-1 OVEN FOR CONTRCLLED HEATI NG OF COVPOUNDS AT VARYI NG TEMPERATURES 5 Field
of the Invention The invention relates to a curing oven for heating
conpounds that are conprised in or |ocated on electronic conponents. The
term"curing oven" shall include reflow ovens, as the curing oven herein is
al so adaptable for use in reflowing 10 processes. Background and Prior Art
Curing ovens are enployed in sem conducter. assenbly for setting conpounds
15 such as epoxy resin and encapsul ati on nol di ng conpound that are

i ntroduced onto el ectronic conponents. These conpounds are usually

i ntroduced onto electronic conponents in fluid form They may al so be
suitable for reflow ng. Based on the characterlstlcs of these conpounds,
they may have to be heat cQVEALEORICONTROLLE o0& Oirg profiles during
the curing or reflow nmwmm enment ati on of
curing ovens is in the ' der applied in
the field of die bonding. Typically, sem conductor dice are bonded onto
substrates such as |eadframes using epoxy or solder as an adhesive. Epoxy
is firsh i fielddithellnmenionhe substrate in fluid format a bonding 25
position, and a die is placed onto the epoxy at the bonding position. The
epoxy or solder is then cured or reflowed by heating to solidify the bond.
Epoxy curi rmmeqmémidrpmlmwélmmgﬁmen fortheiitin g dompairidsaHabaie esmpfisedg to
specified heating profiles, such at the e ¥ is exposed to various
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10 processes.

Background and Prior Art

Curing ovens are employed in semiconductor assembly for setting compounds
15  such as epoxy resin and encapsulation molding compound that are introduced
onto electronic components. These compounds are usually introduced onto
electronic components in fluid form. They may also be suitable for reflowing.
Based on the characteristics of these compounds, they may have to be heated
according to specific heating profiles during the curing or reflowing process.
20
In particular, one implementation of curing ovens is in the curing of epoxy or
reflowing of solder applied in the field of die bonding. Typically, semiconductor
dice are bonded onto substrates such as leadframes using epoxy or solder as an
adhesive. Epoxy is first introduced onto the substrate in fluid form at a bonding
25 position, and a die is placed onto the epoxy at the bonding position. The epoxy
or solder is then cured or reflowed by heating to solidify the bond.

Epoxy curing or reflowing using ovens is typically carried out according to
specified heating profiles, such that the epoxy is exposed to various different
30 temperatures during the curing or reflowing processes. FIG. 7 shows typical

heating profiles for epoxy curing and reflowing processes, wherein the epoxy or



sol der shoul d be controllably heated at varying tenperatures. For epoxy
curing, the epoxy nay be preheated to a curing tenperature, heated at the
curing tenperature for a specified period of tinme and then allowed to cool.
For solder reflow, the solder nay be preheated to a flux activation
tenperature, heated at 5 the flux activation tenperature for a specified
period of time, then further heated to-24+eflow tenperature whereat the
heating tenperature is maintained at the reflow tenperature for a specified
period of time. Thereafter, the solder is allowed to cool. The heating
profiles nesolder skeuld de coritfatiablyt heqtpdsatofhryép@)tgmperatemsdeh’or @poXgneuringynon
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oven is relatively | arge because of the need to have nultiple heating
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hi gh. For d&gMémg oven applications where there is small-scal e production

and/or space 25 limtations, such prior art curing ovens are not econom cal
or costlOeffective. Moreover, due to the large size of such prior art curi ng

ovens and g corfRBRL oA, BABRERY b SRR W Phu. FDE AR B o
mai ntai n a dompodrkis of bokggRa at different temperatures, the curing ovens must have
multiple thermal zones. Thus, curing ovens typically consist of multiple thermal
zones wherein each zone is maintained at a single temperature. A substrate is
15 heated according to a specified heating profile when it travels through the

different thermal zones.

The use of curing ovens requiring multiple thermal zones to conduct such heating

has several disadvantages. One disadvantage is that the space occupied by the
20 curing oven is relatively large because of the need to have multiple heating

zones. lIts construction is also relatively complex, as different temperature zones

have to be maintained and the substrate has to be conveyed through all the

different temperature zones. Hence the cost of the curing oven is high. For

curing oven applications where there is small-scale production and/or space
25 limitations, such prior art curing ovens are not economical or cost-effective.

Moreover, due to the large size of such prior art curing ovens and their
construction complexity, sealing of their enclosures is difficult. Thus, where
nitrogen or forming gas is required in the oven to maintain a low level of oxygen
30 content and prevent oxidation of the substrate, a large amount of such gas has to

be continuously pumped to the curing oven to compensate for the leakage.



30 content and prevent oxidation of the substrate, a | arge anount of such
gas has to be continuously punped to the curing oven to conpensate for the
| eakage. -3 Furthernore, the interaction anong the interfaces of the
different thermal zones induces instability on the substrate during the
curing process. The final curing result may thereby be adversely affected.
5 Summary of the Invention It is thus an3aebject of the invention to provide
a curing oven that is adapted to heat a conpound to be processed accordi ng
to a predeterm ned heating profile while avoiding the approach of using
mul tiple t iﬁnﬁmlrrrmwl,ethetihwraeﬁw among the inteeface® ailibe aifferent therdhal zones

conventlonal curin Accordingly, the_ invention provides _an oven for
curing or rRAYCRS 'ﬁ‘gtagw cﬁﬂﬂf@ BP?tB%F&wgcm‘?p?wmgwam Sﬁeafh%é‘"@h&%@g a
heating asgj Eg{rﬂ{ W%{RHBFQQ L')é‘ \t,é}géf)r,aé dcggaruni cation with the heating chanmber

to provide heat reto, a 157support assenbly for supporting the object
in the heating chanber for heatl ng; wherein the heating assenbly and

support nbl configured to be novable relative to one another for
contr ol pab@%&%@ﬁﬂ%bj ect at variable distances with respect to
the heating assenbly, whereby to provide controlled heating of the object
at different tenperatures at different distances with respect 20 to the
heati ng asdeisblhus an ohjadt afdhe dnventiosnto provicer eicmi‘ngemvereﬂmti ipeadapted to
invention in _greater de b reference to the ac n dr.aw . The
bar 1 cul ar M7t Gr SamBotiia o he<PrashSsdth Bofaiiute 8 LERpRed Bedliit ph ik
under st ood vﬂ'ﬁlesékﬂﬁdlﬁg(’Ihé%pbP@acg\e&Qﬁﬁhg mulgle tﬂérrﬁélezd%@atﬁa! Qr%n&)UEUQﬁtthé’n of
the invention as defined by the clains. Brief Description of the Drawi ngs An

exanpl d0of a@ouafdesgrlbe@@onme@tmml gurR@oVens$ the invention will now be 30
described wth reference to the acconpanyi ng draw ngs, in which:

Accordingly, the invention provides an oven for curing or reflowing compounds
on objects comprising: a heating chamber; a heating assembly mounted in
thermal communication with the heating chamber to provide heat thereto; and a
15  support assembly for supporting the object in the heating chamber for heating;
wherein the heating assembly and support assembly are configured to be
movable relative to one another for controllably positioning the object at variable
distances with respect to the heating assembly, whereby to provide controlled
heating of the object at different temperatures at different distances with respect

20 to the heating assembly.

It will be convenient to hereinafter describe the invention in greater detail by

reference to the accompanying drawings. The particularity of the drawings and

the related description is not to be understood as superseding the generality of
25 the broad identification of the invention as defined by the claims.

Brief Description of the Drawings

An example of a curing oven in accordance with the invention will now be

30 described with reference to the accompanying drawings, in which:



-4 FIG 1 is a cross-sectional side view of a curing oven according to the
preferred enbodi nent of the invention enploying a single-zone concept; FIG
2 is a cross-sectional side view of the curing oven of FIG 1 |ooking al ong
5 sectional line A-Aof FIG 1; FIG 3 is a plan view of an exhaust plate
that is attachable to the upper heating assenbly; 10 FIG 4 is a plan view
of a cooling plate of the | ower heating-4ssenbly; FIG 5 is a side view of a
substrate support assenbly that is adapted for coupling to the |ower

heati ng assenbly; 15 FIG 6 is a side view of the substrate support assenbly
| ooki ng frditGdilrieca crasseectibnall side Sijevaof aFeuEingroven asmrdir@tamﬁ' preferedt i ng

profiles for_g gan reflo processes ail ed Description
of the Pr efeé?pcgﬁ"éﬁngj Hf’e QﬁeT &8?5@958[?&08{-}3?9 ide view of a
curing oven 10 according to the preferred enbodi nent of the invention

enpl oyi ng a singl e-zone concept. The 25 curing oven 10ﬁ%enerally conpri ses
an Upper hdd6i. Rgises seotstgectnahside Viewesf theeauringgovers efiblG. 1400king alpm@r and

| ower gat éﬁgg ﬁglnbl ?é?ﬁplghl@ are nount ed in thermal communication with a

heati ng¥ch object, for exanple a substrate (not shown)
that carries a conpound to be cured, is to be heated. Preferably, the upper
and | ower heating assenblies 12, 14 are 30 nounted to inside surfaces of the

heating chdiBes ise pladi vigwealcan exhaustplateainat is atiachable o vke apaenbeating he

substrate rag gﬁﬁ){]vely A region around the upper -5 heating assenbly 12 is
surrounded § pper thermal insulation wall 18 and a

10 FIG. 4 is a plan view of a cooling plate of the lower heating assembly;

FIG. 5 is a side view of a substrate support assembly that is adapted for coupling

to the lower heating assembly;

15 FIG. 6 is a side view of the substrate support assembly looking from direction C
of FIG. 5; and

FIG. 7 illustrates typical heating profiles for epoxy curing and reflowing
processes.

20
Detailed Description of the Preferred Embodiment

FIG. 1 is a cross-sectional side view of a curing oven 10 according to the
preferred embodiment of the invention employing a single-zone concept. The
25 curing oven 10 generally comprises an upper heating assembly 12 and a lower
heating assembly 14. The upper and lower heating assemblies 10, 12 are
mounted in thermal communication with a heating chamber 16 wherein an object,
for example a substrate (not shown) that carries a compound to be cured, is to
be heated. Preferably, the upper and lower heating assemblies 12, 14 are
30 mounted to inside surfaces of the heating chamber 16 facing each other and are

located above and below the substrate respectively. A region around the upper



region around the | ower heating assenbly 14 is surrounded by a | ower thernal
i nsul ation wall 20, so that the sides of the heating chanber 16 are
substantially enclosed. In the prior art, openings nmay be necessary for
conmuni cation with 5 other heating zones so that the heating chanber is not
substantially enclosed. In order to prevent oxidation of the substrate when
it is being heated in the heating chanbgr 16, a relatively inert gas such
as nitrogen gas or other formng gas is introduced into the curing oven 10
via a nitrogen gas inlet 22. Used 10 nitrogen gas is allowed to exit the
curi ng overheating assenibiyul? isgatroundedh by anmagpertthermat insufatiomved!l h8 tandgen gas
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such as a nitrogen gas di scharge plate 28 nount to the upper 15 heater
bl ock 26 f @niclasedt eln thet priaiuart openifigsiniay penneessbry fdracomamiunigcationfwitim t he

nitrogep gas,_inlet. 22 into the, heati chanber .16. . In the_.illustrated
rbodt nant CRTheatEA Zpmes a0 hat hehratibar g mierarionslhsiantaly SqSede
nitrogen gas inlet 22 and channel ed through a nitrogen gas inlet duct 50 20
before being distributed into nitrogen gas channels 54 forned in the upper
heater bl dekorder tatredentchxidgtoplaittbe2gubaiiate edhen it Ise beinge heatesk i the ock

26 h | ur.al i f ni . di sch hol 52. Th it t I
fromtho  MeElDgehogiher e ey e drs She aeuitsgash grs trarher fiffind 55° °
into the heakiRgintrelasde intbbthe? eukihg bvent 10984 eg?qﬂrddt?ﬂlgﬁbqwﬁatiﬂ.o \3ed
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h a
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heati ng asssurtionlihyef26astltheé ¢urhgioveR610.SAn upper heater block 26 in the upper
heating assembly 12 serves to provide heat to the heating chamber 16. A gas
discharge outlet such as a nitrogen gas discharge plate 28 mounted to the upper
15  heater block 26 facilitates introduction of nitrogen gas by channeling it from the

nitrogen gas inlet 22 into the heating chamber 16.

In the illustrated embodiment, nitrogen gas is introduced to the curing oven 10
via the nitrogen gas inlet 22 and channeled through a nitrogen gas inlet duct 50
20 before being distributed into nitrogen gas channels 54 formed in the upper heater
block 26. The discharge plate 28 mounted to the upper heater block 26 has a
plurality of nitrogen discharge holes 52. The nitrogen gas travels from the
nitrogen gas channel 54 through the nitrogen discharge holes 52 into the heating
chamber 16.
25
Used nitrogen gas then flows into an exhaust plate 27 through a plurality of
exhaust channels 56. From the exhaust plate 27, nitrogen gas exits from the

curing oven 10 through nitrogen gas exhaust outlets 24.

30 Nitrogen gas is also introduced into the curing oven 10 via a nitrogen gas inlet

nozzle 30 coupled to the lower heating assembly 14. A cooling plate 36 is



-6 nounted onto the | ower heater block 34 so that the tenperature of the
substrate is further controll able by exposing it near to the | ower heating
assenbly 14. Heating neans such as a | ower heater block 34 in the | ower
heating assenbly 14 provides heat to the cooling plate 36 and heating
chanber 16. As will be 5 described in nore detail below, the cooling plate
36 includes a plurality of support wregslots 73 for receiving support
wires that can be |lowered below the top surface of the cooling plate 36.

Al so coupled to the | ower heating assenbly 14 are cooling neans, such as a

10 conpressesuried ontd ee ower eater blbek 34ssmfirt ahe terhperattireodiihe subtriats
conpressed . air to the | ower heating assenbly 14 in order to | ower the
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side of the lower heater o shiel'd cab WI res use

oper at e t hsulface of treateolingl mate 3BL. 20 There is al so a substrate support
assenbly conprising support rods 44 nounted on a support base 46 for
supporting the substrate while it is being heated in the heating chanber
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t he upper heati ng asse ower asse y 14, for
contr oﬂOabIcpnnmesmcbalrmget hezaiej32cthahis oaeriablﬂ to thtrodane eooling ltompregsad t o

e upper A B los b thaSETRblY T4 ot i e arhatiSye BB ™9 ©f
cooling plate 36 and in the region around the lower heating assembly 14.
Compressed air channels 76 incorporated in the lower heater block 34 help to
cool the heater block 34 and cooling plate 36 if necessary in order to

15  expeditiously counteract the heating effects from the lower heater block 34. A
mounting plate 40 mounts the lower heating assembly 14 to the curing oven 10,
and it is further enclosed with a bottom thermal insulation layer 42. Heater wire
housings 74 are located at the side of the lower heater block 34 to shield cables
and wires used to operate the lower heater block 34.

20
There is also a substrate support assembly comprising support rods 44 mounted
on a support base 46 for supporting the substrate while it is being heated in the
heating chamber 16. The substrate support assembly is configured to be
movable relative to the upper heating assembly, as well as the lower heating

25 assembly 14, for controllably positioning the object at variable distances with
respect to the upper and lower heating assemblies 12, 14. This is to enable
heating of the substrate at different temperatures at different distances with

respect to the heating assemblies 12, 14.

30 FIG. 2 is a cross-sectional side view of the curing oven 10 of FIG. 1 looking along

sectional line A-A of FIG. 1. Nitrogen gas is introduced to the lower heating



respect to the heating assenblies 12, 14. 30 FIG 2 is a cross-sectional
side view of the curing oven 10 of FIG 1 |ooking along sectional line A-A
of FIG 1. Nitrogen gas is introduced to the |ower heating -7 assenbly 14
via the nitrogen gas inlet nozzle 30 into a nitrogen gas chanber 70 forned
in the | ower heater block 34. Fromthe nitrogen gas chanber 70, the
nitrogen gas enters a series of nitrogenygas pockets 72 | ocated just bel ow
the cooling plate 36. The nitrogen gas is then transmtted fromthe
nitrogen gas 5 pockets 72 to the heating chanber 16 through the cooling

plate 36. GespmbBset4lvia thel mtrbgén @@sqm@t nokzet3Einte aritrbgeh igag cremetdr 30 14
via the conpressed air nozzle whi ch_enters a network of conpressed air
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plate 27 that is attachable to the upper heating assenbly 12 of FIG 1. The
exhaust plate 27 has a plurality of exhaust channels 58 receiving used
ni trogen g&onipressédieaiheat intpdabedbiato lthet lowerghheatind) aassenatiipnhé| vianthet

hol es 60 | ocated at, the en f the exhaust channels 58. N t{ro
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assembly 14, and may comprise one or more layers of connected channels.

15 FIG. 3 is a plan view of an exhaust plate 27 that is attachable to the upper
heating assembly 12 of FIG. 1. The exhaust plate 27 has a plurality of exhaust
channels 58 receiving used nitrogen gas from the heating chamber 16 through
exhaust channel inlet holes 60 located at the ends of the exhaust channels 58.
Nitrogen gas is led through the exhaust channels 58 into nitrogen gas pockets

20 62. There is a gas pipe channel 64 for receiving a nitrogen gas inlet duct 50 as
well as other tubings and cables supplying the curing oven 10. A series of
mounting holes 66 are present for mounting the exhaust plate 27 to the upper
heating assembly 12.

25 FIG. 4 is a plan view of a cooling plate 36 of the lower heating assembly 14. The
cooling plate 36 has a series of parallel lines of support wire slots 73 laid out over
the length of the cooling plate 36. The positions of these support wire slots 73
correspond to the positions of support wires comprised in the substrate support
assembly. This allows the support wires to be retracted below the top surface of
30 the cooling plate 36 when it is necessary for the substrate to be in contact with

the cooling plate 36. A series of parallel nitrogen gas discharge slits 80 are



the length of the cooling plate 36. The positions of these support wre
slots 73 <correspond to the positions of support wires conprised in the
substrate support assenbly. This allows the support wires to be retracted
bel ow the top surface of 30 the cooling plate 36 when it is necessary for
the substrate to be in contact wwth the cooling plate 36. A series of
paral [ el nitrogen gas discharge slits 80gare -8 preferably set
perpendicularly to the support wire slots 73. These nitrogen gas discharge
slits 80 are in comunication with the nitrogen gas pockets 72 | ocated
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heating chanber 16. A nunmber of nounting _screw holes 82 are present for
nount i ng t Hischargeslits §§ @paﬂémvn@atlwthﬁéaml%g%g@ﬁmoykq M%logatesl j s a
side view ' f: URL L to
the 1 over Aodr i SOME 8798 1ol AR gpa % Aol RIS i 6% Roadly
support rodharberdant/edumbes of nrountioytsdoew tofds 82 asel ppexent fbranbantimg the
carried_10 by _the support rods 44, and may be in the formof a plurality of
suppor towi pe@hrgasplat%gmedpmﬁheﬁtlm%ammbéoﬂ‘t-o a pair of support rods 44.
The support base 46 is drivable to nove up and down together with the
support rods 44 relative to the |ower heating assenbly 14 so that the

substrate §lUPPHIs adidey vieheofsaippbstratecippotdassepehly thatds adaptesipfondoopling
nmovement. A substrate supported on the_ support 15 wires 86 is noved . towards
or  away | r B IOWE,BRAHIEL A S BYs L) TN SURRITAtRCSUNROR ASRPTBPlY GRINGUSRS § at o
accordi ng i 1 r S L
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base 46 into the heating ch r 16 .through an enclospyre of the heating 20
chanber 165960 ch WHE0H o MSANGATE Rebaho SHERPAEOSh Aoy S SUPBRBFFATIG 1.
FIG 6 is grivakle ¥ @wvelup Qﬁ%%wf SURRRhe 38PBOR!rBdS WK dIskiVe RIMhe
direction C of FIG 5. I't shows a plurality of support rods 44 nounted on
t he suppor towrrskeating assembly 14 so that the substrate supported by the support rods
44 experience corresponding movement. A substrate supported on the support
15  wires 86 is moved towards or away from the upper heating assembly 12 during
heating of the substrate according to a heating profile. Preferably, the support
wires 86 are located inside the heating chamber 16 and the support base 46 is
located outside the heating chamber 16. The support rods 44 extend from the
support base 46 into the heating chamber 16 through an enclosure of the heating

20 chamber 16, such as the bottom thermal insulation layer 42 shown in FIG. 1.

FIG. 6 is a side view of the substrate support assembly looking from direction C
of FIG. 5. It shows a plurality of support rods 44 mounted on the support base
46. Atthe uppermost tip of each support rod 44, there is a support wire mounting

25 hole 88 for mounting a support wire 86. The support wire 86 mounted on a
support rod 44 is stretched and mounted to an opposite support rod 44 as shown
in FIG. 5. There are a plurality of insulation holes 90 formed in each support rod
44 so as to reduce heat transfer through the support rod 44 to the support base
46. These insulation holes 90 may be unfilled or filled with insulation material.

30



46. At the uppernost tip of each support rod 44, there is a support wire
mounting 25 hole 88 for nounting a support wire 86. The support wire 86
nounted on a support rod 44 is stretched and nounted to an opposite support
rod 44 as showmm in FIG 5. There are a plurality of insulation holes 90
formed in each support rod 44 so as to reduce heat transfer through the
support rod 44 to the support base 46._dhese insulation holes 90 may be
unfilled or filled with insulation material. 30 -9 The upper heating
assenbly 12 is the major heating source for the substrate. The | ower

heating asggeblipperdhéding Bs$81Bbly P2 esTeié Fhajen heating Foudse eer tHY substratas a
constant tenperature block, and its tenperature is preferably | ower than
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mai ntain, increase or decrease the tenperature of the cooling plate 36

and/ or t hePladaspP rragntsd oy theHewgeheating assemblyntfer 16 rel atively quickly as

necessary. The heating chanber 16 is arranged such that the upper heating

assenbly 12 is operative to create different isotherns in the heating

chanbet0 16 Aicbetdirglg, it woaldeble appretidted tieattin dhis tprefeeed ermbodineentpiher regioat | ng
er _of isotherps are established in the
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Di fferent yROIWrFedtinyeasdchitiy 89t and both heating means and cooling means are
comprised in the lower heating assembly to maintain, increase or decrease the
temperature of the cooling plate 36 and/or the lower region of the heating

15 chamber 16 relatively quickly as necessary.

The heating chamber 16 is arranged such that the upper heating assembly 12 is
operative to create different isotherms in the heating chamber 16 that are located
at different distances from the upper heating assembly 12. Consequently, a

20 number of isotherms are established in the heating chamber, although it
essentially comprises only one heating zone. Different isotherms have different
isotherm values.  Therefore, the substrate can be heated at different
temperatures by positioning it at different isotherm positions.

25 A heating profile is created primarily by adjusting the relative distance between
the upper heating assembly 12 and the substrate. Less importantly, the heating
profile can be created by adjusting the relative distance between the lower
heating assembly 14 and the substrate. The upper heating assembly 12
provides a convection and radiation heat to the substrate. Since the amount of

30 heat transferred to the substrate changes with the separation distance between



i sot herm val ues. Therefore, the substrate can be heated at different
tenperatures by positioning it at different isothermpositions. 25 A heating
profile is created primarily by adjusting the relative di stance between the
upper heating assenbly 12 and the substrate. Less inportantly, the heating
profile can be created by adjusting the relative di stance between the | ower
heating assenbly 14 and the substrate. _Hpe upper heating assenbly 12

provi des a convection and radiation heat to the substrate. Since the anount
of 30 heat transferred to the substrate changes with the separation distance

bet ween - 1¢hd kebstrte Eaadeth@dppéne heafirg é&ﬁmlﬂﬂ B sthedlargéR thé heepapatgser the
separation _distance, the |ower the a transtferred to the
substrate. ﬁﬁ@n(@irtlﬁb)Wéheﬁﬁanﬂf(ﬂ‘eﬁﬁtf@nﬁfﬁ"@géaﬁa@§U9§tlﬁ@tedepth in order to
provide 5 sufficient tenperature variation in the heating chanber 16 to
heat a substrate according to the specified heating profile. The substrate

support asJeebtyring boeh dl(hakieuldi havelant béequdte e Hepil #vatderoto pwvide t he
substrate to_specified positions in the heating chanber 16 so as to | ocate
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In use, the system should be aware of the heating temperatures at different
15 distances from the upper heating assembly 12 in order to accurately control
heating of the substrate according to the required heating profile. The preferred
method for doing this is to pre-calibrate the curing oven 10 to obtain a graph
representing the temperatures at different separation distances from the upper
heating assembly 12 in the heating chamber 16, based upon predetermined
20 temperatures of the upper and lower heating assemblies 12, 14 and
predetermined nitrogen gas flow rates. During heating, the substrate can be
positioned for heating at different temperatures by referring to the said graph
produced during calibration. Furthermore, it is preferred that a temperature
sensor (not shown) is mounted to the substrate support assembly adjacent to the
25 substrate position at the same or similar distance from the upper heating
assembly 12 as the substrate for determining in real time the temperature to
which the substrate is exposed. This allows for more accurate online

determination of the heating temperature.

30 In the preferred embodiment of the invention described above, the curing oven

10 therefore comprises a primary temperature-controlled heating assembly 12 at



predeterm ned nitrogen gas flow rates. During heating, the substrate can be
positioned for heating at different tenperatures by referring to the said
graph produced during calibration. Furthernore, it is preferred that a
tenperature sensor (not shown) is nounted to the substrate support assenbly
adj acent to the 25 substrate position at the sane or simlar distance from

t he upper heating assenbly 12 as the sulistrate for determning in real tine
the tenperature to which the substrate is exposed. This allows for nore
accurate online determnation of the heating tenperature. 30 In the

preferred ¢emdesh aewelbhs tahtermpsratireccondretied iHeadinglassembiipel 4car thegbotien. 10
therefore conprises a PI’I mary terrperature controll ed heati ng assenbly 12 at
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It should also be appreciated that other orientations of the heating sources are
15 possible, such as locating the primary heating assembly at the bottom of the
curing oven 10 instead of at the top. Further, with a suitable transportation
mechanism, it is also feasible to put the temperature-controlled heating assembly
at the side of the heating chamber 16 and control the temperature at which the
substrate is heated by changing its relative distance to the heating assembly. It
20 may also be possible to move a temperature-controlled heating source instead of
moving the substrate by keeping the substrate stationary, or to move both

relative to each other.

An advantage of the preferred embodiment of the current invention is that it
25 employs a single-zone concept in which the heating profile for a substrate is
created inside a single thermal zone. Therefore, the size and construction
complexity of the curing oven can be substantially reduced. This is especially
beneficial for small-scale production facilities and where there are space
constraints that prevent the installation of conventional multiple-zone curing

30 ovens.



at the side of the heating chanber 16 and control the tenperature at which
the substrate is heated by changing its relative distance to the heating
assenbly. It 20 nmay al so be possible to nove a tenperature-controlled

heati ng source instead of noving the substrate by keeping the substrate
stationary, or to nove both relative to each other. An advantage of the
preferred enbodi nent of the current invergion is that it 25 enploys a

si ngl e-zone concept in which the heating profile for a substrate is created
inside a single thermal zone. Therefore, the size and construction

conpl exity Mbretdver ,casithg ovem siml is)ereialivelyasmaﬂl |seatipg Unesxbméshieasier and

especially eneficial for s scal e uction facilities a ere_there
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form ng gas:dmep’aallsbaallmlaaiesvmemwd fof zonalyigteractiont and the imstabitityt thakthiat ion
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thermal |y %@Q{rgtéam\/{hé%ﬁﬁgtprbée§§1er eby provided for the substrate in the
curing process. Furthernor unl 1 ke nmultiple-zone ovens that have

di fferences of separation distances between the substrate and heating
devices in erent zor es that, may 10 resu i,nincgnsistent heatin t he
cur | ng overf UEETBRe GRS OB bleraine pVeBR bt diie ot RECH\AL EaATafian
capabl e of distaKced betwedPtHe Sisststy aﬁarrﬁéa?ehgruewée%rmwuﬁéwn%zbﬁég%anﬂayone
depth since the distance of the substrate to the heating device is

cont r ollDablresult SinTinconsistenti beatieg.c the ecuring «vien §C§Q§hr@tiob Itee t Dreferred
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temperature range and zone depth since the distance of the substrate to the

heating device is controllable.

15 The invention described herein is susceptible to variations, modifications and/or
additions other than those specifically described and it is to be understood that the
invention includes all such variations, modifications and/or additions which fall

within the spirit and scope of the above description.



invention includes all such variations, nodifications and/or additions which
fall wthin the spirit and scope of the above description. -13 CLAIMS: 1.
An oven for curing or reflow ng conpounds on objects, conprising: a heating
chanber; 5 a heating assenbly nmounted in thermal conmunication with the
heati ng chanber to provide heat thereto; and a support assenbly for
supporting the object in the heating chaagher for heating; wherein the
heati ng assenbly and support assenbly are configured to be 10 novable
relative to one another for controllably positioning the object at variable
di stances gLAIMS:spect to the heating assenbly, whereby to provide
controll ed™ heating of the object at different tenperatures at different

di stances with respect to the heating assenbly. 15 2. The oven according to

claim1, erein_the i .y i rative .. create different

Csot her s locat A Aerdor pultde BF RPN sBmRRERBY ot opkfsnboRbEsBlol Tn « ne
heati ng chanber g hbatihgehawsseraccording to claim1 or claim 2, wherein the
heati ng assenbly is 0 nmounted to an inside surface of the heating chanber.

4. The @ven accérhgatipor assamblyeountedhia thesmabcagnaurication witht ther hedting i si ng
i nsul ation 0 { [ e ose the sides of the heating chanber.
25 5. The 86%%'@5&009&% ﬁé(;étatﬁy%%eé}gq the preceding clains, wherein the
heating assenbl @ dupponeasssmblyi foesuppoRingi theedbjsodinatigakesliry bhagbeptdr et to
introduce a relative inert gas into the heating chanber, and an exhaust

systemto healRgie the relatively inert gas fromthe heating chanber. 30 6.

The oven accordipardif tfié HeBtiRg a¥8EHBIahl SuBSr'd¥sEbIy' &he'€65fgRARd to be
10 movable relative to one another for controllably positioning the object at variable
distances with respect to the heating assembly, whereby to provide controlled

heating of the object at different temperatures at different distances with respect

to the heating assembly.

15 2. The oven according to claim 1, wherein the heating assembly is operative
to create different isotherms located at different distances from the heating

assembly in the heating chamber.

3. The oven according to claim 1 or claim 2, wherein the heating assembly is

20 mounted to an inside surface of the heating chamber.

4. The oven according to any one of the preceding claims, further comprising

insulation walls to substantially enclose the sides of the heating chamber.

25 5. The oven according to any one of the preceding claims, wherein the
heating assembly further comprises a gas inlet and a gas discharge outlet to
introduce a relative inert gas into the heating chamber, and an exhaust system to

remove the relatively inert gas from the heating chamber.

30 6. The oven according to claim 5, wherein the gas inlet includes gas

channels formed in the heating assembly that are in communication with gas



channels forned in the heating assenbly that are in comruni cation with gas
-14 di scharge holes conprised in the gas discharge outlet nounted to the
heating assenbly for discharging the relatively inert gas into the heating
chanber. 7. The oven according to any one of the preceding clains, wherein
the 5 support assenbly is drivable to nove the object with respect to the
heating assenbly. 8. The oven accordinﬂ to claim7, wherein the support
assenbly conprises support rods carryi @'a support platformat an end

t hereof for supporting the 10 object, the support rods being nounted to a

claim s, WiSnHHe RS Sp RSB s ons SeaiE BlupRrkifd 1S TnETRRg L™
chanber, t&@eﬁmp%rtdim?ing th@(?éraﬁdelgwﬁéritgasﬁﬂimtheahbbﬂggbﬁaﬁiwber and the
support rods extend fromthe support base into the heating chanber through

an encl osure of the heating chanber. 10. The oven according to claim?9,

wherein t su t a opprjse S 0 i e t ends
of the su%ortpﬁg‘%sq\’%bogg(i&%e@\ﬁéﬁ §880¢%ﬁh%tp{%é%°ﬁ@g ro@%'%%’q«ﬁg'teg et(agdi ng
cl ai ms 5 f uguppeit aes@rhbly 39 dridalsiecenehdveattie @bfss awith respedtt ©dthe Hebﬁh?ﬁﬂ
comuni cation with the heating chanber such that the object is novable
bet ween t SSEMBlY. and second heating assenblies for controlling heating of
the object. 25 12. The oven according to claim1l, wherein the first and
second heating assenblies are nmounted facing each other and the object is

posi tioned.i n UBte oweh actbedifg te tclamd? swherein ieeisuppord ssehiblye somprispposi t e
sides of the object. 30 13. The oven according to claim1l1l or claim12,
wherein th& FRsheafrying @ support platform at an end thereof for supporting the

10 object, the support rods being mounted to a drivable support base at an opposite

end thereof.

9. The oven according to claim 8, wherein the support platform is located
inside the heating chamber, the support base is located outside the heating
15 chamber and the support rods extend from the support base into the heating

chamber through an enclosure of the heating chamber.

10. The oven according to claim 9, wherein the support platform comprises

support wires mounted onto the ends of the support rods.

20
11.  The oven according to any one of the preceding claims, further comprising
a second heating assembly mounted in thermal communication with the heating
chamber such that the object is movable between the first and second heating
assemblies for controlling heating of the object.

25

12. The oven according to claim 11, wherein the first and second heating
assemblies are mounted facing each other and the object is positioned in use

with the first and second heating assemblies on opposite sides of the object.

30 13. The oven according to claim 11 or claim 12, wherein the second heating

assembly is configured to be maintained at a constant temperature.



assenbly is configured to be maintained at a constant tenperature. -15 14.
The oven according to any one of clains 11 to 13, wherein the second

heating assenbly is maintained at a |ower tenperature than the first heating
assenbly. 5 15. The oven according to any one of clainms 11 to 14, wherein
the second heating assenbly conprises both heating neans and cool i ng neans
coupled to it. 10 16. The oven accordi to claim15, wherein the cooling
means conprises conpressed air introdhigd into the second heating assenbly.
17. The oven according to claim 16, including a network of conpressed gas
channels forned in the second heating assenbly for distributing conpressed
air 15 in the second heating assenbly. 18. The oven according to any one of

clainms 15 14 17Thd wveheiccordingitei gy aneasfnelaioid an tol #8 ewheryih éde Gecbhe
second heating assenbly that 1s in thermal conmunication with the heating

|y | 1S :
and cool i rrgemnasmb%//sl%mwmgmeédat 8 loweddempearatsaithes the @f\%i‘eﬁﬁlﬁﬁﬂ t he
obj ect V\heé'gstelﬁ%lg_bj ect is placed in proximty thereto.

5
15. The oven according to any one of claims 11 to 14, wherein the second
heating assembly comprises both heating means and cooling means coupled to
it.

10 16. The oven according to claim 15, wherein the cooling means comprises

compressed air introduced into the second heating assembly.

17.  The oven according to claim 16, including a network of compressed gas
channels formed in the second heating assembly for distributing compressed air

15 in the second heating assembly.

18. The oven according to any one of claims 15 to 17, further comprising a

conduction plate mounted on the second heating assembly that is in thermal

communication with the heating and cooling means and is configured to conduct
20 heat to or away from the object when the object is placed in proximity thereto.





