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Circuit Board Assembly Tortion Tester and Méthod
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This invention is related to methods and apparatus to
evaluate the}quality of surface mount technology (SMT)
electronic assembly processes for circuit board assembly
process quality'gontrol and/or for optimizing circuit board
assembly processé§\ More specifically, the invention is
related to destructive testing of SMT circuit board
assemblies for predicting the reliability of SMT solder

. joints when exposed to thermal fatigue during operation.

BACKGROUND

Solder joints are a critical element of surface moﬁnt
attachment of electronic components. Previously continuous
prodess quality of SMT circuit board assembly was monitored
using visual inspection, pull tests, and periodic
Accelerated Thermal Cycling (ATC). Visual inspection is not
sufficient because many defects are not visually observable.
For example joints of grid array surface mount components
can not be readilly observed. In pull testing, assembled
components are pulled off the circuit board and the
appearance of the fractured joints indicate the quality of
the assembly process. Again, this method doesn't disclose
all the defects because it doesn't replicate field failure
mechanisms. Both visual inspection and pull testing require
the services of a skilled operator for extensive periods of
time for each board assembly tested. ATC is a good method of
finding defects which Qould cause field failures (effect
technological life of the product). Also, ATC tésting can be
automated so a skilled éperator-is only required to
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Crcui't Board Assenbly Tortion Tester and Method = FIELD OF INVENTION
This .invention is related to nethods and apparatus to eval uate the quailty
of ssurface mount t echnol ogy (SMI) el ectronic assenbly processes for circuit
‘board assembly process quality control and/or for optimzing circuit board
assenbly processes. Mre specifically, the invention is related to
destructive testlng of SMI circuit board assenblies for predicting the

reliability ofLSRFEEGRULY FoFhishenaeres ppiter t testictgml HauaVefie ARG I8y

oper ati on. not a practical testing method for monitoring continuous
process quality because the total test time is too long.

Typically, the data is not available until weeks after
5 production. '

Cyclic bending has been used to test the quality of soldered -
joints in circuit board assemblies. Japanese Patent JP 03-
245600 discloses "a test device to check a printed board in
soldering quality™ the test uses “a probe after the printed
10 circuit board is subjected to a prescribed frequency of
bending tests." In Soviet Union patent SU 1723679-Al
. constant bending upward and downward is applied to a PCB for
"non-destructive quality control testing of metalizations
and- contact junctions."

3
LY

15 Cyclic bending fatigue testing has also been used in other orec
fields for determining bulk fatigue properties of many
materials. For example U.S. Patent 3,381,526 to Rastogi et
al discloses a method and machine to perform such fatigue
tests on contilever beams with a waist portion. Manahan et

20 al in U.S. Patent 4,567,774 discloses a miniaturized bend
test of specimens to determine mechanical behavior of the
tested material from the measurement taken during the
bending of the specimen and is processed according to the
principles of linear or non-linear material mechanics;" and

25 in U.S. patent 4,895,027 discloses a method for determining
"plane strain fracture toughness, dynamic plane strane crack
initiation and arrest fracture toughness" and other fracture
characteristics. U.S. patent 5,189,517 to Kelzer discloses
a "test fixture and test method is designed to establish

30 statistical information concerning the breaking force for
deflection of a printed circuit board when the print circuit’
board is broken along pre-existing score lines. U.S. patent. |’
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- BACKGROUND  Sol der joints are a critical elenent of surface mount
attachment of el ectronic conponents. Previously continuous process quallty
.of +SMI' circuit board assenbly was nonitored using visual inspection, pul
tests, and periodic Accelerated Thermal Cycling (ATC). -Visual inspection is
"~ not suff|C|ent because many. defects are not visually observable. For :
exanpl e 10|nts of r|d array surface nount conponents can not be readilly
observed. 1n A barhandte dissHnaesnt S Aafatiguee §estinghsysiteoui t

board and theslﬁp;wc@rwetéa‘t tépéd‘lrnaﬁ{ W@ ixitals shdesal 8pbhgeduaboit @h
the assemly RIS ond' G Hoth" end WiiEH 8% Derpandicalar to the axis
of the test specimen. The stress applied may be selected
5 from sinusoidal random, impulse or a signal generated by the
stresses applied to an actual in service specimen. A servo .
applies the stress to the test specimen through a coupler
and the changes in the electrical resistance of a portion of
the test specimen is sensed to detect the initiation and
10 propagation of é§€Cimen" and is used to detect stress
failure" for tested materials.

_Tortional testing has also been used to evaluate mechanical £r0
properties of materials and structures. In U.S. patent
4,958,522 McKinlay discloses a sample "is held between two
15 axially aligned jaws. The sample is subjected to a twisting
force by rotation of one of the jaws and the force and éngle
of deflection are measured. This gives a relative
determination of the boards structural property and is used
to assess damage to the corrugated medium during corrugation
20 and subsequent processing steps such as printing."

All the above citations are hereby incorporated by reference or
to provide an enabeling disclosure and to support the claims
- to which applicant is entitled by law.

. - LR e S v TR Tl i
OBJECTS OF THE INVENTION PO R v I AP
25 The=following are~some~vf the objects 6f this “invention.
To develop a method of continuous control of circuit board re

assembly soldering processes to maintain the quality of
solder joint fatigue life.
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all the defects because it doesn't replicate field failure nmechani sns. Both
vi sual * i nspection and pull testing require the services of a skilled
operator for extensi ve periods of tine for each board assenbly tested. ATC
is a good net hod of finding defects.which would cause field failures
(effect technological life of the product). Al so, ATC testing can be

aut omat ed SO, 8 Skl|k%g operator is only required to

- 10

15
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The invention of Applicants is a system which includes a

prov

a measurement of solder joint fatigue life which S

is closely related to joint fatique life in actual use.
To provide a method of simulating field fatigue conditions ?‘:’/
in a test which can be performed sufficiently quick for
practical application in process control.
To provide a method of evaluating the failure of soldered 95’/‘
joints during s1mulat10n tests to determine the quality of
joint fatigu llfe durlng actual field use.
Ih 35 723 L ':"""Ll)
SUMMARY OF THE INVENTION (3322 PR3z eanJv
e?/

testing process and a novel machine for using the process.
The system can be used to monitor assembly process quality
or to determine the reliability of newly developed assembly
processes. Thé system is known as the Mechanical Deflection
System (MDS). The MDS machine includes a tortion testox
which imposes controlled repeatable sheer stress to the
board and components mounted thereon. The stress produced by
the machine is similar to that imposed on components due to
thermal cycling of the assembly during field use. The
tortion tester includes self-centering fixturing to assure

_that the circuit board is held in a repeatable position and

twisted about the central longitudinal axis of the board.
The fixtures include one stationary clamp and one rotating
clamp which is connected to a backlash free motor and servo
system. The distance between the clamps can be adjusted to
fit various board sizes. The clamps have slips to
automatically controll the maximum clamping force to prevent
board dammage resulting in spurious results.

EN994029 4
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2 electrically test the-board after testing. However, ATCis not a

practi-cal
t he total

testing nethod for nonitoring continuous process quality because
test time is too Iong Typlcally, the data is not available until

weeks after production.
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30

The machine also includes a computer, connected to regulate -
the motor, and which has apparatus to control the motor for
precisely applying elther a desired twist angle or a desired

" torque during the cyclic twisting of the board. An-optical

meter measures the angle of twist and a torque meter
measures the torque applied to the fixturing. The meters
generate signals and are connected to transmit the signals
to the computer. The circuit board is also connected to the
computer to allow electrical resistance of critical joints
to be monitored'aﬁripg testing to determine the occurance of
failures. The computér includes apparatus to determine the
cycle count at which each failure occures and the location

_of the failure. The machine has a data base in which the

location and cycle count at which each failure occures is
recorded. The test is continued until a large number of
failures is produced. The data base also includes failure
cycle and location data for a base process. The base process
could be another process for making similar boards or the
same process at previous times. The failure cycles and
locations of boards produced by a targot process are
compared to failure cycles and locations of boards produced
by the base process. The comparrison between the failure
locations and cycles are analysed to statlstlcally determine
the rellablllty of the joints.

Other objects, features and advantages of. the-invention w1ll'
be apparent from the detailed descrlptlon of the invention
and the follow1ng draw1ngs.

-

RN L

’ ’ re N s
Nl o B iR
BRIEF DESCRIPTION OF THE DRAWINGS (& » a7 & &

FIG. 1 is a process flow diagram for the overall method of
the invention. o
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Cyclic bending has been used to test the quality of so'l 'deréd jo-i nts in _
circuit board assenblies. Japanese Patent JP 03- 245600 di scloses. "a test
devi ce to checkI& pristaededtoaidkntnos ahsarirB@i €8ahid ¥t tHd18ntESt ol SESL:d
probe after th&*FPIeEdmeyiedi votnigally shojedvedxdio of phg_&&rakge?f s
frequency of bending tests."™ In Soviet-Union patent-SU 1723679-Al constant
bendi ng upward and downward is applied to a PCB for "non-destructive

quality contrdIGesliig ofpreieds zﬂd‘,pra;i%ﬁ o ¥YAG & L Cyclic
bendi ng fati guceo;leesuprgg hcfast al so heen used in other }}%e dgs ?@5 aa%ct[errri ni ng
bul k fatigue properties ofo mamy neteriHeE TG exanpl e U.S. Patent 3,
381,526 to Rastogi et al discloses a nmethod and machine to perform such
fatigue s FIG. 4 is a process flow diagram showing the steps of the

statistical analysis of the invention.

FIG. 5 is a process flow diagram showing the steps of using
the MDS system as a monitor of assembly processes.

FIG. 6§ shows 18 TSOP components assembled to a specific embodiment of

the test circuit board of the invention, symmetrically about one axis.

FIG. 7 shows the leads of lead-on-chip and standard TSOPs attached by a
propriety process.

FIG6. 8 illustrates ATC and MDS testing failures in an example of the
process of the invention.

FIG. 9 is a plot of MDS fatigue results in terms of distribution of
fails for each location in the example process of the invention.

FIG. 10 illustrates an embodiment of an MDS tester of the invention.

FIG. 11 is a plot of the final distribution of failures in the example
of FIG. 9.

FIG. 12 shows a summary of the conclusions of the MDS test of FIG. 9.

FIG. 13a illustrates another non-symmetrical test vehicle embodiment
used in an example embodiment of the MDS process.

FIG. 13b shows a failure produced by ATC testing.

FIG. 13c illustrates a failure produced by MDS testing at a location
corresponding to that in 13b, showing a 'similar failure mechanism.

FIG.-14.5; a plot of the normalized distribution of ATC and MDS testing
fails.

FIG. 15 shows another embodiment of the MDS tester of the invention,
including four test stations.

FIG. 16 is an expanded view of the power control area of the operator’s
panel of the tester of FIG. 15.

FIG. 17 illustrates one of the stations of the MDS tester of FIG. 15.

FIG. 18 shows a pian of the clamping distance control panel included in
each station of the tester of FIG. 15.

FIG. 19 shows a top view of the lower circuit board clamp of the tester

of FIG. 15.
F16. 20 is a partial sectional view taken through 20-20 of FIG. 19.

FIG. 21 is a partial section of the upper clamp, screw drive, aﬁd slide . \
of the of the station of FIG. 17. . This Sheet Has Been Rem

FIG. 22 is an elevation view of the upper clamp of FIG. 2]l engaged Hith% ||||" llll" "ll

the screw drive. . .
FIG. 23 is an isometric view of a part of the station of FIG. 17 . S L
inclu@ing the lower clamp and drive motors, with the cowling removed. R

FIG. 24 is a rear view of the bottom section of the operator station of
the tester of FIG. 15 with the back door removed.

' FIG. 25 is a schematic of the computer system of-the operator station of
the tester of FIG. 15.

FN9 sUr»>4 Y



tests-on contilever beanms with a waist portion. Manahan et al in U'S. .
Patent 4,567,774 discloses a mniaturized bend test of specinens to :
det ermi ne nechani cal behavior of the tested material fromthe neasurenent:
taken during the bending of the specinen and is processed according to the
principles of linear or non-linear material nechanics;" and in U S. patent
4,895,027 discloses a nethod for determning "plane strain fracture

t oughness, dynam c plane strane crack initiation and arrest fracture

t oughness” and other fracture characteristics. U S. patent 5,189,517 to
Kel zer discloses a "test fixture and test nethod is designed to establish
statistical information concerning the breaking force for ,deflection of a
printed circUDETHORED DBSORIPTIQN| OF THE CLIWVENWDIOM iskbfﬁggﬁaéhong
pre-existing score lines. U S. patent ST

10 The process of the invention replicates ATC failure
mechanisms in a very accelerated manner. The machine of the
invention imposes cyclic out-of-plane deformation to an
assembled printed circuit board. A portion of the

. deformation is transferred to SMT solderxr joihts in

15 proportion to the stiffness of the board, rigidity of the
electronic components, and compliance of leads and the
solder interconnects themselves. The stress magnitude in
solder joints is also a function of the component location
on the board, the component type, the position of the joint

20 relative to the component, and component to components
interactions. The out-of-plane deformation leads to a
complex stress system within éach individual joint. The
methodology disclosed herein was developed through extensive
modeling and testing to properly interpret the quality of

25 the assembly. This description will enable those skilled in
the art to define the proper test parameters to .use the
process and equipment described for quick and accurate
assembly process quality verification and/or assembly
process optimization.

EN994029 67
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MDS testing can be conducted in a number of different ways,
and the those skilled in the art may develop their own
approach. However, we prefer that the logical path
illustrated in FIG. 1 be maintained.

In FIG. 1, step 111 the circuit boards used for testing are
designed, debugged, tested, and produced. The test of this
invention may be carried out using product assemblies
selected from thqse normally produced on the targot process,
but preferrably;"éustom designed test assemblies, which are
periodically assembled in the same targot process as the
product assemblies, are used. The test assemblies would

~mimic the functional product assemblies but provide for

automatic generation of failure data. Alternately, both
approaches may be used in combination. For example, special
test cards may be used to develop and optimize an assembly
process and to produce an experience base, and then actual
production cards can be tested and analysed for continuous
process quality control. '

MDS testing applies various degrees of stresses to solder
joints, depénding on component type, component location, and
joint position. One can reduce the variation by properly
selecting the board and component layout. The preferred
ratio of the board length to width is approximately one to
two. The shorter ends of the board should be placed in the
tester fixture. Complex board geometry might also be
considered, but this may require design of a special
fixture.

As shown in FIG. 2, whatever cards are used in testing,
preferrably component locations such as 121, 122, 123, and
124 should be symmetrical with respect to the board axes.

EN994029 7
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5,079,955 to Eberhardt discloses "A fatigue testing system subjects a test .-
specinen to a rotary stress applied about an axis at one or both ends which *-*
i.ssperpendicular to the axis of the test specinmen. The stress applied my

" be selected from sinusoidal random inmpul se or a signal generated by the
_stresses applied to an actual in service specinen. A servo applies the

stress to the_ test specinen through a coupler and the changes in the

el ectrical ré§F§T YICREIRAT i GLfertivesnugbesi @dn dodas PRJaE st Peget ect
the initiati Goard, psapagef i fouOfcomiREidiiE a3 diacededyirhedetieal 19t besS
failure" for t%%%gﬁ q&;erlals. t;&&tlonal testlgg has al so been_ uSed to
eval uate nmect$f HEhFITR Lt N CamRanentsy wall gpprrience §he Sgmeent
stress in the MDS test, and therefore four equivalent
5 readings will be received from a single board. The proper

layout of the components can significantly reduce the number
of boards that require testing.

The MDS tester qgerates at high frequencies (as high a 0.1
Hertz) to achieveé™a high cycle count in a relatively short

~10 time. Visual or periodic electrical assemment can be
performed by pausing the test. Preferrably, the béﬁrds
_being tested should provide for automatic detection of
failures such as connectors for test signals. Preferrably,
any such connectors should be subject to minimum stress

15 during MDS testing. Therefore, it is recommended that the
connectors are parallel to the clamped edges of the card and
near the narrow edge of the board which will -be inserted in
the fixed clamp as shown at 125.

-
-:3
—

In step 112 failure mechanisms are verified. MDS test o¢

20 results are valid only if the failure mechanisms produced in
MDS testing are the same as the failure mechanisms which are
produced under the product operating conditions (proper
failure mechanisms). Usually the information on failure
mechanisms for commonly used technologies is available in

25 industry technical publications. Preferrably, potential
failure mechanisms are identified and understood prior to
running the MDS test. The MDS fracture mechanisms need
verification through construction analysis and/or visual
joints assessment.

30 Although the MDS test was develpped'to replicate joint .

failure mechanisms, MDS tortion cycles do not exactly mimic

 EN994029 8
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4,958y522 McKinlay discloses a sanple "is held between two aX|aIIy allgned
jaws. The sanple is subjected to a twisting force by rotation of one of. the
jaws and the force and angle of deflection are neasured. This gives a

rel ati ve determnation of the boards structural property and is used to
assess damage to the corrugated nediun1during corrugati on and subsequent
processing ste such rintin Al the above citations are hereby

i ncor por at ed %’5"?‘:’;\?% ‘ﬁ"(‘, %?%%det%r%?%J iHy 36 RITEiRie &t dhaupport

the cl ai nms tcnmﬂsnténsappéycmt tefpatt tAed Hie | St or OBELdRR Porlifzoper
I NVENTITON product evaluation, i.e. local thermal mismatches, creep of
organic materials. For these reasons failure mechanisms
5 must be verified for proper use of MDS testing.

In step 113, the test conditions are determned. When 2
defining MDS test conditions, two. factors are important -
first, proper fg{lure mechanisms should be achieved in the
minimum test timéf‘and-second the amount of data gathered
10 during testing must be sufficent to guarantee adequéte
assessment of the assembly process. Critical test conditions
. are the angle of twist, the cycle frequency, and data
frequency during testing.

Although testing may be executed using torque control, it is -1

15 preferrable to use deformation (angle of twist) control.
‘Solder joints receive stress in proportion to the board
deformation, therefore the angle of twist is the primary
variable that controles the stress magnitude. Also, as the
circuit board substrate is fatigued during the test the

20 torque may vary in relation to the angle of twist. The angle
of twist is preferrably selected between 0.4 degrees and 1.2
degrees per inch of effective length. The effective length
of the card is the distance between the MDS clamps. In
general, leaded components can be tested at a higher range

25 of deformation (preferrably up to 0.9 degrees per inch of
length), while leadless components such as Ball Grid Array
technology require lower deformation (preferably from 0.4 to
0.6 degrees per inch). The proper angle of twist must be
selected very carefully. Over-stressed components may

30 exhibit undesired mechanisms of failure, e.g. high lead- tln
solders may develop transgranular lnstead of commonly
observed 1ntergranular failure.

EN994029 9
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The following are sone of the objects of -this invention. To devel op a i
nmet hod of continuous control of circuit board assenbly solderlng processes
to:nmaintain the quality of solder joint fatlgue Ilfe

For example, field failure reports or ATC testing of Ball
Grid Array (BGA) components mounted on a particular circuit
board may indicates that the only expected failure mechanism
in operation is separation of the balls from the pads.

5 However, during MDS setup debugging, the pads and lines
separate from the board surface. In such a case the angle of
twist should be reduced or the speed of cycling reduced
until the identified failure mechenism is obtained. After
proper test setqg is obtained, such separation may indicate

10 weaknesses of thé:board design or the assembly process.

As a general rule, the MDS should be conducted at the G972
_highest frequency which would allow for replication of the
proper assembly failure mechanisms. The typical range of
frequencies is in between 0.05 to 0.15 Hz and preferrably
15 .= should not excced 0.5 Hz.

In all cases, the MDS test conditions need verification ro.
before board testing commences to assure that the proper
failure mechanisms are achleved in the minimum time on test.
Note that the cycle counts per component type and per
20 component location may vary. Some components may fail at
very early stages of cycling, while others may experience
very long fatique life. Therefore, MDS test conditions
should be 6ptimized in order to provide meaningful
information for all assembly processes. Preferrably the mean
25 number of cycles should be:

1,000 Cycles < Recommended Mean Life < 20,000
Cycles.

The lower cycle limit assures the correct high fatigue mode
30 of metallurgical failure, while thefupper one has a strictly
practical meaning, which is that the MDS test duration

EN994029 10
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To previde a neasurenent of solder joint fatigue life which is closely

related to joint fatigue life in actual use. To provide a nethod of

siqyrulating field fatigue conditions in a test whi ch can be perforned
sufficiently quick for

10

15

20

25

30

should not be longer than necessary. In order to predict the

optimum test conditions, one can use the following
equations;

T
Naestred
Daecstred= ¢Pre—teat_
N pre—-test
where the factor r may vary between 0.3 and 0.4. In most '

cases, one can assume that the factor r = 1/3. Furthermore,

Noerese @Nd Nyyy are the pre-test and desired cycles to

failure. Also, @, ... and @, are the approprate angles of
twist applied to the assembled boards.

Although the MDS test was developed to replicate joint o
failure mechanisms, MDS tortion cycles do not exactly mimi;

‘the product "duty" cycles; therefore, it is possible that

the MDS test may not reflect all the factors needed for
proper product evaluation, i.e. local thermal mismatches,
creep of organic materials.

Preferrably, the first "main" run, after the MDS test
conditions are determined, is used to re-verify the MDS test
setup. '

In step 114, data is collected during MDS testing. In
accordance with the verified test proceedure as shown in
step 131 of FIG. 3, the card is clamped into the MDS test
machine, and. in step 132 is twisted at predetermined twist
angles at predetermined frequencieé'for a predetermined
number of cycles. In step 133, the number of cycles is

EN994029 _ L
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practi-cal application in process control. To provide a nethod of
evaluating the failure of soldered joints during sinulation tests to
determne the quality of joint fatigu life during actual field use.
SUMVARY OF THE | NVENTI'ON  The invention of Applicants is a system which
includes a testing process and a novel machine for using the process. The

system can be used to, nonitor assenbly process quality or to determ ne the
reliability STOURWY WRANIPRE &8%hwignd in step 134, the position of

each detected failure is determned. In step 135, for each
such failure, the cycle number and failure position (the
specific joint) is recorded for later analysis. Preferrably,

S the circuit card is connected to a computer system in order
to automatically count cycles, determine failure locations,
and log each failure with associated cycle count and
location.in a data base for later statistical analysis
performed on the same computer system. If this is not

10 possible, the eiéétrical reading or visual assessments must
be gathered at a sufficient frequency during the test in
orxrder to provide meaningful statistical analysis.

In step 115 the joint failure data gathered during testing 00 3
is analysed. The most critical element of the MDS test
15 “methodology is the analysis of the joint failure data
collected during testing. The factors that influence the
joint fatigue life during testing are as follows:
technology type, (TSOP, BGA, PLCC, ...);
board flexural stiffness;
20 component and the interconnect compliances;

component location on the tested board;

component to components interactions.

Each of these factors alters the joint fatiqgue life during £
MDS testing. This requires a special algorithm for data

25 analysis of MDS test results.
EN994029 - 12
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processes. The systemis known as the Mechani cal Deflectlon Systen1(NIED
The MDS nmachine includes a tortion testor which inposes controlled
repeat abl e sheer stress to the board and conponents nounted thereon. The
~stress. produced by the machine is simlar to that inposed on conponents due
to thermal cycling of the assenbly during field use. The tortion tester

i ncl udes sel f nt er | ur| to_assure that the circuit board is held _ _
in-a repeatabrgebogl ﬁgﬁgaﬁg EdfaﬁoBFrFﬂEm B FhAf PHAGIFHEFRAl axis of 7 7
t he board. ThenaﬂxsmSlelnhbudavenELenatEnnatypclanp fiatligue datatisg cl anp

which is connﬁggg EHan°B§9§5§SQ°fESEPER%Béaeﬁﬁ seLy gyf&ggklgahggiﬁhance

bet ween the ¢ can be a sted to ué %oa? ST ZEéS
have slips totaﬁt BﬁﬁFFGaFPTPQBﬁN‘-éH anfielpgatiom of ahhé ngompenent oOprtalwent

board dsmmagetesgelt bBErd? TREr MOYStEBEULHhSuld provide enough data to
build a fails distribution for each selected variable. In
step 142 we gttempt to merge data. Some of the distributions
can be merged together, especially those which belong to the
. same technology._It.is especially convenient if components
10 of the same tecﬁﬁblgy occupy positions which are symetrical
with respect to the axis about which the circuit board is
twisted. Since the stress may vary from joint to joint, the
~fatigue life will vary as well.

Distributions of fails are characterized by the mean cyclic 00 33

15 life and the scattering of the data. Thus, he individual
distributions of fails can be normalized to some reference.
In step 143 a reference distribution is selected for such
normalization. Although, there is no a special rule forx
selecting the reference distribution, we prefer to choose a

20 distribution which locates itself in between other
distributions. In step 144, the mean lives of the
distribution of fails is compared to the selected reference
distribuiton, preferrably, the correlation factors are
calculated as follows:

25 _
( NSO) reference
CcF,
(D),
Each individual cycle count within thg i-th distribution is 005
30 multiplied by the correlation factor CF;. Then, the

- corrected cycle counts are equivalent to those in the

EN994029 . o : .
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reference distribution. Once all the individual
distributions are normalized and merged to the referenced
one, all the fatigue data can be used to build the
equivalent distribution (scattering) of fails in step 145.
The equivalent distribution of fails characterizes the
quality of the solder joints under consideration.

MDS testing éan be used for two basic applications. First 604
MDS can be used as a self-learning monitor of assembly

process quallty. “Second MDS can be used in combination with

ATC testing to assess the reliability of new technologies.

The scattering of fails and the mean fatigue life define the

~quality of an assembly process. The scattering of fails

alone might provide a sufficient quality measure for
assembly processes monitoring. However, development of new
technologies require an understanding of the mean fatigue
life expectancy of the assembly. In such a case, ATC testing
can be conducted in parallel with-MDS test in orxder to
verify failure mechanisms and establish bridge between ATC
and MDS cycles.

FIG. 5 illustrates the process of using the MDS system as a 007
monitor of assembly processes. In this mode the MDS system '
is designed to expose the development of assembly process

defects and allows for very fast corrective actiomns.

In step 151, the - A baseline reference distribuiton is r9
generated from the mean MDS life and the fails scattering
(distribution) per component type and per component location
resulting from previous MDS tests for the same assembly

process. Only statistically valid MDS fatigue data gathered

for the assembly process during high quality production is

used for the baseline. In step, 152 test vehicles must be
produced in the assembly line or the functlonal boards must

ENS94029 14 -
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The nmachine al so includes a conputer, connected to regul ate the’nntof;'and'?

e

whi ch has apparatus to control the notor for precisely applying either a
desired twist angle or a desired torque during the cyclic twisting of the. .
board. An optical meter neasures the angle of twi st and a torque neter
measures the torque applied to the fixturing. The neters generate signals

and are conne st the signals.to the conputer. The cirguyit

board is aIsoq%ﬁgﬁ%%¥%%ﬁf§ﬂ%ﬁét@%ﬁﬁh?ﬁ?“?&aﬁ PERABFEE Ppcﬁper3§F§P§ﬁ¥e of
critical jointidne wdhenifrequendyr whd chesiould tdldet €omi peobee qualfagce
of failures. TteyPYEreHGlydes apparatus to determ ne the cycle count

at which each failure occures and the | ocation of the failure. The machi ne
has a data base in which the :

10

15

20

25

30

In step 153, the assemblies are tested in accordance with Ra -
verified test proceedures previously discussed. In step 154

the data is analysed as described above in reference to FIG.

4. The baseline established in step 151 is used as a

reference distr;Pution. Any observed anomalies (life shorter

than expected) woutld indicate the presence of flaws in the
assembly process. In some cases, MDS test was fdund more

sensitive than ATC test in detecting assembly defects (such

. as module tilt, misregistration, etc.). Since MDS test

duration is measured in hours, this test is considered as a
"near" real time monitor of an assembly line.

The MDS monitor is a self-learning method, by which o
statistical data gathered periodically and over a iong
period of time can enhance baseline data and allow for
better understanding of the process critical variables. In
this way, MDS test methodology can optihize assembly
processes. In step 155, if there are no anomalies, then the
current fails distribution can be combined into the
baseline. Alternately if anomilies are identified and
process flaws are identified which correlate to the
anomilies then the current test can be used to predict
specific process flaws from test results. For example, if
investigatin of an amomilous fails ditribution discloses
that pads have begun separating from the circuit board
during testing, and investigation determines that the cause
of pad separation is a contaminated seeding solution, then
similar anomilies in fail distributions will immediatly
indicate that the seeding solution should be checked for
contamination.

EN994029 15
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| ocatton and cycle count at which eagg‘j nge occures i s recorded. The

TSI

TR g

“test is continued until -a large” nunﬁef ‘of failures is produced. The data
base al so includes failure cycle and |l ocation data for a base process. The -
base process coul d be another process for neking similar boards or the sane
process at previous tinmes. The failure .cycles and | ocations of boards

D *boards. pr hebcE Y ARl SRUBEE Sk (ol el o 30 AR o e o ¢
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for standard components, quality of the rework process for
standard components, and quality of a process for lead-on-
chip type of cbmponents. In this example, the scattering of
cycles to failure provides the basis for the analysis.

As a first step 111 of FIG. 1, a test vehicle was designed 09?_
and e

The TSOP components were assembled to the test vehicle as
shown in FIG. 6. The vehicle is a double sided board with 18

. TSOP components on each side. The components are- placed

symmetrically on the board (mirror image of the components
with respect to the length of the board as shown on FIG. 6).
Both sides are identical. As a result, there are four
components in every equivalent location. Each component has
all the solder joints stitched (serially connected) together
to simplify design and production, so that the MDS fails '
were counted on a component basis. Eight boards were
produced for this test. Boards 1 and 6 have reworked
components placed in the locations 4 and 5. Boards 4, 5, anq
6 have assembled lead-on-chip components on the top side at
all nine locations. The back side of the boards have
assembled standard TSOP components. As shown in FIG. 7 lead-
on-chip TSOP's 161 have longer and more compliant leads
compared with standard TSOP's 162.

The second step 112 of FIG. 1 is to verify the failure

asg
mechanisms.

MDS fracture mechanisms must resemble the mechanisms
received from ATC testing. Such comparison was made for TSOP
solder joints and it was concluded that the mechanisms are

: ' : | This Sheet Has Been R
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and the fol | owing drawings. BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1 s
- a process flow diagramfor the overall method of the invention.

10

15

20

25

indeed the same. FIG. 8 shows ATC testing failure 171 and
MDS testing failure 172 for comparison.

The third step 113 of FIG. 1, test conditions are - ¥
determined.

Initially, a single setup card was used to identify proper
test conditions. The angle of twist was set at 0.9 degrees
per inch of the card length. The results indicated that the
test can be conducted at higher stress level for showing
excessive cycle cdunt to failure. Therefore, the angle of

twist was set at 1.2 degrees per inch of the effective card
length.

The fourth step 114 of FIG. 1, is data collection. Tortion ggg
testing commenced and fatique data were gathered for the
first seven equivalent locations. FIG. 9 describes the MDS
fatigue results in terms of distribution of fails for each
location. The number of fails at locations 8 and 9 was
insufficient to build a statistically valid distributions of
fails. Note that these distributions are very similar. The
distributions can be bridged together to a reference
location. In this case, location no. 5 was chosen for that
purpose. Subsequently, mean fatigue lives from locations 1,
2, 3, 4, 6, and 7 were compared to the mean life from
location number 5. The correlation factors CF, through CF,
(CF, was defined above) were used to re-scale the cycle
counts from each location. The resulting total number of

data points per location number 5 was;

- standard components - 112,
- reworked components - 12,

- lead-on-chip components - 30.

-

-

we o
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-6- * FIG 2 is an enbodinent of the circuit board of the |nvent|on shomnng
conmponents nmounted symetrically about two axis of the board. FIG 3 is a
process flow diagramfor -the testing and collecting data in the invention.

The final distributions of fails are presented on FIG's. 11,
and the conclusions from the test are summarized in FIG. 12.

)
D
-\“

As a second example, the MDS test metod was used to analyse
the reliability of a new process to attach chip carrier
5 modules (components) to circuit boards (test vehicles) using

a matrix of solder balls herein called Ball Grid Array
(BGA) .

L

As shown in the first step 111 of FIG. 1, test vehicles are 09
designed and produced. Eight BGA components were assembled
10 _to a test vehicle, as shown on FIG. 13a. Electrical readings
were recorded for each component. There is no symmetry in
locations of the components, so that the count of cycles to
failure varied from component to component.

As shown in the second step 112 of FIG. 2, failure oY
15 mechanisms were verified. Normally only one ATC test should '
be required, but in order to verify the MDS test method
statisticly, fifteen boards were cycled between the
temperatures of 20 and 80 degrees C with a frequency of
0.00083 Hz to generate multiple failures on the boards. MDS
20 tests were run on three boards using 0.45, 0.6 and 0.9
degrees per inch of the board length and 0.1 HZ frequency.
0.9 degrees per inch caused.partial separation of copper
pads from tested boards which is not a valid mechanism since
the ATC tested boards did not fail by that mechanism.
25 Comparison of ATC testing as shown in FIG. 13b with MDS
failures at 0.6 degrees per inch as shown in FIG. 13c showes
that failure mechanisms are similar.

As shown in the third step 113 of FIG. 1, test proceedures SRS
were determined. The first test runs indicated that bOth_Q,G_

EN994029 © a8,
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FIG 4 is a process flow di agram showi ng the steps of the statlstlcal
anal ysis of the invention. FIG 5 is a process fIOM/dlagran1shOMAng the
st:eps of using the MDS systemas a nonitor of assenbly processes. FIG 6
" shows 18 TSOP conponents assenbl ed to a specific enbodinent of the test
circuit board of the invention, symetrically about one axis. FIG 7

shows the |eggdy %t4%eaQE£ﬂi%Qi%e%nQn% au%%gdsl§g§§actory in terms of
failure mechanisms; however, the time required for testing
at 0.45 degrees per inch was excessive, thus 0.6 inches per
inch of board, length was selected for further tests. In the

5 forth step 114 of FIG. 1, data was collected for an

additional 12 cards using the predetermined test proceedure
and failure data (the cycle and location of each failure)
was collected. -

The final step 115 in FIG. 1 is statistical analysis of eog
10 data. The normalized distributions of fails were plotted for
MDS and ATC test conditions in FIG. 14. The individual
~distributions of fails were normalized using Finite Element
Analysis and predictive fatigue models. The normalized MDS
and ATC plots look almost identical. The only difference is
15 in the test duration. The ATC test would require more than -
half a year to achieve 100 percent failed components, while
the MDS test needed only 16 hours to generate a complete
distribution of fails.

<
AW ¢

The MDS testing metodology requires highly accurate 6o
20 repeatable test parameters. The novel combiation of features
provided in the MDS tortion test machine provides the
accuracy and repeatability required and automatic features
- for convenience and to prevent errors during testing.

As shown schematically in FIG. 15, the MDS machine is an OOC
25 assembly of 1 to 4 tortion testing stations 301 - 304
interconnected with a computer 305 such as an IBM PS/2 7537
(PS/2 is a trade mark of IBM). The test stations each
include an industry standard 19 inch rack enclosure 307, an
operator panel 308, an upper test section 309 and a lower
30 equipment section 310. Each machine contains a main station
304 in which is mounted the computer and a test circuit

EN994029 " 19 - This Sheet Has Been RTlaced
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attached by a propriety process. FIG 8 illustrates ATC and MDS testing

failures in an exanple of the process of the invention. FIG 9 is a plot:
of: MDS fatigue results in ternms of distribution of fails for each |ocation
in the exanpl e process of the inventi.on. FIG 10 illustrates an

enbodi nent of an MDS tester of the i nventi on.

monitoring control box 312. The operator panel of the main
station contains the power control 313. A big red emexgency
power off (EPO) button is provided at the top of the main
station. The EPO is connected to disconnect all power from

5 every station upon activation. The enclosures may be bolted
together as shown to form a unitary machine. A display 315,
keyboard 316 .and mouse 317 provide the primary user-
interface with the computer.

FIG. 16 shows aﬁn€Xpanded view of power control 313 (see 009
10 FIG. 16) of the operator's panel for the main station. The

power control includes a startup switch 320 (labeled
_"Machine Power On"), and a power on button 321 (labled "MAIN

POWER") .
FIG. 17 schematically shows a typical station. The test oDE
15 section contains a rotatable lower card clamp 331 and a

rotationally fixed upper card clamp 332 for positioning card
333 during tortion testing. The vertical position of the
upper clamp is controlled by a linear positioning slide 334.
Two stiffner plates 335, 336 minimize twisting of the

20 machine. The lower section 310 is seperated from the upper
section 309 by a cowling that forms a horizontal bottom wall
(not shown),'a section 337 that slants toward the front and
forms the operator's panel, and a section 338 vertically
covering part of the bottom section that can be accessed by

25 - removing the cowl. A front door 339 with hinge 340, is
opened for loading and unloading test cards. The machine
includes an interlock 341 which pervents operation (twisting
of the cards) when the door is opened. The door has a
central section 342 of clear material (such as

30 polycarbonate) through which testing may be séfely observed.
The stest station is supported by casters 343, 344 for
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FIG 11 is a plot of the final distribution of fallures in the exanple of
FIG 9. FIG 12 shows a sunmary of the conclusions of the MDS test of
FI-G 9. FIG 13a: |IIustrates anot her non-symetri.cal test vehicle
enbodi ment used in an -exanpl e enbodi ment of the MDS process.

moving the tester, and the casters can be locked into
position for stability.

FIG. 18 shows  the clamping distance control section of the
operator's panel of each test station. Momentary contact

5 push buttons 351, 352 are for moving the upper clamp up and
down respect;vly. Dial 353 controlls the speed of the slide
motor. A reset 354 is provided. The distance between the
clamps is automatically determined as described below and
diplayed at 355. =

NS
v ™

10 FIG. 19 is a top view of lower clamp 331. Clamp knob 360 ceg
~moves grip 361 horizontally with respect to support 362 to
clamp a circuit board (see FIG. 17). Two gear racks 363, 364
positioned in keyways, and communicate with pinion gear 365
to move the rackes in the longitudinal direction of the

15 clamp, equally in opposite directions in their respective
keyways. Each gear rack is mechanically connected (not
shown) to one of the centering slides 366, 367 to move the
slides relatively closer or further apart in the
longitudinal direction of the clamp. Thus, the distances

20 between the longitudinal center of the clamp and centering
slides are always equal.

When a circuit board is loaded into the lower clamp the EGG
slides are moved together and the circuit board position is
adjuéted-until both pins 368, 369 are against respective

25  lateral edges of the circuit board. This assures that the
circuit board is exactly centered in the lower clamp. Then
lock knob 370 is turned to lock the pinion gear and hold the
sliders in place. The circuit board can be removed pushing
one of the buttons 371, 372 and slldlng the board out in-its

30 lateral direction. If another board of the same size 1s_" '
loaded it is automatically centered s1mplylfgiffggfngggijzg;;

laced
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-7- “FIG 13b shows a failure produced by ATC testing. FIG 13c
illustrates a failure produced by MDS testing at a ' :

10

15

20

25

30

the pins back, sliding the board laterally into the clamp
until board is against the other pin and releasing the pin
so that the pins rest against the lateral edges of the
board. Cover plate 373 holds the gear racks in the keyways
and provides slots for supporting the centering slides and
providing for the movement of the connection between each
gear rack anq,its respective, connected centering slide as
the centering slides move closer and further apart.

FIG. 21 is a to§:§iew of the upper clamp 332 with a partial
section of slide 334. Slide 334 includes back plate 381, and
side plates 382, 383. The upper clamp includes an inner

_sliding plate 384 connected to nut 385 which communicates

with a jack screw 386 to selectivly position the upper clamp
in the vertical direction. The interior sliding plate
communicates with an external sliding plate 387 which
interact for sliding along slide 334. A spacer plate 388

. seperates the interior from the exterior sliding plates. The

exteriour sliding plate supports top support plate 389 which
supports a top plate 390 of upper clamp 332.

FIG. 22 is a side view of upper clamp 332 with part of jack
screw 386 shown. Stiffner plate 400 connects between top
plate 389 and outer slide plate 387. Knob 401 moves slide
jaw 402 closer/further from fixed jaw 403 to clamp a circuit
board for testing.

FIG. 23 is a schematic isometric view of the part of the
typical test station of FIG. 17 under the cowling. Servo
motor 410 (such as Compumotor Dynaserve TM model DR 1060B
(Dynaserve is a trademark of Parker Computmotor, Inc.) is
rigidly mounted in the middle of the bottom section of each
test station. Motor amplifier 411 regulates power to the
motor and provides quadrature position feed back information

EN994029 22
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| ocat'ion corresponding to that in 13b, show ng a 5|n1lar fallure nechan
FIG. 14 is a plot of the normalized distribution of ATC and MDS testing
fails. = FIG 15 shows another enbodi nent of the MDS tester of the _
i nvention, including four test stations. FIG 16 is an expanded view of °
the power control area of the operator's panel of the tester of FIG 15.

signals. Torgue transducer 412 measures the torque of the
motor and is connected to torque signal unit 413 to provide
a conditioned torgue signal (both are provided by Sensor
Development Corporatioﬂ). 12 volt DC power supply 414

5 provides power for limit switches (not shown), ultrasonic
distance sensor (not shown), and torque meter 412. The slide
motor 416 is connected to turn slide jack screw 416 to
control the vertical position of the upper clamp (see FIG.
21). Slide motor control box 417 regulates power for the

10 slide motor. Ultrasonic sensor 418 (CONTAQ Technologies)
measures the vertical position of the top clamp to determine
the distance between the clamps for display on the
.operator's panel, and logging by the computer for each test.
AC power is distributed by terminal blocks 420, 421.

15 FIG. 24 is a rear view of bottom section 310 of the main pob
test station 304 with the back door (not shown) opened. The |
back end of drive motor amplifier 411 is seen at the top
left of the drawing. Cable interface board connects the
main station with any other stations in the machine. AC

20 power box 451 provides for connection to AC power which is
distributed to terminal blockes 420, 421 in FIG. 23. An
AnaTech Test Circuit Monitor 452 is provided.

Although control of the machine and analysis could be 906.

"\-.._

25 convenient to prov1de a general purpose computer system
which is configured during operation to provide the
necessary apparatus to provide the required functions.

!
p? o

As shown schematically in FIG. 25, the'computer preferrably
includes a central processor unit (CPU) 500, random access_

30 memory (RAM) 501, a program storage unit (PSU) 502, a data?}
storage unit (DSU) 503, and ROM 504 for 1n1t1ally

EN994029 23
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FIG 17 illustrates one of the stations of the MDS tester -of FIG 15.
FIG -18 shows a plan of the clanping distance control panel included in
‘each stdation of the tester of FIG 15. FIG 19 shows a top view of the
|l ower circuit board clanp of the tester of FIG 15.° FIG 20 is a partial
sectional view taken through 20-20 of FIG 109.

transferring signals from the program storage unit to
configure the RAM to proved various apparatus needed to
control the CPU for controlling the machine during testing
and analysis.. The computer includes a motor control adapter

5 . (MCA) 505, such as an 8-axis Delta Tau PMAC-PC adapter, to
control the various motors in the machine. The storage
units include magnetic switches, optical switches, solid
state switches or other machinery to cooperate with
apperatus to generate signals to configure the RAM to

10 provide apparatus’required to control the CPU. The PSU and
DsSU storage devices can be combined if desired. During
opearion the RAM includes apparatus to present menues to the

. user and react to functin keys, action bars, and/or mouse

input (not shown). The RAM also includes control apparatus

15 510 to control the machine during testing and and analysis
apparatus 511 to perform the statistical analysis required
of the system. '

Although the invention has been described specifically in ' $0
terms of preferred embodiments, such embodiments are _

20 provided only as'examples. Those skilled in the art are
expected to make numerous changes and substitutions
including those discussed above in arriving at their own
embodiments without departing from the scope of the present
invention and the following claims.
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FIG.-21 is a partial section of the upper clanp, screw drive, and slide of
the station of FIG 17. FIG 22 is an elevation view of the upper clanp
of FI.G 21 engaged with the screw drive. FIG 23 is an isonetric view of

a part of the station of FiG 17 including the |ower cl '
notior s, Avmakhidefaxotdsiting ¢iet®i &dards comprising: mlﬁm I ""ﬂ]" l"l
* c L L S *

fixturing means to hold two opposite edges of a circuit
board along their length;

motor means to rotate the fixturing means to twist the circuit board
to induce cyclic torsion stress in the circuit board;

automatic control means to regulate the motor for providing
predetermined torsion cycles;

2. Claim 1 and further comprising means for counting the number of
stress cycles and means for automatically recording the location and
the approximate torsion cycle at which each failure occurs.

3. Claim 1 and further comprising, means for precisely controlling
the maximum angle of twist during each cycle to within at least + 0.1

degree per inch of card and preferably within + 0.01 degree per inch
of card between the opposite edges.

4. Claim 1 and further comprising means to precisely control the
torque applied during each cycle sufficient to control twist angle to

within 0.1 degree per inch of card between the opposite edges and
preferably to within 0.01 degree per inch.

" 5. Claim 1 and further comprising, automatic means for measuring and

automatic means for recording the maximum out-of-plane tmst angle
for each cycle.

8. Claim 1 and further comprising, means for measuring and means for
recording the maximum torque applied to the card during each cycle.

7. Claim 1 and further comprising, means for adjusting the fixturing
to accommodate various sized cards.

8. Claim 2, and further comprising means for recording the torque and
twist angle of every cycle and the exact cycle of each recorded failure.

9. Claim 1 and further comprising automatic means for centering
the opposite edges of the circuit board in the fixturing means.

10. Claim 1 and further comprising automatic means for measuring the _—
distance between the opposite edges.

11. Claim 10 and further comprising means for automatically recording
the measured distance between opposite edges.

12. Claim 1 and further comprising means to automatically adjust the

torque or angle of twist depending on the distance between the opposite -
edges.

13. Claim 1 and further comprising means for automatically testing a
series of cards with the same control of twist angle or torque and’
the same number of cycles w1thout reentermg data for each card.

14. Claim 1 and said motor means is capable of prov1d1ng at least
400 in+1bs. ’
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FIG«24 is a rear.view of the bottom section of the opera SML%
test'er of FIG 15 with the back door renove.

-85 - Claim 1 and further comprising means to limit the maximum clamping. - ”"’ll, ml" "I" "l,l " ,",
force applied by fixturing means at said opposite card edges.
16. A torque test machine, comprising:

two self centering circuit board clemps for holding two opposite
respective edges of a circuit board;

means to adjust the spacing between claims for dJ.fferent circuit
board sizes; -

a motor and gear box connected by a shaft to one of the clamps
for moving the clamp to cyclically twist the circuit board out-of-plane,
for applying torsional stress to the circuit board.

measuring means for producing output signals for determining the
distance between clamps, the torsion applied to the circuit board,

~ and the angle of twist of the circuit board;

' control means to regulate power supplied to the motor to control
the cycling and torsion or twist angle applied to the circuit board,
depending on input control signals:™

computer control interface means for receiving the control signals
and transmitting the measured output signals toa computer.

17. Claim 16 further including a personal computer system connected to
the computer interface for controllmg the test process, recording -
results, comparing results to previous tests, and a.nalyzmg the
comperison to determine quality of the process.

18. Claim 16 further including automatic feilure detection means
connected to the circuit board for providing input signals to the
circuit board and receiving output signals from the circuit board
during the testing

for determining failures in electrical connections between components
mounted on the circuit board and the circuits of the board during
the torsional stressing of the board; and interface

.means to provide output signals to & computer for determining the cycle
of each failure of an electrical connection.

19. An information handling system, comprising:

means for storing the locations of failures of electrical
interconnections between the wiring of a circuit board and components
mounted on the circuit board and the torque cycle at which each
failure occured;

means for storing a statistical data base derived from previous
failures of similar circuit boards produced in similar processes;

means for comparing the locations and cycles of failures to the
statistical data base;

means for analyzing the comparison to determine the quality of the
process used to manufacture the circuit board.

*********************************************t************#***i********

-}/ A testing method for detecting differences in quality of similar
circuit~board production processes, comprising the steps:

selectmg one or more first circuit-boards which have been produced
by a first productmn process;
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FIG- 25 is a schematic of the conmputer system of the operatW
the tester of FIG 15. , DETAI LED DESCRI PTI ON OF THE IN\/E

ess of the |nvent|on re |jcates ATC failure nmechanisns i um’gmm
e Tl Mg

produ process ch is similar to the first production
process;

exposing each of the selected circuit-boards to an equivalent set of
out-of-plane torsion cycles

until a multitude of circuit-board elements of each board
have failed; -

detecting and recording the locations of failures of elements
of the circuit boards;

comparing the locations of failures of the first circuit
'boards with the locations of failures of the second circuit-boards;

analyzing the comparison to 1dent1ﬂy differences in the quality
of the production process.

2 v
J—{{ c in which the maximum angle of twist of each cycle is

constant within 0.1 degrees per inch along the axis of tmstmg,
a.nd preferably within 0.01 degrees per inch.

\2-3( Claim\égand further comprising the step of, recording the

-approximate cycle for recorded failures and in which both the
cycles of failures and the locations of failures are compared.

22
‘vd! Qlaim\za/in which the set of torsion cycles include periodic
pauses at small fractions of the total number of cycles, during

which failures are detected discretely by wsual inspection or
probe testing.

Eg( Claim@in which failures are detected continuously by an

sutomatic detection and recording system communicating with
elements of the circuit-board.

pRy 20

> Claimhi/and the first and second production process occurs on
the same production line at different times.

26 25 .

¥ Claimi&/and circuit-boards are periodically tested to
maintain quality of the production line.

24
%& Claimk#/and the frequency of testing is selected to maintain
a predetermined statistical level of quality.

2-9( Clainkq/in which the results of each test are included in a

statistical data base to which the results of each subsequent test
are compared.

20, . . : '
\3-2/ Cleimet/and one or more circuit boards produced in the first This Shect Has Been Replaced
production process are exposed to thermal cycling fatigue tests to ”IIII" I"l" ml I Il
prove the quahty of the first process. <
B—l/ Claim\n/m which elements of the circuit board include surface

mounted modules and connections between the modules and circuit-board

and during the comparison step, surface mount connection failures are
sorted by module and then by location on the module. '
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prlnted circuit board. A portlon of the deformation is tréﬁ“s’f’erred-{—e&m;_
sal der joi nts in proportion to the stiffness of the board, f the

Koo et tetor & §i@darde position of tHe *
i £_° i at@/e to the corrponent ‘and conponent to conponents interactions.
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ext ghside nod ng and testl er I nterpret quality of the

ass;_gbl y. Thjs description w I I enabl e those ski I | ed | n the art to define
t h&Bf QPRImEést whRbAIR! @ksuit hodses bhE sOpRRE TS tBB%RAdI prent described for
qui éiiclaQ Gl Gl et REESEMéle Ytrilée) (OB Bebiidhd bitwidhl ddnidinleats

mounted on the circuit board and wiring patterns in the circuit board

here filed.

3¢ 20 -_
=274 Claim#in which the analysis of the failures considers the
temperature cycle fatigue which is expected to be imposed on each
element of customer shipped c1rcu1t boards.

ge/ A process for contmuously manufacturmg circuit boards
comprising the steps:
circuiting a circuit board substrate with circuit elements;
mounting components electrically connected to the circuitized
substrate with connection elements;
selecting a test card during manufacturing;
exposing the selected test card to a set of out-of-plane torsion
-until a multitude of failures of connection elements has occurred;
detecting and recording the locations of failures;
comparing the failures to an expected population of failures;

determmmg the quality of the manufacturing process depending
on the comparison.

‘54?/. A method of determining the reliability of circuit boards
produced by a manufacturing process comprising the steps:
selecting a multitude of circuit boards produced by the -
process; '
expose the selected circuit boards to a set of out-of-plane torsion
cycles until a population of failures of circuit board elements have
occurred in each circuit board;
comparing the population of failures of each board to the
population of failures for all the boards to determine consistency
between the circuit boards;

statistically determining the reliability based on the comparison.

h-?. A method of optimizing parameters of a manufacturing process for
circuit boards comprising the steps:
selecting one or more circuit boards produced by the process;
exposing the circuit boards to a set of out-of-plane torsion cycles
until a population of failures of circuit board elements have occurred;
changing one or more controlleble parameters of the manufacturing
process;

selecting one or more second circuit boards produced by the
process after such change of the parameter;

comparing the locations of failures for the first circuit boards - This Sheet Has Been Replaced
to the locations of failures of the second circuit boards;

determining whether the quality of the process has improved, “Il‘l" ‘Ill“ ‘”II III
degraded or remained unchanged due to the changing of the process.

parameters.
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. and/ of assenbly process optinization.

r

CIRCUIT BOARD ASSEMBLY TORSION TESTER AND METHOD

‘)/’g';? lﬂ ABSTRACT

A mechanical deflection system (MDS) inclﬁdes a torsion tester
for circuit boards which imposes controlled repeatable sheer
stress to a test board and components mounted thereon by cyclicly
twisting the board'about a center line. A self centering twisting
clamp holds one edge of the board and a rotating clamp connected
to a backlash free motor and servo mechanism, holds the opposite
edgé with a limited clamping force. A computer regulates the
motor to apply either a specified maximum twist angle or maximum
torque, and receives signals from an optical meter which measures
the angle, and from a load cell which measures the torque. The
computer is connected to detect failures by measuring the
electrical resistance of critical joints during testing and it
records the location and number of cycles for each failure. The
MDS includes a test method which continues until a large number
of fatigue failures have occurred, then the locations and cycles
till failure are compared to the data for a similar circuit board
produced by a base attachment process. For attachment process
development another process is the base, and for attachment
process quality monitoring the same process at earlier times is
the base. Then the reliability of the circuit board and/or
production process is statistically determined.

P | ([}
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MDS testing can be conducted in a number gf different ways, and the those
skilled in the art may develop their app?oach However, we prefer that
the logical path illustrated i faFiGD ICKeN®DOHt & nedtl In FIG 1, step 111
the circuit boards used for testing.arerdesignedy; debugged, tested, and
produced. The test of this i nvention may be cartied out usi ng product
assenblies selected fromthose nornmally produced on the targot process, but
preferrably, custom designed test assenblies, which are periodically

assenbled in the Same targot process as the - i
~ ‘\ ,/,'
LOAD BOARDS DESIGN AND 2PRCDUCE
INTO MACHINEZ | CTIRCULT BOARDS

535‘\ : Y f /—]|2

CYCLCICLY VERIFY FAILURE
TWIST BOARDS MECHANTISMS
133 |
| 113
|COUNT CYCLES DETERMINE TEST
CONDITIONS
114
Y Y /—

DETERMINE POSITION IDATA COLLECTION]
OF EACH FAILURE

135
\ V V /"I ]5
RECORD POSITION | DATA ANALYSIS |
AND CYCLE OF
EACH FAILURE

FIG. 3 FlG. 1

eet Has Been Replaced :

I



product assenblies, are used. The test, a§§$ I}es would mmc the
functional product assenblies but proV|de of automatic generati on of
failure data. Alternately, botK& approddhes Sty be uséd in conbination. For
exanpl e, special test cards may bezugedrte dgvelop and optim ze an assenbly
process and-to produce an experlence“base and then act ual production cards
can be tested and anal ysed for continuous process quality control. VDS
testing applies various degrees of stresses to solder joints, depending on
conponent type, conponent |ocation, and joint position. One can reduce the
variation by properly selecting the board and conponent |ayout. The
preferred ratio of the board length to wdth is approxinmately one to

N
()

no
£

0 O O O O O O O 0O O

FIG. 2
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two. The shorter ends of the board s
Conpl ex board geonetry m ght al so be
design of a special fixture. .

N
r \\
| GROUPING
3 DATA
U2 \
MERGE
DATA
143~\\\\\

gt

SELECT REFERENCE
DISTRIBUTION

Uy
\ '
NORMALIZE
DATA
45—
DETERMINE
SCATTERING
FIG. 4

4

|l aced in the tester fixture.
d, but this may require

As (BHoAENFOFI @ t 2,alwhat ever cards are used
in testing, preferrably conmponent dlegati onsngueh; as 121, 122, 123, and 124
shoul d be symetrical with respect to the board axes.
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- 10 - Symmetry increases the effective nunber of data points per board,
e.g.- if four conponents are placed sgmMaEd+028 |y on a board, then each of

the conponents will experience theSarR-fiq@8s N Lhe MDS test, and
t herefore four equival ent e
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readings will be received froma single board. The proper |ayout of the
conmponents can significantly reduce tHeNFRHe2%f boards that require
testing. The MDS tester operai®sT ap rnktnEpaugncigs (as high a 0.1
Hertz) to achieve a high cycle counéH' g}f éﬁb&ti (?Iy short tine. Visual or
periodic electrical assemment can b E o} bé pausi ng the test.
Preferrably, the boards being tested should provide for autonmatic detection
of failures such as connectors for test signals. Preferrably, any such
connectors should be subject to m ninmum stress during MDS testing.
Therefore, it is recg Lors are parallel to the

cl anped edges of thel edge of the board which wll
be inserted in ?

161

7

FIG.

162
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the fixed clanp as shown at 125. ﬁﬁ‘g élz failure nmechani sns are
verified. MDS test results are valld E ﬁi Z%he failure mechani sns
produced in MDS testing are théSsﬁné)HSKENSCDral q_re qfechani sms which are

produced under the product operati proper failure
nmechani sns). Usually the infornatigﬁEgﬁPf Cﬁpe2 fechani sns for conmonl y

used technologies is available in industry technical publications.
Preferrably, potential failure nechanis re identified and under st ood
prior to rungd VS NDS/ cture mechani sne need

This Sheet Has Been Replaced
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Al t hough the MDS test was devel ope
MDS tortion cycles do not exact
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P s S
product "duty" cycles; therefoefe; ht:d:s-peagsible that the MDS test may not
reflect all the factors needed for proper product evaluation, i.e. |ocal
thermal mismatches, creep of orgaAiéSmteridl s= For these reasons failure
mechani snms nust be verified for proper use of MDS testing. In step 113,

the test conditions are determed. \Wen defining MDS test conditions, two
factors are inportant - first, proper failure nechani sgs shoul d be achi&ved
in the mnimumtest time, and second the anobunt of data gathered =
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during testing nust be sufficent to guarant ee . adequate assessnent of the

Critical
and data

assenbly process.
cycl e frequency,

be executed using torque control,

(angle of twist) control.

test conditi'dns ‘are“the angle of tw st, the
frequéncy. UCiAg!$8st isng. al Al t hough testing may
id.+s -preferraple to use deformation

Sol der jOlnts recei’ve stress in proportion to the

board deformation, therefore the angle of tw st

is the primary variable

that controles the stress magnitude.

is fatigued during the test the tor

Al so,

as the circuit board substrate

e may vary in relation to the angle of

twist. The angle of twist is preferrably sel ected between 0.4 degrees and
1.2 degrees per inch of effective length. The effective |l ength
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of the card is the distance between the, MPS. g)a)rrps In general, |eaded
conponents can be tested at a higher rahge of =def or mat i on (preferrably up
to 0.9 degrees per inch of |ength)T .®Hil-= &N ess cooponents such as Ball
Gid Array technol ogy require | ower geformedien (;p eferably from0.4 to 0.6
degrees per inch). The proper angl & of "tw st fust” [)e sel ected very
carefully. Over-stressed conponents may exhibit undesired nechani sns of
failure, e.g. high lead-tin solders may devel op transgranul ar instead of
commonl y observed intergranular failure.
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- 12 - For exanple, field failure reports or ATC testing of Ball Gid
Array (BGA) components mounted on a pfaNGtP&F circuit board may i ndicates

that the only expected failuregrechgnicsegNgoNpeLqti@n is separation of the
balls fromthe pads.

SHEET 11 OF 21
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Howevér, during MDS setup debugging, the pads and lines separate fromthe
board surface. In such a case the anglENGB4QRS shoul d be reduced or the
speed of cycling reduced until tﬁerigq@y@fhggyjaghurglnechenisn1is

obtai ned. After proper test setup IS t ai ne such separation nmay indicate
weaknesses of the board design or §H§? éséﬁ%l@pp tess. As a general

rule, the MDS shoul d be conducted at the hi ghest frequency which would
allow for replication of the proper assenbly failure mechani sns. The

typi cal range of frequencies is in between 0.05 to 0.15 Hz and preferrably
shoul d not excced 0.5 Hz

13 (c)

FIG.

13 (b)

FIG.
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In all cases, the MDS test conditions need, verification before board
testing coomences to assure that the prooper fai’l ure nechani sns are achi eved
in‘the mnimmtime on test. Nofe &t Haf Citeiolé! e> toumt s per conponent type
and per conponent |ocation may vary;.;zSonejconponents may fail at very early
stages of cycling, while others may experience very long fatigue life.
Therefore, MDS test conditions should be optimzed in order to provide
meani ngful information for all assenbly processes. Preferrably the nean
nunber of cycles should be: 1, 000 Eicles < Recommended Mean Life <
20, 000 Cycl es.
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The | 6wer cycle limt assures the correct hi gh fatigue node of
metal lurgical failure, while the upper- "ORe s ‘a stri ctly practi cal
nmeani ng, which is that the MDS Gest.dufatiioslii =: al
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13 should not be |l onger than necess q){ in order to predict the optinmm
g

test conditions, one can use the foIIo éﬁaéilons
[err] G.T.DICKENSON =t al
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where the factor r may vary between O. § and.0.4, In nost cases, one can
assune that the factor r = 1/3. Furthernore, N[err] and Nerr] are the
pre-test and desired cycles to faiTube.” Mdéﬁﬂ'V[err]ﬂl and [err] are
the approprate angles of tw st applg:gd=tro the;assenbl ed boards. Al t hough
the MDS test was devel oped to repllcate j oi nt fallure mechani sns, MDS
tortion cycles do not exactly mmc the product "duty" cycles; therefore,
it is possible that the MDS test nay not reflect all the factors needed for

proper product evaluation, i.e. local thermal m smatches,
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creep of organic materials.

MDS test conditions are determn ned,

set up.

Preferrably,kphe first

"mai n"

run, after the

i s_used to re- verify the MDS test

In step 114, data is collectéd\du+?ﬂg NDS ttdsti ng.
with the verified test proceedure @sishown7 mstep 131 of FIG 3,
I's clanped into the MDS test machi ne,

| n accordance
the card

and in step 132 is twi sted at

predeterm ned tw st angles at predeterm ned frequencies for a predeterm ned

nunber of cycl es.

In step 133,

t he nunber of cycles is
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counted during the test, and in step 134, the position of each detected
failure is determmed. In step 135, fori-gach'Sech failure, the cycl e nunber
and, failure position (the specificijilfin=tNsSecerded(for | ater anal ysis.
Preferrably, the circuit card is ceinegted 40~a conputer systemin order to
automatically count cycles, deternfhé‘faiIure‘loda{ions, and | og each
failure with associated cycle count and |l ocation in a data base for |ater
statistical analysis perfornmed on the same conputer system If this is not
possi ble, the electrical reading or visual assessnents nmust be gathered at
a sufficient frequency during the test in order to provide neani ngful
statistical analysis.

(T

N 410

FIG. 23
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In step 115 the joint failure data gathered. during testing is analysed. The
nost, critical element of the MDS test mefhodology is the analysis of the
joint failure data collected duPPn@-¥é§¥ﬁHdPCWhe?ﬁac@brs that influence the
joint fatigue life during testing arg=as £oj | OWs:21 technol ogy type, (TSOP,
B&, PLCC, ...); board flexural stiffness; conponent and the

I nt erconnect conpli ances;

/_\’ / /"\_,/
411
310 —=—
450
452
451
FIG. 24
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conmponent | ocation on the tested board; . ,.cgoppnent to conponents

I nteracti ons. Each of these factors alters tlhe joint fatigue life during
MDS testing. This requires a speci aP [&tgeliSXHm f6r @hta anal ysis of MDS
test results. SHeET 21 OF 21
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15 s Fl<s. 4 shows the steps for perform ng the statistical analysis.
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TITLE

Circuit Board Assembly Tortion Tester and Method

FIELD OF INVENTION

This invention is related to methods and apparatus to
evaluate the_quaiity of surface mount technology (SMT)
electronic'assembly processes for circuit board assembly
process quality control and/or for optimizing circuit board
assembly processes. More specifically, the invention is
related to destructive testing of SMT circuit board
assemblies for predicting the reliability of SMT solder
_joints when exposed to thermal fatigue during operation.

BACKGROUND

' Solder joints are a critical element of surface mount
attachment of electronic components. Previously continuous
process quality of SMT circuit board assembly was monitored
using visual inspection, pull tests, and periodic
Accelerated Thermal Cycling (ATC). Visual inspection is not
sufficient because many défects are not visually observable.
For example joints of grid array surface mount components
can not be readilly observed. In pull testing, assembled
components are pulled off the circuit board and the
appearance of the fractured joints indicate the quality of
the assembly process. Again, this method doesn't disclose
all the defects because it doesn't replicate field failure
mechanisms. Both visual inspection and pull testing require
the services of a skilled operator for extensive periods of
time for each board assembly tested. ATC is a good method of
finding defects which would caeuse field failures (effect
technological life of the product). Also, ATC testing can be

s

automated so a skilled operator is only required to

This is the replacement sheget
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tested board. The MDS test should provide enough data to build a fails
distribution for each selected variable. In step 142 we attenpt to nerge
data. Sone of the distributions can be nerged together, especially those
‘which belong to the sane technology. It is especially convenient if
conponents of the same technol gy occupy positions which are synetrical with
respect to the axis about which the circuit board is twisted. Since the
stress may vary fromjoint to joint, the2fatigue life will vary as well

. Distributions of fails are characterized by the nmean cyclic life and the
scattering of the data. Thus, he individual distributions of fails can be
normalized to sone reference. In step 143 a reference distribution is

sel ected f@lesuehcally test the board after testing. However, ATC is

not a practical testing method for monitoring continuous
process quality because the total test time is too long.

Typically, the data is not available until weeks after
production.

Cyclic bending has been used to test the quality of soldered
joints in circuit board assemblies. Japanese Patent JP 03-
245600 discloses "a test device to check a printed board in
soldering quality™ the test uses "a probe after the printed
circuit board is subjected to a prescribed frequency of
bending tests." In Soviet Union patent SU 1723679-Al
constant bending upwgrd and downward is applied to a PCB for

"non-destructive quality control testing of metalizations
and contact junctions."

Cyclic bending fatique testing has also been used in other
fields for determining bulk fatique properties of many
materials. For example U.S. Patent 3,381,526 to Rastogi et
al discloses a method and machine to perform such fatigue
tests on contilever beams with.a waist portion. Manahan et
al in U.S. Patent 4,567,774 discloses a miniaturized bend
test of specimens to determine mechanical behavior of the
tested material from the measurement taken during the
bendihg of the specimen and is processed according to the
principles of linear or non-linear material mechanics}" and
in U.S. patent 4,895,027 discloses a method for determining
"plane strain fracture toughness, dynamic plane strane crack
initiation and arrest fracture toughness' and other fracture
characteristics. U.S. patent 5,189,517 to Kelzer discloses
a "test fixture and test method is designed to establish
statistical information concerning the breaking force for
.deflection of a printed circuit board when the print circuit

board is broken along pre-existing score lines. U.S. patent

fir's is the replacement §hé§i
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normal i zati on. Although, there is no a special rule for selecting the
reference distribution, we prefer to choose a distribution which |ocates
itself in between other distributions. In step 144, the nmean lives of the
distribution of fails is conpared to the selected reference distribuiton,
preferrably, the correlation factors are cal cul ated as foll ows:

[err] ' -3 -

-

5,079,955 to Eberhardt discloses "A fatigue testing system
subjects a test specimen to a rotary stress applied about an
axis at one or both ends which is perpendicular to the axis
of the test specimen. The stress applied may be selected
from sinusoidal random, impulse or a signal generated by the
stresses applied to an actual in service specimen. A servo
applies the stress to the test specimen through a coupler
and the changes in the electrical resistance of a portion of
the test specimen is sensed to detect the initiation and
propagation of spetimen" and is used to detect streés
failure" for tested materials.

_Tortional testing has also been used to evaluate mechanical
properties of materials and structures. In U.S. patent
4,958,522 McKinlay discloses a sample "is held between two
axially aligned jaws. The sample is subjected to a twisting
force by rotation of one of the jaws and the force and angle
of deflectibn are measured. This gives a relative
determination of the boards structural property and is used
to assess damage to the corrugated medium during corrugation
and subsequent processing steps such as printing."

All the above citations are hereby incorporated by reference
to provide an enabeling disclosure and to support the claims
to which applicant is entitled by law.

OBJECTS OF THE INVENTION
The following are ‘some of the objects of this invention.

To de#elop a method of continuous control of circuit board
assembly soldering processes to maintain the quality of
solder joint fatigue life.
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Each i ndi vi dual cycle count within the i-th distributionis nmultiplied
the correlation factor CF[err]. Then, the corrected cycle counts are
equi valent to those in the '

To provide a measurement of solder joint fatigue life which
is closely related to joint fatigue life in actual use.

To provide a method of simulating field fatigue conditions
in a test which can be performed sufficiently quick for
practical application in process control.

To provide a method of evaluating the failure of soldered
joints during simulation tests to determine the quality of
joint fatigu life-8uring actual field use.

SUMMARY OF THE INVENTION

The invention of Applicants is a system which includes a
testing process and a novel machine for using the process.
The system can be used to monitor assembly process quality
or to determine the reliability of newly developed assembly
processes. The system is known as the Mechanical Deflection
System (MDS). The MDS machine includes a tortion testor
which imposes controlled repeatable sheer stress to the
board and components mounted thereon. The stress produced by
the machine is similar to that imposed on components ‘due to
thermal cycling of the assembly during field use. The
tortion tester includes self-centering fixturing to assure
that the circuit board is held in a repeatable position and
twisted about the central longitudinal axis of the board.
The fixtures include one stationary clamp and one rotating
clamp which is connected to a backlash free motor and servo
system. The distance between the clamps can be adjusted to
fit various board sizes. The clémps have slips to _
automatically controll the maximum clamping force to prevent
board dammage resulting in spurious results. .

| ment sheel
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reference distribution. Once all the individual distributions are

normal i zed and nerged to the referenced one, all the fatigue data can be
used to build the equivalent distribution (scattering) of fails in step
145. The equivalent distribution of fails characterizes the quality of the

sol der joints under consideration. MDS testing can be used for two basic
applications. First MDS can be used as a self-learning nmonitor of assenbly
-5 -

—

The machine also includes a computer, connected to regulate
the motor, and which has apparatus to control the motor for
precisely applying either a desired twist angle or a desired
torque during the cyclic twisting of the board. An-optical
meter measures the angle of twist and a torque meter
measures the torque applied to the fixturing. The meters
generate signals and are connected to transmit the signals
to the computer. The circuit board is also connected to the
computer to allow electrical resistance of critical joints
to be monitored during testing to determine the occurance of
failures. The computer includes apparatus to determine the
cycle count at which each failure occures and the location
of the failure. The machine has a data base in which the
location and cycle count at which each failure occures is
recorded. The test is continued until a large number of
failures is produced. The data base also includes failure
cycle and location data for a base pro;esé. The base process
could be another process for making similar boards or the
same process at previous times. The failure cycles and
locations of boards produced by a targot process are
compared to failure cycles and locations of boards produced
by the base process. The comparrison between the failure
locations and cycCles are analysed to statistically determine
the reliability of the joints.

Other objects, features and advantages of. the invention will
be apparent from the detailed description of the invention
and the following drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a process flow diagram for the overall method of
the invention. '
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process quality. Second MDS can be used in conbination with ATC testing to
assess the reliability of new technologies. The scattering of fails and the
nmean fatigue |ife define the quality of an assenbly process. The scattering
of fails alone mght provide a sufficient quality measure for assenbly
processes nonitoring. However, devel opnent of new technol ogies require an
understanding of the nean fatigue |life expectancy of the assenbly. In such
a case, ATC testing can be conducted in ﬁaﬁarlel with MDS test in order to
verify failure nmechanisns and establish bridge between ATC and MDS cycl es.

FIG 5 illustretes 3 ie BROERBSdMerits bﬁgthaeci\ﬂ%%ﬁysbsﬂaaéf EHP U n@ht £bn
assenbl y proceéﬁ%ﬁﬂn& %ohgoﬁeﬂgék%édﬁ eHD§§m etrlcally about two axis of the

board.

FIG. 3 is a process flow diagram for the testing and
collecting data in the invention.

FIG. 4 is a process flow diagram showing the stéps of the
statistical analysis of the invention.

FIG. 5 is a process flow diagram showing the steps of using
the MDS system as a monitor of assembly processes.

FIG. 6 shows 18 TSOP components assembled to a specific
embodiment of the test circuit board of the invention,
symmetrically about one axis.

FIG. 7 shows the leads of lead-on-chip and standard TSOPs
attached by a propriety process.

FIG. 8 illustrates ATC and MDS testing failures in an example
of the process of the invention.

FIG. 9 is a plot of MDS fatigue results in terms of
distribution of fails for each location in the example process

of the invention.

FIG. 10 111ustrates an embodiment of an MDS tester of the
invention.

FIG. 11 is a plot of the final distribution of failures in the
example of FIG. 9.

FIG. 12 shows a summary of the conclusions of the MDS test of
FIG. 9.

FIG. 13a illustrates another non-symmetrical test vehicle
embodiment used in an example embodiment of the MDS process.

This is the replacement sheat
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I s designed to expose the devel opnent of assenbly process defects and
allows for very fast corrective actions. In step 151, the - A baseline
reference distribuiton is generated fromthe nmean MDS life and the fails
scattering (distribution) per conponent type and per conponent | ocation
resulting fromprevious MDS tests for the sane assenbly process. Only .
statistically valid MDS fatigue data gathered for the assenbly process
during high quality production is used for # he baseline. In step 152, test
vehi cl es nmust be produced in the assenbly Tine or the functional boards

must
: FIG. 13b shows a failure produced by ATC testing.

FIG. 13c¢c illustrates a failure produced by MDS testing at a
location corresponding to that in 13b, showing a similar
failure mechanism.

FIG. 14 is a plot of the normalized distribution of ATC and
MDS testing fails.

FIG. 15 shows another embodiment of the MDS tester of the
invention, including four test stations.

FIG. 16 is an expanded view of the power control area of the
operator’s panel of the tester of FIG. 15.

FIG. 17 illustrates one of the stations of the MDS tester of
FIG. 15.

FIG. 18 shows a plan'of the clamping distance control panel
included in each station of the tester of FIG. 15.

FIG. 19 shows a top view of the lower circuit board clamp of
the tester of FIG. 15.

FIG. 20 is a partial sectional view taken through 20-20 of
FIG. 19. ' '

FIG. 21 is a partial section of the upper clamp, screw drive,
and slide of the station of FIG. 17.

FIG. 22 is an elevation view of the upper clamp of FIG. 21
engaged with the screw drive.

-

FIG. 23 is an isometric view of a part of the station of FI

17 including the lower clamp and drive motors, with the
cowling removed.

FIG. 24 is a rear view of the bottom section of the opera* :
station of the tester of FIG. 15 with the back door remow. :
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-17- be selected fromthose normally produced on the assembly line with a
frequency which would allow for proper quality control of the I|ine.

(5

8

FIG. 25 is a schematic of the computer system of the operator
station of the tester of FIG. 15.

-

DETAILED DESCRIPTION OF THE INVENTION

The process of the invention replicates ATC failure mechanisms
in a very accelerated manner. The machine of the invention
imposes cyclic out-of-plane deformation to an assembled
printed circuit board. A portion of the deformation is
transferred to SMT solder joints in proportion to the
stiffness of the board, rigidity of the electronic components,
and compliance of leads and the solder interconnects
themselves. The stress magnitude in solder joints is also a
function of the component location on the board, the component
type, the position of the joint relative to the component, and
component to components interactions. The out-of-plane
deformation leads to a complex stress system within each
individual joint. The methodology disclosed herein was
developed through extensive modeling and testing to properly
interpret the quality of the assembly. This description will
enable those skilled in the art to define the proper test
parameters to use the process and equipment described for
quick and accurate assembly process quality verification
and/or assembly process optimization.

This is the replacement sheet
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In step 153, the assenblies are tested in accordance with verified test
proceedures previously discussed. In step 154 the data is anal ysed as
described above in reference to FIG 4. The baseline established in step
151 is used as a reference distribution. Any observed anonalies (life
shorter than expected) would indicate the presence of flaws in the assenbly
process. In sone cases, MDS test was fougﬁ nore sensitive than ATC test in
detecting assenbly defects (such as nodw~e tilt, msregistration, etc.).
Since MDS test duration is neasured in hours, this test is considered as a
"near" real tinme nonitor of an assenbly I|ine.

MDS testing can be conducted in a number of different ways,
and the those skilled in the art may develop their own
approach. However, we prefer that the logical path
illustrated in FIG. 1 be maintained.

In FIG. 1, step 111 the circuit boards used for testing are
designed, debugged, tested, and produced. -The test of this
‘invention may be carried out using product assemblies
selected from those normally produced on the targot process,
but preferrably, custom designed test assemblies, which are
periodically assembled in the same targot process as the
product assemblies, are used. The test assemblies would
.mimic the functional product assemblies but provide for
automatic generation of failure data. Alternately, both
approaches may be used in combination. For example, special
test cards may be used to develop and optimize an assembly
process and- to produce an experience base, and then actual
production cards can be tested and analysed for continuous

process quality control.

MDS testing applies various degrees of stresses to solder
joints, depending on component type, component location, and
joint position. One can reduce the variation by properly
selecting the board and component layout. The preferred
ratio of the board length to width is'approxiﬁately one to
two. The shorter ends of the board should be placed in the
tester fixture. Complex board geometry might also be
considered, but this may require design of a special
fixture.

As shown in FIG. 2, whatever cards are used in testing,
preferrably component locations such as 121, 122, 123, and
124 should be symmetrical with respect to the board axes.

This is the replacement sheet
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The MDS nonitor is a self-learning method, by which statistical data
gathered periodically and over a long period of time can enhance baseline
data and all ow for better understanding of the process critical variables.
In this way, MS test nethodol ogy can optim ze assenbly processes. In step
155, if there are no anomalies, then the current fails distribution can be
conbi ned into the baseline. Alternately If anomlies are identified and
process flaws are identified which correl@te to the anomlies then the
current test can be used to predict speC|f|c process flaws fromtest
results. For exanple, if investigatin of an amom lous fails ditribution

di scl oses that pads have-begun separating fromthe circuit board during
testing, oaPWMetF¥sinerRdses the crfifiecesvé minbbheofalata pbifa preparation is a

cont am natmshrakedi g fﬁﬂﬂéhkoébmﬂdﬁéﬂts are placed symmetrically on a
board, then each of the components will experience the same
stress in the MDS test, and therefore four equivalent
readings will be received from a single board. The proper
layout of the components can significantly reduce the number
of boards that require testing.

The MDS tester operates at high frequencies (as high a 0.1
Hertz) to achieve a high cycle count in a ielatively short
time. Visual or periodic electrical assemment can be
performed by pausing the test. Preferrably, the boards
. being tested should provide for automatic detection of
failures such as connectors for test signals. Preferrably,
any such connectors should be subject to minimum stress
during MDS testing. Therefore, it is recommended that the
connectors are parallel to the clamped edges of the card and
near the narrow edge of the board which will be inserted in
the fixed clamp as shown at 125.

In step 112 failure mechanisms are verified. MDS test
results are valid only if the failure mechanisms produced in
MDS testing are the same as the failure mechanisms which are
produced under the product operating conditions {proper
failure mechanisms). Usually the information on failure
mechanisms for commonly used technologies is available in
industry technical publications. Preferrably, potential
failure mechanisms are identified and understood prior to
running the MDS test. The MDS fracture mechanisms need
verification through construction analysis and/or visual
joints assessment.

Although the MDS test was developed to replicate joint
failure mechanisms, MDS tortion cycles do not exactly mimic

srw8t
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simlar anomlies in fail distributions wll !rrma_diatly i ndi cate that the
seedi ng solution should be checked for contam nation. :

- 11 -

pm——

product "duty" cycles; therefore, it is possible that the
MDS test may not reflect all the factors needed for proper
product evaluation, i.e.;local thermal mismatches, creep of
orgénic materials. For these reasons failure mechanisms
must be verified for proper use of MDS testing.

In step 113, the test conditions are determned. When
defining MDS test conditions, two factors are important -
first, proper failure mechanisms should be achieved in the
minimum test time, and sécond the amount of data gathered
during testing must be sufficent to guarantee adequate
assessment of the assembly process. Critical test conditions

. are the angle of twist, the cycle frequency, and data
frequency during testing.

Although testing may be executed using torque control, it is
preferrable to use deformation (angle of twist) control.
Solder joinfs receive stress in proportion to the board
deformation, therefore the angle of twist is the primary
variable that controles the stress magnitude. Also, as the
circuit board substrate is fatigued during the test the
torque may vary in relation to the angle of twist. The angle
of twist is preferrably selected between 0.4 degrees and 1.2
degrees per inch of effective length. The effective length
of the card is the distance between the MDS clamps. In
‘general, leaded components can be tested at a higher range
of deformation (preferrably up to 0.9 degrees per inch of
length), while leadless.components such as Ball Grid Array
technology require lower deformation (preferably from 0.4 to
0.6 degrees per inch). The proper angle of twist must be
selected very carefully. Over-stressed components may
exhibit undesired mechanism: =I failure, e.g..high lead-tin
solders may develop transgrea:nuler instead of commonly
observed intergranular failurc.
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- 18 - As a first exanple, the MDS test netod was used to anal yse the
quality of TSOP assenbly.processes. The anal ysis included three parts:
quality of the TSOP assenbly process for standard conponents, quality of
‘the rework process for standard conponents, and quality of a process for

| ead-on- chip type of conponents. In this exanple, the scattering of cycles
to failure provides the basis for the analysis. As a first step 1l of
FIG 1, a test vehicle was designed-a@g -

For example, field failure reports or ATC testing of Ball
Grid Array (BGA) components mounted on a particular circuit
board may indicates that the only expected failure mechanism
in operation is separaﬁion of the balls from the pads.
However, during MDS setup debugging, the pads and lines
separate from the board surface. In such a case the angle of
twist should be reduced or the speed of cycling reduced
until the identified failure mechenism is obtained. After
proper test setgp is obtained, such separation may indicate
- weaknesses of the board design or the assembly process.

As a general rule, the MDS should be conducted at the
_highest frequency which would allow for replication of the
proper assembly failure mechanisms. The typical range of
frequencies is in between 0.05 to 0.15 Hz and preferrably
should not excced 0.5 Hz.

In all cases, the MDS test conditions need verification
before board testing commences to assure that the proper
failure mechanisms are achieved in the minimum time on test.
Note that the cycle counts per component type and per
component location may vary. Some compenents may fail at
very early stages of cycling, while others may experience
very long fatigue life. Therefore, MDS test conditions
should be optimized in order to provide meaningful
information for all assembly processes. Preferrably the mean
- number of cycles should be:

1,000 Cycles < Recommended Mean Life < 20,000
Cycles.

The lower cycle limit assures the correct high fatigue mode

of metallurgical failure, while the upper one has a strictly
practical meaning, which is that the MDS test duration
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The TSOP conponents were assenbled to the test vehicle as shown in FIG 6.
The vehicle is a double sided board with 18 TSOP conponents on each side.
The conponents are placed symetrically on the board (mrror image of the
conponents with respect to the length of the board as shown on FIG 6).
Both sides are.identical. As a result, there are four conponents in every
equi val ent | ocation. Each conponent has all the solder joints stitched .
(serially connected) together to sinplify design and production, so that
the- MDS fails were counted on a conpo t~ basis. Eight boards were produced
for this test. Boards 1 and 6 have reworked conponents placed in the

| ocations 4 and 5. Boards 4, 5, and 6 have assenbl ed | ead-on-chip
conponent s S&¥uifendpPsilgager tHian neressasyat konscdeEhaobpredisitdenel t he
boar ds haveraiseabtest soaadoishs|SoReCodpReNtte AN I1REWE in FIG 7 | ead-

equations;

T
Ndeslzed

Daest1rea= ¢pre-tett‘

Nrre—:est

where the factor r may vary between 0.3 and 0.4. In most
- cases, one can assume that the factor r

1/3. Furthermore,
Nore-tesr @8Nd Ny s are the pre-test and desired cycles to
failure. AlSO, @ ;4 e 8NA Pyq,i4¢ 2Te the approprate angles of
twist applied to the assembled boards. '

Although the MDS test was developed to replicate joint
failure mechanisms, MDS tortion cycles do not exactly mimic
the product "duty" cycles; therefore, it is possible that
the MDS test may not reflect all the factors needed for
proper product evaluation, i.e. local thermal mismatches,
creep of organic materials.

Preferrably, the first "main" run, after the MDS test
conditions are determined, is used to re-verify the MDS test
setup.

In step 114, data is collected during MDS testing. In
accordance with the verified test proceedure as shown in
step 131 of FIG. 3, the card is clamped into the MDS test
machine, and in step 132 is twisted at predeéermined twist
angles at predetermined frequencies for a predetermined
number of cycles. In step 133, the number of cycles is
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on-chip TSOP's 161 have | onger and nore conpliant |eads conpared with
standard TSOP' s 162. The second step 112 of FIG 1 is to verify the
failure nechanisns. MDS fracture nechani sns nust resenble the nechanisnms
received from ATC testing. Such conparison was made for TSOP sol der joints
and it was concluded that the mechanisns are

- 14 -

r—

counted during the test, and in step 134, the position of
each detected failure is 'determned. In step 135, for each
such failure, the cycle number and failure position (the
specific joint) is recorded for later analysis. Preferrably,
the circuit card is conngcted to a computer system in. order
to automatically count cjcles, determine failure locations,
and log each :failure with associated cycle count and

. location in a data base for later statistical analysis
performed on the_same'computer system. If this is not
possible, thq electrical reading or visual assessments must
be gathered at a sufficient frequency during the test in
order to provide meaningful statistical analysis. ’

In step 115 the joint failure data gathered during testing
is analysed. The most critical element of the MDS test
methodology is the analysis of the joint failure data
collected during testing. The factors that influence the
joint fatigue life during testing are as follows:
technology type, (TSOP, BGA, PLCC, ...);

board flexural stiffness;

component and the interconnect compliances;

component location on the tested board;

component to components interactions.

Each of these factors alters the joint fatigue life during

MDS testing. This requires a special algorithm for data
analysis of MDS test results. |

This is the replacement sheet

Date: o 320 15

R W



19 i ndeed the sane. FIG 8 shows ATC testing failure 171 and MDS testing
failure 172 for conparison. The third step 113 of FIG 1, test conditions
are determ ned.

- 15 -

a—

FIG. 4 shows thé steps for performing the statistical
analysis.of the invention. In step 141, fatigue data is
grouped according to component type, joint location within
the tested components, and location of the component on the
tested board. The MDS test should provide enough data to
build a fails distribution for each selected variable. In
step 142 we attempt to merge data. Some of the distributions
can be mergéd together, especially those which belong to the
~same technology. It is especially convenient if components
of the same techndlgy occupy positions which are symetrical
with respect to the axis about which the circuit board is
twisted. Since the stress may vary from joint to joint, the
fatigue life will vary as well.

Distributions of fails are characterized by the mean cyclic
life and the scattering of the data. Thus, he individual
distributions of fails can be normalized to some reference.
In step 143 a reference distribution is selected for such
normalization. Although, there is no a special rule for
selecting the reference distribution, we prefer to choose a
- distribution which locates itself in between other
distributions. In step 144, the mean lives of the
distribution of fails is compared to the selected reference
distribuiton, preferrably, the correlation factors are
calculated as follows:
. (D50) reterence
CF,
(ING) -

Each individual cycle count within the i-th distribution is
multiplied by the correlation factor CF,. Then, the
corrected cycle counts are equivalent to those in the
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Initially, a single setup card was used to identify proper test conditions.
The angle of twist was set at 0.9 degrees per inch of the card |length. The
results indi-cated that the test can be conducted at hi gher stress |evel for
showi ng excessive cycle count to failure. Therefore, the angle of tw st was
set at 1.2 degrees per inch of the effective card | ength. The fourth step
114 of FIG 1, is data collection. Tortion testing commenced and fati gue
data were gathered for the first seven_equivalent |locations. FIG 9
describes the MDS fatigue results in"tb8ns of distribution of fails for
each | ocation. The nunber of fails at locations 8 and 9 was insufficient to

build a staldgtbgal |y g A5 KUt 1S ,9f ; 6ividual
distributions are normalized and merged to the referenced
one, all the fatique data can be used to build the
equivalent distribution (scattering) of fails in step 145.
The equivalent distribution of fails characterizes the
quality of the solder joints under consideration.

MDS testing can be used for two basic applications. First
MDS can be used as a self-learning monitor of assembly
process qguality. ©Second MDS can be used in combination with
ATC testing to assess the reliability of new technologies.
The scattering of fails and the mean fatigue life define the
quality of an assembly process. The scattering of fails
alone might provide a sufficient quality measure for
assembly procesées monitoring. However, development of new
technologies require an understanding of the mean fatigue

" life expectancy of the assémbly. In such a case, ATC testing
can be conducted in parallel with-MDS test in order to
verify failure mechanisms and establish bridge between ATC
and MDS cycles.

FIG. 5 illustrates the process of using the MDS system as a
monitor of assembly processes. In this mode the MDS system
is designed to expose the development of assembly process
defects and allows for very fast corrective actions.

In step 151, the - A baseline reference distribuiton is
generated from the mean MDS life and the fails scattering
(distribution) per component type and per component location
resulting from previous MDS tests for the same assembly
process. Only statistically val:d MDS fatigue data gathered
for the assembly process dur.ng high quality production is

used for the baseline. In step 152, test vehicles must be

produced in the assembly lirne ¢r the functional boards must

This is the replacement sheet

Date;.' 29 SQF A€



fails. Note that these distributions are very simlar. The distributions
can be bridged together to a reference location. In this case, |ocation
no. 5 was chosen for that purpose. Subsequently, nmean fatigue lives from
| ocations 1, 2, 3, 4, 6, and 7 were conpared to the nmean |ife fromlocation
nunber 5. The correlation factors CFlerr] through CFlerr] (CF[err] was
defi ned above) were used to re-scale the cycle counts fromeach | ocation.
The-resulting total nunber of data pQREZs_per | ocati on nunber 5 was; -
standard conponents - 112, - rewor+ed conponents - 12, -
| ead- on-chi p conponents - 30.

be selected from those normally produced on the assembly

line with a frequency which would allow for proper quality
control of the line..

In step 153, the assemblies are tested in accordance with
verified test proceedures previously discussed. In step 154
the data is analysed as described above in reference to FIG.
4. The baseline established in step 151 is used as a
reference distribution. Any observed anomalies (life shorter
than expected) would indicate the presence of flaws in the
assembly process. In some cases, MDS test was found more
sensitive than ATC test in detecting assembly defects (such
as module tilt, misregistration, etc.). Since MDS test
duration is measured in hours, this test is considered as a
"near" real time monitor of an assembly line.

The MDS monitor is a self-learning method, by which
statisticai data gathered periodically and over a long
period of time can enhance baseline data and allow for
better understanding of the process critical variabies. In
this way, MDS test methodology can optimize assembly
processes. In step 155, if there are no anomalies, then the
current fails distribution can be combined into the
baseline. Alternately if anomilies are identified and
process flaws are identified which correlate to the
anomiiies then the current test can be used to predict
specific process flaws from test results. For example, if
investigatin of an amomilous fails ditribution discloses
that pads have begun separating from the circuit board
during testing, and investigation determines that the cause
of pad separation is a contaminated seeding solution, then
similar anomilies in fail distributions will'immediatly
indicate that the seeding solution should be checked for
contamination.
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As a first example, the MDS test metod was ﬁsed to analyse
the quality of TSOP assembiy processes. The analysis

included three parts: quality of the TSOP assembly process
for standard components, quality of the rework process for
standard components, and quality of a process for lead-on-
chip type of components. In this example, the scattering of
cycles to failure provides the basis for the analysis.

As a first step 111 of FIG. 1, a test vehicle was designed
and

The TSOP components were assembled to the test vehicle as
shown in FIG. 6. The vehicle is a double sided board with 18

. TSOP components on each side. The components are placed

symmetrically on the board (mirror image of the components
with respect to the léngth of the board as shown on FIG. 6).
Both sides are identical. As a result, there are four
components in every equivalent location. Each component has
all the solder joints stitched (serially connected) together
to simplify design and production, so that the MDS fails
were counted on a component basis. Eight boards were
produced for this test. Boards 1 and 6 have reworked
components placed in the locations 4 and 5. Boards 4, 5, and
6 have assembled lead-on-chip components on the top side at
all nine locations. The back side of the boards have
assembled standard TSOP components. As shown in FIG. 7 lead-
on-chip TSOP's 161 have longer and more compliant leads
compared with standard TSOP's 162.

The second step 112 of FIG. 1 is to verify the failure
mechanisms. -

MDS fracture mechanisms must resemble the mechanisms
received from ATC festing. Such comparison was made for TSOP
solder joints and it was concluded that the mechanisms are
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The final distributions of fails are presented on FIGs. 11, and the
conclusions fromthe test are summarized in FIG 12. As a second

exanpl e, the MDS test netod was used to analyse the reliability of a new
process to attach chip carrier nodules (conponents) to circuit boards (test
vehicles) using a matrix of solder balls herein called Ball Gid Array
(B&A) . As shown in the first step 111 of FIG 1, test vehicles are

desi gned and produced. Eight BGA-conpggents were assenbled to a test

vehicl e, as shown on FIG 13a. Electrital readings

indeed the same. FIG. 8 shows ATC testing failure 171 and
MDS testing failure 172 for comparison.’

The third step 113 of FIG. 1, test conditions are
determined.

Initially, a single setup card was used to identify proper
test conditions. The angle of twist was set at 0.9 degrees
per inch of the card length. The results indicated that the
test can be conducted at higher stress level for showing
excessive cycle cdunt to failure. Therefore, the angle of
twist was set at 1.2 degrees per inch of the effective card
length. ' )

The fourth step 114 of FIG. 1, is data collection. Tortion
testing commenced and fatigue data were gathered for the
first seven equivalent locations. FIG. 9 describes the MDS
fatigue results in terms of distribution of fails for each
location. The number of fails at locations 8 and 9 was
insufficient to build a statistically valid distributions of
fails. Note that these distributions are very similar. The
distributions can be bridged together to a reference -
location. In this case, loéation no. 5 was chosen for that
purpose. Subsequently, mean fatique lives from locations'l,
2, 3, 4, 6, and 7 were compared to the mean life from '
location number 5. The correlation factors CF, through CF,
-(CF, was defined above) were used to re-scale the cycle
counts from each location. The resulting total number of

data points per location number 5 was;

- standard components - 112,
- reworked components - 12,
~ lead-on-chip components - 30.

' eet
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were recorded for each conponent. There is no symmetry in |ocations of the
conponents, so that the count of cycles to failure varied from-conponent to
conponent . As shown in the second step 112 of FIG 2, failure nmechani sns
were verified. Normally only one ATC test should be required, but in order
to verify the MDS test method statisticly, fifteen boards were cycl ed
between the tenperatures of 20 and 80 degrees C wth a frequency of 0.00083
Hz to generate nultiple failures on tH#0 boards. MDS tests were run on three
boards using 0.45, 0.6 and 0.9 degrees per inch of the board I ength and 0.1
HZ frequency. 0.9 degrees per inch caused partial separation of copper pads

fromtesten, 5qands YUGNHL3:000 & ¥aiid Techan sm S NCerrars. 11,

and the conclusions from the test are summarized in FIG. 12.

As a second example, the MDS test metod was used to analyse
the reliability of a new process to attach chip carrier
modules (components) to circuit boards (test wvehicles) using
a matrix of solder balls herein called Ball Grid Array
(BGA).

As shown in the first step 111 of FIG. 1, test vehicles are
designed and produced. Eight BGA components were assembled
'_to a test vehicle, as shown on FIG. 13a. Electrical readings

were recorded for each component. There is nd symmetry in
locations of the components, so that the count of cycles to
failure varied from component to component.

As shown in'the second step 112 of FIG. 2, failure
mechanisms were verified. Normally only one ATC test should
be required, but in order to verify the MDS test method
statisticly, fifteen boards were cycled between the
temperatures of 20 and 80 degrees C with a frequency of
0.00083 Hz to generate multiple failures on the boards. MDS
tests were run on three boards using 0.45, 0.6 and 0.9
degrees per inch of the board length and 0.1 HZ frequency.
0.9 degrees per inch caused partial separation of copper
pads from tested boards which is not a valid mechanism since
the ATC tested boards did not fail by that mechanism.

- Comparison of ATC testing as shown in FIG. 13b with MDS
failures at 0.6 degrees per inch as shown in FIG. 13c showes
that failure mechanisms are similar.

As shown in the third step 113 of FIG. 1, test proceedures
were determined. The first test runs indicated that both 0.6
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the ATC tested boards did not fail by that nmechanism Conparison of ATC

testing as shown in FIG 13b with MDS failures at 0.6 degrees per inch as
shown in FIG 13c showes that failure nmechanisns are simlar. As shown in
the third step 113 of FIG 1, test proceedures were determ ned. The first

t est

runs indicated that both 0.6

- 21 -

r—

and 0.45 degrees per inch were satisfactory in terms of
failure mechanisms; however, the time required for testing
at 0.45 degrees per inch was excessive, thus 0.6 inches per
inch of board length was selected for further tests. In the
forth step 114 of FIG. 1, data was collected for an
additional 12 cards using the predetermined test proceedure
and failure data (the cycle and location of each failure)
was collected. |

The final step 115 in FIG. 1 is statistical analysis of
data. The normalized distributions of fails were plotted for
MDS and ATC test conditions in FIG. 14. The individual

_distributions of fails were normalized using Finite Element

Analysis and predictive fatigue models. The normalized MDS
and ATC plots look almost identical. The only difference is
in the test duration. The ATC test would require more than
half a year to achieve 100 percent failed components, while
the MDS test needed only 16 hours to generate a complete
distribution of fails.

The MDS testing metodology requires highly accurate
répeatable test parameters. The novel combiation of features
provided in the MDS tortion test machine provides the
accuracy and repeatability required and automatic features
for convenience and to prevent errors during testing. '

As shown schematically in FIG. 15, the MDS machine is an
assembly of 1 to 4 tortion testing stations 301 - 304
interconnected with a computer 305 such as an IBM PS/2 7537
(PS/2 is a trade mark of IBM;. The test stations each
include an industry standarcd :% inch rack enclosure 307, an
operator panel 308, an upper :zes: section 309 and a lower
equipment section 310. Each machine contains a main station

304 in which is mounted the ccmputer and a test circuit
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- 21 - and 0.45 degrees per

mechani sns;
was excessi

further tests.

addi ti onal

I nch were satisfactory in terns of failure
however, the tine required for testing at 0.45 degrees per

i nch

ve, thus 0.6 inches per inch of board | ength was sel ected for

data (the cycle and |l ocation of each failure)

_2__2_

monitoring control box 312. The operator panel of the main
station contains the power control 313. A big red emergency
power off (EPO) button is provided at the top of the main
station. The EPO is connected to disconnect all power from
every station upon activation. The enclosures may be bolted
together as shown to form a unitary'machine. A display 315,
keyboard 316 .and mouse 317 provide the primary user-
interface with the computer.

FIG. 16 shows an expanded view of power control 313 (see
FIG. 16) of the operator's panel for the main station. The
power control includes a startup switch 320 (labeled

~"Machine Power On"), and a power on button 321 (labled “MAIN

POWER") .

FIG. 17 schematically shows a typical station. The test
section contains a rotatable lower card clamp 331 and a
rotationally fixed upper card clamp 332 for positioning card
333 during tortion testihg. The vertical position of the
upper clamp is controlled by a linear positioning slide 334.
Two stiffner plates 335, 336'minimize twisting of the
machine. The lower section 310 is seperated from the upper
section 309 by a cowling that forms a horizontal bottom wall
(not shown), a section 337 that slants toward the front and
forms the operator's panel, and a section 338 vertically
covering part of the bottom section that can be.accessed by
removing the cowl. A front door 339 with hinge 340, is
opened for loading and unloading test cérds. The machine
includes an interlodk 341 which pervents operation (twisting
of the cards) when the door is opened. The door has a
central section 342 of clear material (such as
polycarbonate) through which testing may be safely observed.
The stest station is supported by casters 343, 344 for

ieet
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In the forth step 114 of FIG 1, data was collected for an
12 cards using the predeterm ned test proceedure and failure



was col | ect ed. The final step 115 in FIG 1 is statistical analysis of
data. The nornmalized distributions of fails were plotted for MDS and ATC
test conditions in FIG 14. The individual distributions of fails were
normal i zed using Finite Element Analysis and predictive fatigue nodels. The
normal i zed MDS and ATC plots | ook al nost identical. The only difference is
in the test duration. The ATC test would require nore than half a year to
achi eve 100 percent failed conponents, ile the MDS test needed only 16
hours to generate a conpl ete distributden of fails.

moving the tester, and the casters can be locked into
position for stability.

FIG. 18 shows_ the clamping distance control section of the
operator's panel of each test station. Moméntary contact
push buttons 351, 352 are for moving the upper clamp up and
down respectivly. Dial 353 controlls the speed of the slide
motor. A reset 354 is provided. The distance between the
clamps is automatically determined as described below and
diplayed at 355.

FIG. 19 is a top view of lower clamp 331. Clamp knob 360
.moves grip 361 horizontally with respect to support 362 to
clamp a circuit board (see FIG. 17). Two gear racks 363, 364
positioned in keyways, and communicate with pinion gear 365
to move the rackes in the longitudinal direction of the
clamp, equally in opposite directions in their resgective
keyways. Each gear rack is mechanically connected (not
shown)'to one of the centering slides 366, 367 to move the
slides relatively closer or further apart in the
longitudinal direction of the clamp. Thus, the distances
between the longitudinal center of the clamp and centering
slides are always equal.

When a circuit board is loaded into the lower clamp the
slides are moved together and the circuit board position is
adjusted until both pins 368, 369 are against respective
lateral edges of the circuit board. This assures that the
circuit board is exactly centered in the lower clamp. Then
lock knob 370 is turned to lock the pinion gear and hold the
sliders in place. The circuit board can be removed pushing
one of the buttons 371, 372 and sliding the board out in its
lateral direction. If another board of the same size is

loaded it is automatically centered simply by moving one of
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The MDS testing metodol ogy requires highly accurate repeatable test
parameters. The novel conbiation of features provided in the MDS tortion
test machi ne provides the accuracy and repeatability required and automatic
features for convenience and to prevent errors during testing. As shown
schematically in FIG 15, the MDS machine is an assenbly of 1 to 4 tortion
testing stations 301 - 304 interconnected with a conputer 305 such as an

| BM PS/ 2 7537 (PS/2 is a trade mark ©f24BM . The test stations each include
an industry standard 19 inch rack enclosure 307, an operator panel 308, an
upper test section 309 and a | ower eqU|pnent section 310. Each machi ne

cont ai ns a ﬂm' Blﬁg aﬁécqp §9f’dilpg thecgo rd rIE%QEaldn} ggtgot eUtce;mgnd a test

cireuit
until board is against the other pin and releasing the pin

so that the pins rest against the lateral edges of the
board. Cover plate 373 holds the gear racks in the keyways
and provides slots for supporting the centering slides and
providing for the movement of the connection between each
gear rack anq_its respective, connected centering slide as
the centering slides move closer and further apart.

FIG. 21 is a top view of the upper clamp 332 with a partial
section of slide 334. Slide 334 includes back plate 381, and
side plates 382, 383. The upper clamp includes an inner
. sliding plate 384 connected to nut 385 which.communicates
with a jack screw 386 to selectivly position the upper clamp
in the vertical direction. The interior sliding plate
communicates with an external sliding plate 387 which
interact for sliding élong slide 334. A spacer plate 388
. seperates tﬁe interior from the exterior sliding plates. The
exteriour sliding plate supports top support plate 389 which
supports a top plate 390 of upper clamp 332.

FIG. 22 is a side view of upper clamp 332 with part of jack
screw 386 shown. Stiffner plate 400 connects between top
plate 389 and outer slide plate 387. Knob 401 moves slide
jaw 402 closer/further from fixed jaw 403 to clamp a circuit
board for testing.

FIG. 23 is a schematic isometric view of the part of the
typical test station of FIG. 17 under the cowling. Servo
motor 410 (such as Compumotor Dynaserve TM model DR 1060B
(Dynaserve is a trademark of Parker Computmotor, Inc.) is
rigidly mounted in the middle of the bottom seéction of each
test station. HMotor amplifier 411 requlates power to the
motor and provides quadrature position feed back information
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signals. Torque transducer 412 measures the torgue of the
motor and is connected to torque signal unit 413 to provide
a conditioned torque signal (both are provided by Sensor
Development Corporation). 12 volt DC power supply 414
provides power for limit switches (not shown), ultrasonic
distance sensor (not shown), and torque meter 412. The slide
motor 416 is connected to turn slide jack screw 416 to
cbntrol the vertical position of the upper clamp (see FIG.
21). Slide motor control box 417 regulates power for the
slide motor. Ultraéonic sensor 418 (CONTAQ Technologies)
measures the vertical position of the top clamp to determine
the distance between the clamps for display on the

.operator's panel, and logging by the computer for each test.

AC power is distributed by terminal blocks 420, 421.

FIG. 24 is a rear view of bottom section 310 of the main
test station 304 with the back door (not shown) opened. The
back end of drive motor amplifier 411 is seen at the top
left of the drawing. Cable interface board connects the
main station with any other stations in the machine. AC
power box 451 provides for connection to AC power which is
distributed to terminal blockes 420, 421 in FIG. 23. An
AnaTech Test Circuit Monitor 452 is provided.

Although control of the machine and analysis could be
provided purely by permently configured hardware, it is
convenient to provide a general purpose computer system
which is configured during'operation to provide the
necessary apparatus to provide the required functions.

As shown schematically in FIG. 25, the computer preferrably
includes a central processor unit (CPU) 500, random access
memory (RAM) 501, a program storage unit (PSU) 502, a data
storage unit (DSU) 503, and ROM 504 for initially
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nmonitoring control box 312. The operator panel of the nmain station contains
t he power control 313. A big red enmergency power off (EPO button is

provi ded at the top of the nmain .station. The EPO is connected to di sconnect
all power fromevery station upon activation. The encl osures nmay be bolted
t ogether as shown to forma unitary machine. A display 315, keyboard 316
and- nouse 317 provide the primary user-, interface with the conputer. FI G
16 shows an expanded vi ew of power co ol 313 (see FIG 16) of the
operator's panel for the main station. The power control includes a startup
switch 320 (| abel ed "Machi ne Power On"), and a power on button 321 (Il abled

"MAIN PONEREgansferring signals from the program storage unit to
' configure the RAM to proved various apparatus needed to
control the CPU for controlling the machine during testing
and analysis.. The computer includes a motor control adapter
(MCA) 505, such as an 8-axis Delta Tau PMAC-PC adapter, to
control the various motors in the machine. The storage
units include.magnetic switches, optical switches, solid
state switches or other machinery to cooperate with
apperatus to generate signals to configure the RAM to
provide apparatus required to control the CPU. The PSU and
DSU storage devices can be combined if desired. During
opearion the RAM includes apparatus to present menues to the
user and react to functin keys, action bars, and/or mouse
input (not shownj. The RAM also includes control apparatus
510 to control the machine during testing and and analysis
apparatus 511 to perform the statistical analysis required
"of the system.

Although the invention has been described specifically in
terms of preferred embodiments, such embodiments are
provided only as examples. Those skilled in the art are
expected to make numerous changes and substitutions
including those discussed above in arriving at their own
embodiments without departing from the scope of the present
invention and the following claims.
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FIG -17 schematically shows a typical station. The test section contains a
rotatable |l ower card clanp 331 and a rotationally fixed upper card clanp
332 for positioning card 333 during tortion testing. Th lcal position
of the upper clanmp is controlled by a linear positioning slide 334. Two

stiffner plates 335, 336 minimze twisting of the nmachi ne“]lmmmu
section 310 is seperated fromthe upper section 309 by aldeMEli "ﬂmumﬂs
a horizontal bottomwall (not shown), a_sgg¢tion 337 that sl afts‘t dhard the
front and fornms the operator's panel, and=a section 338 vertically covering
part of the bottom section that can be accessed by renoving the cowl. A
front door 33%2.w tA hachyne34®r kesbpegerirouit| baardy amgprisiogdi ng t est
cards. The nachi ne

fixturing means to hold two opposite edges of a circuit

board along their length;

motor means to rotate the fixturing means to twist the
circuit board to induce cyclic torsion stress in the circuit
board;

automatic control means to regulate the motor for
providing predetermined torsion cycles;

2. Claim 1 and further comprising means for counting the
number of stress cycles and means for automatically recording
the location and the approximate torsion cycle at which each
failure occurs.

3. claim 1 and further comprising, means for precisely
controlling the maximum angle of twist during each cycle to
within at least + 0.1 degree per inch of card and preferably
within +0.01 degree per inch of card between the opposite
edges.

4. Claim 1 and further comprising means to precisely control
the torque applied during each cycle sufficient to control
twist angle to within 0.1 degree per inch of card between the
opposite edges and preferably to within 0.01 degree per inch.

5. Claim 1 and further comprising, automatic means for
measuring and automatic means for recording the maximum out -
of-plane twist angle for each cycle.

6. Claim 1 and further comprising, means for measuring and
means for recording the maximum torgue applied to the card
during each cycle.
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i ncludes an interlock 341 which pervents operation (tw sting of the cards)
when the door is opened. The door has a central section 342 of clear

mat erial (such as pol ycarbonate) through which testing nay be safely
observed. The stest station is supported by casters 343 344 for

0 D

- 28 -

7. Claim 1 and further comprising, means for adjusting the
fixturing to accommodate various sized cards.

8. Claim 2, and further comprising means for recording the
torque and twist angle of every cycle and the exact cycle of
each recorded failure. '

9. Claim 1 and further comprising automatic means for
centering the opposite edges of the circuit board in the
fixturing means.

10. Claim 1 and further comprising automatic means for
measuring the distance between the opposite edges.

11. Claim 10 and further comprising means for automatlcally
recording the measured distance between oppos1te edges

12. Claim 1 and further comprising means to automatically
adjust the torque or angle of twist depending on the distance
between the opposite edges.

13. Claim 1 and further comprising means for automatically
testing a series of cards with the same control of twist angle
or torque and the same number of cycles without reentering
data for each card.

14. Claim 1 and said motor means is capable of providing at
least 400 in-1lbs.

15. Claim 1 and further comprising means to limit the maximum
clamping force applied by fixturing means at said opposite
card edges.

16. A torque test machine, comprising:

two self centering circuit board clamps for holding two
opposite respective edges of a circuit board;
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- 23 - noving the tester, and the casters can be |ocked into position for
stability. FIG 18 shows the clanping distance control section of the
operator's panel of each test station. Monentary contac

352 are for noving the upper clanp up and down respecti vl . . ,
e T BT
controlls the speed of the slide notor. A reset 354 is pll*l ,_I,, Ll"l!ll

di stance between the
- 29 -
means to adjust the spacing between claims for different
circuit board sizes;

a motor and gear box connected by a shaft to one of the
clamps for moving the clamp to cyclically twist the circuit
board out-of-plane, for applying torsional stress to the
circuit board.

measuring means for producing output signals for
determining the distance between clamps, the torsion applied
to the circuit board, and the angle of twist of the circuit
board;

control means to regulate power supplied to the motor to
control the cycling and torsion or twist angle applied to the
circuit board, depending on input control signals.

computer control interface means for receiving the
control signals and transmitting the measured output signals
to a computer.

17. Claim 16 further including a personél cdmputer system
connected to the computer interface for controlling the test
process, recording results, comparing results to previous
tests, and analyzing the comparision to determine quality of
the process.

18. Claim 16 further including automatic failure detection
means connected to the circuit board for providing input
signals to the circuit board and receiving output signals from
the circuit board during the testing for determining failures
in electrical connections between components mounted on the
circuit board and the circuits of the board during the
torsional stressing of the board; and interface means to
provide output signals to a computer for determining the cycle
of each failure of an electrical connection.
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clanps is automatically determ ned as descri bed bel ow and di pl ayed at 355.
FIG 19 is a top view of lower clanp 331. Canp knob 360 nobves grip 361
horizontally with respect to support 362 to clanp a circuit board (see FIG
17). Two gear racks 363, 364 positioned in keyways, and comuni ca

pi ni on gear 365 to nove the rackes in the |ongitudinal d|r
clanp, equally in opposite directions in their respecti ve wﬂgm"l
gear rack is mechanically connected (not ghown) to one of theccen

slides 366, 367 to nove the slides relatively closer or further apart in

the longitudinal direction of the clanp. Thus, the distances between the
| ongi tudi nal &ent eAnofnfémnatiiomphandl tegtsysitey, comprising:

means for storing the locations of failures of electrical
interconnections between the wiring of a circuit board and
components mounted on the circuit board and the torque cycle
at which each failure occurred;

means for storing a statistical data base derived from
previous failures of similar circuit boards produced in
similar processes;

means for comparing the locations and cycles of failures
to the statistical data base;

means for analyzing the comparison to determine the
quality of the process used to manufacture the circuit board.

20. A testing method for detecting differences in quality of
similar circuit-board production processes, comprising the
steps:

selecting one or more first circuit-boards which have
been produced by a first production process;

selecting one or more second. circuit-boards with )
approximately the same structure as the first circuit board
and which have been produced by a second production process
which is similar to the first production process;

exposing each of the selected circuit-bocards to an
equivalent set of out-of-plane torsion cycles until a
multitude of circuit-board elements of each board have failed;

detecting and recording the locations of failures of
elements of the circuit boards;
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slides are always equal . When a circuit board is | oaded ihtp the | ower
clanp the slides are noved together and the circuit board position is

adj usted until both pins 368, 369 are agai nst respectlve_LaPe%a+—edgES’—T‘“
the circuit board. This assures that the circuit board is ex

in the lower clanp. Then |l ock knob 370 is turned to | ock Miﬂlm

and hold the sliders in place. The circuit_poard can be r <o} ene
of the buttons 371, 372 and sliding the b dout inits lateral direction.

| f another board of the sanme size is loaded it is automatically centered
sinply by noving oneowparing the locations of failures of the first circuit

boards with the locations of failures of the second circuit-
boards;

analyzing the comparison to_identify differences in the
quality of the production process.

21. Claim 20 in which the maximum angle of twist of each
cycle is constant within 0.1 degrees per inch along the axis
of twisting, and preferably within 0.01 degrees per inch.

22. Claim 20 and further comprising the step of, recording
the approximate cycle for recorded failures and in which both
the cycles of failures and the locations of failures are

- compared.

23. Claim 22 in which the set of torsion cycles include
periodic pauses at small fractions of the total number of
cycles, during which failures are detected discretely by
visual inspection or probe testing.

24. Claim 22 in which failures are detected continuously by
an automatic detection and recording system communicating with
elements of the ciruit-board.

25. Claim 20 and the first and second production process
occurs on the same production line at different times.

26. Claim 25 and circuit-boards are periodically tested to
maintain quality of the production line.

27. Claim 26 and the frequency of testing is selected to
maintain a predetermined statistical level of quality.

28. Claim 26 in which the results of each test are included
in a statistical data base to which the results of each

subsequent test are compared.
e
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24 - the pins back, sliding the board laterally into the clanp

* [ L L S *

29. Claim 20 and one or more circuit boards produced in the
first production process are exposed to thermal cycling
fatigue tests to prove the quality of the first process.

30. Claim 20 in which elements of the circuit board include
surface mounted modules and connections between the module=
and circuit-board and during the comparison step, surface
mount connection failures are sorted by module and then by
location on the module.

31. Claim 20 in which multiple circuit-boards of the first
process are tested to produce statistically valid fatigue data
for a standard process. '

32. .Claim 20 in which the selected circuit-boards are special
test vehicles passed through a production line for customer
circuit-boards.

33. Claim 20 in which the circuit boards are subject to the
stress cycles until a multitude of electrical connections
between components mounted on the circuit board and wiring
patterns in the circuit board here filed.

34. Claim 20 in which the analysis of the failures considers
the temperature cycle fatigue which is expected to be imposed

on each element of customer shipped circuit boards.

35. A process for continuously manufacturing circuit boards,
comprising the steps:

circuiting a circuit board substrate with circuit
elements;

mounting components electrically connected to the
circuitized substrate with connection elements;

selecting a test card during manufacturing;
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until board is against the other pin and releasing the pin so that the pins
rest against the |ateral edges of the board. Cover plate 373 holds the gear

racks in the keyways and provides slots for supporting the~cenLeL__g~§£LQE§N
and providing for the novenent of the connection between ch gear rac
Its respective, connected centering slide as the centering ﬁml
cl oser and further apart. FIG 21 is a top view of the; ”ﬂ :”I"I
with a partial section of slide 334. Slid& 334 includes back plafe 3815 and
side plates 382, 383. The upper clanp incTudes an inner sliding plate 384
connected to nut 385 B tes k_s QL QgS tivly
posi tion the upper, THa %'p Ef}%mé"veer |e§aFg%| reaﬁ:tci Je T%ég%ftgerl o(rg)f ?i%&
pl ate torsion until a multltude of failures of connection elements

has occurred;

detecting and recording the locations of failures;

_ comparing the failures to an expected population of
failures;

determining the quality of the manufacturing process
depending on the comparison.

36. A method of determining the reliability of circuit boards
produced by a manufacturing process comprising the steps:

-selecting a multitude of circuit boards produced by the
process;

expose the selected circuit boards to a set of
out-of-plane torsion cycles until a population of failures of
circuit board elements have occurred in each circuit board;

comparing the population of failures of each board to the
population of failures for all the boards to determine
consistency between the circuit boards;

satistically determining the reliability based on the
comparison.
37. A method of optimizing parameters of a manufacturing

process for circuit boards comprising the steps:

selecting one or more circuit boards produced by the

process;
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comuni cates with an external sliding plate 387 which interact for sliding

al ong slide 334. A spacer plate 388 seperates the interior t he

exterior sliding plates. The exteriour sliding plate suppﬁ%pm\l\
pl ate 389 which supports a top plate 390 of upper clanp 333 ’ LS. a
side view of upper clanp 332 with part of jack screw 386 s m’ﬂﬂﬂm”l
pl ate 400 connects between top plate 389 and outer slide.plate®387. &Kn iy

401 nmoves slide jaw 402 closer/further f7oadffixed jaw 403 to clanp a
circuit board for testing. FIG 23 is a schematic isonetric view of the

part of the exposing the circuit boards to a set of out-of-plane
torsion cycles until a population of failures of circuit board
elements have occurred;

changing one or more controllable parameters of the
manufacturing process;

selecting one or more second circuit boards produced by
the process after such change of the parameter;

comparing the locations of failures for the first circuit
boards to the locations of failures of the second circuit
boards;

determining whether the quality of the process has
improved, degraded or remained unchanged due to the changing
of the process parameters.
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typical test station of FIG 17 under the cowing. Servo notor 410 (such as
Compunot or Dynaserve TM nodel DR 1060B (Dynaserve is a trademark of Parker
Comput nmotor, Inc.) is rigidly nounted in the mddle of the bottom section
of each test station. Mdtor anplifier 411 regul ates power to the notor and
provides quadrature position feed baek-information

/
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- 25 - signals. Torque transducer 412 measures the torque of the notor
and is connected to torque signal unit 413 to provide a conditioned torque
signal (both are provided by Sensor Devel opnent Corporation). 12 volt DC
power supply 414 provides power for limt sw tches (not shown), ultrasonic
di stance sensor (not shown), and torquezneter 412. The slide notor 416 is
connected to turn slide jack screw 416 to control the vertical position of
t he upper clanp (see FIG
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21). Slide notor control box 417 regul ates power for the slide notor.

U trasoni c sensor 418 (CONTAQ Technol ogi es) neasures the vertical position
of the top clanp to determi ne the di stance between the clanps for display
on the operator's panel, and | ogging by the conputer for each test. AC
power is distributed by term nat3-bl ocks 420, 421. FIG 24 is a rear view
of bottom section 310 of the main test station 304 with the back door (not
shown) opened. The back end of drive notor anplifier 411 is seen at the top
|l eft of the drawing. Cable interface board connects the main station with
any other stations in the machine. AC power box 451 provides for connection

to AC power which is distributed to term nal bl ockes 420, 421 in FIG 23.
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AnaTech Test Circuit Mnitor 452 is provided. Al t hough control of the
machi ne and anal ysis coul d be provided purely by pernently configured
hardware, it is convenient to provide a general purpose conputer system
which is configured during operation to provide the necessary apparatus to
provi de the required functions. As shewn schematically in FIG 25, the
conputer preferrably includes a central processor unit (CPU 500, random
access nmenory (RAM 501, a programstorage unit (PSU 502, a data storage
unit (DSU) 503, and ROM 504 for initially
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26 - transferring signals fromthe programstorage unit to
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configure the RAMto proved various apparatus needed to control the CPU for
controlling the machine during testing and analysis. The conputer includes
a notor control adapter (MCA) 505, such as an 8-axis Delta Tau PMAC- PC
adapter, to control the various notors in the machine. The storage units

i ncl ude magnetic switches, optical switefes, solid state switches or other
machi nery to cooperate with apperatus to generate signals to configure the
RAM to provide apparatus required to control the CPU. The PSU and DSU
storage devices can be conbined if desired. During opearion the RAM

I ncl udes apparatus to present nmenues to the user and react to functin keys,
action bars, and/or nouse input (not shown). The RAM al so i ncl udes control
apparatus 510 to control the machine during testing and and anal ysi s
apparatus 511 to performthe statistical analysis required

7
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of the system Al t hough the invention has been described specifically in
ternms of preferred enbodi nents, such enbodi nents are provided only as
exanpl es. Those skilled in the art are expected to nmake nunerous changes
and substitutions including those discussed above in arriving at their own
enbodi ments wi t hout departing fromthe s@epe of the present invention and
the follow ng clains.
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CLAI M5 27 1. A machine for testing circuit boards
conprising. fixturing nmeans to hold two opposite edges of a circuit board
al ong the length of each such edge; -notor neans to rotate the fixturing
means to twist the circuit board to induct cyclic torsion stress in the
circuit board and; -automatic control nmens to regulate the notor for

provi di ng predetern1ned torsion cycl es. 2. The machi ne of claim1 and
further conprising neans for automatically counting the nunber of torsion
cycles and nmeans for recording failure data including the |ocation and the
approxi mate torsion cycle at which failures occur.
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3. The machine of claim2, and further conprising automatic neans for
recording the torque and tw st angle of every cycle, and in which the neans
for recording failure data include nmeans to automatically record the exact
cycle at which failures occur. 4. The machine of claim1l and further
conprising, neans for precisely controlldoag the maxi num angl e of tw st
during each cycle to within at |east 0.1 degree per inch of circuit board
bet ween the opposite edges. 5. The machine of claim1l and further
conprising nmeans to precisely control the torque applied during each cycle
sufficient to control twi.st angle to within 0.1 degree per inch of circuit
board between clanps of the fixturing neans at the opposite edges of the

circuit board. 6. The machine of claim5 further conprisi.ng ngans to
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precisely control the twist angle within 0.01 degrees per inch of circuit
board along an axis of twisting. 7. The machine of claiml and further
conprising, automatic means for neasuring and automatic neans for recording
t he maxi num out - of - pl ane twi st angle for each cycle. 8. The nmachi ne of
claiml and further conprising, automatiggoeans for neasuring and automatic
means for recording the nmaxi mumtorque applied to the card during each
cycle. 9. The machine of claim1l and further conprising, neans for
adjusting the fixturing to accommodate various sized boards. 10. The
machine of claim 1l and further conprising automati c nmeans for centering
edges of the circuit board in the fixturing

1
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- 28 - neans. 11. The machine of claim 1 and further conprising
automatic neans for neasuring the distance between circuit board edge
clanps of the fixturing nmeans or the opposite edges of the circuit board.
12. The machine of claim 11 and further conprising nmeans for
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automatically recording the neasured di stance. 13. The machine of claim1l
and further conprising neans to automatically adjust the torque or angle of
tw st depending on the di stance between circuit board edge clanps of the
fixturing neans or between the opposite edges of the circuit board. 14.

The machine of claim1 and further conpri-deag neans for automatically
testing a series of boards using.the sane stored input of tw st angle,
torque frequency, or nunber of cycles to reduce reentering of data for each
board. 15. The machine of claim1 and said notor neans is capabl e of
providing at |east 400 in-Ibs. 16. The machine of claim1 and further
conprising neans to limt the maxi mum cl anping force applied by fixturing
means at said opposite card edges. 17. A torque test nmachine, conprising:
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-fixturing neans including two circuit board clanps, for holding two
opposite respective edges of a circuit board; - neans to adjust the spacing
between the clanps for different circuit board sizes; -a notor and gear box
connected by a shaft to one of the clanps for rotating the clanp to
cyclically twst the circuit board out-of-plane, for applying torsional
stress cycles to the circuit board; -neasuofling neans for produci ng out put
signals for determ ning the distance between clanps, the torsion applied to
the circuit board, or the angle of twist of the circuit board; control
means to regul ate power supplied to the notor to control the cycling and
torsion or twist angle applied to the circuit board, dependi ng on input
control signals; and -conputer control interface neans for receiving the
control

13 (c)

FIG.

13 (b)

FIG.

This Sheet Has Been Replaced

A

This is the replacement sheet

. N 7
Date: Le Sf AC



- 29 - signals and transmtting the measured output signals to a

conput er. 18. The machi ne of claim 17 further including a personal
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conput er system connected to the conputer interface for controlling the
test process, recording failure results, conparing results to results
for previous tests, and anal yzing the conparison to determ ne quality of
the process. 19. The machine of claim 17 further including -autonatic
failure detection nmeans connected to thejgircuit board for receiving output
signals fromthe circuit board during the-testing for detecting failures in
el ectrical connections between conponents nmounted on the circuit board and
the circuits of the board during the torsional stressing of the board; and
-circuit board interface neans to provide output signals to the conputer
control interface neans for determning the torsion cycle of the detected
failures of electrical connections. 20. An information handling system
conpri si ng:
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-neans for storing the locations of failures of electrical interconnections
between wiring of a circuit board and conponents nounted on the circuit
board and a torsion cycle at which such failures occured; -neans for
storing a statistical data base derived from previous failures of simlar
circuit boards produced in one or nore simlar processes; -neans for
conparing the locations and cycles of failures to the statistical data
base; and -neans for anal yzing the conparison to determne the quality of
the process used to manufacture the circuygt board. 21. A nmet hod for
producing circuit boards conprising the steps: -selecting one or nore first
circuit-boards which have been produced by a first production process;
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-sel ecting one or nore second circuit-boards with approxi mately the sane
structure as the first circuit board and which have been produced by a
second production process which is simlar

-30 - to the first production process; exposing each of the selected
circuit-boards to an equival ent set out-af7plane torsion cycles until a
mul titude of circuit- o
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board el enents of each board have failed; -detecting and recording the

| ocations of failures of elenents of the circuit boards; -conparing the

| ocations of failures of the first circuit boards with the | ocations of
failures of the second circuit- boards; -analyzing the conparison to
identify differences in the quality of the production process; and
-producing circuit boards using the production process after the anal ysis.
22. The nethod of claim 21 in which tﬁé‘naxinun1angle of twi st of each
cycle is constant within 0.1 degress per inch
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along the axis of tw sting. 23. The nethod of claim22 in which the
maxi mum angl e of tw st of each cycle is constant within 0.01 degress per
inch along an axis of tw sting. 24. The nethod of claim 21 and further
conprising the step of, recording the approxi mate cycle for recorded
failures and in which both the cycles of_fgy |- ures and the | ocations of
failures are conpared. 25. The nethod of—laim 24 in which the set of
torsion cycles include periodic pauses at snall fractions of the total
nunber of cycles, during which failures are detected discretely by visual
i nspection or probe testing. 26. The method of claim24 in which failures
are detected continously by an automatic detection and recordi ng system
comuni cating with el ements of the circuit-board.
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27. The nethod of claim 21 and the first and second production process
ocurs on the sane production line at different tinmes. 28. The nethod
of claim 27 and circuit-boards are periodically tested to maintain
quality of the production line. 29. The nethod of claim 28 and the

frequency of testing is -20- 31
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selected to maintain a predeterm ned statistical |level of quality. 30. The
met hod of claim 28 in which the results of tests are included in a

statistical data base to which the results of the tests are conpared.
31. The nethod of claim 21 and one or nore.circuit boards produced in the
first production process are exposed tqéhhernal cycling fatigue tests

sufficient to prove a desired |evel of duality of the first process. 32.
The met hod of claim21 in which elenments of the circuit
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board i nclude surface nounted nodul es and connections between the nodul es
and circuit-board and during the conparison step, surface nount connection
failures are sorted primarily by nodul e and secondarily by |ocation on the
nodul e. 33. The nmethod of claim21 in which nultiple circuit-boards of the
first process are tested to produce stati§£glly valid fatigue data for
conparison to the second process. 34. The-nmet hod of claim?21 in which the
selected circuit- boards are test vehicles that are different then nornal
production circuit boards and are passed through a production line for
normal production circuit-boards. 35. The nethod of claim21 in which the
circuit boards are subject to the stress cycles until a nultitude of

el ectrical connections between conponents nmounted on the circuit board and
wiring patterns in the circuit board have fail ed.
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36. The nethod of claim21 in which the analysis of the failures
considers the tenperature cycle fatigue which is expected to be inposed on
each el enent of custoner shipped circuit boards. 37. A process for
continuously manufacturing circuit boards, conprising the steps:
-circuitizing circuit board substrates w t#3eircuit elenments; -nounting
conponents to the <circuitized substrates wth electrical connection
el enents; -selecting a board for testing during manufacturing;
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- 32 - -exposing the selected test board to a set of out-of-plane torsion
cycles until a population of nultiple failures- of connection el enents has
occured; -detecting and recording failure data for the popul ation of
failures; -conparing the failure data to expected failure data; and
-determ ning the quality of the manufacturing process depending on the
conpari son. . .

CIRCUIT BOARD ASSEMBLY TORSION TESTER AND METHOD
ABSTRACT

A mechanical deflection systém (MDS) includes a torsion tester for
circuit boards which imposes controlled repeatable sheer stress to
a test board and components mounted thereon by cyclicly twisting
the board about a center line. A self-centering twisting clamp '
holds one edge of the boafd, and a rotating clamp connected to a
backlash free motor and servo mechanism holds the opposite edge
with a limited clamp force. A computer regulates the motor to apply
either a specified maximum twist angle or maximum torque, and
receives signals from an optical meter which measures the angle,
and from a load cell which measures the torque. The test method
continues until a large number of fatigue failures have occurred,
then the locations and cycles of the failure are compared to the
data for a similar circuit board produced by a base attachment

process.
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board to induct cyclic torsion stress in the circuit board and;

-automatic control means to regulate the motor for providing

predetermined torsion cycles.

2. The machine of claim 1 and further comprising means for
' automatically counting the number of torsion cycles and means

for recording failure data including the location and the

approximate torsion cycle at which failures occur.

3. The machine of ¢laim 2, and further comprising automatic

means for recording the torque and twist angle of every cycle,

and in which the means for recording failure data include means

to automatically reqord the exact'cyclg at which failures

occur. _

4, The machine of claim 1 and further comprising, means for
_precisely controlling the maximum angle of twist during each

cycle to within at least 0.1 degree per inch of circuit board

between the opposite edges. _

5. The machine of claim 1 and further comprising means to
. precisely control the torque applied during each cycle

sufficient to control twist angle'to within 0.1 degree per inch

of circuit board between clamps. of the fixturing means at the
‘opposite edges of the circuit board. .

6. The machine of claim 5 further comprising means to

precisely control the twist angle within 0.01 degrees per inch
' of circuit board along an axis of twisting. - |

7. The machine of claim 1 and further comprising, automatic

means fof'meésuring and automatic means for recording the

maximum out-of- -plane twist angle for each cycle.

8. The machine of claim 1 and further comprising, automatlc

means for measuring and automatic means for recording the

maximum torque applied to the card during each cycle.

9. The machine of claim 1 and further comprising, means for

adjusting the fixturing to accommodate various sized boards.

10. The machine of claim 1 and further comprising automatic

means for centering edges of the circuit board in the fixturing
This is the replacement sheet
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steps: -producing circuit boards by a manufacturing process; -selecting one
or nore first circuit boards produced by the manufacturing process;
-exposing the circuit boards to a set of out-of-plane_torsion cycles until
a population of nmultiple failures of ci28uit board el ements have occurred;
-detecting and recording failure data for the first cj ﬁmm:m n

-changi ng omeaas.nore control |l abl e paraneters of the na I]m ﬂllurlumss;
-produci ng_circuit boards after the change in paraneters} selécti®ngsone or
nore second circuit boards. produced by the

11. The machine of claim 1 and further comprising automatic
means for measuring the distance between circuit board edge
clamps of the fixturing means or the opposite edges of the
circuit board. |

12. The machine of claim 11 and further comprising means for
automatically recording the measured distance.

13. . The machine of claim 1 and further comprising means to
automatically adjust the torque or angle of twist depending on
the distance between circuit board edge clamps of the fixturing
means or between the opposite edges of the circuit board.

14. The machine of claim 1 and further comprising means for
automatically testing'a series of boards using the same stored
input of twist angle, torque frequency, or number of cycles to
reduce reentering of data for each board.’ '

15. The machine of claim 1 and said motor means is capable
of providing at least 400 in-lbs.

16. The machine of claim 1 and further cbmprising means to
limit the maximum clamping force applied by fixturing means at
said opposite card edges. -

17. A torque test machine, comprising:

-fixturing means including two circuit board clamps, for
holding two opposite respective edges of a circuit board;

- means to adjust the spacing between the clamps for different
circuit board sizes;

-a motor and gear box connected by a shaft to one of the clamps
for rotating the clamp to cyclically twist the circuit board
out-of-plane, for applying torsional stress cycles to the
circuit board;

-measuring means for producing output signals for determining
the distance between clamps, the torsion applied to the circuit
board, or the angle of twist of the circuit board;

control means to regulate power supplied to the motor: to
control the cycling and torsion or twist angle applied to the
circuit board, depending on input control signals; and
-computer control interface means for receiving the control
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33 manufacturing process after such change of paraneters; -detecting and
recording failure data for the second circuit boards Iﬂ"‘ﬁ"lﬂ!u"t"mmms
failure data for the population of failures for the fir to
failure data for the popul ation of faid @%s of the second circuit boards;

and -determ ning whether the quality of the manufacturing process has
i nproved, dejgadid @nd eteansuitbihgngde dueasaréde output signals to a

--~computer. -

18. The machine of claim 17 further including a personal
computer system connected to the computer interface for
‘controlling the test process, recording failure results,
comparing results to results for previous tests, and analyzing
the comparison to determine quality of the process.

19. The machine of claim 17 further including

-automatic failure detection means connected to the circuit
board for receiving output signals from the circuit board
during the testing for detecting failures in electrical
connections between components mounted on the circuit board and
the circuits of the board during the torsional streésing of the
board; and

-circuit board interface means to provide output signals to the
computer control interface means for determining the torsion
cycle of the detected failures of electrical connections.

20. An information handling system, comprising:

-means for storing the locations of failures of electrical
interconnections between wiring of a circuit board and
components mounted on the circuit board and a torsion cycle at
which such failures occured;

-means for storing a statistical data base derived from
previous failures of similar circuit boards produced in one or
more similar processes; -

-means for comparing the locations and cycles of failures to
the statistical data base; and

-means for analyzing the comparison to determine the quality
of the process used to manufacture the circuit board.

21. A method for producing circuit boards comprising the
steps: | '
-selecting one or more first circuit-boards which have been
produced by a first production process;

-selecting one or more second circuit-boards with approximately
the same structure as the first circuit board and which have
been produced by a second production process which is similar
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changi ng of.the process paraneters depending on the_conparison. 40. The
nmet hod of claim 39 further conprising the step of producing circuit boards

\c/]muglhl we controll aF)I e paraneters set d?pggdl_ng upon t,ml"mmll“"m"ﬂll of

to the first production process;

-~ =eXposing each of the selected circuit-boards to an equivalent
set out-of-plane torsion cycles until a multitude of circuit-

board elements of each board have failed;

-detecting and recording the locations of failures of elements
of the circuit boards;

-comparing the locations of failures of the first circuit
boards with the locations of failures of the second circuit-
boards;

-analyzing the comparison to identify differences in the
quality of the production process; and

-producing circuit boards using the production process after
the analysis.

22. The method of claim 21 in which the maximum angle of
twist of each cycle is constant within 0.1 degress per inch
along the axis of twisting. ' '

23. The method of claim 22 in whlch the waximum angle of
twist of each cycle is constant within 0.01 degress per inch
along an axis of twisting.

24. The method of claim 21 and further comprising the step
of, recording the approximate cycle for recorded failures and
in which both the c¢ycles of failures and the locations of
failures are compared.

25. The method of claim 24 in which the set of torsion cycles
include periodic pauses at small fractions of the total number
of cycles, during which failures are detected discretely by
visual inspection or probe testing.

26. The method of claim 24 in which failures are detected
continously by an automatic detection and recording system
communicating with elements of the circuit-board.

27. The method of claim 21 and the first and second
production 'process ocurs on the same production 1line at
different times.

28. The method of claim 27 and circuit-boards are
periodically tested to maintain quality of the production line.
29. The method of claim 28 and the frequency of testing is
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- 34 - . - exposing the circuit boards to a set of Tout=-of=plane—-tersion

cycles until a popul ation of failures of circuit board
occurred; changi ng one or nore controllable par ’ ﬁ ﬂ
manuf act uri ng process; sel ecting3dne or nore sec

produced by the process after such change of the paraneter
selected to maintain a predetermined statistical level of

~quality= - | -
30. The method of claim 28 in which the results of tests are
included in a statistical data base to which the results of the

tests are compared.

31. The method of claim 21 and one or more circuit boards
producéd in the first production process are exposed to thermal
cycling fatigue tests sufficient to prove a desired level of
quality of the first ﬁrocess.

32. The method of claim 21 in which elements of the circuit
board include surface mounted modules and connections between
the modules and circuit-board and during the comparison step,

surface mount connection failures are sorted primarily by
module and secondarily by location on the module.

33. The method of claim 21 in which multiple circuit-boards
of the first process are tested to produce statiscally valid
fatigue data for comparison to the second. process.

34, The method of claim 21 in which the selected circuit-

boards are test vehicles that are different then normal
production circuit boards and are passed through a production
line for normal production circuit-boards.

35. The method of claim 21 in which the circuit boards are
subject to the stress cycles until a multitude of electrical
connections between components mounted on the circuit board and
wiring patterns in the circuit board have failed.-

36. The method of claim 21 in which the analysis of the
failures considers the temperature cycle fatigue which is
expected to be imposed on each element of customer shipped
circuit boards.

37. A process for continuously manufacturing circuit boards,

comprising the steps: -

-circuitizing circuit board substrates with circuit elements;

-mounting components to the circuitized substrates with
electrical connection elements;

-selecting a board for testing during manufacturing;
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conparing the locations of failures for the first circuit boards to the ™ —

whether the quality of the process has improved. degr adedll I IHEEHRAREY 1N
unchanged due to the changing of the pr32ess paraneters. * ¢ Lt " s

-exposing the selected test board to & set of out-of-plane
- torsiom- cycles until a population of fililtiple failures- of

connection elements has occured;

-detecting and recording failure data for the population of

failures; _ '

-comparing the failure data to expected failure data; and

-determining the quality of the manufacturing process depending
on the cdmparison. ' ' _

38. A method of determining the reliability of circuit boards
produced by a manufacturing process comprising the steps:
-selecting a multitude of c¢ircuit boards produced by the
process; _ _

-exposing the selected circuit boards to a set of out¥of-plane
torsion cycles until a population of multiple failures of
circuit board elements have occurred in each circuit board;
-detecting and recording failure data;

-comparing failure data for the population of failures of each
board to failure data for the population of failures for all
the boards to determine consistency between the circuit boards
and;

-statistically determining the reliability based on the
comparison. '

39. A method for manufacturing circuit boards, comprising the
steps:

-producing circuit boards by a manufacturing process;
-gselecting one or more first circuit boards produced by the
manufacturing process; _ '

-exposing the circuit boards to a set of out-of—pléne torsion
cycles until a population of multiple failures of circuit board
elements have occurred; _

-detecting and recording failure data for the first circuit
boards;

-changing one 6r more controllable parameters of the
manufacturing process;

-producing circuit boards after the change in parameters;
selecting one or more second circuit boards produced by the
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manufacturing. procdéss after such change 6f parameters;

--detecting and régérding failure data £8F the second cireuit
boards;

-comparing the failure data for the population of failures for
the first circuit boards to failure data for the population of
failures of the second circuit boards; and .
~-determining whether the quality of the manufacturing process
has improved, degraded or remained unchanged due to the
changing of the process parameters depending on the comparison.
40. The method of claim 39 further comprising the step of
producing circuit boards with the controllable parameters set
depending upon the determination of quality.
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