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A combined test approach
reduces PCA time-in-process
by minimizing debug/repair/
retest time.
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key challenge facing elec-
Atronics manufacturers of
high-complexity boards is

the issue of board test strategies. An
effective board test strategy can be crit-
ical in determining a company’s ability
to succeed in an environment of
extreme cost pressures, trends towards
smaller components, increased manu-
facturing complexity, new packaging
technologies, higher functionality
boards, reduced test access and shorter
product life cycles.

Two pillars of survival for an elec-
tronics  manufacturing  services
(EMS) provider are asset utilization
and inventory turns. Using assets as
efficiently as possible to ensure ship-
ment of the highest quality boards at

the lowest possible cost is key to
maintaining profitability. Time-in-
process is a critical factor in this equa-
tion; products must get through the
manufacturing process in the fastest
possible time while minimizing scrap
and rework. The more products
shipped with current assets while
minimizing scrap and rework, the
better the asset utilization, the higher
the inventory turns and the higher
the profitability.

The problems associated with man-
ufacturing printed circuit assemblies
(PCAs) become even more difficult as
the board’s complexity increases. Prob-
lems associated with the more complex
boards include:

» reduced physical access for in-circuit
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test (ICT)

* reduced visual access for human inspectors

s increased complexity of the manufacturing assembly process

* more expensive work-in-process

» more time-consuming and costly ICT fixturing and program
development

» more difficult ICT and functional test (FT) diagnostics and
repair.

With many high-complexity products having 20,000 or
30,000 solder joints, even the most capable process operating at
a very low parts-per-million (ppm) defect rate will exhibit dis-
turbingly low yields, extremely high ICT and FT debug costs,
very high cycle times and very low inventory turns.

An effective test strategy maximizes fault coverage at a rea-
sonable or lowest possible cost while meeting cycle time tar-
gets. This desired result is becoming increasingly difficult to
achieve using only in-circuit and functional testing on high-
complexity circuit boards; that is, boards with more than
3,000 nodes and/or 15,000 solder joints. The high value
invested in the high-complexity boards requires that these
boards move through the manufacturing and test process,
including debug and repair, as quickly as possible.

To deal with these issues, an effective test approach is
required. Numerous methods exist to test PCAs, including auto-
mated optical inspection (AOI), automated x-ray inspection
(AXI), ICT, functional test, manual visual inspection, laser paste
inspection and environmental stress screening (ESS). However,
each test strategy has its own strengths and weaknesses.

Selecting a Test Strategy

Formulating the right test strategy depends on the require-
ments of the product at hand. One approach is to construct a
defect pareto using a defect prediction model. The most effec-
tive method of capturing the faults is then determined using a

modeling/simulation tool that contains the fault coverage of
each test method. Factors that have to be included in the cost
model are:

» cost of application development

* capital cost

» throughput

« false fail rate

« false accept rate

* debug times

« fault coverage of the different testers.

A proprietary modeling tool called Quality Modeling Sys-
tem (QMS) optimizes the test strategy on any particular board
to meet customer needs (Figure 1). The main input to the
model is the customer bill of material (BOM). The board parts
are then classified into electrical (SRAM, ASIC, transistor) and
physical (0805s, Jleads, ball grid arrays, etc.) categories. Based
on historical data, the incoming ppm component quality (elec-
trical defects) can be approximated with the electrical classifi-
cation; similarly, the assembly defect rates (physical defects) can
be estimated with the physical classification.

The output of the combined electrical and physical classifi-
cations is the estimated fault spectrum and ppm defect levels
based on the customer BOM. The BOM is then analyzed for
design rule violations. When a design rule is violated, the ppm
defect impact of the violation is approximated. After this analy-
sis, a good approximation of the fault spectrum and the board’s
defect rates is available.

With this information, the impact of using different test strate-
gies can be modeled. For example, estimates can be made of the
impact of using just visual inspection and functional test, AOI
with ICT and functional test, and x-ray test with ICT and func-
tional test. Based on this analysis, the optimum test strategy can
be determined for the particular board. The model then provides
the estimated yields, repair and scrap costs, defects per million
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defects per unit (DPU) and
other factors. These numbers
are used to set production
quality targets.

In actual production, the
targets are monitored, and
action is taken when the tar-
gets are not met. To keep the

model as accurate as possi-
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FIGURE 1: Quality Modeling System.

overlapping coverages of the
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FIGURE 2: Test coverage of the different testers.

different test approaches would make optimizing a test strategy
very difficult and time consuming.

Based on this prediction model and the test coverages
shown in Figure 2, a common test strategy for high-complexi-
ty boards is to use a combination of AXI, ICT and FT. AXI tests
the structural integrity of the solder joints, ICT tests the elec-
trical integrity of the components and PCB, and functional test
verifies the PCB’s performance characteristics. In addition,
depending on customer requirements, some type of ESS test-
ing may also be performed. The main objective of this com-
bined test approach is to have as high a test coverage as possi-
ble, while using tests that have complementary test coverage
(Figure 3).

On complex boards, typically about 80 to 90 percent of all
defects found are structural or process defects. AXI provides
about 95 percent coverage of these structural defects. There-
fore, using AXI before ICT and functional test results in a sig-
nificant reduction in the defects found at ICT and functional
test. In addition, AXI pinpoints the exact location of the
defects. As a result, the repair cost at AXI is low while the time
to complete the repair is fast.

Without AXI as the initial screen, hours would be needed to
debug the defective boards at ICT and FT, due to their high
complexity. Relying on ICT and FT to catch the defects would
lead to high work-in-process, extremely high cycle times and
very poor process-throughput and asset utilization, due to
their retest/debug/repair loops.

Combined Test Benefits

AXI/ICT/FT test methods are highly complementary and
ensure the highest test coverage on high-complexity boards,
independent of any test access and new packaging technology.
The benefits of this strategy are:

« Faster time to market occurs because of the faster prototype
testing. Close to 95 percent test coverage of structural defects
can be tested within hours of application development, as
opposed to days for an ICT test approach.

* The highest quality of boards shipped is ensured.

FIGURE 3: Overlapping and complementary test coverage of the
AXI/ICT strategy.

* Reduced costs at ICT, FT and ESS occur through reduced
debug and repair by catching the structural defects at x-ray and
repairing these with minimal debug cost.

* Shorter product cycle times and improved asset utilization
occur through reduced retest/debug/repair loops at ICT/FT and
ESS.

The net effect of this combined test strategy for complex
boards is a lower overall cost of test, debug and repair.

By far the most important benefit of using this combined test
strategy is the impact on time-in-process or cycle time. This
combined test strategy results in boards being processed sub-
stantially faster than by using traditional test methods. For com-
plex boards, this test strategy helps shorten the overall time-in-
process by a factor of three through reduced time in debug and
repair. Thus, the combined test method dramatically improves
asset utilization and inventory turns.

Implementation Issues

A significant benefit of using AXI in the combined test
approach is that the manufacturer can achieve close to 100-
percent fault coverage on structural defects within hours of
application development as opposed to days for other test
methods.

Most companies have experience with ICT and functional
test, but few have extensive experience with x-ray test. As with
ICT, AXI takes considerable investment in resources and train-
ing to ensure high quality and rapid x-ray test.

One issue often overlooked is design-for-test (DFT) for
structural test. Unlike electrical tests, structural test systems
focus on testing the physical structure of the board, its joints
and components. Therefore, a different set of DFT issues come
to light. For example, the consistency of pad geometry layouts
for the same part type on all product families is a key issue in
ensuring rapid test development. Without this consistency,
application development times can triple or quadruple, and
application false fail rates and false accept rates will be less than
optimal.
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Conclusion

In today’s business environment, manufacturers must con-
tinuously drive down costs while coping with increased product
complexity and shorter product life cycles. The complexity and
time-to-market pressures make high-complexity boards partic-
ularly difficult to manufacture. To ensure the optimal test strat-
egy, the proprietary QMS tool helps determine test strategy on a
case-by-case basis. Because 80 to 90 percent of all defects on
high-complexity boards are generally structural in nature, auto-
mated inspection tools like AOI and AXI should be comple-
mented with ICT, FT and ESS methods. This combined test
approach greatly reduces time-in-process by minimizing time
spent in debug/repair/retest loops. [ |
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