
27september 2007� PRINTED CIRCUIT DESIGN & MANUFACTURE

to IPC 2221A, which is an IPC stan-
dard for PCB design that includes PCB 
fabrication tolerances. Section 9.1.1 of 
this specification provides an equation 
and reference chart for land require-
ments, drill diameter, plus annular ring 
requirement and layer count. With these 
known values, you can determine pad 
diameter (see Figure 2). 

This chart includes manufacturing 
tolerances for registration during the 
image, lamination and drill process. 
For example, using the equation shown 
in Figure 2, (land size, minimum = a 
+ 2b + c), with a 0.010˝ drill diam-
eter, 0.001˝ for annular ring, 0.0079˝ 
for level C, and 0.00197˝ for more 
than eight layers, the requirement is 
a 0.020˝ pad diameter (IPC 6012B 
Class 2). If the design requirement is 

for Class 3, additional pad diameter 
is required because of the annular ring 
requirement for Class 3 being 0.001˝ 
and Class 2 allows 90˚ breakout.

Additionally, designers normally 
deal with finished hole sizes (FHS) and 
not drill diameters. To determine the 
drill diameter, take the nominal FHS 
and add 0.004˝. Also, vias are plated-
down or can be plated solid with a 
good FHS specification for vias that 
are 0.010˝ +00/-0.010˝ (assuming an 
aspect ratio of 10:1). 

Another major factor in PCB fab-
rication is the aspect ratio. Aspect ratio 
is the thickness of the PCB divided by 
the drill diameter. For example, a 0.100˝ 
thick PCB with a 0.010˝ drill diameter 
equals a 10:1 aspect ratio and is the 
preferred aspect ratio for North Ameri-

can PCB fabricators and Tier 1 offshore 
fabricators. Aspect ratio is important 
due to the plating process in fabrication 
and the ability to get plating solutions to 
flow through the hole efficiently in order 
to copper plate. A 10:1 aspect ratio is 

Table 1. Standard BGA design guidelines, IPC 6012B Class 2.

Drill	 Pad	 Anti-Pad	 Thickness	 Aspect ratio

.006” (.152 mm)	 .016” (.406 mm)	 .026” (.660 mm)	 up to .039” (.990 mm)	 6.5:1

.008” (.203 mm)	 .018” (.457 mm)	 .028” (.711 mm)	 up to .062” (1.575 mm)	 7.75:1

.010” (.254 mm)	 .020” (.508 mm)	 .030” (.762 mm)	 up to .100” (2.54 mm)	 10:1

.012” (.304 mm)	 .022” (.558 mm)	 .032” (.812 mm)	 up to .120” (3.04 mm)	 10:1

.0135” (.342 mm)	 .024” (.609 mm)	 .034” (.863 mm)	 up to .135” (3.429 mm)	 10:1

figure 3. Drill-to-copper. Standard 0.010” 
(250 µm), minimum 0.008” (200 µm). 

figure 4. 1.27 mm BGA, IPC 6012B 
Class 2, thickness 0.093” to 0.100”, 
aspect ratio 10:1.
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