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BOARD FLEX AND COMPONENT DAMAGE
IN ICT TEST FIXTURES
By Marco Deblois
REMATEK Inc, Canada

Introduction

When a PCB is tested in an in-circuit test fixtuaehigh density of probes can be in
contact with the test card simultaneously. The gjdead usage of 0.050” and 0.039” probes in
high density areas leads to significant flexiortled unit under test (UUT). For example, a one
inch square BGA can require 400 probes at 0.05@cisg. Considering 8oz probes, this
component will support 200 Ibs/in2 underneath dadyb

In the case of a single-sided fixture, all the g®lare applied underneath the card, and a
vacuum box secures the card from the top.
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Ideally, all probes should be countered by a presBoger to balance the forces of each
side of the UUT. If this were possible, the resgtiforce applied to the card would been nil.
Unfortunately, this is only possible very rarelyheldensity and complexity of electronic circuits
is increasing constantly. We therefore find ourssleonstructing fixtures with a high density of
probes that cannot be supported adequately, neguttimajor flexion of the card under vacuum.

As we will see, major flexion of a UUT can resulthreakage of certain components and
enormous repair costs for damaged circuits. Mone@amne problems such as a solder fracture
may not be detected during final test, or even ejcafier delivery to the end client. It is therefor
essential to use the best tools available to mierthis effect when designing our test fixtures.
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Stress, Strain and Displacement

For a thin plate to bend, as in Image 2, the tofhefplate must stretch, while the bottom

must be compressed. The stretching and compressitms plate depend on the displacement
created by force P.

Strain = L/L

Stress =E* =P/A
L = Distance
E = Young’s modulus
P = Force

A = Surface (impact distance)

/////*Stretched side
5
H
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Image 2

Strain is measured in millionths of a unit. For mpde, 500 microstrains represents a
strain of:
500 microstrains =500 X 10E-6in/in
=0.0005"in/in

Thus, 500 microstrains represent a strain of 0.0008r a distance of one inch. The
components installed on a PCB suffer the samenstraiypically, through-hole components are
not very sensitive to strain because of their fiexiugs. However, large surface mount
components such as BGAs are very sensitive tastrai

Certain manufacturing processes such as Electrbliekel/Immersion Gold Plating,
widely used for installation of BGAS, render théd&ws joints very brittle under certain
conditions. Since they have a rigid body and astaited directly on the PCB surface, these
components withstand stretching to such an extentthey will suffer solder fracture failures. It
has also been proved (1) that the increasingly spcead use of lead-free soldering renders the
solder joint even more brittle. The Bansal, YooM&hadev study (2) shows that the most
exposed solder joints are located at the edgdseafdmponents. Large components soldered to a
card, such as BGAs, will have the effect of reiniiog the PCB at this location. The stresses
exerted on them will then be distributed to the kesa locations, the outer edges.
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Stressed edge

Image 3
Strain gages

Strain gages are small devices used to measumlswsfrain. Perfectly adhering to a
PCB'’s surface, the sensor will stretch accordintpneoPCB surface strain at this precise location.

Image 4

These devices are made from a very thin metakimeht with electrical resistance that varies
according to stretching or compression. In Image $ensor installed at point A will stretch and
indicate a positive value (e.g.: 600 microstraifkk)wever, a sensor installed at point B will
contract and indicate a negative value (e.g.: f8@fostrains). The strain gages are
unidirectional; i.e. show strain on one axis. Gartaperimposed models, as in Image 4, can
show strain on several axes simultaneously. Whed appropriately, the strain gage is a very
precise and indispensable tool.
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Strain vs Time
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Graph 1

When installed inside a fixture during a vacuunt,teain gages let us obtain a real-time
reading of the strain involved on the PCB. TheiStva. Time Graph (Graph 1) that we provide
with each stress analysis represents the strainaoperiod of 10 seconds. During this period,
vacuum is applied to and removed from the fixtditee 3 red, yellow and blue curves represent
the 3 different axes of the sensors used. The ldacke represents the maximum diagonal strain
calculated according to the following equation:

MAX( |el+e2-e3|, |e3|)

Typically, we recommend that the maximum straindss than 600 microstrains at all
times. Strain levels are directly proportional samuum levels. All our tests are performed at
maximum vacuum level, between 28 and 29 inch otorgr

Strain gages can be installed everywhere highnstiaie expected from probe
concentrations. An IPC guideline for strain gagsitg (3) recommends that all BGA
components with a body size equal to or larger tharth should be tested using strain gages.
One strain gage should be installed on all founem of the component. If all the BGAs on the
PCB are smaller than 1 inch, it is recommendeeégsbthe 3 biggest devices.
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Strain rates

The strain rate is the increase in strain per s¢ancrostrain/sec). The Bansal, Yoon &
Mahadev study (2) showed the relationship betwe®A Bailures and strain rates. The faster a
force is applied to the PCB, the less force is imeguto damage the UUT. A weak force applied
very quickly does more damage than a strong foppéied slowly. The study shows that it is
possible to repeat BGA fractures in produttiduring high-speed flexion tests (>5000
microstrain/sec). At low speeds (about 500 miceistsec), they showed that some components
even withstood up to 6800 microstrain. Howevehigh speed, a strain of 1000 microstrain was
sufficient to damage the components. We suggesba@amum strain of 600 microstrains at all
times.

Strain Rate vs Time

Strain Rate (um/ms)

Seconds

Graph 3

In the above graph, the points beyond |[5000| sHmeilkcbnsidered as indicating a zone
where the strain should be less than 600 microstréetween the seventh and eighth seconds,
we can see that the strain decelerates to a rhgttainout -6200 microstrain/sec. In the next
graph, we can confirm that these strain valuesiader the established limit.
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Graph 4

It is thus essential to measure and control tterstates. The speed at which the probe
and vacuum forces are applied to the UUT can b&ated easily by using a vacuum regulator,
or by using more or less support springs betweellixture’s base and support plates. Only
appropriate equipment using strain gages can measain rates.

Software Analysis

Finite Element Analysis (FEA) is a numeridachnique for finding solutions of
boundary-value problems in structural analysisofmon use of FEA is for the determination
of stresses and displacements in mechanical systEBEA software is applied in various
engineering environments and is generally tathpo popular CAD packages for use in
diversified applications. The highly complex andsatile algorithms of this software can take
several hours to solve a system including thousahdemponents, such as the probes in our in
circuit test fixtures.

In the case that concerns us at REMATEK, we haesemto use an alternate method
called Finite Difference Simulation (FDS). This nemcal technique is perfectly adapted to our
problems involving a thin plate, and is providirgtfand precise results. The FDS analysis tool is
directly integrated into our fixture design softearalled DrillCAD. This software, which we
have developed continuously since 1994, has tuonetb be the most sophisticated fixture
design tool on the market. Its brand-new FDS fuumstinow allow us to predict displacements,
pressures and strains everywhere on the PCB verysety during the fixture design stage.
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Spring probe & pressure finger locations over baarahe

Our FDS tool not only lets us account for the foofehe probes, the positioning of the
fingers/stoppers and the thickness of the platealso the presence of components on top of and
underneath the PCB. The 2D analysis software ysuakd in the fixturing industry considers
the PCB to be a plate with uniform elasticity. Swsdftware will compute that the maximum
strain under a BGA is located at its centre. Ircpca, we know that the forces are concentrated
on the outer edges of a BGA.

DrillCAD has been programmed according to a platiéh won-uniform properties. It is
thus possible for us to define the zones wherectimaponents add rigidity to the UUT. As
described in the example in Image 3, a BGA will@amtrate the forces and strains on its edges,
reducing these same factors at its centre.

The following examples are showing the displacenzamt strain as a colored map over

the UUT image, with and without the component aff@he red and magenta zones represent
displacement greater than 0.005” or strain oved||50

Displacement without components Displacement waitimgonents




Horizontal strain without components Horizontal strain with components

Vertical strain without components Vertical straiith components

Perfectly adapted to analysis of a thin plate sasgch PCB, our FDS tool lets us obtain
results with multiple iterations in a few minutdfius, we can quickly optimize the design of our
fixtures to minimize the strain levels on the PCBghout lengthening the delivery times of our
projects. Once this work is completed, Drill CADaalls us to export all the necessary files to
manufacture the fixture, such as the drilling filwe wiring files and the test files.

Better Fixturing Solutions

To reduce the pressures exerted on a PCB, 8taafid simplest solution is to reduce the
probes forces, when this is possible. Secondlyptsitioning of the fingers/stoppers must be
optimized to control the probe forces. But thisfien very difficult to achieve. Mechanically, the
stoppers must be located exactly under the predisigers to avoid the creation of shear points
(Image 5).

Image 5




The density of the components on both sides ofPi8s often makes it impossible to
obey this rule. It is then necessary to eliminagefingers/stoppers by using contact surfaces that
will maximize the support points.

Image 6

In addition to supporting the PCB perfecthy eliminating a large part of the
deformations, this Push Plate method (Image 6}lmasdvantage of significantly improving the
precision of the assembly. The probes are guidetthdw contact point with no possibility of
deviation. However, it is necessary to clear al ¢omponents to avoid any possibility of contact
between the pressure plate and the componentse $oraponent positioning tolerances vary
from one manufacturer to another, it may be posdiht some components are in conflict with
the pressure plate, even if enough free space Veased in the cavities. To minimize this
possibility, we therefore use a combination oftiie methods.

Image 7

This Pressure Islands method (Image 7) represkatperfect compromise between the
standard method and pressure plates. The PCBfecpgrsupported thanks to pressure islands in
the high-deformation zones identified with our FRf®I, and supported with fingers/stoppers
where there is enough space. This method has seeeallent results.

Summary

Strain gage measurement is a reliable methodnding and resolving excessive
strains on a PCB, and should be implemented infigtere preventive maintenance routine.
Strain gage tests must be conducted after evenyficettbn that can affect the strain in the
fixture. Such modifications include probe changesl pressure finger or stopper modifications.




BGA fractures can be induced not only in in-citdest fixtures, but also during board
assembly, testing, system integration, packagirdy empping. We suggest consulting the IPC
JEDEC-9704 document (3) for specific guidelinestyain gage testing.

Our FDS simulation tool, used jointly with our stranalysis equipment, has allowed us
to develop new and very efficient fixturing metho&gnificantly reducing the deformation
zones on PCBs and potential fractures in the pio@mluenvironment, our methods are constantly
evolving, so that we always meet our clients’ needs

For more information, please feel free to contagt@ustomer Service Department.

By:
Marco Deblois
Vice-President REMATEK Inc.
Montréal, Canada, October 2005
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