-1- OVEN FOR CONTROLLED HEATI NG OF COVMPOUNDS 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 conductor assenbly for setting conmpounds
15 such as epoxy resin and encapsul ati gq ol di ng conpound that are

i ntroduced onto electronic conmponents. These conpounds are usually

I ntroduced onto electronic conmponents in fluid form They may al so be
suitable for reflowing. Based on the characteristics of these conpounds,
they may have to be heated according to specific heatlng profiles during
the curing or reflow ng Q@E@RWN'ERM&HEA!IWQ nmpl ement ati on of
curing ovens is in the ) pl der applied in
the field of die bondi ' are bonded onto
substrates such as Ieadfranes u5|ng epoxy or solder as an adhesive. Epoxy
is first introduced onto the substrate in fluid format a bonding 25

posi ti 6n, FKeld af tHednventidnaced onto t he epoxy at the bonding position. The
epoxy or solder is then cured or reflowed by heating to solidify the bond.
Epoxy curing or reflow ng using ovens is typically carried out according to
specified S0
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wherein the_epoxy or -2-
reflow ovens, as the curing oven herein is also adaptable for use in reflowing

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 should 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 time 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 a reflow 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 may differ for different types of epoxy or solder. 10 One common

feature ofsibShdiid HEEIMALIBKE MedtBa 't ¥aryihg t6MPeRRBISS. OF P BbERY cufigiPound

is to be heated at different t nperatures r| ng ovens ave
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oven is relatively | arge because of thﬁhﬂneed to have myltipl e heating zones.
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25 limtations, such prior art curing ovens are not econom cal or

cost - ef f ecsqige. Moreover, due to the large size of such prior art curing
ovens d their constructlon conplexity, sealing of their enclosures is
difficult. Thus, where nitrogen or formng gas is required in the oven to

mai nt ai n aOhevcdrar®n fdatgeey 9B prior art curing ovens is that, if the epoxy or solder
compound is to be heated at different temperatures, the curing ovens must have

multipie 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 multipie heating
zones. Its 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 an object of the invention to provide
a curing oven that is adapted to heat _a conpound to be processed according
to a predeterm ned heating profile while avoiding the approach of using
multiple thermal zones that are found in the 10 above-descri bed

convent i OrRirtHeffrions, BiceinterabiG®BoNY the hiRfddasestt thendiffént dasrma zoves for
curing or reflow ng conpounds on objects conprising: a heating chanber; a

heati ng aspdutgs,instabilitycon the substnete dwingthe suting prdeasst h&éhadmal wyrioganber
to provide heat thereto:, and a 15 s ort assenbly for supporting the object
in the hedffH "@Yaﬁﬁé‘?mf B?a gﬁﬁsleﬁg?#&ﬁﬁ%rei n the heating assenbly and
support assenbly are configured to be novable relative to one another for
controllably positioning the object at variable distances with respect to

t he hedt i nBumesvif the liventby t o provide controlled heating of the object

at different tenperatures at different distances with respect 20 to the
heati ng assenbly. It will be convenient to hereinafter describe the
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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 assenbly; FIG 5 is a side view of a
substrate support assenbly that is adapyed for coupling to the |ower
heati ng assenbly; 15 FIG 6 is a side view of the substrate support assenbly
| ooking fromdirection C of FIG 5; and FIG 7 illustrates typical heating
profiles fRG, ap@xy cfossldettiondl sige/visw e a IMTFEE98F acédrdit] & trRIpldteeéd ption
of the Preferred Enbodinent FIG 1 is a cross-sectional side vi ew of a
curing oveambadienend ofitheginventicreemplayieg asingledzooemencept, t he i nvention
enpl oyi ng a singl e-zone concept. The 25 curing oven 10 generally conprises
an upper heating assenbly 12 and a | ower heating assenbly 14. The upper and
| over heatpjog ?%Sé%ése%ét%naﬂ-%id%rﬁemﬁ@ﬂfhbe&riﬁr'gpbw @'FIGOWBklﬁﬁtéIS with a
heati ng chanber wherei n an obj ect for exarple a substrate ot shown)
t hat cérrisectianaldimgodnAdot BlGhel;cured, is to be heated. Preferably, t he upper
and | ower heating assenblies 12, 14 are 30 nounted to inside surfaces of the
heati ng chanber 16 facing each other and are | ocated above and bel ow t he
substrate t d 5 LN 12 is
Surr ounded oy o 4 bRy vief OFdh SNBLRLDELS It 1 BGonclo 16%he ppeF heathy
assembly;

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 locking from direction C
of FIG. 5; and

FIG. 7 llustrates 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 nsulation wall 20, so that the sides of the heating chanber 16 are
substantially enclosed. In the prior art, openings nay 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 chanber 16, a relatively inert gas such
as nitrogen gas or other formng gas jg.introduced into the curing oven 10
via a nitrogen gas inlet 22. Used 10 nitrogen gas is allowed to exit the
curing oven via an exhaust system which may be in the formof nitrogen gas
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enbodi ment, nitrogen gas Is introduced to the curing oven 10 via the
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before being distributed into nitrogen gas channels 54 forned in the upper
heat er bl ock 26. The discharge plate 28 nounted to the upper heater bl ock 26
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heati ng admelilthe férmAof mittogem pbat exrfusts 24 incorporated into a top thermal

insulation layer 25 of the curing oven 10. An 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
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-6- mounted 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 nmeans 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 wre slots 73 for receiving support
wires that can be |owered bel ow the topg surface of the cooling plate 36.
Al so coupled to the | ower heating assenbly 14 are cooling neans, such as a
10 conpressed air inlet nozzle 32 that is operable to introduce cooling
conpr esse et hQNEF [ '
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assenbl y to the curing oven her encl ose a bottom

t her mab i rdagcaibediin hayrerdefall bélowt, die vooling ates3h jrcludesaa pluralitatofduppoit he
side of the |ower heater block 34 to shield cables and wires used to
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assenbly c .S mﬁh 44 mounted on a support base 46 for
supporting gesé}cgg?r%gpe l|‘:"Irté(i3§8’t I's being heated in the heating chanber
16. The substrate support assenbly is configured to be novable relative to
t he upper heating assenbly, as well as the | ower heating 25 assenbly 14, for
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air to the lower heating assembly 14 in order to lower the temperature of the

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. 2is 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 |lower heating i -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 nitrogen gas pockets 72 | ocated just bel ow
the cooling plate 36. The nitrogen gas7.s then transmtted fromthe
nitrogen gas 5 pockets 72 to the heating chanber 16 through the cooling
plate 36. Conpressed air is introduced into the |ower heating assenbly 14

via the csBhesyad ih thé Atidgenidas Mo 80Sntd é‘ﬁiti’&@j’éﬁ @és eRambeEsad air
channels 76 forhed in the | ower heater block 34. The conpfressed air can be

used to cdormed inHbellower hesder bigcksIentiirgmithe aitwbgeougas chambeneiil, ithg by
the I ower heater block 34. The c ressed air cha S (6, ar referably
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pl ate 37 thatkeis72to tehhdating charhbeup érrouge dité ngolagsplate $612 of FIG 1. The

exhaust plate 27 has a plurality of exhaust channels 58 receiving used
nitrogen gas fromthe heating chanber 16 through exhaust channel inlet
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the lower heater block 34 for distributing compressed air in the lower heating

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 paraliel 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 l el nitrogen gas discharge slits 80 are -8- preferably set

perpendi cularly to the support wire slogs 73. These nitrogen gas discharge
slits 80 are in comunication with the nitrogen gas pockets 72 | ocated
under the cooling plate 36 for nitrogen gas to flow therefrominto the
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lower heating 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. These insul ation holes 90 may be
unfilled or filled with insulation matepi.al. 30 -9- The upper heating
assenbly 12 is the major heating source for the substrate. The | ower
heati ng assenbly 14 may in one inplenentation be configured for use as a

const ant tiwpeppétheat@assemnly NR2sistthspaajlr Uieating sowterfabltlye Isabstratehan
that of the upper heati ng assenbly 12. In the preferred enbodi nent, the
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assenbly 14. 10 Accordi ng , it would be appreC| ated that in this preferred
ng
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than the te r.at heatl ng
reans. and TR P ety dolfsringdieat 16 bk 84-ARTY Hed fory BESuBBhoa

mai nt ai n, Tl'ﬂ§rc%@1$§eQJ’orﬂlae§ qR&AmAINConduRIBAT %Néﬁarﬂbléhﬁ/ ﬁﬁlﬁmg“gh@'c%bﬁn 6

and/ or the | ower region of the heating 15 chanber 16 relatively quickly as
necessar y.plates3themunief onthmlowerdeadingrassagly $4ch that the upper heating
assenbly 12 is operative to create different isotherns in the heating
chanmber 16 that are |located at different distances fromthe upper heating

assenmy Jﬂcco@iﬁgﬁﬂu%dw beaap%ﬁeauféaemapfn ihePhReEmEd @hfbrithahl, it Rshibm t he
heati ng chanber, "al t hough essential |y conprises only one heating zone.
Di f ferent argun@.éhemppawbeaﬂrfg assambly 12 is set higher than the temperature around
the lower heating assembly 14, 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. The upper heating assenbly 12
provides a convection and radiation heagto the substrate. Since the anmount
of 30 heat transferred to the substrate changes with the separation distance
bet ween -10- the substrate and the upper heating assenbly 12, the larger the

separ at i Othe HubsBBfe anththd Qpper tHeatingPasEeribiy NERt tHe M¥EP the sdpirhtivh

substrate. The curing oven 10 shoul d have an adequate zone depth in order to
provi de Wistan¢e,dhe lnwerdhparaountof\wat transfenied tobe isebsiratg. chanber 16 to
heat a substrate according to the specified heating profile. The substrate
support assenbly should have m ninmal thermal nass to el evate or |ower the

substrat e T sh@td oved 1m%ﬁb§:!ooﬁ§vé art B8efi@Rb! Rhe BRPIEN %@déotoaérd\fﬂié ocat e

the desired isothermat particular times during the curing process wthout
cont r i but ispffidenti tempecaipes atadation 10 the peeatinggcliambée 16ekpuheatda hedsinate

file, th bst nbly le t It th
st r ot o A00RHG e her SHBETEH B Alatie. ufher suhulzatenauerd ssombY f o
speci fi ed sy R hé\ﬂ.f P‘lil‘!iﬂ'nali'?ﬁerrﬁé(]??néé@E&@e’%ﬁ@bp@\?eratﬂ@r batrald'® S5&if
tenperatures at different 15 distances fromthe upper heating assenbly 12

i n order tpositiongriat ey heating ahantteat 1 & goohst toelcxabs thatdesiredoisdthegmt at t he

requi red heati rofile. The preferred nethod for doing this is to
b e cal | bW RlelTags 4G R N Graskss WikoG camibitig st iamesiehie.

t enpekat ur di f.fe r at.i i séan r |k

nssonipy TEReiciit ChelRMTeqfRer Reufifa BrofiBLRRE sUbSIute uBaF lesBiE

t enper at umpesgr@imrhbleuiapposition theveubstete iat patiadabldistanded, frorh tvedl upper
heating assembly 12 for specified durations.

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
the upper heating assenbly 12 as the substrate for determning in real tine
the tenperature to which the substratej4s exposed. This allows for nore
accurate online determnation of the heating tenperature. 30 In the
preferred enbodi nent of the invention described above, the curing oven 10

ther ef or e tRENHP iaTOFeR 2Bl 4 HENPetRIRLEGIHSIRUCIEURY A8sbrhBigt14dt @55 8BRbM. 12 at
-11- the top as well as a tenperature-controlled heating assenbly 14 at the

bottom \With thee speeifietli temperaténeatcontrolsomnr doth owppest Bndplmveraheatingver
heating assenbl.i es the . ability. to provide independent tine intervals at
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t he | ower [ I i ok | konnent
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t he fl exi dheitéemperatuss-contrdlledrweatingrabsemibdy 14edthe gottooh. Newdrthejess, tesses

in addition to the top heati ource. It should al so be appreciated that
ot her ori éfvantages off NE’Qnetﬁgi ?‘F{,}”%ro Egalaé‘se’i'@ﬁfpo%i'ﬁl , §l§7g’ﬂ'z§s thecat i ng

t'hep'mar ' at. g t fo et N 1Q ead of
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feasi bl e tpropeds.t Itealtenpevidtsi tiee dleribility lire dsingathenmahssedidtion heating and

cooling processes in addition to the top heating source.

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 aiso be possible to move a temperature-controled 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 instaliation 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 may 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 invention is that it 25 enploys a

si ngl e-zone concept in which the heatipgzprofile for a substrate is created
inside a single thermal zone. Therefore,“the size and construction
conplexity of the curing oven can be substantially reduced. This is

especi al | y i Gl f -:SC : i Aaci Lt ; there
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relatively small, sealing becones easier and therefore, the consunption of
ni trogen oPXYoenmeaieniaty pevent pxidiation is eRrespendipgly wafent ke single zope
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substrate in the curing process. Furthernore, unlike nultiple-zone ovens

t hat have $litistrateiiciee aringgpacass.on di st ances between the substrate and
heating devices in different zones that may 10 result in inconsistent
heating, the curing oven according to the preferred enbodi nent of the

invention FertikGRRbe UMk’ RitRblél8oRe CORINsNHRHIShiveE QifeieheBs of SBp&lbH' €
range and zone depth since the distance of the substrate to the heati ng

devi ce i s distances lbabieen il Substrateand heatingsdeviteslinhdifferentizoneadbalpmakl e t o

LRt R, TR S, %, FUFS S addbRind "5 2P BRbrhd |
embodiment of the invention is capable of providing a continuously consistent
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, maodifications and/or
additions other than those specifically described and it is to be understood that the
invention includes all such variations, modifications andfor additions which fall

within the spirit and scope of the above description.



i nvention 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 for containing at |east one of the objects; 5 a first heating
assenbly nmounted in thermal comrunication with the heating chanber to
provi de heat thereto, the first heating assenbly conprising a gas discharge
outl et having gas di scharge holes discharging a relatively inert gas into

t he heating chanber, the first heating assenbly conprising a gas inlet

havi ng gaiaiggggﬁls formed in the first heating assenbly, the gas channel s
10 being i nication wth gas discharge hol es of the gas discharge
outlet, and the first heating assenbly conprising an exhaust systemto
renove the relatively inert gas fromthe heating chanber; a second heating
assenbl y rount éd oventfaeewrng efgefiawingaaanppusidsien okiectsceampiisingianber t o

provi de heat t Qq{;egatﬁﬁgyhggwggg&?éggg&bb %9'9%2*@?'3@%}“%2%%%?15 spaced fromthe

first heating as asse ting an object in

the hegting chanfigt lieatinghassemigy moantidniri Hierts) peorhmasRatioh YWwitls thevabl e
relative to the first heatin assenbly and the second heating assenbly for

cont r ol | athepting shambar igyprovidediat dheret the hrss heating psserably goprisingsaenbl y at
I abl it ' t : : _ t
heat i ng aSes iy eray bifbut R as dstiifos hoks dftich i ARBILY g gpee ccon

di fferent intenther dbatires chiambler,otheu first rhedtingc bssepalsly adomstidifge ree glas dinkgt ances
wWith respect to the first and ge_cond Heati ng assenblies, and wherein the
obj ect i s hayingnhaas Ahgngels %’&'i"'ﬁ bt Reerst heafing Assgrply dhgngahchanmgls o5

assempyi epehfy indnARLnRiHIWRA GRS AidcRdrdteRILEBf fle 42O outlet, and
the first heating assembly comprising an exhaust system to remove the relatively
inert gas from the heating chamber;
a second heating assembly mounted in thermal communication with the
heating chamber to provide heat thereto, the second heating assembly being
15 spaced from the first heating assembly; and
a support assembly for supporting an object in the heating chamber for
heating;
wherein the support assembly is movable relative to the first heating
assembly and the second heating assembly for controllably positioning the object
20 supported by the support assembly at variable distances with respect to the first
heating assembly and the second heating assembly for providing controlled
heating of the object at different temperatures which occur in the chamber at
different distances with respect to the first and second heating assemblies, and
wherein the object is movable along a path between the first and second heating
25 assemblies for establishing controlled heating of the object.

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

30



2. The oven according to claim1l, wherein the first heating assenbly is
operative to create different isotherns |ocated at different distances from
the first heating assenbly in the heating chanber. 30 -14- 3. The oven
according to claim1 or claim2, wherein the first heating assenbly is
mounted to an inside surface of the heating chanber. 4. The oven according
to any one of the preceding clains, fuﬁther conprising 5 insulation walls
to substantially enclose sides of the Heating chanber. 5. The oven accordi ng
to any one of the preceding clains, wherein the support assenbly is

drivabl e nove _t | Wt t t f . I B ly. 10
6. The ovte3$1) acﬁ?d?ﬁ%‘vp?ggg{% tg,él\g/\m?gioﬁ @ﬁ@%p%?te@?@én@% %%ﬁﬁg?ses
support r edsemblyiyimgurted toawidsidd Qirfaperofits heatmpeiariBert he obj ect, the

support rods being nmounted to a drivable support base spaced fromthe
support platform 15 7. The oven according to claim®6, wherein the support

bl atform i | OafeSHen fitbiling BeafipShé B8NAEBENng ChfinS URRRE! oBfBRshg | ocat ed

outside the heating ¢ an e support ext eh romt port
base i 6t o indudatimawalisgto suibatandially encosgsides ef tHeolseatmmgathantberheat i ng chanber .
20 8. The oven according to claim7, wherein the support platformconprises
support wires nounted onto the ends of the support rods. 9. The oven

according g 0 af}e0 f i | | & e, N fi : second
eat | ng acsembl o OLIE ackl 5 ity né o R, pleRRlg ol Whtein 3¢ 2
posi t i onedsuppoti assambtyhis drivable tonniove dioe dbjechwmithgeapeatbithedirstirheatiogat ed at
opposite sides,of the object. 10. The oven according to any one of the

pr ecedi ng 3@?%‘?&- wherein the

10
6. The oven according to claim 5, wherein the support assembly comprises
support rods carrying a support platform for supporting the object, the support
rods being mounted to a drivable support base spaced from the support platform.

15 7. The oven according to claim 6, wherein the support platform is located
inside the heating chamber, the support base is located outside the heating
chamber and the support rods extend from the support base into the heating
chamber through an enclosure of the heating chamber.

20 8. The oven according to claim 7, wherein the support platform comprises
support wires mounted onto the ends of the support rods.

9. The oven according to any one of the preceding claims, wherein the first
and second heating assemblies are mounted facing each other and the object is
25 positioned such that the first and second heating assemblies are located at

opposite sides of the object.

10. The oven according to any one of the preceding claims, wherein the
second heating assembly is operable to be maintained at a constant
30 temperature.



second heating assenbly is operable to be nmaintained at a constant 30
tenperature. -15- 11. The oven according to any one of the preceding clains,
wherein the second heating assenbly is nmaintained at a | ower tenperature
than the first heating assenbly. 5 12. The oven according to any one of the
precedi ng clains, wherein the second heating assenbly conprises both a
heating device and cooling device coupled to it. 13. The oven according to
claim12, wherein the cooling device T %ﬁrises a 10 device operable for

i ntroduci ng conpressed air into the second heating assenbly. 14. The oven

formed 1 The” orHeh oo ABli I8 Aaf Sreohr i ereaRiT o QR 8 ° 15 1
t he secondsdreatli igatmgsasddnbly 1. maineainse at ac owet Rengerattk@ithad 4he filystt her
conprising a conduction plate mnmounted on the second heating assenbly, the
conduct i onhgAtRYASSEMBY.i n t hermal communi cation with the heating and

cool ing devices, and the conduction plate 20 being operable to conduct heat
to or anay fromthe object when the object is placed in proximty to the

conduct§ oml atFhe oven according to any one of the preceding claims, wherein the
second heating assembly comprises both a heating device and cooling device

coupled to it.

13.  The oven according to claim 12, wherein the cooling device comprises a
10 device operable for introducing compressed air into the second heating
assembly.

14. The oven according to claim 13, including a network of compressed gas
channels formed in the second heating assembly for distributing compressed air

15 in the second heating assembly.

15. The oven according to claim 14, further comprising a conduction plate
mounted on the second heating assembly, the conduction plate being in thermal
communication with the heating and cooling devices, and the conduction plate

20 being operable to conduct heat to or away from the object when the object is
placed in proximity to the conduction plate.



