Changing Economics of In-Circuit Test

How New In-Circuit Test Systems Boost Productivity and Lower Costs of High Volume Production Test

Summary

A new brand of ICT Production test systems remove the
traditional barriers associated with automating electrical
test. "Zero Footprint" and "Multi-Site" design concepts are
changing the economics of ICT in dramatic ways for
manufacturers of high volume Printed Circuit Board
Assemblies

The Role of Test & Inspection

Test and inspection equipment used on the production
floor of high volume PCB manufacturers generally
includes automated optical and X-ray inspection (AOI &
AXI) imaging systems and one or more electrical test
systems commonly referred to as manufacturing
defect analyzers (MDA), in-circuit test (ICT) or
functional test (FCT) systems. Each of these
technologies are adept at detecting certain defects
and the Venn diagram shown in Figure 1 indicates that
combining these techniques at various points in the
manufacturing process provides the best level of
confidence that the products being built are free of
defects.

To support trends toward automated assembly of
PCBs, the makers of test and inspection equipment
have developed versions of their systems that are
specifically designed to be integrated into various in-
line production environments. The success of these in-
line automated versions has been met with mixed
success.

Imaging inspection equipment has experienced a
much higher adoption rate into the automated line and
it is common to find dedicated imaging systems that
are integrated directly into the assembly line to
perform specific tasks such as paste inspection,
checking of component placement and proper
soldering of device pins.

Electrical test systems like ICT have been adopted into
the automated line at a much slower rate than imaging
systems and it is still common for electrical test
systems to remain isolated from the main automated
production line - islands of test operating
independently of the automated assembly line (Figure
1.

In-Circuit Test Automation Challenges

The slow adoption of ICT systems into the main
automated assembly line is due to the fact that they
have unique characteristics that make them much
more challenging to automate than imaging systems.
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Figure 1. ICT Programming Overlapping and Complementary fault
detection properties of Test & Inspection Equipment Devices

Equipment Size

ICT systems typically contain a large variety of test modules
that are utilized to electrically test the product under test.
These modules include test controllers, system & user power
supplies, AC & DC voltage source/measurement units,
waveform generators, digitizers, timer/counters, and high
speed digital driver and sensor pins. These instruments gain
access to the product being tested through a complex
switching matrix and test receiver that typically requires
thousands of relays and test probes.

The physical dimensions of ICT systems are driven primarily
by the required amount of test instruments and the
maximum tester pin capacity - which have typically made
them much larger than imaging systems. Many ICT systems
are designed with a support infrastructure that can support
thousands of test pins allowing them to be used for a wide
variety of product applications. This makes the equipment
size quite large, even for manufacturers of small products
that only require low pincount tester configurations.
Automating these large general purpose electrical test
systems have traditionally required large adaptation efforts,
complex setup, bulky handling equipment, additional support
bays and a large amount of factory floorspace.

Figure 2 shows an example of an ICT solution where the test
instrumentation is integrated directly into the automation
equipment. This implementation requires additional support
bays to hold all the instrumentation which increases floor
space and the length of the manufacturing line. Most
manufacturers prefer their automation equipment to fit
within a standard 19" wide instrumentation rack and that is
difficult to accomplish with automated electrical test
solutions that must support large numbers of pins and
instruments.



Equipment Speeds

Assembly equipment speeds have continued to
improve since the advent of automated PCB
manufacturing. A nearly 3 fold improvement in
assembly speeds have placed pressure on downstream
test and inspection equipment to improve their
operational speeds so as to keep up with the “beat
rate” and avoid becoming the bottleneck on the
production floor.

Unlike imaging test systems, the throughput
limitations of ICT systems are bound by the physics of
performing electrical tests. To perform electrical tests,
relays must be opened and closed, test instruments
must be turned on and off, residual voltages must be
discharged, component setup and hold times must be
obeyed, and components that are not being tested
must be guarded or disabled so that they do not
interfere with the components under test. Most of the
test time associated with performing electrical tests is
related to performing the above activities and the
tester instruments and computer are often sitting idle
waiting for them to complete. This means that the
throughput of ICT systems can not be dramatically
improved by adding enhanced instrumentation or a
higher performance CPU.

Because of this, ICT systems can become a bottleneck
on the production line forcing manufacturers to
perform ICT using multiple offline test systems or
requiring them to add multiple ICT systems in-line;
which increases overall manufacturing floorspace
requirements.
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