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compared to leaded components. BGA balls are considerably 
stronger than QFP leads and, therefore, can tolerate rough 
handling. This can potentially reduce the cost of ownership by 
virtue of their re-workability.

BGA packages come in a variety of pitches and sizes. As 
device complexity increases and with the OEM push to use 
smaller components also increasing, ball pitches of 0.75 mm 
and lower are becoming more popular. The number of layers 
required for effective routing of these packages is dictated by 
the layout of balls in each package. If several other technolo-
gies and components are already designed on the board, system 
cost is factored with every added board layer. The intent of the 
board designer is to optimize the number of layers required to 
route these packages, considering both cost and performance. 

Different routing strategies can include fan-outs, using 
several BGA pitch sizes. The escape routing technique takes 
into account such factors as ball pitch, land diameter, number 
of I/O pins, via type, pad size, decoupling capacitor place-
ment, trace width/spacing, and the number of layers required 
to escape the BGA. The top three factors are device specific. 

Manufacturers have detailed datasheets for their devices 
that provide recommended land diameters for both masked 
and unmasked lands. BGA pin assignment and pin grouping 
can also be modified to enable efficient routing of the board 
with an optimum number of required board layers.

Placement of decoupling capacitors is also very critical. 
A decoupling capacitor must be placed as close as possible 
to the BGA pad. Otherwise, a higher inductance path than 
necessary is created. Ideally, the designer wants to maintain 
the shortest possible distance between the two. 

Solder Pad Geometry
There are two types of land patterns used for surface-mount pads: 
non-solder mask defined pads (NSMD) and solder mask defined 
pads (SMD). Figure 1 shows the difference between the two.

NSMD pads have the solder mask opening larger than the 
pads, whereas SMD pads have the solder mask opening smaller 

Table 1. Conductor space widths vs. land sizes/ball pitches.

	 Conductor (Line) and Space Width (µm)
	 (assumes both are the same)

Ball Pitch	 Land	 1 Line per	 2 Lines per	 3 Lines per
(mm)	 Diameter (mm)	 Channel	 Channel	 Channel

1.27	 0.55	 225	 125	 100

1.0	 0.45	 175	 100	 75

1.0	 0.40	 200	 100	 75

1.0	 0.35	 200	 125	 75

0.8	 0.40	 125	 75	 50

0.8	 0.35	 150	 75	 50

0.75	 0.35	 125	 75	 50
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Table 2. Signal line space and trace widths.

Number of Traces	 formula

1	 CA ≥ [2 x (space width)] + trace width

2	 CA ≥ [3 x (space width)] + [2 x (trace width)]

3	 CA ≥ [5 x (space width)] + [3 x (trace width)]


