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	15. Design and Assembly  Process Implementation for BGAs
1 SCOPE
This document describes the design and assembly chal-
lenges for implementing Ball Grid Array (BGA) and Fine
Pitch BGA (FBGA) technology. The effect of BGA and
FBGA on current technology and component types is
addressed, as is the move to lead-free assembly processes.
The focus on the information contained herein is on criti-
cal inspection, repair, and reliability issues associated with
BGAs. Throughout this document the word ‘‘BGA’’ can
mean all types and forms of ball/column/bump/pillar grid
array packages.
1.1 Purpose The target audiences for this document are
managers, design and process engineers, and operators and
technicians who deal with the electronic assembly, inspec-
tion, and repair processes. The purpose is to provide useful
and practical information to those who are using BGAs,
those who are considering BGA implementation and
companies who are in the process of transition from stan-
dard tin/lead reflow processes to those that use lead-free
materials.
1.2 Intent This document, although not a complete
recipe, identifies many of the characteristics that influence
the successful implementation of a robust assembly pro-
cess. In many applications, the variation between assembly
methods and materials is reviewed with the intent to high-
light significant differences that relate to the quality and
reliability of the final product. The accept/reject criteria for
BGA assemblies, used in contractual agreements, is estab-
lished by J-STD-001 and IPC-A-610.
An additional challenge in implementing BGA assembly
processes, along with other types of components, is the
need to meet the legislative directives that declare certain
materials as hazardous to the environment. The require-
ments to eliminate these materials from electronic assem-
blies have caused component manufacturers to rethink the
materials used for encapsulation, the plating finishes on the
components and the metal alloys used in the assembly
attachment process.
2 APPLICABLE DOCUMENTS
2.1 IPC1
J-STD-001 Requirements for Soldered Electrical and Elec-
tronic Assemblies
J-STD-020 Handling Requirements for Moisture Sensitive
Components
J-STD-033 Standard for Handling, Packing, Shipping and
Use of Moisture/Reflow Sensitive Surface Mount Devices
J-STD-609 Marking and Labeling of Components, PCBs
and PCBAs to Identify Lead (Pb), Pb-Free and Other
Attributes
IPC-T-50 Terms and Definitions for Printed Boards and
Printed Board Assemblies
IPC-D-279 Design Guidelines for Reliable Surface Mount
Technology Printed Board Assemblies
IPC-D-356 Bare Substrate Electrical Test Information in
Digital Form
IPC-A-600 Acceptability of Printed Boards
IPC-A-610 Acceptability of Electronic Assemblies
IPC-SM-785 Guidelines for Accelerated Reliability Testing
of Surface Mount Attachments
IPC-1601 Printed Board Handling and Storage Guidelines
IPC-2221 Generic Standard on Printed Board Design
IPC-2581 Generic Requirements for Printed Board Assem-
bly Products Manufacturing Description Data and Transfer
Methodology
IPC-2611 Generic Requirements for Electronic Product
Documentation
IPC-2614 Sectional Requirements for Board Fabrication
Documentation
IPC-2616 Sectional Requirements for Assembly Docu-
mentation
IPC-4554 Specification for Immersion Tin Plating for
Printed Circuit Boards
IPC-4761 Design Guide for Protection of Printed Board
Via Structures
IPC-7093 Design and Assembly Process Implementation
for Bottom Termination Components
IPC-7094 Design and Assembly Process Implementation
for Flip Chip and Die Size Components
IPC-7351 Generic Requirements for Surface Mount
Design and Land Pattern Standard
IPC-7525 Stencil Design Guidelines
1. www.ipc.org
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	16. IPC-7526 Stencil and  Misprinted Board Cleaning Hand-
book
IPC-7711/7721 Rework, Modification and Repair of Elec-
tronic Assemblies
IPC-9701 Performance Test Methods and Qualification
Requirements for Surface Mount Solder Attachments
IPC/JEDEC-9704 Printed Wiring Board Strain Gage Test
Guideline
IPC-9708 Test Methods for Characterization of Printed
Board Assembly Pad Cratering
2.2 JEDEC2
JEP95 Section 4.5 Fine Pitch (Square) Ball Grid Array
Package (FBGA)
JEP95 Section 4.6 Fine Pitch (Rectangular) Ball Grid
Array Package (FRBGA)
JEP95 Section 4.7 Die-Size Ball Grid Array Package
(DSBGA)
JEP95 Section 4.9 Generic Matrix Tray for Handling and
Shipping (Low Stacking Profile for BGA Packages)
JEP95 Section 4.10 Generic Matrix Tray for Handling
and Shipping
JEP95 Section 4.14 Ball Grid Array Package (BGA)
JEP95 Section 4.17 Ball Grid Array (BGA) Package
Measurement and Methodology
JEP95 Section 4.22 Fine Pitch Square Ball Grid Array
Package (FBGA) Package on Package (PoP)
JESD22-A102 Unbiased Autoclave Test Method
JESD22-A103 High Temperature Storage Test Method
JESD22-A104 Thermal Shock Test Method
JESD22-A118 Accelerated Moisture Resistance-Unbiased
HAST
JESD22-B103 Board-Level Vibration Test Method
JESD22-B110 Subassembly Mechanical Shock Test
Method
JESD22-B111 Board-Level Drop Test Method
JESD217 Test Methods to Characterize Voiding in Pre
SMT Ball Grid Array Packages
3 SELECTION CRITERIA AND MANAGING BGA
IMPLEMENTATION
Every electronic system consists of various parts: inter-
faces, electronic storage media, and the printed board
assembly. Typically, the complexity of these systems is
reflected in both the type of components used and their
interconnecting structure. The more complex the compo-
nents, as judged by the physical size and the number of
input/output terminals they possess, the more complex is
the interconnecting substrate. Cost and performance drivers
have resulted in increased component density and a greater
number of components attached to a single assembly, while
the available mounting area has shrunk. In addition, the
number of functions per device has increased and this is
accommodated by using increased I/O count and reduced
contact pitch. Reduced contact pitch represents challenges
for both assemblers and bare board manufacturers. Assem-
blers encounter handling, coplanarity and alignment
problems.
Component packaging in general and microprocessor and
memory packages in particular, drive the rest of the elec-
tronic assembly packaging issues. The driving forces for
component packaging are thermal and electrical perfor-
mance, reliability, real estate constraints and cost. Periph-
eral devices with 1.00 mm pitch have become common-
place in the industry. However, this package cannot
accommodate higher than 84 pins. Larger peripheral pin
count devices require lead pitches of 0.65 mm, 0.5 mm or
0.3 mm.
Although pitches below 1.00 mm are useful for reducing
package size, the increased density presents many prob-
lems for most manufacturers. At these fine-pitches, leads
are very fragile and susceptible to damage such as lead
coplanarity, lead bending and sweep. To place these pack-
ages, a pick-and-place machine with vision system and
waffle pack handlers are necessary. These two features,
however, can add substantial capital equipment costs. Fig-
ure 3-1 shows an example of the package manufacturing
process. Ball grid arrays were developed to overcome the
assembly challenges presented by these fine-pitch, high
lead-count peripheral devices.
Since BGAs use solder bump interconnections instead of
leads, problems associated with lead damage and coplanar-
ity are eliminated. BGA pitches from 1.00 mm to 1.5 mm,
have well over 250 µm of standoff height, so problems with
paste printing, placement, reflow and cleaning are signifi-
cantly reduced. BGAs also provide much shorter signal
paths compared to fine-pitch devices. Shorter signal paths
can be very critical in high-speed applications. The termi-
nation types also play a role in the spacing between I/Os.
Design guidelines should indicate that it is important to
allow added spacing between the fine-pitch devices and the
2. www.jedec.org
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	17. mounting substrate. With  the exception of no-clean fluxes,
cleaning problems arise with fine-pitch devices that sit
almost flush (less than 250 µm) to the board. For proper
cleaning, a 0.4 mm to 0.5 mm standoff is recommended,
with the need to meet this requirement based on the size of
the BGA package, since smaller profiles allow easier pen-
etration of the cleaning solutions. Using a temporary solder
mask over the vias under a package avoids flux entrapment
problems. However, this extra process step increases pro-
duction cost.
3.1 Description of Infrastructure The use of BGAs in
the design through assembly processes has become com-
mon in the last few years. Nevertheless, incorporating these
parts into electronic assemblies requires dedicated engi-
neering resources to develop, implement and integrate the
processes into the assembly operation. Even though BGAs
can leverage existing SMT infrastructure, there are techni-
cal considerations that must be addressed in order to be
successful in implementing BGA components into existing
product configurations.
3.1.1 Land Patterns and Circuit Board Considerations
Land patterns are copper areas on the surface of the printed
board which provide the mechanical attachment for the
component and the electrical connection for its leads or
terminations. Land patterns are important to manufacturing
because the dimensions of the land affect the consistency
and reliability of the resulting solder joint, and may also
affect cleaning and testability. Land pattern design for grid
array components is even more critical because of the
increased difficulty in solder joint inspection and repair/
rework. Land pattern design issues for BGA need to be
understood. This is essential to assure proper solder joint
formation and prevent defects such as bridging, opens and
to achieve optimal reliability. Land pattern development
was difficult in the past because of the lack of standardiza-
tion in physical sizes of components, and also in the toler-
ances that were considered acceptable. There has been a lot
of effort to standardize recently, and rules for developing a
three-tiered approach to different land pattern design can be
found in IPC-7351 Generic Requirements for Surface
Mount Design and Land Pattern Standard.
BGA lands can be solder mask defined (SMD) where the
solder mask overlaps the land, or metal defined (MD)
where the solder mask stays away from the land. There are
pros and cons of each approach and the choice often
depends on the pitch of the BGA (impacting land size), or
the size of the BGA (impacting part mass). These condi-
tions help define thermal stress reliability where the MD
solder mask avoids the possibility of a stress crack in the
collapsed ball or mechanical shock reliability where the
SMD solder mask helps to secure the land to the laminate.
Both the board manufacturer and the assembler must deal
with land size issues, compatible surface finishes, solder
mask registration and electrical testing. But the assembler
has additional challenges related to the selection of appro-
priate solder alloys and paste properties, and the develop-
ment of temperature profiles and consistent processes for a
wide variety of board types and component styles.
Although the electronics industry continually reports the
development of new component packages with higher and
higher pin counts, the components with the highest usage
have pin counts in the 16 to 64 I/O range. Over 50% of all
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Figure 3-1 BGA Package Manufacturing Process
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	18. components fall into  this category, while only 5% of all
components used have over 208 I/Os, the cross-over point
between peripheral leaded component style packages and
array type formats. Many peripherally leaded, lower I/O
count devices, such as memory and logic devices, have
been converted to area array packaging formats as either
BGAs or fine pitch BGAs or some similar version of a bot-
tom only termination (see IPC-7093).
Although the percentage of high I/O components used on
an electronic assembly is small, they play a big part in
driving the industry infrastructure for both bare board and
assembly manufacturing. These high I/O components
determine the process for bare board imaging, etching, test-
ing and surface finishing. They determine the materials
used for fabrication and drive assembly process improve-
ments in a similar manner. In addition to land design, one
should also keep in mind that the inner rows of BGA pins
require additional layers for interconnection. Increasing the
number of pins (vias) drives layer count due to the reduc-
tion of routing channels. Higher layer count means higher
cost of the bare board. The electronics industry has evolved
from using through-hole assembly technology in which the
component leads went into the printed board substrate and
were either soldered to the bottom side of the board or into
a plated-through hole. Surface Mount Technology (SMT)
has advanced to a stage where the majority of electronic
components manufactured today are only available in SMT
form.
Manufacturing products with SMT in any significant vol-
ume requires automation. For low volume, a manually
operated machine or a single placement machine may be
sufficient. High volume SMT manufacturing requires spe-
cial solder paste deposition systems, multiple and various
placement machines, in-line solder reflow systems and
cleaning systems.
The heart of surface mount manufacturing is the machine
that places the components onto the printed board land
areas prior to soldering. Unlike through-hole (TH) insertion
machines, surface mount placement machines are usually
capable of placing many different component types. As
design densities have increased, new SMT package styles
have evolved. Examples are fine pitch technology (FPT),
ultra fine pitch technology (UFPT), and array surface
mount (ASM). This latter category consists of the many
families of ball or column grid arrays, chip scale packages
(CSP), fine pitch BGAs (FBGA), and flip chip (FC) appli-
cations. These parts are all capable of being placed by
machines provided that the equipment has the required
positioning accuracy.
Increased device complexity has been a primary driving
factor for SMT. In order to minimize the component
package size, component lead spacing has decreased (e.g.,
1.27 mm to 0.65 mm). Further increases in semiconductor
integration requiring more than 196 I/Os can drive pack-
ages to even closer perimeter lead spacing, such as 0.5, 0.4,
0.3, and 0.25 mm. However, the array package format has
become the favorite for high I/O count devices. Area array
component package styles have a pitch that originally was
much larger than the equivalent peripherally leaded device;
however, that lead format is now also seeing reductions in
pitch configurations.
Ball and column grid arrays were standardized in 1992
with 1.5, 1.27 and 1.0 mm pitch. Fine pitch BGA array
package standards have established pitches of 1.0, 0.8,
0.75, 0.65, and 0.5 mm. There are some implementations
of FBGAs where the pitch has been reduced to 0.4 mm,
and future components are being evaluated with 0.3 and
0.25 mm pitch configurations. Although standard configu-
rations for BGAs and their associated land patterns exist, as
described in IPC-7351, some component manufacturers
have modified the standard configurations in order to
improve the interconnection capability in the component
substrate. The tailoring of the standard geometries makes it
important to check the manufacturer’s data sheet to deter-
mine the exact characteristics of the pitch, ball size and
depopulation (removed balls).
There is a question as to how many lead pitches are
required between 1.0 mm and 0.5 mm. Some indicate that
a 60% rule is of value where the ball diameter is 60% of
the pitch. This results in a 0.5 mm ball diameter for a
0.8 mm pitch. FBGAs would use a 0.4 mm ball diameter
for a 0.65 mm pitch. On the other hand, some feel that it
would be better to standardize a 0.3 mm diameter ball for
all FBGA packages. Standardization of a single ball size
would simplify land pattern development, allow more uni-
form routing channels on the interconnecting substrate, and
help standardize socket pin contact design interconnection
of the part I/Os. All of these conditions are affected both by
ball pitch and ball diameter. Using a standardized pitch and
ball diameter combined with the ability to remove termina-
tions that are not needed would make designs more coher-
ent, as shown on the right side of Figure 3-2. The trend
illustrated on the left side of Figure 3-2 forces the creation
of many different test sockets. Interconnection of the part
I/Os is affected both by ball pitch and ball diameter. The
standard ball diameter as specified by the JEDEC JC11
Committee alleviates pressure on the substrate design.
Array packages permit a variety of ball configurations i.e.,
staggered positions or partially populated parts, to provide
the room required for adequate conductor routing. With a
common base array pitch, significant advantages can be
gained in terms of providing a coherent standard for all of
the elements of the electronic manufacturing infrastructure
for components, sockets, substrates and test systems (see
Figure 3-3). The component selection process for an elec-
tronic assembly should minimize the variation in package
types and pin pitches. Problems with the assembly of large
I/O count and fine-pitch peripheral packages has caused
IPC-7095C January 2013
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	19. rethinking of the  relationship between packaging style and
assembly complexity, and the printed board interconnection
and surface characteristics.
The concern in using these very complex parts relates to
board design and assembly issues. Assembly is concerned
about attaching all the leads to the mounting structure with-
out bridging (shorts) or missing solder joints (opens).
Design is concerned with properly interconnecting all the
leads and having sufficient room for routing conductors.
3.1.2 Technology Comparison The principles used to
mount a single chip into an organic carrier package can
also be used to connect several chips together. This tech-
nique is referred to as a MultiChip Module-Laminate
(MCM-L) or a MultiChip Package (MCP) or the new name
assigned to complex module assemblies known as Multi
Device Subassembly (MDS). In all the variations that are
being developed, the one governing condition is the use of
the area array format. Thus, ball size and pitch will con-
tinue to be the process governing factor for individual
components or those that encompass more than one semi-
conductor die. Table 3-1 shows some examples of an
attempt to establish a definition for multichip modules
housing more than one die. Figure 3-4 is an example of one
such product using the area array concepts for interconnec-
tion.
Possible other descriptive attributes include substrate
technology (e.g., -C for ceramic, -L for laminate, -D for
deposited, -W for wafer, -S for silicon) & interconnection
technology (e.g., -WB for wire bond, -FC for flip chip,
-MX for mixed).
Microprocessors typically have between 40-60% of their
I/O dedicated to power and ground. As an example, a pack-
age might have a total of 1300-1400 I/O where the signal
count is between 600 and 700 I/O. Application Specific ICs
(ASICs) may differ in that I/O apportionment.
Figure 3-2 Area Array I/O Position Comparisons
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Figure 3-3 Area Array I/O Position Patterns
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	20. The signal I/O  escape wiring, and their interconnection to
other high I/O packages, will also require High Density
Interconnect (HDI) technology. As the number of I/O on a
chip increases further, the body size of the single chip
package may become unacceptably large and could require
reassessment of the overall package solution, including
considering multichip module packaging or Application
Specific Module Packaging (ASMP) as an alternative. The
signal I/O count for high performance BGAs is about 2.5X
that commonly required for BGAs used in handheld prod-
ucts. The interconnection density requirement is linearly
proportional to the number of signal I/O per package, and
inversely proportional to the center-to-center pitch between
adjacent packages. A 2.5X increase in signal I/O from 500
to 1300 pins per package at the same package-to-package
pitch will require a printed board with a 2.5X increase in
its wiring density, and a proportional increase in the den-
sity of the inter-level vias or Plated-Through Holes (PTHs).
This may require a reduction in the PTH/via pitch, and an
increase in the number of signal layers in the printed board.
With more of the circuit customization going into silicon
and with the component package size increasing, the
printed board design will need to change. The higher I/O
demand will require multilayer or high density interconnec-
tion (microvia) designs to support the required wiring and
to provide escape routing from the internal connections of
array component patterns to the printed board. Both sides
of the printed board may be required to place all the com-
ponents required by the design. There will also be an
increased demand on the printed board to handle the
required power dissipation.
Using high I/O components like BGAs and fine pitch
BGAs creates the challenge of routing all the required sig-
nal, power, and ground I/O balls to the printed board with-
out increasing board complexity and, therefore, cost.
Thoughtful package pin assignments and the package
configuration considerations (pitch, ball size, ball count,
and depopulation) can go a long way in making the board
routing easier.
Two interconnection signal layers can be sufficient for
BGA package escape, even when the BGA has very high
ball counts, provided that the pin assignments are properly
planned and the escape routing is carefully designed. Table
3-2 indicates the number of ‘‘escapes’’ possible on two
layers of circuitry vs. the array size and the number of
conductors between lands/vias. It should be noted that, as
the number of I/O increases, the ability to escape dimin-
ishes, and thus more layers may be required. At first
glance, Table 3-2 might appear to indicate that two routing
layers are insufficient to escape any array greater than 16 x
16 (256 balls). In reality, a significant number of the balls
will be used for power and ground connections and there-
fore do not need ‘‘escape’’ routing. They can be directly
connected to the appropriate plane through the dogbone via
attached to the land. That being said, poor placement of the
signal or power/ground balls can ‘‘waste’’ available routing
channels and significantly reduce the total number of sig-
nal I/Os that can be routed out in a given number of layers.
Table 3-1 Multichip Module Definitions
MCM Technology Description Attributes
Type 1 Common Technology Package Multiple same type chips, in plane.
Type 1S Common Technology Package Multiple same type chips, stacked.
Type 1F Common Technology Package Multiple same type chips, folded.
Type 2 Mixed Technology Package Mixed IC technology package, in plane.
Type 2S Mixed Technology Package Mixed IC technology package, stacked.
Type 2F Mixed Technology Package Mixed IC technology package, folded.
Type 3 System in Package Mixed ICs and discrete devices, in plane.
Type 3S System in Package Mixed ICs and discrete devices, stacked.
Type 4 Optoelectronic System Package Mixed technology for optoelectronics.
IPC-7095c-3-4
Figure 3-4 MCM Type 2S-L-WB
Table 3-2 Number of Escapes vs.
Array Size on Two Layers of Circuitry
Array Size
Total
Leads
Number of Conductors
Between Vias (•|•)
1 2 3
•|• •||• •|||•
14 X 14 196 192 196 196
16 X 16 256 236 256 256
19 X 19 361 272 316 352
21 X 21 441 304 356 400
25 X 25 625 368 436 496
31 X 31 961 464 556 640
35 X 35 1225 528 638 736
IPC-7095C January 2013
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	21. Placing signal pin  assignments on the outer rows of an
array package, and using the inner balls for power and
ground will facilitate escape routing. However, the corner
balls of large array packages are more susceptible to
mechanical failure and, therefore, it may be better to use
these for redundant ground connections. The number of
rows of signal I/O that can be routed out will depend on the
desired number of conductor routing layers in the printed
board and the number of conductors that can be routed
between lands and vias.
Figure 3-5 shows examples of conductor and space widths
that will fit between adjacent lands with various pitches
and land diameters. Note that as the ball pitch decreases,
the conductor width and spacing for a given number of
conductors per channel also decreases, and it becomes
more difficult and costly to produce the board.
Using 150 µm conductors and spaces is quite cost effective,
but printed board cost begins to increase significantly for
100 µm conductors and spaces. Using an organic intercon-
necting substrate to mount the bare die within a plastic
BGA requires that the mounting lands on the substrate
match the bonding lands on the die.
The bonding lands are typically positioned for wire bond-
ing, since this is the most popular technique. Thermally
conductive adhesive is one of the methods used to attach
the back of the die to the substrate. Depending on the
number of I/O and the lead pitch, multilayer substrate fab-
rication techniques may be used to translate a peripheral
bonding land die, to an area array matrix of bumps, balls,
or columns (see Figure 3-6).
The transition of chip bonding lands that are in an array
format permits the mounting of the die in flip chip configu-
rations. In this instance, the die is mounted opposite to that
which is wire-bonded and the bumps of the die come into
direct contact with the substrate being used to convert the
die pattern to the BGA pattern. This creates new challenges
Figure 3-5 Conductor Width to Pitch Relationship
Conventional FR-4
125 µm Line
125 µm Space
700 µm Land
Conventional FR-4
125 µm Line
125 µm Space
600 µm Land
High Density FR-4
100 µm Line
100 µm Space
600 µm Land
Next Gen FR-4
60 µm Line
50 µm Space
300 µm Land
Next Gen Microvia
50 µm Line
50 µm Space
50 µm Land
Typical Microvia
75 µm Line
100 µm Space
200 µm Land
0.25 mm Pitch 0.5 mm Pitch 0.75 mm Pitch 1.0 mm Pitch 1.27 mm Pitch
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	22. for the routing  requirements for the organic high-density
microcircuit board manufacturer. In addition, underfill is
usually required to accommodate and soften the mismatch
between the coefficient of thermal expansion (CTE) of the
chip and the CTE of the organic multilayer board (see
Figure 3-7).
3.1.3 Assembly Equipment Impact Implementing BGA
technology may require some new assembly capability.
Depending upon the type of pick and place systems, a
change in package carrier mechanism may also be required
to transfer packages from matrix tray to the pick position.
Fiducials may also help vision systems recognize the exact
location of the land pattern for the BGA, similar to what is
used for fine-pitch peripheral leaded parts. Large BGA
parts on tape-and-reel will require 44 mm and 56 mm feed-
ers depending on the body size. Use of a forced air convec-
tion oven is preferred. Repair and inspection of BGAs are
rather difficult. Rework machines with paste deposition,
preheat, and vision capability may not be required, but are
very helpful. X-ray and optical inspection (endoscope)
capability for process development is a benefit.
3.1.4 Stencil Requirements The stencil thickness may
need to be reduced when using finer pitch BGA parts. Sten-
cil thickness and land size will determine paste volume,
which is very critical for ceramic BGAs. It is helpful to
have trapezoidal stencil apertures (slightly larger opening
on the bottom than on the top) for better paste release.
Generally, on larger BGA components with 1.25 mm and
1.00 mm pitch, the aperture is large enough that stencil
clogging, print registration and definition are less of a prob-
lem than with quad flat pack (QFP) components.
Matching solder paste stencil openings to the requirements
of fine-pitch BGAs requires an understanding of the rela-
tionship between the stencil aperture and the size of the
particles in the paste. IPC-7525 provides good descriptions
to help make the appropriate relationship decisions as the
land patterns for attachment become smaller and are closer
to one another.
Overmolded Epoxy
BT Substrate
Wire Bonds
Die Attach
Solder Balls
(Sn63Pb37)
Silicon Die
IPC-7095c-3-6
Figure 3-6 Plastic Ball Grid Array, Chip Wire Bonded
IPC-7095c-3-7
Figure 3-7 Ball Grid Array, Flip Chip Bonded
High Melt Temperature Solder
or Z-Axis Interconnection Material
Soldermask Epoxy Underfill
Copper Circuitry
and Plated Vias
Thermal Vias Solder Balls
IC chip
High Performance
Laminate Material
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	23. 3.1.5 Inspection Requirements  As with any surface
mount part, BGAs should not be moved after component
placement because this may smear the paste and cause sol-
der bridges. Even if some misalignment is visually
observed, many parts will self-align during reflow if their
terminations are no more than 50% off the land. If a BGA
has a gross misalignment problem, it should be removed
before reflow and reworked later. Though it may not be
practical for high volume production, using X-ray or opti-
cal inspection (endoscope) to inspect failures before
removing the part may be desirable.
3.1.6 Test Test strategies need to be developed before
using BGAs. The solder joints cannot be probed and test
points are required. It may be difficult to incorporate
enough test points to adequately test all solder joints. Some
alternative test strategies may be needed such as designing
BGA components with boundary scan capability designed
into them reducing the number of I/O fanout probe points.
In an effort to improve test capability, some BGA compo-
nents had test points designed right on the top of the pack-
age. This was not a good solution since it put pressure on
the BGA components and the joints.
3.2 Time-to-Market Readiness Before implementing
BGAs into products, it is important to address not just the
technical issues, but also the possible business implica-
tions. It is very likely that time-to-market will be adversely
impacted if both products and the technology are devel-
oped simultaneously. It is a good idea to first develop and
validate the technology before implementing it on a real
product. Otherwise, if any problem develops in the product
or technology, the deadline for product shipment will be
missed. To assure time-to-market readiness, BGA imple-
mentation methodology and process steps should be ana-
lyzed.
3.3 Methodology Several factors must be considered
when making design decisions in an attempt to balance
size, cost, and functionality. In addition to these consider-
ations, the product must also be able to perform reliably
over the expected lifespan of the product in its intended
environment. Package selection may be influenced by these
reliability factors and environmental conditions such as
temperature vibration, shock, and humidity.
3.4 Process Step Analysis There are several available
paths to utilizing BGAs effectively. The length of each path
depends on what design and assembly facilities a company
presently has, and how quickly they can be made ready for
production. The following is an example of one approach:
1. Select a list of candidate products for BGAs.
2. Develop an equipment list based on the projected vol-
ume needs. If sufficient in-house expertise does not
exist, it may be desirable to use a reputable training
center or consultant to save cost and time.
3. Organize a team representing design, production, test,
quality, and purchasing. This team is responsible for
component and equipment selections and review.
4. Develop a comprehensive BGA design guide that
stresses manufacturability. Use existing standards where
possible.
5. Design the candidate products starting with the conver-
sions of existing products using fine pitch components.
6. Determine the need for lead-free products including the
alloy used on the part as well as the surface finish
needed on the mounting substrate.
7. Conduct rigorous assembly and test reviews. Carefully
monitor component purchasing to assure that compo-
nents have the specified package, shipping method, met-
allization, solderability, and orientation in the shipping
containers.
8. Develop comprehensive workmanship standards and a
process control system that is statistically sound.
9. Design the remaining candidate products.
With the major emphasis on using parts that meet both
customer requirements and conform to new environmental
regulations, many customers are requiring reports listing all
materials used at the component level and also for com-
pleted assemblies. To help facilitate this, IPC has devel-
oped IPC-1751 and IPC-1752 on Materials Declaration,
and have encouraged software providers to make tools
available that meet the requirements of those standards.
The requirement to establish a formal declaration system
has been in place since the automotive industry was chal-
lenged by the ‘‘End-of-Life’’ European directives.
To show an example of the breadth of the variation in
material properties that may occur in products, Table 3-3
shows a list of materials that might be used as a surface
finish or a material that was added to the assembly as the
second level interconnection.
3.5 BGA Limitations and Issues Even though BGA tech-
nology has moved into the mainstream, there are still some
decisions that need to be considered. These are business
and technical issues that must be resolved. The areas of
special concern are:
• Visual inspection
• Moisture sensitivity
• Rework
• Cost
• Availability
• Voids in BGA
• Open joint (BGA or PoP BGA)
• Head-on-pillow phenomenon
• Standards and their adoption
• Reliability concerns
January 2013 IPC-7095C
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	24. BGA issues are  not insurmountable; however, they require
dedicated engineering resources to develop and implement
a consistently reliable process.
3.5.1 Visual Inspection BGA is not a package suitable
for companies that assure quality by inspection and repair.
BGA solder joints cannot be inspected unless X-ray or
optical inspection techniques are used. To reap the benefits
that BGA offers, robust process control must be main-
tained. Due to limited time and training, many companies
find implementing such tight process control to be a diffi-
cult endeavor.
There are some visual inspections of BGAs that can iden-
tify problems with solder joints. These would show good
flow on an uncollapsed ball with ceramic BGAs, and also
be able to show collapsed balls on plastic BGAs on the
outer rows of the BGA. Visual inspection of the outer rows
serves as an indicator of some of these problems. Examples
are BGA alignment with the lands on the outer rows, and
how the BGA is sitting on the board, level or skewed.
3.5.2 Moisture Sensitivity The plastic BGA packages
are very moisture sensitive. This makes them susceptible to
warpage, swelling, popcorning, or cracking if the packages
are not properly baked and kept dry prior to package
assembly. Component storage and handling procedures are
critical for any moisture sensitive component including
leaded surface mounted devices, but it is critical for BGAs/
FBGAs.
Component moisture sensitivity is tested using J-STD-020
and is determined according to the package thickness. The
moisture sensitivity level must be analyzed for each BGA
package type. It is critical to know at which of the appli-
cable temperatures, 220°C, 235°C, 245°C, 250°C, or
260°C the BGA package was classified. The classification
of the package type may drop several levels if the higher
temperature is used.
Due to improvements in molding compounds and laminate
systems, most laminate-based BGAs can be mounted and
qualified for temperatures above 220°C. The hermetic
ceramic BGAs are not moisture sensitive and therefore can
be mounted using either of the higher temperatures.
Because of the switch to lead-free solders, the industry
needs to test and verify at a higher temperature such as
260°C, which will create major issues with not only BGAs,
but also all surface mounted devices.
3.5.3 Thermally Unbalanced BGA Design The plastic
BGA package is also susceptible to warpage at which time
the package edges lift up; this could result in no connec-
tions on the outer rows. The edges may also bend down,
Table 3-3 Potential Plating or Component Termination Material Properties
Gold (Au)
Gold (Au), electroplated
Gold (Au), hard
Indium (In)
Nickel/Gold (Ni/Au) ENIG
Nickel/Gold (Ni/Au), electrolytic
Nickel/Gold (Ni/Au),
Nickel/Palladium (Ni/Pd)
Nickel/Palladium/Gold (Ni/Pd/Au)
Nickel/Palladium/Gold (Ni/Pd/Au), ENEPIG
Organic Solderability Preservative (OSP)
Organic Solderability Preservative (OSP-HT), high temp
Palladium (Pd)
Platinum/Palladium/Silver (Pt/Pd/Ag)
Silver (Ag)
Silver (Ag), electroplated
Silver (Ag), immersion
Silver (Ag), with Nickel (Ni) barrier
Silver/Palladium (Ag/Pd))
Silver/Palladium (Ag/Pd), with Nickel (Ni) barrier
Tin (Sn)
Tin (Sn), bright
Tin (Sn), bright, annealed
Tin (Sn), bright, fused
Tin (Sn), bright, reflowed
Tin (Sn), bright, reflowed over Nickel (Ni) barrier
Tin (Sn), bright, with Nickel (Ni) barrier
Tin (Sn), bright, with Silver (Ag) barrier
Tin (Sn), hot dipped
Tin (Sn), immersion
Tin (Sn), matte
Tin (Sn), matte, annealed
Tin (Sn), matte, fused
Tin (Sn), matte, reflowed
Tin (Sn), matte, reflowed over Nickel (Ni) barrier
Tin (Sn), matte, with Nickel (Ni) barrier
Tin (Sn), matte, with Silver (Ag) barrier
Tin (Sn), reflowed
Tin (Sn), Semi-matte (Sn)
Tin/Bismuth (SnBi), <5% Bi
Tin/Bismuth (SnBi), =>5% Bi
Tin/Bismuth/Gold (Sn/Bi/Au)
Tin/Copper (Sn/Cu)
Tin/Copper (Sn/Cu), annealed
Tin/Copper (Sn/Cu), HASL
Tin/Copper (Sn/Cu), hot dipped
Tin/Copper (Sn/Cu) matte
Tin/Lead (Sn63Pb37)
Tin/Lead (Sn90Pb05)
Tin/Lead/Silver (Sn/Pb/Ag)
Tin/Silver (Sn/Ag)
Tin/Silver (Sn/Ag), hot dipped
Tin/Silver (Sn/Ag), plated
Tin/Silver/Bismuth (Sn/Ag/Bi)
Tin/Silver/Bismuth/Copper (Sn/Ag/Bi/Cu)
Tin/Silver/Copper (Sn/Ag/Cu)
Tin/Silver/Copper (Sn/Ag/Cu), hot dipped
Tin/Zinc (Sn/Zn)
Tin/Zinc/Aluminum (Sn/Zn/Al)
Tin/Zinc/Nickel (Sn/Zn/Ni)
NAC* (Not applicable - Must provide Comment)
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	25. thus such terms  as ‘‘frowning’’ or ‘‘smiling’’ BGAs have
been used to identify these conditions. The so-called ‘‘smil-
ing’’ BGA interposer puts a stress on the balls at the outer
rows, while the ‘‘frowning’’ BGA interposer puts the stress
on the connection of the inner row ball locations. Package
warpage is of real concern in flux-only applications during
rework. Large die sizes can cause CTE mismatch between
the PCB and the package laminate material, which can cre-
ate package warpage (see Figure 3-8).
Thermally unbalanced package designs, particularly those
with heat spreaders on the top, will warp according to the
classic bi-metal effect.
3.5.4 Rework Although BGAs do not require nearly as
much rework as fine pitch lead-frame devices, many
assemblers are apprehensive about using a component
package that is difficult to be reworked. While BGA rework
is difficult, it is by no means impossible. Tools and tech-
niques for rework are currently available that range from
manual to automated techniques to reball the BGA or
redress the land pattern. Several factors must be addressed
during the rework operation. These are:
• Number of heat cycles
• Ball collapse during re-balling
• No damage to pads on BGA interposer
• Proper land redressing and no damage to lands on the
product board
• Appropriate reflow temperature for re-attachment based
on alloy used
• Proper cleaning to remove flux residue unless no-clean
flux is used
3.5.5 Cost The BGA still has a slight cost differential
compared to fine pitch peripheral packages that it replaces.
However, competitive pressures keep bringing costs lower
to meet new targets. Further costs accrue with the increased
board layer counts that BGAs require; however, there are
many advantages to the interconnecting concepts and the
performance characteristics resulting from BGA implemen-
tation.
Following are some of the key reasons for higher BGA
package cost:
• Higher cost substrate (fine line/space)
• High Tg BT (bismaleimide-triazine) resin
• Thermal enhancements
• Electrical enhancements
• Very fine external pitches
• High temperature reflow requirements
• Thin profile heights
IPC-7095c-3-8
Figure 3-8 BGA Warpage
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	26. All of these  have been addressed in the last few years and
great progress has been made.
In general, it has been difficult to create standard pin count
BGA designs because every die has different requirements.
Each package/die combination is unique; therefore, econo-
mies of scale that manufacturers can achieve with
perimeter-leaded packages are not necessarily seen with the
area array devices.
Table 3-4 shows the expectations of the semiconductor
industry as to what they expect to pay on a cost per pin
relationship for the different technologies over the next
several years. The shaded sections indicate a challenge and
degree of difficulty in achieving the predicted goals. Table
3-4 is taken from the ITRS 2010 Roadmap and the costs
are very aggressive. The lower range of costs reflects
peripheral leaded packages and the higher ranges reflect
array style packages like BGAs/FBGAs.
The opinion of many resource experts is that the prices in
the future years may not be able to be achieved with prof-
itability because of the low costs forecasted.
3.5.6 Availability The 1.27 through 0.8 mm are available
in high volumes in many locations in the world. The
0.50 mm and below pitch packages are also becoming
available, and are used in many advanced portable elec-
tronic applications. Some of the component manufacturers
are developing their own version of the BGA package. Part
of this has to do with making it more difficult to copy the
design; another part has to do with maintaining market
share. The concept is one that prevents second source entry
and locks the designer that chooses a particular nonstan-
dard component product into a single component supplier.
3.5.7 Voids in BGA Many companies use X-ray,
In-circuit Test (ICT) and Automatic Optical Inspection
(AOI) in combination to improve their process control for
BGA solder joints. Some look for voids through X-ray to
determine accept/reject criteria. Some level of voiding in
any kind of solder joint is inevitable, but there is still
debate as to what is acceptable or an excessive void. The
proponents of voids argue that it is not the void that is bad,
but its location. The review of voiding has many consider-
ations, and in order to assist in process improvement
criteria, several tables in Appendix A are available to assist
in establishing process improvement goals. The informa-
tion on voiding has been analyzed in many controlled
experiments with no correlation being established that
relates the amount of voiding to reliability performance
under thermal or mechanical stress.
As the pitch of the BGAs become smaller and the ball size
is reduced, the number of voids in an individual ball
becomes more of a concern. One suggestion has been to
correlate void acceptance to the environment in which the
final product must perform. It is recommended that each
product establish a criterion for a Void Protocol which
would establish the goals for a process or a product.
3.5.8 Pad Cratering A new concern for BGA implemen-
tation is the phenomena of pad cratering. Pad cratering is
defined as a separation of the pad from the PCB resin/
weave composite or within the composite immediately
adjacent to the pad. It is also known as a ‘‘laminate crack.’’
Examples of pad cratering are shown in cross-section pic-
tures of BGA solder joints in Figure 3-9. Much of the rea-
son for this condition rests with the new formulations for
laminate resin systems that have been formulated to meet
the higher temperature requirements of the lead-free solder.
Some of the new materials are stiffer and may be more
brittle than those used in the past.
There are several possible failure modes for a BGA solder
joint. The different conditions are depicted in Figure 3-10
which is intended to highlight the location of pad cratering
in relation to other forms of solder joint failures. The Pad
Crater failure mode is in location 5. It occurs between the
land pad and the PCB laminate. The failure between the
component substrate and the component pad at location 1
is also very similar to pad cratering, but this type of failure
is usually attributed to the component packaging process
rather than the printed board assembly. The occurrence of
failure in location 1 is usually discovered during compo-
nent reliability evaluations or during the classification con-
ditioning described in paragraph 3.5.2.
3.5.9 Standardization Issues Many of the BGAs are
using conventional printed board (interposer) materials but
are being tested to the standard component reliability tests.
Table 3-4 Example of Semiconductor Cost Predictions
Year Roadmap Input 2008 2009 2010 2011 2012 2015 2018 2020
Cost per Pin Minimum for Contract Assembly [1,2] (Cents/Pin)
Low-cost, hand held and memory 0.24-0.47 0.23-0.46 0.22-0.45 0.21-0.43 0.20-0.42 0.19-0.38 0.18-0.35 0.17-0.34
Cost-Performance 0.63-1.00 0.62-0.96 0.61-0.94 0.60-0.92 0.58-0.90 0.55-0.85 0.52-0.80 0.50-0.79
High-Performance 1.68 1.64 1.61 1.58 1.55 1.45 1.37 1.32
Harsh 0.23-2.00 0.22-1.90 0.22-1.54 0.21-1.46 0.20-1.38 0.19-1.17 0.18-1.00 0.17-0.89
White - Solutions exist Yellow - Solutions being pursued Red - No known solutions
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