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O EMs continue requiring greater 
functionality in smaller portable 
and handheld products. As a result, 
a number of attributes are continu-

ously demanded for PCBs in mobile tech-
nologies. Along with these attributes come a 
host of challenges in terms of layout, fabrica-
tion, and assembly, as well as assuring many 
of these handheld and portable devices can 
effi ciently withstand mechanical vibrations. 
  For starters, due to the compact assem-
blies, top and bottom sides of small PCBs 
must be used because board real estate is 
minimal. More often than not, small form-
factor boards are populated with BGAs, 
micro BGAs, CSPs, QFNs, and other 
advanced chip packaging. It’s also worth 
noting that extra-fi ne pitch CSP devices 
are being increasingly used for mobile tech-
nologies (Figure 1).  Those challenges start 
with layout, but continue on to fabrication 
and assembly. The common thread running 
through each stage is close coordination to 
avoid costly pitfalls.

Design
New and different techniques used at the 
PCB design/layout stage have a general 
cost, manufacturing, and testing impact at 
the fabrication and assembly stages of these 
products. At layout stage, signal routing 
poses one of the foremost design challenges. 
Due to the shrinking real estate, and that 
the PCB is populated with complex devices, 
there is little space left on the board for signal 
routing. If space is severely limited with little 

to no room to run traces from point A to 
point B, either on top or bottom, then the 
number of layers must increase to accommo-
date this routing, which means that the cost 
of fabricating these boards increase.
 Instead of using six-mil traces, small 
mobile technologies require three- to four-
mil traces. This means fi nding a fabrication 
house qualifi ed to successfully fabricate a 
PCB with three-mil traces. Moreover, the 
PCB fabrication house must be UL certi-
fi ed for performing that fi ne caliber of trace 
without much fallout. 
 Techniques to implement blind and buried 
vias must be utilized for making mobile/hand-
held devices because of the smaller real estate 
of the PCBs. This, in turn, limits the number 
of fabrication houses that can build these types 
of products. Smaller board size also means 
smaller via sizes. When using a smaller via, 
smaller diameters and pad sizes are required. 
 For example, instead of the regular 10-mil 
pad around a via hole, EMS providers are 
forced to use a fi ve- or six-mil pad. As shown 
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in Figure 2, with tight tolerances for drilling, there is not much room for 
error. If pads are not drilled precisely, half moons or breakaways can arise. 
When this happens, reliability becomes an issue. So here, confl icting 
forces are working against each other, whereby designers are forced to use 
smaller vias and pad sizes, as well as make use of blind and buried vias, 
which are challenging to manufacture and increase the product cost.
 Mobile technologies are also demanding even fi ner pitch BGA 
devices due to their vast functionalities on one chip. Currently, the 
industry is fl irting with 0.4 millimeter pitch BGAs, with 0.3 mil-
limeter being discussed in some industry circles. This would mean 
that traces have to be routed at three to four mils at the layout stage. 
That being the case, more than 60-70 percent of the fab houses are 
eliminated because they cannot manufacture the boards with these 
fi ne traces. When fi ne pitch BGAs are used, the ball sizes also shrink, 
which makes it diffi cult to fabricate the boards as well.
 Plus, 60-80 percent of overseas assembly houses are eliminated 
because they cannot assemble these fi ne-pitch BGA devices on the 
boards. Further, if we’re talking about a handheld product used in con-
sumer applications, at least half of the assembly shops here in the U.S. 
cannot deal with complex 0.3 millimeter pitch BGA assemblies. 

Fabrication 
Board surface fi nishes are among the foremost considerations for an 
effi cient PCB during board fabrication. Normally, gold is used due to 
its high reliability. Plus, it has a greater shelf life and soldered joints are 
considerably sturdier compared to an HASL or OSP fi nish. 
 Selecting the right panel size falls into a fabrication house’s plan-
ning department. For example, consider a small 25 sq. in. board to 
be used in a mobile technology product. A relatively high number of 
these small boards can be panelized into an 18 by 24-in. panel. But 
an experienced planner may choose to use only a 9 by 12-in. panel 
size due to board complexity and density, as well as such factors as 

high-speed signals and controlled impedance calculations. That’s why 
having an experienced planner at the fabrication house to review and 
verify the data before the board actually goes into the fabrication pro-
cess is critical. This ensures a high yield at fabrication, which can make 
the whole manufacturing process run smoother. 
 
Assembly
Since PCB real estate is at a premium, components are placed extremely 
close to each other and to the board’s edge, thus posing assembly chal-
lenges. Figure 3 shows a component protruding outside the board, 
making it diffi cult to effectively deploy a pick-and-place machine. This 
means that very precise pick-and-place equipment should be used for 
assemblies requiring accurate placements. This is coupled with the fact 
that, for mobile and handheld products, the package types for passive 
devices like capacitors and resistors are becoming increasingly smaller. 
For example, smaller packages, such as 0201 devices, are now used 
more often than the 0603 devices of the past.
 Here’s where experience and know-how play a major role. Experts 
at EMS provider and contract manufacturer (CM) houses know how 
to spot these issues. If components on the edge of the board are pro-
truding out of the board outline, this needs to be addressed at the fabri-
cation stage. That’s performed by creating rails between the subsequent 
boards so they can be machine rather than manually assembled.  
 How best to use fi xtures is another important assembly aspect. The 
reason is PCBs for mobile technologies may not be traditionally rectan-
gular in shape. They could be oval, L-shaped, or other unusual shapes. 
Due to these odd shapes, SMT, wave, and test fi xtures can be used. This 
permits these machines to be used optimally when multiple boards are 
assembled or tested in a panel at one time. The result is considerable 
time and cost savings and costs over assembling one board at a time. 
 Smart fi xtures are ideal for mobile technologies PCBs. Normally, 
two fi xtures are designed, one for the top and one for the bottom 
of the PCB. Instead, one fi xture could be devised for both top and 
bottom, where top and bottom assemblies are used within one fi xture. 
This means throughput is increased for greater effi ciency, while time 
and cost are reduced by half. Instead of using six, for example, three 
would suffi ce to fi nish off the assemblies. 
 Testability during assembly is another critical aspect due to extremely 
close component population on a small board. This means there is 
little room for placing test points or access nodes on the board. Tra-
ditional testing techniques cannot be applied, so advanced test tech-
niques are deployed so that you don’t need to use as many Fig. 2 There’s Not Much Room for Error with Tight Drill Tolerances

Fig. 3 Pick-and-Place is Challenging with Protruding Components Fig. 4 AOI Increases Effective Inspection by Reading IC Numbers
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test points to test the complete functionality 
of the board.
 During assembly, mobile-technology 
PCBs also require automatic optical inspec-
tion (AOI) deployment procedures (Figure 

4). In some extreme cases, back-to-back 
components may hinder or completely 
eliminate AOI’s usefulness because it cannot 
read all critical numbers and fi gures that 
are etched on the body of the components. 
Also, since components are placed back to 
back without much room, it creates chal-

lenges for probing the vias and test points 
during fl ying probe testing. That’s because 
accessing different parts of the boards 
become virtually impossible.  
 As far as I/O communications, the tradi-

tional approach is to use through-hole con-
nectors, which are easy to assemble, plug 
in, and test, as well as inexpensive to pro-
cure. But with mobile technologies, it makes 
the assembly of the device challenging, 
costly, and time consuming since tradi-
tional through-hole connectors cannot fi t 

in small cell phones or other similar devices. 
Hence, SMT connectors are used. They are 
costly and diffi cult to assemble. Plus, assur-
ances must be made that the surface fi nish is 
gold and not HASL or OSP. Once a cable or 
ribbon is put on an SMT connector, it is on 
for good. If it needs to be taken off, desol-
dering needs to be performed, as well as the 
use of special tools. 
 These and countless other considerations 
and techniques must be applied during 
the PCB design, fab, and assembly phases 
to assure a high reliability product. Today, 
mobile technologies OEMs can ill afford to 
relinquish quality and reliability to unknown 
suppliers because the end user demands con-
stant, high levels of operation from their 
mobile or portable units. Meanwhile, the 
experienced EMS provider must overcome 
the challenges these small products pose by 
continuing to improve on design, fab, and 
assembly techniques. ■
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