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AN-4170  
Board Assembly Guideline for Fairchild TO-Leadless 
Package 

Summary  

This application note is created to guide users of the TO-

Leadless (TO-LL) package on how to use it in printed 

circuit board assembly. 

Board Attributes and Design Guide 

Pad Design 

The board pads are either solder mask defined (SMD) or 

non-solder mask defined (NSMD). This is illustrated in 

Figure 1.  

In NSMD, the copper pad is etched out to define the land 

pattern. The overall pattern registration is dependent on the 

copper artwork. The SMD pad, on the other hand, is defined 

by a photo-imageable solder mask process. This requires the 

copper artwork to be larger than the recommended land 

pattern, in which the solder mask will define the solderable 

pads. 

 

Figure 1. Solder-mask-defined (SMD) vs. Non-Solder-
Mask-Defined (NSMD) Board Pads 

 

 

 
 

Figure 2. TO-Leadless Package (TO-LL) 
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One advantage of the NSMD pad is that, because of the 

smaller area covered, this allows more area for routing 

traces around the component. For SMD, because of the large 

Cu coverage, this provides more metal for dissipating heat. 

The overlap on the copper pad also helps prevent bridging 

of the paste between the leads and the exposed pad by 

blocking solder from flowing outside the solderable pads 

during the reflow process. The solder masks also anchors 

itself on the copper to give better copper adhesion to the 

board.   

For the TO-LL package, it is recommended to use the SMD 

pads. The high power application of this package, allows for 

better dissipation of heat produced during the application.  

In routing traces from the solderable pads, it is also 

recommended that these should not be routed in between the 

leads and the thermal pad; in high power application, high 

potential between the terminals can create arcing between 

the narrow spaces between metals.  

Below is the recommended land pattern design for the TO-

LL package. In a solder-mask-defined pad, the outline 

below is defined by the solder mask of the PCB. 

 

 

Figure 3. Recommended Land Pattern 

 

Board Surface Finish 

The pad surface finishes that are commonly used are 

Electroless Nickel Immersion Gold (NiAu), Organic 

Solderability Preservative (OSP) and Hot Air Surface 

Leveling (HASL). NiAu is preferable in some applications 

and fine-pitch packages because of its excellent surface 

solderability and flatness. OSP is excellent for use with fine 

pitch packages and BGA. It has a very low cost and 

excellent flatness. HASL is the most readily available 

surface finish. It has a superior barrel fill and solderability 

characteristics.   

There is no preference for TO-LL on the suitable surface 

finish; however, reliability tests have been performed on this 

package using NiAu and OSP surface finishes, wherein the 

package passed the tests. 
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Board Assembly Considerations by Solder Paste Printing and Reflow 
Process 

Solder pastes normally used in board assembly have 

particles sizes of either Type 3 or Type 4, and their flux 

materials are classified as rosin based, low activity and 

halide-free (ROL0) or the no-clean solder paste (typically a 

ROL0 or ROM0). Typical metal loading of the paste ranges 

from 88 to 90% solder alloy in the paste; this is 

approximately 50% solder paste by volume. The most 

common solder alloys for board assembly are the eutectic 

SnPb solder (63Sn37Pb) and the SAC305 

(95.5Sn3.0Ag0.5Cu) for the Pb-free assembly. 

Fairchild recommends that solder pastes with a no-clean 

flux should be used in the board assembly of TO-LL 

package. Because of the low standoff height of the solder 

joints; there is difficulty in cleaning the trapped flux 

residues between the component and the board. 

In using the solder paste, it is recommended that proper 

handling procedure recommended by the solder paste 

vendor be followed. Proper thawing of the solder paste is 

needed to ensure minimal moisture uptake during 

processing.   

Stencil for Solder Paste Printing 

Shown below are the recommended stencil aperture designs 

for the TO-LL packages 

 

 

Figure 4. Recommended Stencil Aperture Design 

 

  

Board Land Pad

Stencil Aperture
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Figure 5. Sample Solder Paste Test Print on an SMD Land Pads 

The aperture for leads and exposed die pad are relatively 

smaller than the board pads. The total aperture size for the 

exposed thermal pad is about 40 to 70% of the land pad size. 

The apertures on the leads are smaller than the pads. The 

recommended stencil thickness is 0.10 mm.  

For thicker stencils, it is recommended that the aperture size 

be reduced proportional to the thickness added, such that the 

total paste volume is approximately the same. However, as 

the stencil thickness goes up, the aperture aspect ratio and 

area ratio are lower, these should be checked to be above the 

typical values of 1.5 and 0.67 respectively; this prevent 

clogging of the stencil and have good solder paste release 

during printing. The stencil aspect and area ratio are 

calculated as follows: 

 

 

 

 

 

 

Tapering or trapezoidal opening of stencil holes are 

recommended, because this improves the solder paste 

released during paste printing. Electro-polishing a laser cut 

stencil is also recommended to have a better solder paste 

release. Use of electroformed stencil is also recommended 

because of its excellent release performance and its long 

useful life, but it may not be necessary for this type of 

package. The drawback for the electroformed stencil is its 

cost; this is significantly more expensive than the laser cut 

stencil. 

Component Placement 

Depending on the placement accuracy of the pick-and-place 

machine, the TO-LL packages can tolerate up to a certain 

amount of placement offset. Simulations done showed that 

the TO-LL package can allow placement offset up to 

0.10 mm, which is relatively loose in comparison to the 

capability of different pick-and-place machine available in 

the market, that can do of up to ± 0.05 mm placement 

accuracy. Simulation done using offset component 

placement showed that the component self-align with the 

board pads after reflow; no bridging or related anomaly 

observed. 

Placement height or pressure should be taken into 

consideration during component placement on the board. 

Compressing the printed paste result to solder paste being 

spread out on the land pad area, this can result to bridging of 

solder paste in the leads, as shown below. Bridging of solder 

paste can create an imbalance in solder volume between 

leads during reflow. More solder may flow to one lead and, 

in turn, it reduces the volume on the other.  

Compressing the printed paste, on the other hand, may 

reduce or close the gap between apertures for the thermal 

pads, this limit the flow of outgas from the solder paste. 

Simulation showed that this can lead to solder beading. 

 

 

 

  

Aspect Ratio =  
Width of Aperture 

Thickness of Stencil Foil 
Area Ratio = 

Area of Pad 

Area of Aperture Wall 
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(a) (b) 

Figure 6.  (a) Compressed Solder Paste, Paste Bridging is Observed, (b) Good Unit Placement 
 

It is recommended that the placement height be controlled. 

Most component mounter has the capability to control the 

height or the amount of bonding force during component 

placement. 

Reflow Process 

The temperature profile to use during reflow of the TO-LL 

package should be based on the recommended temperature 

profile of the solder paste vendor. The reflow temperature 

profile typically consists of heating, soaking, soldering and 

cooling zones. At the heating zone, the temperature is 

slowly being ramp to meet the target soaking temperature. 

Heating rate is being kept at a minimum to minimize 

temperature gradient across the board and to avoid 

subjecting the components to a thermal stress. Typical 

heating rate is at 1°C/second. Solder flux is being activated 

in the soaking zone; this will facilitate wetting of the solder 

once this goes through the soldering or reflow zone. In the 

soldering zone, the solder liquefies, and this is where solder 

wetting and soldering occurs. This is the temperature where 

the solder liquefies (liquidus temperature). At this zone, the 

time above liquidus temperature (TAL) and the peak 

temperature is being controlled. Typically, the time above 

the liquidus temperature is between 30 to 120 seconds, and 

the peak temperature is normally 20 to 30°C above the 

liquidus temperature. At this zone, intermetallics are formed 

between the interfaces of the board, liquefied solder and 

component; this creates the bond between these interfaces.  

Long exposure above the liquidus temperature can result to 

excessive formation of intermetallic compounds, which can 

reduce the solder joint reliability, short exposure above the 

liquidus temperature may result to insufficient solder 

wetting, which will be manifested by incomplete solder 

wetting coverage or voids. Figure 7 shows a typical reflow 

temperature profile for a Pb-free solder.  

 
Figure 7. Sample Reflow Temperature Profile 

Reflow temperature profiling is being done to check the 

temperature of the board and component once it goes inside 

the reflow oven. This is done by running the board through 

the reflow oven with thermocouples attached to the board.  

Temperature measurements are recorded using a 

temperature profiler. The resulting reflow temperature 

profile is then being compared with the recommendation of 

the solder paste vendor. Adjustment in the temperature 

settings and conveyor speed may be needed to meet the 

target temperature profile. 

Thermocouple position is critical in conducting the reflow 

temperature profiling. This may be placed on areas where 

temperature sensitive components are present, on areas 

where the board is densely populated by components or on 

areas where there are fewer components. Placing 

thermocouples on these locations of the board will help 

determine whether there are temperature gradients within 

the board, and whether all the components on the board are 

being subjected to the right temperature conditions. It is 

advised to check the handling requirements of all the 

components on the board, some components may be rated to 

certain maximum temperatures only. In the case of the TO-

LL, this has been tested to meet moisture sensitivity level 1 

at 260°C peak reflow temperature per IPC/JEDEC J-STD-
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020, thus, no special handling such as baking of this 

component prior to the assembly process is not required. 

Different board design, thickness and material may require 

different sets of reflow parameters, with this; reflow 

temperature profiling must be performed for each. 

There are a few different reflow techniques for board 

assembly. These are listed on Fairchild’s Application Note, 

AN-7528, these are infrared reflow, forced convection 

reflow, vapor phase reflow and wave-soldering. The first 

three techniques may be used for the TO-LL; wave 

soldering cannot be used for this component. 

Inspection 

Inspection of the mounted component should be done with 

the use of 10-20x magnification scope and transmission or 

laminograph x-ray. 

A well-reflowed solder joint shows evidence of wetting and 

adherence wherein the solder merges to the soldered surface 

forming a contact angle of  90. The solder joints should 

normally have a smooth appearance. On certain occasion, a 

matte, dull or grainy solder joints may appear, this can be 

due to the solder alloy used, the component termination or 

board pad surface finish, or the soldering process used. IPC-

A-610 provides the inspection methodology and acceptance 

criteria for this package.  

Figure 8 shows the side view of the leads that has already 

been soldered on board. A cross-section of this lead is 

shown on the right. 

 

   
(a)      (b) 

Figure 8. (a) Side View Showing Leads Solder Joint, (b) Cross-Sectional View of Leads 

 

The extended lead land pad and the notch on the tip of lead 

allow solder fillet to be formed on the tip of the leads. This 

will allow the AOI to be used in auto inspection of the 

leads’ solder joints. 

The solder coverage at the drain soldered unit can’t be 

inspected visually since it’s not exposed. The appropriate 

control for this is through x-ray inspection of the solder 

coverage between the land pad and the solderable surfaces 

at the bottom of the component. 

The most common anomaly observed during board 

assembly simulation done on the TO-LL is solder beading. 

An x-ray image below shows that beads can either be 

around the periphery of the component or underneath. 

Evaluation done showed that this solder bead maybe due to 

excessive solder paste printed on the board or too much 

force applied during component placement. Wrong handling 

of the solder paste may also cause this, such as insufficient 

thawing time of the paste.  

 

    
 (a)     (b) 

Figure 9. (a) X-Ray Image of Board Mounted TO-LL with Solder Beads Under the Package, (b) Solder Bead 

http://www.fairchildsemi.com/an/AN/AN-7528.pdf
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General Rework Guideline 

The recommended board rework methodology for this package is as follows. 

STEP TOOLS/EQUIPMENT GUIDELINE / PROCEDURE 

Baking Oven 

Baking of the board assembly maybe necessary depending on the 
moisture sensitivity of the board and the other surrounding 
components. The purpose is to eliminate absorbed moisture on these 
parts, and prevent the damaging effects when subjected to sudden 
ramp of temperature during removal of the component. 

Component 
Removal 

Rework Station 

Heat Gun 

Secure the board on the rework station. Preheat the whole board to 
minimize warpage of the board when high temperature is applied on 
the component to be removed. Apply heat into the component using a 
heat gun, once the solder joint has melted; remove the component 
immediately using a vacuum nozzle. It is important to take note that 
applying too much heat on the board can also affect the surrounding 
components, thus it is important to do this process quickly.  

It is also important not to expose the TO-LL package to too much heat 
so as not to damage the component. This will help us understand 
failure mechanism should this component be returned to us for 
analysis.  

Land 
Preparation 

Solder Wick 

Soldering Iron 

Continuous Vacuum 
DesolderingSystem 

Sesoldering Tip 

After the component is removed, remove excess solder left on the 
lands using a continuous vacuum desoldering system and soldering tip. 
Soldering iron and solder wicking material can also be used to do this. 

Component 
Installation 

Mini Stencil 

Solder Paste Dispenser 

Low Magnification Microscope 

Pick and Place Machine 

Reflow Oven 

After preparing the lands, install a new component into the board. The 
old component should not be used. Installation of the new component 
follow these steps: 

Solder paste printing/dispensing – screen print solder paste on the 
lands.  Use a mini stencil to do this. The stencil should have the same 
aperture size and thickness with the one used in the whole board 
assembly. A solder paste dispensing system can also be used to put 
paste on the lands. 

Inspection – perform inspection to check if sufficient paste is printed on 
the board. 

Component placement – place the component onto the board either 
manually or the work station. 

Reflow – reflow the board using the standard reflow profile established 
for the whole board assembly. 

Inspection 
X-Ray Machine 

Low Magnification Microscope 

Inspect the component after reflow using an X-ray machine to check 
solder joint anomalies like solder bridging, beading and voids. 
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