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FIXTURE PROBING

A s technology advances, more
and more electronic compo-
nents that do bigger and better

things are hitting the market. At the same time,
the size of the PCB is shrinking. While cir-
cuit board designers could resolve the issue
by building multiple boards into products to
accommodate the additional components, they
instead are opting to squeeze them onto a single
PCB.

To fit more components in a smaller area,
designers have no choice but to
decrease the size and spacing of test

targets commonly used in bed-
of-nails fixtures. These test
targets, namely, component
leads, test pads, and via holes,
allow electrical access to the
UUT. The challenge is to hit
these smaller targets and still
achieve accurate test results.
To accomplish this, it is only
logical that test probes also
need to be smaller.

While other types of ATE,
including flying probers,
X-ray, built-in self-test (BIST),
boundary scan software, and

optical inspection, combine to en-
hance the testing of high-density PCBs,
the bed-of-nails fixture continues to
offer the best combination of speed
and test coverage in a high-volume
manufacturing environment. But, as
with any technology, there’s always
room for improvement.

Since the beginning of automated
PCB testing, designers have pushed
fixture and probe manufacturing com-
panies to build a better bed-of-nails
fixture. However, any new product
innovations must be balanced with
design for test (DFT) guidelines that
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have evolved over time to keep pace with the
latest advances in PCB and fixture manufactur-
ing. The challenge is getting everyone in the
design, manufacturing, and test departments to
coordinate their efforts and agree upon the
guidelines.

The Smaller the Probe, the Higher the Price
Spring probes conventionally used in bed-of-

nails test fixtures are held in place by a socket,
which is permanently mounted in the fixture

probe plate and wired to the test
system. For decades, the conventional
probe has produced reliable results
when used on 0.100″ centers.

But as the size of circuit boards
continues to shrink, the demand grows
for smaller probes to use on 0.075″,
0.050″, and even 0.039″ centers.
Smaller-diameter probes, however, are
not only costly to manufacture, they
also are less robust, easier to dam-
age, harder to maintain, and tend to
need replacing more often than larger
probes, all of which drive up test
costs. Smaller probes also offer fewer
tip-style and spring-force options.

A Socketless Solution
While the concept of socketless

probing isn’t new, the technology
wasn’t widely used throughout the
industry until smaller test targets
started calling for the use of smaller,
more delicate test probes. Now,
socketless technology is widely rec-
ognized for its capability to use
larger, longer-lasting probes on high-
density PCBs. This is made possible
by joining two parts: a probe and a
termination pin.

In the example shown in Figure 1,
the interconnect pin at the top of the
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termination fits securely into the
modified interconnect receptacle at
the bottom of the probe tube. Be-
cause the termination pin is mounted
directly beneath the socketless probe,
it stays within the diameter of the
probe tube while still providing a
reliable electrical connection to the
test fixture and performing all the
functions of a stand-ard socket.

A Bevy of Benefits
Compared with conventional

probes,  the benefits  of using
socketless probe technology in bed-
of-nails test fixtures are many:
• Higher probe-pointing accuracy due
to the elimination of the single-
press ring socket.
• A lower per-point cost, currently
less than that of a conventional
probe, for 0.075″, 0.050″, and 0.039″
centers.
• The use of larger, more robust
probes less prone to damage in a
production environment, resulting in
fewer maintenance issues.
• More tip styles and spring-force
options with the use of larger probes
on closer centers.
• Long-stroke socketless probes for
dual-level testing on 50-mil centers.

All these benefits combine to in-
crease productivity and lower the
overall cost of testing high-density
circuit boards with closely spaced
test points.
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Built to be Compatible
Socketless probes also score

high in compatibility since they
now can be used in every stan-
dard, in-circuit, and functional
test fixture. This includes fix-
tures for GenRad, Agilent Tech-
nologies, and Teradyne test sys-
tems,  whether  pneumat ic ,
mechanical, or vacuum type.

Wiring methods for socketless
fixtures offer just as many op-
tions as conventional ones, in-
cluding wire-wrap posts, wire

jacks, and precrimped and wireless
terminations. The probes, which now
are readily available, also work well
with the wide range of test targets
found on PCBs because they can be
set at various heights (Figure 2).

Just as conventional sockets can be
set lower for probes that test compo-
nent leads, so can the termination
pins in a socketless fixture. By lower-
ing these pins, attached probes test
the leads and still achieve the recom-
mended travel distance, which is ap-
proximately two-thirds of their maxi-
mum stroke potential.

To successfully probe a 0.050″
connector lead, for example, termina-
tion pins must be set 0.050″ lower
than probes designed to hit test pads
or vias. The capability to adjust
heights for various test
targets helps guarantee
proper probe travel for each
point in the fixture.

Designed for
Flexibility

Compared to smaller
conventional probes used
in high-density PCB test-
ing, socketless probes of-
fer more choices for probing
test targets. Due to their larger
size, socketless probes accom-
modate a wider range of tip
styles in copper-beryllium and
hardened steel as well as higher
spring forces.

When the choice is made to use
socketless technology, test fixtures
generally are designed to house only

socketless probes. However, if there
is a high ratio of larger to smaller
center probes, it may be more cost-
effective to mix conventional and
socketless probes. In some cases,
small areas of larger socketless probes
may be added to a conventional
fixture to replace areas of smaller
probes like those typically found
under ball grid arrays, high-density
connectors, and other closely cen-
tered test points (Figure 3).

Regardless of their position on the
fixture plate, whenever conventional
probes and sockets and socketless
probes are mix-mounted, vacuum
leaks may result between the two
systems. To prevent such leaks,
simple gaskets and similar sealing
methods can be incorporated into
the design (Figure 4).

Maintenance Made Easy
Easy maintenance and repair are

important factors when considering
the use of any technology. How-
ever, these aren’t considerations when
c o m p a r i n g  c o n v e n t i o n a l  a n d
socketless technologies since replac-
ing dull, worn out probes is just as
easy in both types of fixtures.

In the socketless design, probes
sit atop termination pins that are
permanently mounted and wired into

Conventional
Probe and Socket
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a fixture, making the probes especially easy to replace.
These pins are designed to withstand a high number of
probe replacements while still maintaining a reliable
electrical path. However, when damaged, they can be
removed and replaced, using special termination insertion
and extraction tools, just as easily as conventional sockets.

Probing Ahead
Today, conventional probes and sockets are the most

commonly used products in bed-of-nails test fixtures.
But as more components crowd onto smaller PCBs, test
targets continue to shrink, and center-to-center spacing
decreases, the need to use smaller-diameter probes will
keep driving up the cost of test.

Hence, socketless probing—through its use of larger
probes on smaller centers—will become an increasingly
popular alternative. Today, a  growing number of fixture
houses and PCB manufacturing companies use socketless
probe technology and recommend socketless design
solutions wherever appropriate. Plus, with more im-
provements on the way, there is little doubt that
socketless probing will continue to universally benefit
PCB designers, fixture houses, and end users alike.
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