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processing stations. A drawback of this prior art is that the freedom of choice in respect
20 of the routes to be followed is very limited. It is moreover difficult to harmonize the

processing capacity of the different processing stations with each other.

The American patent US 5.364.225 describes a method for producing printed circuit
boards which takes place in a clean room. To this end the printed circuit boards for

25 processing are carried in housings specially developed for this purpose, along which
housings the printed circuit boards are displaced in transport containers. Use i1s made of
robot arms to displace printed circuit boards between the transport containers and a

processing station disposed in a separate housing.

The present invention has for its object to provide an apparatus and method with which
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electronic components can be encapsulated in more flexible manner and with which the
capacity of the available processing stations is better utilized than according to the prior
art. Another object is to provide an apparatus which can be integrated 1n simple manner

into a larger whole of apparatuses.



art. Another object is to provide an apparatus which can be integrated in
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this pur pgsans Pninyiedehearg 0Mtécdhd O€ry important advantage is the great freedom of
15 choice in the routing of the electronic components within the apparatus. Diverse
processing sequences and processes performed in parallel can be realized without any
problem using the apparatus according to the invention. This great flexibility has the
added advantage that the mix of electronic components for processing can be chosen
such that the capacity of the processing stations is utilized as well as possible. Another
20 advantage 1s that the processing stations of the apparatus can be modified as required
without the transport means having to be adjusted for this purpose. Only the control of
the robot arm may possibly have to be adapted. It is likewise possible that one or more
processing stations are not deployed during operation of the apparatus because of for
instance overhaul, change-over and so on. One advantage of the apparatus according to
25 the invention which has not yet been stated but which is very important is that the
transport of the electronic components. which does not provide any added value, does
not himit the capacity of the processing stations, at least when the capacity of the

processing stations 1s dimensioned correctly relative to the capacity of the robot arm. It

has been found possible in practice to serve as many as six processing stations with a
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single robot arm without the transport leading to capacity loss at the processing stations.
One or more of the following processing stations can thus form part of the apparatus:

supply, detection, pre-heating, pellet load, degating, discharge station and so on. In
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autonation of the encapsul ati ng process use has al ways been nmade heretofore
of a separate indexing mechanism to place a number of pellets of encapsulating matenal in

the required orientation. The positioned pellets are then carried from this mechanism
into the encapsulating device, optionally via intermediate transporting means. The

20 present invention makes the prior art indexing mechanism unnecessary; when the pellets
are provided at one or several positions, the robot arm with engaging means can be
moved in indexed manner along this delivery point/these delivery points to immediately
engage the pellets with the engaging means in the orientation required during

encapsulation.

In a preferred embodiment the processing stations, the supply/discharge position and the
robot arm are combined with a common frame. The mutual positions of processing
stations and the supply/discharge position can thus be fixed. The frame can also be
provided in very simple manner with one or more lay-off positions. In addition, the

30 separate processing stations can be given a relatively light form.
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use can for instance be made of a bar-code reader. It is also possible to provide a

product carrier with which the electronic components can be placed at the supply

position with an identifying code which can be read by the apparatus.

20 In yet another variant of the apparatus the engaging means of the robot arm are provided
with a plurality of grippers placed at a mutual distance. These grippers can be placed
apart with standardized interspacing. In particular, single strips of electronic
components provided on one side with gates can thus be engaged irrespective of format,
at least when standard intermediate distances are set for this purpose which are taken

25 into account in the product design.

As already described above, the supply/discharge position can be adapted to receive a
product carrier for electronic components. The electronic components can then be
removed from the product carrier by the robot arm for processing, but it is also

30 concetvable for the product carrier with electronic components to be supplied to a

processing station by the robot arm.
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reference to the apparatus according to the invention. The most important advantages
are higher degree of utilization of the processing stations, flexibility in mix of the
electronic components for processing and simplification of the processing stations.
20
In a particular preferred application of the method the electronic components,
respectively product carriers for the electronic components, are provided with an
identification on the basis of which the routing of the associated components along the
processing stations is determined. With this method an automatic control of a robot arm
25 and at least two processing stations can be realized which is actuated by the products for
processing. Such a control is possible without central production planning, so that
linked automation of a whole production line becomes unnecessary: local units are

controlled on the basis of the information sent with the electronic components.

30 In yet another preferred application of the method according to the present invention the
robot arm with engaging means is carried in controlled manner along at least one

delivery point for encapsulating material in order to pick up encapsulating material parts



wi th varying routing. The advantages of this nethod have al ready been
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The manufacture of an encapsulation of an electronic component in at least two separate

encapsulating operations also forms an independent part of the present application.

20 The present invention will be further elucidated with reference to the non-limitative
embodiments shown in the following figures. Herein:
figure 1A shows a perspective view of a schematic representation of the embodiment
according to the invention,
figure 1B shows a top view of the apparatus shown in figure 1A, and

25 figure 2 shows a top view of an alternative embodiment of the apparatus according to

the invention.

Figure 1A shows an apparatus 1 with a frame 2 in which two presses 3 are mounted.

Presses 3 each comprise two mould halves 4 which are movable relative to each other
30 and between which electronic components can be clamped to then be encapsulated. Also

assembled with frame 2 is a robot arm 5 which is provided on its free end with a gripper

head 6. Presses 3 are disposed relative to robot arm 5 such that using gripper head 6



are sem conductors wherein a housing part nmust be noul ded on two sides of a
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el ectroni ¢ corponents to "and fron1appara%us . For this purpose a

suppl y/ di scpracggecdowih epmmatds Is defined inside frame 2 which lies within
the reach of robot arm5 such that electronic conponents cati be picked up
respectively laid off at position 7. In addition to presses 3, numerous
other progg&s dowstaabp sy 6Bdh AlchrrtivelyeaiBdldradpphlatusfgianehidh thet is al so

possible to 10 accommpdate a storage container inside frame 2 in which
gri pper henpsrsiomakrangdef a robot arm 10 with gripper head 11 is shown by means of a broken

line 9. In the shown position the robot arm 10 with gripper head 11 is situated in one of
the presses 3 which are only shown schematically in this figure. At a position midway
between presses 3 is placed a pellet supply device 12 with a single loading position 13.
For loading of gripper head 11 with a plurality of adjacently positioned pellets the

20 gripper head 11 must be moved, as shown by means of gripper head 11" shown in
broken lines, below loading position 13 in indexed manner with stop-start movements.

Presses 3 can thus also be loaded with pellets by robot arm 10.

Other processing stations which can be served by robot arm 10 are a pre-heating station
25 14, in which the electronic components to be processed by presses 13 can be brought to
a desired temperature level, and a so-called “degater” 14 in which the encapsulated
electronic components can be released from the associated gates. The situation of
gripper head 11 when it operates degater 15 is illustrated by means of the gripper head

11" shown in broken lines.

For supply of electronic components for processing a supply station 16 is provided

which is accessible for gripper head 11 as is illustrated by means of the gripper head



exchanged automatically such that products requiring a product-rel ated

gri pper can also be processed with apparatus 1. Figure 2 shows a top view
of an alternatively enbodi ed apparatus 8 in which the 15 gperational range
of a robNMOUH#*%®0 with gripper head 11 is shown by neans BET@LBVS‘E& line
9. In the shown position the robot arm&0 with gripper head 11 is situated
in one of the presses 3 which are only shown schematically in this figure.
At a posi tlil'0showrdiyrokdreliveelinpielstesupply stapbrat®c dsohetdeatationfpliyaldevi ce 12

ith i ngl e | oadi i L 13. For | oad] f [ d 11 with
Bl ural 1y POM RS BEER 3 oLt Rsdippdipbd L5 HOSsB=G Py BRER Heiosii it be
moved, as | $haudwhYiiRABRe find! i RORGeD BAfsubbly SR dhd RUCRKRR sldiBRg7 Del ow

| oadi ng position 13 in 1 ndexed nmanner w stop-start novenents. Presses 3
can thus absdsbhbe tonbiedd i ¢ finglelpoeition yd/pothet thaswmplVof Qedtemipr ocessi ng
stations which can be served by rqobot.arm 10 are a pre-heatin tation 25
T wnf e eSS S ogsenanry ) beirostudhas Byt i B Can be
brought tgrlcHappli@dtt enperature level, and a so-called "degater” 14 in

whi ch the encapsul ated electronic conponents can be rel eased fromthe
associ ated gates. The situation of gripper head 11 when it operates

degater 15.0s illustrated.b ns of the arj r _hea oy N j-n broken
ines. - 30 gt iy ShELit TERRT Blbfealt LPREY slPRl sxbba AR,

station 1@e ia%pd?érﬁ\l& ge that Wl iglerit®nas Gess Y Bmited tOtht @petibbeadd dibvas i s
illustrated by nmeans of the gripper head WO 01/ 63649 PCT/NLO1/00148 -8

11" 1% howsmbadigreaise Rn) the eentragy, i any more 3ridigils e ressibicoR: a6kiligd gesehar ge
station 17.j I p i jch is accessible for gripper head 11 as
iIIustraté@h%§%ﬁ§§ﬁ§(ggmggﬁg%%g{head 11 "" shown with broken lines. It is
noted that supply station 16 and di scharge station 17 can al so be conbi ned
at a single position and/or that the supply of electronic 5 conponents

t akes place by neans of a universal transport system al so devel oped by the
present applicant. Although the invention is elucidated with reference to
only several enbodinents, it wll



be apparent to all that the inventionis in no way limted to the described
and shown 10 enbodi nents. On the contrary, nmany nore variations are

possi bl killed person wthin the scope of the i | on.

01/ 6364§Né’g%ﬁﬂ 1/00148 -9 Cains | Apparatus (1,S) for n%‘?’g%‘e‘g‘g‘u“h“é\o

el ectroni ¢ conponents, Such as sem -cofidUCt or products, conprising: 5 - at
| east two_processing, stations (3,12, 14,15), - at |east one
supply/dﬂ@éﬁ%%ge position (7,16,17) for electronic conponents, - a robot
ann (5,10) wth engagi ng neans (6,11) for engaging the electronic
conponents for displacing electronic conponents between the

suppl y/ dilscharﬁgmamssi tlisor(ptpddSsihg klecannictcompphatesacing stratcbahstof3) , and
10 - a con for actuating the robot ann (5, 10) and the processinc,
statlonspﬁ§&f§ §UMBRYNE: 0 characterized in that the processing stations

(3,12, 14, 15).a 4R Hrs&séhe 4i8@sEs (9ne lgq(gqpsul ating station (3) for enclosing
el ectronl c components with encapsul ating material in a mould, the device

(1, 8) comar lesgonatsup@gdiscoarge posppdry(pbsi 1)i fonel(em(_)mct ocrmmreaq@sul ating

mat eri al , obpt ann (5,10 i enga mean 6 11 al

ndapt ed T8 o PEd OLRER suifte MGG ) il TRRORE Che By oBBr TN ( 12)
to the eW@I@&Hh@lh%@Qctr&ﬁ@-&érﬁﬁbr{eﬁts)ﬁetwgen the B&S A MischateShosasorc(7aienes in claim
1, wherein the robot ann , 10) with engaging neans (6,11) is adapted to

pi ck up @n@&mpmsﬁlﬂgsmt)@sr@wanéarts at control led Cl 11 1 20 nut ual

di Stl\’?nces a c% trplpf%?ga{lg (t%x%g%)ﬁﬁ%ﬁp é%! atnﬁ tﬁ'e Cro%lf:srsr,}néls(t-)atl Wﬁe{fii}i the

processing s tions posi
(7,16, 17xhhnictaliadtinanatc conponents and the r obot arm ( 5 10) are corrbi ned
vvlth a comon frarne (2).
the processing stations (3,12,14,15) comprise at least one encapsulating station (3) for
enclosing electronic components with encapsulating material in a mould, the device
(1,8) comprises at least one supply position (13) for encapsulating material, and
13 the robot arm (5,10) with engaging means (6,11) is also adapted to displace

encapsulating material from the supply position (13) to the encapsulating station (3).

2. Apparatus (1,8) as claimed in claim 1, wherein the robot arm (5,10) with
engaging means (6,11) is adapted to pick up encapsulating material parts at controlled

20 mutual distances.

3. Apparatus (1,8) as claimed in claim 1 or 2, wherein the processing stations
(3,12,14,15), the supply/discharge position (7,16,17) for electronic components and the

robot arm (5,10) are combined with a common frame (2).

4. Apparatus (1,8) as claimed in any of the foregoing claims, wherein at least one
of the processing stations (3,12,14,15) is a supply. detection, pre-heating. pellet load.

degating or discharge station.

30 5. Apparatus (1,8) as claimed in any of the foregoing claims. wherein the apparatus
(1,8) comprises a replacing station for automatically replacing the engaging means

(6,11) coupled to a robot arm (5,10).



2 5 4. Apparatus (1,8) as clainmed in any of the foregoing, clains, wherein
at |l east one of the processing stations (3,12,14,15) is a supply,

detecti eating, pellet load. decyatin- or d*sch tation. 30
5. Appaﬁg?gg&%%?B) as claimed in any of the foregoing clgfﬁiﬁLﬁﬁﬁé n the
apparatus ID-1 (1,8) conprises a reﬂpacing station for automatically

repl aci ng the gn-acyi n-_neans 6, 11) coupled to a robot arm (5,10). WO

01/ 63649 *PCT/ rét%f%%&@ag)-amlaeme yfiike Fq§®)nga@aMSaw@e@1n the gaytreffis t he

f or egoi ng i ; [ ' LSl t he robot arm
(5 10y A G e Bl o e B BB N, 77
Appar at usndexe@maasgercl ai med in any of the foregoing clains, wherein the
robot arm (5,10) is provided with a sensor for detecting conponent data.

8. Apparatus (1,8) as clainmed in any of the foregoing clains, wherein the
engagi ng 7. nea N f r Qyi i

plurality of _%%péﬁ@lb?éégg&g%@g%nfg{f%{ %5@&%%@&%@%5’2%%“&%{ Egm( 1,8)
as cl ai méd1PhisereyidedBwithhaserion fartietagting pangorenedphaced apart with
standardi zed i nterspacing. 15 10. Apparatus (1,8) as clainmed in any of the
foregoing clainms, wherein the supply/discharge position (7,16,17) for

el ectronigc COMPPALES(1LS 3dRRhedint My TR fb?eg%in%pcn&%%h&%w th€Enda

el ectroni c conponents. 11. Apparatus (1,8) as clainmed in any of™t
f or egoi n@@naftkl) afiles wbat enre(SaldP arepravided @/ithi, @yrality of srewpess plarddlann
strygture sygh;&hat processing stations (3,12,14,15) can be added
respectively renoved as desired. 12. Assenbly of at |east two apparatuses
(1,8) as claimed in any of the foregoing clains, wherein the robot arns

(5,10) of the apparatuses (1,8) have at |east partially 25 overlapping
areas of 9oper AyPgFatus (1,8) as claimed in claim 8, wherein the grippers are placed apart with

ing
he

standardized interspacing.

15 10. Apparatus (1,8) as claimed in any of the foregoing claims, wherein the
supply/discharge position (7,16,17) for electronic components is adapted to receive a

product carrier for electronic components.

11. Apparatus (1,8) as claimed in any of the foregoing claims, wherein the apparatus
20 (1,8) 1s given a modular structure such that processing stations (3,12,14,15) can be

added respectively removed as desired.

12. Assembly of at least two apparatuses (1,8) as claimed in any of the foregoing
claims, wherein the robot arms (5,10) of the apparatuses (1,8) have at least partially

23 overlapping areas of operation.

13. Assembly as claimed in claim 12, wherein at least one processing station

(3,12,14,15) can be served by two robot arms (5,10).

30 14. Method for processing electronic components, such as semi-conductor products,
by engaging electronic components at a supply position (7,16,17) for electronic

components by means of a robot arm (5,10), passing with the robot arm (5,10) along at



13. Assenbly as clainmed in claim12, wherein at |east one processing
station (3,12,14,15) can be served by two robot arnms (5,10). 30 14. Met hod
for procges | ectroni c conponents, such as sem -conduc r s, by
engagi ng eléc ?@Qic conponents at a sugﬁly position (7,16??%?8P§ﬁHS§

el ectronic conponents by neans of a robot arm (5, 10), passing wth the
robot arm (5,10) along at WO 01/63649 PCT/NLO1/00148 - -11 least two
processi n§aS 4P PEIFEs stations (147, 14dr5) fergrecsssingobihe elfstranis 6pM@ARELS
conponent . J i : i C conponents
o B i S e Y L e R R 1 6 bt ho
as cl ai neggbsitrongl7 diorh7) 4or eMveroaicrcotifohentsnt el ect roni ¢ conponents are

carried al ong processing stations (3,12, 14,15) by the robot arm(5,10) with
varying routing. 16. Method as clained in claim14 or 15, wherein the

el ectroni g5 conpRARALS clakfled BSASRE _l4’%1&'&95gwgnt%ﬁé’cﬁbﬁ"c%o%@ﬁnéﬁ?ar@l ectronic
conponents are provided wth an Identification on the basis of which the
routing ofardiealossporessag staorope ik hi,d4 465 phgthehebqaot €5.$0Ngits tvatyirgns
(3,12,14,15} is determned. 17. Method as clainmed in any of the clains
14-16, WHEIEMs the robot arm (5,10) with 15 engagi ng means (6, 11) is
carried in controlled manner along at | east one delivery point for

encapsul ating material in order to pick up encapsulating material parts at
control | el mivgtiod@s statmed s alpithl4 hel bndutiimteresstronicgomppnent8. Met hod as
claiped in.claiml? erein sul atin terial, part,s_picked 20 up
mﬁtﬁgfhelgﬂﬁﬁg%n p%&%%?%ﬁ%ﬁi§n§?gﬁgrg%%80?%oaﬁggﬁ%gﬁgﬁFafthmgevice (3) in
a confi gaemtficatios bh traddasisfodivhidtotie $6uthE: of 1% asbldiied c@fp&leatsn@shd me any of
the clains 14-18, wherein the electronic conponents are carrieJ’anng at

| east t wPTEHEHPE §IRHPING el LS dgpmpedencapsul ati on of 25 the el ectronic
conponents in a plurality of phases.

17. Method as claimed in any of the claims 14-16, wherein the robot arm (5,10) with
15 engaging means (6,11) is carried in controlled manner along at least one delivery point
for encapsulating material in order to pick up encapsulating material parts at controlled

mutual distances with the engaging means (6,11).

18. Method as claimed in claim 17, wherein the encapsulating material parts picked
20 up with the engaging means (6,11) are placed in an encapsulating device (3) in a

configuration suitable for processing.

19. Method as claimed in any of the claims 14-18, wherein the electronic
components are carried along at least two encapsulating devices (3) for encapsulation of

23 the electronic components in a plurality of phases.



