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INFRARED SCREENING AND INSPECTION SYSTEM
“ This invention relates an infrared screening and inspection system. : *
Specifically, the invention relates to a system for mspeotmg circuit card
assembilies using infrared technology. While the system was des:gned
specifically for screening and mspectmg o|rcutt card assembhes rt wm be
appreciated that the system can be used for examining other workpleces _
| Infrared technology has been studled and mdeed attempts have. been
'.made to use the technology for the mspeotlon of circuit boards and other i
articles of manufacture. Examples of such attempts are described in Canadian
Patent Application No. 2,015,162, ﬁled by Robert Bishop on April 23, 1990, and
in United States Patents Nos. 5,250,809, issued to S. Nakata et al on October
5, 1993 and 5,294,198, issued to Jerry G. Schiaghack on March 15, 1994, _
For a variety of reasons, the use of infrared technology in the mspectnon
of articles has an unfavorable reputatton throughout the manufaotunng industry.
The reasons include the inability to acquire meaningful data and poor
repeatability. In general, the spatial resolution of past infrared detectors was
insufficient to permit the collection of useful data infrared is very susceptlble to
stray emissions and reflections, and because this condttlon was lgnored
repeatability suffered. Moreover, circuit boards or cards from vanous
manufacturers have different emlsswnty values. The differences are due to the
differences in plastics or other materials used in the products, and is not
necessarily related to color, because color has little effect in the infrared

spectrum. In any event, with earlier systems repeatability from assembly to
assembly was poor.

The object of the present invention is to provide a solutio'n- to problems
described above in the form of a relatively simple infrared inspection system,
which is capable of acquiring data from a relatively small area, and which offers
repeatability from one article to another.

Accordingly, the invention relates to an infrared inspection and detection
system comprising: _

(a) isothermal enclosure means defining an isothermal chamber for
receiving a sample to be inspected; p
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(b) 7 support means in said isothermal chamber for supporting a
sample for inspection; | _ At
(¢}  infrared camera means in said isothermal chamber for monitoring o
infrared emissions from the sample and deriving a signal indicative of the
temperature of all areas of the sample; | . T
(d) sensor means in sald |sothermal chamber means for monrtormg
the temperature of said sample and amblent temperature condrhons in said
- isothermal chamber, and deriving S|gnals indicative of such temperatures and
(6) computer means connected to said camera means and to sad
sensor means for examining all signals to produce a three dmensronal 1mage
of the sample, variations in the image from sample to sample bemg mdrcatwe'
of an anomaly in a sample. i _
The invention is described below in greater detail with reference to the
- -accompanying drawings, which rllustrate a preferred embodrment of the
~ invention, and wherein: .
Figure 1 is a perspective view of an isothermal enc_losure'for use _,:i.n the
‘apparatus of the present invention; | | -
' Figure 2 is a partly sectioned front view of the enclosure of Fig. 1
Figure 3 is a cross section of the. enclosure of ans 1 and 2;
Figure 4 is a top view of a printed cwcurt card support plate used in the
enclosure of Figs. 1 to 3; _
Figure 5 is a side view of bushings and the sample support plate;
Figure 6 is an exploded, isometric view of a sample support bracket
used in the system of the present invention;
Figure 7 is a partly sectioned front _view of the bracket of Fig. 6;
Figure 8 is a cross-sectional view of a second embodiment of an
isothermal enclosure for use in the apparatus of the present invention;
Flgure 9 is a front view of a corner post used in the isothermal enclosure
of Fig. 8;
Figure 10 is a top view of the post of Fig. 9;
Figure 11 is an isometric view of one end of the post of Figs. 9 and 10:
Figure 12 is a cross section taken generally along Ime XH-XH of Fig. 8;

Figure 13 is a cross section taken generally along Ime XlII-Xlll of Fig. 8;
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ZFigure 14 is a schematic block diagram of a control circuit used in the -
system of the present invention; and o

Flgure iSisa schemattc block dlagram |Ilustratmg the operatron of the
circuit of Fig. 14. . ,

With reference to Figs. 1 to 3, the isothermal enclosure used in the - _
apparatus of the present invention which is generally indicated at 1 mclude.___s .
outer and inner housings 2 and 3, respectively, which are generally in the
shape of rectangular parallelepipeds. The outer housing 2 is defined by _a" '. -
bottom wall 4, a top wall 5, side walls 6, a front wall 7 and a rear wall 8. Feet 9
are providéd near the corners of the bottom wall 4 for supporting the housing 2
on a flat surface. . The feet 9 are slightly flexible and have an inverted bowl- ) i
shape so that the housing is less sbsceptible to vibration than would otherwise
be the case. Similarly, the inner housing 3 (Figs. 2, 3, and 8 to 10) is defined
by a bottom wall 10, a top wall 11, side walls 12, a front wall 13 and a rear wall
14. | | '

Vent slots 15 are provided near the bottom of the side walls 6 and the
front wall 7 of the outer housing 2, permitting the circulation of air between the
outer and inner housings 2 and 3, respectively. The slots 15 are partially
closed by grills' 16 mounted in the slots. Heat sinks in the form of steel wool _
mats 17 (Fig. 3) are provided' between the side and end walls of the outer and
inner housings 2 and 3, depending upon the characteristics of the target
printed circuit cards. Heat is removed from the area between the housings 2
and 3 by four fans 18 (Fig. 2) mounted in circular openings 19 (Fig. 1) in the
top wall 8 of the outer housing 2. Access to the enclosure 1 is gained through
a door 20 in the front wall 7. The door 20 is connected to the front wall 7 by a
piano 'hinge 21 on one side of the door. A knob 22 and a rotatable latch 23
(Fig. 3) are provided on the other side of the door 20. As best shown in Fig. 3,
the door 20 includes a frame 24, which enters a second frame 25 extending
between the outer housing 2 and the sides of an opening 26 (Fig. 2) in the
front wall 13 of the inner housing 3. The frames 24 and 25 have longitudinally
extending passages 28 which are aligned when the door 20 is closed to |
promote airflow between the housings 2 and 3. A rectangular panel 29 defines

- the outer skin of the door 20.

A
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Z Four rods 30 in the outer housing 2 extend through the inner hoi:sihg 3
near the corners thereof for mounting the inner housing in the outer housing. ..
The rods 30 extend form the bottom wall 4 to the top wall 5 of the outer o

" housing 2, passing completely through the inner housing 3. The rods 30

slidably support a sample receiving pla'te'“31 in an isothermal chamber 32 in the o

inner housing 3. In this case, the sample is a prmted circuit board or card 33 ' -
(Figs. 4 and 5) to be tested for defects. The plate 31, which is generally N
rectangular, is formed of Bakeht®. Bushings 34 and 35 formed of plastac (e.g.
Telfon - a trade mark for polytetrafiuoroethylene) are mounted in each corner of
the plate 31 for slidably supporting the latter on the rods 30. Cam;type latches'
37 are provided on the bushing 34 for releasably locking the plate 31 inone .
position on the rods 30. :
| Radlally extending slots 38 in the plate 31 are designed to receive

brackets or stops 39 for positively posmonmg a printed circuit card 33 on the '
plate 31. The use of a plurality of slofs 38 permits the positioning -of circuit
cards 33 having a variety of dimensions and shapes e.g. rectangular or circular
on the plate 31. Referring to Figs. 6 and 7, each bracket 39 includes a top
block 41 with a ledge 42 extending outwardly from the bottom end ‘of the front
thereof for supporting one edge of the a printed circuit card 33. A 'b}ojectiori'or_
slide 43 extends downwardly from the bottom of the biock 41 into a slot 38 in
the plate 31. A disc-shaped foot 45 is mounted beneath the plete 31 using a

- screw 46, which extends into a threaded bore 47 in the block 41. The screw
46' is countersunk in a cylindrical recess 49 in the foot 45, and extends
upwardly through a rectangular projection or slide 50 into the projeetion 43.
Thus, the slides 43 and 50 oppose each other in the slot 38. A helical spring
52 is mounted on the screw 46. The spring 52 is sandwiched between the
head 53 of the screw 46 and a washer 54 en the screw at the top end of the
recess 49. With this arrangement, the foot 45 can be pulled downwardly
against the bias of the spring 52, and the bracket 39 slid along the slot 38 to
change the position of the brackets 39.

In use, a printed circuit card 33 is mounted on a plurality of brackets 39

by suitable positioning of the brackets in the slots 38. The vertical location of
the plate 31 is adjusted in the isothermal chamber 32 using the cam latches 37.
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% When the latches 37 are released, the plate 31 can be slid vertically along the

rods 30 to the desired location. The latches are re-set to lock the plate 31 in
position.

TS
-

A second embodiment is jliustrated in Figs. 810183, Wherever possuble
in Figs. 8 to 10, the same reference numerals have been used to. identify -
elements identical to or similar to elements illustrated in Figs. 1 to 3.

The second embodiment of the isothermal enclosure mcludes outer and
inner housings 2 and 3, respectively. The housings are assembled using a
holiow, extended aluminum corner post generally indicated at 60. The comer
post 60 mcludes outer and inner arcuate walls 61 and 62, respectively o
interconnected by sides 64 and a central web 65. The sides 64 include L- _j
shaped ends 66 defining longitudinally extending grooves 67 for receiving the
side and end walls of the outer and inner housings 2 and 3. The web 65
includes a pair of enlarged rectangular areas or bars 69 containing passages a
70 and 71 therethrough for receiving screws (now shown). |

As best shown in Figs. 9 and 11, the inner side of the corner. post 60 is
recessed, i.e. the inner wall 62 and a portion of the web 65 attached thereto are

~ cut away to leave a bottom ledge 72 and a top shoulder 73. The corr\ers of the
bottom wall 10 of the inner housing 3 are siide into the ledges 72 of four corner
posts 60 and connected thereto by screws (not shown) extending through such _'
bottom wall into the innermost passage 70 in the post 60. Similarly, the
corners of the top wall 11 of the inner housing are placed against the,shoelders
73 of four corner posts 60, and secured thereto by screws extending through
the top wall into the innermost passage 70.

Panels defining the side and end walls of the housings 2 and 3 are
placed in the appropriate grooves 67. The top and botiom walls of the outer
housing 2 are connected to the cormner posts 60 using screws (not shown)
which enter the outermost passages' 71 in the extrusion.

Referring to Figs. 8, 12 and 13, in the second embodiment of the
isothermal enclosure, the circuit card holder is an open rectangular frame 75
defined by sides 76, and front and rear ends 77 and 78, respectively.

A pair of linear bearings 80 are provided on the rear end 78 of the frame 75 for
slidably mounting the frame on a pair of tracks defined by rods 81 extending

7

s Sheet Has Been Rep laced

T ||I| [




WO 98/34101

PCT/CA98/00050

% between plates 82 and 83 at the top and bottomn, respectively of the inner

housing 3.

The frame 75 is moved vertically on the rods 81 by means of a re\rersible :

~ motor 85 at the bottom center of the bottom plate 83. The motor 85 is

- connected to a threaded shaft 86 by a coupler 87. The shaft 86 is supported e

by thrust bearmgs 88 and 89 mounted on the top plate 82 and an angle )
bracket 90 near the bottom of the inner housmg 3. The shaft 86 extends |

through an internally threaded sleeve 91 on the center of the rear end 78 of the

frame 75. When the motor 85 is actuated, the shaft 86 is rotated to move the
- frame between the lower position illustrated in solid lines and the upper
. position illustrated in phantom in Fig. 10. Vertical movement of the frame 75 is
- fimited by a pair of limit sWitches 92 mounted on the rear wall 14 of the inner
housing 3. Thus, the frame 75 and the card 33 caried thereby can be

- precisely located in the isothermal chamber 32.

With the printed circuit card 33 pos:troned in the chamber 32, the card is

~ ready for inspection to determine whether it has any defects For such

'-' purpose, an infrared camera or radxometer 78 is mounted on the center of the

- top wall of the outer hosmg 2. The camera 94 extends through the space

~ between the top walls of the outer and inner housings 2 and 3, respectrvety into .
the top center of the isothermal chamber 32. The camera 94 is in fact an’
infrared, focal plane array radiometric imager. A suitable device is the IRRIS-
256S® available from Cincinnati Electronics Corporation, Mason, Ohio. The
camera 94 provides 'a temperature signal which is fed to the control circuit of

the present invention.

Referring to Fig. 14, before placing a unit under test 33 (a printed circuit
card) in the isothermal chamber 32, the card is scanned by a bar code reader
95. The reader 95 acquires the necessary information, namely board type,
model number and other parameters which are used to set up the correct
testing sequence. This information is fed to a main computer 96 along with

signals from the camera 94.

The computer 96 initiates testing by sending digital signais to a multi-
function 1/O assembly 97. The first signal 99 is a test or board safety signal.

The signal is pulsed at 100 and a timed event 101 occurs. The timed event

This Sheet Has Been Replaced :

A III llll

7

| THIS SHEET HAS BEEN

REPLACED




WO 98/34101 PCT/CA98/00050

L

7101 closes a main power support relay 102 and supplies voltage pulse_s- to ﬁwe
unit under test 33 via a unit under test fixture 103. The pulses last for a period ..
of less than 30 msec. Thus, this pre-test assembly provides main power to the '
system in a pulsing manner. At this point, the system is Séarcﬁih‘g'for any
abnormal thermal reading circuits. If a short is detected, the testiis’ aborted
and the user is alerted to avoid harmmg the system.

The pulsed power acquired by the camera 94 and passed to the o

- computer 86 for processing is stored in a random access memory (RAM )104
in an array and then transferred to the hard drive 105 for post processing us_mg
software 106 and display on a CRT 107. The computer 96 is also responsive
to information stored in a read-only memory (ROM) 108." During processing, .~ -
the computer 96 acquires ambient data via thermocoup!és 109 and 110
connected to a wall of the isothermal chamber and to unit under test fixture o
104, respectively. The temperature measurements are processed by a |
temperature monitor assembly 111. These elements ensure that the systeri\_ is
constantly aware of any variations in ambient temperature. ' The constant
monitoring of the temperature ensure that the heat in the chamber 32 and of
the card ﬁxture 111 do not rise to the point where the software aIgonthms
cannot correct for thermal changes. '

If no anomaly is observed, the computer 96 will initiate |nspect|on of the
card 33. The computer 96 will acquire six ambient card images (no power)
and store the images in the RAM 105. The computer 96 will then initiate a full -
sequence of card tests providing various voltages or required signals via an
A/D converter 112. The system provides various voltages via a breakout box
113 incorporating relays 115, 116 and 117. The signals applied are various
voltages or signals required to stimulate the assembly to a fully functional
condition. During this timed event, the computer 96 acquires data at specific
intervals and stores the data in the RAM 105. At each point that the computer
96 acquires data in a minimum of three arrays. The array of data is the thermal
value of each element of the camera or radiometer 94. The three arrays are

. averaged to eliminate noise. Upon completion of this cycle of operation, the
computer 96 turns off the interlock power and/or signals to the card 33.

v
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7 Software functions and algorithms are then performed on the arrays to
determine the condition of the unit under test or card 33. The results of the
data are compiled into analysis and report 118 and sent via network 119 and
server 120. The server data can then be acqunred at any rework/repalr
workstation 121 either by scanning a card via the bar code reader 95 or
manually entering a model and serial number. . : _

| Power for the various elements described above comes from a main =~

' source, i.e. a 120 volt AC line via switches 123. The switches 123 include a :

main power switch 124, an interlock 'éwitch 125 and an emergency switch 126.

The interlock switch 125 is located on the door 20 and will trip the main power

if the door is opened The emergency switch 126 is operated by a user

operated pushbutton 127 (Figs. 1 and 2) on the front wall of the outer housing

2 beside the door 18. The switch 126 is an emergency kill switch for operator

safety. At any time, the operator can hit the button 127 and kill all power to the

mechanical section, including the fans, etc. '

In more general terms, the operation of the system is as follows. "An
operator applies power to the system by closing the main power switch 124.
Thus, power is applied to all of the apbaratus including the infrared camera 94, -
the fans 30, the bed of nails fixture 104 and the computer analysis system.

After the system has been actuated, the system goes into standby for a period
of ten minutes which allows the camera 94 and the isothermal chamber 32 to’ |
be properly bonditioned prior to the start of testing. When the operator opens
the inspection door 20, the interlock switch 125 removes power from the bed of
nail fixtures 104 and shuts down all of the fans 30. The operator then places a
circuit card 33 on the plate 31 or the frame 75. Alignment of the card with the
fixture 104 and the camera 94 is achieved using the brackets 39 or tooling
holes in the card and tooling pins (not shown) on the frame 75. The operator
closes the door, whereby the interlocks are sensed by the computer 96 and the -
user can then initiate inspection. Upon completion, the computer 96 alerts the
user that the test has been completed and that the card 33 can be removed
and a new one inserted.

As illustrated schematically in Fig. 15, the software used with the control
circuit operates as follows:
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* The operator first defines a parts placement and general area of interest
in a database management system (defined AOI and parts placement DBMS).
This is accomplished by viewing an image of the circuit card 32 on a CRT 130,
and drawing a box around each device that is to be screened/ inspected. The -
operation of drawing the box is by placing a mouse at coordinates:at X1 and . -
Y1 and holding the mouse button down until the box surrounds the card
reaching position X2, Y2. .Upon release, the mouse button user is prompted to

. enter the card ID and other user optional data. Each card selection and o
identification are logged to a specific board type DBMS and can be modified at -
any time by the operator. Once the DBMS has been defined, the operator will
define the I/O sequences that are to be turned on or off at user specific times,
in 1/60 of a second. Also to be défined are the overall duration that power is to
be applied and the intervals for the camera 94 to acquire data. These steps |
complete the initial setup of the specific ci_ircuit card database management '
system. The next step is to build a standardl database for the card 33. The
card 33 is loaded and an ambient image is acquired. The image is then
normalized and scanned for.varying emissivity values, which are stored in the
hard drive. After the image has been acquired and stored, the computer 96 will
initiate the testing/screening process. The computer 96 will acquire images at
specific intervals and store the raw data on a disc. At the completion of this
sequence, the computér turnoff power and signals will alert the user to remove
the card and insert a new one.

The computer 96 will post process the newly acquired data and perform
an IR noise reduction rank filters and thermal convolutions rank filter, and store
the data. After a minimum of twenty assembly have been 'run'through the
process, the user will invoke a buildl function. During this process the
computer 96 will generate a mean and uppér- and lower control limits. Newly
acquired data images are compared to the statistical database management
system (DBMS) and a Delta analysis is performed.

During analysis, the computer 96 will analyze each screen and IR
element pixel and perform an algebraic subtraction of the data. During this
process noise can be introduced into the system. To eliminate the noise, a

near circular neighbor convolution and noise filter is applied and any erroneous
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4pixe_ls are normalized to their nearest circular neighbor. The computer then
performs an overall sigma analysis and if any cards are found to be out of

tolerance, the system will indicate either PASS or FAIL on the momtor 108. If ."_ -

failed, the image will undergo another anaIyS|s to |dent|fy the card andlor the -
‘location of the anomaly. A complete report is generated the report mcludlng
-card |denttﬁcat|on, e.g. model number Serial number rev:smn number
‘operator ID, data and condition, a e elements which ‘are out of tolerdnde.
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1. “Aninfrared inspection and detection sys'tem. comprising: - . .

(@8 isothermal enciosure means (1) defining an isothermal chamber.
(32) for receiving a sample (33) to be inspected; - o o bt

(b)  support means (31) in said isothermal chamber (32) for
supporting a sample (33) for mspectlon Lo A

(c) infrared camera means (94) in said isothermal chamber (32) for
monitoring infrared emissions from the sample and deriving a sngnal mducat:ve -'
of the temperature of all areas of the sample (33); ” o
_ (d) sensor means (109, 110) in said isothermal chamber (32) for
monitoring the temperature of said sample and ambient temperature conditions
in said isothermal chamber (32), and deriving signals indicative of such - o
temperatures; and

() = computer means (96) connécted to said camera means (94) and
to said sensor means (109, 110) for examining all signals to produce a three -
dimensional image of the sample (33), variations in the image from sample to'.
sémple being indicative of an anomaly in a sample. |

2. The system of claim 1, wherein said isothermal enclosure means
(1) includes outer housing means (2); inner housing means (3) located in and -
spaced apart from said outer hodsing means (2); and air conditioning means
for removing heat from between said outer and inner housing means.

' 3. The system of claim 2, wherein said air conditioning means (16,
18, 19) includes vent means (19, 16) in the top and bottom of said outer
housing means (2) for admitting and discharging air from between said outer
and inner housing means; and fan means (18) for forcing the discharge of air
from between said outer and inner housing means.

4. The system of claim 2, wherein said support means (30, 31, 75)
inciudes plate means (31) vertically movabie in said inner housing means (3);
and bracket means on said plate means for mounting a sample on said plate
means (31) for movement therewith, permitting changing of the position of the
sample (33) relative to said camera means (94) in the isothermal chamber (32).

5. The system of claim 2, wherein said support means (30, 31, 75)
includes frame means (75) vertically movable in said inner housing (3) means
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! for supporting a sample (33) in the isothermal enclosure means (1), said

camera means (94) being located in a top wall (5) of said outer housing means 2 |

(2) and extending Into the top of said inner housing means (3).
6. The system of claim 5, including slide means (80 81) slldably

supporting said frame means (75) in said inner housung means (3), and dnve S

means (85) for moving said frame means (75) relative to sald camera means B
(09). L o
7. - The system of claum 5, wherein said drive means (85) mcludes
internally threaded sleeve means (91) on said frame means (75); threaded rod

. means (86)_extendmg through and ‘engaging said sleeve means (91), and
- reversible motor means (85) for rotating said rod means (86), whereby said
sieeve means (91) and said frame means (75) are caused to move in said
isothermal chamber (32) relative to said camera means (94).

8. ‘The system of claim 1, wherein said sensor means (109, 110)

- includes first thermocouple means (110) in said isothermal chamber (32)
connected to said computer means (96) and adapted to be connected to a
sample (33) for generating signals indicative of sample temperature and
second thermocouple means (109) in said isothermal chamber (32) for
monitoring the ambrent temperature in said chamber (32) ‘and for generatmg
signals indicative of said ambient temperature to ensure that the temperatures
remain between predetermined acceptable limits. -
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