch of the holes should be 2x the hole diameter (i.e. for .020" holes, center-to-center 
spacing should be .040").  

The idea of the tab is that it may be snapped off manually, either by hand or by flexing the 
tab with a pair of needle nose pliers. 
The weakest part of the tab is along the diameter of the row of holes.  
To help minimize the cost in drilling you might use the smallest via hole size already used 
on the board so the fabricator will not have to add additional drill sizes. Typical : .030" 
holes on .050"-.060" centers. 

To minimize tab residue, drill the breakaway holes with their diameter or hole center along 
the board outline. When the tab is broken off, part of the drilled hole will be on the inside 
of the board outline, and the tab residue outside the outline will be negligible. 

Tab location: tabs should be as far as possible from small SMD components as practical 
because the flexing of the board during singulation could fracture adjacent solder joints or 
the component body itself. No component within .300" radius of the tab should be 
mounted perpendicular to the edge of the board. 

Specifications Perforated Breakaway Tabs: 

Location -- Board Edge: 
Perforations shall be located tangent to the board edge and inside the image to produce a 
smooth finished edge. 

Location -- Orientation: 
Tabs should be located in straight lines along the x and y axes of the board.  



Location -- Overhanging Connectors: 
Breakaway tabs shall be outside an overhanging connector by a distance of no less than 
0.100” Inch [2.540 mm]. 

Tab-To-Tab Clearance: 
Breakaway tabs shall be separated by a maximum distance of 2.00” Inch [50.80 mm]. 

Tab-To-Corner Clearance: 
The maximum distance from a tab to a corner shall be no less than 0.250” Inch [6.350 
mm]. 
 
Breakaway Width: 
The minimum breakaway width excluding the route shall be no less than 0.250” Inch 
[6.350mm]. 
 
Tab Width:  
For 0.031” thick boards and smaller, the maximum tab width shall be no more than 0.120” 
Inch [3.048 mm]. 
For 0.062” thick boards, the maximum tab width shall be no more than 0.120” Inch [3.048 
mm]. 
For 0.093” thick boards, the maximum tab width shall be no more than 0.110” Inch [2.794 
mm]. 

Perforation Diameter:  
For 0.031” thick boards or smaller, the maximum perforation hole diameter (non-plated 
holes) shall be no more than 0.030” Inch [0.762 mm]. 
For 0.062” thick boards, the maximum perforation hole diameter, Design For 
Manufacturability, (non-plated holes) shall be no more than 0.030” Inch [0.762 mm]. 
For 0.093” thick boards, the maximum perforation hole diameter (non-plated holes) shall 
be no more than 0.040” Inch [1.016mm]. 



 

Figure 1.   

 

 

Figure 2.   
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Instead of Perforated Breakaway Tabs, I also suggest to look at Pocket Guide to 
Excellent V-Scoring. 
Link: V-Scoring 



What does X-ray inspection of hidden BGA solder joints reveal? 

 

 
More than counting black dots 

Microfocus X-ray inspection has become a generally accepted method to control 
the quality of board assemblies, and to analyze defects of hidden solder joints. And 
it is key to efficient implementation and monitoring of the reflow process for BGA, 
CSP and flip-chip.  
For optimum exploitation, the right equipment should be operated in an 
appropriate way, and results be interpreted in light of the assembly process.  

An X-ray image is generated by different X-radiation absorption of various parts of the 
object. Simply spoken, these absorption differences are due to variations in density or 
thickness of the object.  
For solder joints, mainly the thickness (or shape) is of interest. The longer the path of the 
radiation through a part of the object, the darker this part appears in the image.  
  

So, any defect that has a remarkable influence on a solder 
joint's shape can be detected with X-ray technology.  
Some defects such as bridges can be "seen" directly, others 
can be detected by their signatures that can be used to 
define test criteria as listed for a top-down view in the table.  
The correspondence of the signatures to the various defects 
is known from experience, but can also be understood from 
simple geometrical considerations.  
For example, if a single BGA solder joint appears brighter 
than its neighbours, it is obviously not as thick and, hence, 
must be open (not properly soldered). If the joints in the 
center of a BGA are broader and brighter than those at the 
edges, most likely the package is more or less bowed 

(substrate or board warpage), and presses down the central joints so that they become 
broader and thinner.  
  Wetting analysis  

A more subtle task is the analysis of the wetting quality at both board and component pad 
which means to check whether the solder is really in contact with the pads. Again, a 
proper interpretation of the image can help.  
The related test criterion depends on whether the joining pad area is defined by a solder 
mask overlapping the pad or by the etched copper pad itself. In the latter case, well-
wetted pads are embedded into the solder. In the X-ray image, characteristic dark rings at 
the edges of the pads are visible which are due to the additional solder in this area 
(figure 2).  

 
Figure 
1.  

some examples of 
defects and their 
appearance in X-ray 
inspection. 



  

 
Figure 
2.  

Dark rings at the 
edges of the pads 
pointing to 
additional solder in 
this area. 

In the first case, the joining pads appear as dark circular 
areas if they are well wetted.  
In practice, the related differences in thickness must exceed 
2% of the absolute solder thickness to be visible with an 
image intensifier.  
Though this limit can be lowered to about 0.5% by using 
digital X-ray detectors, the signatures of wetting defects can 
be very faint in some cases and might be concealed by the 
barrel-shaped solder joint itself. 
However, the detectabilty for such fine structures can be 
enhanced remarkably by just reducing the absolute solder 
thickness to be penetrated, for example, to take an oblique 
view of the solder joints.  
In this way, not only the wetting status of the pads becomes 
plainly visible: the shape of the solder joint is clearly 
displayed, too. 

Figure 3a (top) shows fifteen solder joints of a PBGA in top-
down view. Some of the joints at the lower left appear slightly 
brighter and broader than the others. This is a signature of 
opens according to which are described in the table.  
In figure 3b (bottom), the same solder joints are displayed in 
an oblique view. Here the opens can be clearly identified: the 
solder balls of the indicated joints are evidently not connected 
to the pads, and a sharp gray value step can be seen close to 
the board pad whereas the other solder joints fade out 
towards the board.  
The solder joint in the center (at the bottom) is not open but 
has only partially wetted the pad surface. 
This strong verification method can also be applied to the 
smallest solder joints as present in CSPs or flip-chips by 
means of the OVHM-technique (Oblique Views at Highest 
Magnification) which avoids the loss of magnification typical 
for the customary tilt technique.  
For the smallest solder joints (flip chip) with diameters below 
100 micron, the first nanofocus X-ray tube with a resolution of 
down to 0.5 micron is now available. With sufficient tube 
voltage (100kV or more) and appropriate focal spot size (less 
than 10 microns), microfocus or nanofocus X-ray systems can 
provide images with the resolution and tonal accuracy 
demanded by IPC standards. 

 
Figure 
3.  

   

 

  Bubbles inside joints  

Voids are bubbles inside solder joints which appear as lighter spots in the X-ray image.  
The impact of voids on the reliability of solder interconnections has not been investigated 



in detail yet, but some studies are currently performed. Some earlier studies even point 
out that the reliability increases for solder joints that contain voids up to a certain size.  
Nevertheless, the standards IPC-A-610C (acceptability of electronic assemblies) and IPC-
7095 (design and assembly process implementation for BGAs) define maximum void 
sizes for BGA solder joints.  
According to 610C, the maximum acceptable percentage of the ball-to-board interface 
area covered by voids should not exceed 10%, joints with more than 25% voiding are 
classified defect.  
IPC-7095 states values in the range of 9% to 36% depending on the vertical position of 
the voids and on the application of the assembly.  
In any case, the number of solder joints affected by voiding and the size of voids can 
indicate process control or improvements, and so it makes sense to measure both by a 
suitable image processing software (figure 4). 

Assemblies populated with BGAs providing nearly zero void percentage do exist, but 
there is no straightforward way to achieve this, since the void size in solder joints 
depends on a complex of process parameters including the formulation of the paste and 
the reflow profile.  
The mechanism of void formation, which would be key in suppressing, has not be 
definitely described yet and should be subject of further investigations. 
Failure analysis can rely on the image quality of the X-ray systems (leading equipment 
will deliver superior images) and on a set of proven test criteria. However, process control 
requires the inspection of larger lots and a statistical evaluation based on automated 
procedures.  

The first step of automation is the preset evaluation of solder joint integrity by image 
processing software to achieve reproducible and quantified results. This now is no longer 
restricted to very big lots due to the immense programming time. An autosetup software is 
available which can be also applied to small lots of merely 5 or 20 assemblies, needing a 
short setup time of only a few minutes.  
Such software covers all the test criteria (see table), and can also be included in existing 
X-ray equipment.  

All results are listed in a file for each ball individually, using, for example, the JEDEC 
designations. 

  STAGES OF AUTOMATION AND SPC  

The latest BGA software uses both topdown and oblique views as shown in figure 3 to 
detect and classify wetting defects automatically by means of a unique autocalibrating 
algorithm.  
In a second stage of automation, this software can be combined with an auto-positioning 
system and, in a third stage, with a board handler to perform the inspection without 
interaction of an operator.  



The X-ray inspection of BGA solder joints is mentioned in the described IPC standards A-
610C and 7095 which already include many of the test criteria and their relation to the 
solder joint defects (listed in the table).  
The BGA acceptance requirements presently seem not to be as strictly quantified as for 
other solder joints - presumably because of lack of reliability data.  
Unfortunately, the standards refer to X-ray images whose quality is not really up-to-date 
so that the capabilities of this technology, namely of recently developed techniques such 
as OVHM and wetting analysis, are not exploited at all. 

 Test criterion Defects 

1 Presence of solder bridges Short circuits 

2 Missing solder joints Open circuits 

3 Deviating diameter of solder 
joints  

Faulty paste print. 
Insufficient wetting. 
Tittled component. 

4 None circular shape of solder 
joints  

Wetting problems. 
Titled component. 

5 Fuzzy edges of solder joints Insufficient reflow 

6 Grey level deviation 
(varying solder joint thickness) 

Tittled component. 
Component warpage or 
popcorning. 
Open solder joint (Depending on 
distribution of deviations) 

7 Shifted solder joints Misaligned component. 

8 Bright spots (bubbles) in solder 
joint. 

Voiding - low reliability of solder 
joint. 

  3D or 2D - Is this te question?  

X-ray 3D inspection of electronic assemblies customarily utilizes the principle of 
laminography in different digital and analog imaging processes.  
Laminography seemed very promising back in the beginning, but turned out to be 
ineffective in off-line and semi-automated inspection of concealed solder joints where a 
high image resolution is required: the time spending is in the range of 10 minutes (for 
about 20 solder joints), and in comparison to a 2D oblique view the detection efficiency for 
open joints is lower.  
Furthermore, unavoidable image artifacts complicate the interpretation.  

Nevertheless, automated 3D inspection techniques havebeen successful for double-sided 
assemblies. Here, 3D enables the detection at least of rough defects such as solder 
bridges, missing solder joints and deviations in diameter, even in areas that are hidden in 
top-down view.  
In particular with the inspection of BGA and CSP solder joints up to now, no advantage in 
defect detection could be found which would justify the increased time consumption, 
especially since the most effective OVHM-technique can yield superior results within 
seconds.  



In off-line applications, laminography is useful wherever defect detection is impossible, 
even in oblique 2D views as, for example, in objects that consist of flat layers.  
In addition, laminography can be suitable to determine vertical positions and distances in 
broad flat objects. On account of its considerable time consumption, laminography for the 
time being will be restricted to laboratory applications. 

  Conclusion  

For the detection of soldering defects such as bridging, faulty paste print, insufficient 
reflow, excessive voiding and mis-registration, microfocus X-ray 2D inspection is well-
established.  
Starting out from a minimum prior knowledge about the configuration of pad and solder 
mask, the operator can determine the wetting status of the pads, provided that image 
quality of the X-ray system is sufficient in topdown as well as in oblique views.  
By means of evaluation algorithms, wetting defects can be revealed automatically with 
high efficiency. Though giving a good guideline, the recently published standards on BGA 
X-ray inspection neither definitely lay down acceptance criteria yet, nor do they exploit in 
full the capabilities of modern systems such as for wetting analysis. 

 



POCKET GUIDE TO EXCELLENT V-SCORING 
 

 
The benefits of v-scoring 

Since you are a very busy engineer, operator or manager involved in many other 
important areas, we offer this concise review of the fundamentals of v-scoring, that will 
produce the accurate and functional product that you desire. 

The benefits of v-scoring are well documented. The efficiencies gained in producing 
multiple assemblies from a single manufacturing cycle, ensure the continued success of 
this value added process. There are also several cost saving benefits to be realized by 
the PCB manufacturer who takes just a little bit of time to learn the basics of this versatile 
process.  
V-Scoring, not unlike most fairly new processes, is not always an instant consideration in 
manufacturing design. So we will highlight some of the areas that can be most 
challenging to discover through experience.  
  How Deep?  

This is unquestionably the most frequently asked question in the scoring business.  
Choosing a depth that will provide a sturdy work-piece and still separate with light to 
moderate pressure after assembly, is an important element in profitable manufacturing. 

Specifications: 

Most score depth specifications make use of one of the following conventions: 

1. V-depth measured from one or both sides of the PCB surface. Or, the more 
appropriate... 

2. Cross-sectional view, indicating the distance between Vees. This residual material 
is called the Web. 

 

Figure 
1.  

Cross-sectional view, indicating the distance between Vees. 



Optimum Web Thickness. 

Determining the thickness of this uniform core of material for each individual project is 
really very simple.  
We need only consider the needs of the subsequent assembly operations. In the 
assembly area we are looking for the following performance criteria:  

1. Overall part planarity, not only for component placement, but also for solder reflow 
and/or wave processes.  

2. Ease of de-paneling. After component attachment is complete, the individual 
boards should break apart with only moderate pressure. 

  Web Thickness Guidelines  

 
General Web Thickness Guidelines For Panel Scoring .062" (1.6 mm) Thick FR-4  

Individual 
PCB 

< .5" .5" to 1.0"  1.0" to 3.0" 3.0" to 6.0" > 6.0" 

< 5" .005" .007" .009" .010" N/A 

5" to 10" .006" .008" .010" .012" .012" 

10" to 15" .007"  .009" .010" .012" .013" 

15" to 20" 
.005" 

(break only) 
.009" .011" .013" .015" 

> 20" 
.005" 

(break only) 

.005" 
(break 
only) 

.012" .014" .015" 

Note:  
These are GENERAL guidelines. The final decision on web thickness should be made 
only after careful consideration of future process and handling requirements... THIS 
GUIDE IS FOR REFERENCE ONLY! +/-0.002" is standard tolerance.  
For more information on depaneling without damaging the board or components, see 
references to Jump-Scoring in the section below for more advanced details on web 
thickness vs. producability. 

Notice how the web gets thinner as the individual board size gets smaller. The 
smaller the part, the less leverage that you can apply to the score line.  

One of the great features of most modern CNC scoring equipment, is the ability to easily 
program the web thickness from line to line and axis to axis.  
One popular application for this feature of varying web thickness is called "Deep Cut" or 
Framing. This is where the outside border of the array is cut to a relatively thin web of 
down to .006". This allows for an easy break off of the scrap frame.  



This is also commonly used to easily separate multiple arrays from a production panel, 
without the worry of breaking the wrong line. 

  How Wide?  

Actually, almost no one asks this question... but they should.  
Understanding the variables that determine score width along with the associated process 
tolerances, will help you identify problematic specifications, and aid greatly in laying out a 
manufacturable product.  
Knowing what your score width will be is essential to design and planning. Understanding 
the variables that determine score line width is, once again, quite straightforward. 

Variables.  

Score line width is determined by a combination of two elements; blade angle and blade 
wear. Simply stated, a blade of a larger angle will cut a wider path than a blade of a 
narrower angle, at the same depth. Also, the deeper the blade penetrates the surface of 
the board, the wider the path will be. Also, as the blade wears, the tip essentially "moves 
up" the width of the blade, resulting in a wider score path for the same given web. Note 
Figure 2... 

 

Figure 
2.  

Score line width is determined by a combination of two elements. 

  

Score Depth 
Score Width 

(at ‘zero’ tip wear) 
(30°blades) 

Score Width 
(at MAX. tip wear) 

(30°blades) 



.010" .005" .013" 

.012" .006" .015" 

.014" .008"  .016" 

.016" .009" .017" 

.018" .010" .018" 

.020" .011" .019" 

.022" .012" .020" 

.024" .013" .021" 

.026" .014" .022" 

.028" .015" .023" 

.030" .016" .024" 

As you can see, there is a little more to score width than meets the eye.  
For the sake of simplicity and real world conditions, we can be safe in saying that, a 30 
degree blade, throughout its service life, will require a surface clearance of .020" +/-.004". 
To this number we can add equipment tolerances at +/-.002" and you fill in the next 
number -- which is your accumulated process tolerances, including drill and image 
registration, as well as material movement.  
Just to be safe, lets say that it is +/-.004". So, have you done the math yet? At the outside 
range, we can safely design and plan for a blade clearance, or "Keep Out" area, of 
approximately .030".  

Another way to look at it is that the score path is going to encroach into the top and 
bottom surfaces of the individual boards approximately .015" from the edge (center of the 
score line) into both images. So far so good?  
Now lets take a look at a specific project. What is the distance from the nearest surface 
feature to the board edge? We now know that from the center of the score line (the board 
edge) to the outside of the path requires approximately .015". For planning purposes 
then, this becomes your minimum clearance from each board edge. If the board design 
has this clearance, or more, from the nearest feature to the edge, then you can safely 
step the board correctly at "zero spacing".  

Remember, if you add a space between boards, you will effectively be increasing 
the board size! This mistake will then require that you make two closely spaced 
score lines between each board to attain the correct board size (not fun to de-
panel).  
But, if you do not have this minimum clearance, there is a good chance that the boards 
may have to be scrapped all together. 



 

Figure 
3.  

Cross-sectional view, indicating the distance between Vees. 

Assuming .062" Panel and 30 Degree Score Angle: 

Web "K" (+/- .004") 

.005" .030" 

.010" .028" 

.015"  .026" 

.020" .024" 

  

  What Tolerances Can Be Held?  

Good Question! Most modern CNC V-Scoring Machines are designed to hold at least +/-
.002" on all dimensions (X, Y and Z).  
Machine maintenance, condition, age and operator attention/proficiency can effect 
tolerances as well as drilling, imaging and laminate stability. But, what makes this 
question so good is that, when the individual board is de-paneled after assembly, what 
was once the v-groove, becomes a special kind of edge. That edge is illustrated here... 



Break-Away Characteristics 

 

Figure 
4.  

Cross-section of .062" FR-4 Panel / 30 Degree Score.  

"X" = Programmed in Board Size (‘Y’ & ‘Z’ Dimensions +/- .004") 

Web "Y" "Z" 

.005" X - .030" X + .004" 

.010" X - .028" X + .005" 

.015"  X - .026" X + .006" 

.020" X - .024" X +.008" 

As column "Z" illustrates, the end result is that the individual boards will measure slightly 
oversized.  
The amount is dependent on the material type and the web thickness. This phenomenon 
is a result of a slight unevenness in the edge at the center of the cross-section, where the 
boards were separated.  
This oversized condition usually does not present a problem because, unlike a routed 
edge, a scored edge is relatively "soft", and will yield to pressure when fitted into a frame 
or case. If an oversize condition will cause a problem, a simple scaling using the chart 
above, should yield satisfactory results. 

"Score to Fab", is a smart time saver too. Parts that do not otherwise require routing for 
slots, cutouts or chamfers can be v-scored instead of routed. A light pass with sand paper 
or equivalent on the edges, makes a smooth and serviceable finish that will rival that of a 



routed edge, while maintaining the programmed specifications, thereby easing the load 
on your busy fab area. 

  Some Finer Points  

Cost Savings... 

We haven’t talked much about the material savings aspect of v-scoring because it is fairly 
well known that, depending on the individual board size, when you eliminate the spacing 
necessary for routing, (typically .062" to .250" between each board) you may find that you 
now have enough room to add additional rows of boards to the fabrication panel. This can 
effectively reduce the number of panels that need to be processed, and the amount of 
laminate wasted. This translates into other measurable cost savings throughout the shop 
as well. 

Assembly Rails... 

While it is always a boon to increase your panel efficiencies, it is also critical that we do 
not lose sight of the overall yield. Surprisingly enough, many assembly situations can 
benefit from adding a section of throw-away material onto two, three or four sides of an 
assembly panel. What we are talking about here, is the growing application of break-away 
rails to individual circuits and/or panels. The principal usage of these rails, is to allow 
densely packed SMD boards to be centered in the reflow or wave equipment, and to 
provide a temporary fixturing area. This fixturing area also can provide a place for 
coupons, fiducials, etc., as well as act to prevent the possibility of heat sinking and/or heat 
absorption at the board edge.  

Blade Angles... 

You may have noticed the absence of the mention of larger blade angles (45, 60, 90 
degrees etc.). Although the data we have shown for 30 degree blades can be 
extrapolated out for usage on other angles, we suggest you consider the following; 

If there is no specific use for the bevel-type finish of a larger angle blade, we contend that 
the clearance/leverage advantage that they offer for separation, is a poor substitute for 
using the proper web thickness. If this seems a little radical...then good! There are, of 
course, many specific application blades that, for design reasons, must be used. Beyond 
that however, there seems to be a great deal of confusion over blade angles. As far as we 
can tell, larger blade angles appear to be a throw-back to an earlier time when space was 
less of an issue, and Z-axis control was not as precise as it is today. With today’s 
designs, 30 degree blades seem to offer the optimum balance of a narrow score path, 
ample clearance for separation and acceptable blade life performance. 



"Jump" Scoring... 

You may have heard this popular term before. It refers to the ability to program a certain 
length for a score line and then "jump" over a certain programmed distance (section of the 
board). The use of "jump" scoring can provide a rigid assembly panel, that can be de-
paneled easily without damage to even the most sensitive solder joints. With the proper 
application of this capability, coupled with the use of rails, virtually any assembly goal can 
be achieved. 

 

Figure 5.     

  

  V-Scoring “Break-Through”  

Improving V-Score Specification for Ultimate Depanelization and End-Use 
Efficiency  

Problem: In order to have a strong enough assembly panel, I must specify a web that 
makes the individual boards too difficult to depanel (flexing stress damage, carpal tunnel, 
etc…). Conversely, when we specify a web that is thin enough to make for comfortable 
depaneling, the panel is too flimsy for the assembly process. What can I do?  

Solution: Jump-Scoring… There are two basic types of Jump-Scoring, Standard and 
Advanced. 

1. Standard Jump-Scoring simply allows for a score line to jump over most of the 
panel border, leaving the border largely intact, and as a result, stronger and more 
rigid, resulting in a stiffer and stronger assembly panel. These Jump-Score lines 
can be cut much deeper then standard lines (to allow for easier board break-out) 
because the line itself is no longer required to be structural to the point of 
supporting the entire panel, only the individual board. Webs can be reduced to as 
thin as 0.008” to 0.010” when using Standard Jump-Scoring. When Jump-Scoring 
though, you must remember that at least two of the outside lines in the array (in 
either direction) must extend all the way through the border, to allow for a starting 
point for depaneling. See Fig 6. This will weaken the panel along the axis of these 



“fully” scored lines, reducing the overall usefulness of the process. This may be 
acceptable in many assembly operations that require panel rigidity mainly in one 
direction only. But, if the panel requires similar rigidity in both axes, Advanced 
Jump-Scoring (described in #2 below) can be used to provide both near-effortless 
breakout and rigidity of the panel in both axes. 

 

Figure 
6.  

Standard Jump-Scoring. 

2.  
3. Advanced Jump-Scoring provides both ease of breakout and rigidity of the panel 

in both axes, by adding ONE simple step to the Standard Jump-Scoring process. 
Instead of simply scoring all the way through the borders on the two outer lines in 
one axis (to allow a start point for depaneling), those two lines will be "Combo-
Scored". See Fig. 7. Combo-Scored refers to the process of using a standard 
thick-web "full score for the each of the two outer lines, and then making a second 
jump-score pass, re-scoring each outer line at a deeper depth (thinner web). This 
technique allows for a starting point for depaneling (as above), but retains most of 
the border and therefore panel rigidity in that axis. Also, more importantly, using 
Combo-Scoring on the two outer lines in an axis also allows you to jump score 
even deeper than normal on all lines, providing for even easier and more efficient 
depaneling verses Standard Jump-Scoring alone. Webs can be jump-scored as 
thin as 0.004" to 0.006" for safe and easy depaneling, while maintaining a rigid 
assembly panel. The best of both worlds!!! 



 

Figure 7.  Advanced Jump-Scoring. 

 
So, as you can see, V-Scoring continues to be a very adaptable and relevant process as 
requirements continue to change and add further demands on quality, cost and time to 
market. 

  Practical and Effective V-Score Process Inspection.  

Since v-scoring occurs virtually at the end of the bare board manufacturing process, after 
most of the cost and value have been added to it, In-Process Inspection of v-scoring is 
critical to the success of the V-Scored Product, Board Manufacturer and the 
Assembler/User.  

Outlined below are 3 very simple steps (with a 4th suggestion to examine all of the 
information outlined in our FAQ’s) that should be taken to effectively eliminate the most 



common problems encountered in the production of v-scored boards.  
Use them as a guide in developing your own inspection process. 

1. INSPECTION OF THE PRESENCE OF A V-SCORE LINE - For whatever reason, 
sometimes v-scored lines turn up missing on the panel. This, of course, is a 
catastrophe if not caught before the assembly process. 
A simple way to check for such missed lines is to place a 'dog bone' type test 
circuit at each end of the score line as shown below.  
During electrical test, the circuit will be checked. It should be "Open" to signify the 
presence of the v-score line.  
This is a simple and basic, fool-proof way to eliminate the damage that can occur 
as a result of a missing v-score line.  

 

Figure 8.  Inspection of the presence of a V-Score line. 

2.  
3. INSPECTION OF THE PLACEMENT ACCURACY OF A V-SCORE LINE - 

Placement accuracy in the X & Y Axes is very easily monitored by placing a 
pattern of a set of two square pads approximately 0.040” apart from each other so 
that the score line will pass directly through the center of the space between them 
as shown below. This is similar to the dog-bone technique above, actually, both of 
these techniques can be combined with a combination bog-bone/square pattern as 
shown.  



The key here is to be able to use a simple eye-loupe (either with or without a 
reticle) to quickly and accurately quantify the accuracy of each v-score line to each 
individual board in the pattern.  

During the manufacturing process, the cycling of the panel through heat and 
humidity cycles will almost always yield a panel that, at V-Score, will have (most 
usually) shrunk. As a result, the v-score lines tend to deviate from the expected 
position (based on the image) in a linear and progressive fashion in relationship to 
their distance from the tooling holes used to tool the panel to the V-Score Machine.  
Again, this technique will help you identify very quickly and accurately, the changes 
that must be made to the setup, ensuring quality and adherence to the customer 
specification.  

Note: 
this technique and the one outlined in #1 above, can be combined by placing a 
buss- bar between these two square pads, effectively creating one pattern for both 
test purposes.  

 

Figure 9.  Inspection of the placement accuracy of a V-Score line. 

INSPECTION OF THE WEB THICKNESS OF A V-SCORE LINE - The web thickness of 
a v-score line is extremely important to the overall producability and usability of the PCB. 
If the web is too thick, it will be too hard to snap (frequently causing component damage). 



If the web is too thin, it may be too flimsy for the assembly process. As a result, close and 
frequent inspection of the web is a must.  

The gauges are used as shown below to get a sampling of the web thickness on a panel. 
It is best to take at least three readings on a panel in different locations, so as to generate 
a good approximation of the average web thickness, and it’s rough standard deviation.  
Although no global standards have been set yet, an average web thickness falling in the 
range of the target dimension +/- 0.002” is acceptable. The standard deviation should be 
no more than 0.00075”. 

 

 

  Conclusion  

Far and away the biggest issues associated with v-scored product are panel strength and 
difficult board separation after assembly.  
Working with your customers to provide an easily de-paneled product will undoubtedly 



give you a measurable advantage over your competition. We hope that the charts and 
recommendations we have supplied here will help you in your quest to identify proper 
web thicknesses.  

The Dreaded Disclaimer 

We have tried to get you to see a process overview. Hopefully this perspective will 
encourage a commonsense approach to this versatile process. All the charts and 
example are recommendations only, and are based on standard .062" thick, FR-4 
material with a 30 degree cutter angle. 
(your specific equipment and tools may vary and, in all ways, always follow all safety 
guidelines).  

They will cover 90% of the projects on which you will work. The other 10% will include 
special projects, surface mount features close to the score line, CEM (which typically 
requires a much thicker web than FR-4) and other materials. 



ABOUT ESD (EVERYTHING YOU EVER WANTED  

TO KNOW ABOUT AIR IONIZATION) 

  

 
Everything You Ever Wanted to Know About Air ionization 

ESD is a multi-step event. Charge is generated, typically triboelectrically, accumulating on 
some object. At some later time, a discharge occurs. Ionizers prevent problems that 
would occur in few seconds or longer from the time of generation of charge to the 
discharge. 

As many of our high tech industries proceed rapidly along their technology roadmaps, one 
thing has become clear:  
The static charge problems will only get worse. Whether the problem is particle attraction, 
ESD damage to devices, or equipment malfunctions from ESD-related electromagnetic 
interference, it gets worse as time goes on.  
The disk drive industry is a good example. With the introduction of the magnetoresistive 
read (MR) head, a technology barrier was reached due to static charge. The MR head is 
damaged at very low levels of ESD and manufacturing yields are essentially zero without 
an extensive static control program.  
It is just a matter of time before a similar technology barrier due to static charge is found 
in semiconductors, flat panel displays, or other products.  
   
Solving the Static Problem  

The basic elements of a static control program are well known. The ESD Association has 
brought them together in the static control program designed for the U.S. military, ESD 
S20.20. It describes the various grounding and materials issues needed to prevent the 
generation of static charge and to slow the rate of discharge. 

But, due to triboelectrification, primarily on insulators, it is not possible to completely 
eliminate charge generation from most workplaces. While eliminating all non-essential 
insulators is helpful, there are always insulators present in any work area. Most often they 
are part of the product (e.g., epoxy device packages and circuit boards), but sometimes 
they are required for high temperature or chemical processing of the product. Finally, 
there may be conductors that for some reason cannot be grounded. While S20.20 
recommends isolating charged insulators from sensitive product, this is impractical in 
many work areas. 



  

Figure 1.  The Triboelectric Charge. 
Materials Make Intimate 
Contact 

  

Figure 2.  The Triboelectric Charge - 
Separation 

ESD is a multi-step event.  

Charge is generated, typically triboelectrically, accumulating on some object. At some 
later time, a discharge occurs.  

Ionizers prevent problems that would occur in few seconds or longer from the time of 
generation of charge to the discharge.  
Some gas-powered ionizers can reduce the neutralization time to under a second.  
But ESD damage occurs in nanoseconds.  

Ionizers cannot prevent ESD that occurs as soon as the charge is generated.  
Ionizers are not a cure-all for all static problems, but how else are you going to deal 
with charge on insulators? 

 Ionizers in the Static Control Program  

Ionizers are incorporated in the static control program to solve the problems caused by 
charged insulators and isolated conductors. Ionizers prevent the accumulation of static 
charge on any object that cannot be connected to ground. The shorter the time that static 
charge remains on an object, the less likely it is to cause an ESD event or attract 
contamination. Ionization is recommended only when the other parts of the static control 
program have failed to produce the desired results in reducing an identified static 
problem. 

If grounding and wrist straps solve the static problem, you stop there. If the static-related 
losses are still too high, maybe you add dissipative worksurfaces and flooring. Finally, 
after you use every grounding method available, you still have a static problem due to 



charge on insulators that are essential to the manufacturing process or part of your 
product. Then you use ionizers. They are not a substitute for grounding methods, 
although they will neutralize charge on conductors that cannot be grounded. 

Ionizer efficiency is affected by many environmental factors including airflow patterns and 
nearby grounds. You can always decide to use ionizers on the basis of a horsepower 
contest, the fastest ionizer wins. But the most important issue is whether the ionizers 
reduce the static problem or not. This is not a decision made on the basis of a particular 
device technology. All devices are at hazard to charged insulators at some level. Ionizers 
are needed to reduce charges on insulators below the critical level for a given device or 
process. It would not make sense to use wrist straps or dissipative flooring without some 
testing to demonstrate a reduction in the static problem. Any application of ionizers (or 
any other static control method) should include testing to show the impact on the static 
problem, whether it's contamination, ESD damage, equipment lockups, or anything else. 

Once a decision has been made to use ionization, it must face the same return on 
investment (ROI) analysis that should be part of the decision-making process for any 
static control method. This is critical, because ionizers cost significantly more than wrist 
straps. Once it has been demonstrated that ionizers reduce or eliminate part of the static 
problem, and an installation of ionizers has been proposed, it should be possible to 
calculate how long it will take to pay back the costs of the ionizer installation. Typically, 
this payback period is one year or less. In critical ionizer applications, such as protecting 
MR heads or semiconductor photomasks, the payback might be calculated in days or 
even from a single ESD event that is prevented. It makes no sense to ask if ionizers are 
cost-effective compared to other static control methods. Other static control methods do 
not deal with charge on insulators. The real question should be, what is the cost of not 
using ionizers to solve a static problem caused by charge on insulators or isolated 
conductors? 

  Air Ionization Basics  

All air ionization methods do the same basic thing; they move electrons between gas 
molecules. If a gas molecule loses an electron, it becomes positively charged, or a 
positive ion. Conversely, if a gas molecule gains an electron it is negatively charged, or a 
negative ion. For purposes of static charge control we are concerned with small air ions, 
which are generally molecular clusters of up to 10 atoms about a water molecule. 
Positively charged air ions tend to be larger and move about 20% slower than negative air 
ions, which must be considered when adjustable ionizer types are balanced. 

Two basic methods are used to move electrons to create ions, alpha ionization and 
corona ionization. Alpha ionizers utilize a nuclear source, Polonium-210, which is an 
alpha particle emitter. The alpha particle, a helium nucleus, collides with air molecules 
knocking out electrons, until it comes to a stop in about 3cm in air. The gas molecules 
that lose electrons become positive ions. The free electrons do not exist in air for very 
long before they are captured by neutral gas molecules, forming negative ions. It is 
important to note at this point that alpha ionizers always produce balanced quantities of 



positive and negative ions. Each electron knocked out creates a positive ion, and when 
captured creates a negative ion. Ions are always created in equal numbers, 
advantageous in protecting sensitive components like MR heads from ESD. Equal 
numbers of ions means that the ionizer is always balanced to zero volts and neutralizes 
everything in the work area to zero. 

Corona ionizers utilize high electric fields created by applying high voltage to a sharp 
ionizing point to move the electrons. Due to the decay of trace radioactive elements in the 
soil and air, there are always a few free electrons present in the air. If we create a high 
positive electric field, the electrons are accelerated towards the point, colliding with the air 
molecules and knocking out more electrons as they move towards the ionizing point. 
They leave behind large quantities of molecules that have lost electrons, are thereby 
positive ions, and are in a high positive electric field. This field repels them away from the 
ionizing point, presumably towards the area in which they are needed for charge 
neutralization. Similarly, negative electric field accelerates free electrons away from the 
ionizer point creating collisions with gas molecules that increase the number of free 
electrons available. These free electrons are captured by neutral gas molecules in a short 
distance from the ionizing point, creating negative ions, which are then repelled away by 
the negative electric field.  

Corona ionization generally does not provide the intrinsic balance of alpha ionizers. 
Methods exist to assure that closely balanced quantities of positive and negative ions are 
delivered to the work area, despite differences in ion mobilities and ion production rates 
for each polarity. Similarly, some ionizers will include monitoring and feedback capabilities 
to provide adequate long-term stability of the ion balance in the work area. Ionizer 
balance, or offset voltage, is measured with a Charged Plate Monitor (CPM) using 
procedures defined in the ESD Association ionization standard ANSI ESD STM3.1. Ion 
balance is important because the imbalance of the ionizer can induce voltages on isolated 
conductors, just the opposite of why the ionizer is being used.  

The ESD sensitivities of the products being protected will generally determine the types of 
ionization that are used. The more sensitive the product, the more precise the methods 
the ionizer must use to maintain balance and long term stability of the ion production. On 
the other hand, problems such as particle attraction to charged surfaces and ESD-related 
equipment problems can be solved by almost any commercially available ionizer. Solving 
these problems does not require ionizer balance to better then a few hundred volts, as 
measured with the CPM. Ionizer selection may involve several other issues such as 
available airflow, distance from the ionizer to the work area, and cleanroom compatibility 
of the ionizer. The interaction of the ionizer and its environment makes the selection 
process for ionizers more complex than just choosing a wrist strap. 

  Types of Corona Ionizers  

There are several methods of using corona ionization to both create and deliver bipolar 
air ionization to the work area. The main difference between these methods is whether 
high voltage AC, DC, or Pulsed DC current is used to create ions. The following is a short 



description of the differences in these corona ionization technologies and a few examples 
of where each technology has been applied. 

  AC (Alternating Current) Ionization  

AC (Alternating Current) Ionization - High voltage is applied to a number of closely 
spaced emitter points, which cycle negative and positive at the line frequency (50/60Hz). 
Ionization efficiency is low, as the points remain above the ionization threshold voltage for 
each polarity only a small percentage of time. AC technology is widely used in bars that 
control static charge on low- and medium-speed moving webs. AC technology is also 
used for ionizing blowers and blowoff gun devices. AC ionizers are widely used in 
electronics manufacturing areas to protect components during assembly. Due to their 
dependence on the often unbalanced and noisy characteristics of the power line, AC 
ionizers are rarely used in applications requiring precision balance (less than +/-15 volts). 
Due to the high ion currents required to make up for high levels of ion recombination, 
particle levels from AC ionizers usually make them unsuitable for cleanroom applications. 

  Steady State DC Ionization  

Steady State DC Ionization - High voltage of both polarities is continually applied to pairs 
of positive and negative emitter points, thereby increasing the efficiency of ion production 
over that of AC ionizers. Lower operating currents can be used, making steady state DC 
ionizers more applicable to cleanroom uses. The availability of separate positive and 
negative high voltage supplies makes it possible to employ various schemes for 
monitoring and feedback control of ion balance to better than +/-5 volts. Steady State DC 
ionizers can be used in high airflow rooms and used in high-speed web applications. 
Steady DC technology is also used for ionizing blowers, ionizing bars, and blowoff gun 
devices. Steady state DC ionizers find wide application for controlling static charge in 
room systems, worksurfaces and flow hoods, and point-of-use applications in equipment. 

  Pulsed DC  

Pulsed DC - Positive and negative high voltage to the emitter points are alternately turned 
on and off creating clouds of positive and negative ions which mix together in the work 
area. The result is a dramatic lowering of the recombination rate, allowing ionizers to be 
placed on the ceilings of rooms 5 meters or more in height. Pulsed DC ionizers are used 
in rooms with low airflow as well as being the most common type of ionizer in cleanrooms 
and laminar flow hoods. The advantage of this type of ionizer is its flexibility and 
versatility, as cycle timing can be adjusted to the specific airflow conditions. Since the 
polarity of the ionizer output varies with the cycle timing, it produces a "voltage swing" that 
must be limited to protect sensitive devices. While in common use with semiconductor 
devices, pulsed DC ionizers will generally not be used with sensitive components such as 
MR heads. 

   



Ionization Standards and Measurements  

The ESD Association issued a standard on air ionization, ANSI EOS/ESD S3.1-1991, 
which was reaffirmed recently with minor editorial changes as ANSI ESD STM3.1-2000. It 
is still the only ionization standard recognized worldwide, and has been referenced in 
many international static control standards. As a standard test method (STM) it contains 
only an instrument and test methodology for comparing different systems -- or the same 
system over time. It does not specify required performance, due the variety of conditions 
under which air ionization is used. However, for a specific application in protecting 100 
volt HBM sensitive devices, the static control program S20.20 recommends pulsed DC 
room ionization systems with less than a +/-150 volt swing, and worksurface ionization 
balanced to better than +/-50 volts. Discharge times should always be specified by the 
end user to meet the needs of solving the static charge problem. 

The key instrument used in analyzing the effectiveness of air ionizers is known as the 
Charged Plate Monitor (CPM). The CPM has an isolated conductive plate that can be 
charged to a known voltage. It then measures the time required for the ionizer to reduce 
the charge to 10% if its initial value. Ion balance, or offset voltage, is measured by 
momentarily grounding the isolated plate of the CPM in the ionized area, and then 
measuring the voltage attained by the plate due to the balance of the ionizer. Steady state 
DC ionizers will reach a single value of positive or negative balance. Pulsed DC ionizers 
will have both positive and negative maximum voltage swings. AC ionizers will generally 
show a single value of offset voltage. This CPM measurement for AC ionizer balance is 
not accurate because the CPM is too slow to follow the rapid fluctuation of the AC ionizer 
output. Use of AC ionizers should be avoided in applications with extremely ESD- 
sensitive components.  

  Conclusion  

As with most technologies, there has been considerable progress in the design of ionizers 
over the last twenty years. Specialized ionizers exist for protecting extremely ESD-
sensitive components, high-speed industrial web applications, and high quality cleanroom 
applications among many other applications in electronics assembly, optics, and medical 
devices. Manufacturers of ionizers have learned to make the best use of the variety of 
ionization technologies available.  

As with any static control method, one should make a decision to use ionization based on 
the best current knowledge available, rather than relying on information sources about 
technologies a decade or more out of date, or misinformed consultants. It is hoped that 
this article has presented information to assist you in making a decision to appropriately 
use air ionization. The author of this article welcomes your questions and comments at 
asteinman@ion.com, and invites you to attend the annual Ionization Tutorial at the ESD 
Association Symposium. 
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Soldering to Gold over Nickel surfaces 

There are many things that can go wrong when soldering to gold plate over nickel 
surfaces. First of all, we know that gold and solder are not good friends,....  

There are many things that can go wrong when soldering to gold plate over nickel 
surfaces.  
First of all, we know that gold and solder are not good friends, as any time solder comes 
into contact with gold, something seems to go wrong. 
Either the solder bonds to the gold and eventually pulls off as the tin and gold cross-
migrate, leaving voids; or the solder completely removes the gold and is expected to bond 
to the metal which was under the gold. 
If the gold is thicker than 40-50 micro-inches, the solder most likely may not dissolve all 
the gold and will bond to it.  
The solder will be dull-looking and, if the gold content in the solder exceeds about 5%, the 
solder joint will be brittle.  
If the gold is thin, less than 20 micro-inches, it easily dissolves into the solder, making the 
solder joint look grainy. If the metal that was under the gold is not oxidised, the gold-
contaminated solder will bond to it.  
However, as gold plates usually in a columnar structure, the gold should be at least 10 
micro-inches thick to protect the base metal (in this case, nickel) from oxidation.  
There are a couple of problems with nickel.  
If the nickel plate is electroless, quite often the plating bath contains phosphorous which 
codeposits with the nickel. We have found in the semiconductor industry that the 
phosphorous content in the nickel plating must be less than about 8% for the nickel to be 
solderable. 
If the nickel is applied by electroplating, it is possible for Ni(OH)2 to precipitate with the 
nickel plating.  
If the nickel is not properly activated by acid rinsing before the gold plating is applied, it 
will not solder when the gold is dissolved away into the solder. In effect, the gold-
contaminated solder may stick to some clean areas of the nickel. Another possibility is the 
codeposition of carbon with the nickel, another contamination that could cause solder not 
to bond. 
As is often the case, a company is able to get good soldering with a stronger flux. This 
would point to the formation of nickel oxide that requires a stronger flux to remove. So, we 
could surmise either thin gold did not provide protection for the nickel, or the gold was 
plated over passive (inactivated) nickel. 
  Soldering gold plated PCBs  

Gold coating of PCBs has been abandoned by most users except when there is a good 
reason for retraining it. 



On the other hand, gold plating of component leads is still fairly common for at least two 
reasons: 

• It is helpful during component packing. 
• It provides a reliable electrical contact if the component is assembled on a socket.  

Pure gold (the so-called 24 carat gold) and low alloy metal gold (99 to 99.9%+ gold), 
which may be electrodeposited from acid or sulphite baths, usually have satisfactory 
solderability. 
However, gold is highly reactive both with tin and lead at normal soldering temperatures. 

Reaction with tin leads to the formation of several intermetallic compounds, one of which, 
AuSn4, in turn gives a eutectic with tin, which melts just above 200 °C (slightly below 400 
°F). The gold-lead phase diagram is also quite complex and includes a eutectic (85% 
lead, 15% gold) which melts at about 250 °C (482 °F). 

In eutectic or 60/40 solder joints no gold-lead intermetallic compounds are formed 
because gold reacts preferably with tin. 
If the gold content is under 20% by weight, above about 177 °C (350 °F) the actual solder 
is a ternary Sn-Pb-AuSn2 system, which changes into a Sn-Pb-AuSn4 system upon 
cooling. 

In normal wave soldering conditions, for instance at 250 °C (482 °F), gold is dissolved 
quickly by molten solder. A coating of 2-3 microns may be dissolved completely with a 
contact time of 1 second if it is wetted by flowing solder. This is a typical case of solubility 
because the soldering temperature is much lower because the soldering temperature is 
much lower than the melting point of gold (1063 °C). 

The tin-gold intermetallic compounds dispersed into the solder matrix have an acicular 
shape, which is detrimental to solder joints because it forms a preferential cleavage 
plane. 
In general, the best approach is to keep the amount of such compounds low by soldering: 

• At the minimum possible temperature; 
• with the minimum possible contact time. 

A flash of gold (thickness approximately 0,5-1 micron, i.e., 20-40 millionths of an inch) will 
be dissolved completely, whatever the soldering parameters are. In this case the opposite 
approach of high temperature and long contact time is to preferred. 
This will not only dissolve the gold layer completely, but also disperse the intermetallic 
compounds in the bulk of the solder fillet, so that the ductility of the solder can reduce the 
danger of cleavage. 
This means that the solder joint is established on the base metal, which may be 
passivated through pores in the gold layer without having been fluxed.  
Good results are obtained only if the base metal (usually nickel or tin-nickel) has been 
properly activated before plating with gold. 



For gold plated leads, the approach which produces the most reliable joints is stripping of 
the gold layer by fluxing and dipping the leads in a solder pot. 

The geometry of the joint frequently plays an important role in determining the reliability of 
a joint on gold plated surfaces.  
In some cases the soldering parameters must be established by investigating the amount 
of gold dissolved and its distribution in the solder fillet. 

  POOR PLATING  

The use of nickel gold boards has seen a significant increase over the last few years on 
surface mount boards. Unfortunately some problems have 
arisen due to poor plating.  

Fig.1 shows plating failure after soldering and has been 
caused by poor cleanliness of the nickel prior to gold 
application.  
During soldering the gold is diffused into the tin/lead and the 
solder joint forms with the nickel.  
If the nickel bond is poor it may be easily separated from the 
solder joint. It will also give an intermittent joint and variation 
in the joint resistance. 

In case of a poor nickel bond, The gold can be removed using a tape test. 
Fig. 2 shows the gold residue, removed from a poor nickel bond pad (Fig.3) 

  

References Unknown. 

 
Figure 1.  

  
Figure 2.  Figure 3.  



PROCESS PARAMETERS WAVE SOLDERING 
 

Process Parameters Wave soldering 

In this article you will find some basics to start / check the Parameters for a wave 
soldering machine. You will also find and a explanation of the technical vocabulary 
such as "Dwell time, Solidification time and wetting time.  

 

  Preheating The temperature of the board (component side) during preheating should go 
as quick as possible to 45 °C (with maximum slope of 2 °C/Sec) and just before soldering 
an temperature of 85 °C.   Wetting time  

The time between the moment of first contact (between the parts to be soldered) and the 
solder, and the moment that the solder in the joints starts solidifying. 

  Dwell time  

The time between the moment of first contact (between the parts to be soldered) and the 
solder, and the moment of last contact with the solder. 
(This time should be between 2 and 4 seconds.) 

  Soldering time  

The time between the board actually contacts the solder and the onset of solidification.  
(Dwell time + approximately. 5-10 Sec.) 

  Solidification time:  

The time solder is getting solid on the bottom of the board. 

  



Cooling time:  

Forced cooling after soldering reduces the maximum temperature reached in the areas on 
the component side of the board. 
However, forced cooling directly after solder bath, may cause unequal contractions, which 
will initiate cracks and therefore not advised. 
If cooling down is needed because of the temperature from the carrier is rising to high, the 
best place will be before or in the lift itself. 

Topside Board Temperature before Wave 
This should be around 95 to 110°C depending on the board thickness 
 
Topside Board Temperature at the Wave 
This should not exceed 170°C to prevent secondary reflow especially in SMT boards. 



PRINTING OF SMT ADHESIVES 
  

The major driving force is the higher throughput of this application method. More over, a 
new printing technique with thick stencils allows depositing of glue dots with different 
diameters and different heights. 

SMT adhesives are applied on PCB’s by dispensing, printing and pin-transfer techniques. 
The conventional dispensing method of applying adhesive utilizes variations in dispense 
time, pressure and temperature combined with needle diameter to form deposits with 
varying volume and geometry.  
The printing technique has become popular. This technology is very well known from 
solder paste printing.  
The major driving force is the higher throughput of this application method. More over, a 
new printing technique with thick stencils allows depositing of glue dots with different 
diameters and different heights. 
  Conventional Printing Technology  

For many years, numerous manufacturers world-wide have been printing glue with an 80 
mesh screen or a stencil using conventional printing technology typical to solder paste 
printing. 

Principle Explanation: 

In the conventional printing process the adhesive is transferred completely from the 
stencil to the board. The stencil thickness and aperture diameter govern the volume 
deposited which can be calculated using the formula for a cylinder:  

V = � 
(d/2)2 h 

h = stencil thickness (� GDH ; GDH = glue 
dot height) 
d = aperture diameter (� GDD, GDD = glue 
dot diameter)  

Stencil Thickness (determines the GDH) 

Stencil thickness must be selected to be slightly greater (e.g. +2 mils) than the 
component stand-off (distance between the board surface under the component and the 
bottom of the component after placement). The stand-off after placement can vary for the 
same component, depending on the: 

• Thickness of solder resist and of the copper tracks which may be passing between 
the pads 

• Pad thickness - if the pads are higher than the solder resist, than it is necessary to 
increase the GDH/stencil thickness.  



 
Fig 1. Aperture versus Final Diameter. 

It is easy to select the optimal stencil thickness when all components on the board have a 
similar stand-off.  
However, if on the board we have both active (SOICs, QFPs etc.) and passive 
components (chips), then the passive components become the limiting value because 
their stand-off distance is typically no more than a 4 mils.  
After the placement of the component, the excess glue is compressed and it flows in the 
space between the component and the PCB.  

 
Fig 1. Aperture versus Final Glue Dot Diameter. 

The information from the diagram assumes that all of the glue is transferred from the 
stencil to the PCB and that the shape of the dot after placement of the component is a 



cylinder.  
Stand-off (component to board gap) indicates the distance between the component and 
the PCB after placement.  

If chip components are placed in a glue dot which is too high, the following problems 
might occur: 

• the glue spreads too much at placement and contaminates the soldering pads or 
• the gap between the chip and the PCB after curing might be too large, which will 

generate "skips" during wave soldering. 

A typical stencil thickness is 6 mils for designs with only passive (chip) components 
and 10 mils for designs with both passive and active (leaded) components .  
Generally, the glue will be transferred completely from the stencil, if the stencil aperture 
diameter to stencil thickness is � 4:1 or more.  

  Aperture Diameter (determines the GDD)  

In order to specify an aperture diameter for a passive component, the distance between 
the inside edges of the SMT pads must be known or measured. This distance, minus the 
print alignment tolerance, then becomes the maximum diameter of the post-placement 
adhesive deposit. 

  Thicker Stencils for Printing Glue Dots with Different Heights  

Many companies are testing thicker plastic and metal, machined and laser-cut stencils, 
which can print glue dots, having not only a different diameter (GDD) but also a different 
height (GDH). 

Principle Explanation: 

When printing solder paste, it is desired that all paste from the stencil opening is being 
transferred to the PCB.  
A new printing process takes advantage of the fact that some glue remains in the stencil 
(which is thicker than for solder paste) after the separation of the PCB and the glue (see 
Figure 3). The process is based on the surface tension between the glue and the stencil 
openings, (stencil thickness is constant at 0.3mm or 12 mils): 

• If the stencil opening is small, e.g. 0.3 mm (12 mils), the surface tension between 
the glue and the stencil is so strong that the majority of the glue remains in the 
stencil. Glue dots on the PCB have the small height (GDH very low). 

• With the bigger stencil opening, e.g. 0.8 mm (32 mils), the major part of the glue is 
transferred from the stencil. During the separation of the stencil and the PCB the 
stencil drags the glue and the dots will be very high (GDH very big). 



• If the stencil opening is very large, e.g. 2 mm (80 mils), all glue is transferred from 
the stencil opening. The glue dots on the stencil will have a moderate thickness 
which is similar as the thickness of the stencil. 

 
Fig 3. Aperture Width Vs Deposit Profile. 

 
Diameter of stencil openings for different components: 

The diameter (GDD) and the height (GDH) of the glue dots depend on: 

• Diameter of the stencil openings 
• Stencil thickness 
• Viscosity/Rheology of the glue 
• Surface roughness of the stencil apertures - surface tension forces between the 

glue and the stencil. 
• Surface topography of the PCB 

To find an optimal diameter of the glue dot /stencil apertures for different components, 
dots with different diameters were printed onto a glass substrate then populated with 
various components. These combinations of components and glue dots were then 
inspected for the maximum dot diameter that did not contaminate the component 
metallizations. 

In the table below are approximate GDD (and openings in the stencil) for different 
components when printing with a metal, laser-cut stencil of 10 mil thickness using the 
printing parameters described: 

Component size Multiple Dot 
Approach 

*(stencil opening diameter in 
mils)  

Typical Multiple 
Dot Pitch 
(pitch in mils) 

Single Dot 
Approach 

(stencil opening diameter in 
mils) 

0402  N/A  N/A  12 - 16  

0603  2 X 20  15  16 - 20  

0805  2 X 24  20  20 - 24  

1206  2 X 32  24  40 - 47  



Mini Melf  N/A  N/A  40  

SOT 23  2 X 28  28  40  

1812  2 X 55  40  50 - 60  

SO 8  3 X 55  43  N/A  

SO 14  3 X 55  43  N/A  
* For the Multiple Dot Approach for chip (leadless) components, position the dots so 
that between 0.5 and 0.3 of the dot area is under the body of the component. The 
Multiple Dot Approach is very effective for preventing skewing of chip components, 
especially Melf types. 

  Stencil Cleaning  

Metal Stencils: 
Some say "Acetone is the best solvent for cleanup from both a cost and solvency 
standpoint" 
But if a non flammable solvent with equivalent solvency is desired then Acceton is not an 
option!! 
 
It is recommended to verify the compatibility of the cleanup solvent with the stencil frame 
adhesive. 

Plastic Stencils: 
Plastic stencils can be cleaned with the same recommended solvents as for metal 
stencils with a few additional considerations. 

• A static charge may build up on the stencil during cleaning that can effect printing 
results. 

• Plastic stencils are more susceptible to scratching during manual cleaning. 
• Typically plastic stencils are much thicker than metal stencils and small apertures 

may require more aggressive cleaning such as high pressure spray and/or 
ultrasonic methods 

  Glue Selection  

The shape and the consistency of the glue dot depends on the rheology of the adhesive 
(yield point and plastic viscosity). 
Pay attention that the adhesive must have been developed with a rheology designed for 
stencil printing, not hygroscopic and excellent adhesion with standard and difficult to glue 
components (Low-Stress Plastic Encapsulated Components). 

  Printing Parameters  

Printing parameters have a crucial influence on glue dot shape and consistency. In 
laboratory conditions, optimal results have been obtained with the following parameters: 

Stencil No major difference was observed between metal and 



Material: plastic stencils. A metal stencil is preferred because it 
is easier to clean, more robust and more readily 
available. 

Stencil 
Thickness: 

For chips (leadless), only use a 6 mil thick stencil. For 
designs that include SOIC’s use a 10 mil thick stencil. 
It is possible to obtain a dot height of 80 mils with a 1 
mm (40 mil) thick plastic stencil. 

Snap-off: Contact print (0 snap-off). For much higher dots with 
the same thickness stencil, a snap-off of up to 1 mm 
(40 mil) is recommended. 

Squeegee 
Material: 

Metal blade for metal stencils, polycarbonate blade for 
plastic stencils. 

Print Speed: 25 - 50 mm/sec (1 - 2"/sec) 

Squeegee 
Pressure: 

0.2 to 0.3 kg/cm (enough for a clean wipe of the 
stencil) 

Separation 
Speed: 

slow (0.1 - 0.5 mm/sec) for 3mm distance (separation 
height) 

Print 
Sequence: 

Print/Print mode is recommended for good aperture fill, 
especially if large apertures (> 1 mm diameter) are to 
be printed. Another method of obtaining higher dots 
than the stencil thickness without increasing snap-off is 
to leave a film of material over the apertures after the 
second print stroke by either using less pressure ( 0.01 
to 0.05 kg/cm) or printing much faster (150 mm/sec) 
with the second squeegee. This simulates a flood 
stroke. 

   
Printing Technique versus Dispensing  

Advantages: 
(Valid for Conventional and for the Printing Process with Thick Stencils) 

• Higher throughput.  
• There is no need to install dispensing machines on the line:  

- shorter lines 
- lower investment.  



• Larger glue packages can be used:  
- less package waste 
- lower costs for the glue per quantity unit.  

• This process is well suitable for double sided boards populated with SMD-
components only.  

• Adhesive deposits that are shapes are possible.  

Disadvantages: 
(Valid for Conventional and for the Printing Process with Thick Stencils) 

• Less flexible as each PCB-Layout requires another stencil or screen. 
• Thick stencils are more difficult to be cleaned than needles. 
• It is not possible to print adhesive on a populated PCB. 
• Not applicable for double sided reflowed boards, as it is only possible to dispense 

the glue after printing of solder paste (process: first side of the PCB - print solder 
paste, dispense the glue, place the components, reflow the paste and cure the 
glue ; second side of the PCB - print solder paste, place the components, reflow 
the paste). 

• Adhesive is exposed to the environment over longer period of time - bigger 
temperature differences and water absorption can cause performance changes in 
the adhesive - it is recommended to use non-hygroscopic adhesives which have 
low sensitivity to temperature. 

• There is a danger of dust/lint entrapment in the glue. 

(Valid for Conventional Printing Process only 

• It is difficult to process components with a big difference in stand-off (QFP’s and 
PLCC’s) as all glue dots have the same height.  
This assumes that the component stand-off height is > 10 mils. 

Concerns: 
(Valid for Conventional and for the Printing Process with Thick Stencils) 

• There is a danger of air entrapment in the glue during the squeegee process. The 
danger of air entrapment is bigger with high viscosity adhesive. On the other hand, 
an increase of the temperature and smaller vertical squeegee movement 
decreases the risk of air entrapment. The use of metal squeegees, can significantly 
reduce the entrapment of air. 

• If a printing technique is used for processing of PCBs which are populated both 
with SMD and also with through-hole components, then the process must be 
organised as follows: print the glue, place the SMD’s, cure the glue, insert the 
through-hole components then wave solder. During the placement of the through-
hole components a strong bending of the PCB is possible which might cause a 
loss of SMD’s. This danger is less present when the glue is applied by dispensing 
because through-hole component insertion typically precedes the glue dispense 
and SMT placement operations. 



(Valid for Conventional Printing Process only) 

• If there are components on the board with a very big difference in stand-off, it may 
be necessary to dispense the glue manually or automatically . 

(Valid for Conventional Printing Process with Thick only) 

• During the cleaning process with plastic stencil a static charge can occur.  
• When printing with stencils considerably thicker than 10 mils the dot consistency of 

small dot (< 20 mils) is compromised 

  Conclusion  

The conventional printing process works fine with the limitation that all glue dots have the 
same height.  
High dots with excellent consistency for the component range of 0402 chips to SO 28 
leaded components can be obtained with a thick (10 mil) metal stencil. 
A print-print print mode with a metal squeegee blade and slow board to stencil separation 
speed are recommended.  
By adding snap-off or by leaving a controlled film of material over the apertures after the 
last squeegee stroke, very high large dot heights can be obtained. 



METAL STENCIL OVERVIEW 
 

 
Metal Stencil Overview. 

A DEFINITE LEARNING CURVE EXISTS 
WHEN ORDERING THE STENCIL FOR A 
PRINTING PROCESS. WHEN 
FAMILIARIZATION WITH ITS TECHNOLOGIES 
HELPS PRODUCE DESIRED RESULTS, THE 
STENCIL BECOMES A CONSTANT IN AN 
OTHERWISE VARIABLE ASSEMBLY 
OPERATION.  

"It takes a good stencil to get a good print, then 
automation helps make it repeatable." 

Stencil acquisition is not only the first Step in the 
assembly process, it is one of the most 
important.  
The primary function of the stencil is to facilitate 

solder paste deposition. The object is to transfer a precise amount of material to its exact 
location on the bare printed circuit board (PCB). The less paste hung up in the stencil, the 
more deposited on the board. Thus, when something goes wrong in the printing process, 
the first reaction is to blame the stencil. 
However, it is well to keep in mind that there are important variables other than those of 
the stencil that can affect its performance. These variables include the printer, particle 
size and viscosity of the solder paste, the style, material, durometer, speed and pressure 
of the squeegee blade, the breakaway of the stencil from the PCB (gasketing effect), 
thickness and flatness of the solder mask and component planarity. 
  The Technologies The three primary technologies for stencil manufacturing are chemical 
etching, laser cutting and electroforming.  
Each has distinct advantages and disadvantages. 
Chemical etching and laser cutting are subtractive processes. Electroforming is an 
additive process. Accordingly, certain parameter comparisons, such as pricing, may fall 
into comparing apples to oranges. Instead, the main consideration should be performance 
coupled with cost and turnaround time. Generally, chemically etched (chem-etched) 
stencils are just as effective as those of the other technologies when used for applications 
where the tightest pitch is 0.055" and over.  
Instead, laser-cut and electroformed stencils should be considered when dealing with 
0.020" pitch and under.  
While the latter type stencils will work well for 0.025" pitch and over, it may be difficult to 
justify the cost and turnaround time.    



Chem-etch Stencils  

   

Chem-etch stencils are the workhorses of the stencil world.  
They are the most cost effective and the quickest to turn around. (Same day shipments 
are a daily occurrence.)  
Chem-etched stainless-steel stencils are created by coating a metal foil with resist, 
exposing an image onto both sides with a pin-registered phototool and then etching the 
foil from both sides simultaneously using a dual-sided process.  
Since the process is dual-sided, the apertures, or openings, are created as the etchant 
works through the metal not only from the top and bottom, but also horizontally. 

Inherent in this technique is the creation of a knife edge, or 
hourglass, configuration (Figure 1). While at 0.020" pitch 
and under, such a profile presents an opportunity for paste 
impedance, this drawback can be minimized with an 
enhancement process called electropolishing. 
  
  Electropolishing  
Electropolishing is an 
electrolytic post process that 
"smooths" the aperture walls, 
resulting in reduced surface 
friction, good paste release 
and void reduction. It also can 
significantly reduce underside 
stencil cleaning.  
Electropolishing is achieved by attaching the foil to 

electrodes and immersing it in an acid bath. The electrical current causes the etchant to 
attack the rougher surface of the aperture first and to work harder on its walls than on the 
top and bottom surfaces of the foil, resulting in a "smoothing" effect (Figure 2).  
The foil then is removed before the etchant has an opportunity to attack top and bottom 
surfaces. Nevertheless, the latter surfaces are "polished" such that the solder paste will 
be rolled effectively (vs. being pushed) by the squeegee across the stencil surface and fill 
the aperture cavities. 
Another technique to improve paste release for 0.020" pitch and under is trapezoidal 
section apertures (TSA). 

Trapezoidal section apertures (TSA). 

TSAs are openings that have a 0.001 to 0.002" larger 
dimension on the contact (or bottom) side of the stencil than 
on the squeegee (or top) side (Figure 3).  
The trapezoidal opening can be accomplished in two ways:  

 

 
Figure 1. Etchant action. 

 
Figure 2. The "smoothing" 
effect. 

 
Figure 3. Trapezoidal 
section apertures. 



• by selectively modifying specific components, i.e., the contact-side dimension of 
the double-sided phototool is made larger than that of the squeegee side.  

• a stencil with global trapezoidal section apertures can be created by varying the 
top and bottom pressure settings of the etchant spray. The wall geometry, when 
smoothed by electropolishing, then permits paste release at 0.020" pitch and 
under. 

Additionally, the resulting solder deposit is in the form of a trapezoidal "brick," which 
promotes firm placement of the component and fewer bridgings.  

Stepdowns, or dual-level stencils. 
Stepdown stencils can be produced easily via chem-etching techniques.  
This process reduces the solder volume for selected components by creating stepdown 
cavities.  
For example, with a large number of 0.050 and 0.025" pitch components (normally 
requiring a 0.007" thick stencil) in the same design with several 0.020" pitch quad flat 
packs (QFP), to reduce the solder paste volume deposited for the QFPs, the 0.007" thick 
stencil could be made with a stepdown area 
thickness of 0.005". 

The stepdown feature always will occur on 
the squeegee side of the mask since the 
contact side of the stencil must be level over 
the entire board (Figure 4).  
However, it is recommended that at least 
0.100" clearance between the QFPs and the 
surrounding components be provided to 
permit the squeegee to completely distribute 
paste on both stencil levels.  

Chem-etched stencils also do the best job of creating half-etched fiducials and title block 
nomenclature.  
Fiducials - for alignment by printers with vision systems - can be half-etched and then 
filled with a black epoxy to provide an easily recognizable contrast for the vision system to 
locate against a glossy metal background.  
Title blocks containing part number, creation date and other pertinent information also can 
be half-etched in the stencil for identification purposes. Both processes are accomplished 
by imaging only one-half of the double-sided phototool.  

Chem-etch Limitations. 
In addition to the drawbacks of the knife-edge configuration, chem-etched stencils have 
another limitation: the aspect ratio.  
In simplest terms, the ratio limits the smallest aperture opening that can be etched in 
terms of the metal thickness at hand. Typically, for chem-etch stencils the aspect ratio is 
defined as 1.5 to 1. Thus, with a 0.006" thick stencil, the minimum aperture opening will 

 
Figure 4. The stepdown feature. 



be 0.009" (0.006" x 1.5 = 0.009").  
By contrast, for electroformed and laser-cut stencils the aspect ratio is 1 to 1. i.e., one can 

create a 0.006" opening in a 0.006" thick stencil 
via either process. 

  Electroforming  
The electroforming technology has several 
advantages over punching, etching, laser-cutting 
and wire-erosion technology. Those advantages 
include no burring, no stresses and low tooling 
costs. Electroforming is a highly cost-effective 
method for prototyping, small and large series. 
An additive rather than a subtractive process, 
electroforming creates a nickel stencil with a 
unique gasketing feature that reduces solder 
bridging and minimizes the need for underside 
stencil cleaning.  
This process provides near-perfect registration 
with no geometric limitations, smooth vertical 

side-walls with a built-in taper and low surface tension to enhance paste release. 
The stencil is created by imaging photoresist on a substrate (or mandrel) where the 
apertures are intended and then plating - atom by atom, layer by layer - the stencil around 
the resist to the desired thickness.  
As seen in Figure 5, the nickel atoms are 
deflected by the photoresist to create a 
trapezoidal configuration. Next, when the stencil 
is removed from the substrate, the top becomes 
the contact side to create the gasketing effect. A 
continuous nickel thickness range of 0.001 to 
0.012" may be selected. This process is ideally 
suited for ultra-fine-pitch requirements (0.008 to 
0.016") or for other applications.  
An aspect ratio of 1 to 1 can be achieved.  
Typical advantages of the electroforming 
process: 

• Extreme high precision  
• No burrs, no stress, naturally flat products  
• Complex shapes possible  
• Sharp edge definition  
• Excellent reproducibility  
• Economical tooling and parts 

As for drawbacks, since a phototool is involved (albeit one-sided) the potential for 
misregistration exists. And if the plating process is not uniform, the gasketing effect is 

 
Figure 5. The Electroforming process. 



negated. Also, the gasketing "nubs" can be removed if the cleaning process is too 
vigorous. 
  Laser-cut Stencils  
Produced directly from the customer's original Gerber data, laser-cut stainless-steel 
stencils feature an absence of photographic steps.  
Hence, eliminating the opportunity for misregistration.  
A stencil can be made with excellent positional accuracy and reproducibility. The Gerber 
file, after the necessary modifications, is transferred to (and directly drives) the laser. Less 
physical intervention means fewer opportunities for error. Although there were initial 
concerns about the dross (vaporized molten metal) created by the laser beam, the current 
generation of laser cutters produces minimal dross that is removed easily. 
Concerns also have been raised over the aperture perimeter exhibiting a "scallop-like" 
outline with the resultant apertures having roughened walls. While this increases surface 
friction, the roughness is all in the vertical plane.  
However, late-generation laser machines have built-in vision systems, which allow for the 
foil to be cut in the unframed condition. This is significant because stencils can be 
produced by chem-etching the standard-pitch components and then laser-cutting the fine-
pitch components. This "hybrid," or combination stencil, yields the benefits of both 
technologies at reduced cost and a quicker turn.  
Additionally, the entire stencil can be electropolished to provide smooth walls and 
excellent paste release.  
The major drawback of the laser-cut process is that the machine cuts each aperture 
individually. Naturally, the more apertures, the longer it takes and the more costly the 
stencil.  
However, if the design permits, cost can be reduced by taking advantage of the hybrid 
stencil process. Same day service is possible, depending on machine time availability. 
Trapezoidal apertures are created automatically per the laser beam's focus.  
The aperture openings actually are cut from the contact side of the stencil, the stencil 
then is flipped and mounted with the squeegee side up.  
The laser technique is the only process that permits an existing stencil to be reworked, 
e.g., to add apertures, enlarge existing apertures or add fiducials. 
  Other Advances  
Other than laser cutting and electroforming, the most significant advance in stencil 
manufacturing has been electronic data transfer.  
As recently as 1995, the majority of artwork supplied to stencil manufacturers was in the 
form of film positives, which were expected to match the image on the bare copper 1 to 1. 
Component aperture modifications involved repetitive camera work and manual 
manipulations. The process also relied on the quality of the supplied film positive.  
Finally, the creation of step-and-repeat artwork was a tedious task.  
Today, electronic file transfer via modem and e-mail is the most common method of 
supplying image data instantaneously. Selective modifications, step-and-repeat images, 
and geometry conversions can be accomplished easily and accurately.  
Also, almost a full day can be cut off the turnaround time since the mailing of the film 
positive is eliminated.  



With the transfer of Gerber files, pad geometries can be 
altered from squares and rectangles to "home plates," 
"grids," "zippers," etc. (Figure 6) as a means of reducing 
solder paste volume.  
Adjusting solder paste volumes by modifying geometries, 
combined with selecting the right metal thickness, also can 
eliminate the need for stepdowns. A single-level stencil, 
properly designed, is always better than a dual-level tool 
from a process standpoint.  

  

  Adhesive Stencils  
Electronic files also enable the computer-aided design (CAD) operator to easily determine 
the centroid of a pad configuration.  
With this capability, the solder paste layer in the design file 
can be converted to rounds and oblongs, depending on 
component size (Figure 7). Thus a stencil can be made, 
enabling one to "print," rather than dispense, adhesive.  
Printing is taster than dispensing, which frees up this 
equipment to work on other jobs. 
  

  

  Rework Stencils  

A more recent innovation occurs in the rework area. There are now "mini-micro" stencils 
available that are miniature stencils designed specifically to rework or repair individual 
components. Stencils may be purchased for single components such as standard QFPs 
and ball grid arrays (BGA). The mini-micro also comes with its own corresponding 
spatula, or mini-squeegee. 

  Pricing Comparisons  

• Chem-etched stencil pricing is driven by the frame size.  
While the metal foil is the focus of the stencil creation process, the frame is the 
single, most expensive fixed cost. Its size is determined to a large extent by the 
type of printer. Most printers, however, will accommodate more than one frame 
size. (Frame sizes are industry standard.) Most stencil suppliers maintain an 
inventory of standard frame sizes ranging from 5 x 5" to 29 x 29". Since the blank 
metal foil cost is not as significant as that of the frame, metal thickness has no 
effect on pricing. And because all the apertures are etched simultaneously, their 
number also is of no consequence.  

• Electroformed stencil pricing is driven primarily by the metal thickness (with an 
"adder" for whatever frame size is required).  

 
Figure 6. Pad geometries. 

  

 
Figure 7. Adhesive 
conversion. 

  



Plating up to the desired thickness is die dominant consideration: the thicker stencil 
costing more than the thinner.  

• Laser-cut stencil pricing is according to the aperture number in the design.  
The laser cuts each aperture one at a time, i.e., more apertures, the higher the 
cost. There also is an adder for the required frame size.  
A hybrid stencil - where the laser cuts the fine-pitch and the standard-pitch 
components are chem-etched - can be a cost effective method when many 
apertures are required. However, for designs having less than 2,500 apertures, it 
may be more cost effective to completely laser-cut the entire stencil. 

  Conclusion  

Whatever current surface mount assembly needs may be, there presently is a stencil 
technology that meets that need. Some discussed innovations, such as trapezoidal 
section apertures, hybrid stencils and the pre-eminence of electronic data transfer, have 
all been developed and refined in the past three or four years. The stencil industry 
traditionally has been not only quick to respond to new requirements but also proactive in 
these ongoing developments. 

 
 



THE BENEFITS OF A RAMP-TO-SPIKE REFLOW PROFILE 
 

The pains often associated with profiling may be reduced greatly if certain guidelines are 
followed and if there is a strong understanding of the variables that can be encountered 
during the reflow process.  

The issue of reflow profiling has been and continues to be a hot topic. Questions ranging 
from Why Profile? to How To Profile? to How Can I Better Profile? continue to proliferate. 
However, the pains often associated with profiling can be reduced greatly if certain 
guidelines are followed and if there is a strong understanding of the variables that can be 
encountered during the reflow process. This paper shall discuss the appropriate 
guidelines and troubleshooting methods for reflow profiling, and in particular shall focus 
upon the advantages of newer-style reflow ovens and the benefits of implementing the 
linear ramp-to-spike profile. 
  Delta ( ) T Many older-style ovens were prone to heating different parts of an assembly 
at varying rates, often depending upon the color and texture of the parts and substrates 
being reflowed. Thus, some areas of an assembly heated could reach much higher 
temperatures than other areas. This variation of temperature is referred to as the T 
(Delta T) of an assembly. The result of a large T is that, unless eliminated, certain areas 
of an assembly may receive excessive heat, while other areas may receive insufficient 
heat. This could cause a variety of solder defects, ranging from solder balling to non-
wetting to damaged devices to voiding to charred residues.   Reflow Ovens: New and 
Improved  

Most newer-style reflow ovens, known as the forced convection type, provide heat by 
blowing warmed air on and around assemblies. One of the advantages of this type of 
oven is that these are able to provide heat to an assembly gradually and uniformly, 
exclusive of part color or texture. Although the absorption of this heat may vary slightly 
due to the varying thickness and component population of an assembly, newer style 
ovens generally provide heat in such a manner so that the T is not significant. In 
addition, the maximum temperature and temperature rate of a given profile can be 
controlled strictly with these ovens. That is, these ovens offer greater zone to zone 
stability, which provides the operators of these ovens with a more controlled reflow 
process. 

  Soaking: Why and When  

The sole intention of the soak zone is to reduce/eliminate a large T. The intended result 
of the soak is to bring the temperature of all parts of the assembly to equilibrium before 
the assembly reaches the reflow temperature of the solder so that all parts of the 
assembly will be reflowed simultaneously. However, because assemblies reflowed in a 
more efficient oven often are at a virtual equilibrium of temperature throughout the profile, 
the soak zone can become an unnecessary step. Therefore, because the soak zone is 
unneeded, the profile may be altered into a linear (RTS) profile. 



 
Fig 3a. Solder beads next to capacitors  

It is important to note that the soak zone generally is not needed to activate the flux 
chemistry of solder paste. This is a common misconception in the industry, and it bears 
correcting. Most solder paste chemistries used today will demonstrate adequate wetting 
activity when processed in a linear RTS profile. In fact, as is discussed later in this paper, 
using the RTS profile generally will improve wetting. 

  Ramp-Soak-Spike (1)  

The RSS profile may be used with RMA or no clean chemistries, but generally is not 
recommended for use with water soluble chemistries, as the soak zone of the RSS profile 
may break down the activators of the paste prematurely and result in less-than-adequate 
wetting. As stated above, the sole purpose of using the RSS profile is to eliminate or 
reduce a large T. 

(1) All profiles pertain to the Sn63/Pb37 alloy, which has a eutectic melting point of 183°C, 
and are just an example. 

 
Fig 1. A typical ramp-soak-spike reflow profile 

As seen in figure 1, the RSS profile begins with a steep ramp up to approximately 150°C 
within a target time of 90 seconds at a maximum rate of rise of 2-3°C/second. Following 
the ramp area, the profile soaks the PCB assembly between 150-170°C within a target 
time of 90 seconds; the assembly should achieve thermal equilibrium by the completion of 
the soak zone. After the soak, the assembly will enter the spike area, where the assembly 
will be reflowed above 183°C for a target time of 60 seconds, plus/minus 15 seconds 



The entire profile should last between 3½ to 4 minutes from 45°C to a peak temperature 
of 215°C ± 5°C. The cool down rate of the profile should be controlled within 4°C/second. 
In general, a faster cool down rate will result in a finer grain structure and a stronger and 
shinier solder joint. However, exceeding 4°C/second could result in thermal shock to the 
assembly. 

  Ramp-to-Spike  

The RTS profile may be used with any chemistry or alloy, and is preferred for use with 
water soluble solder pastes and difficult-to-solder alloys and parts. If for any reason a 
large T exists on the assembly, such as with processes using fixturization or those using 
an inefficient reflow oven, the RTS may not be the appropriate choice of profile. 

 
Fig 2. A typical ramp-to-spike reflow profile 

The RTS profile has several advantages over the RSS profile. The RTS profile generally 
will result in brighter and shinier joints and fewer problems concerning solderability, since 
the solder paste reflowed in a RTS profile will still contain its flux vehicle throughout the 
entirety of the preheat stage. This also will promote better wetting, and thus the RTS 
should be used on difficult-to-wet alloys and parts. Because the ramp rate of the RTS 
profile is so controlled, there is much less concern of solder defects or thermal shock to 
the assembly resulting from too high a ramp rate. In addition, the RTS profile is more 
economical due to the reduced heating energy used in the first half of the oven. 
Furthermore, troubleshooting the RTS tends to be a relatively simple process, and 
operators with experience troubleshooting the RSS profile should have no difficulty in 
adjusting the RTS profile in order to achieve optimum profiling results. 

  Setting Up the RTS Profile  

As seen in figure 2, the RTS profile is simply a gradual linear ramp from ambient to peak 
temperature. The ramp zone of the RTS profile serves as the preheat zone for the 
assembly, wherein the flux is activated, the volatiles are driven off, the assembly is 
prepared for reflow, and thermal shock is prevented. The typical ramp rate for a RSS 
profile is 0.6-1.8°C/second. The first 90 seconds of the ramp should be kept as linear as 
possible. 

A simple rule of thumb for the ramp rate of the RTS profile is that 2/3 of the profile should 
be below 150°C. After this temperature, the activation systems of most solder pastes 



begin to break down quickly. Therefore, keeping the front end of the profile cool will 
preserve the life of the activator longer, resulting in better wetting and shinier solder joints. 

The spike zone of the RTS profile is the stage where the assembly reaches the reflow 
temperature of the solder. After reaching 150°C, the peak temperature should be reached 
as quickly as possible. The peak temperature should be controlled at 215°C ± 5°C, with 
time above liquidus (183°C) at 60 seconds ± 15 seconds. This time above liquidus will 
reduce flux entrapment and voiding and will increase pull strength. As with the RSS 
profile, the RTS profile length should be a maximum of 3½ - 4 minutes from ambient to 
peak temperature, and the cool down rate should be controlled within 4°C/second. 

Certain board coatings may require an increase in the profile peak temperature. If 
soldering to gold over nickel coated pads, a peak temperature of at least 220°C should be 
met; this will prevent post-reflow thermal reliability issues, as tin and gold form a 
secondary eutectic at 217°C. If soldering to pads coated with an organic surface 
protectant (OSP), peak temperatures up to 225°C may be required to penetrate the 
coating completely. These profile peak temperature adjustments are necessary if using 
either the RTS or RSS profile. 

  Troubleshooting the RTS Profile  
In effect, the same rules are applied to troubleshooting both the RSS and the RTS 
profiles: Adjust the temperature and/or time at temperature of the profile as needed to 
achieve optimum results. Often this requires trial and error, with slight increases and/or 
decreases of temperature made and then the results of these changes being observed. 
Following is a summary of common reflow problems that may be encountered with the 
RTS reflow profile and the remedies by which to resolve them. 
   
Solder Balling  

Solder Balling is recognized by numerous tiny solder balls trapped along the peripheral 
edge of the flux residue after reflow. In a RTS profile, this most often is the result of too 
slow a ramp rate, wherein metal oxidation occurs as a result of the flux vehicle being 
burned off far ahead of reflow, resulting in solder balling. This problem normally can be 
corrected by slightly increasing the ramp rate of the profile. Solder balling may also be a 
result of too rapid a ramp rate. This however, is unlikely with the RTS profile, due to the 
relatively slow and steady ramp. 

  Solder Beading (Satellites)  

Often confused with solder balling, solder beading is a defect recognized by one or a few 
larger balls, generally located around chip caps and resistors. 



 
Fig 3b. Solder beads next to 

resistors  

Although this normally is the result of an excessive paste 
deposit during printing, it sometimes can be resolved with a 
profile adjustment. As with solder balling, solder beading 
which occurs during the RTS profile is normally a result of 
too slow a ramp rate.  
In this case, the slow ramp rate causes capillary action to 
draw the unreflowed paste away from the pad on which it 
was deposited to a place under the component. The paste 
reflows there forming a bead of solder that comes out to 
the side of the component. 

As with balling, the solution to solder beading occurring 
during the RTS profile is to raise the ramp rate until the 
problem is resolved. 

  Poor Wetting  

Poor wetting often is the result of time and temperature ratios. 

 
Fig 4. Poor wetting  

The activators contained in solder pastes consist of organic 
acids, which degrade with time and temperature. If a profile is 
too long, the wetting of the joint can be compromised. Because 
paste activators normally survive longer with the RTS profile, 
poor wetting with this profile is less likely than with RSS. If poor 
wetting is experienced with the RTS profile steps should be 
taken to ensure that the first 2/3 of the profile occur below 
150°C. This will extend the paste activators life and will result in 
improved wetting. 

  
 Solder Deficients  

Solder deficients are often the result of uneven heating or an excessive heating ramp, 
which causes component leads to get too hot, which will result in the solder wicking up 
the leads. The leads will appear thicker after the profile and the pads will have an 
insufficient amount of solder on them. Reducing the ramp rate or otherwise ensuring the 
even heating of the assembly will help to prevent this defect. 

  Tombstoning  
 

 

Tombstoning normally is the result of non-equal wetting forces, 
which causes a component to stand on end after reflow. 
In general, the slower the heating, and more stable a board is, 
the less this will occur.  
Reducing the ramp rate as it passes through 183°C will help to 
remedy this defect. 



Fig 5. tombstone  

  Voiding  

Voiding is a defect found commonly with an X-ray or cross-
section inspection of a solder joint. Voiding is recognized by the 
appearance of tiny "bubbles" in the joint. These may be air or 
flux entrapment. Voiding is generally caused by one of three 
profile errors: insufficient peak temperature, insufficient time at 
temperature, or excess temperature during the ramp stage. As 
the ramp rate of the RTS profile is so controlled, voiding 
normally is the result of the first and/or second error, which 
generally results in non-volatized flux entrapment in the joint. To 
correct voiding in this case, a profile should be taken at the 
point where the voiding is occurring and adjusted appropriately 
until the problem is resolved. 

 
Fig 6. Voiding 

   
Dull & Grainy Joints  

A relatively common reflow defect is dull and grainy joints. This may be a defect of only 
aesthetics, or it could be the sign of a weak joint. To correct this defect in the RTS profile, 
the two zones before the spike zone each should be reduced by 5°C; the peak 
temperature then should be raised by 5°C. If this is not successful, then the temperature 
should continue to be adjusted slightly in this manner until the desired results are 
achieved. These adjustments will prolong the life of the activator of the paste, thus 
reducing the paste's exposure to oxidation and improving the wetting ability of the paste. 

  Charred Residue  

Charred residues, although not necessarily a defect of functionality, may be experienced 
using the RTS profile. To correct this, the temperature and/or time of the spike zone may 
have to be reduced. If a recommended RTS profile is being followed, this normally is a 
simple matter of a slight temperature (5°C) decrease. 

  Conclusion  

The RTS profile is not a cure-all for every reflow profile related soldering issue. Nor can 
the RTS profile be used with all ovens or all assemblies. However, the implementation of 
the RTS profile can reduce energy costs, increase efficiency, reduce solder defects, 
improve wetting, and simplify the reflow process in general. This is not to state that the 
RSS profile has become obsolete, or that the RTS profile never can be used with an 



older-style oven. However, engineers should be cognizant of the fact that there may be a 
better reflow profile style available for the processes.  



MINIMIZING DEFECTS ON BOARD ASSEMBLIES BY  

REFLOW PROFILE ADJUSTMENTS. 

Obviously, the soldering profile created in the reflow oven is one of the most 
important factors in determining defect rates in the SMT manufacturing process. To 
gain or to maintain a good process realising the necessarily high yield, board 
assemblers have to look carefully and eventually optimise plenty of adjustments.  

Faults on board assemblies, which are directly influenced by the reflow profile include:  
component cracking, tombstoning, bridging, wicking, solder beading, cold joints, formation 
of excessive intermetallics, poor wetting, voiding, skewing, charring, delamination, etc.  
Modifications of the currently accepted profile can minimize these defects.  

 

Fig 1. Conventional reflow profile 

Traditionally, in the SMT industry 
the profile consists of: 

• the preheat, during which the paste is 
heated at a rate of 2 to 4°C Is, 

• then followed by a "soak" zone at 150 to 
170°C for 60s or so,  

• after which reflow occurs, typically with a 
peak temperature of about + 220°C (figure 
1). 

It is often supposed that the profile must have this shape because of the chemistry of 
solder pastes. That a fast preheat is necessary to burn off solvents, and soak is required 
to allow the flux to work. But this is not so.  
This type of profile, which is still very widely used, came about largely because of the 
limitations of the method of heating, which was commonly used; namely infrared ovens.  

IR reflow provided perfect satisfactory results, but this technology had certain limiting 
factors: 

• Sensitivity towards uneven thermal mass distribution. 
• Differential heating of differently coloured parts (dark components would get hot 

before the greenish PCB) 
• Shadow effect around large components.  

As a result, a considerable temperature gradient was apparent across the board.  
For this reason, a fast rate of heating in preheat followed by a long soak at about +150°C 
became the preferred profile. Once thermal equilibrium had been reached across the 
board, reflow could take place.  



Flux reaction usually takes place very quickly - this can be easily demonstrated by the 
simple wetting test.  
In this test a small circle of solder paste is printed onto an aged, oxidised copper coupon. 
The copper coupon is then placed upon a hot plate and reflowed. Typically, the whole 
process of flux reaction, coalescence and wetting takes place in less than 5s. 
Consequently, this fast flux reaction time means that a long soak zone (at least from the 
paste formulator's point of view) is not required.  

This traditional reflow profile has potential to cause defects, particularly because of 
the fast rate of heating in the preheat zone, which can be as high as 4°C/s. 
The viscosity of materials with a fixed composition and chemical structure drops as the 
temperature rises. This is because of greater thermal agitation at the molecular level. This 
decrease in viscosity will naturally cause the material to spread, or slump.  
Thermal agitation is a material property; it is purely temperature related and independent 
of time - for this reason the ramp rate (the rate of temperature increase) will have no 
effect.  
However, with solder paste there is another factor at work, namely solvent loss. As 
solvents evaporate, the viscosity of the material will increase. 
This will counter the effect of thermal agitation and limit slumping.  
The rate of solvent evaporation is both temperature and time dependent, so this can be 
regulated by the rate of temperature increase in preheat. 
With a slow rate of temperature increase, loss of viscosity due to thermal agitation will be 
counteracted by solvent loss, which will in turn tend to cause the viscosity to increase. 
(This is shown in figures 2 and 3.) 

 

Fig 2.  

Figure 2.:  

The effect of thermal agitation and solvent loss on 
viscosity as a function of temperature. 

 
In other words, at any given temperature, the solder paste viscosity is much higher where 
a slow ramp-rate is used, due to the much higher loss elf solvents.  



 

Fig 3.  

Figure 3.:  

Relation between ramp-up rate and viscosity due to 
solvent loss effect. 

Slump is the direct cause of many reflow-related defects, particularly solder beading.  
Solder beading is caused directly by solvent outgassing in the preheat stage. If the 
ramp-rate is high, say 3 to 4K/s, the solvents in the paste will not gently diffuse out of the 
paste deposit - they will erupt out of the deposit. This outgassing force overcomes the 
cohesive force in the paste and isolated aggregates of paste are forced under the 
component.  
At reflow this paste melts and coalesces into a ball at the side of the component (see 
figure 4 for a comparison of ramp rate versus slump). 

 

Fig 4.  

Figure 4.:  

Relation between, slump and ramp-rate. 
 
(The easiest way for the production engineer to 
minimize this tendency to slump is to reduce the 
ramp-rate. ) 

 
It is possible for the solder paste formulator to minimize slumping by two methods.  

• One is to use low-boiling point solvents; these will evaporate very quickly, thus 
minimizing slumping and solder beading. However, using low boiling point solvents 
has another effect - it reduces the stencil life of the paste, thereby increasing 
material costs through wastage. 

• The second approach is to use fluxes with a very low activation temperature. This 
means the flux will clean the oxides off the powder at low temperature - this will 
allow the powder in the solder paste to cold-weld at low temperatures, thereby 
increasing the viscosity of the paste and reducing the likelihood of slump. This 
means that the shelf life of the product is reduced (because the activators will 
attack the powder at room temperature) and that the product may fail long term 
reliability tests due to the highly aggressive nature of the flux. 



Experimental studies have shown that a ramp rate of 0.5-1.0K/s from room 
temperature to melting temperature is best. 

Such a slow linear ramp rate, without the traditional long "soak" zone is possible due to 
modern oven technology.  
Today, forced air convection ovens offer a fast, controllable rate of heating, which is not 
sensitive to variations in component colour, shadow effect, etc.  
The fast even heating, which the convection oven provides, eliminates the large 
temperature gradient across the PCB that was so common with IR application, and 
therefore the reason for a long soak zone. This allows the optimum profile shown in figure 
5. 

 

Fig 5.  

Figure 5.:  

Optimized profile versus conventional.  
 
 
(This optimum profile is also better for the 
long-term reliability of boards and 
components. There is less thermal shock due 
to the gentle rate of temperature change and 
less board stress due to lower total heat input 
(which equates to the area under the curve) 

  Heating stage of the optimum profile Minimizing the ramp rate in this stage of the profile 
avoids slump and outgassing, as discussed earlier.  
This reduces the likelihood of bridging and solder beading.Using a slow ramp rate also 
minimizes tombstoning & skewing as it allows a greater chance of thermal equilibrium 
across the component terminations. The slower ramp rate will also reduce the chance of 
solder balling.  
If a rate of temperature change greater than 2K/s is used before coalescence of the 
solder, spattering is possible due to aggressive outgassing of the solvent content. Again, 
minimizing the rate of temperature change will prevent outgassing - it will allow the 
solvent to diffuse gently out of the solder deposit, thus preventing spattering.However, 
care should be taken not to use a ramp rate that is too slow.  
Large convection ovens often have a very high airflow rate - this tends to oxidise the 
powder in the solder paste. The rosin content of a paste acts as a protective blanket that 
will prevent oxidation of the powder. Generally the higher the rosin content is, the more 
effective the oxidation barrier. The rosin content also forms the bulk of the residue that is 
left behind after reflow.  
This residue can be unsightly hence the trend for low-residue solder paste. 
Lower residue is achieved by reducing the rosin content, which also tends to reduce the 
protective barrier against oxidation. For this reason, if a ramp rate of less than around 
0.5K/s is used, excessive oxidation of the powder is likely, along with defects such as 
poor wetting. Naturally, use of an inert atmosphere removes this problem.   Peak 
temperature  



Therefore it is recommended, to use of a 0.5 to 1.0K Is ramp-rate up to 170 to 175°c.  
This is followed by a 20 to 30s dwell time at this temperature prior to reflow to ensure 
thermal equilibrium across the assembly. 
The peak temperature of a reflow profile is determined by the solder melting temperature 
and the temperature tolerance of the board and parts.  
In the case of SnPb and SnPbAg solder, which melts at 179 to 183°c, the recommended 
minimum reflow peak is 210°c. 
This is because, being heterogeneous in nature, solder paste takes a little longer to 
coalesce than a wetting balance test - so superheating is required. A typical maximum 
temperature (depending upon the components) would be 230 to 235°c.Beyond this peak 
temperature charring and delamination of the PCB and components are a concern.  
The typical time above liquidus is 30 to 90s. This ensures that the entire assembly 
receives sufficient superheat to solder properly.  
More than 90s is not recommended; this will lead to excessive intermetallic formation and 
possibly brittle joints.  

  Cooling stage  

The optimal profile exhibits a faster cooling than typically used in the conventional profile.  
Fast cooling is preferable to slow cooling because it leads to a smaller grain size in the 
joint. 
With a slow cooling rate a large grain size occurs due to the annealing effect. A small 
grain size is preferable because each grain boundary acts as a barrier to crack 
propagation thereby increasing joint reliability.  
The cooling rate effect diminishes with increasing temperature difference. A 50K-gap is 
believed to be sufficient to have a negligible annealing effect. The maximum cooling rate 
allowed is determined by the components - typically the cooling rate is 4K/ s.  
If the cooling rate is much greater than this, component cracking can occur. The use of 
highly controllable forced-convection reflow ovens allows the use of the optimal reflow 
profile.  

  Conclusion  

In general;  
a slow ramp rate of 0.5-1.0K/s is desirable, to minimize slump, bridging, solder Beading 
and tombstoning.  
A minimal soaking zone of 20 to 30s at 170 to175°c reduces voiding, poor wetting and 
opens. 
After reflow, fast cooling to minimize grain size and intermetallic formation is 
advisable.Implementation of this profile requires an oven with an efficient and highly 
controllable heating rate, such as a forced convection system.  
An optimised profile reduces the thermal shock to boards and components, besides the 
yield even the reliability becomes better.  



REDUCING SOLDER MICROBALLS IN INNERT WAVE SOLDERING  
 

 
Reducing solder microballs in innert wave soldering. 

Investigation of small solder balls produced during wave soldering suggest a tightening of 
process controls and the correct solder mask. 

  MCT Process  

During the past few years, research and development activities have been focused on 
finding processes and materials that eliminate the need to depend on chlorofluorocarbon 
(cfc) solvents for cleaning. No-clean soldering has emerged as a viable process option. 
However, before widespread acceptance was possible, several major challenges had to 
be overcome. These included: 

• The reliability of a product with flux residue. 
• The impact of flux residue on testability. 
• A culture that traditionally equated a visually clean product with a quality product. 

These issues were addressed and satisfactory solutions were found. 
Then, the focus turned to the final challenge - solder microballs. 
 
Solder microballs are common to all wave-soldering processes. Close observation of a 
traditional RMA process with CFC cleaning reveals that microballs exist prior to the 
cleaning process. Cleaning typically removes most microballs, but the lack of awareness 
during inspection misses the remainder. 

 

 

Figure 
1a. 

 

Figure 
1b. 

Although originally thought to be a random 
occurrence, the location of the solder balls is very 
predictable.  
 
When an assembly is exiting the wave area, solder 
begins to pull away from the board. 
However, solder will adhere to the metalized surfaces 
of the board (Fig. 1a)  
until the force of gravity overcomes the surface 
tension of the solder (Fig. 1b). 

 

 

Figure 
1c. 

When this occurs, a snapping action takes place 
downward into the solder pot, forcing a sphere, or 
microball, of solder to be propelled toward the board 
(Fig. 1c and 1d.) 



 

Figure 
1d. 

(Fig. 1c and 1d.) 

 

 

  

  

  

  

Nitrogen inerted wave soldering is becoming increasingly popular since it provides a 
wider process window and reduces dross. However, a nitrogen environment can give rise 
to an increase in solder balls. In an atmosphere with under 50 ppm of oxygen, the solder 
wave does not have even a thin layer of dross and is, therefore, even more prone to tile 
"milk drop" phenomenon. Additionally, due to the lack of dross to act as a protective layer, 
solder flowing down the baffle creates a splashing action that can send small particles of 
molten solder everywhere. Fortunately, most manufacturers have addressed this issue by 
shielding various areas in the solder pot or improving wave flow.  

Many theories have been put forth to describe why a microball would adhere to the solder 
mask. One common conclusion of most studies is that the surface texture of the solder 
mask and the effect of various processes on the texture is a key element. Other factors, 
such as mask cure, mask hardness and chemical composition, have also been blamed. 
Even with these factors identified, process experimentation is needed to fully understand 
and eliminate solder microballs. 

  Patterning the investigation  

Therefore, if this theory is correct, high-risk areas for solder microballs should be in close 
proximity to metalized areas such as through-hole leads and surface mount pads. Once a 
solder ball has been thrust toward the board surface, it may, under certain conditions, 
adhere to the surface of the solder mask (Fig. 1e). 

 

Figure 1e. 

 



A multivariate experiment was designed to test the relationship between various process 
parameters and solder ball occurrence. 
 
Variables included were soldering mask type, wave configuration, solder temperature, 
preheat temperature and flux quantity. An inert wave soldering machine was used, which 
allowed both the preheat and soldering sections to be maintained below 5 ppm oxygen. A 
flux with approximately 2 percent solids content was used throughout the entire 
investigation. A tightly controlled quantity of flux was applied with a spray fluxer.  

 

 

Table 1. 

A matrix was constructed that 
would allow the variables and 
their interrelationships to be 
observed for each mask type 
(Table 1). Wave configuration 
refers to the use of either a 
single, laminar flow wave or a 
turbulent wave in con-junction 
with the laminar wave. 

Preheat temperature was measured on the bottom side of the module by a pyrometer 
prior to entering the solder wave. 
 
Working closely with a printed circuit board supplier, a standard test board was chosen. 
For each solder mask that was to be tested, the supplier produced 40 boards, allowing 
five boards to be used for each trial. A total of six different solder masks were used in the 
evaluation: five were liquid photoimageable and the sixth was a liquid photoimageable/dry 
film.   Data and results  

A multivariate regression analysis was performed on the data. This is a technique similar 
to the Taguchi interpretation method. Basically, the goal is to establish a correlation 
between the variation designed into the experiment and the variability found in the data. 



 

In agreement with previously 
referenced experiments, solder 
mask type did play a significant role 
in the formation of solder balls (Fig. 
2). 
 
In fact, mask 6 demon-strated this 
dramatically.  
In all trials, excessive amounts of 
solder webbing formed on the 
soldered surface of every PCB 
coated with mask 6.  

Due to the inability to quantify 
the number of solder balls, mask 
6 was dropped from the 
experiment.  

Figure 2. Variation of solder ball formation based on 
the type of solder mask. 

 

Figure 3. An example of the concentration of 
solder balls in close proximity to metalized 
areas. 

Microballs were formed, as predicted by 
theory, in relatively high quantities around 
DIP and connector leads but were almost 
non-existent in open areas of the board. 

 



   

  

Furthermore, each mask type reacted differently, throughout the course of testing. Some 
masks were highly sensitive to the controlled variations in the experiment while others 
were fairly insensitive (Fig. 4). 

 

Figure 4. Some masks were highly sensitive to process variation; others were insensitive. 

 



 

Figure 6. While mask surface texture influences the 
formation of solder balls, quantity of flux has the strongest 
correlation. 

Although mask type does 
influence the number of 
solder balls formed, the 
variable that had the 
strongest correlation was the 
quantity of flux applied to the 
module (Fig. 6).  

The explanation for this is straightforward. As discussed previously, microballs are formed 
during the exit portion of the wave where the "snapping" action of solder pulling away 
from metalized surfaces causes spheres of solder to be propelled from the solder pot 
toward the board. One of the inherent chemical properties of flux is to reduce the surface 
tension of solder. By applying higher quantities of flux, more will be available during the 

The explanation of the observed differences between solder masks has a great deal to do 
with surface topography. If the adhesion force between the solder particle and the PCB is 
greater than the gravitational force, the microball will stick to the mask surface. The 
adhesion force is related to the contact area between the solder ball and the mask, and 
the gravitational force is dependent upon the size of the solder ball.  
 
One method of reducing the probability of a microball attaching to the PCB surface is to 
roughen the surface of the mask through chemical formulation, mechanical abrasion or 
chemical etching. This, in effect, decreases the contact area available between the 
microball and solder mask (Fig. 5). 

 

Figure 5. Solder ball formation to rough (left) and smooth solder masks. 

 



exit of the module from the solder pot. Lower solder surface tension equates decreased 
"snapping" forces and therefore, fewer solder balls.  

 

Preheat and solder temperatures 
were also found to be significant  
(Fig. 7).  
 
Since time and heat are involved 
with the volatilisation of no-clean 
fluxes, preheat and solder 
temperatures correlate with the 
amount of flux remaining on the 
PCB during wave exit and 
therefore, the number of solder 
balls created.  

Figure 7. Effect of preheat and solder temperature 
on solder ball formation. 

  Conclusion  

Based on the results of this investigation, several conclusions can be drawn: 

• Given a specific set of process conditions, mask 1 will produce the least amount of 
solder balls and mask 5 will allow the widest process window of any of the masks 
tested. 

• None of the masks tested produced zero solder balls. Therefore, a specification 
needs to be established based upon quantity and size of the microballs. 

• Tight control of flux deposition is absolutely necessary to minimise solder balls. 
Currently, spray fluxing is the only known method of obtaining this level of control. 

• Despite the fact that more flux tends to reduce the quantity of microballs, limits 
need to be defined that allow for the minimum number of solder balls, acceptable 
solder yields and high reliabilit 

 

 



WHAT IS NITROGEN? 
 

The nitrogen content of the air we normally breath in is around 78 %, making it the 
main constituent of air. The fact that nitrogen is a chemical element was 
discovered relatively late in the history of science, mainly because, under normal 
laboratory conditions, it is a an element that is inert to most chemical reactions. 

In 1772, Henry Cavendish discovered nitrogen when he passed air over glowing 
charcoals. Through observation, he noticed that after separating the carbon dioxides 
another residual gas was present. 
 
Since then scientists have discovered that Nitrogen, as a constituent of human and 
animal albumen, is indispensable for life. Yet, very few living beings can utilise the 
Nitrogen found in the air directly, exceptions being some plants such a clover, beans, etc., 
which are able to convert nitrogen via bacteria's in the roots into useful compounds. A 
field of clover of 1 hectare in size, for example, is able to bind between 200 and 400 kg 
Nitrogen. 
 
Good agricultural soil contains, in different compounds, between 5 and 10 tons of nitrogen 
per hectare. The column of air that sits above this field, though, contains 10,000 times as 
much again. Obviously, nitrogen is a very common and necessary element for life.  
   
Breakdown of air  

A breakdown of air is as follows: 

78.09 %  Nitrogen 

20.95 %  Oxygen 

0 .93 %  Argon 

0 .033 %  Carbondioxyde 

0.0016 %  Neon 

0.00052 
%  

Helium 

0.00011 
%  

Krypton 

0.0001 %  Hydrogen 

0.000008 
%  

Xenon (plus water 
vapours) 

 
 



Even in space there is nitrogen.  
 
Titan, one of the moons of Saturn, has an atmosphere which consists mainly of nitrogen.  
Since the temperature of the clouds on Titan is at -200 °C, it is presumed that the 
atmosphere consists of small droplets of nitrogen.  
We also can presume that (if there are oceans under the thick cloud cover), they will 
consist of liquid nitrogen.   Properties of Nitrogen  

At normal temperatures, nitrogen is a colourless and odorless gas, each molecule 
consisting of 2 atoms.  
Because of the strength of the bond of these molecules, nitrogen is for many applications 
a practically inert gas. 

Under atmospheric pressures nitrogen condenses, at a temperature of (minus) -196 °C 
(77.3 ° Kelvin) to a clear liquid. 
At (minus) -210 °C (63.1°Kelvin) nitrogen "freezes" into colourless crystals. 
Only at high pressure and high temperatures, or with the help of electrical energy, can 
nitrogen be induced to undergo chemical reactions. 
 
Liquefied gases (also called 'cryogenic gases') such as nitrogen are concentrated cold 
carriers.  
This liquid phase has immense advantages for storage and transportation of the gases, 
since, in liquid form, only a fraction of the volume is taken up when compared with its 
volume in the gas state.  
At the location of the enduser, and after the storage tank, vaporisers are installed though 
which the liquid nitrogen flows, picking up heat from the environment and thereby 
converting again into gaseous form.  

  Physical Data of Nitrogen  

Chemical 
Symbol: 

N2 

Molecular 
weight: 

28,016 

Triplepoint 

Temperature Tt 
-210 °C 
(63.15 °K) 

Pressure Pi 0,125 bar 

Temperature 
coefficient  

23,75 kj/kg 

Critical Point  

Temperature Tk 
-146.9 °C 
(126.25 °K) 



Pressure Pk 33.93 bar 

Density Pk 0.31 kg/l 

Boiling Point at 1.013 bar  

Temperature Ts 
-195.82°C 
(77.33 °K) 

Density Ps 0.8074 kg/I 

Heat of 
Vaporisation 

198.05 kJ/kg 

Density in the 
gas state at 0 
°C and 1.013 
bar 

1 .2505 
kg/m3 

Density in 
relation to air  
(air = 1) 

0.9673 

Specific heat at 
25 °C 

29.12 J/mol . 
K 

Heat 
Conductivity at 
25 °C 

259 µW/cm . 
K 

  Purity Levels of Nitrogen  

Nomenclature 
Purity 

(% Vol.)  
Impurities  

(ppm) 

 

Technical 
Nitrogen  

> 99.8  

 

Remaining 
impurities are 
mainly O2, H2O, 
Ar, and other 
gases.  

 

Nitrogen 4.0  > 99.99  O2  < 50  

H2O  < 30  
 

Ar  < 30  

 

Nitrogen 4.6  > 99.996  O2  < 5  

H2 = Hydrogen 

H2O = Water 

O2 = Oxygen 

CO = Carbon monoxide 

CO2 = Carbon dioxide 

Ar = Argon 



 H2O  < 5  

 H2  < 0.5  

 Ar  < 30  

 

Nitrogen 5.0  > 99.999  O2  < 2  

H2O  < 3  

H2  < 0.1  

CO/CO2  < 0.1  

This level of purity is 
mostly required for reflow 
and wave soldering.  

Ar  < 5  

 

Nitrogen 5.5  
> 
99.9995  

O2  < 0.5  

H2O  < 0.5  

H2  < 0.1  

CO/CO2  < 0.1  

Ar  < 3  

 

Nitrogen 
6.5  

> 99.9999  O2  < 0.5  

H2O  < 0.5  

H2  < 0.1  

CO/CO2  < 0.1  

Ar  < 1  
 
  Conversion factors gas-state to liquid Nitrogen  

Conversion  
factors 

1 M3 gas-state 
(1 bar, 150C)  

Litre liquid 
(boiling temp. at 

1 bar)  
kg 

1 M3 gas-state 
(1 bar, 150C)  

1 1.148  1.170 

Litre liquid 
(boiling temp. at 1 

bar)  
0.691 1 0.808 

kg 0.855  1.238 1 

  References  



MATTE-SURFACE SOLDER MASKS REDUCE SOLDER BALL DEFECTS 
  

 

 
Matte-surface solder masks reduce solder 
ball defects. 

This article provides a short description of 
the Influence of surface liquid 
photoimageable solder masks on the 
number of solder balls remaining on 
printed circuit boards) processed with no-
clean flux). 

Solder balls, small spheres of solder 
formed during wave or reflow soldering, 
cause electrical shorts when they become 

attached to printed circuit boards. They used to be removed during the cleaning step that 
routinely followed soldering. Now, cleaning is not as routine as it once was. 
 
Some assemblers have chosen to use no-clean fluxes, which eliminate the need to use 
ozone-destroying CFC solvents by disposing of the cleaning step entirely. This solves one 
problem at the expense of introducing another: the CFC's are removed, but the solder 
balls are not. 
 
Solder balls are especially troublesome on fine line boards where they are more likely to 
cause shorts. Since the lines are closer together, the probability that they will come into 
contact with solder balls increases. Fine lines are often made by using liquid 
photoimageable solder masks. The 1:1 relationship between the artwork and the mask 
creates finer lines than the screen printing process can produce. 
 
The importance of materials compatibility in preventing solder balls is well known. With 
this in mind, Alpha Metals, a supplier of both no-clean fluxes and liquid photoimageable 
solder masks; recently conducted a study to determine the compatibility of no-clean fluxes 
with gloss- and matte-surface liquid photoimageable solder masks. 
 
At the same time, a similar but independent study was being conducted by Allen Bradley, 
an OEM and captive PCB assembler. Allen-Bradley's initial studies indicated a significant 
decrease in solder balls and solder shorts when no-clean flux and matte-surface liquid 
photoimageable solder mask were used. The matte surface was obtained by roughening 
the mask's gloss surface with pumice and sandpaper. 
 
In the Alpha Metals and Allen Bradley studies described here, a range of liquid 
photoimageable solder mask surface textures are represented. No mechanical methods 
were employed to roughen the masks - those with matte surfaces cured to a textured 



finish 
 
Alpha Metals studied six popular no-clean fluxes and six liquid photoimageable solder 
masks from various suppliers. The acid numbers of all the fluxes were the same order of 
magnitude (approximately15-20), and the percent solids were similar (approximately 2 
percent). 
 
Compatibility of the fluxes and solder masks was based on the number of solder balls left 
on a given area of the board's surface after soldering. Both standard wave soldering and 
nitrogen-inerted processes were used  
   
Processing conditions  

The solder masks were processed according to standard conditions specified in their 
respective processing guides. All masks were given an UV bump of 2 J/sq cm prior to the 
final thermal cure. An exception was made for mask A, which required a UV bump of 4 
J/sq cm after thermal cure. 
 
Ultraviolet bumping minimises the ionics, as measured after hot air solder leveling post 
clean. Mask A required a longer exposure to ultraviolet light because of its dependence 
on radiation for complete crosslinking prior to hot air solder leveling. 
 
In the tack drying process, all of the solvent must be removed to leave a tackfree film on 
the board for contact imaging. Processing the boards at the appropriate turnover rate for 
the oven is critical when operating at temperatures sufficient to remove the solvent 
without curing the solder mask. 
 
Alpha Metals found that currently, available ovens do not provide consistent tack dry 
curing of the same liquid photoimageable solder mask from shop to shop. 
 
Appropriate turnover rate is imperative if the solvents used are the environmentally safe 
types, which tend to boil at higher temperatures. Excessive solvent entrapped in the mask 
after tack drying will cause problems farther down the line. Not only will the phototool stick 
to the solder mask, the mask will blister after hot air solder leveling, wrinkle and lose 
adhesion to the laminate. 
 
Some ovens have a lower turnover rate than others. Turnover rate can be calculated by 
dividing airflow through the stack in cubic feet per minute by the capacity of the oven 
chamber. An independent study of the airflow of ovens used in various fabricators' 
facilities indicated turnover rate should be greater than three times per minute. 
 
All boards were processed through hot air solder leveling using a standard hot air solder 
leveling flux. 'They were then cleaned using a saponifier with a deionized water rinse at 
65°C (150°F) and subjected to a final water rinse. 
 
No-clean flux was applied using spray, bottles containing the individual fluxes. 



 
A sufficient quantity of flux was sprayed on the boards to protect their surfaces but not 
inundate them to an extent that would defeat the purpose of the test. 
 
The boards were then populated with surface mount components on the bottom side and 
through-hole components on the top side, and wave soldered. wave solder parameters 
were as follows: solder temperature. 260°C (500°F); conveyor speed 4 fpm; top preheat 
temperature, 93°C - 99°C (200°F 
- 210°F) measurement at 
surface with thermal labels. 

Gloss numbers of the six solder 
masks are shown in Figure 1 
[solder masks B and C were not 
evaluated in this stud). 

A high degree of gloss was 
measured on all the masks 
except mask A. 

  Effect of matte surface  

 
Figure 2.  Solder masks used in both studies are 

combined in this figure.  
B and C were not used in the Alpha 
Metals study;  
F through H were not used in the Allen 
Bradley study. 

 
Figure 1.  Solder masks used in both studies are 

combined in this figure.  
B and C were not used in the Alpha Metals 
study;  
F through H were not used in the Allen 
Bradley study. 



Test results, shown in Figure 2, indicate that solder mask A consistently yields less than 
five solder balls per square inch regardless of the no-clean flux used. 

1. One hypothesis for this phenomenon is that, although the hills and valley's of the 
solder mask's matte surface greatly increase the total surface area. the area solder 
balls can attach to is reduced.  
Solder balls can only attach themselves to the tops of the hills. 

 
2. Another theory is that the matte surface acts as a reservoir where the flux is 

entrapped. The trapped flux provides a heat sink that prevents the mask's surface 
temperature from rising above the glass transition temperature, the point at which 
the mask softens and provides a tacky surface solder balls can adhere to. 

3. Still another possible explanation is that the flux entrapped in tile matte surface 
vaporises when passing over the wave. As the flux vaporises, it blows solder balls 
breaking from the wave's trailing edge off the board's surface. Alpha metals is 
conducting further studies to determine the actual mechanism that reduces the 
number of solder balls left on a board. 

  Allen-Bradlev's study  

Allen-Bradlev's study was performed on site using a production assembly line with 
specially designed test boards. 
Component spacing, component orientation and pad sizes on the boards were designed 
specifically to provoke solder shorts. 

The 23,8cm (9,4 in.) wide by 30,5cm (12 in.) long test boards, contained: 

• six axial lead components mounted next to vias,  
• twelve 1206 components mounted next to clinched leads,  
• twenty 1206 components clustered transverse to board travel,  
• twenty four 1206 components clustered parallel to board travel,  
• twenty 1210 components clustered transverse to board travel, 

• twenty-two 1210 components clustered parallel to board travel,  
• ten 29-pin transverse-mounted SOIC components and  
• eight transverse-mounted square-pin leaded connectors.  



Five different liquid photoimageable solder masks were selected to represent a wide 
spectrum of surface textures as measured by percent gloss (mask F through H were not 
used in this study) 

The test boards were prepared at the solder mask manufacturer's facility and submitted 
for assembly. 
Some boards with solder mask A were given a UV bump of 4'J/sq cm after thermal cure; 
others were not. 

Surface mount components placed on the bottom sides of the boards, and through-hole 
components were inserted on the top sides. 
Following surface mount component placement, the boards passed through an adhesive 
cure infrared oven. After through-hole component insertion, the boards were sent through 
1,1,1 trichloroethane solvent for two minutes at 35°C (95°F), spray only. 

Ten boards of each solder mask were wave soldered with nitrogen cover gas using the 
following parameters:  
preheat temperature, 127°C (260°F) ± 10 degrees: solder 

contact, two seconds; oxygen, less than 10 percent; flux, 2 percent solids no clean.  
The surface texture of each solder mask was then evaluated by taking gloss 
measurements (Figure 1). 

Meseran studies were performed on mask A using under-cure, standard-cure and over-
cure conditions to see if there were changes in the number of solder balls (Figure 3).  

 
Figure 3.  No decrease in the number of solder 

balls was shown with solder mask A 
once the recommended standard 
optimum cure was achieved 

 
Meseran is the trade name for an instrument that measures degree of cure for polymers 
using the evaporative rate analysis technique. 
Radioactive solvents are applied to the mask, then a flow of nitrogen is passed between a 
counter and the mask's surface.  
Masks that are not cured will give a high count due to absorption of the solvent, which is 



equated to a low cure index. The lower the count, the higher the cure index.  
Allen Bradley found no further significant decrease in solder balls once the recommended 
standard optimum cure was achieved.   Conclusion  

Test results demonstrated that 
the surface texture of a liquid 
photoimageable solder mask 
has a significant effect on the 
incidence of solder balls and 
solder shorts (Figure 4).  
Masks with rougher surfaces 
produced fewer solder shorts 
and solder balls than liquid 
photo-imageable solder masks 
with smoother surfaces. 

  
 

Figure 4.  Fewer solder balls and solder shorts are 
produced when liquid photoimageable solder 
masks with matte surface are used. 



ACHIEVING LONG-TERM STABILITY IN THE SMD PLACEMENT PROCESS 

This article provides a short description of the MCT process, together with the essential 
fundamentals of placement accuracy. It then introduces a special calibration method 
which allows for placement accuracy testing to help meet today's pressing market 
demands. (By Günter Schiebel) 

The current universal trend toward miniaturization, while increasing performance and 
reducing costs, inevitably must lead to even greater exploitation of the process in all 
areas of SMT. For example, high-performance placement system users expect the new 
developments of suppliers to result in a significant increase in the placement throughput 
while simultaneously improving placement accuracy. As far as the most important aspect 
of placement — placement accuracy — is concerned, the user correctly expects specified 
values to be maintained over several years. These specified values typically are verified 
for the placement machine customer on the supplier's own premises as part of a machine 
capability test (MCT). 
  MCT Process  

Standard deviation and deviation of the average value from the nominal value of a 
placement system, two core variables for placement accuracy, are measured as part of 
an MCT. The MCT is performed in the following sequence: First, a certain minimum 
number of glass components are placed on a glass board into adhesive foil. Then the 
placement deviation of all placed glass components is determined in X, Y and q using a 
high-precision measurement machine. The measurement machine then calculates the 
placement offsets (deviation of average value from nominal value) in the relevant 
positioning axes X, Y and q.  

The MCT result represented graphically in Figure 1 yields the following core placement 
accuracy values: 
Standard deviation σ = 8 µm.  
Placement offset µ = 6 µm.  



Generally, we can expect the 
placement deviations to correspond to 
normal Gaussian distribution, allowing 
conversion to a wider statistical basis 
of, for example, 3 or 4. With reference 
to the statistical basis 4 σ so often 
used, the placement system specified 
above would have an accuracy of 32 
µm.  

Placing the derived precision in relation 
to a required tolerance limit then 
assesses machine suitability for a 
specific requirement. The machine 
capability index (cmk) has proven most 
suitable for this. It typically is used to 
assess the process capability of 
machines. 
 
The cmk can be used to calculate the placement accuracy once an upper and lower 
specification limit (USL and LSL) has been defined.  

 
As limit values usually are symmetrical, we can perform the calculation with a simplified 
specification limit SL = USL = - LSL, as shown in Figure 1.  
 

 

The following cmk results for the conditions presented in Figure 1 and a specification limit 
of 50 µm defined by the customer:  

 

The cmk therefore evaluates the spread and average deviation (placement offset µ of the 
placement position in relation to three times the value of the standard deviation σ 

How do we deal with the statistical variables sigma, cmk and defects per million (DPM) 
rate in practice? In electronics manufacturing today, it is expected that the cmk will be 
greater, even significantly greater, than 1.33. A cmk of 1.33 also indicates that a 4 σ 
process capability has been achieved. A process capability of 6 s, which so often is a 
requirement today means that the cmk must then be at least 2.66. 

 

 
Figure1. Graphic representation of an MCT result. 



 

In electronics production, the DPM number 
usually is used for practical reasons because 
every defect produces costs.  
The relationship between statistical bases 3, 
4, 5 and 6 σ and the correspondingDPM rates 
are established on the left: 

 
Here is a practical example of its use: In an application in which the greatest packing 
density is required (e.g., mobile phone), the placement accuracy requirement for 0201 
components might be 75 µm.  
 
Scenario 1: We rely on the placement accuracy of 75 µm/4 σspecified by the supplier. In 
this case, we can expect that of one million placements, no more than 60 will be outside 
the ±75 µm window  
 
Scenario 2: An MCT produced a cmk of 1.45 based on a certain specification limit. 
Because a cmk of 1.33 precisely defines a 4 σ process, we can expect a defect rate 
resulting from placement deviations of significantly below 60 DPM.   Placement Offset 
Optimization  

If, in the SMT production process, it is suspected that the entire placement pattern on the 
printed circuit board (PCB) has moved significantly in a particular direction because of 
external mechanical effects, the placement equipment must be recalibrated. This 
placement offset therefore must be reduced as far as possible. Surface mount device 
(SMD) electronics manufacturers with a large number of placement systems perform 
placement offset optimization in a similar way to MCT and use an additional measuring 
machine. The resulting placement offsets in the relevant positioning axes X, Y and q are 
entered manually in the placement system for the purposes of compensation. 

One method of placement-offset optimization that is integrated into the placement 
machines is described below.  

 
The idea here is to allow a similar measuring 
procedure to run in the placement machine, which 
usually is used as part of an MCT. The aim is that 
the machine determines a placement offset µ in X, 
Y and q, which then is used in such a way that it no 
longer occurs.  
The entire process is performed as follows: The 
largest possible number (e.g., 48) of glass 
components is placed on a glass board with double-

sided adhesive foil. Each of the glass components has reference marks on its outside 
edges. Reference marks also are located on the plate in the immediate vicinity of the 
component reference marks (Figure 2).  

 
Figure2. Principle for determining the 

placement offset. 



Directly after placement, four sequential images of the corresponding reference marks on 
the board and component are taken with a PCB camera. Then the placement offsets in X, 
Y and q determined by the evaluation program and accepted by the user are transferred 
into the relevant machine data memory areas.  
Conventional manual entry of the offsets is no longer necessary. As this integrated 
method uses relative measurement rather than absolute measurement, the positioning 
precision and dynamic response of the placement system do not adversely affect the 
quality of the results. Only the image resolution and quality of the PCB camera are 
significant.  
This described and patented method therefore has measurement machine properties. 
 
The following example shows how the cmk of 1.33 can be increased to 1.92 with 
integrated placement offset optimization. 
The following initial conditions are assumed:  

SL = 50 µm  
Standard deviation σ = 8 µm  
Placement offset µ = 18 µm  

Original cmk:  

Reducing the placement offset to, say, 4 µm as shown in Figure 3 results in a significant 
improvement of the cmk value.  

The cmk after 
optimization of 
the placement 
offset: 

  Conclusion  

A placement 
machine 
installed in the 
production line 

can be upgraded to the highest possible placement accuracy without the need for 
complicated, expensive and often unavailable measuring machines. More or less by 
simply pressing a button for the duration of the optimization process, the placement 
system is converted into a high-precision measuring machine. 

 
 
Figure3. Graphic representation of placement offset optimization. 



FLIP CHIP INTERCONNECT 
  

 

 
Flip Chip interconnect. 
(C4 makes way for electroplated bumps) 

Until recently, controlled collapse chip 
connection bump technology, developed 
in the late 1960s, provided a reliable 
interconnect for high-performance, 
leading-edge microprocessors. As device 
and wafer fabrication methods have 
progressed, however, evaporative bump 
technology has been increasingly unable 
to meet product demands. Electroplated bump technology, 
while not new, has emerged as one of the most desirable 
options currently available to meet increased interconnect 
requirements. 

For depositing bumps, electroplating offers the ability to reduce 
bump pitch, the flexibility to deposit different bump alloys, the 
capability to produce economical low-alpha bumps, and the 
potential to accommodate the demands of 300mm wafer 
processing.  
The technology's first three attributes can be instrumental in 
reducing overall system cost and enabling the migration of 
products from wire bond to flip chip, while keeping up with 

constant device shrinks. For 300mm wafer processing, electroplate offers a photo-based 
technology that can more readily accommodate the increase in wafer size.  
Moterola has developed electroplated wafer-bumping processes compatible with a range 
of bump compositions that enable fine pitch bumping, meet product requirements for 
higher I/O, bump over memory, and extend to 300mm wafer technology. (Photo courtesy 
of Moterola Semiconductor. 
As is usually the case with relatively immature technology, however, manufacturing 
electroplated bumps has its challenges. This article compares electroplate's attributes to 
those of evaporative bump technology, and describes challenges that could limit 
electroplate's widespread use. 
  Evaporated bump process  

The controlled collapse chip connection (C4) evaporative bump process, patented by IBM 
in the early 1960s, provided a method for producing multichip modules for the mainframe 
computer market and single chip packages for high-performance computing [1]. 

 

 



The evaporative process deposits solder bumps by selectively depositing metals through 
a molybdenum (Mo) shadow mask. The initial process step is an argon (Ar) sputter etch 
to remove the die bond pad oxidation and ensure low electrical contact resistance. The 
evaporation of chrome (Cr)/chrome-copper (Cr-Cu)/copper (Cu)/gold (Au) forms the under 
bump metallization (UBM). This structure acts as a hermetic seal, provides an electrically 
conductive diffusion barrier, and establishes a good mechanical base for the solder bump. 

 
Figure1. Evaporative bump process. 

Following the UBM layer deposition, the next step is to evaporate lead (Pb), followed by 
tin (Sn), to form the bulk of the bump. In the unreflowed state, the bump heights are 
consistent across the wafer, providing a good interface for probing or burn-in. In the final 
step, the bump is reflowed, which homogenizes the PbSn solder and allows the Sn to 
form an intermetallic compound with the Cu of the UBM, providing the necessary 
adhesion between the die and the bump (Fig. 1). 
   
Electroplated bump process  
Some of the earliest bumps using electroplate as a deposition method appeared in the 
late 1960s and early 1970s with tape automated bonding (TAB) [2]. Gold was the most 
common material used for TAB bumps and the technology was primarily accepted by the 
Japanese for its high-productivity potential in the manufacture of low-cost consumer 
products like calculators and watches. Since that time, electroplate has seen numerous 
derivations of the original TAB gold bump process in the evolution of technology leading 
to bumped wafers for flip chip components [3, 4]. 

 
Figure2. Electroplate bump process. 

An effective approach to the electroplate process for bumping wafers begins with a 
thorough cleaning of the wafer surface materials to ensure good electrical contact and 
adhesion of the bump to the wafer. After cleaning, the first metal layer of the bump's UBM 
base structure is sputtered on the wafer in blanket form. This first metal layer often uses 
titanium in combination with other refractory metals to provide optimum electrical contact 
to the device; this produces strong adhesion to the wafer surface constituents (polyimide, 
glass passivation, bond pad metallization, etc.), and acts as a diffusion barrier between 



the solder bump and the die metallization. Next, a thin metal seed layer, such as copper, 
is deposited in blanket form to provide a low-resistance electrical path for the 
electroplating process. 
To define the remaining bump structures that are to be selectively electroplated on top of 
the sputtered UBM, a thick photoresist coating, align, expose, and develop process is 
performed. After the photo process, it is necessary to electroplate more copper to provide 
a mechanically stable base for the bump; the solder bump alloy of choice is then plated to 
complete the structure. After plating is complete, the photoresist is stripped and the UBM 
layers are wet etched away. Ashing, fluxing, reflowing, and cleaning complete the process 
(Fig. 2). 
  Evaporated vs. electroplated bumps  

Bump pitch. 

Evaporated bump technology has extendibility issues when bump pitch is decreased 
below 225µm. The method used to fix the molybdenum mask to the wafer results in 
nonuniform clamping at the wafer edge and bowing of the mask across the wafer. 
Further, if the mask is not in physical contact with the wafer, metals can be deposited 
underneath, causing leakage or shorting between bumps. As bump pitch and diameters 
decrease, the mask must become thinner to accommodate the finer features. The thinner 
mask is thus not as rigid, which aggravates the nonuniform contact phenomenon. Another 
factor affecting fine pitch capability is the significant tolerance stack-up in the manual 
mask-to-wafer alignment procedure. This tolerance stack-up can prevent the UBM from 
covering the via, causing a nonhermetic seal and potential electromigration issues. 

 
Figure3. 100µm-pitch bumps. 

One of the most significant advantages of the electroplate bumping process is that it 
relies on photolithographic means to define the UBM and solder bump. Photolithography, 
in combination with a high-performance photoresist, permits extremely small structure 
definition and does not limit practical minimum bump pitch. For electroplate, bump pitch is 
limited more by assembly and reliability considerations than by the formation of the bump. 
Bumps have been successfully produced at 100µm pitch (Fig. 3). Figure 4 shows that, as 
device size decreases, bump pitch must also decrease to prevent possible die size 
increases for a given interconnect count. 



Solder alloys and bump over memory. 
Evaporated bump technology is fundamentally limited to high-lead, low-tin solders, such 
as 95/5 Pb/Sn or 97/3 Pb/Sn, in the conventional Pb/Sn solder system. Tin possesses a 
relatively low vapor pressure, limiting the effective rate at which it can be evaporated. The 
unacceptable trade-offs are either long solder deposition times, or solder melting on the 
wafer because of excessive tin source power levels. 
Electroplate, on the other hand, is not limited to high-lead, low-tin solders, and can quite 
readily process solders of any lead-tin composition as long as a chemistry is available. 
Electroplating is also adaptable to plating "no-lead" binary or tertiary alloys, which is 
becoming a requirement in many electronics assembly processes. 
The electroplate process also provides a benefit for products requiring bump over 
memory. Bump over memory provides a way to minimize die size in situations where 
significant memory is on board the die. Bump over memory requires that low-alpha 
radiation materials be used in the bump to prevent soft errors and potential data 
corruption of memory cells. Lead is the primary offender with high-alpha emission levels 
relative to tin. Electroplate is a selective deposition process, so very little lead is wasted 
compared to evaporative technology. Therefore, electroplating of low-alpha-emitting lead 
is economically feasible. 
300mm wafer-bumping capability. 
One significant challenge to wafer-level packaging development will be the introduction of 
the 300mm wafer. It is expected that high-performance microprocessors/memory will be 
the first to use 300mm wafers, which suggests that flip chip will be required when this 
technology is introduced. Today, evaporation technology does not appear to be 
extendible to 300mm wafers because of its dependence on molybdenum shadow masks. 
These masks have temperature compensation incorporated into their design to offset the 
mismatch in mask and wafer coefficients of thermal expansion (CTEs) that, at larger 
wafer diameters, aggravates the tendency for misalignment. As mentioned earlier, mask-
to-wafer alignment is a manual process and is therefore somewhat rudimentary. 

 
Figure4. Die size reductions and effect on bump pitch. 

Electroplate accommodates 300mm wafers quite well because photolithography 
eliminates CTE mismatch considerations. There is much work to be done, however, 
before the first electroplate-bumped 300mm wafer is produced. Attributes of bump height 
uniformity and composition across a wafer must be examined closely. Flow 
dynamics, cup design, and electrode design will be critical factors in controlling 300mm 
wafer electroplate. 
   



Electroplating challenges  
Although electroplate bumping offers many advantages over evaporation methods, it 
presents several challenges for initial implementation. The following are some of its more 
obvious problems.  

Wafer contamination. 
Incoming wafers have exposed metal bond pads with a thin oxide layer on the surface, 
and an initial plasma pre-clean is performed to remove the oxidation layer. Additional 
contaminants that need to be removed to initiate successful bumping are often found on 
the wafer surface, however. Contamination on the passivation surface may not allow 
proper adhesion of the UBM to the passivation or may cause underfill 
delamination at the die surface during assembly. Additionally, any residue left in the vias 
because of an error in the wafer fabrication process or from improper removal of residual 
organic photoresist may cause improper plating or contaminate a plating bath.  

UBM structure to work with all alloys. 
Electronic components are reflowed multiple times during the process of bumping, 
assembly, and final attach to the motherboard. During these multiple reflows, tin in the 
solder migrates to the UBM interface and forms intermetallics that provide a robust 
adhesion structure. Although tin plays this important role in forming intermetallics, if the 
thermal budget is exceeded, the tin can consume the UBM and lead to reliability failures. 
The specific UBM, bump alloy, and downstream thermal processing must be completely 
understood to maintain a reliable interconnect.  

Uniformity. 
Size and coplanarity of the completed bumps are dependent on a number of factors, 
including mask via 
sizing, plating uniformity, flow characteristics, resist uniformity, and plating current 
density. The variance in plating and bump height uniformity may be plating's largest 
challenge. Solution flow patterns, cup design, contact clip methodology, and current 
densities within a plating system must be optimized to achieve ideal uniformity across a 
wafer and, more importantly, across the die. Current densities are highest near the 
cathodes and, in general, plating is proportional to the current density as long as the 
plating is not diffusion limited. This tends to cause higher current densities and therefore 
faster plating rates at the edge of the wafer as compared to the center.  

Sputtered film etch. 
In the electroplate process, the UBM and seed metal materials are selectively etched 
from the wafer in the 
presence of solder. The primary concerns with this process are the undercut of the UBM 
structure and the oxidation of the solder because of the wet etch chemistries. Etch 
chemistries can preferentially attack the UBM structure and reduce the diameter of the 
UBM, diminishing the bump's mechanical integrity. Undercut can be affected by flow 
characteristics in the bath, location in a wafer boat, and etch chemistries. Tight process 
controls must be established to ensure that the proper etch attributes are achieved. 
Another important attribute of the etch process is the effect on the oxidation of the plated 



solder. The ability to successfully reflow bumps into their proper shape is compromised in 
cases where extreme oxidation occurs. This may cause non-wet problems during the 
process of joining the die to the component substrate.  

Reliability. 
Bumps play a crucial role in component reliability. Evaporated C4 bumps have a long 
history of reliability on ceramic substrates; many companies have used C4 technology for 
producing millions of devices. On the other hand, electroplated bumps do not have the 
extensive field data to support their widespread acceptance. Companies deciding to 
implement electroplate bump technology will be required to provide sufficient data 
demonstrating reliability. UBM design, structure, and materials, and the bond pad under 
the bump are as important as the robustness of the solder bump itself. The UBM/bump 
structure cannot be disassociated from the polyimide, underfill, and substrate with which it 
interfaces. It is the careful and knowledgeable combination of these complex constituents 
that provides the key to acceptable reliability. As device and reliability requirements vary 
by market and application, some companies will find it easier to implement electroplated 
technology than will others.  

  Conclusion  
Finding one wafer-level bumping process to accommodate all device and package 
roadmaps is a major 
objective. The flexibility of the electroplate bumping process has the potential to meet 
projected future needs. All major high-performance IC manufacturers either use or plan to 
use electroplating to service their advanced products. This process possesses the 
flexibility of depositing different solder and lead-free alloys, of producing bumps with very 
tight pitches, of using different metal films and sequences, and of obtaining heights and 
diameters customized to accommodate any product requirement. 
Electroplate bumping also appears to be the best potential process for wafer-level 
bumping of next-generation 300mm wafers. Most bumping processes are capital 
intensive; a prudent philosophy is to employ a single high-volume, high-yielding bump 
process to achieve a cost-effective product. This high-volume process must be 
flexible enough to accommodate any product requirements without adding or omitting 
major capital equipment sets.  
While the electroplate bumping process appears to be a good solution, there is still room 
for process improvements and equipment and process optimization. The process 
yield must be greater than 99% because the starting material is a completed IC. It is 
important to understand not only the cost of bumping, but the total system cost also. By 
making trade-offs when using concurrent engineering, a lower system cost may be  



NITROGEN IN REFLOW 
 

Nitrogen is used in reflow soldering to drive out the oxygen from the soldering 
chamber. This prevents the solder pads and component terminals to oxidise during 
reflow of the solder paste. 

  Nitrogen supply  

The nitrogen tank plant, consist of a nitrogen cryo-tank and a 
vaporiser.  
The cold fluid nitrogen is supplied by truck and pumped into 
the cryo-tank.  
When nitrogen is being used, the nitrogen vaporises at minus 
196 de-gree Celsius inside the vaporiser and become a gas. 
The nitrogen gas is then transported in copper tubing to the 
reflow furnace.  

Usually the “cold” nitrogen is applied directly into the reflow 
zone where the temperature could reach temperatures as high as 250 – 270 degrees 
Celsius. So, the delta T is quite high, when the nitrogen temperature is as low as 10 - 15 
degrees Celsius. This can cause some temperature regulation problems and finally 
results in large variation in soldering temperature. Especially in the winter time, the 
temperature of the nitrogen applied into the furnace could be very low. To overcome this 
a pre-heating of the nitrogen will be necessary. Usually it is enough that the supply tubes 
is installed inside the factory building the last 50 metres. It is also possible to preheat the 
nitrogen, by letting it run through some heating panels installed in hot spots inside the 
furnace. Usually the gas supplier can install a temporary tank plant for a period of time. 
This makes it possible to test the nitrogen effect on your own equipment, PCBs and 
components. The gas suppliers can help with a lot of the practical things, such as 
establishing the necessary tubing and applying for the necessary permission to install the 
tank plant etc. 

  Nitrogen consumption  

The amount of nitrogen used is very much depended on the reflow furnace used. If the 
furnace is an open type the nitrogen consumption will be very high. Maybe as high as 30-
40 m 3 /h. But if the furnace is of the closed types, where a curtain only opens when a 
PCB enters the furnace the nitrogen consumption can be as low as 14-16 m 3 /h.  

But the consumption also depend on the nitrogen regulation system. When using a rest 
oxygen measuring and nitrogen regulation system, only the necessary nitrogen will be 
applied. However the most important reason to use a rest oxygen measurement system 
and nitrogen regulation system, is that the oxygen level will be known at all times. This 
makes process control a lot easier. 



So what is the cost benefit of using the nitrogen? This has to be calculated in every 
individual case. The 
money savings due to the reduction in soldering failures can be calculated fairly easy. But 
the other benefits 
is more difficult to calculate. But, it all comes down to holding the savings and other 
benefits against the 
expenses to nitrogen and rent of nitrogen tank plant. 

  Benefits  

The benefits of using nitrogen in the reflow process, are often discussed and depends on 
a lot of factors. E.g. PCB solder pad surface, solder paste flux type, solder-ability of the 
component terminals etc.  
Whether or not there will be a real benefit of using nitrogen in the reflow process, it have 
to be investigated in the actual production facility.  
The nitrogen is used to drive out the oxygen from the soldering chamber and thereby 
prevent further oxidation of the solder land, solder paste particles and the component 
terminals. So, the short term benefit comes down to reduction of failures found in the 
visual and electrical tests. This is fairly easy to measure.  

However the long term benefit is more difficult to prove. of course an accelerated 
temperature cycle test can be used to indicate if less oxygen in the soldering process will 
add life time to the products. An indirect and faster way is to perform some pull off tests of 
soldered IC terminals and compare the pull off force of components soldered in air 
atmosphere and in nitrogen atmosphere.  
Underneath is a list of benefits divided into the three categories:  

• Improved soldering quality,  
• Enlarged process window, 
• Other benefits. 

Improved soldering quality. 

1. The higher surface tension and less reoxidation of the IC terminals will increase 
the wetted surface area of the terminals by up-to 30%. This increases the solder 
joints strength. 

2. The less reoxidation also improves the wetting on NiAu and bare copper solder 
lands. 

3. The higher surface tension minimises solder balling when using fine pitch solder 
paste containing smaller particles that has a larger surface area. The particles melt 
together more easily. 

4. The visual appearance of the solder joint surface will be smoother and in some 
cases shinier. 



Enlarged process window. 

1. The soldering process will be less sensitive to poor solderability of solder lands 
and component terminals. 

2. Makes it possible to use low or medium residue type flux. 
3. Larger security when soldering BGA components.  

Other benefits. 

1. A larger surface tension makes the components "swim" easier into place if placed 
inaccurate. 

2. A larger surface tension can hold larger and heavier components on bottom side 
when performing double sided reflow. 

3. Less reoxidation of presoldered joints on bottom side when performing double 
sided reflow. 

4. The exploitation of the solder paste can in some cases be increased by a higher 
reuse. 

  Investigate the benefits  

In the following paragraphs; level of rest oxygen, failure registration, visual inspection and 
solder joint strength test, I will discuss ways to investigate the benefits of using nitrogen in 
the reflow process, added with my experienced results. 

Level of rest oxygen. 
Now, what level of rest oxygen is acceptable in the soldering chamber? Again, this 
depends on PCBs, components and solder paste used. If the solder lands or component 
terminals have a poor solderability and the flux aggressiveness is low, a lower rest 
oxygen level will be necessary.  

The rest oxygen level, in my opinion, should be in the range of 1000 - 100 ppm depending 
on the mentioned factors. And if using low residue solder paste the oxygen level possibly 
should be even lower.  
The only way to find the correct rest oxygen level is to investigate the results at different 
levels. One way is, to solder a number of PCBs during a gradual reduction of oxygen and 
then inspect them visually. This will give a hint of what the maximum oxygen level should 
be.  

Failure registration. 
Since the, impact of using nitrogen is depended on the type of components, PCBs and 
solder paste used, it is important to perform a full scale production test. If soldering 
failures are already registered on all products in the production, it is fairly easy to see the 
results when adding nitrogen.  

To get a good picture, it is important to use nitrogen in a test period of at least 3 month. If 
there is no soldering failure registration available, it is necessary to collect these data for 



a period of minimum 3 month before adding the nitrogen to the soldering process.  
This reference is important to be able to make the correct decision, of whether or not to 
use nitrogen.  
The failure registration I performed, showed an average reduction, in the failure type 
"soldered but no connection" to between 1/3 - 1/4 compared with the level when soldered 
in air atmosphere.  

Visual inspection. 
A visual inspection in a microscope gives a good impression of the impact of a lower 
oxygen level during soldering. If the oxygen is lowered gradually during testing, it is easy 
to see the improved wetting of the component leads and solder pads as the oxygen level 
drops. This is especially easy to see on IC leads, where the alloy wets the bare copper 
toe and forms a perfect filling.  

 
Photo1. Improved 

wetting.  

The Photo 1, show’s the improved wetting of 
the component terminals after adding nitrogen 
to the reflow soldering process.  

The rest oxygen level in the reflow zone was 
approximately 300 ppm.  
As seen the solder alloy flows on to and covers 
the leads completely.  
At the heel of the IC lead, the alloy will flow 
higher and increase the solder joint attachment 
area and thereby also increase the solder joint 
strength. 

 

 
Photo2. wetting.  

As comparison, Photo 2, show’s the IC 
soldered in atmospheric air. 

It is not only the IC solder joints that are 
improved with nitrogen.  
Solder joints at SOT23, SOT89, coils etc. 
are also improved significantly when using 
nitrogen to prevent the reoxidation.  

Solder joint strength test. 
To investigate the long term effect of using nitrogen in the reflow oven, the terminal pull 
off test can be used as an indirect measurement.  
This test is done by pulling the cut free leads vertical of the PCB using a shear force 



tester. The results measured on nitrogen soldered PCBs is compared with the results 
measured on air soldered PCBs.  

To be able to compare the results, it is important to use the same lots of PCBs, solder 
paste and components. However to determine for sure that the solder joints have a longer 
lifetime it will be necessary to perform an accelerated temperature cycle test.  
The pull off tests of a QFP 0.65 mm lead pitch showed an increased joint strength of at 
least 10%. This is of course depending on the component terminals initially solder-ability. 
However an increase of joint strength is not the same as stating a 10% longer joint 
lifetime.  

  Disadvantage  

• The largest disadvantage of using nitrogen is the cost of nitrogen and rent of the 
tank plant. 

• A higher surface tension can result in a higher number of solder bridges at fine 
pitch component if the 
solder paste print is inaccurate. 

• Larger risk of tomb-stoning and skewing of small chip components with poor 
solder-ability. 



 

Glossary of Electronics Terminology  

Technical language barriers are quite commonplace today, and most of 
us have been confronted with at least a few elements of such a barrier 
from time to time. Advances in technology, and the introduction of new 
or unfamiliar product areas, all require an expansion of our technical 

vocabulary if we are to communicate effectively. Hopefully, this edition 
of the Glossary will serve as a valuable reference for improved 

communications.  

  

- A - 
A-B-C-D-E-F-G-H-I-J-K-L-M-N-O-P-Q-R-S-T-U-V-W-X-Y-Z 

 
Acceptable Quality Level: The maximum number of defects per every 100 units that are 
considered to be satisfactory as a process average.  

Acrylic: A synthetic resin made from acrylic acid or a derivative thereof. Acrylics possess 
the property of transparency, as well as offer flame resistance. 

Activated Rosin Flux:A mixture of rosin and small amounts of organic-halide activators 
or organic-acid activators. 

Activators:A substance that enhances the ability of a flux to remove oxides and other 
contaminants from surfaces being joined.  

Active Components:Electronic components such as semiconductors, transistors, 
diodes, etc., that can operate on an applied electrical signal and change its basic 
characteristics (e.g., switching, amplification, rectification). 

Active Hold-Down:The process of pressing a component lead directly in contact with a 
bonding pad during soldering to ensure intimate contact between the lead and pad. 
Intimate contact is important for proper heat transfer through the lead to reflow the solder. 
This is a characteristic of hot bar soldering, which utilizes a thermode to press the leads 
against the bonding pads. 

Additive Plating:A process in which the conductive, resistive, and insulating materials 
are successively plated to define traces, pads, and elements. 

Adhesion:The state in which two surfaces are held together by means of interfacial 



forces. 

Adhesive:A substance capable of holding materials together by surface attachment. 

Adsorption:The adhesion of gases or liquid molecules to the surface of solids or liquids 
with which they are in contact. 

Aerosol:Fluid or gas particles small enough to be airborne. 

Aerososl:Fluid or gas particles small enough to be sprayed. 

Aging:The change in the properties of a material over time and under varying conditions 
of humidity, temperature, pressure, etc. 

Alignment Holes (or Tooling Holes):Holes specifically designed in TAB tape for 
registration of a TAB frame. These holes can be located virtually anywhere on the tape 
site, however, locations are standardized in many cases. 

Alloy:A mixture of two or more metals combined to achieve properties, such as a lower 
melting point or greater strength, that the individual metals do not possess.  

Analog Circuit:An electrical circuit that provides a continuous relationship between its 
input and output. 

Angle of attack:The angle between the squeegee face and the plane of the stencil. 

Anisotropic Conductive Adhesive:Conductive adhesives that conduct electricity in one 
direction only. Also referred to as "Z-axis conductive adhesives." When using this type of 
adhesive, high Z-axis forces are required during bonding. Components attached using 
this material use the pick, place, and attach process. 

Anisotropic:A material that exhibits different properties when tested along axes in 
different directions. 

Annular Ring: That portion of conductive material completely surrounding a hole. 

AOI: (Automatic Optical Inspection) To inspect a pattern or object using a camera in an 
automated system.  

APQP:Advanced Product Quality Planning is a structured method of defining and 
establishing the steps necessary to assure that a product satisfies the customer. The goal 
of a product quality planning is to facilitate communication with everyone involved to 
assure that all required steps are completed on time. 

AQL: Abbreviation for "Acceptable Quality Level". A method of random sampling rather 



than 100 percent inspection. 

Aqueous Cleaning:A cleaning technique that uses water as the primary cleaning fluid. 

Aqueous Flux: An organic-chemical soldering flux that is soluble in water. 

Area Array TAB:A mounting configuration for a TAB frame to an IC where the inner 
leads are connected to bumps in an array pattern on the surface of the IC instead of on 
the perimeter, which is the case for typical TAB components. 

Array:A group of elements, such as solder bumps, or circuits arranged in rows and 
columns on a substrate. 

ASIC:A custom made circuit used for a specific application.  

Assembly:A group of components physically joined to a PCB or ceramic board. 

ATE:Equipment that automatically analyzes functional or static parameters to evaluate 
performance. 

Automated Test Equipment:(see ATE) 

Automatic optical inspection:(see AOI)  

Azeotrope:A blend of two or more polar and nonpolar solvents that act as a single 
solvent and can be used to remove both polar and nonpolar contaminants.  

Azeotropic Mixture:A liquid mixture of two or more substances that behaves as a single 
substance. 
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B-Stage PCB:Refer to "prepreg." 

Bake Out: Subjecting a laminate to an elevated temperature in order to remove moisture 
and unwanted gases prior to final sealing. 

Ball Grid Array: (See BGA) 

Bare Board: An unassembled (unpopulated) printed board. 

Bed-of-Nails Fixture: A test fixture consisting of a frame and holder containing a field of 
spring-loaded pins that make electrical contact with a planar test object. 

Bend Radius: The radius at the inside of the bends at both the lead shoulder leading to 
the leg and the base of the leg leading to the foot. 

BGA: A leadless surface-mountable package in which solder ball interconnects cover the 
bottom surface of the package in a checkboard fashion. BGAs are reflow soldered to 
PCBs using a mass reflow process. 

Bias Cut: Material cut at 45 degrees from the normal weave pattern. 

Binder: the organic or inorganic material which encapsulates and holds together the base 
in reinforced or otherwise heterogeneous composites.  

Blind Via: A via hole extending only to one surface of a printed circuit board. 

Blister: A localized swelling and separation between any of the layers of a laminated 
base material, or between base material and conductive foil. It is a form of delamination. 

Blow Hole: A void caused by outgassing. (Outgassing is a gaseous emission from a 
printed circuit assembly when exposed to a reduced pressure or heat or both. 

Board: An organic printed circuit card or board on which smaller components, cards, or 
modules can be mounted. 

Body: The insulating part of an interconnect.  

Bond lift-off : A failure by separation of a bonded (or soldered) lead from the pad surface 
(substrate). 

Bond Strength : The force per unit area required to separate two adjacent layers of a 
package. The force is applied perpendicular to the surface of the package. 

Bonding Alloy: A term sometimes substituted for solder. The "bonding alloy" can be 
application specific; the most common to fine pitch bonding is eutectic Sn/Pb solder. 



Bonding Pads: Copper traces, or pads, on a substrate to which leads are bonded. 
Dimensions and thermal path from the bonding pads must be properly designed to 
achieve uniform solder reflow. 

Bonding: The joining of two materials. For instance, the attachment of a component to a 
substrate. 

Boundary Scan: An approach to the testing of printed circuit board assemblies that can 
be used to diagnose individual circuit failures by embedding the test circuits into the board 
and in the most failure-prone integrated circuits. 

Bow: The deviation from flatness of a board characterized by a roughly cylindrical or 
spherical curvature such that if the board is rectangular, its four corners are in the same 
plane. 

Breakaway panels: PCBs held together with breakaway tabs to make handling, 
placement and soldering easier and more efficient. Boards are snapped apart at the end 
of processing. 

Bridge: Solder that effectively joins two conductors that should not be electrically 
connected, causing a short. 

British Thermal Unit (B.T.U.): the quantity of heat required to raise the temperature of 
one pound of water 1°F from 58.5°F to 59.5°F (its point of maximum density).  

Built-in Lead Stress: The force within leads of a molded carrier ring or TAB component 
that result in lead skew or splay after the excising process. Possible causes include the 
dam bar removal process, the stamping process used to produce lead frames, or stress 
induced during prior thermal or mechanical processing of the components. 

Built-In Self Test: An electrical testing technique in which hardware is added to the chip 
to allow the integrated circuit to test itself with minimal use of test equipment. 

Bump: A small mound formed on the device or the substrate pads that can be used as a 
contact for face-down bonding. This is a method of providing connections to the terminal 
areas of a device.  

Burn-In: The process in which a device is electrically stressed by subjecting it to an 
elevated temperature and voltage for an adequate period of time to cause the failure of a 
marginal device. 

Butt Joint: A solder joint where the end of the lead sits on the solder pad.  
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C-4 (Controlled Collapse Chip Connection): A solder joint connecting a substrate 
directly to an IC in a flip chip configuration. In this packaging scheme, a solder ball is 
formed on the IC, the IC is placed active circuitry down onto a substrate, and the solder is 
reflowed. As the solder melts, the solder balls collapse into a shape controlled by the 
surface tension of the liquid solder while supporting the weight of the IC. 

C-5 (Controlled Collapse Chip Carrier Connection): The same technology as C-4 
except the IC is mounted in an intermediate carrier (ceramic or FR-4) using conventional 
technology, and the chip carrier, having the solder balls, is mounted directly to the 
substrate and reflowed. 

C-Stage: Refer to "laminate." 

CAD/CAM: Computer-aided design is the use of special software tools to formulate 
printed circuit patterns. Computer-aided manufacturing translates such designs into actual 
products. These systems include mass memory for data processing and storage, inputs 
for design creation and output devices for converting stored information into drawings and 
reports. 

Capillary Action: The effect of surface tension that draws a liquid into a small opening. 
So a combination of natural causes that forces molten solder to flow against gravity 
between closely spaced solid surfaces. 

Card: A printed circuit board of smaller dimensions is commonly referred to as a card. A 
card is generally one level lower than the printed circuit board in the hierarchy of 
packaging. A card is also referred to as a daughter board. 

Celsius: also referred to as Centigrade, is equal to the difference between the 
temperature in Fahrenheit less 32 and the quantity divisible by 1.8. 
formula: °C = (°F-32) ÷ 1.8  

CEM: Composite Epoxy Material 

CEM-1: CEM-1 is a paper based laminate with one layer of woven glass fabric. It is not 
suitable for PTH.  

CEM-3: CEM-3 is a laminate very similar to FR4. Instead of woven glass fabric a 'flies' 
type is used. CEM-3 has a milky white color and is very smooth. It is a complete 
replacement for FR4 and has a very large market share in Japan.  

Ceramic Ball Grid Array (CBGA): A ball grid array package with a ceramic substrate. 

Ceramic Column Grid Array (CCGA): The same as CBGA except the solder balls are 
replaced by solder columns. The advantage of columns is that the inherent flexibility of 
the columns help compensate for CTE mismatch between the ceramic component and 
the FR-4 board. Columns are required rather than solder balls for components greater 
than 25mm square. 

Ceramic: An inorganic, nonmetallic material. Examples include alumina or glass-ceramic. 
Ceramics are often used in forming ceramic substrates for the packaging of 
semiconductor chips. 
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Dam Bar: A temporary part of the lead frame used to inhibit the flow of plastic during the 
molding process for molded carrier ring (MCR) and plastic quad flatpack (PQFP) 
components. The dam bar is removed prior to testing or placing the component because 
it is a part of the copper lead frame and thus shorts all of the leads together. 

DCA: Direct Chip Attach. A chip-to-substrate connection intended to reduce the first level 
of packaging. Here, the silicon die is inverted and mounted directly to the PCB. Also 
referred to as chip-on-board technology. 

Defect: Any nonconformance to specified requirements by a unit or product. 

Deionized Water: Water that has been treated to remove ionized material. 

Delamination: A separation between plies within the base material, or between the base 
material and the conductive foil, or both. (see Blister) 

Dendritic Growth: The metallic growth between pads in the presence of moisture and an 
electrical bias. 

Density: The weight of a material in relationship to its volume. 

Design of Experiment: (see DOE) 

Device: An individual electrical circuit element that can't be further reduced without 
destroying its intended function. 

Dewetting: A situation where a lead or pad was at one point in the soldering process 
wetted by the solder, but due to extended time or temperature, the presence of 
intermetallics, volatiles or other causes, has become withdrawn from the wetted surface.  

Die Bonder: The placement machine for chips in a chip-on-board process line. 

Die Bonding: The attachment of an integrated circuit chip to a substrate. 

Die Sorter: Equipment that picks die from a wafer and presents them for their next 
process step. When used in reference to bare die placement machines, the die are 
presented for pick by the machine's placement nozzles. 

Die: Integrated circuit chip as diced or cut from the finished wafer. 

Dielectric: Nonconducting material used to encapsulate circuitry and in the manufacture 
of capacitors and printed circuit boards. 

Diffusion: A material transport phenomena that occurs in solids, and is caused by the 
continual physical motion of atoms from one position to another. This results in the flow of 
material from regions of high concentraion to regions of low concentration. 

Dilatant: Fluid characterized by an increase in viscosity with an increasing shear rate. 

DIP Socket: A connector for a Dual In-Line Package, or one that has its leads in two 
parallel rows.  
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Elastomeric: A material that at room temperature can be stretched repeatedly to at least 
twice its original length, and upon release of the stress, will return with force to its 
approximate original length. A rubber band is an example. 

Electro-Deposit Copper: Copper used in manufacturing TAB tape. From a sputtered 
seed layer of copper, the copper is electroplated (grown) to a desired thickness, typically 
1 ounce or 1.4 mils thick. The copper is usually grown on a base material, and is 
separated from this material upon completion of the deposition process. 

Electrode: A conductor through which a current enters or leaves an electrolytic cell, 
vacuum tube, or any nonmetallic conductor. 

Electroless Plating: Deposition of metal (without any external electric current) by an 
exchange reaction between metal complexes in the solution and the metal being coated. 

Electroplating: A method of electrically depositing metals of very precise compositions 
and thicknesses onto a base metal.  

Electrolytic Corrosion: Corrosion by means of electrochemical action.  

Electromigration: The electrolytic transfer of metal from one conductor to another 
conductor separated from the first conductor by a dielectric medium. 

Electronic Packaging: The technology of interconnecting semiconductor and other 
electronic devices to provide an electronic function. 

Electroplating: Deposition of metal onto a cathodic surface by passing DC current into 
an electrolytic solution. 

Elongation: the fractional increase in length of a material stressed in tension.  

Emissivity: The ratio of the radiant energy emitted by a source to the radiant energy of a 
perfect radiating surface (black box) having an equivalent surface area with all other 
relevant conditions being the same. 

Emulsion: A stable mixture of two or more immiscible liquids held in a suspension by 
small percentages of emulsifiers. 

Encapsulant: The material used to cover COB devices to provide mechanical protection 
and to ensure reliability, typically an epoxy. 



Encapsulation: The sealing or covering of an element or circuit for the purpose of 
mechanical and environmental protection. 

Epoxy Resin: A material that forms straight chain thermoplastic and thermosetting 
resins. Expoxy resins have excellent mechanical properties and good dimensional 
stability. 

Epoxy: A thermosetting polymer containing the oxirane group.  

Eutectic: The minimum melting point of a combination of two or more materials. The 
eutectic temperature of an alloy is always lower than the melting point of any of its 
individual constituents. The eutectic temperature is the particular temperature at which 
the eutectic occurs. Eutectic alloys, when heated, transform directly from a solid to a 
liquid and do not show any pasty regions. For example, eutectic solder paste has a 
composition of 63% tin (Sn) and 37% lead (Pb), and has a eutectic temperature of 183ºC. 

Excising: Cutting component leads free from the remainder of the package to prepare 
the component for forming or placement. 
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Failure: The temporary or permanent functional impairment of a component or device 
caused by physical, mechanical, chemical, or electrical damage. 

Fahrenheit: equals 1.8 multiplied to the sum of the temperature in Celsius and 32. 
formula: - °F = 1.8 x (°C + 32)  

Fiducial: A specific mark incorporated in the circuit artwork and used by machine vision 
to identify artwork orientation and location. 

Filler Materials: Ceramic or metallic particles used to modify the properties of polymers. 

Fillet: A smooth, concave junction where two surfaces meet. The quality of a solder fillet 
determines the strength of the joint.  

Fine Pitch: Surface mount components with a lead pitch of at least 50 mils. Fine pitch is 
more commonly used to refer to components with a lead pitch of 25 mils or less. These 
packages usually require vision assistance for accurate placement. 

Fixture: A device that interfaces the PCB to the process machine center(s). 

Flat Pack: An integrated circuit package with leads on two or four sides. The leads on 
these packages are either gull wing or flat, and have standard spacing. Packages with a 
lead pitch below 50 mils are referred to as fine pitch packages. 

Flex Circuits: Flexible printed circuit boards made using thin polyimide or polyester film 
with copper circuitry on one or both sides of the flex. Flex circuits can be single or 
multilayer. 

Flip Chip Attach (FCA): (see DCA) 

Flip Chip: Any packaging scheme in which the active circuitry of an IC is placed facing 
the surface of the substrate. So A leadless structure which is designed to electrically and 
mechanically interconnect to the circuit by means of an appropriate number of bumps 
located on its face which are covered with a conductive bonding agent. Examples are flip 
TAB and C-4. 

flip chip interconnection:In this process, the bumped device is mounted to the substrate 
active side down. The technique is called "flip chip" because the active circuitry faces 
down instead of up, as in the case of wire bonded devices.  

Flip TAB: A mounting configuration for a TAB component where the active circuitry of the 
IC is placed facing the surface of the substrate. 

Flood bar: A device on a stencil-printing system that drags solderpaste back to the 
starting point after the squeegee has made a printing stroke. 

Fluorocarbon: The liquid vaporized in Vapor Phase reflow soldering. 

Flux Activation Temperature: The temperature at which flux is active enough to remove 
oxides from the metals being joined. 

Flux Activity: The efficiency of a flux to promote the wetting of a surface with molten 
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Gang Bonding: A process in which multiple mechanical or electrical bonds are made by 
means of a single stroke of a bonding tool. 

GelPak: A matrix tray style feeder without pockets, that consists of a tacky gel over a 
mesh. The components are placed in a regular array on the tray and are held in place by 
the tacky gel. When picking components, vacuum is applied through the bottom of the 
tray, pulling the gel through the mesh and releasing the die. 

Glass Fabric: Glass yarns woven in a specific pattern. 

Glass Transition Temperature: The temperature above which a polymer loses its 
properties of glass and behaves as an elastomer. Glass transition temperature is 
characterized by a decrease in elastic modulus and an increase in CTE. 

Golden boy: A component or assembly tested and known to function to spec, then used 
to test other units via comparison. 

Green Strength: The strength of a substance, joint, or assembly before it has been 
cured. 

Ground Plane: An electrically-conductive plane in a multilayer circuit that connects a 
number of circuit elements to grounding electrodes. 

Gull Wing Lead: A lead configuration, usually found on small outline packages, where 
the leads are bent. The end view of these packages resembles a gull in flight. 
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Halide: Compounds containing fluorine, chlorine, bromine, iodine or astatine. They may 
be part of a flux system (as activators) and, as corrosives, must be removed. 

Halide Content: The ratio of the mass of free halides to the mass of solids in a flux, 
expressed in mass percent of free chloride ions. 

Halo: A bright or dark ring around a drop of molten solder on a flat surface. 

Hard water: Water containing calcium carbonate and other ions that may collect on 
cleaning equipment interiors and cause clogging. 

Hardener: A chemical added to a resin to advance curing, i.e., a curing agent. 

Heat Treating: A process that uses precise heating and cooling of metals after stamping 
and forming in order to optimize internal stresses and spring properties.  

Hermetic: The sealing of an object so it is airtight. 

Hot Bar Soldering: A process in which a heated bar simultaneously solders all the leads 
of a device to the pads on a PCB. 

Hot Gas Reflow: A solder reflow process that uses a heated gas, including air, as the 
mode of heat transfer. 

Hydrophilic Solvent: Refer to "polar solvent." 

Hydrophobic Solvent: Refer to "nonpolar solvent." 
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ICT: An electrical test of a PCB assembly in which each component is tested individually, 
even though many components are soldered to the PCB.  

ILB Window: The opening in TAB tape where the innermost extremities of the lead are 
bonded to the IC. 

In-Circuit Test: (see ICT)  

Inert Atmosphere: A gaseous atmosphere that is not conducive to chemical reactions, 
such as helium or nitrogen. 

InfraRed (or IR) Reflow: A technique in which long wavelength light serves as the heat 
source to reflow solder and form solder joints. 

Innovation: Innovation is the whole process from: invention, development, pilot 
production, marketing, production. Invention is just invention (.Innovation = creative idea + 
implementation.) 

IR Shadowing: When connector bodies or other components prevent the infrared energy 
from directly striking some solder joints, causing non-uniform heating.  

Injection Molded Boards: Printed circuit boards made by molding filler-reinforced resins 
into a desired shape. Routing and through hole metallizations are performed by seeding 
and plating, or by printing. An alternative approach is to transfer mold the interconnect 
directly onto the injection molded cards.  

Inner Lead Bonding (ILB): The process of attaching the IC to a TAB tape site. 

Inner Lead: The innermost portion of the lead on a TAB tape site that extends into the 
ILB window. 

Inner Ring: A strip of polyimide between the inner and outer lead bonding areas on a 
TAB tape site. This strip typically encircles the entire IC. It is a common feature in many 
TAB tape designs, but is not found in all cases. 

Inorganic Flux: An aqueous flux solution of inorganic acids and halides. 

Insulators: A class of materials that do not conduct electricity and are characterized by 
high resistivity. 

Integrated Circuit: A microcircuit that consists of interconnected elements inseparably 
associated and formed in-situ on or within a single substrate, usually silicon, to perform 
an electronic circuit function. 

Interconnect: The conductive path required to achieve connection from one circuit 



element to another. 

Interconnection: The conductive path required to achieve a connection from a circuit 
element to the remainder of the circuit. 

Interleaver: A polyester film used to protect and separate TAB tape layers. It is used 
whenever TAB tape or TAB components are handled in a continuous tape format. 

Intermetallic: Chemical compounds formed between the metals present in the solder, 
base metal and protective platings. Intermetallic formation is necessary for good solder 
joints, but excessive intermetallics can cause brittleness.  

Isotropic Conductive Adhesive: Isotropic adhesives conduct electricity in all directions. 
This means the adhesive can be dispensed only on those areas (pads) where a circuit 
path is required (i.e., where bumps will attach). 
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JIT: Minimization of inventory by supplying material and components to the production 
line directly before placement into the product. 

Just-In-Time: (see JIT) 

J-Lead: A lead configuration usually used on plastic chip carrier packages. J-leads are 
bent underneath the body of the package, with a side view resembling the shape of the 
letter "J." 
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Keeper Bar: A nonconductive polyimide strip located at the end of the leads to be 
bonded. Its purpose is to maintain lead integrity from the time the component is excised 
until it is bonded in place. Keeper bars are typically formed during the excising process, 
and are mainly found on extremely fine pitch components. 

Kelvin: The absolute temperature scale (metric). 
formula: - K = °C + 273  
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Laminate: A stack of prepregs with copper foils on either surface after lamination during 
PCB fabrication. 

Lamination: A heat and pressure cycle used to consolidate a stack of prepregs into a 
solid block. The term also refers to the consolidation of a stack of laminates (with circuitry) 
to form a PCB. Lamination is referred to as the C-stage in PCB fabrication. 

Land Pattern: The complete configuration of the lands to which a surface mount 
component is attached. Also called a footprint or a pad. 

Land: A metallized conductor on a PCB that is designed to accept a surface mount 
component lead. 

Laser Soldering: A method of soldering in which the heat required to reflow a solder 
interconnection is provided by a laser (YAG or CO2). In this process, the solder joints are 
heated sequentially and cooled rapidly. 

Laser: An acronym for "Light Amplification by Stimulated Emission of Radiation." 

Leaching: The movement of metal atoms from the lead base metal into liquid solder. This 



is prevented by nickel plating. May also refer to alloying of a gold protective plating into 
the solder.  

Lead (Pb): A soft heavy gray metal used in solder and other alloys. 

Lead Configuration: The conductors extending from a device, which function as both 
mechanical and electrical connection points.  

Lead Coplanarity: The position of all of the component leads with respect to one another 
using a reference plane defined by the three lowest leads of a component. 

Lead Forming: After excising, forming the lead into a specific shape or profile required 
for placement and bonding. The typical lead form profile is a gull-wing shape. 

Lead Frame: A sheet metal framework etched to form an array of metal traces (leads). 
An IC is attached to the lead frame at the innermost portion of the leads, and the 
outermost portion of the leads is attached to the next level of the assembly. However, 
lead frames are the basis for molded carrier ring (MCR) and plastic quad flatpack (PQFP) 
components, while TAB frames are the basis for TAB components. 

Lead Pitch: The sum of the lead width and lead spacing. Typically stated as the distance 
between the center of one lead to the center of an adjacent lead. 

Lead Plating: The metal coating on a component lead. Common lead plating materials 
are pure tin (Sn), pure gold (Au), and eutectic tin/lead solder (63% Sn/37% Pb). 

Lead Spacing: The distance between adjacent leads in a defined area of a component. 

Lead Thickness: In reference to component leads, it is the sum of the thickness of the 
base metal, plating, and total fabrication tolerances. Lead thickness is a critical element in 
determining the dimensions and proper clearances in excise and form tooling. 

Lead Width: The width of the lead in a defined area of a component. 

Lead: A wire that connects two points in a circuit; it is usually self-supporting. 

Leaded Device: Electronic devices that have electrical leads extending from the body of 
the package. 

Leadless Device: Electronic devices which do not have electrical leads extending from 
the body of the package. These packages could have solder bumps or lands located on 
the package. 

Leakage Current: A small amount of current that flows through or across an insulator 
between two electrodes. 



Leg Angle: The angle of the vertical portion of a lead with respect to a plane 
perpendicular to the plane defined by the bottom of the component. 

Leg Length: The part of the component lead between the two bend radii. The leg length 
is directly related to the overall lead form height. 
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Mean time between failure: (see MTBF) 

Melting Range: The difference between the solidus and liquidus temperature. 

Mesh Porosity: The ratio of the amount of open area in a mesh versus the amount of 
closed area in a mesh. 

Mesh Size: The number of openings per inch in a screen. For example, a 325 mesh 
screen has 325 openings per inch. 

Metal Composition: The composition of metals in an alloy that go into solder paste. 

Metal Content: The percentage weight of the solder alloy powder in solder paste. 

Metal-Core Boards: Boards built with a metallic core and an organic or inorganic 
insulation on either sides of the core. The core could be made of steel, stainless steel, 
aluminum, copper, or a laminate of metals (in most cases copper invar copper or copper 
tungsten copper). The insulation of the core is done prior to metallization. 

Metering Rolls:Successive rollers used to control the fabric to resin ratio during the 
impregnation of resin onto glass fabric. 

Micron: One millionth of a meter, and another term for micrometer. An easy conversion 
scheme is to remember that 25.4 microns=0.0254mm=0.001"=1 mil=1,000 microinches. 
With this formula memorized, it is simple to translate between inch and metric references. 

Microstructure of Material: Atomic structure of a material. In bonding applications, 
refers to the effect of atomic structure on material behavior during various steps in the 
excise, form, and bonding processes. 

Misalignment: Misregistration of the centerline of the component lead with respect to the 
centerline of the bonding pad on the substrate. 

Misregistration: The lack of adequate dimensional conformity between two or more 
patterns or features. Examples include misregistration of a board with respect to a stencil 
or the misaligment between layers of a printed circuit board. 

Mold Flash: Plastic debris remaining on a plastic molded package after the component 
manufacturing process. This can occur on molded carrier ring (MCR) and plastic quad 
pack (PQFP) components. 

Molded Carrier Ring (MCR) Component: A packaging technique for ICs that utilizes a 
plastic molded body and guard ring. MCR were developed to reduce damage to leaded 
surface mount packages caused by normal handling. The guard ring also acts as a 
common form factor for the development of automation such as test, burn in, and excise 



and form. 

MTBF: The statistical mean average time interval, usually in hours, that may be expected 
between failures of an operating unit. Results should be designated actual, predicted or 
calculated. 

Multichip Module: A module capable of supporting several ICs in a single package. 
Typically, multichip modules are based on ceramic, contain high performance ICs with 
high pin count, and use some form of advanced interconnect technology such as TAB, 
COB, or C-4. The parameters used to define a multichip module are vague, but one basic 
criterion is a package that is no less that 20% silicon, has no fewer that 100 I/O on a 
substrate, and has no fewer that four layers. 

Multilayer Board: A PCB that uses more than two layers for conductor routing. Plated via 
holes are used to connect the internal layers to the outer layers. 

Multilayer Ceramic: A stack of alternating metallic and ceramic layers with vias 
interconnecting them. 

Multilayer Substrate: Organic substrates composed of more than one laminate. Cofired 
multilayer ceramic substrates are also referred to as multilayer substrates. 

Multiple Metal Layer Tape: An advanced TAB tape that has more than one conductive 
layer. This tape design is complex, including ground planes and interconnections between 
conductive layers, and is only used in select high performance applications. 
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Neutralizer: An alkaline chemical added to water to improve its ability to dissolve organic 
acid flux residues.  

Nitto tape: Tape that sliced silicon wafers are placed on prior to dicing. 

Nonactivated: A natural or synthetic resin flux without activators. 

Nonionic: Refer to "nonpolar." 

Nonpolar Solvent: A solvent that is not electrically conductive and will dissolve nonpolar 
compounds such as hydrocarbons and resins. 

Nonpolar: A condition in which a substance does not ionize in water. 

Nonwetting: A condition in which molten solder has contacted a surface, but the solder 
has not adhered to all of the surface, and a portion of the base metal may be exposed. 
Nonwetting occurs when there is a barrier (intermetallic or oxide) between the two joining 
surfaces. 
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Off-Contact: A stencil printing method in which the printer is setup so there is a space 
between the stencil and the substrate. 

OLB Window: An opening in TAB tape that the outer leads span. Typically, this opening 
is where outer leads are excised from the tape. 

Omegameter: An instrument that measures ionic residues on PCB surfaces via 
immersion of an assembly into a water-alcohol mixture of a known high resistivity, after 
which a drop in resistivity due to ionic residue over time is measured and recorded. 

Open: A complete break in a metal conductor path. 

Open: A condition in which solder fails to bridge the gap between lead termination and 
the pad, resulting in a loss of electrical continuity. 

Organic PCB: A printed circuit board made from organic material (epoxy, polyimide, 
etc.). 

Outer Lead Bonding: The process of joining the leads of a component to the next level 
of the assembly immediately following placement. Commonly referred to as OLB. The 
bonding method can be laser, hot gas, or hot bar. 

Outer Lead: The length of lead that extends across the OLB window. It is typically 
excised, formed, and attached to a substrate. 

Outgassing: The gaseous emission or de-aeration from a PCB or solder joint. 

Over Molded Plastic Array Carrier (OMPAC™): Motorola®'s trade name for plastic ball 
grid array components (PBGA). 

Oxide Content: The amount of oxides present on the surface of solder powder. 
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Packaging Density: The quantity of components, interconnections, and mechanical 
devices per unit volume. 

Packaging Level: The various members that comprise the packaging hierarchy, such as 
chip, chip carrier, PCB, system, etc. 

Pad: A portion of the conductive pattern that is typically used for the connection, and/or 
attachment of components. Also called footprint or a land. 

Passive Hold-Down: The process of holding the component lead in contact with the 
bonding pad by pressing on the body of the component during the soldering process to 
ensure intimate contact between the lead and bonding pad. Intimate contact is important 
for proper heat transfer through the lead to reflow the solder. This is commonly used in 
laser and hot gas soldering. 

PBGA: Generic name for a BGA component constructed on organic substrate material, 
such as FR-4, overmolded with plastic. 

PCB: The term generally used for printed circuit configurations such as rigid or flexible, 
single, double, or multilayered boards that are completely processed. A PCB or PWB is a 
substrate of a glass fabric impregnated with a resin (ususally epoxy) and cured and clad 
metal (almost always copper) upon which a pattern of conductive traces is formed to 
interconnect components. 

PCMCIA: Personal Computer Memory Card International Association. This association 
was formed with the goal of promoting interchangeability of IC cards among a variety of 
computer and other electronic products. Both memory and peripheral expansion (I/O) 
card types are defined by this standard. The cards are all 85.6mm in length and 54mm in 
width with a 68-pin edge connector. There are three different formats for different 
applications with thicknesses of 3.3mm, 5.0mm, and 10.5mm. 

Peel Strength: A true test of the adhesion between the lead and the bonding pad after it 
has been soldered. This parameter is determined by peeling the component lead off the 
bonding pad using special fixturing on a pull tester. 

Phenolic Resin: as synthetic resin produced by the condensation of phenol with an 
aldehyde (usually formaldehyde).  

Photolithography: The science of replicating complex circuitry onto the surface of the 
specimen. 

Pick-and-Place: The assembly process in which components are selected and placed 
onto specific locations of the PCB. 

Pitch: The center-to-center spacing between pads, rows of bumps, pins, etc. 

Placement: The manual, semiautomatic, or automatic placement of a component, device, 
or chip at its intended position at a given packaging level. 

Planarity: Planarity refers to substrate surface flatness. It is another term for board 
warpage. 
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Quad Flat Pack (QFP): A ceramic or a plastic chip carrier in which the leads project 
down and away from all four sides of a square package. 

 

- R - 
A-B-C-D-E-F-G-H-I-J-K-L-M-N-O-P-Q-R-S-T-U-V-W-X-Y-Z 

 
Radiation: The combined process of emission, transmission, and absorption of thermal 
energy between bodies separated by an empty space. 

Reflow Soldering: A process for joining surface mount parts into a solder paste for 
permanent interconnection via passage through various stages including preheat, 
stabilization/drying, reflow spike and cooldown. 

Reflow: The application of heat to a surface containing a thin deposit of a low melting 
point metal or alloy (e.g., solder paste tin lead alloy), resulting in the melting of the 
deposit, followed by its solidification. 

Reliability: The continued conformance of a device or system to a specification over an 
extended period of time.  

Repair: An operation that restores a part or assembly to a condition in which it can be 
used. 

Repeatability: The ability of a process to accurately return to a specific target. A 
designation for evaluating process equipment and consistency. 

Residues: Contaminants left behind on the surface of the substrate or the PCB as a 
consequence of both preassembly and assembly operations. 

Resin Flux: A resin and small amounts of organic activators in an organic solvent. 

Resin Impregnation: The process of coating a glass fabric by resin using metering rolls 
to control the fabric to resin ratio. 

Resin: An organic polymer which, when mixed with a curing agent, crosslinks to form a 
thermosetting plastic. 

Resistance: The property of a material to oppose the flow of current. 



Rework: A manufacturing operation that restores a part or an assembly to an operable 
condition. The reworked part/assembly should meet or surpass specifications. 

Rheology: The study of the change in the form and flow of matter, embracing elasticity, 
viscosity, and plasticity. 

Rolled Annealed Copper: A type of copper used in manufacturing TAB tape. The copper 
is passed through a series of rollers to achieve a desired thickness, typically 1 ounce or 
1.4 mils thick, and then annealed to remove the internal stresses created by the rolling 
process. 

Rosin Flux: Rosin in an organic solvent or rosin as a paste with activators. 

Rosin: A hard, natural resin, consisting of abietic acid and pimaric acids and their 
isomers, some fatty acids, and terepene hydrocarbons. Resin is extracted from pine trees 
and subsequently refined. 
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Saponifier: An alkaline chemical added to water to improve its ability to dissolve rosin 
flux residues. 

Screen Printing: The transfer of a pattern onto a surface by forcing a suitable material 
through a screen with a squeegee. 

Self-Alignment: The tendency of certain slightly misaligned components (during 
placement) to self-align with respect to their land patterns during reflow soldering. It 



occurs due to the surface tension of molten solder.  

Self-Planarizing Head: A mechanism integrated into the head of an outer lead bonder 
that allows the bottom surface of the thermode blades to adjust to the plane defined by 
the surface of the substrate. 

Shadowing: The failure of molten solder to wet the leads of surface mount components 
due to their location on the board during wave soldering or the cause for insufficient 
heating of surface mount components due to their location on the board during infrared 
reflow soldering. 

Shear Strength: The force required to shear apart adhesive-bonded and cured materials 
and/or components. 

Shipping Tube: In reference to molded carrier ring or TAB components in slide carriers, 
it is the tube in which components are vertically stacked for shipping and feeding into 
excise and form feeders. 

Short: An unwanted connection between conductor paths. 

Silver chromate test: A qualitative check for the presence of ionic halides in RMA fluxes. 

Single Layer TAB Tape: Tape constructed with a single conductive metal layer, typically 
70 micron thick copper. This type of tape is generally used in low lead count applications, 
and is not commonly seen. 

Single-Layer Board: A printed circuit board that contains metallized conductors on one 
side of the board only. 

Slide Carrier: A carrier for handling singulated TAB components. The slide carrier looks 
and functions similarly to the outer ring of a molded carrier ring component. It serves to 
facilitate component test, burn-in, and mechanical registration in a set of tooling. Slide 
carriers come in three basic sizes, 35mm, 48mm, and 70mm. 

Slump: A spreading of material (solder paste, adhesive,thick film, etc.) after stencil 
printing (or dispence) but before curing. 

Small Outline Integrated Circuit (SOIC): An integrated circuit surface mount package 
with two parallel rows of gull-wing leads. 

Small Outline J-Leaded (SOJ): An integrated circuit surface mount package with two 
parallel rows of J-leads. 

Small Outline Transistor (SOT): Discrete surface mount transistors with a molded 
plastic outline that serve small and medium power applications. 



Snapback: The return of a stencil to normal (flat plane) after its deflection by a squeegee 
across its surface. 

Solder Balls: Small spheres of solder adhering to the laminate, mask, or conductor 
surfaces usually after wave or reflow soldering. 

Solder Bridging: Solder paste or solder on two or more adjacent pads that come into 
contact to form a conductive path (forming a bridge). 

Solder Bumps: Round solder balls bonded to the pads of components and subsequently 
used for face-down bonding techniques. 

Solder Connection: The joining of two or more metal parts by means of an electrical or 
mechanical connection. 

Solder Mask: A dielectric material used to cover the entire surface (except where the 
joints are to be formed) of the PCB primarily to protect the circuitry from environmental 
damage. Solder mask also helps to reduce bridging. 

Solder Paste: A homogenous and kinetically stable mixture of minute spherical solder 
particles, flux, solvents and binder that is screen printed onto the printed circuit board and 
then reflowed to form the solder joints.  

Solder Powder: The solder alloy in solder paste exists in the form of powder. Solder 
powder is the major ingredient that affects the printability of the paste and the quality of 
the solder joint. 

Solder Thickness: The amount of solder deposited on a pad for reflow. Optimum 
thickness will vary with pad size and pitch, but must be consistent across a single bonding 
site. 

Solder Wicking: The capillary movement of molten solder onto a pad or component lead 
or between metal surfaces, such as strands of wire. 

Solder: A low melting point alloy, usually of lead (Pb) and tin (Sn), that can wet copper, 
conduct current, and mechanically join conductors. 

Solderability: The ability of a conductor to be wetted by solder and to form a strong bond 
with the solder. 

Soldering: A process of joining metallic surfaces with solder, without melting the base 
material. 

Solids Content: The metal powder content as a percentage of the mass of the wet solder 
paste, or the percentage by weight of rosin in a flux formulation. 



Solvent Cleaning: A cleaning method employing chlorinated and fluorinated hydrocarbon 
liquids. 

Solvent Extraction: The removal of one or more components from a liquid mixture by 
intimate contact with a secondary liquid that is nearly insoluble in the first liquid and which 
dissolves the impurities and not the substance to be purified.  

Solvent: A solution capable of dissolving a solute.  

SPC: The use of statistical techniques to analyze the outputs of processes with the 
results guiding actions taken to adjust and/or maintain a state of quality control. 

Specific Heat: The ratio of a material's thermal capacity to that of water at 15ºC. 

Spherically Compliant Suspension: A patented mechanism based on a four-bar linkage 
that can be integrated into an outer lead bonder to have self-planarization of the thermode 
head to the substrate. This mechanism has been developed and patented by Universal 
Instruments Corporation. 

Splice: A strip of material used to join two pieces of tape. Splices are used to connect 
strips of TAB tape when handled in continuous tape format. 

Spread: The distance a substance (e.g., an adhesive) moves after it has been applied at 
ambient conditions. 

Sprocket Holes: Holes along both edges of TAB tape used for handling, indexing, and in 
some cases, registration. 

Sprocket Pitch: The center to center distance of two adjacent sprocket holes. 

Squeegee: A rubber or metal blade used in printing to wipe solder paste (or glue) across 
the stencil's face, forcing the material through the patterned apertures and onto the PCB. 

Static Flex: Flex circuits that are bent during installation, but do not undergo any further 
movement in an assembly. 

Statistical process control: (see SPC) 

Stencil Printing: Deposition of a specific material, such as solder paste, using a stencil. 

Stencil: A metal mask in which patterns or apertures matching the component locations 
on the PCB are made so a suitable material can be forced through the apertures by a 
squeegee onto a substrate. Common materials are stainless steel and brass. 

Storage life: The period that an adhesive can be stored and remain viable for use. 



Stress Corrosion: The gradual deterioration of the mechanical properties of a material, 
usually accompanied by crack propagation, and caused by the acceleration of applied 
stress. This phenomenon usually occurs under high humidity conditions. 

Substrate Geometry: Substrate dimensions, typically dimensions critical to implement a 
successful bonding process, including the following: board size, bonding pad layout and 
dimensions, solder thickness, adjacent components, planarity, fiducial shape and 
dimensions, and board thickness and construction. 

Surface Insulation Resistance (SIR): The electrical resistance of an insulating material 
between a pair of contacts or conductors. SIR is determined under specified 
environmental and electrical conditions. 

Surface Mount Device (SMD): An active or passive device designed to be soldered to 
the surface of the printed circuit board.  

Surface Mount Technology (SMT): A method of assembling printed circuit boards 
where the components are mounted onto the surface of the board rather than being 
inserted into holes in the board. 

Surface Tension: An effect of the forces of attraction between the molecules on the 
surface of a liquid. Surface tension is the reason water beads up better on the hood of 
your car when waxed versus unwaxed. The wax increases the surface tension of the 
water, and thus it beads up more readily. 

Surfactant: A chemical added to any substance to lower its surface tension. 

Surftape: A punched carrier for tape and reel packaging of surface mount devices. It 
features a flexible, pressure-sensitive adhesive base, negating the need for cover tape. 

Suspension Brake: A pneumatic clamp on the spherically compliant suspension which 
can be used to lock the head in a given orientation. 

Syringe: A container for adhesive dispensing via its narrow opening. 
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TAB: Tape Automatic Bonding. The process where silicon chips are joined to patterned 
metal traces (leads) on polymer tape to form inner leads bonds and subsequently the 
leads are attached to the next level of the assembly, typically a substrate or board, to 
form outer lead bonds. TAB is the technique of interconnecting silicon with beam bonding 
as opposed to wire bonding. 



TAB Component: An IC mounted on a TAB site. 

TAB Tape Site or TAB Frame: An individual component mounting site on TAB tape. 

TAB Tape: A polymer film with patterned metal traces or leads. It is only a temporary 
support that is almost completely removed during the transfer of the chip from the tape to 
the substrate. The TAB tape can be handled in continuous tape or slide carrier format. 

Tackiness: The ability of solder paste to hold surface mount components in place after 
placement but before reflow soldering. 

Tape-and-reel: Component packaging for placement via housing parts in cavities in a 
continuous strip. The cavities are covered by a plastic tape so that they can be wound in 
a reel for presentation to a component placement machine.  

Tape Automated Bonding: (see TAB) 

Tape Bonding: Utilization of a metal or plastic tape material as a support to a carrier of a 
component in a gang bonding process. 

Tape Ball Grid Array (TBGA): A BGA package on a copper polyimide base like TAB, 
except TAB leads are replaced by an area array ball grid for interconnects. A stiffener is 
added to ensure flatness for the mass reflow assembly process. 

Tear Strength: Force required to initiate or continue a tear in a material under specified 
conditions.  

Tensile Strength: The longitudinal stress required to break a prescribed specimen 
divided by the original cross-sectional area at the point of rupture (usually expressed in 
lbs. per square inch or PSI).  

Terminal: A metallic device used for making electrical connections. 

Test Board: A printed circuit board deemed to be suitable for determining the 
acceptability of a group of boards produced with the same fabrication process. 

Test Fixture: A device that interfaces between test equipment and the unit being tested. 

Test Pads: Contact points on TAB tape, located outside the OLB window, that are used 
to facilitate testing and burn-in of the IC while it is in the TAB frame. Test pads remain 
with the discarded portion of the carrier after excising. 

Test Pattern: A pattern used for inspecting or testing purposes. 

Test Point: A specific point of access to an electrical circuit used for electrical testing 



purposes. 

Thermal Conductivity: The property of a material that describes the rate at which heat 
will be conducted through a unit area of the material for a given period of time. 

Thermal Cycling: A method used to induce stresses on electrical components by means 
of sequential heating and cooling in an oven. It is used in accelerated reliability testing. 

Thermal Profile: A time versus temperature graph that displays the temperatures an 
assembly is subjected to over time in an oven during processes such as reflow soldering 
or the curing of adhesives, encapsulants, and conformal coatings.  

Thermocompression Bonding: The joining of two materials without an intermediate 
material by the application of pressure and heat in the absence of electrical current. 

Thermocouple: A sensor made of two dissimilar metals which, when heated, generate a 
small DC voltage used in temperature measurements. 

Thermode: A set of blades or bars that are pulse-heated. A thermode is used to hold 
component leads in place and reflow solder them to bonding pads on a substrate during 
hot bar reflow soldering. 

Thermoplastic: Polymer materials that can be repeatedly melted without significant 
change in their properties. 

Thermosetting Plastic: Polymer materials that cure (irreversably polymerize) at specific 
temperature and time conditions. 

Thixotropic Ratio: An indication of thixotropy as a ratio of viscosities at two different 
shear rates. 

Thombstoning: A soldering defect in which a chip component is pulled into a vertical 
position leaving one side unsoldered. 

Three Layer TAB Tape: Tape constructed with a conductive metal layer, typically 35 
micron thick copper; a flexible heat resistant support layer, typically 125 micron thick 
polyimide; and an adhesive layer between the conductive layer and the flexible support 
layer. The polyimide thickness is not limited in the three layer tape manufacturing process 
because the openings in the tape are punched out rather than etched. The copper is 
usually tin or gold plated. 

Threshold Limit Value: A guideline for the exposure of humans to solvents; it is 
expressed as a Time Weighted Average (TWA) of the parts per million of vapor in air. 

Through Hole: A hole connecting the two surfaces of a printed circuit structure. 



Tie Bars: Polyimide strips, or bars, connecting an inner ring at its corners to the 
remainder of the TAB tape site. Also referred to as suspenders. 

Tinning: The process of coating metallic surfaces with a thin layer of solder. 

Tip-to-Tip Dimension: With respect to component geometry, the distance between the 
ends of the leads on opposite sides of a component after excising and forming. 

Tombstoning: The lifting of one end of a passive surface mount component during 
solder reflow caused by surface tension and unbalanced forces of solder wetting.  

Torsional Strength: The torque required to separate adhesive bonded (and cured) 
materials and/or components. 

Touch-Up: The identification and elimination of defects in a product. 

Transistor: An active semiconductor device capable of providing power amplification. 
Transistors have three or more terminals. 

Two Layer TAB Tape: This tape is constructed with a conductive metal layer, typically 35 
micron thick copper, and a flexible heat resistant support layer, typically 50 micron thick 
polyimide. The support layer thickness is limited to 50 microns or less due to chemical 
etching limitations of the two layer TAB tape manufacturing process. The copper is 
usually tin or gold plated. 

Type I Assembly: A surface mount assembly with surface mount components on one or 
both sides of the substrate. 

Type II Assembly: A surface mount assembly with surface mount components on one or 
both sides of the substrate and through hole devices on the primary side.  

Type III Assembly: A surface mount assembly with surface mount components on the 
secondary side of a PCB and through hole devices on the primary side. 
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Ultra-fine-pitch: Center-to-center lead distances and conductor spacings of 0.010" or 
less. 

Ultrasonic Cleaning: The use of ultrasonic energy along with a chemical solvent to clean 
a component or a PCB assembly immersed in solvent. Mechanical oscillation is 
introduced by the ultrasonic energy to facilitate cleaning. 

Underfill: In flip chip applications, the material injected under the die after testing to 



ensure reliability. This material is particularly important for flip chips mounted on 
substrates with different CTEs than silicon, such as FR-4 and some ceramics. 

- V - 
A-B-C-D-E-F-G-H-I-J-K-L-M-N-O-P-Q-R-S-T-U-V-W-X-Y-Z 

 
 

Vapor Phase Reflow: A solder reflow technique in which the solder joints are heated by 
the condensation of an inert vapor. 

Vehicle System: The vehicle dissolves flux and imparts paste-like characteristics to 
solder paste.  

Vias: Drilled holes in laminate that interconnect different layers of circuitry. Vias can be 
used for electrical connections or thermal dissipation. 

Void: A cavity inside the solder joint formed by gases released during reflow or by flux 
residues entrapped before solidification. 

 

- W - 
A-B-C-D-E-F-G-H-I-J-K-L-M-N-O-P-Q-R-S-T-U-V-W-X-Y-Z 

 
Waffle Pack: A matrix tray for holding bare die. Typically, waffle packs are 2" x 2" or 4" x 
4." The pockets for die in waffle packs are typically designed for specific die sizes; they 
are not standardized. 

Wave Cleaning: Cleaning a PCB by passing it through a wave of solvents (similar to the 
concept used in a wave fluxer or a wave soldering process). 

Wave Soldering: A process in which many potential solder joints are brought in contact 
with a wave of molten solder for a short period of time and are soldered simultaneously. 

Wetting Balance: An instrument used to measure wetting forces, and consequently, 
estimate solderability. 

Wetting: The spreading of solder along the leads and pad to produce complete and 
uniform solder coverage. 

Whisker: A metallic growth, needle-like in size, that appears on the surface of a PCB. 

Wire Bonding: The use of fine wires to connect semiconductor packages to the next 
level of packaging. Wires are composed of gold or aluminum. 
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X-ray: 
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Yield: The ratio of usable parts at the end of a manufacturing process to the number of 
components submitted for processing. 
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Z-Axis Conductive Epoxy: Refer to anisotropic conductive adhesive. 

  

 

 


