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REPLACEMENT .SHEET Dat e: .16..DEC 1995 Fl ux Conposition And THS PEBET HGS BEEN
Sol dering Met hod Background of the Invention 1. Field of the Ijpvent REPLAGED
iivention pertains to a flux conposition and to a correspondi ng-—fetfrod tor
. sol dering, for exanple, a sem conductor chip or a chip carrier nodule to a '
_printed circuit bodldx Compesitivh AndCorrespundingBotdering Mthods pl ay an
important role in the procedures used to nount el ectronic conponents onto
printed circuit cards and printed circuit boards (both of _which are

hereinafter generically referred to as printed circuit boards or PCBs). For

exanpl e, one gg‘%%@ufnqr f’tl{eegwéhtfﬂﬂmt' ng a sem conduct Or | iThis §a¥eEH4s Been Replaced
ce

circuit devi rel na ter denom nated a sem conductor chi P mwmm‘ma‘“

chip) onto a PCBis, for exanple, to formregi ons of sol der,
bal I's, 1. Field of the Invention

The invention pertains to a flux composition and to a
5 corresponding method for soldering, for example, a semiconductor
chip or a chip carrier module to a printed circuit board.

2. Description of the Related Art

Fluxes play an important role in the procedures used to mount
_ -electronic components onto printed circuit cards and printed circuit
10 - boards (both of which are hereinafter generically referred to as
' printed circuit boards or PCBs). For example, one method for
directly mdunting a semiconductor integrated circuit device
(hereinafter denominated a semiconductor chip or just a chip) onto a
PCB is, for example, to form regions of solder, e.g., solder balils,
15 . ‘on contact pads on the circuit-bearing surface of the chip. Such
solder regions may also be formed on corresponding contact pads on
the PCB. Then, a flux is applied to the solder regions on the chip
and/or to the corresponding contact pads and/or éorresponding
solder regions on the PCB in ordér to remove oxide layers which may
20 have formed on these solder regions or contact pads and to achieve
increased wetting .of the contact pads by the.sollder rég'ions.
Thereafter, with the circuit-bearing surface of the chip facing the
PCB, the solder 'regions -dn"_che chip are brought into contact with
- the corresponding contact pads or solder regions on the PCB, and
2%5 the resulting assembly is heated in order to melt, and thereby
reflow, the solder regions on the chip and/or on the PCB. Upon
cooling and re-solidification, the resulting soldér connections
between the chip and the PCB are typically encapsulated in an

encapsulant; e.g., an epoxy resin encapsulant, to relieve ‘dny
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on contact pads on the circuit-bearing surface of the chip. IS SHEET HAS BEEN |
regions may also be formed on corresponding contact pads on the PCHEPLAQED
w flux is applied to the solder regions on the chip and/or to the
correspondi ng contact pads and/or corresponding sol der regions on the PCB
|r ggio(r) der to rsqmy,t tgmgﬁ%%b?r&gdﬁd‘ébew @mﬁaat@ﬂemam@a sol der

ns or contact, pa n 0 achi eve e tin f ont act
pads by the -__s‘i?F@fé?legEQ?Gﬁ rmal exRansion (b&g)l'f%tsﬁ’@]\é\ﬁ cﬂf'?ﬁ%glitﬁﬁfsurface of
the chip faﬁlthﬁ dHip.PCB, the solder regions on the chip are brought into
contact with the rrespondi ng.,co . r ' ~the PCB,
and the resulti ngﬁoé’s% risgﬂﬂ%%?égﬁ{tnagg%éﬁ q%ﬂh\g ’t?ﬁggdchgﬁcé?gﬁy refl ow,
tshe s?)! g_e][ r agountinga modulehiep gan@noorganic modrERor greramin modyleand
re-solidificagti : |k d G iSQ AECasinREdd\e &hip he chip and
the PCB are taéyepl cag%gﬁlecﬁ\)?g%scﬁﬁggggi ﬁ%rﬁﬁ%gca sul ant,gée. g.. gn epoxy resin
~encapsul ant, aayrier mgdagleamyjust module) onto a PCB, involves fonmng, e.g.,

screening, regions of solder onto contact pads on the

non-chip-bearing surface of the module. Such solder regions may

10 also be formed on corresponding contact pads on the PCB. A flux is
then applied to the solder regiohs on the module and/or to the
corresponding contact pads and/or corresponding solder regions on
‘the PCB. Théreafter, with the non-chip-bearing surface of the
module facing the PCB, the soldex_- regions on the module are brought

15 into contact with the corresponding contact pads or solder regions on
the PCB and the resulting assembly is heated in order to melt, and
thereby reflow, the solder regions on the chip and/or on the PCB. In
general, the mﬁgnitude of the difference between the CTE of the
module and the CTE of the PCB is relatively small, and therefore the

20 resulting solder connections between the module and thé PCB need
not be encapsulated in an encapsulant. _

If the module of interest has electrically conductive pins
extending from the non-chip-bearing surface of the module., then
the module is mounted onto a PCB by, for example, initially

25 _ positioning the module over the top (i.e., the circuit-bearing)

| surface of the printed circuit board and inserting the electrically

conductive pins of the module into corresponding, copper plated
_through holes (PTHs) extending through the thickness of the
PCB, Then, the PCB and the module are placed on a conveyor,

30 - which paSses the PCB and module over a fluxing wave or flux

| sprayer, which sefves'to impinge liquid flux Qntd the bottom surface
of the PCB and into the PTHs. This flux is wicked up into the
PTHs, and thus flux is applied to both the walls of the PTHs
and to the pins extending into the PTHs. Thereafter, the

35 conveyor passes the PCB and module over a solder wave, which
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a di ff erence between the coeff|C| ent of thermal expansion (CTH AEELA -
and the CTE of the chip. In a manhner simlar to that described above, one
met hod for nounting a nodule, e.g., an organic nodule or a ceram c nodul e,

bearing sem coamnia! @ infft &égalﬁiﬁa%m&ézt ShtF AP BbBheRa&dbP thE 1 | er rodul e

or just nodule) onto a P I nvol ves form ng screeni ng éregl ons of

sol der onto cohitbe® C@a&§ddﬁt‘th@ﬁ’3ﬂscthlsb’é%ﬁdn§Pq§9¥ i alsogyi nodul e.
Such sol der rﬁﬁ'lﬁ@@tﬁ@?’lﬁwwoﬁhﬁx%@ﬁMWa&&rhﬁ&ﬁ%ﬁhﬁgaﬁﬁﬁt act pads on the

PCB. Aflux is { Ilecftotesol ons on.the e and/or to
the corres ponﬁ?‘h‘gﬁ’(?&%ggetseﬁgﬁbg 5?18718?1’%’3?%‘3&0%% thip agﬁ% ‘ons on

5 One of the most important aspects of the above-descrlbed

chip-mounting and module-mountmg procedures is the choice of flux
That is, as noted above, the flux serves to remove any oxide layers
which may have formed on the solder regions, contact pads, pins or
PTHs and to increase the wetting of , for example, contact pads by

10 ' solder regions. In most instances, at the completion of the soldering
process, use of the commonly available fluxes results in ionic
residues remaining on the solder regions, contact pads, pins or
PTHs. Such ionic residues are undesirable because they lead to
corrosion of circuitry and to short circuits. Consequently , if

15 formed, such ionic residues must be removed, e.g., cleaned with

' water, after the completion of the soldering process. '

‘The solder connections formed between a chip and a PCB or
between a pinless module and a PCB, as described above, have
relatively small heights, e.g., 4 mils, and therefore the sj)acing

20 _ between a chip or pinless module and its PCB is correspondingly

~ small. This is significant_because it implies that it would be very

difficult, if not impossible, to clean away any.io.nic.: residues
remaining on the solder regions and/or contact pads after the
completion of the soldering process. In addition, in the case of a

25 | pinned module, while corresponding ionic residues are readily
cleaned with water, one must then deal with the environmental
hazards posed by the resulting contaminated water.

Sigrﬁficaxitly, those engaged in the dévelopment of fluxes and
soldering processes for moi;nting chips and modules onto PCBs

30 have sought, thus far with little' sucéess, fluxes which leave
essentially no ionic residues on solder regions, contact pads, pins
or PTHs at the completion of the corre‘sponding'sdldering processes.
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the PCB. Thereafter, with the non-chip-bearing surface of t he {oHE %é%‘EQEEEEN

the PCB, the solder regions on the nodule are brought into contact

correspondi ng contact pads or solder regions on the PCB and the resulting

assenbly is heated in order to nelt, and thereby reflow, the solder regions

on the chip and/or on the PCB. In general, the nmagnitude of the difference
bet ween the CTE of the nodule and the CTE of the PCB is relatively small,
and t her ef or eSumwargofi|thedgvestiger connections between the nodul e and the
PCB need not be encapsul ated in an encapsulant. |If the nodule of interest

has el ectrically conductive pins extendi ng fromthe non-chip-bearin
surface of the nodihe inveption davelyes Iaen?"é%%ﬁ?W%ﬁPB ‘ﬁh‘ﬁéBleBV?sf o?

o | kBt e geidieemee it olim fshnn, 1
electrically %‘gﬁaﬂeﬁ 9’é°°§gﬁ%s Bge‘frﬁtlér'}f?gld’ﬁlceg&fct%{’%icccgo%%%%g%ﬁ; %g‘gﬁfsggg; e
pg at ed t hr ougds bhipssardPEhiy) camtien diodyleshrentgrPCBe. Significentlysf t he
| this composition includes pimelic acid (HOOC(CH,);COOH) as the
- primary active ingredient, i.e., as the primary fluxing agent.
In addition, this composition includes two organic solvents. The
first organic solvent has a relatively low evaporation temperature,
10 e.g., 82.4 degrees C, and is preferably isopropanol (isopropyl
| alcohol). The second organic solvent has a relatively high
evaporation temperature, e.g., about 170 degrees C, and is
preferably propylene glycol monobutyl ether (also-denominated
N-butylpropylglycol ether). While not essential, the composition
15 preferably also includes a relativeiy small amount of water,
preferably de-ionized water. _

The invention also involves the application of the new flux
composition to solderirig processes used to mount electronic
components, such as chips, chip carrier modules, resistors,

20 . capacitors, etc., onto PCBs.

- Brief Description of the Drawings

The invention is described with reference to the sole,
.acco'mpanying figure, not drawn to scale, dénominatéd Fig. 1 for '
convenience, which depicts the steps involved in mounting a
25 semiconductor chip, in the so-called flip-chip configuration, onto a
PCB, in accordance with the invention.

1
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PCB. Then, the PCB and the nodul e are placed on a conveyor, jiTﬁ“%%%%g_%HAs BEEN
Lhe PCB and nodul e over a fluxing wave or flux sprayer, whi ch¥erve CED
|rrp| nge liquid flux onto the bottomsurface of the PCB and into the PTHs.

This flux is wicked up into the PTHs, and thus flux is applied to both the

wal I's of the PTHs and to the pins extendi ng into the PTHs. Thereafter, the
conveyor passes the PCB and nodul e over a sol der. wave, which REPLACENENT
SHEET Date: 1BetmilediDesrrintion pédhe PrefonnegeEmbedimenttster onto the bottom
surface of the of the PCB and into the PTHs. This liquid solder is also

wi cked up into theTlﬁlﬁgvegtlll)L_liﬂgoltvgg aPr-lrg‘% ux comggsniu%%owlwhugx Peggres

" essentially no ionic residues at the completion of conventional

solldéring processes used to mount electronic compbnents onto PCB.s.
5 Consequently, there is no need to clean away such ionic residues
at the completidn of these soldering processes with, for example,
" water, and therefore there is no need to deal with the environmental
- hazards posed by water contaminated with jonic residues.
The invention also involves the application of the new flux
- 10 composition to soldering processes used-to mount electronic
- components, such as chips, chip carrier modules, resistors,
capacitors, etc. onto PCBs. '
Significantly, the new flux composition mcludes pimelic acid
(HOOC(CH,),COOH) as the primary active ingredient, i.e., as the
- 15 ' primary fluxing agent. (It should be noted that at room
' temperature, pimelic acid is a solid, and that pimelic acid has a
melting temperature of about 105 degrees C.) In addition, this
new flux composition includes two organic solvents, the first of
which has a relatively low evaporation temperature, e.g.,
20 82.4 degrees C, and the second of which has a relatively high
' .evaporation temperature, e.g., about 170 degrees C. While not
essential, the new flux composition preferably also includes a
relatively small amount of _water, preferably de-ionized water. It
should be noted that the pimelic acid,. the second organic solvent and
25 | the water are_. soluble- in the first organic solvent.
The first organic solvent is preferably' isopropanol (isopropyl
alcohol), which has an evaporation temperature of 82.4 degrees C.
Useful alternatives to isopropanol include n-propanol and benzyl
‘aleohol. As noted above, the pimelic acid, the second organic
30 solvent, described bélow, and the water, if present, afe soluble
in the first organic solvent.

The second organic solvent is preferably propylene glycol

I —
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L _ | . THIS SHEET HAS BEER
solidification, serving to encapsulate the pins within the PThls. OnBEBLACED
RDSt i nportant aspects of the above-descri bed chip-nounting ang——
nodul e- nounting procedures is the choice of flux. That is, as noted above,
the flux serves to renpve any oxide |ayers which may have forned on the

sol der regi O“ﬁonsﬂﬁﬁ@th@ﬁqmsopdé}&nﬁhaféﬁ'ﬁ Bﬁ%rlb%;bﬂ@i?@o‘l%th@?) wetting of,
for exanple, contact pads by s g%tons nost 1 nstances, at the.

I'n

conpl eti-on of whigh bas &@r??&}’"ﬁ?ﬁ@@s@mpﬁ uge qfi?é’%‘(’irmﬂrﬂe;gtﬁ%lq ‘abl e fluxes
results ini ouséfuleaﬂtéimmvreertalﬂwwlaie gheeos ﬁiodﬁbutﬁgét@lés inehitleact pads,

pi ns or PTHs. Sw&el oni.c residues a ndesirabl.e becaus the d,to
corrosion of BFPRYIERP BIZAY PONARTEPY (?t TufRe. W&%‘Eﬁjgﬁﬁ r%n}egﬁ - such
i BNi Ic resi du]ceethélstlttsiloluwmeenbted that @oaammpomtlmwﬁtthe fm&ﬁttmgamh@
conpletion o h | n bet ween
a chip and a ﬂgn%goq?ﬂv%gﬁe%E)Bfe?ﬁé?mg%fg%%;eﬁaﬁwggéwgé§3£3%ﬁ%ged above,
have rel ati veagidstrdd tiemgtern,, lfeplgsentl) id then ambstan@pﬂvﬁlésme spaci ng

in the second organic solvent, until the second orgamc ‘solvent

evaporates during the soldering processes.
10 - The relative amount of pimelic acid in the inventive flux
composition ranges from about 1% to about 6% by weight. If the
inventive flux coniposition is to be used, for example, in soldering
a semiconductor chip to a PCB, then the relative amount of pimelic
acid is preferably 4.5% by weight. Relative amounts of pimelic acid
15 | less than about 1% by weight are undesirable because they result in
insufficient and/or inadequate fluxing action, i.e., insufficient
and/or inadequate removal of oxide layers and insufficient reductions
in solder surface tensions. Relative amounts of pimelic acid greater
than about 6% by weight are undesirable because they result in
20 undesirably large amounts of residues at the completion of
conventional soldering processes. |
The relative amount of the first organic solvent, e.g.,
-isbpropanol, in the inventive flux composition rén_ges from
_ about 25% to about 75% by weight. If the inventive flux composition
25 'is to be used, for example, in soldering a semiconductor chip to a
PCB, then the relative amount of the first orgénic solvent is
preferably 70._9% by weight. Relative amounts of the first organic
solvent less than about 25% by weight are undesirable because the
corresponding ﬂux compositions may not be single phase systems and
30 " therefore the application of these compositions may result in
' undesirable, non-uniform distributions of pimelic acid. Relative
amounts of the first organic'solvent gfeater than about 75% by
weight are undesirable because the éorresponding concentrations
of pimelic acid are undesirably low and therefore the corresponding
35 . fluxing actions are inadequate. ' "

EN994019 ' 6
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between a chip or pinless nodule and its PCB is correspondi ngl&EHrlr%I EPL H :

|s si-gni ficant because it inplies that it would be very diffi clidte—did
|np055|ble to clean away any ionic residues remaining on the sol der
regi.ons and/or contact pads after the conpletion of the soldering process.

In addition, in thﬁx&@éﬁtﬁfe @m&iﬂ‘ﬂ"@ﬂtﬁ@gé@cﬁxd %Arﬁc%gfwfe?ﬁp%" ?9 i oni ¢

residues are readily cleaned wat er, one nust then deal h the
envi r onnent alPIeRYIeNss gb@@é@lwwm elher) tmr@eéaﬂ?aWﬁ &lwx compesition

Si-gni ficantl hn@eeﬁoawwﬁqd%&ot&&&wl hf If kué%svamvéqhﬁeri ng
pr ocesses for nounting, chips and rqu dul es CF have soy t hus far
Wi th Tittl e CORRSSIION iS40 Do e 108 AremESe i 59 Jeying 2 issAn ditios on
ol der regi orghip@er RCB ,Pedh thy faaﬁnrelaﬁdmmtoftm sueoht &irigahi®&olvieat
correspondi nElssporle S5 'b'i9 438§ %rsvevglght Relative amounts of the second

- organic solvent less than about 10% by weight are undesirable

because the pimelic acid tends to pfecipitate out of 501ution,
resulting in undesirable, non-uniform distributions of pimelic acid.
10 Relative amounts of the second organic solvent greater than about
35% by weight are undesirable because the corresponding
concentrations of pimelic acid are undesirably low and the
corresponding fluxing actions are inadequate.
The relative amount of water, if used, in the inventive flux
15 composition ranges from 0% to about 2% by .weigl_lt'. The purpose of
' the water, if present, is to p.rovide positively charged ions to '
accelerate the initiation of fluxing action by-the pimelic acid.
If the inventive flux composition is to be used, for example,
in soldering a semiconductor chip to a PCB, then the relative
20 o amount of water is preferably '0.9% by weight. Relative amounts
of water greater than about 2% by weight are undesirable because
this significantly increases the possibility that the application
of the inventive flux composition will result in ionic residues.
" By way of example, one embodiment of the inventive flux
25 . composition which is useful in soldering a semiconductor chip
to a PCB is readily formed by dissolving 4.8 g"i'ams of pimelic
acid, 25.0 gi-ams of propylene glycol monobutyl ether and 1.0 grams
of de-ionized water in 75.0 gramé of isopropanol. '
- As noted above, the invention involves not only the new flux
30 composition, per se, but also the application of the new flux
composition to the soldéring processes used to mount electronic
components onto PCBs. Thus, for example, in mounting a
semiconductor chip 1'0 (see Fig. 1(a)), in the so-called flip-chip
configuration, onto a PCB 50 (see Fig. 1(b)), contact pads 30 on the

35 _ circuitry-bearing surface 20 of the chip 10 are provided with solder
EN994019 R 7
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i nvention involves a nem/flux conp05|t|on whi ch | eaves essentils Fo—+
r‘esi dues at the conpletion of conventional sol dering processes used to
nount el ectronic conponents such as chips and chip carrier nodules, onto

PCBs. Signifi Bhg gl S ISR BHlifsl, Ud "Pﬁééédé‘tﬁdgi"ir@ o‘hsatfd fHat&rr] as the

primary actlv ngre e primar agent. In_addition,

this conposi tmmpwtxpgae@usmneh@amfermsgo ?F@mFllP%ticeﬁFéj%ﬁﬁ EPRY| vent
has a relativghy llooé"(oﬁx‘i(@ﬁgfégﬂtoﬁh t(smerssﬁffman@m sudi2sdlddeae@@snsC, and is

preferably isopropanol (isopro al_c : second o C solvent has
PPRR LR O b iseresy C. S o MOAPAsERREC  and

a rel atively hegsmeltipg temp
is preferabl yiis estdesitfy proces deseeibedybelowher (al so denoni nated

As shown in Fig. 1(b), prior to soldering the cmp 10 to the
PCB 50, contact pads 70 on the circuitry-bearing surface 60 of
the PCB 50 are provided with relatively small solder regions, e.g.,
relatively small solder balls, 80. These relatively small solder
10 regions 80 are readily transported to, and deposited on, the
contact pads 70 via a decal 90. By contrast with the solder
regions 40 used with the chip 10, the solder regions 80 have
compositions which include, for example, 37 atomic percent Pb
and 63 atomic percent Sn. These solder regions 80 have melting
15 tempe_ré.tures of 183 degrées.C and do melt during the soldering
process, described below.
Prior to soldering the chip 10 to the BC‘B 50, the inventive
" flux composition is applied to the solder regions 80, and/or
the solder regions 40, and/or the contact pads 70 on the PCB 50,
20 and/or the contact pads 30 on the chip 10. This is readily
| ' accomplished using, for example, a syringe or a brush.
Having applied the inventive flux composition to the relevant
solder regions and/or contact pads; and as depicfed in Fig. 1(e),
the chip 10 is positioned relative to the PCB 50' so that the
25 solder regions 40 contact the solder regions 80. Consequently,
. these combined solder regions substantially extend from the
chip contact pads 30 to the PCB contact pads 70. '
With the solder regions 40 and 80 touching each other, the
ch1p 10/PCB 50 assembly is heated in, for example, an oven.
- 30 During this heating procedure, the oven temperature is initially
1_'aised to about 183 degrees C, and subsequently raised to about
250 degrees C. Then, the oven temperature is lowered to about
183 degrees C, and thereafter lowered to room temperature. As
a consequence, the solder regions 80 undergo melting and flow

35 ard_und'the solder regions 40, resulting in continuous metéflurgical
EN994019 ' _ 8
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N-but yl propyl gl ycol ether). While not essential, the composi t || GiilDSEEET &HSBEEN
al so-includes a relatively small amount of water, preferably fje-i.orfRSRUHCE

wat er. The invention also involves the application of the newTTux

conposition to soldering processes used to nount électronic conponents,

such as chi psang QidutFRAl b fHHsCBetwedn! (HOPER SPRAG the chip Q0C. . ONtO

PCBs. Brief D%nsgr-istgéi on Qﬁ?ﬁg D awt n%s The 1 nventlon |hs cgjtna%cri bed with
reference to Whiedsp<leaningpiathesagontipnous qepnegtianm wald 4 e, denoni nat ed

Fig. 1 for cogyg@mRne aifﬂéﬂlﬁ,haﬂ&liieﬁhﬁ?é R9eh liPPOssiBYD H&@ucR NDUNting a

sem conductor chip, | n the sp-called Tlip-chip, cqonfiguration, onto a PCB,

in accor dance® g }ﬁanggfgqgnggmse essentially no ionic residues _

5 remain at the completion of this soldering process.

At the completion of the above-described solderiﬁg process,
the continuous solder connections between the PCB 50 and the chip
_ 10 are preferably encapsulated in, for example, an epoxy resin,
_ using conventional techniques. | '
10 . If the electron_ic component to be mounted onto a PCB is,
: for example, a (pinless) chip carrier module bearing at least-
one semiconductor chip, then such a module is readily mounted
by, for example, screening solder regions onto contact pads on
_ the non-chip-bearing surface of the module. Such solder regions
15 may also be screened onto corresponding contact pads on the _PCB .
: The inventive flux cbmpositioh is then applied to the solder
regions and/or the module contact pads and/or ttie_ PCB contact pads
using, for example, a syfin‘ge or a brush. Thereafter, the module
is positioned in relation to the PCB so that the solder regions
| 20 on the module contact pads touch the solder regions on the PCB
' contact pads. 'Thus, these combined solder regjions substantially
extend from the module contact pads to the PCB contact pads. Then,
with the module solder regions touching the PCB solder regions,
the module/PCB '_as_sembly is heated in, for example, an oven in
25 - order to melt. the module solder regions and/or the PCB solder
regions. . :
By contrast with 1':he above, if the electronic component to
~ be mounted onto a PCB is, for example, a pinned chip carrier
module bearing at least one semiconductor chip, then such a
30 - module is readily mounted by initially applying the inventive
flux composition to the module pins and/or to the walls of
. corresponding PTHs in the PCB. This is readily accomplished
- (using any of a variety of conventional techniques) before
the module pins are inserted into the PTHs, while the module
35 pins are being inserted into the PTHs, or after the module’ ’

EN994019 - 9
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Enbodl nment (s) The i nvent i on involves a new flux conposition ich |RERIACED

éssentially no ionic residues at the conpletion of conventional sol dering
processes used to nount el ectronic conponents onto PCBs. Consequently,

tﬂere I sl 30 Ne@tk hfe theAted'ifito ﬁw:i:m@nlpcref@ﬁwy;erehﬁtlstmoﬁ@mheal on of
no need 1o dedFte R Bl BInR AT ReRt et SH5SDe 0y Hadter (%ot am nat cd
Wi th ionic regkdinpte, placing vie iodnle/PUB assehbigsor he:onppiyocawmm of the new
Comonent s, s aREes i areenbfy BOSE EAAERIORRYL 8 TRk EABGLE e
ebc. .ont o PCBfluxghgrwdveanflux sprayemseries to dopings th@m?ﬁi’éi‘{ﬁjgyxpl melic
aci d composition onto the bottom surface of the PCB and into the PTHs.
" The impinged flux is wicked up into the PTHs, and thus the
inventive flux composition is applied to both the walls of the PTHs
and to the module pins. Thereafter, the conveyor preferably serves
10 . to pass the module/PCB assembly over a solder wave, which serves
to impinge liquid solder onto the bottom surface of the PCB and into
the PTHs. This liquid solder is also wicked up into the PTHs, |
filling the PTHs and, upon cooling and solidification, serving
to encapsulate the pins within the PTHs. '
‘15 If the electronic component to be mounted onto a PCB is, for _
example, a discrete, passive electronic component, such as an
electrical resistor or capacitor, having leads instead of pins,
then such an electronic component is readily mounted using a
procedure which is almost the same as that used with a pinned
20 | chip carrier module. The only difference is that the leads of
the discrete, passive electronic component are not positioned
inside the PTHs. Rather, these leads are positioned adjacent
~ the PTHs, e.g., these leads are placed in contact with the
lands encircling the PTHs. Thus, when the component/ PCB
25 ' assembly is passed over the fluxing wave or flux sprayer,
| the inventive flux composition is wicked up into the PTHs,
onto the lands é.hd onto the bottom portions of the leads.
| Similérly, when the component/PCB assembly is passed over
; 'the solder wave, liqi:li_d solder is wicked up into the PTHs,
30 ' onto the lands encircling the PTHs and onto the bottom
.. . portions of the leads. '

This Sheet Has Been Reﬂlaced
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[err] as the primary active ingredient, i.e., as the primary _

(I't should be noted that at roomterrperature pinelic acid isil :

that pimelic acid has a nelti ng tenperature of about 105 degrees C) In

addition, this new flux conposition includes two organic solvents, the

first of which has a relatively | ow evaporation tenperature, e.g., 82.4

degrees C, and th Y}

tenperature, e.g. ?wﬁ_ﬁ&clg gf@% isgbl?@gga%%gﬁltﬁd%ﬁbess@gﬁp ?gfia&%%%gmnég/‘v flux

conposi ti on pwidhorefgrence ynpmf@rwbgmborlmwts\ﬁwyefgmt williRfunt of wat er,

preferably deuh&’é’#siﬁ&l ﬁ{cselstklﬁ@@‘i'ﬁQhQ%r’E‘thfjvﬁﬁéhstdhﬁnEbQ'&h'f@mﬂCl d, the
S

second organi c sol vent nd the water are solu e fIBSt or.gani c

sol vent. The §n¢ é@tﬁﬁqﬁlﬁyc,t’%@?@%r?PeF%lnp‘?”éP%‘t‘%g??‘T%?B%ﬁ £ SPAR5pr opy!
ag cohol ), whigly Baspéof eHepRvaition. t enperature of 82.4 degrees C. Useful
alternatives to isopropanol include n-pr opanol and benzyl - al cohol . As not ed

above, the pinelic acid, the second organic
: skkokkok

This Sheet Has Been Replaced
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sol vent, described below, and the water, if present, are sol %ZLTHIS&-{EEEHAS BEEN .

first organic solvent. The second organic solvent is preferalyfy pr BEPLAGED

gl ycol REPLACEMENT SHEET Date :...16..DEC. .1995 ... 6 nonoBgtyr—ether

(al so denom nated N-butyl propyl glycol ether), which has an_evaporation
tenperature of about 170 degrees C. Useful alternatives to propylene glycol

nmonobut yl et her .include propyl ene glycol nonopropyl ether jmm
gl ycol rmno'meFH’y‘F‘sét her. It should be noted that upon evap ﬂmm"mwum
first organic solvent during the soldering processes descri bed “befow! the *

pl melic acid _i:amd thﬁuyaéo%rﬁosntmrprgggp&gmgs t hen subst antially di ssol ved

pimelic acid; and
first and second organic solvents, said second organic
~ solvent having a h:lgher evaporation temperature than said
first organic solvent, said plmehc acid and said second

organic solvent being soluble in said first organic solvent.
1 2. The flux composition of claim 1, further cdmprising water.

1 ' 3. The flux compositibn of claim 2, wherein said water is

de-ionized water.

1 4. The flux composifio_n of claim 1, wherein said first organic

-

solvent includes isopropanol.

5. . The flux composition of claim 1, wherein said first organic
2 ' solvent includes n-propanol.

6. The flux composition of claim 1, wherein said first organic

R

solvent includes benzyl alcohol.

7. The flux composition of claim 1, wherein said second organic
solvent includes prbpylene glycol monobutyl ether.

- . 8. ‘The flux composition of claim 1, wherein said second organic

[S LI~ N V- R - B ]

. solvent includes propylene glycol monopropyl ether.

oy
0

The flux composition of claim 1, wherein said second organic

2 _ . solvent includes diethylene glycol monomethyl ether.

1 10. The flux _compositibn of claim 1, wherein the relative amount
.2 of said pimelic acid ranges from about 1% to about 6% by

EN994019 . 12
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in the second organic solvent, until the second orgam c sol. ven” Q}'}ﬁ&éf
—}-1

during the soldering processes. The relative ambunt of pinelic
inventive flux conposition ranges from about 1% to about 6 |
the inventive flux conposition is to be used, for exanple, i

sy conduct or chi p wéigAtPCB, then the relative amount of pi ”’F! ﬂ,ﬁiﬂa"'iw’“m
preferably 4.5% by weight. Relative anounts of pinelic acid

1% by wei ght are undesirabl e because they result in insufficient and/or

i nadequat e fluxing action, i .e., insufficient and/or inadequate renoval of

| de | ayers d i
RX]1 ative am)ualtqs o?ﬁ&g Fufd a%gsgggr egf[)ég}ﬁni[ E,aWe & ﬁ%{}%g&"&q}ﬁdt ar e
urldesi r abl e because)ftswec} fmssLnrganm solvest rangss fmngebawbm to éboubgﬁ’blues at

t e conpl etion of ;%monal sol dering processes. The rel ative anpunt of
the first organic s ven e.g., isopropanol, in the inventive flux
conposition ranges from:
1 : 12. The flux composition of claim 1, wherein the relative amount
2 | of said second organic solveht ranges from about 10% to about
3 ' 35% by weight.
1 13.  The flux composition of claim 2, wherein the relative amount
2 of said water is less than or equal to about 2% by weight.
-1 14. A method for mounting an electronic component onto a printed
2. circuit board, which electronic component includes a surface
3 bearing component contact pads and_which printed circuit
4 board includes a surface bearing board contact pads
5. corresponding to said component contact pads, said component
6 contact pads and/or said board contact pads bearing regions
7 of solder, comprising the steps of:
8 applying a flux composition to said solder regions and/or
9 said component contact pads and/or said board contact pads, -
10 said flux composition including pimelic acid and first and
11 second organic solvents, said second organic solvent having a
12 higher evaporation temperature than said first organic
13 solvent, and said pimelic acid and said second organic solvent
14 being soluble in said first organic solvent; _
15 positioning said electronic component in relation to said
16 printed circuit board so that said regions of solder
17 - substantially extend from said component contact pads to said
18 board contact pads; and _ _
19 applying heat, so that at least portiohs of at least some
20 of said solder regions melt and flow.

. P
EN994019 ' _ 13 _
: ' This Sheet Has Been
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about 25%to about 75% by weight. If the i ' osilft i on REPLACED
be used, for exanple, in. soldering a sem ca:rﬁmnm!m:“i!“mgP = '
relati ve amount of the first organic sol vents cereradly= 70. 9% by wei ght .
Rel ative anmounts of the first organic solvent |ess than about 25% by wei ght

g e undesi rahlse befﬁé’ﬁx%éﬁgf of%?iiﬁxsmnﬂhaﬂeifu!éé}d?ﬁ@ﬁé&%&&%u@!o”@t be
si ngl e phase systens and thererore the application of These conpositions

ey result in unddBrhulesewate®n- uni f orm di stributions of pinelic acid.
Rel ati ve anounts of - the first organic solvent greater than about 75% by

wei ght are undesirabl e becauge,the cor|espondi con tratipns of pinelic
dcid are undeiraptye F{?N‘%‘i‘@%t"IlPéF‘e]f"Gr‘EEF%ncqﬁl&g‘?ﬁgﬂ‘g&ﬂﬁ{qem’ﬂ‘ii‘ég%P i ons
@ e inadequate. theRtep@ENdapSHlating said solder regions in an : .
3 . encapsulant.

17. . The method of claim 14, wherein said electronic component is a

2 semiconductor chip.
1 18. The method of claim 14, wherein said electronic component is a
2 chip carrier module bearing at least one semiconductor chip.
1 19. A method for mounting an electronic component onto a printed -
2 - ‘circuit board, which electronic component includes elec’_cricaliy :
3 ~ conductive members extending from said component and which
4 printed circuit board includes plated .through holes extending
5 from a first sui'face to a second surface of said printed circuit
6. " board, comprising the steps of: '
7 applying a flux composition to said electrically
8 conductive members and/or said plated through holes, said
9 flux composition iricluding pimelic acid and first and second
10 organic solvents, said second organic solvent having a highei‘
11 evaporation temperature than said first organic solvent, and
12 said pimelic acid and said second organic solvent being soluble
13 in said first organic solvent; ' .
14. prior to, ,durin'g or after said applying step, positidning'
15 ‘said electro_nic' component adjacent to said first surface
16 of said printed circuit board so that said electrically
17 cOn_ductive members extend into, or are positioned adjacent to,
18 said plated through holes; and
19 ' impinging liquid solder onto said second surface of said
20 printed circuit board and into said plated through holes,
21 whereby said liquid solder flows through said plated through
22 holes from said second surface toward said first surface to

EN994019 14

: This Sheet Has Been Reﬂlaced

LT




P

- | | THIS SHEET HAS BEEN!
Date :...16 DEC 1995 7 The rel.ative anpunt. of the second orgghic sq:}gpq_mcgp

e. g., propylene glycol nmonobutyl ether, in the inventive flU—compesitor——
ranges from about 10%to about 35% by weight. If .the |nventm

conposition is to be used, for exanple, in soldering a semm

2@ a PCB, then thecbﬁtaaitlse.edémmﬁhany dolndustive menmbpeysni ¢ sol ﬁﬂm m\/ﬂ”m

preferably 23.6% by weight. Relative anpunts of the second orgar‘il CcLsO

| ess than about 10% by weight are undesirable because the:pinelic acid

tends to precepit aMheométinid ebtlaimdd, wierein saigl fluxcemndsition @lston- uni f orm
lpstributions of pinglLg q@:}g Rel ati ve amounts of the second organic

sgl vent greater than agout B%)by wei ght are undesirabl e because the

correspondi ng concentrations of pinelic acid are undesirably |ow and the

P;i”eSpO”d' Nggf | UXiTi AethdSr alafni103GeRAIRIE saithslebtlcaiit ¢ompoRent of wat er,

used, in the inventive flux
is a chip carrier module bearing at least one semiconductor

3 chip and said electrically conductive members are electrically

4 , conductive 'pins

1 929. The method of claim 19, wherein said electronic component is
a discrete, passive electronic component and s_aid electrically

3 . conductive members are electrically conductive leads.

1 23. The method of clé.im 22, wherein said discrete, passive

2 electronic component includes an electrical resistor.

1 24. The method of claim 22, wherein said discrete, passive

2 - electronic component includes an electrical capacitor.

Sheet Has Been Replaced
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if present, is to provide positively charged ions to accel ergte t hREPLACED

T

conposition ranges from 0% to about 2% by wei ght. The pur posg P IS deepval RS E:rE'Et‘ii—;ﬁ1

inmitiation of fluxing action by-the pinelic acid. If the inv
conposition is to be used, for exanple, in soldering a seniconductor chip
to a PCB, then the relative ambunt of water is preferably 0. 9% by weight.
Rel ati ve ampbunts of water greater than about 2% by weight are undesirable
because this signi Flwsafampasitien AN Correspoading SplderingMeathed app i cati on
of the inventive flux conposition will result in ionic residues. By way of
exanpl e, one enbodi ment of the inventjve flux composition which is useful
in soldering a sem conductor chip to bHERCT 5 readily formed by dissolving
4.8 grans of pinelic acid, 25.0.grans of propyl ene glycol nonobutyl ether

Sbove, the i nvent bR AEBRAS i 65 MRUCHE repbl SRl hBRvas £ 10 27
but al so t he sepd@ringtelestrohict temponentts ge printed circuit boards, is
5 disclosed. The new flux composition_includes pimelic acid and

two organic solvents. Significantly, the new flux composition '

leaves essentially no ionic residues at the completion of the

soldering processes used to mount electronic components onto

LA~ P AN

" printed circuit boards.

. This Sheet Has Been Rerlaced .
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o

conposi tion to the sol dering processes, used to nount electronlﬁ'ﬁﬂhﬁmﬁeﬁﬁ§©~aFﬁ

onto PCBs. - Thus, for exanple, in nou t/1ng a seni conductor chi p{{10 ( SREPYAGED
I{a)), in the so-called flip-chip ‘configuration, onto a PCB 50
1(b)), contact pads 30 on the circuitry-bearing surface 20 of the chip 10
are provided wth sol der REPLACEMENT SHEET Date : 16 DEC 1995 8

regions, e.g., solder balls, 40. These sol der regions 40 havgngrRAsk &o

whi ch include, for exanple, 90 atom c percent |ead (Pb) and m mlu

€ laced

percent tin (Sn).- Skgnificantly, such sol der regions have malt
t enper atures of 281 degr ees C and do not nelt during the sol
descri bed bel ow. .

10
s ™ J
JIHL[S_,J, _ ' |l|i
20— o O 30
FIG.1(a
. R i

(HHHIIII. | i g F

FIG.1(b)

— Sy |
o - |
{Hl“liiii. 3 “”ll ““ln

FIG:1(c)



As shown in Fig. 1(b), prior to soldering the chip 10 to th
cprit act” pads 70 on the circuitry-bearing surface 60 of the a

_prtovided with relatively small sol der regions, e. g , rel ati vigly—soait

sol der

bal |'s;
transported to, andFlepCompesition

lg LACEMENT SHEET

°21.6_DEC 1995

80. These rel ativelx smal | <*sol der gll ons 80 are readi
n

decmsn@ndlpsoﬁo

ly

deripgMathageal 90. By

contrast with the solder regions 40 used with the chip 10, the sol der
regi ons 80 have conpositions which i nclude, for exanple, 37 atomic percent
Pb and 63 atomi c percent Sn. These sol der regions 80 have nelting

tenperatures @b

descri bed below. Prior to soldering the chip 10 to the PCB 50, the
i nventive flux conposition is applied to the sol der regions 80, and/
regi ons 401. &ieldosf tHeelmvenitint pads 70 on the PCB 50, and/or
contact pads 30 on the chip 10. This is readily acconplished using,

sol der,

exanpl e,

a syringe or a brush.

The invention pertains to a flux composition and to a
correspondmg method for soldering, for example, a semiconductor
chip or a chip carrier module to a printed circuit board.

2. Description of the Related Art

Fluxes play an important role in the procedures used to mount

electronic components onto printed circuit cards and printed circuit
boards (both of which are hereinafter generically referred to as
printed circuit boards or PCBs). For example, one method for
directly mountihg a semiconductor integrated circuit device
(hereinafter denominated a semiconductor chip or just a chip) onto a
PCB is, for example, to form regions of solder, e.g., solder bails,
on contact pads on the circuit-bearing surface of the chip. Such
solder regions may also be formed on corresponding contact pads on
the PCB. Then, a flux is applied to the solder regions on the chip
and/or to the corresponding contact pads and/or corresponding
solder regions on the PCB in order to remove oxide layers which may
have formed on these solder regions or contact ﬁads and to achieve
increased wetting of the contact pads by the solder regions.

.Thereafter, with the circuit-bearing surface of the chip facing the

PCB, the solder regions on the chip are brought into contact with
the corrésponding contact pads or solder regions on the PCB, and
the resulting assembly is heated in order to melt, and thereby
reflow, the solder regions on the chip and/or on the PCB. Upon

_ cooling and re-solidification, the resulting solder connections

between the chip and the PCB are typically éncapsulated in an
ernicapsulant, e.g., an epoxy resin encapsulant, to relieve any

" ———

eI e Re Tnobntisl® nmelt during the sol dering process,

or the
t he
for
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Having applied the inventive flux conmposition to the rel evanff sol der

r egi ops‘and/or contact pads, and as depicted in Fig. 1(c), t mjdﬁoUEGISSS
p'o|5|dt|oned relative to the PCB 50 so thaty, the sol der regi ons=4S—cortact=t
sol der regions 8Q. Consequently, these ¢ i sol der_.regi qpns _
substanti al | ys@@eﬁavm%mme@nsﬁngmda ¥ apaﬁgevggcggaettwggpggecom act pads
70. Wth the geéfffdientsf Bhérntl expadnsidnt (UTH) 0f the HCB anedr thet @FEctfi p 10/ PCB
50 assenbly |shhe ted in, for exanple, an oven. During this heating
procedur e, t h&hg "tenperature is initially raised to about 183 degrees C,
andI subseguent |y r Shsenahner bimilar?t0t it lasesibed above, aneemethad fammper at ure
is lowered to_abo ees_C, r : t m

t enper at ur e. R?ug.q‘intéggfaﬂﬁﬁ%b,g'gﬁqalg%?&%ﬁﬁ:@gé%%smg%wﬁn efg%?‘?r‘ealgfi ng and

f1 ow around t heasingisemiconpduetorahips {bareipafier denomingted A chiRt al | ur gi cal

carrier module or just module) onto a PCB, involves forming, e.g.,

screening, regions of solder onto contact pads on the
non-chip-bearing surface of the module. Such solder regions may
also be formed on corresponding contact pads on the PCB. A flux is
then applied to the solder regions on the module and/or to the
corresponding contact pads and/or corresponding solder regions on
the PCB. Thereafter, with the non-chip-bearing surface of the
module facing the PCB, the solder regions on the module are brought
into contact with the corresponding contact pads or solder regions on
the PCB and the resulting assembly is heated in order to melt, and
thereby reflow, the solder regions on the chip and/or on the PCB. In
general, the ma.gnitude of the difference between the CTE of the
module and the CTE of the PCB is relatively small, and therefore the
_ resulting—solder connections between the module and the PCB need
not be encapsulated in an encapsulant.
If the module of interest has electrically conductive pins
extending from the non-éhip-bearing surface of the module, then
the module is mounted onto a PCB by, for example, initially
positioning the module over the top (i.e., the circuit-bearing)
surface of the printed circuit board and inserting the electrically
conductive pins of the module into corresponding, copper plated '
through holes (PTHs) extending through the thickness of the
PCB. Then, the PCB and the module are placed on a conveyor,
which passes the PCB and module over a fluxing wave or flux
sprayer, which serves to impinge liquid flux ontd the bottom surface
of the PCB and into the PTHs. This flux is wicked up into the
PTHs, and thus flux is applied to both the walls of the PTHs
‘and to the pins extending into the PTHs. Thereafter, the
conveyqr passes the PCB and module over a solder wave, which
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REP_LACE!VENT SHEET Date :16 DEC 1995 9 and el ectrical connect EESL%%F%EEESHEET
the PCB 50 and the chip 10. While the cleaning of these cont
connections would be extremely difficult,g and perhaps even ii
such cleaning is needed because essentiatty no ionic residues renmain at the
“conpl eti on of sevies tocimpinge diguid selder ontot the bottem surfaceef the
above-describ besy LRE if h | '

1 i begly ) 480l<I8k tions
bet ween t he Pglg% and ?ﬁelﬂgcﬁftgéggk%r grﬁf%re]%%l?gﬁ?/ enqapgaﬁg&ggai n, for
exanpl e, an eppjigpte the PTHs: filing the R d+ BpeRicqedRe and t he el ectronic
component to Dediieateed, Wrdirdy R Bnédpsuiste QApRIswithirl Ph PTR. ohi p

carrier nodul e bearing at | one seni conductor chi
is readily nount edOnegof the most important aspects o% tfle aﬁoeé-éehs%rrlibse'ﬁch a modul e

chip-mounting and module-mounting procedures is the choice of flux.
That is, as noted above, the flux serves to remove any oxide layers
which may have formed on the solder regions; contact pads, pins or
PTHs and to increase the wetting of, for example, contact pads by
solder regions. In most instances, at the completion of the soldering
process, use of the commonly available fluxes results in ionic
residues remaining on the solder regions, contact pads, pins or
PTHs. Such ionic residues are undesirable because they lead to
corrosion of circuitry and to short circuits. Consequently, if
formed, such ionic residues must be removed, e.g., cleaned with
water, after the completion of the soldering process.

The solder connections formed between a chip and a PCB or
between a pinless module and a PCB, as desci'ibed above, have
relatively small heights, e.g., 4 mils, and therefore the spacing
between a chip or pinless module and its PCB is correspondingly

* small. This is significant because it implies that it would be very
difficult, if not impossible, to clean away any ionic residues
remaining on the solder regions and/or contact pads after the
completion of the soldering process. In addition, in the case of a
pinned module, while corresponding ionic residues are readily
cleaned with water, one must then deal with the environmental
hazards posed by the resulting contaminated water.

Significantly, those engaged in the development of fluxes and
soldering processes for mounting chips and modules onto PCBs
have sought, thus far with little success, fluxes which leave
essentially no jonic residues on solder regions, contact pads, pins

~ or PTHs at the completion of the corresponding soldering processes.
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by , for-exanple, screening solder regions onto contact pads REPL%EMENTSHEET

nori- chi p- bearing surface of the nodule. Such sol der regions al 1995..
screened onto corresponding contact pads on the PCB." The in L\?;a)ft’?”jﬁ 'lgg[:

conposition is then applied to the sol der, regi ons and/ or the nodul e cont act
pads and/or the PCB contact pads using, -ée; exanpl e, a syringe or a brush.

Thereafter, thg 6F tife DOdrticined in relation to the PCB so that the

sol der regions on the nodul e contact pads touch the sol der regions on the
PCB contact pads. Thus, these conbi ned sol der regions substantially extend
from the nodul e comifcinveadivnt invoheesRCRewdfitiz compaditionvhich leaviest he nodul e

heat od | ne § oPsESSIRIE Roais arpifed Rt the Baitplcl Gt RMALRIGHE FCETY Y O
and/ or the PCBokisrfieg progesses.uség toonounteleptnoni¢ gempeRents, suchhe
el.ectr oni ¢ CORRofaRL o By Bhiblet iniiibe  oBEPPCBs. I Signmtatitly, 2 pi nned

this composmon includes pimelic acid (HOOC(CH,),COOH) as the

primary active ingredient, i.e., as the primary fluxing agent.

In addition, this composition includes two organic solvents. The

first organic solvent has a relatively low evaporation temperature,

e.g., 82.4 degrees C, and is preferably isopropanol (isopropyl

alcohol) . The second organic solvent has a relatively high

evaporation temperature, e.g., about 170 degrees C, and is

preferably propylene glycol monobutyl ether (also denominated
N -but_ylpropylglycol ether). While not essential, the composition
preferably also includes a relatively small amount of water,
preferably de-ioxiized; water.

The invention also. involves the application of the new flux
composition to soldering processes used to mount electronic
components, such as chips, chip carrier modules, resistors,

i capacitofs, etc., onto PCBs.

Brief Description of the Drawings

~ The invention is described with reference to the sole,
accompanying figure, not drawn to scale, denominated Fig. 1 for
convenience, which depicts the steps involved in mounting a
semiconductor chip, in the so-called flip-chip configuration, onto a
PCB, in accordance with the invention.
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modul.e bearing at |east one sem conductor chip, then such a WDEPIFACEMENTS

reddily nounted by initially applying the inventive flux co
nModul e pins and/or to the walls of corresponding PTHs in the

LS ol

b0t 8 QEMER.

readily acconplished (using any of a var i5ety of conventional techniques)
before the nodule pins are inserted inte=he PTHs, while the nodul e pins,

are bei ng i ns@dtsiled Mesctiption [dfstheOPreferped Emboditentf{s) REPLACEVENT SHEET
REPLACEMENT SHEET DATE : 16 DEC 1995 pins are inserted into the PTHs.

Preferably, this is acconplished after the nodul e pins have been inserted
into the PTHs by, fRhe insention inviolwesng neweflus compopitiom whicibleaves a

conveyor, whi Chsentlally no ionic residues at the completion of conventional
soldering processes used to mount electronic components onto PCBs.
Consequently, there is no need to clean away such ionic residues
at the completion of these soldering processes with, for example,
" water, and therefore there is no need to deal with the environmental
hazards posed by water contaminated with ionic residues.

The invention also involves the application of the new flux
composition to soldering processes used to mount electronic
components, such as chips, chip carrier modules, resistors,
capacitors, ete. onto PCBs.

Significantly, the new flux compo_sition includes pimelic acid
(HOOC(CH,),COOH) as the primary active ingredient, i.e., as the
primary fluxing agent. (It should be noted that at room
temperature, pimelic acid is a solid, and that pimelic acid has a
melting temperature of about 105 degrees C.) In addition, this
new flux composition includes two organic solvents, the first of
which has a relatively low evaporation temperature, e.g., '
82.4 degrees C, and the second of which has a relatively high

_ evaporation temperature, e.g., about 170 degrees C. While not
essential, the new flux composition preferably alsb includes a
relatively small amount of water, preferably de-ionized water. It
should be noted that the pimelic acid, the second organic solvent and
the water are soluble in the first organic solvent.

The first organic solvent is preferably isopropanol (isdpropyl
aleohol), which has an evaporation temperature of 82.4 degrees C.
Useful alternatives to isopropanol include n-propanol and behzyl
alcohol. As noted above, the pimelic acid, the second organic
solvent, described below, and the water, if present, are soluble
in the first organic solvent.

The second organic solvent is preferably _propylerie glycol
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passes phis assenbly over. a fluxing wave or a flux sprayer. ThHis fluxin
wave or flux sprayer serves to inpinge the inventive flux co

| OSkth .ON QEEB
the bottom surface of the PCB and into the PTHs. The i npi nged Batb 'hﬁ 8%

w cked up into the PTHs, and thus the i ntive flux conposition is applied
to both the waionobutyk éthepTlaiscdenemingted Nobutylpyppylglyeeretherds | the

conveyor pref v rARel Mw@%—&e r a sold
wave, which sg{tggéh?%e%nn%?%%aﬁgaﬁeﬁol der (gilto tthe bot ng\(ﬁ face of e[ he
PCB and into Usefwiaiterngtives togpropyieng glygal %@BW’&@E“‘L}B"?"H{% the PTHs,

filling the P {the meRb) 6P hhdi ditiflens gi hotpniethyl
encapsul ate t?gérp)?ns W%Pln thei)flg%l—ylg. | f the 'élggtfor%igﬁ?l\mogg’erﬁ!.?o be
mount ed onto &then [tshould he noted.that ypan eyaporagong vtg'eeﬁg% PEREC

_corrt)ongnt% s Ugblvatadurihgathei soidering iprooesses daseaitietiobelows \thegpimetids |
I nsteaa o1t plns

a procedure W%%Qﬁgéﬁ%tg?hg §§§#{§g&§?§ ﬁ%&ggg%ﬁkﬁ&:&%ﬁﬁggwm ed using
in the second organic solvent, until the second organic solvent
evhporates during the soldering processes.

The relative amount of pimelic acid in the inventive flux
composition ranges from about 1% to about 6% by weight. If the
inventive flux composition is to be used, for example, in soldering
-a semiconductor chip to a PCB, then the relative amount of pimelic
acid is preferably 4.5% by weight. Relative amounts of pimelic acid
less than about 1% by weight are undesirable because they result in
insufficient and/or inadequate fluxing action, i.e. , insufficient

" and/or inadequate removal of oxide layers and insufficient reductions

" in solder surface tensions. Relative amounts of pimelic acid greater
than about 6% by weight are undesirable because they result in
undesirably large amounts of residues at the completion of -
conventional soldering processes.

The relative amount of the first organic solvent, e.g.,
isopropanol, in the inventive flux composition ranges from
about 25% to about 75% by weight. If the inventive flux composition
is to be used, for example, in soldering a semiconductor chip to a
PCB, then the relative amount of the first organic solvent is
preferably 70.9% by weight. Relative amounts of the first organic

. solvent less than about 25% by weight are undesirable because the
corresponding flux compositions may not be single phase systems and
therefore the application of these compositions may result in
undesirable, non-uniform distributions of pimelic acid. Relative
‘amounts of the first organic solvent greater than about 75% by
weight are undesirable because the corresponding concentrations
of pimelic acid are undesirably low and therefore the corresponding
fluxing actions are inadequate.

| — .
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' chip to a PCB, then the relative amount of the second organic solvent

is preferably 23.6% by weight. Relative amounts of the second
organic solvent less than about 10% by weight are undesirable
because the pimelic acid tends to precipitate out of solution,
resulting in undesirable, non-uniform distributions of pimelic acid.
Relative amounts of the second organic solvent greater than about .
35% by weight are undesirable because the corresponding
concentrations of pimelic acid are undesirably low and the
corresponding fluxing actions are inadequate. o

The relative amount of water, if used, in the inventive flux
composition ranges from 0% to about 2% by weight. The purpose of
the water, if present, is to provide positively charged ions to
accelerate the initiation of fluxing action by-the pimelic acid.

If the inventive flux composition is to be used, for example,

in soldering a semiconductor .chip to a PCB, then the relative
amount of water is preferably 0.9% by weight. Relative amounts
of water greater than about 2% by weight are undesirable because
this significantly increases the possibility that the application

of the inventive flux composition will result in ionic residues.

By way of example, one embodiment of the inventive flux
composition which is useful in soldering a semiconductor chip
to a PCB is readily formed by dissolving 4.8 grams of pimelic
acid, 25.0 grams of propyiene glycol monobutyl ether and 1.0 grams
of de-ionized water in 75.0 grams of isopropanol.

As noted above, the invention involves not only the new flux
composition, per se, but also the application of the new flux
composition to the soldering processes used to mount electronic
components onto PCBs. Thus, for example, in mounting a
semiconductor chip 10 (see Fig. 1(a)), in the so-called flip-chip
conflg'uratlon, onto a PCB 50 (see Fig. 1(b)), contact pads 30 on the
cu'cultry-bearmg surface 20 of the chip 10 are provided w1th solder
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have melting temperatures of 281 degrees C, and do not melt during
the soldering process described below. |

As shown in Fig. 1(b), prior to soldering the chip 10 to the
PCB 50, contact pads 70 on the circuitry-bearing surface 60 of
the PCB 50 are provided with relatively small solder regions, e.g.,
relatively small solder balls, 80. These relafively small solder
regions 80 are readily transported to, and deposited on, the
contact pads 70 via a decal 90. By contrast with the solder
regions 40 used with the chip 10, the solder regions 80 have
compositions which include, for example, 37 atomic percent Pb
and 63 atomic percent Sn. These solder regions 80 have melting
temperatures of 183 degrees C and do melt during the soldering
process, described below.

Prior to soldering the chip 10 to the PCB 50, the 1nvent1ve

" flux composition is applied to the solder regions 80, and/or
the solder regions 40, and/or the contact pads 70 on the PCB 50,
and/or the contact pads 30 on the chip 10. This is readily
accomplished using, for example, a syringe or a brush.

Having applied the inventive flux composition to the relevant
solder regions and/or contact pads, and as depicted in Flg 1(e),
the chip 10 is positioned relative to the PCB 50 so that the
solder regions 40 contact the solder regions 80. Consequently,
these combined solder regions substantially extend from the
chip contact pads 30 to the PCB contact pads 70.

With the solder regions 40 and 80 touching each other, the
chip 10/PCB 50 assembly is heated in, for example, an oven.
During this heating procedure, the oven temperature is initially
raised to about 183 dégrees C, and subsequently raised to about
250 degrees C. Then, the oven temperature is lowered to about
183 degrees C, and thereafter lowered to room temperature. As
a consequence, the solder regions 80 undergo melting and flow
around the solder regions 40, resulting in continuous metéllurgical
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the continuous solder connections between the PCB 50 and the chip
10 are preferably encapsulated in, for example, an epoxy resin,
using conventional techniques. .

If the electronic component to be mounted onto a PCB is,
for example, a (pinless) chip carrier module bearing at least
one semiconductor chip, then such a module is readily mounted
by, for example, screening solder regions onto contact pads on
the non-chip-bearing surface of the module. Such solder regions
may also be screened onto corresponding contact pads on the PCB.
The inventive flux composition is then applied to the solder
regions and/or the module contact pads andy/or the PCB contact pads
using, for example, a syringe or a brush. Thereafter, the module
is positioned in relation to the PCB so that the solder regions
on the module contact pads touch the solder regions on the PCB
contact pads. Thus, these combined solder regions substantially
extend from the module contact pads to the PCB contact pads. Then,
with the module solder regions touching the PCB solder regions,

‘the module/PCB assembly is heated in, for example, an oven in

order to melt. the module solder regions and/or the PCB solder
regions.

By contrast with the above, if the electronic component to
be mounted onto a PCB is, for example, a pinned chip carrier
module bearing at-least one semiconductor chip, then such a
module is readily mounted by initially applying the inventive
flux composition to the module pins and/or to the walls of
corresponding PTHs in the PCB. This is readily accomplished
(using any of a variety of conventional techniques) before
the module pins are inserted into the PTHs, while the module
pins. are being inserted into the PTHs, or after the module’ :
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passes this assembly over a fluxing wave or a flux sprayer. This
fluxing wave or flux sprayer serves to impinge the inventive flux
composition onto the bottom surface of the PCB and into the PTHs.
The impinged flux is wicked up into the PTHs, and thus the
inventive flux composition is applied to both the walls of the PTHs
and to the module pins. Thereafter, the conveyor preferably serves
to pass the module/ PCB assembly over a solder wave, which serves
to impinge liquid solder onto the bottom surface of the PCB and into
the PTHs. This liquid solder is also wicked up into the PTHs,
filling the PTHs and, upon cooling and solidification, serving

to encapsulate the pins within the PTHs.

If the electronic component to be mounted onto a PCB is, for
example, a dis'éi-ete, passive electronic component, such as an
electrical resistor or capacitor, having leads instead of pins,
then such an electronic component is readily mounted using a
procedure which is almost the same as that used with a pinned
chip carrier module. The only difference is that the leads of
the discrete, passive electronic component are not positioned
inside the PTHs. Rather, these leads are positioned adjacent
the PTHs, e.g., these leads are placed in contact with the
lands encircling the PTHs. Thus, when the component/PCB
assembly is passed over the fluxing wave or flux sprayer,
the inventive flux composition is wicked up into the PTHs,
onto the lands and onto the bottom portions of the leads. _
Similarly, when the component/PCB assembly is passed over
the solder wave, liquid solder is wicked up into the PTHs,
onto the lands encircling the PTHs and onto the bottom
portions of the leads.
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1. A flux composition, comprising:
pimelic acid; and

first and second organic solvents, said second organic

solvent having a higher evaporation temperature than

said

first organic solvent, said pimelic acid and said second

organic solvent being soluble in said first organic solvent.

2. The flux composition of claim 1, further comprising water. '.

3. The flux composition of claim 2, wherein said water is
de-ionized water.

4. The flux composition of claim 1, wherein said first organic

solvent includes isopropanol. -

5. The flux composition of claim 1, wherein said first organic

solvent includes n-propanol.

6. The flux composition of claim 1, wherein said first organic

solvent includes benzyl alcohol.

- 7. The flux composition of claim 1', wherein said second organic

solvent includes propylene glycol monobuty! ether.

8. The flux composition of claim 1, wherein said second organic

solvent includes propylene glycol monopropyl ether.

9. The flux composition of claim 1, wherein said second organic

solvent includes diethylene glycol monomethyl ether.

10.  The flux composition of claim 1, wherein the relative amount

of said pimelic acid ranges from about 1% to about 6% by
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12. The flux composition of claim 1, wherein the relative amount
of said second organic solvent ranges from about 10% to about
35% by weight.

13. . The flux composition of claim 2, wherein the relative amount
of said water is less than or equal to about 2% by weight.

14. A method for mounting an electronic component onto a printed
circuit board, which electronic component includes a surface
bearing component contact pads and-which printed circuit
board includes a surface bearing board contact pads
corresponding to said component contact pads, said component
contact pads and/or said board contact pads bearing regions
of solder, comprising the steps of:

applying a flux composition to said solder regions and/or
' said component contact pads and/or said board contact pads,
said flux composition including pimelic acid and first and
second organic solvents, said second organic solvent having a
_higher evaporation temperature than said first organic
solvent, and said pimelic acid and said second organic solvent
being soluble in said first orgenic solvent;
positioning said electronic component in relation to said
printed circuit board so that said regions of solder
substantially extend from said component contact pads to said
board contact pads; and
' applying heat, so that at least portions of at least some
of said solder regions melt and flow. '
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the step of encapsulating said solder regions in an

encapsulant.

17. The method of claim 14, wherein said electronic component is a
semiconductor chip.

18. The method of claim 14, wherein said electronic component is a
chip carrier module bearing at least one semiconductor chip.

19. A method for mounting an electronic component onto a printed
circuit board, which electronic component includes electrically
.conductive members extending from said component and which
printed circuit board includes plated-through holes extending
from a first surface to a second surface of said printed circuit

" board, comprising the steps of:

' applying a flux composition to said electrically
conductive members and/or said plated through holes, said
flux composition including pimelic acid and first and second
organic solvents, said second organic solvent having a higher
evaporation temperature than said first organic solvent, and
said pimelic acid and said second organic solvent being soluble
in said first organic solvent;

prior to, during or after said applying step, positioning
said electronic component adjacent to said first surface
of said printed circuit board so that said electrically
conductive members extend into, or are positioned adjacent fo,
said plated throtigh holes; and ' .

impinging liquid solder onto said second surface of said

printed circuit board and into said plated through holes,
whereby said liquid solder flows through said plated through
holes from said second surface toward said first surface to
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di screte, passive eimtadeswatemanponent includes an electrical resistor. 24.

The nmethod of claim 22, wherein said discrete, passive el ectronic conponent

i ncludes an el ectrical capacitor.
21. The method of claim 19, wherein said electronic component

is a chip carrier module bearing at least one semiconductor
chip and said electrically conductive members are electrically
conductive pins.

22. The method of claim 19, wherein said electronic component is
a discrete, passive electronic component and said electrically
conductive members are electrically conductive leads.

23. The method of claim 22, wherein said discrete, passive
electronic component includes an electrical resistor.

24. The method of claim 22, wherein said discrete, passive
electronic component includes an electrical capacitor.
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' _ Flux Composition And Corresponding Soldering Method
Abstract

A new flux composition, as well as corresponding methods for
soldering electronic components to printed circuit boards, is
disclosed. The new flux composition includes pimelic acid and
two organic solvents. Significantly, the new flux composition
leaves essentially no ionic residues at the completion of the
soldering processes used to mount electronic components onto
printed circuit boards.



