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(57) Abstract

The object of the invention is
to provide a machine for the con-
trol of printed circuits, of the type
comprising a board bearing (1) a pin-
rality of conductive needles that are
connectable on their reverse side to
analysis means of the electric param-
eters between one and the other nee-
dle, characterized in that are used
two needic boards, one opposite to
the other (1, 1') and between them
is positioned for the analysis the re-
spective printed circuit card (2); and,
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one board is made movable respect to the other; the needles are axially movable.




13 'disposed the card wth the printed circuit and by activating 14
property the electric cqmglggge{mshyenggi%gdthe di fferent needl es and 15 by

meRT g the respective nmeaHitiling possible to check whether 16 the
printed circuit has defec "mlumﬂl H
necessary for the needl es - the printed circuit in the proper

usly for such control it is
position. 19 Asniske printed circuits are very different, igey
necessary togg apply over the needle base board, an adaptation
board that 21 conprises the same needl es Qut displaced in a different
way in 22 conformty with the printed circuit to be controlled. 23 The
drawback of this solution is the limtation of the machi ne and 24 t he
possibility to control only the printedpgEsCREMIION t hat have at

2
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' 4 This invention has as object a machine for the opposite control of
5 printed circuits .
6 The invention finds particular even if not exclusive application in
7  the sector of the control of the printed circuit cards.
8 Background Art

9 In prior art machines for the control of the printed circuits are
10 known. |
11 These machines generally consist of a board or bed bearing a
12 plurality of electrically conductive needles, on which must be
13 disposed the card with the printed circuit and by activating
14 properly the electric conductivity among the different needles and
15 by making the respective measurings it is possible to check whether -
16 the printed circuit has defects.
17 Obviously for such conmtrol it is necessary for the needles to contact
18 the printed circuit in the proper position.
19 As the printed circuits are ‘very different, it results necesléary to
20 apply over the mneedle base board, an adaptation board that
21 comprises the same needles but displaced in a different way in
22  conformity with the printed circuit to be controlled.
23  The drawback of this solution is the limitation of the machine and
: 24 the possibility to control only the printed circuits that have at
25 disposal corresponding adapters or adaptation boards.
26 Needing as many adaptation boards as are the cards with different
27 printed circuits to be controlled.

28 Furthermore it is known that the layers of the circuits are not
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25 ' disposal correspondi ng adapters or adapt ati on boards. 26 Needi ng as
many adapt ation boards asTid e vmth different 27 printed
circuits to be controlled e it is known that the | ayers of
the circuits are not Hﬁgm anar, wherefore a suitable
el ectric conduction for an contact is not always ensured. 3

EP, A, O 164 WPPINIYB| ack) 18 Decenber 1985 discl oses: REHATS MRt ic
test system for testing printed circuit bozards (cards) in

1  always coplanar, wherefore a suitable electric conduction for an
2  effective contact is not always ensured.

3 Discl f ] .

4 The purpose of the present invention is that to obviate the above-
S mentioned drawbacks, and in particular to allow the making of a
6 universal machine able to control the printed circuits, that is
7 having a system of conductive detection needles that can be adapted
8 to any type of circuit .

9 This and éther purposes as claimed are obtained by means of

10 a machine for the conmtrol of printed circuits, of the type comprising
11 a board bearing a plurality of conductive needles that are
12  connectable on their reverse side to means for the analysis of the
13  electric parameters between onme and the other needle, characterized
14 in that

15 - are used two needle boards, one opposite to the other and in
16 between is positioned for the analysis the respective printed circuit
17 card, and,

18 - one board is made movable respect to the other.

19 In this way it is obtained the immediate advantage of
20 simplifying all the system by making universal the application of
21 the machine on differeht printed circuits without need_i:ng adapters.
22 In fact by this it is possible to activate a board needle "}n any leading
23 end circuit position and to activate an opposite needle of the opposite
24  board, which thanks to the movability of the same board will be able
25 1o reach any definite circuit end point to be tested independently
26 from its position, place and shape.

27 In this way the universalization of the testing system for any card is

EEN
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5 ‘which: 6 In this docunent prior art i's cited: 7 - use of a "bed of
nai Is (_ped or plate or bomsshe®HadBRARERNeq 1 N Which 8 each nail or needle

| s—FTxeuty praced 1n sard RN 1 oard. 9 In this solution the
“bed of nails" has the nai ﬂmggﬂlﬂHMH lutely 10 fixed and correspondi ng
to the specific pattern of rd 11 to be tested. 12 Drawback of

this sol uti ORyh 97443 requirenent of as nmany "beds of 13 nai Ipe'/rassobse
different printed circuit cards to be tested. 14 use of a universal grid

matri x having a maxi num possibility of 15 pogitionally fixed needles
(nails) and a conputer programto activate 16 only the required needl es
(nails) at a time. The programm ng being

Advantageously the machine has also the characteristic that

the detection needles are axially movable.
In this way, among a plurality of ncedles it is possible to make

interact only some of them, centring more easily the desired

1

2

3

4

5 positions of the printed circuit.
6  Further advantage derives from that with the axial movability of the
7 needles it is possible to contact better the respective desired points
8  of the circuit even when the card or the layer of the circuit is not
9  perfectly on the same plane in all its points.

10 Advantageously the needles are made axially movable by
11 electromagnetic means. |

12 In this way the desired needle is operated in a simple and safe way.
13 These and other advamtages will be shown by the following
14  description of embodiment preferred solutions with the help of the
15 included drawings whose details are not to be considered limitative
16 but only given as an example.

17 Figure 1 is a perspective schematic view of a detection board (bed);
18 Figure 2 is a cross-sectional schematic view of an axially movable
19 detection needle.
20 Figure 3 is a cross-sectional view of the preferred embodiment with
21 two opposite detection boards movable one respect to the other and
22  with the card to be controlled placed between them.

23 In particular in the figures the two detection testing boards are
. 24  indicated with 1 ana |
25 Each board has a plurality of needles axially movable 10 by
26 electromagnet 11.
27 Each needle is electrically connected to a known art electric

28 parameters control system 12.
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sol uti.on has the drawback ‘Vdreprogrannlng the 19 machi ne.

Furt hernore, because the ¢ needles are 20 bul ky, it is

I mpossi ble to cover all ki s. This problemis avoi ded
rendering di spl aceabl e al ong the coordlnate 22 axi s said contact needl es
or nails. 23wWOo9gIsTtheless this solution requires a \REIITINEM8 i cat ed
and 24 expensive construction of the testing nachine and in this case the
25 needl es or nails cannot be placed cl osel y¥ one next to the other. 26
Furthernore a continuous reprogranmng 1S required to ane one 27

needle or nail ip respect to the other. 28 Flnalhx 5 0 164 722
di scloses its clhi ndBe soRPQtiteohoasds gy, mantipped, are movable one respect fo the

2  other for the operative positioning.

17 dependant on the pattelrhl ﬁe pri nt ed card to be tested. 18 This

The card positioned between these is indicated with 2.

The system provides a control by a net list "net-list" with relative
positions of single points.

The connection test is carried out from point to point, so that for

testing the connections of a net made of n points, are necessary n-1

o N N W W

tests between pairs of points selected in such a way to cover all the
9 connections.

10 The test on short circuits among different nets, is made by selecting
11 a point out of each pair of nets.

12 The maximum number for testing .(testing) n nets in this way, is
13 calculated with the following formula:

14 na*(n-1)/2.

15 This number can be reduced by selecting only alongside nets, that is
16 the ones close to each other in a pre-determined distance.

17  The positions to be tested are underdivided in sectors corresponding
18 to the number of needles in the movable board (bed), so that the
19 point to be tested is reachable with the position and with one of the
20 testing needles.

21 After the points to be tested are reached, it is necessary to check the
22 connection or insulation.

23 To shorten the time used for the movements, it is possible to optimize_
24 the paths of the axes, by modifying the frequency of the single tests.

25 'The machihe is made up of a frame on which are fixed two opposite
26 boards and independently, movable respect to the two orthogonal

27 axes.

28 On the boards are fixed the testing sounds (needles) directly
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31 I s a magazi ne for tenporarlly storing a plurality of probes (nails or
2 . needles) and a base™ | &mp05|t|oned adj acent to the test 3
head—(bed or prate) on o[ and 1n a position to contact 4

t he base of each probe. (bed or plate) is adapted to 5
receive the probes and p05|t|on obes in a pattern matching 6 t est
poi nts on t heydbdipd circuit board Means are provided for pérrrdsgearti ng
the test head adjacent to the nagazine and in a position 8 to receive
probes (nails or needles) from the nagazines Means are

A

1  operated by electromagnet in their axial movement.
2 At the beginning, the printed circuit is placed on a bearing frame
‘ 3 that transports it between the two boards.
. 4 In this position the card remains  fixed.
S The boards are put close to the card and the test begins.
6 Each board is independently controlled and operated, so that the
7  maximum stroke necessary is defined by the distance among the
8 sounds.
9 In correct position, the electromagnet operates the sound on the
10 surface to be contacted and thus by a pair of sounds simultaneously
11 operated is controlled the functionality of the circuit among the two
12  desired points, the respective continuity and eventual short circuits.
13 The process proceeds by points in repetitive way as desired.
14  Advantageously also the card bearing may be moved respect to one
15 or the other board.
16 In this way is obtained a wider universalization of use .

THIS SHEET HAS BEEN
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9  ‘also provided for transferring-selected ones of the probes from the 10
magazi-ne to the test hegg, 1l The probes (nails or needles) are for this

.pur pose, novable axially eet Rephtede the said test head to the

out side or vice versa anéﬂ these further axially noved in
order to allow contact ° _ printed circuit of the card to be
tested. 15 WOHALI®B| ution is extrenely conpl ex because of RGTATHEAIR®NI sns
to 16 nove the probes (nails or needles) and the program to operate. 17
Furthernore this solution does not allow & conplete universal 18
testing of all kinds of printed circuit cards because of the limtation 19

of the pattern of the test head. 20 ' _EP, A 0 468 153 (ATG
ELECTRONI C) 29 January 1992, discloses a

2 1. Machine for the control of printed circuits, of the type
comprising a board bearing (1) a plurality of conductive needles
(10) that are connectable on their reverse side to analysis means of
the electric parameters (12} between one and the other needle,
characterized in that:

- are used two needle boards (1,1'), one opposing the other and

0 N N U B W

between them is placed for the analysis the respective printed
9  circuit board to be controlled (2), and,

10 - one board is made movable respect to the other at least on the
11 respective planes.

12 2. Machine according to claim 1, characterized in that the respective
13 card bearing (2) is movable respect to one or the other board.

14 3. Machine according to anyone of the previous claims,
15 characterized in that said needles (10) are made axially movable.

16 4. Machine according to previous claim, characterized in that the
17 movability of said needles is obtained by electromagnetic means
18 q@amn.

19 5. Machine according to any of the previous claims, characterized in
20 that it is made in such a way to operate in the testing between two
21 points of a circuit acting on one side with a necedle of one board and
22 on the other side with a needle of the opposite board, after having
23  carmried out a respective centring movement of the one respect to the

24  other and/or of both respect to the card circuit.
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21 system in which the respective contact needles are not fixed in 2 2
positiofn on the respective needl e bearifhg board, but are novable 2 3  both
axially and from their position along the coordinate axrs. 2 4 m This
way it is possible to nake the testing nmachine universal. 2 5

Neverthel ess, this solution -is conplex and requires a continuous 2 6
reprogranm ng.WeaMB® nore this solution is lengthy becausecritf®Rnessod
novabl e needl es are obliged to nove for a long way to reach the 2 8 exact
coordi nates, and this has to be done continuously during the 4
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Ilfesting—Uf—eaeh—sFﬂgLe—card for the respective interested points to be 2

tested i

mecro cir
i ncor por at
hol der is

CI rcuit.

only. 10 Dikclosure of Invention 11 DESUREPTIONDOSE of the present
i nvention is that to obV|ate the above- 12 mentioned drawbacks, and in

particul ar td al | M

Technical Field

This invention has as object a machine for the opposite control of

printed circuits

The invention finds particular even if not exclusive application in
the sector of the control of the printed circuit cards.

Backgroupd Art

In prior art machines for the contfol of the printed circuits are
known. |

These machines generally consist of a board or bed bearing a
plurality of electrically conductive needles, on which must be
disposed the card with the printed circuit and by activating
properly the electric conductivity among the different ne.ec.l'les and
by making the respective measurings it is possible to check whether
the printed circuit has defects.

Obviouslylfor such control it is. necessary for the needles to contact
the printed circuit in the proper position.

As the printed circuits are very different, it results necessary to
apply over the needle base board, an adaptation board that
comprises the same needles bﬁt displaced in a different way in
conformity with the printed circuit to be controlled.

The drawback of this solution is the limitation of the machine and
tﬁé possibility to control only the prin(ed circuits that hz;ve'at
disp'osal corresponding - adapters or adaptatién boards. |
Needing as many adaptation boards as are the cards with different
printed circuits to be controlled.

Furthermore it is known that the layers of the circuits are not

3 EP-A-0 547 251 di scl oses a met hod for testl ng a-
ldced "waf er hol der” and a "t'est head : .
i] f probes” 5 is provided and mhereln sald mafer"
(X—Y) 6 pl ane whereas the test head is novable’

al ong the orthogonal (Z) 4 direction. 8 This solution is able to test
printed circuit cards because it is 9 conceived for testing on one side

>
I
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13" uni vergahefBSHi Ne able to control the printed circuits, that is 14

havi ng a - tive detection needles that can be adapted 15 to
any typeﬂ [ , This and other purposes as clained are ", """
obt ai ned 7 a machine for the control of printed:circuitss,: .-

conprising a board 18 bearing a plurality Qf conductive needles:connectable
on their 19 reverse side to analysis neans of electric paraneters between
one 20 and the other needle: wherein 21 . two needle bearing boards are

used, one opapsin' thecotper and 22 between Lpen”is @Iaced_fpr t he anal ysi s
the respective pfiHred “I8 0% WMHSFYOEart SWBPI% S I8YRIEr Sopdertionaifar apyr nt ed

circuit cardybeipg.fd 3RRMAN Y0P URRRYL GsQal tS Pl ane,

3 ER,A,0 164 722 (Black) 18 December 1985 discloses: an
automatic test system for testing printed ciréuit boards (cards) in
which:

In this. document prior art is cited:
- use of a "bed of nails" (bed or plate or board of needles), in which
each nail or needle is fixedly placed in said bed or plate or board.

In this solution the "bed of nails" has the nail position absolutely

O OV o N o w»n A

fixed and corresponding to the specific pattern of the printed card
11 to be tested.

12 Drawback of this solution is the requirement of as many “"beds of
13 nails” as the different printed circuit cards to be tested.

14 - use of a universal grid matrix having a maximum possibility of
1'5  positionally fixed needles (nails) and a éomputer program to activate
16 only the required needles (nails) at a time. The prdgrarﬁming being
17 dependant on the pattern of the printed card to be tested.

18 This solution has the drawback of continuously reprogramming the
19 machine. Furthermore, because the contact nails or needles are
20 bulky, it is impossible to cover all kinds of patterns.

21 This problem is avoided rendering displaceable along the coordinate
22 axis said contac£ needles or nails.

.23 Nevertheless this solution requires a very complicated and
24 e;éi:ensive construction of the testing machine and in this case the
25 needles or nails cannot be placed closely one next to the other.
26 Furthermore a continuous reprogramming is required to mer one
27 needle or nail'.. in respect to the o.ther-.

28 Finally, EP,A,0 164 722 discloses its claimed solution, in Wwhich there

. |  THIS SHEET HAS BEEN
AMENDED SHEET | REPLACED




25 characterized 1n that: 26 - each needle beari ng board supports a

plurali tﬂ(isgﬂeeﬁ%gﬁ%tﬁ ge®7 needl es sai d needl es being axially movable only

in the re needl e bearing board; 51 - at least.one of » '3
sai d ne_edﬂ Em rds is novable on its plane. 2 i n ‘ordler, that ~t-|ge.’
posi tioni | e concerned to pug in 3 contact With-the poisnt e

concerned of the printed circuit of the-card to 4 be tested, is obtained.

1 is a magazine for temporarily storing a plurality of bro_bes (nails or
2 needles)* and a bas€ receiver member positioned adjacent to the test
3 head (bed or plate) on one side thereof and in a position to contact
4 'the base of each probe. The test head (bed or plate) is adapted t.o.
5 ..receive the probes and position the probes in a pattern matching
6 test points on the printed circuit board. Means are provided for
-7  supporting the test head adjacent to the ‘magazine and in a position
8  to’ receive probes (nails or needles). from the magazine. Means are
"9  also provided fqr transferring selected ones of the probes from the
10 magazine to the test head. |
11 The probes (nails or needles) are for this purpose, movable axially
12 from inside the said test head to the outside or vice versa and some
13 of these further axially moved in order to allow contact with the
14  printed éircuit of the card to be tested. |
15 This solution is extremely complex because of the mechanisms to
16 move the probeé (nails or needles) and the program to operate.
17 Furthermore this solution does not allow a complete universal
18 testing of all kinds of printed circuit cards because of “the limitation
19  of the -pattern of the test head. |
.20 EP,A,0 468 153 (ATG ELECTRONIC) 29 January 1992, discloses a
21 system in which the respective conta;:t needles are not fixed. in
22  position on the respective needle bearing board, but .are -movable
23 both axially and from their position along tﬁe coordinate axis.
24 In'.this way it is possible to make the testing machine universal.
25 Nevertheless, this solution is complex and requires a continuous
26 rei)rogramming. Furthermore this solution is lengthy because the
27 movable needles are obliged to move for a long way to reach the
28 exact coordinates, and this has to be done continudu'sly during thé

THIS SHEET HAS BEEN
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5 - Imobt ained the imedi ate advantage of‘ 6

sinplifying alThistsh&: SARLE by making uni versal the application of -7 the
machi ne on diff acedlr cui ts without needing-adapters. 8 | n*’f.act .
by this it is yn[UﬂE ,Ii vate a board needle in any leading 9 end .’
circuit positio ate an opposihe needl e of the opposite 10," ;
board, which thanks to the novability of the sanme board will ‘be able 11

to reach any definite-circuit end point to be tested independently 12
from its posjtiqn,.plage and.shape. .1 In this, way the universalization
of the testi nb s?%ﬁuél% gfoe g]énvné.]g\r%?r? sf?‘))14the EIBEARE. Y‘_’i"’SSted points to be
Advant ageously the machjine has, also the characteristic that 1 6 . the
detection ne€edl es are axi al 'y npvabl e.

3 EP-A-0 547 251 discloses a method for testing a micro circuit, where a
"wafer holder” and a "test head ... incorporating a matrix of probes"
is provided and wherein said wafer holder is movable on its (X-Y)

plane whereas the test head is movable along the orthogonal (Z)

4
5

6

7  direction.
8- This solution is able to test printed circuit ‘cards because it is
9  conceived for testing on one side only.

O Disclosure of Invention

11 The purpose of .the present invention is that to obviate the above-.
12  mentioned drawbacks, and in particular to allow the making of a
13  universal machine able to control the printed circuits, that is
14 having a systém of conductive detection needles that can be adapted
15 to any type of circuit .

16 _ This and other purposes as claimed are obtained by means of
17 a machine for the control of printed circuits, comprising a board
18  Dbearing a pluralfty of conductive needles connectable on their
19 reverse side to analysis means of electric parameters between one
20 and the other needle: wherein

‘21 - two needle bearing boards are used, one opposing.the other and
22 between them is placed for the analysis the respec;ive printed
23 - circuit card to be controlled, said printed circuit card being
24 'm’&;vably supported on its plane, |

25  characterized in that:

26 - each needle bearing board supports a plu'rality of conductive
27 needles said needles being éxially_ movable only in the resbective

28 needle bearing board; _ — .
i TRIS SHEET MAG BEEN
' ' : REPLACED




*i‘7 I'n This way, anmong—=a plurality of needles it is possible

i nteract TR et ROBRA RO ngem centring nore easily the desired 19 .
ircuit. 2 0 Further advantage derives from:

posi tions
t hat vvithJ Eu llam
contact b

bility of the 21 needles it is possible to

plane in all its points. 24 Advantageously the needles are nmde
axially nDYabIe

desi red need

enbodi nment preferred solu€|ons
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contact with the point concerned of the printed circuit of the card to
be tested, is obtained.

In this way it is obtained the immediate advantage of
simplifying all the system by making universal the application of
the machine on different crinted circuits without needing adapters.
In fact by this it is possible to activate a board needle in any leading

end circuit position and to activate an opposite needle of the opposite

board, which thanks to the movability of the same board will be able

to reach any definite circuit end point to be tested independently

from its position, place and shape.
In this way the universalization of the testing system for any card is
ensured.

Advantageously the machine has also the characteristic that
the detection needles are axially movable.
In this way, among a plurality of needles it is possible: to make
interact only some of them, centring more easily the desired
positions of the crintcd circuit.

Further advantage derives from that with the axial movability of the

needles it is possible to contact better the respective desired points

of the circuit even when the card or the layer of the circuit is not

perfectly on the same plane in all its points.

A‘civantz;.geously the needles - are - made axially movable by

electromagnetic mea_ns.'

In this ‘way the desired needle is operated in a sirhple and cafe way.
Thesc and other advantages will be shqu by the following

description of embodiment preferred solutions with the help of the

. [ THIS SHEET HAS BEEN
apERE ) SHEET REP! AGED
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61 incl udnislSieant Bs pM1ose details are not to be considered limtative 2
3 Figire 1 is a per spect ive schematic view of

but ‘only giv ced
a detection m L Figure 2 is a cross-sectional schematic view
of an axially ; etection needle. 6 Figure 3 is a .

cross-secti onal

det ecti on boards novabl e one respect to the other and 8

view of the preferred enbgdi nent with 7 t wo opp05|te
wth the card to

be controll ed pl aced between them

1
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included_' drawings whose details are not to be. considered limitative
but only given as an example. >

Figure 1:is a perspective schematic view of a detection board (bed);

Figure 2 is a cross-sectional schematic view of an axially movable

detection needle.

Figure. 3 is a cross-sectional view of the preferred embodiment with
two opposite detection bo’éfds movable one respect to the other and
with the card to ‘be controlled placed between them.

In particular in the figures the two detection testing boards are
indicated with 1 and I'.

Each board has a piurality of needles axially movable 10 by
electromagnet 11, |
Each needle is electrically connected to a knowh art electric
parameters control system 12. |

The opposite boards as mentioned are movable one respect to the
other for the operative positioning.

The card positioned between these is indicated with 2.

The system provides a control by a net list "net-list" with .relative
positions of single poi_nts. |

The connection test is carried out from point to point, so that for
testing the connections of a net made of n points, are necessary n-l
tests between pairs of points selected in such a way to covér all the
connectlons | |

The test on short circuits among different nets, is made by selecting
a point out of each pair of nets.

The mz;ximum number for testing (testing) n nets in ;his way, is

calculated with the following formula:

a
]

-

n*(n-l)/i. - | THIS SHEET HAS BEEN

REPLACED

1




9 " In partlcul ar |n t he flgures the two detectlon testing boards are 10

i ndi cat ed” WThik Shee Re ed  Each board has a plurality of " needl es

axi al | y nmov el ectromagnet 11. 13 Each needle is

el ectricall y known art electric 14 ‘paraneters controk-
system 12. e opp05|te boards as rrent7| oned are novabl e one respect tb
the 16 ot her for the operative positioni'’ng. 17 The card positioned
between these is indicated with 2. 18 The system prOV| des a control by a

t list " " t.h | 19 ti t 20 Th
annelstS i onnte is | ‘sc'g}"{"ieéég%‘ﬁﬁ’ }I&SH‘?F‘HOPES S“{“?f"ggusﬁ‘ﬁy glbggsﬁ‘get %12{5? this &5

the ones close to each other in a pre-determined® distance.

o

The positions to be tested are underdivided in sectors corresponding
to the number of needles in the movable board (bed), so that .the
point to be tested is reachable with the position and with one of the
testing. needles.

After the points to be tested are reached, it is necessary to check the
connection or insulation.

To shorten the time used for the movements, it is possible to optimize

S 0 0 NN W

the paths of the axes, by modifying the frequency of the single tests.
11 The machine is made up of a frame on which are fixed two opposite
12 boards and independently, movable respect to the two orthogonal
13 axes.

14 On the boards are fixed. the testing sounds (needles) directly -
15 operated by electromagnet in their axial movement.

16 At the beginning, the printed circuit is placed on a bearing frame
17 that traneports ‘it between the two boards. |

18 In this position the card remains fixed.

19 The boards are put close to the card and the test begins.

20 Each board. is independently controlled and operated, so that the
21 'maximum stroke riecessary is defined by the distance among the
22 sounds.

23 In correct position, the electromagnet operates the sound on the

‘.

24  surface to be contacted and thus by a pair of sounds simultaneously
25 operated is controlled the functionality of the circuit among the two
26 desired poihts, the respective continuity and eventual short circuits.
27 .The process proceeds By points in repetitive way as desired.,

28 'Advantageously also the card bearing may be moved respect to one

AMENDED SHEET -
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21 testi ng the ctonnections of a net nmade of n points, are necessary n-1 22
tests between, DR}l a?‘iaee‘ﬁ(ﬂ Lsaselected in such a way to cover all the 23

connecti ons. n short circuits anmeng dlfferent nets, is made -
by sel ecting 2 Hm ut of each pair of nets.” 2 6 The naxi num nurrber
for testing (t

inthis vvay §s 27 calculated with the: :
follow ng formula: 28 n*(n- 1)/ 2. '

1 or the other board.

h ]

? 2 In this way is obtained a wider universalization of use .
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S pOSSIb|e to optimzeg 10 t he paths of the axes,

by

requency of the single t 1 1 The machine is nade up
of a franme-~o mhlcqware f| ed t WO qglos Lte 1 boards and i ndependently,

1{1% r{rﬁoémﬁ of prmte circuits, comprising a bdard
bearing (1) a plurality of conductive needles (10) connectable on
.their reverse side to analysis means of electric parameters (12)
. between one and the other needle: wherein

- two- needle bearing boards (1,1") are used, one opposing the other
and between them is placed for the analjsis the respective printed
circuit card to be controlled (2), said printed circuit card being
inovably supported on its plane,

characterised in.that:

- each needle bearing board supp'orts a plurality of conductive
needles (19,[1) said needles Seing axially movable. only one in
respect to the other in the respective ﬁeedle bearing board (1);

- at Jeast one of said needle bearing boards (1,1') is movable on its
plane, in both its orthogonal axes, in order. that the positioning of
thg interested needle to put in contact with the interested point of
the printed circuit of the card to be tested (2), is obtained,

2. Machine according to claim I, chgracterized in .that both- said
needle ~ bearing boards (1,1') are movable in both their orthogonal
axes; |

3. Machine according to previous clﬁim, characterized in that the
movabilify of said needles is obtained by electromagneﬁc means
(r). | |

4. Machine according to any of the previous cl.aims, characterized iﬁ
that it is made in such a way to operate in the testing between two
points of a circuit acting on one side with a needle of one board and

on the other side- with a needle of the opposite board, after having

”"lllj I ] ] — NDED 3T | THIS SHEET HAS BEEN

carried out a respective centring movement of the one gespect to the

2

.
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.begins. 20 Each board is independently

‘1 3 axes. 1 4 On the boards are fixed the testing sounds (needl es)
directly 1 5 operated by el ectromagnet in their axial novenent. 1 6 At tHhe
beginning, the printed circuit is placed on a bearing frame1 7 t hat:
‘transports it between the two boards. 1 8 In this position the card; ;
remains fixed. '1.9 ~The boards are put flose to the card and the test °

ontrolled and operated, so that
the 2 1 maxi num stroke necessary is defined by the distance anong the 22
sounds. 2 3 In correct positign, the electro net. operates the sound on
the 2 4 surflaceother madiosnefabpty resRect: LD P FHCPlof sounds si nul t aneously
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25 operated is controlled the functionality of th

e two 27
"6 desired points, the respective continuity an ept“' uoﬁh i Ei.tsy 2
7 The process proceeds by points in repetitive SI, tu t2
Advant ageously al so the card bearing may be noy m '8 .
or the other board. 2 In this wa 1
or y is obtaine %Wb Shot N 4 gesﬂ_aﬁ.... %::at I on UT
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HINE _FOR_THE OPPOSIT TR F_PRI D CIRCUITS

echnical Fie e e e

This invention has as object a machine for the opposite control of

2

3

4

5  printed circuits
6 The invention finds particular even if not exclusive application in
7  the sector of thé control of the printed circuit cards.

8  Background Art

9 In prior art machines for the control of the printed circuits are
10 known.

11 These machines generally consist of a board or bed bearing a
12 plurality of electrically conductive needles, on which must be
13 disposed the card with the printed circuit and. by activating
14 propérly the electric conductivit;} among the different needles and
15 by making the respective measurings it is possible to check whether
16 the printed circuit has defects.

17 Obviously for such control it is necessary for the needles t;) contact
18 the printed circuit in the proper position.

19 As the printéd circuits are very different, it results necessary to
20 apply over the needle base 'board, an adaptation board that
21 comprises the same neeales but displaced in a different way in
22  conformity with the -printed circuit to be controlled.

23 The drawback of this solution.is the limitation of the machine and
24 the possibility to control only the printed circuits that have at
25 disposal corresponding adapters or adaptation boards.

26 Needing as many adaptation boards as are the cards with different

27 printed circuits to be controlled.

28 Furthermore it is known that the layers of the circuits are not

‘This is the replacement sheet
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91 Clains 2 1. A nethod for the control
:of printed circuits, using a nachine 3 conprising a needle bearing
board (1) bearing a plurality of 4 conductive needles (10)
connectable on their reverse side to 5 analysis neans of electric
parameters (12) bet ween one and the 6 ot her needl e: wherein 7 - two
needl e bearing boards (1,1') are used, one opposing the other 8 and
between them is placed for the analysi 9 the respective printed 9 circuit

card to be controlled (2), said printed circuit card being 10 novabl y
supported

oot

always coplanar, wherefore a suitable electric conduction for an

2  effective contact is not always ensured.

3 - EP,A,0 164 722 (Black) 18 December 1985 discloses: an
4  automatic test system for testing printed circuit boards ‘(cards) in
5 which:

6 In this document prior art is cited:

7 - use of a "bed of nails" (bed or plate or board of needles), in which
8 each nail or needle is fixedly placed in said bed or plate or board.

9 In this solution the "bed of nails”" has the nail position absolutely
10

fixed and corresponding to the specific pattern of the printed card
11 to be tested.

12 Drawback of this solution is the requirement of as many “"beds of
13 nails" as the different printed circuit cards to be tested.

14 - use of a universal grid matrix having a maximum possibility of
15 positionally fixed needles (nails) and a computer program to activate
16 only the required needles (nails) at a time. The programming being
17 dependant on the pattern of the printed card to be tested.

18 This solution has the drawback of continuously reprogramming the
19 machine. Furthermore, because the contact nails or needles are
20 bulky, it is impossible to cover all kinds of patterns.

21 This problem is avoided rendering displaceable along the coordinate
22 axis said contact needles or nails.

23 Nevertheless this solution requires a very complicated and
24  expensive construction of the testing machine and in this éase the
25 needles or nails cannot be placed closely one next to the other.
26 Furthermore a continuous reprogramming is required to move one
27 needle or nail in respect to the other.

28 _Finally, EP.AJ0 164 722 discloses its claimed solution, in which there

This is the replacement sheet
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11 characterised in that: 1 2 - each needl e bearing board supports a
splurality of conductive 1 3 needl es (10,11) said needles (10) being
axially novable in the 14 respective needl e bearing board (1) in order
that anongst a 15 plurality of needles, it is possible to make only sone of
them 16 interact, to reach the desired positions of the printed circuit,
even 17 when the card or the layer of the circuit is not perfectly on the 1
8 sane plane in all its points; 1 9 3 at |east one of said needle
bearing boards (1,1') is novable on its 20 plane, in both its orthogonal
axes, in order that the positioning of 2 1 the interested needle to put in
contact with the 4 nbagagist efdr pemporadfy Btozinghe pieratityedfcprobes t(naifs bhe card to

be tested (2), is obtained

2" needles) and a base receiver member positioned adjacent to the test
head (bed or plate) on one side thereof and in a position to contact
the base of each probe. The test head (bed or plate) is adapted to
receive the probes and position the probes in a pattern matching
test points on the printed circuit board. Means are provided for
supporting the test. head adjacent to the magazine and in a position

‘to receive probes (nails or needles) from the magazine. Means are

also provided for transferring selected ones of the probes from the

o OV 0 N o v s oW

magazine to the test head.

11 The probes (nails or needles) are for this purpose, movable axially
12 from inside the said test head to the outside or.vice versa and some
13 of these further axially moved in order to allow contact with the
14 printed circuit of the card to be tested.

15 This solution is extremely complex because of the mechanisms to
16 move the probes (nails or needles) and the program to operate.

17 Furthermere this solution does not allow a complete universal
18 testing of all kinds of printed circuit cards because of the limitation
19 of the pattern of the test héad.

20 EP,A,0 468 153 (ATG ELECTRONIC) 29 January 1992, discloses a
21 system in which the respective contact needies are not fixed in
22 position on the respective needle bearing board, but are movable
23 both axially and from their position along the coordinate axis.

24 In this way it is possible to make the testing machine univers;al.

25 Nevertheless, this solution is complex and requires a continuous
26 reprogramming. Furthermore this solution is lengthy because the
27 movable needles are obliged to move for a long way to reach the

28 exact coordinates, and this has to be done continuously during the
This is the replacement sheet
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2 3 and wherein both said needle bearing boards (1,1') are novable

0 24 bot h t hei
obt ai ned by el

of said printed circuits is made as foll ows:

boards (1,1'), one opposite to the other are used 10 1 and bet ween
them there is placed for the analysis, the respective 2
card to be controlled (2), 4
1 testing of each single card for the respective interested points to be
2 tested in the circuit.
3 EP-A-0 547 251 discloses a method for testing a micro circuit, where a
4  “wafer holder" and a "test head ... incorporating a matrix of probes”
5 is provided and wherein said wafer holder is movable on its (X-Y)
6 plane whereas the test head is movable along the orthogonal (Z)
7 direction.
‘8  This solution is able to test printed circuit cards because it is
9  conceived for testing on one side only.
10 isclosure of Invention
11 The purpose of the present invention is that to obviate the above-
12 mentioned drawbacks, and in particular to allow the making of a
13 universal machine able to control the printed circuits, that is
14 lhaving a system of conductive detection needles that can be adapted
15 o any type of circuit .
16 This and other purposes as claimed are obtained by means of
17 a machine for the control of printed circuits, comprising a board
18  bearing a plurality of conductive needles connectable on their
19 reverse side to analysis means of electric parameters between one
20 and the other needle: wherein
21 - two needle bearing boards are used, one opposing the other and
22 between them is placed for the analysis the respective printed
23 circuit card to be controlled, said printed circuit card. being
24 movably supported on its plane, '
25  characterized in that:
26 - each needle bearing board supports a plurality of conductive
27 needles said needles being axially movable.only in the respective
28 needle bearing board;

r orthogonal axes, 25 said novability of said needles (10)

in

ectronagnetic 2 6 means (11), 2 7 and wherein the control

2 8 - two needl e bearing

This is the replacement sheet
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3 the testing is operated between two points of a circuit acting on one 4
siside with a needle of one board and on the other side wwth a needle of 5
the opposite board, after having carried out a respective centring 6
novenent of the one respect to the other and/or of both respect to 7 t he
card circuit. 8 2. Anethod as clainmed in claim 1, characterized in
that: 9 - acontrol by a net I|ist mﬁt@ rel ative positions of single
points is 10 wused. 11 3. Anethod as~“clained in claim 1, characterized
in that the test on 12 the printed circuit card, is carried out from point

to point, sp that for 13 testing, the connectjons of net . of said printed
circuit card, raffe!dt p9e °fnsab‘{3i“r‘i\9‘§? qﬁ’-af'“ﬁ RS i W@é‘ﬁ’?‘béﬁ“r s Hlansoi nt s,

are used. 2 in order that the positioning of the needle concerned to put in
contact with the point concerned of the printed circuit -of- the-card to
be tested, is obtained.

In this way it is obfained the immediate advantage of
simplifying all the system by making universal the application of

the machine on different printed circuits without needing adapters.

00 N3 O W b~ W

In fact by this it is possible to activate a board needle in any leading
9 end circuit position and to activate an opposite needle of the opposite
10 board, which thanks to the movability of the same board will be able
11 to reach any definite circuit end point to be tested independently
12 from its position, place and shape. '

13 In this way the universalization of the testing system for any card is

14 ensured.

15 Advantageously the machine has also the characteristic that
16 the detection needles are axially movable.

17 In this way, among a plurality of needles it is possible .to make
18 interact only some of them, centring more easily the desired
19 positions of the printed ci.rcuit.

20 Further advantage derives from that with the axial movability of the
21 needles it is possible to contact better the respective desired points
22  of the circuit even when the card or the layer of the circuit is not
23 perfectly on the same plane in all its points.

24 Advantageously the needles are made axially movable by
25 electromagnetic means.

26 In this way the desired needle is operated in a simple and safe way.
27 These and other advantages will be shown by the following

28 description of embodiment preferred solutions with the help of the
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15 4. A nmethod as clained in claim 1, characterized in that the test on
+16 short circuits anong different nets, is nade by selecting a point out
17 of each pair of nets. 18 5. A nethod as 'clained in claiml,
characterized in that the 19 maxi mum nunber for testing a certain
nunber "n" of nets, is 20 calculated with the follow ng fornmula: 21
n*(n-1)12; t he nunber bei ng reduci bl e sel ecting only 22 nets
al ongside, that is the ones close to fach other in a pre- 23

determ ned distance. 24 6. A nmethod as clainmed in claim1l, characterized
in that the positions 25 to be tested are subdivided in sectors
correspondi hg tiacluded rigaviegs Adhose odetaibse ke snoit ntot lhe cwsplectd Vienitativabl e boar d

(1,1'), so that the point to

2 but only given as an example.
Figure 1 is a perspective schematic view of a detection board (bed);
Figure 2 is a cross-sectional schematic view of an axially movable
detection needle.

Figure 3 is a cross-sectional view of the preferred embodiment with

two opposite detection boards movable one respect to the other and

00 ~N N v AW

with the card to be controlled placed between them.

9 In particular in the figures the two detection testing boards are
10 indicated with 1 and 1'

11 Each board has a plurality of needles axially movable 10 by
12 electromagnet 11.

13 Each needle is electrically connected to a known art electric
14 parameters control system 12.

15 The opposite boards as mentioned are movable one respect to the
16 other for the operative positioning.

17 The card positioned between these is indicated wi{h 2.

18 The system provides a control by a net list "net-list" with relative
19 positions of single points.

20 The connection test is carried out from point to point, so that for
21 testing the connections of a net made of n points, are necessary n-1
22 tests between pairs of points selected in such a way to cover all the
23 connections.

24 The test on short circuits among different nets, is made by selecting
25 a point out of each pair of nets.

26 The maximum number for testing (testing) n nets in this way, is
27 calculated with the following formula:

28 an*(n-1)/2.
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27 be tested is reachable with the position and with one of the testing
*28 needl es, and after the points to be tested are reached, checking the

1 connection or insulation is made. 2 7. A method as claimed in claim1,
characterized in that to shorten 3 the time used for the novenents and to
optim ze the paths of the 4 axes, the frequency of the single tests is
nodi fied. 5 The machine is made up of 7a frame on which are fixed two

opposite 6 boards and i ndependently, novable in respect to the two
ort hogonal 7 axes.

1 This number can be reduced by selecting only alongside nets, that is
the ones close to each other in a pre-determined distance.

The positions. to be tested are subdivided in sectors corresponding to
the number of needles in the movable board (bed), so that the point
to be tested is reachable with the position and with one of the testing

needles.

After the points .to be tested are reached, it is necessary to check the

0 N A AW

connection or insu.lation.

9  To shorten the time used for the movements, it is possible to optimize
10 the paths of the axes, by modifying the frequency of . the single tests.
11 The machine is made up of a frame on which are fixed two opposite
12 boards and independently, movable respect to the two orthogonal
13 axes.

14 On the boards are fixed the testing sounds (needles) directly
15 operated by electromagnet in their axial movement.

16 At the beginning, the printed circuit is placed on a bearing frame
17 that transports it between the two boards.

18 In this position the card remains fixed.

19 The boards are put close t6 the card and the test begins.

20 Each board is independently controlled and operated, so that the
21 maximum stroke necessary is defined by the distance among the
22  sounds.

23 In correct position, the el_gctromagnet operates the sound on the
24 surface to be contacted and thus by a pair of sounds simultdneously
25 operated is controlled the functionality of the circuit among the two
26 desired points, the respective continuity and eventual short circuits.
27 The process proceeds by points in repetitive way as desired.

28  Advantageously also the card bearing may be moved respect to one
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8 8. A nmethod as clainmed in claim 1, characterized in that: 9 - at. the
-begi nning, the printed circuit is placed on a bearing frane 10 that
transports it between the two boards; 11 - In this position the card
remai ns fixed. 12 - The boards are put close to the card and the test
begins. 13 - Each board is independently controll ed and operated, so that
the 14 maxi mum stroke necessary is defined by the distance anong the 15
coupl e of needles (10). 16 In correct goosition, the electromagnet (11)
operates the needles to 17 exit to reach the surface to be contacted of the
printed circuit, and 18 thus by a pair of needles sinultaneously operated,
is controll ed tohehd Qoheinebi@nal ity of the circuit anong the two desired
poi nts, the '

2 In this way is obtained a wider universalization of use.
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20'respggLLyg_ggptinuity and eventual short circuits. 21  The process
-proceeds by points in arepetitive way as desired. 22 9. A machine for

(2 vear i I Wmﬂﬂﬂm)? coniuct i ve needl os (10) 2 4 connectable on

their reversée sitdetos amal ysis neans of electric 2 5 parameters (12)

bet ween one and the other needle: wherein 2 6 - two needl e bearing
boards (1,1') are used, one opposite to%t he other 27 and between themis
pl aced for the analysis the respective printed 28 circuit card

to be control |l ed 2).
1 &hﬁﬂﬁ

I. A method for the control of printed circuits, using a machine
comprising a needle bearing board (1) bearing a plurality of

conductive needles (10) connectable on their reverse side to

other needle: wherein

2

3

4

5 analysis means of electric parameters (12) between one and the
6

7 - two needle bearing boards (1,1°) are used, one opposing the other
8 and between them is placed for the analysis the respective printed
9 circuit card to be coatrolled (2), said printed circuit card being
10 movably supported ,

11 characterised in that:

12 - each needle bearing board supports a plural;ty of conductive
13 needles (10,11) said needles (10) being axially movable in the
14 respective needle bearing board (1) in order that amongst a
15 plurality of needles, it is possible to make only some of them
16 interact, to reach the desired positions of thé printed circuit, even
17 when the card or the layer of the circuit is not perfectl.y on the
18 same ﬁlane in all its points;

19 - at least one of said needle bearing boards (l,1") is movable on its
20 plane, in both its orthogonal axes, in order that the positioning of
21 the interested needle to put in contact with the interested point of
22 the printed circuit of the card to be tested (2), is obtained

23 and wherein both said needle bearing boards (1,1') are movable in
24  both their orthogonal axes,

25 said movability of said needles (10)is obtained by electromagnetic
26 means (1),

27 and wherein the control of said printed circuits is made as follows:

28 - two needle bearing boards (1.1'), one opposite to the other are used

This is the replacement sheet
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12 1 'said printed circuit card being nmovably supported, using a nethod 2
-according to—prewviaus clainms, 3 characterised in that: 4 - each needle

beari ng orts a plurality of conductive 5 needl es (10,11) said
needl es HEK@E "uy novable in the 6 respective needle bearing
board (1) *Ine " nong a-plurality 7 of needles, it is possible to
make only sone of them i'nteract, to reach 8 the desired positions of the
printed circuit, even when the card or Pothe |layer of the circuit is not
perfectly on the sane plane i.n all its 10 points; 11 - at | east one of
sai d needl e bearing boards (1,1') is novable on its

1 and between them there is placed for the analysis, the respective
printed circuit card to be controlled (2),
the testing is operated between two points of a circuit acting on one

side with a needle of one board and on the other side with a needle of

2
3
4
5 the opposite board, after having carried out a respective centring
6 movement of the one respect to the other and/or of both respect to
7 the card circuit.

8 2. A method as claimed in claim 1, characterized in that:

9 - a control by a net list with relative positions of single points is
10 used.

11 3. A method as claimed in claim 1, characterized in that the test on
12 the printed circuit card, is carried out from point to point, so that for
13 testing the connections of a net of said printed circuit card, made of
14 n points, n-1 tests between pairs of points, are used.

15 4. A method as claimed in claim 1, characterized in that the test on
16 short circuits among different nets, is made by selecting a point out
17 of each pair of nets.

18 5. A method as -claimed in claim 1, characterized in that the
19 maximum number for testing a certain number "n" of nets, is
20 calculated with the following formula:

21 n*(n-1)/2; the number being reducible selecting only
22 nets alongside, that is the ones close to each other in a pre-
23 determined distance.

24 6. A method as claimed in claim 1, characterized in that the [;ositions
25 to be tested are subdivided in sectors corresponding to the number
26 of needles in the respective movable board (1,1'), so that the point to
27 be tested is reachable with the position and with one of the testing

28 needles, and after the points to be tested are reached, checking the
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12'p_gn_e_,__i_n_bat-h—4'+s——e%thogonal axes, in order that the positioning of 13
.the needl e concernﬁﬂm put in contact with the point concerned of 14 the

print eﬁ‘ﬂl‘mum m card to be tested (2), is obtained, 15 and wherein
a conp

sed to make controls using a 1 6 couple of opposed
needl es”® (1 11) at a tinme, one on the upper needle 17 beari ng board (1')
and one on the | ower needl e bearing boagq (1) 18

1 connection or insulation is made. .
7. A method as claimed in claim 1, characterized in that to shorten
the time used for the movements and to optimize the paths _of the

axes, the frequency of the single tests is modified.

boards and independently, movable in respect to the two orthogonal

2
3
4
5 The machine is made up of a frame on which are fixed two opposite
6
7  axes.

8 8. A method as cla{med in claim 1, characterized in that:

9 . at the beginning, the printed circuit is placed on a bearing frame

10 that transports it between the two boards;

11 - In this position the card remains fixed.
12 - The boards are put close to the card and the test iaegins.
13 - Each board is independently controlled and operated, so that the

14 maximum stroke necessary is defined by the distance among the
15 couple of needles (10).

16 - In correct position, the electromagnet (11) operates the needles to
17 exit to reach the surface to be contacted of the printed circuit, and
18 thus by a pair of needles simultaneously operated, is coatrolled the
19 functionality -of the circﬁit among the two desired points, the
20 respective continuity and eventual short circuits.

21 - The procc.:ss proce;eds by points in a repetitive way as desired.

22 9. A machine for the control of printed circuits, comprising a needle
23 bearing b;>ard (1) bearing a plurality of conductive needles (10)
24  connectable on their reverse side to analysis means of -electric
25 parametérs (12) between one and the other needle: wherein

26 - t%o needle bearing boards (1.1') are used, one opposite to the other

27 and be;ween them is ,placed for the analysis the respective printed

kY

28 circuit, card to be controlled (2).
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12

1 §aid printed circuit card being movably supported, using a method
according to previous claims,

characterised in that:

- each needle bearing board supports a plurality of conductive

2

3

4

5 needles (10,11) said needles (10) being axially movable in the
6 - respective needle bearing board (1) in order that among a plurality
7  of needles, it is possible to make only some of them interact, to reach
8 the desired positions of the printed circuit, even when the card or
9 the layer of the circuit is not perfectly on the same plane in all its
10 points; |

11 - at least one of sai.'d needle bearing boards (1,1') is movable on its
12 plane, in both its (l)rthogonal axes, in order that the positioning of
13 the needle concerned to put in contact with the point concerned of
14 the printed circuit of the card to be tested (2), is obtaihed,

15 and wherein a computer system is used to make controls using a

16 couple of opposed needles (10-11) at a time, one on the upper needle

17 bearing board (1') and one on the lower needle bearing board M

13

This is the replacement sheet

Date: 20 MAR 1998
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