SYSTEM FOR FABRICATING AN INTEGRATED CIRCUIT PACKAGE ON A PRINTED CIRCUIT

BOARD TECHNICAL FIELD The present invention relates generally to manufacturing integrated circuits,
and more particularly to solder-reflow system for manufacturing integrated circuits. BACKGROUND ART
In the electronics industry, the continuing goal has been to reduce the size of electronic devices, such as

for complox clect oN SEROB AN NG SRR TR KRB ounicd on prinied

circuit wiring boards (PCBs) using s%%ﬁ%ﬁ@ﬁ%%%ESQWp technology involves printing a

solder paste on input/output pads on ages and heating the solder paste to a
temperature equal to or greater than that of its melting point in a "reflow" process. The reflow process
has been long used to connect electronic components having input/output pins onto a PCB and many
types of reflow ovens have been developed. However, PCB reflow for solder bump technology is a more
complex operation that, as a result, requires!&yBPERMakiElt&ger, more complex and more expensive
than is necessary for_conventional reflow. The solder-reflow step involves four phases: preheat, activate,

reflow, and cooling. ‘PFEFCRTThE Yraieade B 12 Dol a1 pu e 1o ned e s S TeHiperl (P hat is just
below the megitingyailt ofsthdécsoddery balew aboninb8RGiringa mégogehncatmiasphere. In the activate
phase, the flux that is used to adhere the solder to the solder pads is activated to remove oxide on the
pads, and the temperature of the substrate and the solder are allowed to become more uniform and
stabilized. During this activate phase the te@%]%%@ﬁ%%fl\}‘}eAﬁder and the substrate is nearly constant
or may increase slightly. In the reflow phase, the temperature is caused to increase rapidly and exceed

the melting point so gs 4@ RILIRAKOIREANY WEL bR RAINCLAAYR.S BRREYEREAXIdaHON# hijge volume

of nitrogen is required to purge the oven 1°used for the reflow. Finally, in the cooling phase, the solder
and the substFAEaRAited e dag @ HpBrRAFE IR SBIGHr the e R 81A PEF B &der such

that the soldergolighéi®s  Integrated circuit devices for complex electronic systems typically are
incorporated into packages that are then mounted on printed circuit wiring boards (PCBs)
using solder bump technology

Solder bump technology involves printing a solder paste on input/output pads on the
integrated circuit packages and heating the solder paste to a temperature equal to or greater
than that of its melting point in a “reflow” process.

The reflow process has been long used to connect electronic components having
input/output pins onto a PCB and many types of reflow ovens have been developed.
However, PCB reflow for solder bump technology is a more complex operation that, as a
result, requires an oven that is larger, more complex and more expensive than is necessary for
conventional reflow.

The solder-reflow step involves four phases: preheat, activate, reflow, and cooling.
First, in the preheat phase the solder paste is warmed to a temperature that is just below the
melting point of the solder, below about 183°C, in a nitrogen atmosphere. In the activate
phase, the flux that is used to adhere the solder to the solder pads is activated to remove oxide
on the pads, and the temperature of the substrate and the solder are allowed to become more
uniform and stabilized. During this activate phase the temperature of the solder and the
substrate is nearly constant or may increase slightly. In the reflow phase, the temperature is
caused to increase rapidly and exceed the melting point so as to melt the solder and wet the

solder pads. To prevent oxidation, a huge volume of nitrogen is required to purge the oven
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and the reflow process is complete. A problem with the solder bump process is that the solder paste
contains the flux, and when the solder melts, it forms bumps that contain empty voids resulting from the
dissolution of the flux. It has been found that in excess of 30% of the volume of a solder bump may be

empty voids, WJ%'&%WE@'?@HM“%&‘M? IFRINRGHRD ANdd “t%re?o?&é‘r ha ﬁl@%Hﬁgék{eeE}étﬁ{b%?eéPftothe solder

bump. Another problem with the solder bump process is that a | arae amount of time is required to start

and completedPfd WiftSRBPFERHESPHEPE 93 atRM BE PR GE thrrel ?ﬁéucr’é&li‘ﬁ&ﬁéﬁfiélléwgiétﬁﬁm the
throughput ofgmtgysmgﬁggg@@d‘&ﬂp@&e problems have been long sought but prior developments

have not taught or su ted any solu and, thus, solutions to these problems have long eluded
those skilled in the ﬁtg%%ﬁng{s Q%%%E\EHWWK? ?ﬂeésﬁ %relfﬁsfvgﬂﬁgﬁ %\é(lela%%%isystem for
reflow solderimdhen pizer tstihddr imeltd @omeptanipg it acotandearpynsoideced tper trovithite flrstollnerngas;
removing the firgh INgIt 93s:iR Jé’ém&l}{é%ﬂ% @5&‘8%%@%%%&%@1@8@& YR ISTIoW.Sqldering the

unsoldered part to form a reflow-soldered part; providing a second inert gas to fill the vacuum around the
reflow-solder&dpairvoati YavthcHsgens Sscutiderrennsadanithiraratiidipslretisplssiaeinsg Part. Certain
embodimentsgf theidpwantion have other advantages in addition to or in place of those mentioned above.

The advantages will become ag

arent to those skilled in the art. from a reading of the following detailed
description when takdH Wit PRTAFEhE B e 050 JING Gl R HEF BREE IO OF THE

DRAWINGS F¢@uittdsta view afdadoortant#isoidegseflomosystemionnacordadgauvgith drie @mbodiment of
the present iny ﬁﬂg&,eﬁlgo‘gslﬁ&]w% &Q&%@H{:@} ﬁ%‘%eﬁﬁﬂow system in accordance with another

embodiment of the present invention; and 2 FIG. 3 is a’'method in accordance with the present invention.
BEST MODE FOR @NR‘F@WN‘G“@UWWE‘WNWNW?@NCH% sought but prior developments have not

taught or suggested any solutions and, thus, solutions to these problems have long eluded

those skilled in the art.

DISCLOSURE OF THE INVENTION

The present invention provides a system for reflow soldering a part that includes:
replacing air around an unsoldered part with a first inert gas; removing the first inert gas to
form a vacuum around the unsoldered part; vacuum reflow soldering the unsoldered part to
form a reflow-soldered part; providing a second inert gas to fill the vacuum around the
reflow-soldered part; and replacing the second inert gas with air around the reflow-soldered
part.

Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages will become apparent to those skilled in the art
from a reading of the following detailed description when taken with reference to the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view of a horizontal solder-reflow system in accordance with one
embodiment of the present invention;
FIG. 2 is a view of a vertical solder-reflow system in accordance with another

embodiment of the present invention; and



In the following description, numerous specific details are given to provide a thorough understanding of
the invention. However, it will be apparent to one skilled in the art that the invention may be practiced
without these specific details. In order to avoid obscuring the present invention, some well-known

configurations and prpeess, %tﬁl%ﬁlgﬁql{‘é)&g}ﬁ‘(i&%%twth@%ﬁeﬁ?iﬁQQHQﬁ‘. , the drawings showing

embodiments of the apparatus are semi- diagrammatic and not to scale and, particularly, some of the
dimensions are for the clarity of presentation and may be exaggerated in the drawing FIGs. The term
"horizontal" as used herein is defined as a plane parallel to the ground. The term "vertical" refers to a

direction perpendicular to th3ESA2RRFAEY Bt AR TS THEEN MENGHN'ahove", "below", "bottom”,

"top", "side, "end", "higher", "lower", "over", and "under"”, are defined with respect to the horizontal plane.
Referring now to FI& ti‘,etf?le%%“i%d?ﬁ&‘imlﬂ%{lh’&%rﬁfﬁl PERES- TR ALy et LoIHidaAdBREARRe with an
embodiment ahthespiesendinie ntientién | oHdING et 1O g pnsoldered spard,isuchaastiunsaddered
printed circuit bogyds,cartyino unsoldered niegrated clieul agkages, oaded afferisaldey, inting. Solder
printing is a process for p acm% solder pas?e or soider umps on the m?egraated circuit pa%kages. The
loading unit 10kssah becatsupanme wgidtemvor rveigalaios thied HopcontsikEsd ldernafidveloyeteh 100 and
carries unsoldgsedl pats.AdRRFING OBk H0%iS & ihbavingearARIS HaREs AR3and 104.The loading
lock 102 contains a conveyor 105, such as a belt, for loading parts through the sealable door 103 into
the loading lo€iRFEI™HE FhPriiralorten3Hity B BE Mo I TSHIS e BY BtfédtbsBlrce 106,
such as a chuskfsataplatendreny reomdempedbit ks aheuh@PGsup to above about 450C. A gas source
107 is connected to {gplace Al and i the Joadina ook AAZh anner, gas, Syeh a5 niroen or a
forming gas of nitrogen/ ylgilrogen. The pressure of the Iner gas i$ Controfiablé over a wide range in the
loading lock 1@2MA terotié vafves 108 ilradtiorcosmentdedli thahoAdimgnodies 0Btdediiod: rdmomsal of air or
inert gas and §9cﬁ|H%qur’?"‘éjﬁ&éh,e'&WQ“M&%Q?“%WW&& M&H*P‘“Higl%m GoWREUUREPErgR PUmMp 109.
The vacuum/purge pump 109 may be a single pump or a number of pumps just as the gas source 107
can be a singlé‘%%ﬁﬁrcér%lgeé}?&ﬁ/mw Feeeet QrthedoRsiabPlangifierent sources to reduce the loading lock

102 to below atmosphesitiny@ssute FIGe thiigdtien is shown a horizontal solder-reflow system 100 in

accordance with an embodiment of the present invention. A loading unit 101 has unsoldered
parts, such as unsoldered printed circuit boards carrying unsoldered integrated circuit
packages, loaded after solder printing. Solder printing is a process for placing solder paste
for solder bumps on the integrated circuit packages. The loading unit 101 can be a separate
system or integral with the horizontal solder-reflow system 100 and carries unsoldered parts.

A loading lock 102 is a unit having sealable doors 103 and 104. The loading lock 102
contains a conveyor 105, such as a belt, for loading parts through the sealable door 103 into
the loading lock 102. The temperature of the parts on the conveyor is controlled by a heat
source 106, such as a chuck/hot plate, from room temperature, about 20°C. up to above about
450°C.

A gas source 107 is connected to replace air and fill the loading lock 102 with an inert
gas, such as nitrogen or a forming gas of nitrogen/hydrogen. The pressure of the inert gas is
controllable over a wide range in the loading lock 102

A throttle valve 108 is also connected to the loading lock 102 to allow removal of air
or inert gas and to allow drawing the loading lock 102 down to a vacuum using a
vacuum/purge pump 109. The vacuum/purge pump 109 may be a single pump or a number

of pumps just as the gas source 107 can be a single source as shown in FIG. 1 or a number of



valve 108 further permits the loading lock 102 to be filled with air or inert gas to fill the vacuum. A reflow
unit 110 is connected to the loading lock 102 by the sealable door 104 to allow access of unsoldered
parts into the reflow unit 110 onto a reflow conveyor system 111. The reflow unit 110 may include an

optional CondHﬁ?&@n?%&ﬂ@éfsﬁ%i%&%QFQ%H&M ek o6 CanLueHRm AT thets wilhe @,sapductive

heating source, such as a chuck/hot plate, and’ in the convection unit there will be a convective heating
source, such 3% HO&tErHIca PIBWET RoMpiingilistol Broide Alishirshetirvilipae sridertiYd8sor

convention heatiggnThe reflow unit 110 will have several different temperature zones in order to provide
the parts with a varying temperat rofile. In the reflow ynit 110, the reflow conveyor system 111 moves
o morsontal diredb G T o Pt Kt e sk ATt Asarce BB o Ui
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unit 110 to allow removal of air or inert gas or to allow drawing the reflow unit 110 down to a vacuum
using a vacuufif/sargechorigi18e1 TH e seradisH Y e Hens P iR Paeh Wil GERSHAN Batsird with inert

gas to flush aqutimirddgietadhcing pidgedidthecyaceiin MklpweRiRssradnart gasaeverdnabwill be
maintained duri%%,operation. An unloadin%%)ck 117 is.a unith ving sealable doors 118 and 119. The

unloading loci®TTPEEAARE Y ESAVESIOTSH Yo TnShEFG 6158 PEHERRE BeiE&hrough the sealable
door 118 into the unladuitiookil 170 Wié hevapevatalréiibéthe soldernnetomed pastdenothepvidnveyor is

controlled by ﬁlg?)%l.l@%?f?ld@;ﬁ&@&te%@aﬂﬁ&&@ﬂ%klcmd plate, to bring the parts down to ambient

temperature in a controlled fashion as required by the particular parts being processed. A gas source 122
is connected to fill tH8 tfokdiog bk 119 With BAMeRGAYR thistlelVAIvecres is aldwieiitcted to the

unloading lockilekfidR altemnianamalghakRdmert gasetieutiraheamlioadingiivckakdueown to a

vacuum Usine e RIS TR A2, ThE it Y 120 ner pemis e unoading ok 117
sealable door 119 sGikatduhesvalcuami 114 are connected to fill the reflow unit 110 with an inert gas. A

throttle valve 115 is also connected to the reflow unit 110 to allow removal of air or inert gas

or to allow drawing the reflow unit 110 down to a vacuum using a vacuum/purge pump 116.

Prior to operation, the reflow unit 110 will generally be filled with inert gas to flush
out air before being purged to the vacuum or low-pressure inert gas level that will be
maintained during operation.

An unloading lock 117 is a unit having sealable doors 118 and 119. The unloading
lock 117 contains a conveyor 120 for unloading solder-reflowed parts through the sealable
door 118 into the unloading lock 117. The temperature of the solder-reflowed parts on the
conveyor is controlled by a cooling source 121, such as a chuck/cold plate, to bring the parts
down to ambient temperature in a controlled fashion as required by the particular parts being
processed.

A gas source 122 is connected to fill the unloading lock 117 with an inert gas. A
throttle valve 123 is also connected to the unloading lock 117 to allow removal of air or inert
gas, or to draw the unloading lock 117 down to a vacuum using a vacuum/purge pump 124.
The throttle valve 123 further permits the unloading lock 117 to be filled with air or inert gas
to fill the vacuum.

The unloading lock 117 is unloaded through the sealable door 119 so that the vacuum

solder-reflowed parts are placed onto an unloading unit 125. The unloading unit 125 can be a



solder-reflowed parts are placed onto an unloading unit 125. The unloading unit 125 can be a 4 separate
system or integral with the horizontal solder-reflow system 100 and carries solder- reflowed parts. Thus,
the horizontal solder-reflow system 100 generally includes the loading lock 102, the reflow unit 110, and

the unloading Jogk.J14, s‘?e%%loﬁa%@}%dﬁtﬁﬂ’eaf%%%n?ﬁ'9&&??&1&@ @Vst@';'ﬁei’owﬁda&ﬂﬁ&r gfg,.and/or

evacuated to a vacuum. The inert'gas for the unloading lock 117 can be the same as or different from the
inert gas usedsHaNedBading lock 102. In operation, unsoldered parts after solder printing of the printed

circuit boards are logdgd e H@ﬁi@ﬂdlng)meftréﬂawme@ﬁlumpm@alpaﬁaw@ thendraughbie the
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loading lock 102 by means of the vacuum/purge pump 109. During the evacuation process, the
unsoldered parts sitl8rPRsE et Wsaléaerom it sitfsrseidse kamﬂ%f’fdbf DS rnsitepipReaidréraWhen the

vacuum in thadeading leekid{iis @quad fo thl@ey@ﬁuwmtﬁé&apiﬁmﬁ eimatiaines dn theiefiew unit 110,
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unsoldered part through the zones continuously in the vacuum to start and finish the solder-reflow
process. During%he tﬁ?déé]é@}/%l@ér activation occurs above about 180C. to over about 350C. Then, the

solder on the printedrgirguiipatdsds oafiowed inte y@@mhmaéeﬁnla/ 108 igpthRdaw-sHRssyre inert gas
to solder the unsoldered |n eqgrated cwmélt acka es to nte circuit boa Dunn%e reflow
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uniform temperature.

When the vacuum in the loading lock 102 is equal to the vacuum established or
maintained in the reflow unit 110, the sealable door 104 is opened and the conveyor 105
transfers the unsoldered parts to the reflow conveyor system 111 in the reflow unit 110.
During operation, the vacuum is maintained in the reflow unit 110.

In the reflow unit 110, the several different heating zones determined by the
conduction or convection unit heat the parts to cause solder-reflow. The reflow conveyor
system 111 moves the unsoldered part through the zones continuously in the vacuum to start
and finish the solder-reflow process. During the process, solder activation occurs above
about 180°C. to over about 350°C. Then, the solder on the printed circuit boards is reflowed
in the vacuum, preferably, or in the low-pressure inert gas to solder the unsoldered integrated
circuit packages to the printed circuit boards. During the reflow process, the throttle valve
115 is open to allow the vacuum/purge pump 116 to maintain the vacuum or low-pressure
inert gas and draw out solder flux gases. The pressure, temperatures, and other processing
conditions are controllable as required by the parts being processed.

The unloading lock 117 has the throttle valve 123 open in order to allow the
vacuum/purge pump 124 to create a vacuum or low-pressure in the unloading lock 117 by

drawing out the inert gas. When the vacuum or pressure level is the same in the reflow unit



conditions are controllable as required by the parts being processed. The unloading lock 117 has the
throttle valve 123 open in order to allow the vacuum/purge pump 124 to create a vacuum or low-pressure
in the unloading lock 117 by drawing out the inert gas. When the vacuum or pressure level is the same in

the reflow unit 149 Anein, iR inidpding g iihe asaiapie.daandd 8is ARsord anddneq

solder-reflowed integrated circuit boards with the soldered integrated circuit pack[?sges are transferred to
the conveyoriigeritethelighibBeRfly BER theoldtian esyrierirefibRAHsattaratEtrafsrdrir dhfo the
unloading Iocg(;Lleyghqaz@qalﬂJalangg@hgj&lammthe sealable door 119 are closed along with the throttle

valve 123. The |nert rowded rom, the as sour § f|II tg ﬁf rspagrz i[?ﬁbrln he pressure
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temperature gs (eaniied o, he BANGHIAL P?itﬁx AN UA@uﬁﬂlda%r refiawedrasiswill npthegybject to the

oxidizing affects of air until they are at ambient temperature where the effects will be mlnlmal When the
pressure in th&biifodigitglreeing 19cks B/aumdpHesrPhrasdliresWise thidhfesamgvem 3k ¢16588 and the

sealable doorsbiRds opsaess hheseleertrflewpehiinied tﬁisr@uiaebﬁﬁr@l&@rsa&kedbmm@mﬁm&trom the
conveyor 120 to the unloadin unltoleS It will b ewdent}lé[lom ove closure th thel}? ading lock
ey bﬁ g

102 and the (HAPSHHETI8EK lfe& PREJEES BeRdlp ro?e S PBIEET L 18R rm in
accordance witibjacr embodiident ohffeetp rdsentnny éntyone Aisagdaenplespthadcadirgeldekef®2tdoes not
have to be coppplgtely: RHrged of the inert gas for loading the reflow unit 110 and the unloading lock 117
does not have to be completely purged of inert gas for unloading. The reflow unit 110 is large, but does

not have to be filled8fdh phf g B srierthgan brdindlnghd Eashatydropieagsaaregatisfioglenaintained.
This means thatJargeriveldmeesf tmesaamg@%@rmqslgp&%em@ryam@@ﬂda@d pragessingiiime from

start to finish has ubstantjall uced. Referrin owt G. 2, therejn s shown a vertical
solder-reflow & @rﬁ ﬂfrae{lég g%ﬁé’é“\kﬁﬁfgﬂvafﬂb 6‘1’4% Ipeahd ivention. A loading unit 201
has unsoldered paris, vsﬂlcbaswxctsmlcﬂenﬁdtmlmteﬁmlmnﬂlomrdmcaheyﬂ@gmddﬁkredﬁmmmd circuit
unloading lock 117 do not have to be completely purged or filled in order to perform in
accordance with an embodiment of the present invention.
As examples, the loading lock 102 does not have to be completely purged of the inert
gas for loading the reflow unit 110 and the unloading lock 117 does not have to be
completely purged of inert gas for unloading. The reflow unit 110 is large, but does not have
to be filled and purged of inert gas or air during each cycle because the vacuum is
maintained. This means that larges volumes of the inert gas are no longer expended and the
processing time from start to finish has been substantially reduced.
Referring now to FIG. 2, therein is shown a vertical solder-reflow system 200 in
accordance with an embodiment of the present invention. A loading unit 201 has unsoldered
parts, such as unsoldered printed circuit boards carrying unsoldered integrated circuit
packages, loaded after solder printing. Solder printing is a process for placing solder paste
for solder bumps on the integrated circuit packages. The loading unit 201 can be a separate
system or integral with the vertical solder-reflow system 200 and carries unsoldered parts.
A loading lock 202 is a unit having sealable doors 203 and 204. The loading lock 202
contains a conveyor 205, such as a belt, for loading parts through the sealable door 203 into
the loading lock 202. The temperature of the parts on the conveyor is controlled by a heat

source 206, such as a chuck/hot plate.



packages, loaded after solder printing. Solder printing is a process for placing solder paste for solder
bumps on the integrated circuit packages. The loading unit 201 can be a separate system or integral with
the vertical solder-reflow system 200 and carries unsoldered parts. A loading lock 202 is a unit having

sealable doors 203 ang, 20d, Jhgyioading,lok /081 RNAR21GO0YEY Wik iﬁ%%@s.s a belt, for loading

parts through the sealable door 203 into the loading lock 202. The temperature of the parts on the

conveyor is controllét! BiPalh sl esHiidebue snerusta ERIeAHS Pk E0S A YlvdsmRe by 2is connected

to fill the loading ek 202 widh@nainast gasvifethnettie.valye1 248 walaeveonpestegttathadaading lock 202
to allow removal of ajr orinert g 9ar#%to allow rawing the Ié)adin lock ZOE%down to a v%ﬁjum using a
vacuum/purge pump 2687 ?%‘B%gtfuu BURGEBURYEES 08 HRas B As e IBE I BB R BB pumps
just as the gasfgoumpe 2 AcHR bes awmirngl203aurcecasssiztsaurcdiGstidwen & ilith Revrof ndiffenesit sources.
The throttle valye 208 further permits the loading lock 202 to be filled with air or inert gas to fill the
vacuum. A reflow unit 210 is connected to the loading lock 202 by the sealable door 204 to allow access

of unsoldered parts o et faivelil® Sathenreraitefhidocdingdgek 3)3terhesilied wHE pEfsWRERit 210 may
include optionalsaemdugicR@nugpnvection heating units 212. In the conduction unit, there will be a

conductive heating source, such as a chuck/hot plate, and in th ection unit there will be a
conveciive heating <baEEY SEh 20 4 HEHNAF S BIOR P LGRSt on P15 SO S T nave
several d!fferahbmnqomuﬂnmmnesdmmdenmmrmﬂdg thie Partswithredlvaryimydgmpetetuld profile. In .the
reflow unit 21, (NedB{QH: SN BYST YRR 211G QRN MR GRRMEYPIS. AR hANS 2B fhat move in

horizontal directions and a conveyor 211C that moves in a vertical direction carrying a part, represented
by a printed chetfteiaramcBertaidlidscadpetv hisiie traiehghsbrtieierhdar blseriéidw system

200. Gas soutgesehk3cabt ddifft dreccRnNnsstedd fitkthenaliaw it 1Qwith anminest gasvidwikirottle valve
215 is also connected to the reflow unit 210 to allow removal of air or inert gas and to allow drawing the

reflow unit 216° #8" vacuum using a vacuum/purge pump 216.
The reflow unit 210 will have several different temperature zones in order to provide

the parts with a varying temperature profile.

In the reflow unit 210, the reflow conveyor system 211 consists of two conveyors
211A and 211B that move in horizontal directions and a conveyor 211C that moves in a
vertical direction carrying a part, represented by a printed circuit board PCB. This allows a
reduction in the length of the vertical solder-reflow system 200.

Gas sources 213 and 214 are connected to fill the reflow unit 210 with an inert gas. A
throttle valve 215 is also connected to the reflow unit 210 to allow removal of air or inert gas
and to allow drawing the reflow unit 210 down to a vacuum using a vacuum/purge pump 216.
Prior to operation, the reflow unit 210 will generally be filled with inert gas to flush out air
before being purged to the vacuum that will be maintained during operation.

An unloading lock 217 is a unit having sealable doors 218 and 219. The unloading
lock 217 contains a conveyor 220 for unloading solder-reflowed parts through the sealable
door 218 into the unloading lock 217. The temperature of the solder-reflowed parts on the
conveyor is controlled by a cooling source 221, such as a chuck/cold plate, to bring the parts
uniformly down to ambient temperature.

A gas source 222 is connected to fill the unloading lock 217 with an inert gas. A
throttle valve 223 is also connected to the unloading lock 217 to allow removal of air or inert

gas and draw the unloading lock 217 down to a vacuum using a vacuum/purge pump 224.



Prior to operation, the reflow unit 210 will generally be filled with inert gas to flush out air before being
purged to the vacuum that will be maintained during operation. An unloading lock 217 is a unit having
sealable doors 218 and 219. The unloading lock 217 contains a conveyor 220 for unloading

solder-refloweg), payis Hropah the Gralable. fQ0hL AN NS NIPRHING Iogk 3 JiP6 iHIPgLature of the

solder-reflowed parts on the conveyor is controlled by a Cooling source 221, such as a chuck/cold plate,
to bring the pdPt lldh%?ﬁﬂ%own to ambient temperature. A gas source 222 is connected to fill the

ulrllloading loclk 217 with Laﬂdmﬁtgga% ?ﬁm%msauia&/%@ag}qi&fl@mm%@mgoséhﬁaum@aamwpck 217 to
allow removal of air or inert gas and drayw the unloadi oc wn to g.vacuu sing a
oo i DO A 3T FIE o2 e B e S 05 e filed with
air or inert gasepariii¢ thetvacaumicgia witloddinglock 2d/ddsmafiloadedainrd0ghiieseakakbiéldoor 219 so

that the vacquﬁowg%—rggﬂowed parts are placed onto an unloading unit 225. The unloading unit 225 can
be a separate system or integral with the vertical solder-reflow Séstem 200 and carries solder- reflowed

parts. Thus, the vertidds8lgieriésbnekipstesiorosy gemetaflermeratie sngledrsabimladie 202K e reflow unit

210, and the wnlaagding darke 2d. 7arRash elivhieh isgapekie.oh bengiapanipaai.dillegnyidpandnert gas,
and/or evacuatediﬁ g vacuum. The inert gas for the unloadingwéock 217 can bg thﬁ?’l same as or different
from the inert Jad USSR TEALRS IBFS Y Ml for tHEo dBFeY Phs A¢e g&]&lg?%ﬂ%ting of the

prin.ted circuitlbda?d? eme blohdeananathe tbﬁghiﬂg ﬁnin?]ﬁbl?nmgseum@dndhfédapmgﬂ@@ﬂ?en brought t(_) the
vertical solder-refloyy %%6%&%%&%@1'&%&%6&%9 lagk ?o%}sp@!h‘%ﬁlg"btf‘&%ﬁlﬁ%&@%ﬁﬁ%%&ﬁf@%&“fe of inert

gas in the loading lock 202 is equal to atmospheric pressure, the sealable door 203 is opened and the

unsoldered paresieteombivelparipneiingM gakhertviraitiderndoprie sadhsy ferelor Bhetvertetveyor 205.

The sealable ¢0@¢rZ08J% H}@Q@'Q@@ﬁﬂ@%ﬂ&%m&w@m@/m%&&ﬂ%@ﬂ@t grdentRepraciiatethe loading
lock 202 by means of the viagu m/ urgg @Ejmp 209. During the evacuation p;re%ﬁl(%%, d%ho? ggsoldered parts

sit on the heat™SBUFR: BdBACarTE: 1 be trot GhtTo"S *HRMSHT Yo RIpEHAtu 8 318

opened and the unsoldered parts are moved into the inert gas environment of the loading lock
202 by the conveyor 205.

The sealable door 203 is then closed and the throttle valve 208 opened in order to
evacuate the loading lock 202 by means of the vacuum/purge pump 209. During the
evacuation process, the unsoldered parts sit on the heat source 206 in order to be brought to a
uniform temperature.

When the vacuum in the loading lock 202 is equal to the vacuum established or
maintained in the reflow unit 210, the sealable door 204 is opened and the conveyor 205
transfers the unsoldered parts to the reflow conveyor system 211 in the reflow unit 210. The
unsoldered parts are received by the conveyor 211A. The conveyor 211A transfers the
unsoldered parts to the conveyor 211C, which moves vertically while reflow solder occurs.
During operation, the vacuum is maintained in the reflow unit 210.

In the reflow unit 210, the several different heating zones determined by the
conduction or convection unit heat the parts to cause solder-reflow. The conveyor system
211C moves the unsoldered parts up and down through the zones continuously in the vacuum
or low-pressure inert gas to cause solder activation and to start and finish the solder-reflow
process. During the process, the solder on the printed circuit boards is reflowed in the
vacuum or low-pressure inert gas to solder the unsoldered integrated circuit packages to the

printed circuit boards. During the reflow process, the throttle valve 215 is open to allow the



When the vacuum in the loading lock 202 is equal to the vacuum established or maintained in the reflow
unit 210, the sealable door 204 is opened and the conveyor 205 transfers the unsoldered parts to the
reflow conveyor system 211 in the reflow unit 210. The unsoldered parts are received by the conveyor

211A. The copyaxalphbe AR NG MISP NS G RAEPIRE, COPVAYEr Al S WhighpaNes vertically

while reflow solder occurs.” During operation, the vacuum is maintained in the Teflow unit 210. In the
reflow unit 210/ 2EcaBlEHICHR TR AT HEBMRIE Pt dstdrihsieliely the conduction or convection unit heat

the parts to cause saklenm@fiame Thekconveysy aystemizl 1avanavss dhenunseldered pads Uaeand down
through the zones cantinuously i the vacuum or low-pr ssure ig.ert ?@j}%ﬁ%’}f solder activation and to
start and finis T CATHEE RHBMy plICES DG HE Prois Ll e o e GARtEs iR boards i
reflowgd in th_mev_agawm?\metovh_epve@sunelémérﬁsgﬂts uarseldlethmeiﬂmoiderkwi_mmdgmlbﬂmimmackages to
the printed cifgyityaards. Duing 4hs %qféoivgf&g&&asaa&gﬁetm&%@v%@wgg BPEA49: 2l the 8

vacuum/purge pump 216 to maintain the vacuum and draw out solder flux gases. This causes significant

reduction in oféEIBFsEtfoTTHf Derads iWithehsoieldererhiatesiadifity WocRaok dsadrenEtitferisd DAIhs 223 open in

order to allowdhig eyaeRUB/ RHIGEPWBR 2220t aieatBoadacwaninsthe unloading lock 217 by drawing out
the inert gas. When the vacuum level is the same in the reflow unit 210 an in? unloadjng lock 217,
e ; skl iftsoraride

the sealable door 21818 0PEARYAHE IMEYAAET PEHGIREFHS B ¥y &gFrafEd circuit
boards with thivsaldéred thtegritbld diraultl Packelges] dragrainbfider doadethavedavebe Aikit Bato the

conveyor 220;inthe; unjoadingdagk &lf.JMhen the seldatigHlong AR e fangiered(o dng unloading

lock 217, the sealable door 218 and the sealable door 219 are closed along with the throttle valve 223.
The inert gas &% prolitlsdlfsingHecas! otrée ZoPtehiicHEssaEgun aiy 8RRt thdlsres’life of the inert

gas in the unlgagiraiadke2ihd MR I61 ALNAIRO RN BFRsRUSE R LG SAMBV IS RGP gmSRHiCe 221
begins to cool down the t mperatur? of the sol er-ref\!g)‘ll\ived arts downE&? ambient %a{ngs?r ture. Thus,
the solder-refiSWBH PaHs WilthtHs SEb]ELOIE HEGKIHLAY SHatie g ain L RtrHEg /et Uiibient

temperature. Wiheth¢herpressusennttheentording lock 217 is at atmospheric pressure, the throttle valve
223 is closed and thg,gealgbls Aok 71 9S QRENAL: TR SRS ISHRNGARITRIGIE e throtte

valve 223 is closed and the sealable door 219 is opened. The solder-reflowed printed circuit

boards are then transferred from the conveyor 220 to the unloading unit 225.

It will be evident from the above disclosure that the loading lock 202 and the
unloading lock 217 do not have to be completely purged or filled in order to perform in
accordance with an embodiment of the present invention.

As examples, the loading lock 202 does not have to be completely purged of the inert
gas for loading the reflow unit 210 and the unloading lock 217 does not have to be
completely purged of inert gas for unloading. The reflow unit 210 is large, but does not have
to be filled and purged of inert gas or air during each cycle because the vacuum is
maintained. This means that larges volumes of the inert gas are no longer expended and the
processing time from start to finish has been substantially reduced.

Based on the above, it will be apparent that the horizontal solder-reflow system has a
lower vertical profile, while the vertical solder-reflow system has a shorter horizontal profile.

At the same time, it will be understood that unsoldered integrated circuit packages and
printed circuit boards may be fed in from either end of both systems by changing the
directions of the conveyors. Further, it will be understood that in some situations it may be

desirable to feed in unsoldered integrated circuit packages and printed circuit boards from the



boards are then transferred from the conveyor 220 to the unloading unit 225. It will be evident from the
above disclosure that the loading lock 202 and the unloading lock 217 do not have to be completely
purged or filled in order to perform in accordance with an embodiment of the present invention. As

examples, thesi%ddﬂgc't?&#tﬁ%t%%?er}% DavR R t%q{E'\pé%tﬁlMcﬂ%%?Qr%ny%d%?rﬁm g%ﬁ@ﬁé@ﬁd'”g the

reflow unit 210 and the unloading’lock 217 does not have to be completély purged o mertgas for
unloading. The$ rb?fév&hﬁnh@@i@.@l}ér@@lomade%of\ﬂfgvéh%opff‘é%}éa@ﬁaoau%@%wowhﬁ?ﬂa Yor air during

each cycle begasadhevacyipris imaoniaRada s meansthaidargereyeh mas efitbainaidigas are no
longer expended an(gg{: processmg time from start to finish has been substantially reduced. Based on

the above, it Wit 5d eHCtHAt the horizontal solder-reflow system has a lower vertical profile, while
the vertical solder-réflgwrrsysten hasishorterdnoiiz smtednpitafitee thatl tAe@0saintie: tpreeent willdbeannderstood

that unsolderegl INtegralgd GItCYil RASKRABER %ﬂ%ﬁfé?é&dp&}{%lhp%afﬁ& Ty hadad In iom eifper end of

both systems by changing the directions of the conveyors. Further, it will be ' understood that In some

situations it mi&jnpEngdhs A t’éﬁfbééﬁ|FPLfﬁ§BIGeY§dl'ﬁﬂ%e§P&t@dtb‘?réﬁﬁoéﬁ‘éR%@é§ #hd plastedéircuit boards

from the 9 samaldiﬁ%&imtmaéhﬁy @@uﬁ%@l@é&‘émﬁafﬂﬁf f@rlﬁaa/eeﬁdwtg@mgfwr}ﬁhsnss%mmmg one lock
as both the Ioadln .and unloa ?fh‘? lock. AEF? he present mve lows g antlall t| uous feed
t t

of parts in fror?f?ﬁ RRaify #rdl reaﬁBWhﬁW‘fB eLfﬁ A BHb! fatf]i) §§stem.
Referring nows68;Fak(@.r3pltieere thasrshiqanwing methhodd30O mfkk\ewidsedtpmanumﬂpqhélwes replacing air

around an unsoldergd &%rh}é%&ﬁh(ﬂsﬁ%%ﬂ@c?rﬁﬂ?ﬁ In.3,blogk.5 %Zreéiﬁé‘é%mrﬂﬁ?yf'% 035 tpform a

vacuum around the unsoldered part in a block 304; vacuum reflow soldering the unsoldered part to form
a reflow-soldeféle petsplds biiseri Bostly provediby RicsericRYeRER. gé@@@mm@l%&’@%ﬁf Hroopidethe

reflow-solderaghppstiiAcllpsk BOBiARd deplagingvihiesingt o3 wialbrEwas haleflRw-aaldered part in
a block 310. I%% s been discovered that it is_p S|ble reduce the e ?E?g void level %n thgﬂﬁflowed

solder signific )fﬁ’?‘ﬁd’ L B AR ’ﬁ\%ﬁﬁgﬁo RS oI RRI S BbASERHY S SRR BoiE $oied have less
than 10% emptyprpidsdsaimnc 10eofativer s otdend unppsyhirve degatkannd@evimpty voids as a percentage

of volume. The maxifHHﬁgr‘?CEﬁg %%tgn%mpﬂ%aYﬁgsaﬂecﬁgl%fg times, as well as the vacuum/purge
pumping times, have been significantly reduced compared to batch-type reflow ovens.

While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations that fall within the scope of the
included claims. All matters hither-to-fore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.
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empty voids as a percentage of volume to provide acceptable conductivity. Further, the substantial
heating and cooling times, as well as the vacuum/purge pumping times, have been significantly reduced
compared to batch-type reflow ovens. While the invention has been described in conjunction with a

specific best mpgant/EnPIBR ¥9akia9ghat many alternatives, modifications, and variations will be
apparent to those skilled in the art in light of the aforegoing description. Accordingly, it is intended to

embrace all such alternativesemodificatinns, angkragiatpans that fall within the scope of the included
claims. All matters hithFr-Io-fore set forth her ine(()ir showEhiég ﬁ%@ .accomﬁanying drawings are to be

interpreted in an illuStrative®ahd hon- iﬁ%lltlilﬁlgsflseerr]sep oY ENTON CLAIMED IS: 1. A method for

reflow-soldering a parmeepkatindiairisnggadtafioonsolderen panndithcarfirgidimedtpges; removing the first
inert gas to form a vagum ARNdIRE HeSALRISPRH pARR RGN S QldaERg Hh, unsoldered part to

form a reflow-soldered part; providing a second inert gas to fill the vacuum around the reflow-soldered
part; and replacing BieViHpd A gies witH afbisurgHhe rend-Ssierdlew pridered m4E Midthod as

claimed in claim 1 whgrginig the sitshanekaeeondingrtgassiareiavsamergdpart3. The method as claimed
in claim 1 wherein: vacuum reflow soldering comprises heating around the unsoldered part on a board
having solder paste printed bhenetdi ecpiumadity ofadifféremirtamperatures in the vacuum. 4. The method

as claimed in claim } whgrein; 59&’896/%%@‘35&%&?}%%9%' cludes simultaneously heating the unsoldered

part on a board having solder paste printed thereon at a plurality of different temperatures; and replacing

the second inert gasgincludes sidibib@neaushecaolingthesseldered part on the board having solder

thereon at a plurality gg dirtflerr Ottemegrr.zraltu[:%s. ?.S;I'hﬁ (anethgrd ag:dct?imesdoigetr:l(alimarlt com r(i)girlag: moving
the unsoldered part 61 the'sGidefed part on "3 BRard inat iea8tohe dire&ion of P
having solder paste printed thereon at a plurality of different temperatures in

the vacuum.

4. The method as claimed in claim 1 wherein:

removing the first inert gas includes simultaneously heating the unsoldered part on a
board having solder paste printed thereon at a plurality of different
temperatures; and

replacing the second inert gas includes simultaneously cooling the soldered part on

the board having solder thereon at a plurality of different temperatures.

5. The method as claimed in claim 1 comprising:

moving the unsoldered part or the soldered part on a board in at least one direction of
horizontally, vertically, and a combination thereof from replacing the air,
removing the first inert gas, relow soldering, providing the second inert gas,

through replacing the second inert gas.

6. A method for reflow soldering an integrated circuit package on a printed
circuit board comprising:
replacing air with a first inert gas around the integrated circuit package on the printed
circuit board;
removing the first inert gas to form a vacuum around the integrated circuit package on
the printed circuit board;

moving in a first move the integrated circuit package on the printed circuit board;

11



horizontally, vertically, and a combination thereof from replacing the air, removing the first inert gas,
relow soldering, providing the second inert gas, through replacing the second inert gas. 6. A method for
reflow soldering an integrated circuit package on a printed circuit board comprising: replacing air with a
first inert gas around the integrated circuit package on the printed circuit board; removing the first inert
gas to form a vacuum around the integrated circuit package on the printed circuit board; moving in a first
move the integrated circuit package on the printed circuit board; 11 vacuum reflow soldering the

integrated circuit packagenoRibe psintedCircuiiibaaid (rROWRECIN.& $AcapdmRYe theiikagsated circuit
package on the printed circuit board; é)rovi ing a secqnd in.ert% s to fill the vacyum arE)un the integrated

in
circuit package on tW(ng?ﬁlPéa %‘??8&& 85%,% G tHE b RBRE TR SSSPW?ER airatBoRa the integrated
circuit package on tipeoyidintea cicond nearghsnooilh ghinvadinird anovd the imtegaske dicinguphgagkage on the
printed circuit board; and ﬁﬂiﬂ%ﬁ}ﬁq%ﬁc&}éﬁ]t‘ﬁgg}&"’ the first inert gas, or the second inert gas in
respective first, second, or third'moves after moving the integrated circuit package on the printed circuit
board. 7. The methd@Riac tlaifie aerPrdaing s sohardnaivA6is s bie Solee sHE Hrovdagcthe thtegrated
circuit package on the prinfegeircuitu@areihaving solder bumps with 90% of the solder bumps formed

having less than 10% e,m%p_)}t.e/évrﬁ)idi and 10% of the Solder bumps having less than 20% empty voids as a
percentage of volunfBO ¥ He U B e T AMSE IR A @ iohasa i VSIS SHOW' S8iti& Y comprises
heating the around tfiBingtégratedwircuithpackagdisnithe grntedtbircaibhdandrhaning sofdetipaste printed

thereon at a pluraliy of gL IGMPSIAHIERIVRUARIT fTEnReR AR FRIDESIR A2 ©
- printed circuit board.

7. The method as claimed in claim 6 wherein:

vacuum reflow soldering provides the integrated circuit package on the printed circuit
board having solder bumps with 90% of the solder bumps formed having less
than 10% empty voids and 10% of the solder bumps having less than 20%

empty voids as a percentage of volume.

8. The method as claimed in claim 6 wherein:
vacuum reflow soldering comprises heating the around the integrated circuit package
on the printed circuit board having solder paste printed thereon at a plurality of

different temperatures in the vacuum.

9. The method as claimed in claim 6 wherein:

removing the first inert gas includes simultaneously heating the integrated circuit
package on the printed circuit board having solder paste printed thereon at a
plurality of different temperatures; and

replacing the second inert gas includes simultaneously cooling the integrated circuit
package on the printed circuit board having solder thereon at a plurality of
different temperatures in the unloading unit after moving the integrated circuit

package on the printed circuit board in the first move.

10. The method as claimed in claim 6 comprising:
moving the integrated circuit package on the printed circuit board in at least one

direction of horizontal, vertical, and a combination thereof.

12



removing the first inert gas includes simultaneously heating the integrated circuit package on the printed
circuit board having solder paste printed thereon at a plurality of different temperatures; and replacing the
second inert gas includes simultaneously cooling the integrated circuit package on the printed circuit
board having solder thereon at a plurality of different temperatures in the unloading unit after moving the
integrated circuit package on the printed circuit board in the first move. 10. The method as claimed in

claim 6 comprising: moving the intet%rat%ﬁwcircwt acka%% on the ipri'nted circuit board in at least one
direction of horizontalt ,ver 5Y,S§HH L EONBIRStSh théréor. 211 %System for reflow soldering a part

compr@sing: a I‘oad.ing llecknfolordpiacicgaain@pduarduan amsolddred] part wiulhaafiﬁisstde!egagasﬁmd for
removing the first inert gas, ig, for ﬁlé_/?l%{‘fﬁ%r?%% Aehe HRSOIARI SRR A dRllautdpib gennected to the

loading lock for vacuum reflow soldering the unsoldered part to form a reflow-soldered part; and an
unloading lock conngcteidPty tHatrenavetiett 16r hovriitigsa Sskofd iNertyasdlovilliaygies dbtum around

the reflow-soldered part angJeplacingthe saaonefoertgasarpundathe reflow-soldered part with air. 12.
The system as claimed in claim 11 wherein: the loading and unloading locks have supplies of the first and
secons inort gases (b e AIE B E5iorie Ak b R cloa o1 WA &M e reflow uni
comprises a heating unit fdilheatingvatapl uralind ohdifééentsddmae ratured tleelanisgldersdt galrt in the
vacuum. 14. The system al%ézljtaéggeag?ilghgl%ig} WQ@I@%&Q&'W@Q lock includes a pump for removing

: und Lpd :

the first inert gas and a heating unit simultaneously ting at a plurality of different temperatures the

unsoldered part; anghthe unjeading leckinglidas RigUpplyrefdnert gas for replacing the second inert gas
and a heating unit for simultaneously cqoling at a plurality of djfferent )
the loading and uriloading Iocks have supplies of the first and second inert gases that

are the same gas.

13. The system as claimed in claim 11 wherein:
the reflow unit comprises a heating unit for heating at a plurality of different

temperatures the unsoldered part in the vacuum.

14. The system as claimed in claim 11 wherein:

the loading lock includes a pump for removing the first inert gas and a heating unit for
simultaneously heating at a plurality of different temperatures the unsoldered
part; and

the unloading lock includes a supply of inert gas for replacing the second inert gas
and a heating unit for simultaneously cooling at a plurality of different

temperatures the reflow-soldered part.

15. The system as claimed in claim 11 wherein:
a conveyor system for moving the part among the loading lock, the reflow unit, and

the unloading lock.

16. A system for reflow soldering an integrated circuit package on a printed circuit

board comprising:

a loading lock for replacing air with a first inert gas and for removing the first inert
gas to form a vacuum around the integrated circuit package on the printed
circuit board, the loading lock for filling the vacuum with air, the first inert
gas, or a second inert gas after removing the integrated circuit package on the

printed circuit board;
13



temperatures the reflow-soldered part. 15. The system as claimed in claim 11 wherein: a conveyor
system for moving the part among the loading lock, the reflow unit, and the unloading lock. 16. A system
for reflow soldering an integrated circuit package on a printed circuit board comprising: a loading lock for

replacing air with a firSLIIGH 9as ARAIRLEGMANRNG WRlFFLINAL i9RS 10 [P UR-Aiv dguu.apuRd the

integrated circuit package on the printed circuit board, the loading fock for filling the vacuum with air, the
first inert gas, or a seconcPiiEPgHS WfteP¥dmoving the integrated circuit package on the printed circuit

board; 13 a reflow upit {aromeUMBJEfoWslderngHhedieg et cikcuit prRakaga@uthengrigted circuit
board; an unloading lock fog}ﬁro.vidig? the s(f.cond inert gas to fillfihe vacuum and for replacing the

second inert gas with air afRIAdtRE nst%cd)tlé élbe&?@ﬂi‘fvﬁ @ffaadgug tlfﬁénber%ﬁ%e EFeNitnBs e the unloading
lock for filling the vacuum whi¢hpairiedharéiust hoerd,ghs, i dinBrgelook ddn dittiga shaftecwem ovithgathe integrated

cireuit package on the p”'?ﬁ%‘h?é{‘}}ﬂ(éjhb&@f e %%S&S%&‘Yl?é{{’cga%yﬁ%mef% i iﬂ?@gi@t@d%ﬁ?&ﬁ@ed circuit

package on the printed circuit board among and in the loading lock, the reflow unit, and the unloading

lock. 17. The system as cRiifka& iAcRaprnE heiErsiPae: @itbw unit provides the integrated circuit
package on the printeghgikgit §eaid haviarsokienbumpswithifQle pklagsaldee pumpscfaimed having

less than 10% empty voids and 10% of the solder pu having less than 20% empty voids as a

percentage of volume. 18. e V&84 A 18@?%?88%%%% i% Wﬁ%ﬂ%ﬁé@zé Wﬁﬁﬂeé%}ﬂ ises a

heating unit for heatipg the imﬁ@ééﬁ%ﬁiaﬁ%ﬁﬁﬁ%ﬁ%a‘%ﬁ f[g%gg,gﬂ%d circuit board having solder paste
5 .

printed thereon at a plurality of different temperatures in the vacuum after moving the integrated circuit
package on the print8el EiHet Wik rio st the I8ty dogikeuit package on the printed circuit board

having solder bumps with 90% of the solder bumps formed having less than
10% empty voids and 10% of the solder bumps having less than 20% empty

voids as a percentage of volume.

18. The system as claimed in claim 16 wherein:

the reflow unit comprises a heating unit for heating the integrated circuit package on
the printed circuit board having solder paste printed thereon at a plurality of
different temperatures in the vacuum after moving the integrated circuit

package on the printed circuit board from the loading lock.

19. The system as claimed in claim 16 additionally comprising:

a loading unit for providing an unsoldered integrated circuit package and an
unsoldered printed circuit board to the loading lock;

the loading lock [for heating at a plurality of different temperatures the integrated
circuit package on the printed circuit board having solder paste printed thereon
after moving the unsoldered integrated circuit package on the unsoldered
printed circuit board from the loading unit;

the unloading lock for cooling at a plurality of different temperatures the soldered
integrated circuit package on the soldered printed circuit board in the
unloading lock after moving the integrated circuit package on the printed
circuit board from the loading lock; and

an unloading unit for receiving a soldered integrated circuit package and soldered

integrated circuit board from the unloading lock.

14



19. The system as claimed in claim 16 additionally comprising: a loading unit for providing an unsoldered
integrated circuit package and an unsoldered printed circuit board to the loading lock; the loading lock
[for heating at a plurality of different temperatures the integrated circuit package on the printed circuit
board having solderjéaste prlqtﬁéjsgjggquglg cﬁflﬁﬁémﬁ%ﬁﬁﬂﬁ% &Hﬂﬁﬁ’ljﬂﬁ{%ed integrated circuit package on the
unsoldered printed circuit board from the loading unit; the unloadinglock for cooling at a plurality of
different temperaturd< thEcIoIdeEd iffte Brativg ewéaft@aakawmltr?é%é|8@f@almé86&fédheooard in the
unloading lock after movingthg-Rtegraiad sicidl fratagmea thewrmiad. circuit board from the loading
lock; and an unloading unit for receiving a soldered integrated circuit package and soldered integrated
circuit board from the unloading lock. 14 20. The system as claimed in claim 16 comprising: a conveyor
system for moving in horizontal, vertical, and a combination thereof the integrated circuit package on the
printed circuit board. 15
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