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METHOD AND APPARATUS FOR | NSULATI NG . MO STURE SENSgJ4 VE
"PBAA' S - BACKGROUND OF THE | NVENTI ON

Field of the Invention The field of art to which this invention rel ates
is electronic packaging. Mdire specifically, this invention relates to a
met hod and apparatus for insulating noisture sensitive plastic ball grid
array (PBGA) nodul es durlng attachnment or renoval fromcircuitized
substrates. Description of the Related Art Typi cal |y,
one- or nore sem conductor chips, or other such electronic devices, are
mounted on a first circuitized substrate (called a seniconductor chip
carrier, or nore generally, a first |level electronic package or nodul e),
which, in turn, is nounted on a second circuitized substrate such as a

prlnted circuit card or board S CBL‘ enerally called a second | evel
él ectroni ¢ package or T?%ﬁ*%‘d@$ &8¥INBunted on the first
| evel electronic nDduIe are nbrsmnnnxsﬂu$1mmvnezmmmkshrough the circuitry of
the first level nodule to the circuitry of the second el ectroni ¢ nodul e.
The resulting structure may_be used a%gpart of a_conputer or other such

equi pnent. A seni conduct oPACHFFOUNR Ot REF SUYRNEI@Et roni ¢ device, may be

mount ed on pads, which are part of the circuitry fornmed on the chip

carrier. Conventional techniqyggiareruggd 1:,HYBL the chip carrier to the
.sem conduct or chip. One such technique is called solder reflow which uses

sol der bunps, such as solder balls
The field of art to which this invention relates is electxronic

packaging. More specifically, this invention relates to a method
and apparatus for insulating moisture sensitive plastic ball grid
array (PBGA) modules during. attachment or removal from
circuitized substrates.

o

Description of the Related Art

Typically, one or more semiconductor chips, or other such
electronic devices, are mounted on a first circuitized substrate
(called a semiconductor chip carrier, or more generally, a first
level electronic package or module), which, in turn, is mounted
on a second circuitized substrate such as a printed circuit card
or board (PCB) (more generally called a second level electronic
package or module). The electronic devices mounted .on the first
level electronic module are electrically connected through the
circuit;y of the first level module'to the circuitry of the
second electronic module. . The resulting structure may be used as
part of a computer or other such equipment.

A semiconductor chip, or other such electronic device, may be
mounted on pads, which are part of the circuitry formed on the
chip carrier. Conventional techniques are used to mount the chip
carrier to the semiconductor chip. One such technique is called
solder reflow which uses solder bumps, such as solder balls
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}2- .EBrresponding to the pads. Wth each contact pad on the chip carrier
bei ng positioned on the appropriate solder bunp on the chip, the assenbly
is heated so as to liquefy the solder and bond each contact pad on the chip
carrier to the confronting solder bunp on the chip. The pads and bunps, or
balls, are typically positioned in an area array called a ball grid array
(BGA). The chip, chip carrier and BGA together formthe first |evel
el ectroni ¢ package, or-nodule. The first .level nodule is then attached to a
PCB in nuch the sanme way, using a grid of solder balls corresponding to an
array of conductive pads on the PCB. ~ Plastic ball grid array (PBGA)
nodul es are nnistgne s§$sétive. The.sggcification for attaching or renoving
e

PBGA' s from PCB S t-88u D¢ A% he WIEPIBRCH AFIEAST PRE BBt FB% SRR of the
PBGA r eactri#froResng ebgs 2oDirad JonC thii Rpprorpmiadie plodderohumpponfthidie chip

cannot exgess, 22 aééB]érg\%ﬁuié ?ﬁe&t%‘gB‘awEiQ é‘étﬁfdtheffypitﬁ%egoﬂfééﬁ g’ﬁﬁ%&gqto
renove a defecti rom.t he PCB. osure to a erature exceedi ng
220[ err] %"{:harﬁ:t N \eégﬁ:gt PR ke FHR ﬁgrﬁﬁ?ﬁto bohi ﬁ%‘%gpﬁté??s%%l%%’éause of
t he desi gPPRE @ &heofBinf tTie rads lRndobhmpsedt baddsh prectupiesllyhe
printed chdsitilonaand &RCBred SafdaifedllBdaa basl ki dt Ratabepbgai he MEB and

its first vel d . et n_rpoom-t rature and 135[err] C
The bi as %lglf})'i fﬁ??’mg%gg}égn%%%ﬁ(%nggg\é\%geﬁp v f%&pgr’ﬂsgcfﬁﬁ? ormy. In
.order to HRftnandcspprakags oi om nqduleheThasbingt rlavedampdolesbs deneal | s
(in the catsmafedattbaghpent jn hRioeaihe BamBBRY AN itie aPGBiahet gasadpist be

i mum o o cerRrRbOiafia OF AT Eheal 8o St B HGePhorAS B T xed on
the PBGA is the first part of the structure that sees the hot gas. Wile °
t he sol deplgstiint Halar gbatl| sriay heppwal)t REdalEs Ny nodkengebsbays ¢ Hvd he
StrUCtureThé¢§§é€T?th§§£9nf@PKfEEééhfngp8§S%éﬁg%fﬁ% @%@A'%h%rom PCB’s
requires that the solder balls on the bottom side of the PBGA
reach approximately 200° C while a cover plate on top of the chip
cannot exceed 220° C during reflow to attach a placed good PBGA
or to remove a defective PBGA from the PCB. Exposure to a

temperature exceeding 220° C can result in damage to the chip.

Difficulty arises because of the design limitations of the rework
tool used in such procedures. The printed circuit board (PCB) is
placed in a bias bay that heats the PCB and its first level
modules sqmgwhere between room temperature and 135° C. The bias
bay is limifed to heating a PCB up to 150° C uniformly. In order
to heat—=the solder joints (in the case 6f.removal) or solder
balls (in the case of attachment) between the PBGA and the PCB,
ho; gas must be applied to the top side of the PBGA. The hot gas
temperature required is a minimum of 230°C.

The problem arises because a cover plate affixed on the PBGA is
the first part of the structure that sees the hot gas. While the
solder joints, or balls to be melted are many layers below in the
structure. The tool design makes it impossible to heat the



“3- sol der joints, or balls to 200[err]C while maintaining the cover plate
tenperature bel ow 220[err] C. Doubl e sided product (PBGA's on both the top
and bottom of the card) increase the difficulty in reworking the site.

Addi tionally, because of the hot gas flow across the chip, the solder balls
~joining the chip to the carrier on the first level nodule can reflow
during attachment or renoval of the first level nmpdule to the PCB. This can
cause opens between the chip and carrier or excessive internetallic growth
that will eventually lead to solder joint failure.

Summary of the Invention Therefore, -i3 s an object of the present

[ ti t.h and uct for ,insulating noisture .
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conponentorhatiengigssol desl haddul® icdnakeayol Catﬁrl(iigr QhEREn 8 UDS ¥ & Syd B
provi ded. f‘rl;h:@lesggllgg;: gg,l{éf rk?d{ﬁea f| LR %(c:;gper .ure_at which the rrelt The

corrponent as a secon r ey greater: t 5t 8% FPEESt ature,
.over whi QEFIFET GRBoRBEP @%d FRFEGEd. OThexeraHoe domprmetslhi¢igsowsht ep of
preheat i rpatthevidilr ewehiaelll s Ulsid dbesbbder tvint traAparature | ower than the
first tenperature. In a second step, the conponent is placed on _he
circuitized substrate. In a third step, a thermal shield is placed over the
conponent. In a fourth step, SH"S#Fesh dfendnvgation a fourth

Therefore, it is an object of the present invention to provide a
method and structure for insulating moisture sensitive PBGA’s
during removal or attachment which protects the chip from damage
caused by exposure to high temperatures.

It is yet another object of the present invention to provide a
method and structure for insulating moisture sensitive PBGA’s
during removal or attachment which prevents reflow of the solder

balls of the first level module during attachment or removal of
the first level module.

Accordingly, a method for attaching a component having a solder
ball grid array to a circuitized substrate is provided. The
solder balls have a first temperature at which they melt. The
component has a second temperature, greater than the first
temperature, ovér which the component is damaged. The method
comprises a first step of preheating the circuitized substrate to
a third temperature lower than. the first temperature. In a
second step, the component is placed on the circuitized
substrate. In a third step, a thermal shield is placed over the
component. In a fourth step, a stream of hot gas of a fourth



-4- tenperature is directed for a predeterm ned tinme about the periphery
of the thermal shield such that the solder balls reach the first
tenperature thereby formng solder joints, while other parts of the
conponent reach | ess than the second tenperature. - Simlarly, a nethod for
renmoving a conponent having a solder joint grid array froma circuitized
substrate is also provided. This nmethod conprises a first step of placing a
thermal shield over the conponent. In a second step the circuitized
substrate and the conmponent having the solder joint grid array are heated
toathird terrperature Iower than the fi4st tenperature. In a third step, a
stream of _h urt tenqperature i s di.regted for det er mi ned
time abou{'e@%e %@‘%‘?A hery ] ?ﬁﬁr‘?raq’ esqﬂt«?lrﬂugﬁé gf‘ﬂ%ta]?%tps%eder joints
reach t hePPF%Eltleﬂér&)%rfé%%rtéletrh@ﬂ-ebyl@@eﬂuqlpg thae thedeelder rialaprdastot her
parts 01;] the ﬁDﬁ@Drlﬁiiﬁpé’x%aﬁﬁ—é Q?&réﬁ?nféﬂﬁn'@eﬁgmdegeﬁ@%ﬁtt?é Urv&ulé‘ Aclacﬁé}urth
step, the o romthe circuitized su rate. SO
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directed for a predetermined time about the periphery of the
thermal shield such that the solder joints reach the first
temperature thereby breaking the solder joints, while other parts
of the component reach less than the second temperature. In a
fourth step, the component is removed from the circuitized
substrate.

Also provided herein is an apparatus for attaching a component
having a solder ball grid array to a circuitized substrate
wherein the apparatus comprises means for placing the component
on the circuitized substrate; a thermal shield disposed over the
component; means for preheating the circuitized substrate to a
third temperature lower than the first temperature; and means for
directing a stream of hot gas of a fourth temperature for a
predetermined time about the periphery of the thermal shield such
that the solder balls reach the first temperature thereby forming
solder joints, while other parts of the component reach less than
the second temperature.

Similarly, an apparatus for removing a component having a solder
joint grid array from a circuitized substrate is also provided.
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-5- This apparatus conprises a thermal shield disposed over the conponent;
means for preheating the circuitized substrate and the conponent having the
solder joint grid array to a third . tenperature |ower than the first
tenperature; nmeans for directing a streamof hot gas of a fourth
tenperature for a predeterm ned time about the periphery of the conponent
wi.th the thermal shield such that the solder joints reach the first
tenperature thereby breaking the solder joints, while other parts of the
conponent reach | ess than the second tenperature; and neans for renoving
the conponent fromthe circuitized substYate. In preferred versions of

t he met hogs, and apparatus of .the gr sent inxﬁn .0 the(fircui%'zed
subst r at e* 8% &3 SOFRE BB oAr IR SRS 8n§%ﬁ%$ﬁe PYEEséMtconduct or
chip and ctiporenti areansdflos. preheating the circuftized Duswtingtieoands thhe
Drawi Ngs conP&sén@ihBtREhkeabilass, jasPeYrSd ardapdvand aggsof the
appar at us_and W?thOd%éPL:tﬁﬁ B;gﬁenéilqy Q&{%E u&g.q§cqge&§§tt§r i
under st 00§ WP EH ?%ﬁ%r 5 thé Fo :ﬁ% es rlﬁtlonf dﬁ%éﬁ e&-glgﬁﬁgf gnd
dcconpany&ngtdeami aghrathaes. of g| fpunth | feppergteyeaferca innrdetgravingl t he
PEGAPgoGi utemef abber p;ngaribméegt bPNthe @n@on&rﬂl’t__:: bl ﬁ%r @ﬁe&@mhe mti%%dof
't he ahpar t resent. invent, Qn. . 3 strates _a.flow
di agr am of CAEnEPHE A THicEs: JOBRES  hORRL 1 BiE SN, ER R cheTey
“attached bseaking cihie isddlesuiointse. while other parts of the component
reach less than the second temperature; and means for removing

the component from the circuitized substrate. =

In preferred versions of the methods and apparatus of the present
invention, the circuitized substrate is a printed circuit board,
and the component is a semiconductor chip and chip carrier
module.

Brief Description of the Drawings

These and other features, aspects, and advantages of the
apparatus and methods of the present invention will become better
understood with regard to the following description, appended
élaims, and accompanying drawings where:

FIG. 1 illustrates a sectional view of the PBGA module of the
present-invention.

FIG. 2 illustrates a schematic of the PBGA apparatus of the
present invention.

FIG. 3 illustrates a flow diagram of a method of the present
invention in which a component is attached to a circuitized
substrate.
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-16- FIG 4 illustrates a flow diagramof a nethod of the present invention
in which a conponent is renmpved froma circuitized substrate.

Det ai |l ed Description of the Preferred Enbodi nents Al t hough this invention
is applicable to numerous and various types of conponents and circuitized
substrates it has been found particularly useful in the environnent of
printed circuit boards and sem conductor chip and chip carrier nodul es.
Therefore, without limting the applicability of the invention to printed
circuit boards and sem conductor chip and chip carrier nodules, the
invention will be described in such envérennent. Referring nowto FIG 1,
there is shown a _PBGA nodule, referred to generally by reference nuneral
100,” and HFerhdtilVSityaref of r £t sizgramcg rf%‘?ﬁhOdl'l"?é EBRPRFRFRALLOO0 sits
atop a ciimuanticed isubbticht e d&thonenef ésabéyovedGionT be cipopbeitsdd 100 has a
Sem condugiwyc L 102 attached to a chip carrier 104 by means of a first
BGA 106 by processes well known in the art, such as a C4 process. The

sem conductor chip 102 and chip carrier 104 make up a first | evel package
or nodul e. The fiDedrilledeDesvdipteigm effethbl JrafasodtaEnhodbmentypl at e 108
affixed to the sem conductor chip 102, preferably nmade from stainless steel

for mech ta rel i abi |Ité of the Ch'@ P.gﬁrmal barrier, and physi cal
appear anc %ﬁ]qu BYBPHORy S 3PPERE £ IRENGTRYS 2 AN NARFFIUS 110,
which is W%l@ﬁol%mnnepbxyam t¢ixufitiked $ubstmachas| A¢ hhe beahafvwrsd
stresses pa&&hﬂﬂ%@h@ehsb@tmtf:nbaié/\%%ﬂrbﬁméﬁé St %yl@l%dbéklséu}@%@a&ddérhe' r

correspondl condu caréler

s (n
conponent*X 1ch M Bﬁegg aéb‘%ﬁgllBaF%rﬁjr?]a ’%ﬂﬁﬁ";{fsllZT PFEE¥F 1 0 the
chip car rWJéirhOLm landtangahlgedamﬂcwaﬂohéntyhef the invention to printed

circuit boards and semiconductor chip and chip carrier modules,
the invention will be described in such environment.

Referring now to FIG. 1, there is shown a PBGA module, referred
to generally by reference numeral 100, and alternatively referred
to as a component. The componenﬁ 100 sits atop a circuitized
substrate 150, preferably a PCB. The component 100 has a
semiconductor chip 102 attached to a chip carrier 104 by means of
a first BGA 106 by processes well known in the art, such as a C4
process. The semiconductor chip 102 and chip carrier 104 make up
a first level package or module. The first level module
preferably also has a cover plate 108 affixed to the
semiconductor chip 102, preferably made from stainless. steel for
mechanieal reliability of the chip, thermal barrier, and physical
appearance. The first level module préferably also has an
underfill 110, which is preferably an epoxy with a filler for
reducing the mechanical stresses in the solder joints between the
first solder balls 106 and their corresponding conductive pads
(not shown) on the chip carrier 104.

The component 100 also includes a second ball grid array 112
affixed to the chip carrier 104 and arranged such that the



~7-" ndividual solder balls that make up the second BGA 112 correspond to
sol der pads (not shown) on the circuitized substrate 150, preferably a PCB.
The second solder balls 112, have a first tenperature at which they nelt,
preferably 200[err] C. The sem conductor chip 102 has a second tenperature,
greater than the first tenperature, over which it can becone danmaged.

Pr.ef erably the second tenperature is no greater than 220[err]C Bef ore
refl owi ng the second solder balls 112, thereby joining the conmponent 100 to
the PCB 150, a thermal shield 114 is placed over the conponent 100. The
thermal shield 114 insulates the cover-ptate 108 on the conmponent 100 and
prevents hot gas used to reflow the second BGA 112 (di scussed bel ow) from
heati ng t hadéuyiéuapl selderodaddsi bhat efdleavusf thReseeenthBBGALR12. - The

{Eer rrfllh sbb@kdsééﬂ?i €o Bg&ﬂccﬁirfwtssi(hbﬁ%}%vﬁ)d oaeahgr@ﬂrépittltwd it st | ar ger
t han e c a 0 c ot cover
too much §P£ egé r??%r gﬁf erF% ¥s@ |§%é#%r%qg F%ﬁ?n h%Piﬁﬁﬁ) %ﬁis 2&3104 be
exposed t aVReahbirgastennanedugeoatsehieh fdevunel br npretaual) wf200ReCsecond
BGA ﬁg Phef @éﬁbb&nd&é’tﬁ:ﬁ harifalioghhes da ldebdna Eaﬁpeﬁ@ﬁ&]gia S'-glfa:*battlé%th t&RAnai I
gap exi st Qpane n ically, the cover
Pl ate 108¥h% 3 ?%kwﬁékﬁ #E&%n e% %ﬁ1$%"f%‘%agg§§ﬁgﬁ% éaﬁ?ﬁ%f%al I nsul ation

provi ded PHefeseblchhe |3eaanstitemperaEurr |45 @GpaFéﬁFe¥oﬁhﬁﬂa%ﬂg C-ed in the
.art that the thermal shield 114 of the present invention can be utilized

for both %%%9@”?@%1&9&% %V?ecﬁkdagof‘&éf%d&h@t Ei“z‘hegmhﬁéﬁy’\’b‘%g&% %‘g’gcr Sl

the PCB 1 ggara esent 1 nvention
with regar®mPerePE 190 & thgy FaBatlal  or Hiesmed FBigydgbhbrid IR OVEF t o
by referente aonpoaen2000GNd M khebhel peHiise 108 Ahsardtew tHre ceamgronent

100 to the %l'trCH!bb' 5ffdt1§é'bé&ﬁ;ﬁ)tn%n:l:SQOO'Aaﬂ@aéPe\;e?ﬁ:sphgg'895 th&gqgonent 100

onto the Circuiti
reflow the second BGA 112 (discussed below) from heating the

cover+plate 108 during reflow of the second BGA 112. The thermal
shield 114 is preferably silicone and designed so that it is
larger than the cover plate 108, but not too much larger so that
it does not cover too much of the carrier 104. It is important
that the chip carrier 104 be exposed to the hot gas during
processing for uniform heating of the second BGA 112.

Preferably, the thermal shield 114 is fabricated such that an air
gap 116 exists between the component 100, and more specifically,
‘the cover plate 108, and the thermal shield 114, for improving
the thermal insulation provided therebetween. It should be
readily apparent to one skilled in the art that the thermal
shield 114 of the present invention can be utilized for both

attachment and removal of an already attached component 100 from
the PCB 150.

An apparatus of the present invention will now be described with
regard to FIG. 2, the apparatus of FIG. 2 being generally
referred to by reference numeral 200 and having the purpose of
attaching the component 100 to the circuitized substrate 150. 2
means for placing the component 100 onto the circuitized



substrate 150 is provi ded, preferably a vacuum tube 202 which is connected
to a vacuum source 204 by way of a suitable conduit 206. Wth the
application of a vacuum the vacuum tube contacts the conponent 100 thereby
hol di ng the conponent under the aspirating effect of the vacuum The

- conmponent 100 is then | owered onto the circuitized substrate 150 in such a
position that the conductive pads of the circuitized substrate 150 are
aligned with the correspondi ng solder balls of the second BGA 112 of the
conmponent 100. Preferably, the conponent is |lowered and aligned by way of
a stage 208 which is fed alignnent infogmation froman alignnent system
The al i gnment systemis |ike those cormonly enployed in the art, such as

t wo "poi nt sehserate/i Korisoprephided pinefespbliens. valum pubei ded whiappas at us
200 is a pBARScEAd dY @DSRALLOM Lbe-&d Iy byzag%sw%t 531€ah20 Londult! Md
ferrperatugﬁ V\/mv?h is.|lower than the first tenperature. The prehea Ing is
done to réffice YHel ddie gppiisation o @ peguiBy thRy EGUNNERPE coamaeks page
of the sahthe ddmparndntd 0&npberaeby challimgetbeabdypdidmtenni€r Pnef erably, the

PCB 150 cagpbga®imisadtddetCort eft Widdd Pofl¥ 2dmpdtavitNgod Eisffaﬁen_
gerrperatu%e ehl(gherttl& n the thj rd%%%rature such that conductive heat
transfer DEYHEER THS g‘&ycéffuéﬁﬂz GTPEE LIS I SURB PORCSEBLYML ai ni ng
the thirdthetperatearsluchliver pads vef ythet nd rpnehiztd mybssrachi esedaby pl aci ng
.the conpoagnind@®Qy e dAeBcb2PebPoia iRALRT dBPVHE PINRIH t%éoseéyﬁé‘ Béa aJhPi as
bay, in V\:ch t he coogjt)or%eqé 100 a‘?]gl !ngwlS? are allowed to_s OV\Ag achieve
the 135[ePr] C'Tenperature £ -whFERTS eatBf SWRPSHedf 29¢ered nandt ai ned
A means i 31pgeed dad Wawr ofi resthag 20&Mhdgin 66 ft agdgnokna fnfothation
t enper at UELoit Oin da PIHIRING BiyBeen| | MheA QY gnhBEt PRRFdURINETY Qhkbhenbber mal
shield su Q?!hggi tgeplsoece%nanrc_EQ léLZtreaches tpe fi r_stt ten‘ger ature (at which
they nelt ereby” Tor Mg *Soldérf o1 M 8FnFhYy RHE S SAPGHBNY 15891 t ¥ t he
y tr y. ng
PCB 150, ®RiiE ePlelotaustens. * - 9-
: Also provided in apparatus 200 is a means for preheating the
circuitized substrate 150 to a third temperature which is lower
than the first temperature. The preheating is done to reduce
thermal stresses in the PCB 150 and to minimize any warpage of
the same. The third temperature is preferably 135°C.
Preferably, the PCB 150 can be placed in contact with a body 212
having a fifth temperature, higher than the third temperature,
such that conductive heat transfer between the body 212 and PCB
150 results in the PCB 150 obtaining the third temperature.
Alternatively, the preheating is achieved by placing the
component 100 and PCB 150 in a heated environment 210, -such as a
bias bay, in which the component 100 and PCB 150-are allowed to
slowly achieve the 135°C temperature at which the heated
enyironment 210 is maintained

A means is provided for directing a stream of hot gas of a
fourth temperature for a predetermined time about the periphery
of the thermal shield such that the second BGA 112 reaches the
first temperature (at which they melt) thereby forming solder
joints joining the component 100 to the PCB 150, while the other



bart§“of t he conponent 100, nanely the chip 102 and the first BGA 106,
reach | ess than the second tenperature (at which the chip can be damaged).
The fourth tenperature is preferably greater than 230[err] C and nore
preferably 260[err]C Preferably, the neans for directing the stream of
hot gas conprises a nozzle 214 which surrounds the conponent 100 and nakes
contact with the PCB 150. Hot gas is supplied froma hot gas supply 216 and
supplied to the nozzle by way of a suitable conduit 218 and a punp 220, if
necessary, disposed in the conduit 218 for delivering the hot gas fromthe
supply 216, through the nozzle 214 and gltimately across the conponent 100.
Alternatively, the hot gas supply 216 can be pressurized, in which case a
punp 220 ey ti%ot0 fn d8Ge OMpOBRN T 0 .t nemghy the t%méﬁﬁoﬂ@@tth@(ﬁlmq tBGhoul d
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joints already forned reflow, allow ng one to break the solder joints by
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_tube 202 m&éw\mﬁﬂﬂdmwﬁﬁht ehé mdre 1c5<mrrponeﬂ_tgéé)G,s byppRass dfor e 1dtage

208, and 5}1?; zl'sf Bﬁﬁ L %&590%n%%ya89'£a§ fd ect of

t he vacuu thrs |tuat|on an nt “system foct..aligning
t he BGA sc‘?rﬁi‘l%lzrlscéflfiegpﬁﬁlﬂi’ M badE PECRBEAREC SLSROFE Wnt]%%rﬁf%ﬁ‘ 11% he
steps of 21fe firet RkiEdd vefrihfbethe dsentgasnEenini tite aguppdyt RlGedthrotdie the

fl owchart r
- 10 - ﬁ%éslérj?tlégtagﬁ h@tﬂﬁ%lf‘;attac% tg‘é? %é%"élr?ﬁlc?néﬁto 100 to the PCB

150, whi |2 E§BaVqLyystRg: BOt 93 TWRR Y of 1P eFARY ilfy PERESEEHPBRent™

which «case a pump 220 is not needed to deliver the gas to the
component 100.

It should be appreciated by one skilled in the art, that the same
apparatus can also be utilized for the removal of the component
100 from the circuitized substrate 150. In such a configuration,
uvpon the direction of the hot gas across the component 100,
;nstead of forming solder joints, the solder joints already
formed reflow, allowing one to break the solder joints by
removing the component 100 from the PCB 150. The removal of the
component 100 from the PCB 150 can be done using the same vacuum
tube 202 and stage 208 as discussed previously. After -reflow of
the solder joints, the vacuum tube 202 is lowered to contact the
component 100, by means of the stage 208, and thereafter lifted
from the PCB 150 under the aspiration effect of the vacuum. Of
course, in this situation, an alignment system for aligning the
BGA‘s to their corresponding pads is not necessary.

In summary, the steps of the methods of the present invention are
outlined in the flowcharts illustrated in FIGS. 3 and 4. FIG. 3



1 ot

100 fromthe PCB 150. Referring nowto FIG 3, there is illustrated a
flowhart for a nmethod for attaching a conponent to a PCB, the nethod
generally referred to by reference nuneral 300. At step 301 the circuitized
substrate 150 is pre-heated to the third tenperature as previously

“ described. At step 302 the conponent 100 is placed on the circuitized
substrate 150. This is preferably achieved by sub-steps 302a-302c. At step
302a the component is-held or grasped for. pl acenent, at step 302b the held
conponent is lowered onto the circuitized substrate, and at step 302c the
second BGA 112 is aligned to the correspgéndi ng conductive pad array on the
circuitiz strate_150. st 304 a thermal shield 114, as

previ ousl| ;iq&illsé%ﬁf%%%% ?sm%ﬁ-’ré%%ﬁgodilﬁgflﬁglﬁ%n‘iﬂﬁ‘né?‘&mpfﬁﬁ’?tA%O%t% &8 PGEhe
stream of ¥® yA31psFEFr ettiedlyshragepr aduethod rfed tremevibouthd heomenepiter y
of the theromltrohi ehd #2d¥ s3gh that the second BGA 112 reaches the first
tenperature thereby formng solder joints. Preferably step 308 is carried
out by way of sub-steps 308a and 308b. Step 308a conprises the providing of
t he nozzl &efPATrdpgr nevete dilfonent thegeahs Stlap t3egkdcanpléwamrttheEdd awi ng

._?f ElotG gZSnddNo@ugbrt J_aeltmzlzﬂge aﬁr&bn?lbﬁénttb@ f@@@,neﬂt&hﬁggt?od didfniing now
0 : i g ed a_flowc or,.a_ne r renoving a
conmponent ﬁ‘eﬁéoé%rrgdng £¥ﬁ€é%{%ngc& 88%8%%??@69‘& &% Etﬁe?o?g%/ t%ééf erence nuner al
400. At SEEyLEszetheubnieratg 10 dsdpredheakedtoy tbes thind somiter tiuse

pl 3ceﬂ ovels trevtouphyedésdifibedit ategtégﬁsaﬁt_r@deambbhé@@ sopsitd Figctad
and the c Nt . re- i r, —

- Qﬂp%@l%- Lfi%gg%gig%c?aﬁ# g&téiggpﬁggli oﬁlé 1ys &eSsErrlelB%’a".ib]ﬂf as%v@ﬁpyt he
st ream of S S§eEs| 30%rT3Ied Bdr skepr 302 i roaPPRARE ab® theldhemer i phery

of the themmpeshiferdplddemsrn) tdtaktbpe3onsamk BedAdlddmp&deieSis lowered
onto the circuitized substrate, and at step 302c the second BGA
112 is aligned to the corresponding conductive pad array on the
circuitized substrate 150.

At step 304 a thermal shield 114, as previously described is
placed over the component 100. At step 308, the stream of hot
gas is directed for a predetermined time about the periphery of
the thermal shield 114 such that the second BGA 112 reaches the
first temperature thereby forming solder joints. Preferably step
308 is carried out by way of sub-steps 308a and 308b. Step 308a
comprises the providing of the nozzle 214 over the component 100
and step 308b comprises the flowing of hot gas through_thé nozzle
and over the component 100.

Referring now to FIG. 4, there is illustrated a flowchart for a
method for removing a component from a PCB, the method generally
referred to by reference numeral 400.

At step 402 the thermal shield 114, as previously described is
placed over the component 100. At step 404 the circuitized
substrate 150 and the component 100 are pre-heated to the third



the first tenperature thereby breaking the solder joints. Preferably step
406 is carried out by way of sub-steps 406a and 406b. Step 406a conpri ses
the providing of the nozzle 214 over the conponent 100 and step 406b
conprises the flowi ng of hot gas through the nozzle and over the conponent
100. At step 408 the conponent 100, after the solder joints between the
conponent 100 and the PCB 150 have been broken, is renoved fromthe
circuitized substrate 150. This is preferably achieved by sub-steps 408a
and- 408b. At step 408a the conmponent is held or grasped for renoval, at
step 408b the held conponent is lifted¥yromthe circuitized substrate.

Wi | e thﬁ{e has,k been shown and descri bed what is considered to be preferred

enmbodi mertoPEF AFRES AS MR TEPUSY ResrriBedcopk St 408detbrosarennt of
vari ous Mot BesatEodsrented emyes predtoemmined et iaid amuﬂtd theagekypheryade

Wi thout dgpahkl BEetham éﬂfeﬁi”lrmt s‘i!&:ht Eﬁat MEOTd nd tBGAS 1&Bef:§£8£8s

i nt ended %ha% thg hnven gl to the exact forns descri bed and

i |1 ust r at@F, TBGE SﬂPﬁr%%ulé%Hgi &Pﬁfe Tt t%%‘%h%ﬁom fPéRtFons that may

fall wt tﬂrﬁfleﬁébélz'opéenfwmelsam@e‘mded ohti by.way of sub-steps 406a and

- 12 - 406b. Step 406a comprlses the E&ébb@in }3¥”HH% EB%§lge§§ﬁ'g grour.

|nvent|o w%%t ggec%a%ﬁ¢ (g gﬂ ﬁe5|re Io segure Letters Patent is:
A e, SOFR RESR AN6R: SRERTHPS S ddOWHE0| ofr hat gas

-.ar ray to t&’—”@“ﬂéuﬁh?z@@lzglmsin@t%’ert ltbes opupondrat |1Dthavidtgsaep 408f that

t enper at wompahewli £bo{ hefré®lthe e aeenpenent Mé& &he com Sﬁeﬂé 100

t t Lhe f t ch _the
componentits HErB68 150 il oose BoplsPie) tig 1 WP voR Teomshepiidn tizeg,)

pr eheat i ﬁg’bﬁﬁefaé?r 2Pt z‘@@n%w@mr@tf@rablm athieved by tsmippetapsr 40Bavendt han
the firsuoBenpenat st€p 408a the component is held or grasped for removal,

at step 408b the held component is lifted from the circuitized
substwate.

While there has been shown and described what is considered to be
preferred embodiments of the invention, it will, of course, be
understood that various modifications and changes in form or
detail could readily be made without departing from the spirit of
the invention. It is therefore intended that the invention be
not limited to the exact forms described and illustrated, but
should be constructed to cover all modlflcatlons that may fall
within the scope of the appended claims.



(b) placing the conponent on the circuitized substrate, (c) placing
a thermal shield over the conponent, and (d) directing a stream of
hot gas of a fourth tenperature for a predeterm ned tinme about the
peri phery of the thernmal . shield such that the solder balls reach the
first tenperature thereby formng solder joints, while other parts

of -t he conponent reach | ess than the second tenperature. 2. The met hod
of claim1, wherein step (b) conprises the sub- steps of: (1)
holdi ng the conponent, (i) Iomerhng t he hel d conponent onto the
circuitized substrate, and -13-
(iii) aligning the ball grid array tociAgﬂgrespondlng conductive pad
array on the circuitized substrate. . The nmethod of claim1, wherein
step (c) further conprises t he sub step of supplying an air gap :
bet ween t Havéngpbiesitdescribedd oulreibheniniin, s vbhektdweoclaimpray imegy,t ked her mal

i nsul ati oBesire ©60¥e&lk By e tbber PRdeshisgl.d. 4. The nethod of claim
1, wherein step (a) conprises placing the substrate in a heated

envi ronnment having the third t enper at ur e. 5. The net hod of claim
1, mherelﬁ st ep Dafhedniny sésaghingng eomponent having a solder ball grid

array to a circuitized substrate, the solder balls having a
first temperature at which they melt, the component having a
second tgmperature, greater than the first temperature, over
which the component is damaged, the method comprising-the
steps of:

(a) preheating the circuitized substrate to a third
temperature lower than the first temperature,

(b) placing the component on the circuitized substrate,
(c) placing a thermal shield over the component, and

(d) directing a stream of hot gas of a fourth temperature
for a predetermined time about the periphery of the thefmal
shield such that the solder balls reach the first
temperature thereby forming solder joints, while other parts
of the component reach less than the second temperature.

2. The method of claim 1, wherein step (b) comprises the sub-
steps of:

(i) holding the component,

(ii) lowering the held component onto the circuitized
substrate, and

—_—
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i " i.
body having a fifth tenperature, higher than the third tenperature, in

contact with the substrate such that conductive heat transfer between
t he body and substrate results in the substrate obtaining the third

t enper at ur e. 6. The nethod of- claim 1, wherein step (d) further

conpri ses t he sub-steps of: (i) providing a nozzle over the
conponent, and : (ii) flow ng the hot gas through the nozzle and over

t he conmponent . 7. The met hod of claim 1, wherein the circuitized
substrate is a printed circuit board. 8. The nethod of claim1,
wherein the conponent is a - sem centlyict or chip and chip carrier nodule. -
9. The method.of claim 1, wherein the first tenperature is 200

- 14 - dddriéds 2ELPRINY, L Pale grd & expar atard FerepPansiinges

Cel si us, the tenductémpepafiuaeray dBTldegieeniteted usubsixxhte. the fourth
tenperature is greater than 230 degrees Cel sius. 10. The nethod of claim

9, wherei.n the fourtg.te erature is _260 degrees_Cel si us. '11. A
met hod for redddi Rt Oéoggoﬂ M hlay iWRETE180FHEP (@) nfugrhar comprisesy from
a circuitizedthgbstbateept b€ sapplarifjoiant aikagapgbetweern ttig Soniperieatat ur e
at which they a8l tnet BReeRAPOSRIM1 MY NI mproving the thermal insulation

provided by the thermal shield.

4, The method of claim 1, wherein step (a) comprises placing
the substrate in a heated enviromment having the thifd
temperature.

5. The method of claim 1, wherein step (a) comprises placing a

body having a fifth temperature, higher than the third
temperature, in contact with the substrate such that
conductive heat transfer between the body and substrate
results in the substrate obtaining the third temperature.

6. The method of claim 1, wherein step (d) further comprises
the sub-steps of:

(i) providing a nozzle over the component, and

(ii) flowing the hot gas through the nozzle and over the
component.

7. The method of claim 1, wherein the circuitized substrate is
a printed circuit board.

8. The method of claim 1, wherein the component is a
semiconductor chip and chip carrier module.

9. The method of claim 1, wherein the first temperature is 200

* 4 L M S *



a second tenperature, greater than the first tenperature, over which

t he conponent is damaged, the nethod conprising the steps of:

(a) placing a thernmal shield over the conponent, (b) preheating the
circuitized substrate and the conponent havi ng the solder joint grid
array to a third tenperature | ower than the first tenperature,

(c) directing a streamof hot gas of a fourth tenperature for a
predeterm ned tine about the periphery of the thermal shi el d such that
t he- sol der joints reach the first tenperature thereby breaking the

sol der joints, while other part s-of4 t-he conponent reach | ess than the
second t enper ature, and (d) renoving the conponent fromthe

circuitized sSFIEeEEeCels1vs, THie Radesd bENREEAGHIEL iswRaPedegreed (d)
conpri ses the Gallsius, thetepsrdftemperaturéi )shmdglidegribe cemponentansnd

< 15- (idne leobitkReL r ci;rcujtiz .
substrate.  13. The mtﬁoﬁg%{%%ﬁc%gg%?g%%%eﬁnméggg era%r?%fr’t (glrS’clbsh'pri ses
t he sub-step of supplying an air gap between the conmponent and the

t her mal sHl el dheomeithprovi ngldfre  hememeinnshk atdwith temppravied Hyz2dde
thermal shiel egrees celsius.

11. A method for removing a component having a solder joint grid
array from a circuitized substrate, the solder joints having
a first temperature at which they melt, the component  having
a second temperature, greater than the first temperature,
over which the component is damaged, the method comprising
the steps of:

L4

(a) placing a thermal shield over the component,

(b) preheating the circuitized substrate and the component
having the solder joint grid array to a third temperature
lower than the first temperature,

(c) directing a stream of hot gas of_aafourth temperature
for a predetermined time about the periphery of the thermal
shield such that the solder joints reach the first -
temperature thereby breaking the solder joints, while other
parts of the component reach less than the second
temperature, and

(d) femoving the component from the circuitized substrate.

12. The method of claim 11, wherein step (d) comprises the sub-
steps of:

(i) holding the component, and

—_—
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14. The nmethod of claim 11, wherein step (b) conprises placing t he
substrate in a heated environnment having the third t enperat ure. 15.
The nmethod of claim 11, wherein step (b) conprises placing a body
having a fifth tenperature, higher than the third tenperature, in
contact with the substrate such that conductive heat transfer between
t he body and substrate results in the subsfrate obtaining the third

t enper at ur e. 16. The method of claim 11, wherein step (c) further:

CORpri ses t he sub-steps of: (i) providing a nozzle over the
conponent, and (ii) flow ng the Iot- gas through the nozzl e and over
t he conp of claim1ll, wherein,the circuitized
substrate is toh élﬁF?ﬂ?e%P?nﬁgiﬁpFoﬂﬁa?ﬁnt gn thte SHECRLE B8 ¢l ai m 11,
wherei n the ceompehrateis a sem conduct or Chlp and chip carrier nodul e.
19. The nethod of claim 11, wherein the first tenperature is 200

- 16 - degre l.si ps,. the .seco d tenperat gr ees
Cel si us, rte &%1 8ef:§e?r%e?gt€fﬂrae”?sl 13Y' agai"%e% (saS éurgﬁar COMYHESurt h
t enperature |§h@r eubestehapf 230RlangesnCeisigar between the component

and the thermal shield for improving the thermal insulation

provided by the thermal shield.

14. The method of claim 11, wherein step (b) comprises placing
the substrate in a heated environment having the third
temperature.

15. The method of claim 11, wherein step (b) comprises placing a
body having a fifth temperature, higher than the third
temperature, in contact with the substrate such that
conductive heat transfer between the body and substrate
results in the substrate obtaining the third temperature;

16. The method of claim 11, wherein step (c) further comprises
the sub-steps of:

(i) providing a nozzle over the component, and

(ii) flowing the hot gas through the nozzle and over the
component .

17. The method of claim 11, wherein the circuitized substrate 1is
' a printed circuit board.

18. The method of claim 11, wherein the component is a
semiconductor chip and chip carrier module.

19. The method of claim 11, wherein the first temperature is 200

O O



20. The nethod of claim 19, wherein the fourth tenperature is 260

degrees Cel si us. 21. An apparatus for attaching a conponent having a

sol der bal l grid array to a circuitized substrate, the solder balls
having a first tenperature at which they nelt, the conponent havi ng a
second tenperature, greater than the first tenperature, over which the
conponent i s damaged, the appar atus conpri si ng: nmeans for
preheating the circuitized substrate to a third tenperature | ower than
the first tenperature, means for placing the conponent on the
crrcuitized substrate, a thrmal shield disposed over the

conponent, gﬁ EE faor direct.i ng a stream, of hot as of a fourth
tenperature f&FIESHFebELE f?ﬁfmﬁp% iSFE ORBo HEMR RS el gl of reesthe
t hermal shi el #edgdhst hbhet bieisd| teperalthger back3d kiegrees Celsiug erget ature

thereby form RgeS@bdetn] ebbpsSratid 8 sO04Rehter thddARl® Qbgtes cOIPONEN!
reach | ess than the second t enperat ure. 22. The apparatus of claim

21, wherein the neans for placing the conponent on the circuitized
substratéﬂbonﬁmpsggthod of claim 19, wherein the fourth temperature i -

means for hol digag debeeeanpenenis . means for |lowering the held
‘conponent onto the circuitized
21. An apparatus for attaching a component having a solder ball
grid array to a circuitized substrate, the solder balls
having a first temperature at which they.melt, the component
having a second temperature, greater than the first
temperature, over which the component is damaged, the
apparatus comprising:
i :
means for preheating the circuitized substrate to a third
temperature lower than the first temperature,

means for placing the component on the circuitized
substrate,

a thermal shield disposed over the component, and

means for directing a stream of hot gas of a fourth
teniperature for a predetermined time about the periphery of
the thermal shield such that the solder balls reach the
first temperature thereby forming solder joints,'while other
parts of the component reach less than the second
temperature.

22. The apparatus of claim 21, wherein the means for placing the
component on the circuitized substrate comprises:

—_——
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éﬁﬁéfrate, and means for aligning the ball grid array to a

correspondi ng conductive pad array on the circuitized substrate. 23.
The apparatus of claim22, wherein the neans for holding the conmponent
conprises a vacuumtube in contact with the conmponent for holding the
conponent under the aspiration effect of a vacuum applied thereto.

24. The apparatus of claim23, wherein the neans for |owering the held
conponent onto the circuitized substrate conprises a stage affixed to
t he vacuum tube and capabl e of nnvenent in at least the direction in
whi ch the conponent is | owered. #%é‘apparatus of claim 22, wherein

t he nmeans fOfdﬁaa&E“faQ holdlﬁ?etﬁgﬂéo Pgngrray to the correspondlng
conductive pa arra he circ 'Zzéd substrate.conprises a two

poi nt Vi si on caner a. 26. The apparatus of claim 22, wherein the
means for aIigméan; for 1bherbagltnﬁihéharcampbnem&ubnhM'm@&pemdbﬂgtm@eductive
pad array crgﬁaltlzed substrate conprises a split optic

system e apparatus of claim21, further conprising an air gap

bet ween the conponent and the thernmal shield for inproving the therma

I nsul ati on pr oweaded foyr shéghhee ntthe Sduldl drid @Brayihe apparakeponfiingai m 21,

wherein the neafsufi W 836826EREy on the circuitized subdt@atielCuitized
substrate conprises a heated envilronnent

23. The apparatus of claim 22, wherein the means for holding the
component comprises a vacuum tube in contact with the
component for holding the component under the aspiration
effect of a vacuum applied thereto.

24. The apparatus of claim 23, wherein the means for lowering
the held component onto the circuitized substrate comprises
a stage affixed to the vacuum tube and capable of movement
in at least the direction in which the component is lowered.

25. The apparatus of claim 22, wherein the means for aligning
the ball grid array to the corresponding conductive pad
array on the circuitized substrate comprises a two point
vision camera.

26. The apparatus of claim 22, wherein the means for aligning
the ball grid array to the corresponding conductive pad
array on the circuitized substrate comprises a split optic
system.

27. The apparatus of claim 21, further comprising an air gap
between the component and the thermal shield for improving

the thermal insulation provided by the thermal shield.

28. The apparatus of claim 21, wherein the means for preheating

U



having the third tenperature in which the circuitized Substrate is

pl aced. 29. The apparatus of claim 21, wherein the neans for preheating
the circuitized substrate conprises a body having a fifth t enper at ur e,
hi gher than the third tenperature, placed in contact with the
substrate such that conductive heat transfer between the body and
substrate results in the substrate obtaining the third tenperature.
30. The apparatus of-claim21l, wherein the nmeans for directing t he
stream of hot gas further conprises: a nozzl e di sposed over the
conmponent, and means for fl owind®8 ke hot gas through the nozzle and
over t he _conponeng The apparat us of claim.30, wherein the
means for roﬁPﬁg fﬁ%ultlzequﬁuqi§§aFﬁr FERE1IRS o PSPECIN T BHEPIRE
conponent conpevieg the tlhisippmpeshthoe Pasyhixhcsheéucircobnezed ng t he hot

gas supply  gup¥tiBedhes nozadsy. and a punp disposed in the conduit for
delivering the hot gas fromthe supply, through the nozzle, and to the

conmponent . 32. The apparatus of claim 21, wherein the circuitized
substrat €9. ThesapparamedTiqladm 2bhoavdereirB3he Teengefbodprehedtming 21,
wherein the CQHEC’EfP&ui@l@ed subs%e_«mt@oe fgescfa Bo@Pdnali Ry @rfiﬁ{h modul e.
34. The apparatus of cl %1 ere rst tenperatur

temperature, hlg eér t temper ure, p aced in
- contact with the substrate such that conductive heat

transfer between the body and substrate results in the

substrate obtaining the third temperature. -

30. The apparatus of cleim 21, wherein the means for directing
the stream of hot gas further comprises:

L2

a nozzle disposed over the component, and

means for flowing the hot gas through the nozzle and over
the component.

31. The apparatus of claim 30, wherein the means for flowing the
hot gas through the nozzle and over the component comprises
a supply of hot gas, a conduit connecting the hot gas supply
with the nozzle, and a pump disposed in the conduit for
delivering the hot gas from the supply, through the nozzle,
and~to the component. '

32. The apparatus of claim 21, wherein the circuitized substrate
' is a printed circuit board.

33. The method of claim 21, wherein the component is a
semiconductor chip and chip carrier module.

34. The apparatus of claim 21, wherein the first temperature is

HII\II\ T R A
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- 19 - 200 degrees Celsius, the second tenperature is 220 degrees
Celsius, the third tenperature is 135 degrees Cel sius, and the fourth
tenperature is greater than 230 degrees Cel sius. 35. The apparatus of
claim 34, wherein the fourth tenperature is 260 degrees Cel si us. 36.
An apparatus for renoving a conponent having a sol der joint grid array
froma circuitized substrate, the solder joints having a first
tenperature at which the solder nelts, the conmponent having a second
tenperature, greater than the first tenperature, over which the
conponent is damaged, the appar at us ¥onpri si ng: a t hermal
shield disposedz%%e?ethe copponent neans for preheating the

e

circuitized subdrafi89aR8Sthetsius,” HhfSREAR HERMRRFaEHES sbF o2l | RIHERF i d
array to a thir&elsiusyebperttinre dtemperathae idhel 5 deyreespeshs e, and

means for directdnRg raugtheashMr19lr03% gf:eé‘télotl{ﬁa*ﬁ 230 déﬁf@% tac?]éﬁtfietf&r a

Predeterm ned tinme about the periphery o t he conponent

thermal shield such that the sol der joints reach the first tenperature
t her eby br &&ki nFhehépparatgyg| eercjadimid4, whetreirotdher fparts témpdwature is
conponent - reach 2e@sgegreest s {fte second tenperature,. and means for
renovi ng the conponent fromthe circuitized substrate. 37. The
apparatus of claim 36, wherein the nmeans for renoving t he conponent
fromthe cidfcui inzégragbtus afer cmmenviisgsa component having a solder joint

grid array from a circuitized substrate, the solder joints
having a first temperature at which the solder melts, the
component having a second temperature, greater than the

first temperature, over which the component is damaged, the
apparatus comprising:

”

a thermal shield disposed over the component,

means for preheating the circuitized substrate and the
component having the solder joint grid array to a third
temperature lower than the first temperature,

means for directing a stream of hot gas of a fourth
the component with the thermal shield such that the solder
joints reach the first temperature thereby breaking the

solder joints, while other parts of the component ‘reach less
than the second temperaturée, and

means for removing the component from the circuitized
substrate. .

37. The apparatus of claim 36, wherein the means for removing

the component from the circuitized substrate comprises:

* [ L ] S *
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- 20 - means for hol ding the conponent, and means for raising

the held conponent fromthe circuitized substrate. 38. The appar at us
of claim 37, wherein the neans for holding the conponent conprises a
vacuum tube in contact with the conponent for hol ding the conponent
under the aspiration effect of a vacuum applied thereto. 39. The
apparatus of claim 38, wherein the neans for raising the hel d
conponent fromthe circuitized substrate conprises a stage affixed to
t he” vacuum tube and capabl e of novement in at least the direction in

whi ch the conponent is raised. 40. The2@pparatus-of claim36, further
conprising an ajr nent _and the thermal shield for

p ween the co
i mprovi ng T?F P q°1%ﬁ§8I5 dﬁ“%%ﬁ@%geda%§ the thermal shield.  41.

The apparatus of claim 36, wherein the neans for preheating t he
circuitized subsédrd efandaliRengORRONNIG CONBHAERS Brom theh@dted: efyigonnent
havi ng t he thlrgu %gature I n which the circuitized substrate and
conmponent are The apparatus of claim 36, wherein the neans
for preheating the C|rCU|t|zed substrate conprises a body having a
fifth : 3?] egﬁﬂﬁ@tdﬁrﬁra{tmghaﬁ &:fﬂﬁﬂ?tﬁe gﬂbfélﬁetam@[nﬁa@ﬁrsefoh?' as@ém% the
contact wi a conductjve, hea n et ween
t he body and su rate re§ﬂ€#§Qe£ %‘vacuum %s%?eﬁQ?ggﬁFaVﬁEﬁggéﬁe third

4 enperat ure. %“Poﬁﬁéltaﬁﬁa”r bolding wWheicempenenhaiular tthe asphsatibon
directing éhfes! I obcligh &6S1fdd tthete€®NPri ses:

39. The apparatus of claim 38, wherein the means for raising the
held component from the circuitized substrate comprises a
stage affixed to the vacuﬁm tube and capable of movement in
at least the direction in which the component is raised.

40. The apparatus of claim 36, further comprising an air gap
between the component and the thermal shield for improving
the thermal insulation provided by the thermal shield.

41. The apparatus of claim 36, wherein the means for preheating
the circuitized substrate and the component comprises a
heated environment having the third temperature in which the
circuitized substrate and component are placed.

42. TiHe apparatus of claim 36, wherein the means for preheating
the circuitized substrate comprises a body having a fifth
temperature, higher than the third temperature, placed in
contact with the substrate such that conductive heat
transfer between the body and substrate results in the
substrate obtaining the third temperature.

43. The apparatus of claim 36, wherein the means for directing
the stream of hot gas further comprises:
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- 21 - a nozzl e di sposed over the conmponent, and means for

fl owi ng the hot gas through the nozzle and over t he conponent. 44,
The apparatus of claim43, wherein the neans for flow ng the hot gas
t hrough the nozzle and over the conponent conprises a supply of hot
gas, a conduit connecting the hot gas supply with the nozzle, and a
puirp di sposed in the conduit for delivering the hot gas fromthe
supply, through the nozzle, and to the conponent. 45. The appar at us
of _ctlaim 36, wherein the circuitized substrate is aprinted CIFCUIt
boar d. 46. The nethod of clai m 36, ‘mﬁéreln the conponent is a

sem conduct or Chl gnd chip carrier e he appar at us of clai m
36, wherein tRe"PF¥ Se5k GVETi ke °°m9866“8eg?% s Cel sius, the second
tenperature is 220 degrees Celsius, the third tenperature is 135

degrees Cel si pean@nfor floditg kawr ﬁbth?é@&flﬁ‘bﬂ@ﬁ tBe HEM W anliaRve30
degrees CEls'%ﬁe co 48. The apparatus of claim47, wherein the fourth

tenperature is mBNHR egrees Cel si us.

- 44. The apparatus of claim 43, wherein the means for flowing the
hot gas through the nozzle and over the component comprises

- _ a supply of hot gas, a conduit connecting.the hot gas supply
with the nozzle, and a pump disposed in the conduit for
delivering the hot gas from the supply, through the nozzle,
and to the component.

45. The apparatus of claim 36, wherein the circuitized substrate
¥s a printed circuit board.

46. The methpd of claim 36, wherein the component is a
semiconductor chip and chip carrier module.

47. The apparatus of claim 36, wherein the first temperature is
200 degrees Celsius, the second temperature is 220 degrees
Celsius, the third temperature is 135 degrees Celsius, and
the fourth temperature is greater than 230 degrees Celsius.

48. The apparatus of claim 47, wherein the fourth temperature is
260 degrees Celsius.
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