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 camcorders and portable telephones, while increasing performance and
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integrated circuit packages and heating the solder pa emperature 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, mord EQHNEX NG IBDLI® expensive than is necessary for
conventional reflow. The solder-reflow step involves four phases: preheat, activate, reflow, and
cooling. First, inTthe prsberihpbasenthdseldenpadshe is watofectio i tenegeradictrinat, iagdshbalow the
melting point .of h? solded bel%i;/ about 183C, in a itrolglien atmosgaer.e. In the activate phase, the

o fie
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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 {gRPeRE@RHEISDCARSEd 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 requirgdtif pUEgRIHR OVBAuskSeRS e tRAOVEJaINalY, RdheSoRngPRsaizRessolder
and the substrate are allowed to cool to a temperature well below the melting point of the solder such
that the sSleeF Qyhdifuices, such as camcorders and portable telephones, while increasing performance

and speed. 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, which weakens the solder connection and increases the electrical resistance of
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required to start and complete the nitrogen atmosphere formation and purge. The time requirement
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developmgpisiRava awtpieuabiPesHgrested any solutions and, thus, solutions to these problems have
long eluded those skilled in the art. DISCLOSURE OF THE INVENTION The present invention
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2 FIG. 3 iscquiietha@d ioascasdanae widuthewresenrtspmeniion. BEST MODE FOR CARRYING OUT

THE INVENTION
Solutions to these problems have been long 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 process steps are not disclosed in detail. In addition, the drawings

showing embodiments igfthe @RS AIESE WitiAG REIRAIRRAAINOL 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 the horizontal as just defined. Terms, such as "on",
"above", "below", "bottomBEthMife FRRIEEARRKENG (IETHB IRV EMBIODhder", are defined with
respect to the horizontal plane. Referring now to FIG. 1, therein is shown a horizontal solder-reflow
system 100 in abtthelémtevvigdgecaiibodimarrofieqstbsalstadyermioncn toacnvidanitiaoushs

unsoldereg, RAE, FUEDLATHERRAUIRIRT RIISYSI AUl AR 55t RIMOSRITREED Iearated alreult

packages, loaded after solder printing. Solder printing is a process for placing solder paste for solder
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with the horizontal, soldenrelaw SYsiemaAR? @&Eh%ﬂfﬁ'ﬁ‘én% nsRldarsd Radts, Adrafialedlkd2ifs a unit

having sealable doors 103 and 104. The loading [ock 102 contains a conveyor 105, such as a belt, for
loading pae@throlgh afdidenlathie dovvings iptoving Icatadiperti0 T appatatupscoftidiparts on

the conveygris ARRMLIIRM RY AN eah SO Cra G AHE NBME ShtcRAERIARS TR dGmpesAture,

about 20C. up to above about 450 C. A gas source iQ? is connected to replace air and fill the loading
lock 102 WigsHaetarhBa Rhoxsgaesiishinihe faning FHssof nitrogen/hydrogen. The pressure of

the inert gas is qqpttgliabig.ovehaWite AR IGNe MRadinglogh L A hrietls MR HAd Isralso

connected to the loading lock 102 to allow removal of air or inert gas and to allow drawing the loading
lock 102 d®Wh teeigacuigisissing dirpsEanpeperpd Pl poL e, hiezouelamipiirdefiiethp ToWmay be a

single pURR R - MMbEL QL PUBSIUStRS R 938 @,urga%e&@zlﬁﬁp‘@%ﬂe}m@h%@@fﬂio%a&’%%wn in
FIG. 1 or a number of 3 different sources to reduce the loading lock 102 to below atmospheric
pressure. “pRd9Rctifedefined with respect to the horizontal plane.

Referring now to FIG. 1, therein 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 conduction or convection heating unit 112. In the conduction unit, there will be a
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convective heating source, such as a heater and blower combination to provide a controlled volume of
inert gas fo Yol PentishefeRemg sTHY rodibaitnck 1P e &lked Srih differeribtsnidsriaditl Hhes in

order to pyaviggn the parts with a varying temperature profile. In the reflow unit 110, the reflow
conveyor system 111 moves in a horizontal direction carrying a part, represented by a printed circuit

board PCB. Thisafishateitiddfols sAtneeidighdBbr doadivsilotial Lol thensiadlerdonr bt &as
sources 1dijanstddd aresnnastepates filithesatawwiniil 1 Qovettoant Tt aanvly dhgtitenvalye 115 is

also connected to the reflow unit 110 to allow remaval of air or inert gas .or to allow drawing the reflow

unit 110 dbiFr b Aetfuhh iRy BIde amARiRe beREUE N PGP bl tg RO urit 120 will
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inert gas level that will be maintained during operation, An_unloading lock 117 is a unit having
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solder-reflowygahpass thipugiadhesealakie vdnand dBiive fhe fenleatiagiackehling The temperature of
the solder-reflowed parts on the conv@?@;’is controlled by a cooling source 121, such as a chuck/cold

plate, to bring thésaFt&logowtd ST RSN E SRR S IR 48 PEdiife PR e

particular fparsareewigh PraGeasetnpgatnsopreald 22 is connected to fill the unloading lock 117 with an
inert gas. A throttle valve 123 is also §onnecte to the unloading lock 117 to allow regqgval of gir or

inert gas, or to dPaWthESTIRISalG 18k 117 TR tSVRQTui TEM gl A VAROYF Y Surde ST #24. The
throttle vadvie diam itithenpepaits e ddsined igd pet il Cirlie Hiled WitB aTiek Weshgasedubildhe

V. T R o (e K omial Solderore o s ane gaiable door 119 so that the vacuum
Gas sources 113 and 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
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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 | 10, and the unloading lock 117, each of which is capable of being open to air, filled with

an inert gasyAR@/ Q) RVACHAIRR e A waASWBhJiR INSrsoRR [k floe Winadingolagk Ldficandathe same
as or different from the inert gas used in the loading lock 102. In operation, unsoldered parts after

solder priftiig"6CtR&Srinted circuit boards are loaded on the loading unit 101. These unsoldered parts
are then broughtrigutheafiorgantatasasigerefowmsysienm 1M Thelandinglaeks19R inilag wikkthe

inert gas. After pressure of inert gas in the Ioadin% lock 102 is equal to atmospheric pressure, the

scalable d§8r ttsFsflpunitd Shdidehmuplording ferksldre FAeVAE HishHs ferbiask RRfEnt of the

loading logkaitOB1RY tharcan vexeddaniike sealableideqr ddumthencinsedantbihrtarostainalve 108
opened in order to evacuate the loading lock 102 b)%neans of the vacuum/purge pump 109. During

the evacttoh!dreribbs thsstne srerdifisari ERpihninpd gesdsrddn b iﬁa&ﬂagﬂ?albégarougm toa

uniform temperaturepMéiien, thassassinjarthafleadiadopkiddiv cauabimibe vaeukmoasiahlished or
maintained in the reflow unit | 10, the scalable door 104 is opened and the conveyar 105 . transfers the
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vacuum is¢naintamed sydhemrefiow baibhdel vl flRvined w0 tHeasevens| diffeieplebaating zones
determined?@/ the . condéjcti )n o ?%igsnvection unit heat the parts to cause solder-reflow. The reflow
t ]

conveyor 254883 11 ifo0/ offere APart thid RIS HESHBh At SEARPS #RevAlduth to

start and dpuskdthedseld efdsitievddpase sse Riovod the BIOESS ¢80 ledar astivatiosr ascusdalouekabout
180T. to over about 350T. Then, the solder on the printed circuit boards is reflowed in the vacuum,

preferably! 45 1 tHe 980Yp¥&540re inert gas to solder the unsoldered integrated circuit packages to the
printed circuit bopldsseRldblRgdb refovy pheaessséaentiarabidetnaue: 11N dsiogesptacllomw dhder to

vacuum/purge pump 116 to main air11t e vacuum or o -pressur@ ir}ert 8arsnan1d graviso%lsolﬂer flux

gases. TH FrEAELIBS (SHHEiaSPde, 06 i BPbcsdifgr ccotmyptge fump 109. - itz he
evacuation process, the unsoldered parts sit on the heat source 106 in order to be brought to a
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
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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 5 | 10 and in the unloading lock 117, the scalable door 118 is

opened andthasaldaerafiowsas iagnatediercsitdadpwitistiiesgrideraddnirossied ciguitfpckages

are transferred to the conveyor 120 in the unloading lock 117. When the solder-reflowed parts are
transferretMiERtRELRIERMRPISER With, o soddsasslenirssited S i5FrittRaCkegRIAE: dEBisierer drie thssed

along with:gaedispitie vaite 43Radheinetors .is provided from the gas source 122 to fill the vacuum
and to bring the pressure of the inert gas in the unloading lock 117 up to atmospheric pressure. At the

same time, the cBOghEsatder T pugimats aBofraptirisbititpapiearingrlask dditdhsenpiala parts

down to agabients teIPRS ABAIELRS dEsIUINBLaterloScRANbEE A ihas Tkt thevsalder-rellawead parts will
not be subject to the oxidizing affects of air until they are at ambient temperature where the effects

will be mitirREYiRRE AL ez feUs th titfo SHify et iy aadstoabring Shie REEH SR dheHB S rottle
valve 123dsscipsad anddbmsastablie dagy bleisRpeaad pidisuseldertrefiowact piintedieiresilinoards

are then transferred from the conveyor 120 to the unloading unjt 125, It will be evident from the above

disclosure &t & | PLaRY RERL S WA EIRTBULIRG 1 Sok S HEHOMRARATE H8%E0 MBS hurged

or filled int@igRrta1REAIOFE IR cadeRGiaNSE W APLMbaulilseMeofdhieratant dnyamiian Asexamples,
the loading Jock 102 does nat have to be completely purged of the inert gas for lpading the_ reflow unit
110 and tAPIfT0IR0iRG WK A RS Yoeals v HAVEYS 1BEY %ﬁ%lé@h}%?&@@?{f‘m@rt"ﬂo&& URNSEHing. The

reflow unitvli18dsdar@elbut does not have to be filled and purged of inert gas or air during each cycle
because the VaCULilm Is, maintained. This mea({ls tnat Iarges, volumes of the inert gaséaire o longer

expended and th¥ EPoBSSRIRT HH &G QAR HAL boahdMosRIsiSID FSHCe N REr8H IR now
to FIG. 2, hetein isishowadaneitheal a8 -defom s)istepan2d0 Mhacsrkdarae withprhembreiment of
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It will be evident from the above disclosure that the loading lock 102 and the
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 scalable doors 203 and 204. The loading lock 202 contains a conveyor 205, such as a belt, for

loading parts thraugh Boarscalablg eanfeeRd winirhe Rading 190k 22w khadsmpegaiure of the parts on

the conveyor is controlled by a heat source 206, such as a chuck/hot plate. 6 A gas source 207 is

connected to fill th&OLERGI8eR PO RitA snrsied 4 the doasting Jarke?98dq st teommedebias the

loading logk 2Qz2ttaallamdemomadf alavanineredasnang thalopodrawing thedoasingipekia@2down to
a vacuum using a vacuum/purge pump 209. The vacuum/purge pump 209 may be a single pump or a

number ORSUIYEHEE R4 s JGrEaPY NS5 MR By RS ASEMBRRURR RS 22TPRHumber
of differept pamsefst hetHy gilayalve A8t hes pRuRitotheclaadhigoaK 02 todpe filleebyyithr air or

inert gas to fill the vacuum. A reflow unit 210 is connected to the loading lock 202 by the scalable door
204 to alfHSEEREYHSSnsoldered parts into the reflow unit 2 10 onto a reflow conveyor system 211.

The reflow unit 2k naytinclude: optianaheppetEto theN e thign Joeating ynits 2kt A Kieinert
conduction unit, there will be a conductive heating source, such as a chuck/hot plate, and in the

convectioBant tHEFEWAFBE™ convective heating source, such as a heater and blower combination.

The reflow unit 24Ganivihaie: Severalcdiffeiasd enpeTatidiaZ RRRSI020peihtoRrMie dBie padtsovith a
varying terqperature prafile. In the reflow unit 210, the reflow conveyor system 211 consists_of two

conveyor&! BT 3RCEH05 198! g5 dRavis mtﬂéh%?ﬁﬁl"%lﬂlé’ét%ﬁso%aar‘?:%ﬂWe%}Vﬂ‘iréyﬁ:ﬁ%Tlr%&/es ina
vertical diregtiemeariying eopary iepieseniedy eopditadcicuinhoatidPeBiddimadows anraduction in
the length of the vertical splder-reflow system 200, Gas sources 213 and 214 are connected to fill the
reflow unifP1BHA &ﬁlrn&f?r@a\ﬁ}xb%n?oﬁﬂ%dva% PFATAGROY SEnMeY ﬁo%?éﬁmqﬂrﬁt b allow

removal ahaiceveaibgamiatdtie anvwdmpvingetis ¢aflomingniodid dawn 19 a Yaswuidshigwar
vacuum/péjor%%i%gtrlr(])%?l&

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.
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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
scalable doors 218 and 219. The unloading lock 217 contains a conveyor 220 for unloading
solder-reflowed parts through the scalable door 218 into the unloading lock 217. The temperature of
the solderpigflgwRe LA R -ARAVRYRI IS tEE MHRIIRAN e k2AliNG $RUIABRRIthHEBag& Gidck/cold
plate, to bring the parts uniformly down to ambient temperature. A gas source 222 is connected to fill
the unloa R EER RN an inert gas. A throttle valve 223 is also connected to the unloading lock

217 to allow rempyahafaiias LK 203sanslshaw theoupioddinghgsk Ab4rdawRiQrAMRSUHRILEING a
vacuum/purge pump 224. 7 The throttle valve 223 further permits the unloading lock 217 to be filled

with air orstHEFFGEROWFRIPARS GHcRldRe HHKEOMIHUMG kY 74% dio 4Bl qHIB UgH e SBRIBBR door
219 so thagshmeaspiem Rldeseflowrr prItScaie AP acREORIPAN HRteAM I Ul Z2%ridheounipading
unit 225 can be a separate system or integral with the vertical solder-reflow system 200 and carries
solder- refOREHRALS Thus, the vertical solder-reflow system 200 generally includes the loading lock

202, the reflow gmniis? 10 aBHitAE JoNRAITIIE G sdm, BRCR-atmhichig caRrahle Iohdandeprento air,
filled with an inert gas, and/or evacuated to a vacuum. The iner&?;s for the unloading lock 217 can be

the same 8§ &ritferoH et hrelnlpadingelosh thle/ 152athglisTNS0s . GRPaBI AT i eBRieiRd parts

after soldarrprinéag.efithe pitrechEirgitheadsad loadetdamiheripadiog unit £91hd heradingoldered
parts are {hen brought to the vertical solﬁﬁgr-reflow system 200. The lo diﬁ)}g lock 202 is filled with the

inert gas. RHEF hfdBe 1BF ARG EheriftIBLlnTyg IBeinsHEs Bithind s drRUpadPer&ssure, the

scalable door 203 ispeaabedandlthecunsalderte paltafinpvedfime Hienteertioaschyiiasment of the
loading lock 202 by the conveyor 205. The scalable doo?:fﬁOB is then closed and the throttle valve 208

opened in & e deadiendntadilg 1dess0859 Asteth SUFIHES R ARt Bl Y8 Buring

the evacyalip eRsSstos 20soiMes echpaits stk hie hBad sadiceZ@6rinzasdesfierhedssargbt to a

uniform temperature.
eme@t gas {n the loading lock 202 is equal to atmospheric pressure, the sealable door 203 is

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

8



When the vacuum in the loading lock 202 is equal to the vacuum established or maintained in the
reflow unit 210, the scalable door 204 is opened and the conveyor 205 transfers the unsoldered parts
to the reflow conveyor system 211 in the reflow unit 2 10. The unsoldered parts are received by the
conveyor 21 IA. The conveyor 211A transfers the unsoldered parts to the conveyor 211 C, which

moves velgalhhiphiieersiloy SpiderRseum tRUTRhQReRIaRhWIeLY3sHPTIsBaiRiamEd Hadbe reflow

unit 2 10. In the reflow unit 210, the several different heating zones determined by the conduction or
convectioHHFATtHEHaRdNSTSlimi b franidiinTihe JAFEyor system 211 C moves the

unsoldered partspyp JREha@WH 1BERUANENBaZOMRS GRREIRUOAISIY TDthe¥aeUNbrakloW-RIRSSUTReInert
gas to cause solder activation and to start and finish the solder-reflow process. During the process,

the solderBFHHE PHige 8RR AL AL A A G IN Ihb eV aaHnSr IRAK-plé QU drmdRegdY {BSolder

the unsolgesrdsintegraiad Giscuit RackrYes tothesphiniadicdrestitodoards 2 RVHAG thenellawnipgess, the
throttle valve 215 is open to allow the 8 vacuum/purge pumf) 216 to maintain the vacuum and draw out

solder fluog5ses’- hs ealabls derjnitSals crerrAiBRG NS ifshERIinYSHRAES inthe daideflorisd

unloadingiigek#dd Hiasuthed@iteitaiNe 2A3REMiBPLRRAr IR R MACHE MIARLIEERWYRNE24 tO
create a vacuum in .the unloading lock 217 by drawing out the inert gas. When the vacuum level is the

same in tSETEHRE 1 P22 Ahs feRY Ker dnfb ARG UrleRMAE 19rk Skhlable door 218 is opened and the

solder-reflowed mants feseider-reflowed pirtegrateshsitetit hoandsiMrihding ridened ihia@mdblk circuit
packages, are transferred by the conveéor 211B é:%fhe conveyor 220 in t?ﬂ’? unloading lock 217.

When the98kieHaRgWEF R G o lstarred as tha na sdtiifadioBler anE sédiabls W661218 and

the scalahiepaoaned daieloges eigrg Mthithalhreiladmiveadddo Bt ingié passigpoavidethéiom the
gas source 222 to fill the yacuum and to bring the pressure of the inert gas in the unlpading.lock 217
up to atm s%ﬁ%ﬁﬁep}l& vt el it th & ROSPASEnBr eSSt e 22 M5t (B Boi WotnTiRE

temperatugiefethe 1seddats reflawedavarts d emip teatimbigmhctesiperafitay cihpistdldesaldeimeiiawed
parts will not be subject to the oxidizing affects of air . until heg/ re at arabient tempe Eure. Wpen the
Pressure FTRSRIEadH oL 20 1€ A SABREN & LT AGb R P hOMTE VARV 2o S Hletand the
scalable deei 2k isropenabichhespldemreflowed printed circuit

When the pressure in the unloading lock 217 is at atmospheric pressure, the throttle
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
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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 uni§ 410 AR (08 HRIORLNGSHIORK 4 iHRR3AS Rave 1adeh GRBHIEISMAHIGLERidNRIt GRE for

unloading. The reflow unit 210 is large, but does not have to be filled and purged of inert gas or air

during eaéh Bytetbedordisgrmndauriondins deghtainky: thisnirssis thsrtesed 08 s Bt nert gas
are no longgkigypented angdhe i PrREEIEINDIIME iamsidthiodiNshchasbeemsub staniadysaduced.

Based on the above, it will be apparent that the horizontal solder-reflow system has a lower vertical
profile, whdt RS r-reflow system has a shorter horizontal profile. At the same time, it will

be understood thaifersglderedintagratediereuitiparkagcmhanstitiedciszulibpardnmayehadad in
from either end of both systems by changing the directions of the conveyors. Further, it will be

understod8HAE EBIAE KT SR AY HaseldeirdhRath Yty fh (IS oleTe 8t ity ARl rdfit:

packagesraindafipter giigtitnbaasds frororthen SaammdirecHantbainiligyease frgqutdnopselersimhave a
much shorter system by using one lock as both the loading and unloading lock. Also, the present

invention XAOWE SO e RS TRl fsEes diaphies i Srihevosiised iedia hPREh e reflow

unit to thepklaading sebdnanth@t he syseMhRefRing AR hiGeBothamirisdsparwmthesmernod 300
of the present invention_ includes replacing air around an unsoldered part wjth g%rjfs&inert gasina

block 302> e ish asina st gas Yothrh A hnraHoNRaAE 6h a1a L it % block 304;

vacuum reflow spldgrng:the disssleeedhaar: tosfeumsbreflowssniderd pambin adibtk30&n pHeviding a
second inert gas to fill the vacuum around the reflow-soldered part in a.block 3 08; and replacing the
inert gas AR M Rl BIESAPA IS ™ 0/ RINAS BEEH ISV Sef thalC s

possible touiagyicerthelarnaiyooithiavedwrethptyredaweshaoldes siahdisalaty bising the @leseman
invention. A?proximatel 90% of the soldeg bumps formed have less thatf 10% empt VOi(E;Q?nd 10%
of the sold&r bETHPE KAV SARASANI85 e BN Toid QeI A HBHBAEESRIBR VoI, Y Mxitim

acceptablengimplyieigsaperdéiftage 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 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 mode, it is to be understood that many alternatives, modifications, and variations

will be appgarenNo BN eseskilles i tre &t 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 mattesgshithdoitoefire -setderfzgpein or shown in the accompanying drawings are
to be interpreted in&)an.illustrative and non-Jimitin sensteg 1% THE INVENTION CLAIMED IS: | . A
2 Jea R

§ 8%@%&%‘“. raerb\g‘él 5ﬁd und ﬁsstdfbeé?gasbart with a first inert gas;

system for reflows
removing the firsteinertgastoffoirinervgaienfoanou vddineninsolae teel pariidst@duyam, reflow soldering the

unsoldered part to form a feflow-spldered part; .providing a second inert gas.to fill the vacuum around
the refiow-solder S SR AT ARG (e CaE RO B 2 i iSRS el coldered part
2. The system apdlaidiegl dnaiandd ihathgneitn filehkirshanansaoond ihertflasesobdiertipsameadyas. 3.

The system as claimed in claim | wherein: vacyum reflov%§gldeﬁn%%%?&$ré%e Il}eatlng the around the

S
integrated circuit %‘:’a%ﬁ%léet SR the: prlll}ﬁlét i 51gaar{§)'}ll%vm8 Soldér pas & prﬁoﬁ1 ed thereon at a plurality

of different tem ratur%%in th{& vacuym. 4..The System,as ¢claimed in claim | wherein: removing the
o D ¢ stem as cldim d in %la wh?rean.. . : .2
first inert gas includes simultaneously heating the integrated circuit package on the printed circuit
board having solderfpsistedosaotaul tineregusext @repher sdityeafadifferent temperatures; and replacing the
second inert gas includes simultaneously cooling the integrated circuit package on the printed circuit
board having soltler thefbesyatenseadiitned idiffierent tehepeiratures. 5. The system as claimed in claim
I comprising:  yacuum 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.

4. The system as claimed in claim 1 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.

5. The system as claimed in claim 1 comprising:

moving the the integrated circuit package on the printed circuit 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 system 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



moving the the integrated circuit package on the printed circuit 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 system
for reflow soldering an integrated circuit package on a printed circuit board comprising: replacing air

with a first inert gagihauefldhesiiRg %ﬁ’e%ﬁ‘éﬁia@&?lﬁﬁt@@i%&h%@@ﬂi% pHAKE kARl seE@Ving the
first inert gas to form a vacuum around the integrated circuit package on the printed circuit board;

moving in a first TROVASHR drieepradenonisdhin MesatRe SHOME paskass endhf Bdaig §ireathostreflow

soldering the intpgsateheisciit arkage QR baiprintedaclicHtpoand: tHPoviBg-ifa sSRERGpIRMR the
integrated circuit package on the printed circuit board; providing a second inert gas to fill the vacuum

around the integrated cHeHiCpAEREH&16HIEReBAnted circuit board; replacing the second inert gas with

air around the injggraied eHeuieagkags easthatpHitachaiguidartdrmavingin pibisbenanbe
integrated circuit package on the printed circuit board; and filling the vacuum with air, the first inert
gas, or the second inerPHRESheIELPERAVEE first, second, or third moves after moving the integrated

circuit package qhdtiagRiAtadrairauilanaidtcprdibe SysiapRrgaisnatdpeiabm drahemirdvasgum
reflow soldering Provides the integrated circuit package on the printed circuit board having solder

bumps with 9096 BF gt a MRS IMBERAh i h HUh it Laha sy vdiugans I595e Yhe

solder bumps having legssthase Q00 emMpdynyeids a5 neieentageneforalemearBitTRR ISR oM tAS
claimed in claim 6 Wherei,n:%gcuum reflow soldering comprises heating the around the integrated

circuit package on the BrRGSFUiC88%kd having solder paste printed thereon at a plurality of
different temperait.u res ijﬂl}g Ey\é?e%l%gnélaimed 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 system 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.

0. The system 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 system 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.
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9. The system 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 temparaturesdithe wosaingsanitafien pavinmipasiategrated circuit package on the
printed circuit board in the first move. 10. The system as claimed in claim 6 comprising: moving the

integrated circuifdSRREE A 98 ShREA S AT RIBHL- anAolds bt ditbctidisostisehtad Rirtical,

and a combination thergghol2ng thArstas: felste fonnsoldeiing arbanicasizing i lpading lock for
replacing air around an unsoldered part with a first inert géas and for removing the first inert gasto form

a vacuum around tFRAOWsoErsaRsried risidhrulfpdiBigndetia s tvaqbaing ek relderdtantifefiow

soldering the unsoldergdspaitiifpirnte reflaw-saleatesi@atd pad, and/nloading lock connected to the
reflow unit for providing a second inert gas for filling the vacuum around the reflow-soldered part and

replacing the se@8rith!fsingdeckrsanactHed-&n s SoflvetnfaiRnntr dfing? teroeddnstt g8sciimed in

claim 11 wherein: the |qading @ed snleadineipekad asfosupliesal jhe fifst AptheREONME IR @ASES
that are the same gas. 13. The system as claimed in claim 11 wherein: the reflow unit comprises a

heating unit for heating'B6% S AIRNPErbrafan -ldgsrRarty Wietlinsoldered part in the vacuum. 14.

The system as ﬂgimed in claim 11 Wfll]ggrein' the IoadL g‘%l{gck includes a pump for removing the first
inert gas and a héating fictoreRidt H&S%Whaég’ti rL 6g%ﬂ]rality of different temperatures the

unsoldered partilanddtiag alahdinaliiak locksdes a sypplysaffidertfgasaiat seplading:thgasecdnd inert

as
9 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;
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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-fingtinghi 9 as- s dahy aRIRKING SRR RSt ieringasdR JormcaivaridaRATOMnHLthe
integrated circuit package on the printed circuit board, the loading lock for filling the vacuum with air,
the first inert gas, or a BHBESLCIFaH §98 diter removing the integrated circuit package on the printed

circuit board; 13 g reflwding fecivaekUsrokedny seidesidadhpdntegiated Gircud Rackage A the: printed
circuit board; an unloadingc lock for providing the second jnert gas to fill the vacuum and for replacing

the second inert gas witAPAC s eren isrhess Wb aitserad dheAntrrraiem adts G arB8a ! the

unloading lock for filling b, Macsd Birwith ardth@ dingt g as crIiesre @R Ratugas witgraigmoving
the integrated circuit package on the printed circuit board; and a conveyor sgrstem for moving the the

integrated circuit packat SEStHBSHEREOGiFREtetIut dnsrhSAY Uk TR R dNisERGE e by unit,

and the unloading lock.phékddeera\atepras Eaineobsaelaundl6 wherein: the reflow unit provides the
integrated circuit package on the printed circuit board having solder bumps with 90% of the solder

bumps formed h&GRiYy QS BSHS M BRI (hsidReanirads heinBi EBIGER SRS HRVMGISLS Han 20%

empty voids as a percejtageabuglbindan 18 TagisySten de etiaedin claimnkawbedain g reflow
unit comprises a heating unit for heating the integrated circuit package on the printed circuit board

having solder pasle prifntee syweanis alArpbdralityaoih défetentiiemperatures in the vacuum after moving
the integrated Ci?ﬁlejitreﬂow unit 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.

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.
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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 mping henURsQMEKROINRERARIACBIG ik RRckage on the unsoldered printed
circuit board from the loading unit; the unloading lock for cooling at a plurality of different temperatures

the soldered int@diAEEYOR QtipRcIIgR OSBRI brivEF tir Y Boraabingtion ersaingdock

after moving the integratpebeiicHit PaGkpaskaretbs MEpeateaigHitRedEdfrom 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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