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RPACKAGES TO SUBSTRATES Technical Field Thi s i nvehtion
"concerns surface nount sol der assenbly of leadless 5 integrated circuit
packages to substrates. Background of the Invention In

t he evol ution of electronic packagi ng._nany el ectronically operated
devi ces include nmount i ng boards having one or nore of sol der bunped

Phereon. Each 1 CSMIRAGE FRONTSOH it asSHImES DRERAT SRS 01", 2%,
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est abl i shi tion  conductive pat h bet ween contact pads on
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whet her 1 1SS gl moiting BSOS dreay mote of 4 RERGESa; st
possi bl e such as integrated circuit (IC) packages, surface mounted thereon. Each IC package

10 may include one or more IC units, such as an IC chip or an IC module. While many
interconnections are accomplished within the package, connections to the outside of
the package, such as power, ground, signaling, etc., require numerous external I/Os
between the package and the board. This is conveniently accomplished by means of
leadless solder joints on the IC package. The term leadless solder joint means that

15 there are no flexible conduction leads or rigid pins for establishing an electrically
conductive path between contact pads on the flip side of the package and terminal
pads on the board. |

The first objective of any leadless attachment technology, regardless of
whether it is a perimeter or an area array, is to achieve the greatest possible

20 interconnection height so as to minimize the effects of thermally driven fatigue
(which might otherwise be accommodated by lead compliance in a leaded package).
This need for solder joint height is generally interpreted as striving for the greatest
possible solder bump/joint volume for a given pad area, pitch, etc. For this reason,
relatively large solder preforms are used conventionally to assure solder volume.

25 The large volume solder bumps are needed to maximize the IC package-to-board
stand off (joint height as a direct means of minimizing the develbp‘ment of thermally
induced shear strain in the resulting solder joints). See P. M. Hall et al., “Thermal
Deformations Observed in Leadless Ceramic Chip Carriers Surface Mounted to
Printed Wiring Boards", IEEE Transactions on Components, Hybrids and

30 Manufacturing Technology, Vol. CHMT-6, N 0. 4, December 1983, pages 544-552.
The thermal mismatch strains increase as the size and/or number of the IC packages

" increases. To understand the influence of component size on thermal strain '
magnitude and of the latter on the fatigue life of leadless interconnections see
Microelectronics Package Handbook, Section 5-5, Thermal Mismatch and Thermal

35 Fatigue, Van Nostrand Reinhold, 1989 edition, pages 277-320.
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geometry of the resultant solidified joint.

However, mechanically controlled separation is not always practical or
advantageous. Therefore, one of the problems arising in the solder assembly of the
IC packages on the board, namely, the provision of a sufficient amount of solder
15 needed to establish a reliable solder joint while at the same time avoiding shorts
between adjacent solder joints, still remains.
Summary of the Invention
This invention embodies a pfocess for soldering at least one component
having solder bumps to a substrate and "\ process for forming solder bumps on metal
20 pads of an element, such as an IC paékage or substrate or both. The bumps are
formed by stencil printing solder paste deposits on the metal pads, heating the solder
paste deposits to reflow temperature of the solder in the solder paste deposits, and
allowing the molten solder in each deposit to consolidate into a single mass and
during subsequent cooling solidify forming the bumps on the metal pads. The
25 bumps are formed by conducting the stencil printing through apertures in an ultra-
thick stencil, the apertures having trapezoidal crossection in the plane normal to the
broad surfaces of the stencil with the top opening being smaller than the bottom
opening and with the walls of the apertures sloping at an angle within a range of
form 1 to 45 degrees from the vertical, the solder paste having a low tackiness and
30 high metal loading, and the solder paste deposits covering an area which is equal to
or exceeds an area of the metal pad in a ratio ranging from 1.5:1 to 5:1. Bumps
formed in this manner lead to the formation of reliable solder joints.
Brief Description of the Drawing(s)
FIG. 1 is an exploded view of a solder bumped IC package positioned
35 over terminal pads on a substrate prior to the solder assembly operation;




et al., describes a process for controlling solder joint geonetry when
.surface nmounting | eadl ess | C packages on a substrate. The sol der joint
" assenbly techni que is used to apply controlled volunmes of solder to
pads of both the package and the 5 substrate. The sol der vol une deposits
may assume various forms including .3.truncated spherical bunps, solder -
prefornms and sol der paste deposits. The two units are positioned

adj acent each oth ith the bu and refo ast e.
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positioned on contact pads, 13 (FIG. 2). Solder bumps 12 and contact pads 13 are

disposed in positions directly opposite terminal pads, 14, provided on board 11. In
20 this illustration, the contact pads, and thus the bumps, are arranged on the periphery
of the IC package. However, the contact pads may also be arranged in the form of a
grid array of contacts on the package and on the board as suggested in phantom lines
in FIG. 1. Also, in practice some of the contact pads may not be provided with
_ solder bumps, thus avoiding an electrically conductive connection between such
‘25 contact pads and corresponding terminal pads on the board.
- FIG. 2 is a crossection view of an IC package 10 positioned atop board
11 so that solder bumps 12 on the IC package engage abuttingly corresponding
terminal pads 14 on the board. A typical solder bump 12 has a shape resembling a
truncated sphere. The bumps are formed by depositing a controlled volume of solder
30 paste onto contact pads 13; heating to melt the solder material in the paste deposit,
and permitting the solder to solidify during subsequent cooling. In the process, the
solder assumes the shape of the truncated sphere. Prior to placing IC package 10 atop
board 11, the board or at least terminal pads 14, are provided with a thin layer of
flux. Preferably, this flux has a tacky or sticky characteristic which is useful in
35 retaining alignment between the package and the board. In the process of
-assembling, the IC package and the board are aligned each with another. Lateral "
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package dqoagl or the bumps on t e package and solder paste deposits on the board,
10 respectively, are caused to melt and resolidify forming solder joints similar to joints
16 shown in FIG. 3. Of course, these joints will be higher than joints 16.
The process of forming the solder bumps involves stencil-printing
solder paste deposits on pads of the IC package or the board or both, and reflowing
to form the solder bumps. The paste includes a solder alloy powder and a flux
15 vehicle mixed together, a process based on standard surface mount technology
(SMT). A conventional view of such a printed paste based process would be that it
could not provide the solder bump volumes required to assure the interconnection |
joint heights needed to minimize the effects of thermally driven fatigue in the

assembled package in subsequent use.

20 In general, all solder pastes are combinations of a flux and a solder alloy
powder. The combination of the flux and solder powder controls the printing, slump,
tackiness and activity of the solder paste as described in Solder Paste Technology by
C. C. Johnson and J. Kevra TAB Books Inc. 1989 pp. 41-43. A flux suitable for a
solder paste applications must be a vehicle that can both hold a large volume of the

25 solder alloy 'powder (normal metal loadings are on the order of 50% to 60% powder,
by volume, the rest being flux) and provide for stencil printability. It must also
remove metal oxides from both the powder and the wettable metal surfaces of the
pads to be soldered during the reflow process so as to assure solder wetting and
minimize the formation of stray, detached balls of solder during the reflow process

30 (so-called reflow solder balls).

Conventional SMT solder pastes provide high stickyness in order to
hold components to the circuit board throughout the SMT assembly process and until
reflow is completed. Unfortunately, this adhesive property limits the use of very
thick stencils because it promotes an uncontrollable retention of the paste in the

35 necessarily deeper stencil apertures intended to provide a greater volume of solder
paste needed to establish reliable solder joints. Consequently, the volume of '



Substrate; and FIG 7 is aviewof a flipside of an IC
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Description 15 FIG 1 is a view of an |IC package, 10, shown
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optimized for use with extra-thick stencils and hereinafter referred to as a YD solder
paste, includes a YD flux and a solder alloy powder or powders, whose composition
and processing are described herein below. The YD flux (and, consequently, the YD
paste) is formulated to have a low stickyness so as to be readily printable through the
20 very thick stencils needed to deposit large paste volumes. The YD flux is a low-
residue formulation which is qualified for use without the need for subsequent
cleaning, if reflowed in an inert atmosphere. This avoids the need for a post-
bumping cleaning of the IC package which must experience refluxing anyway when
it is eventually soldered to the board.
25 As described in US Patent No. 5,211,764 issued on May 18, 1993 to
Yinon Degani which is incorporated herein by reference, a flux vehicle for solder
paste includes the following basic constituents: a solvent, an oxide removing
component and a rheological additive to improve printability. A flux vehicle
suitable for the stencil printing according to the invention comprises 1 to 10 weight
30 percent (wt.%) of an organic acid, 1 to 5 wt.% of a rheological additive comprising a
polymer having a molecular weight greater than 50,000, 60 to 98 wt.% of solvent
system, and O to 25 wt.% of a further additives whose residue maintains high surface
insulation. To provide for the low tackiness that helps with the printing through a
thick stencil, the prior flux described in U.S. Patent 5,211,764 is used with
35 concentration of the rheological additive toward the lower end of the range, e.g., by
using from 1 to 3 weight percent of the rheological additive instead of 4 to 5 wcight



-4- alignment of bunps 13 and of the term nal pads 14 is acconplished
.during the -preassenbly of the | C package and the board. Upon bei ng
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10 castor oil 1-5 3
tripropylene glycol remainder remainder

Another example of a YD flux composition is as follows:

Chemical Weight% Range  Weight% Preferred
4-hydroxybenzoic acid 1-8 . 6.0
15 propyl 4-hydroxybenzoate 20-30 25.0
ethyl cellulose 1-3 1.5
hydrogenized rosin gum 0-25 14.0
tripropylene glycol ' remainder remainder

A stencil, 19, (FIG. 6) for use in the inventive bumping process is a few

20 times as thick as conventional SMT stencils. While conventional stencils may run
from 3 to 10 mils in thickness, the stencils for this process may run up to 30 mils in
thickness. For the specific embodiment, described in Example 3 below, the stencil is
21 mils thick. This is roughly three times the thickness of a conventional SMT
stencil. Furthermore, the stencil has apertures, 20, trapezoidal in crossection in a

25 plane normal to broad surfaces of the stencil wherein the top or paste entry opening
is somewhat smaller than the bottom opening. The walls of the apertures are in the
form of a truncated cone, a truncated pyramid or some other configuration with walls
sloping within a range of from 1 to 45, preferably 5-10 degrees from the vertical.
This aperture configuration, in combination with the low stickiness of the YD solder

30 flux in the paste, greatly facilitates release of the special paste from the stencil after
printing.
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13 (or terminal pad 14) over which they are printed. During reflow with such
extreme overprinting, many conventional SMT solder pastes would generally leave
significant residues of unconsolidated solder in the form of numcrdus unwanted,
isolated balls which would have to be removed lest they become a reliability
15 problem by causing electrical shorts, etc, should they eventually come loose on their
own and start to move about. This would necessitate a cleaning step prior to
assembly. More of a problem, however, would be the variability of consolidation
during solder reflow which can result in shorts and uncontrolled deviations in the
volumes, and hence the heights, of the solder bumps themselves. For example, when
20 two solder paste deposits cluster together and during reflow form a single large
deposit bridging two pads-or when a portion of one deposit joins partially an
adjacent deposit resulting after reflow in two bumps of a differing size or even when
one pad is without solder and a second pad with a double volume of solder on it.
However, such variability does not occur with the specially optimized YD solder
25 paste. All but an insignificant trace of each overprinted solder paste deposit is
consolidated into a single, large volume bump wholly affixed to the contact pad.
This assures consistent bump to bump uniformity and reliable performance without

cleaning.
Finally, one should consider the choice of an appropriate solder alloy.
30 The composition of the solder alloy is, in general, not critical to the bumping process
and includes, for example common solder alloys such as Sn/Pb (63/37, 60/40 and
5/95 wt.%), Sn/Ag (96.5/3.5 wt.%), Sn/Sb (95/5 wt.%), Sn/Zn (94/6 wt.%), Sn/Bi
(42/48 wt.%) and Sn/Pb/Bi (43/43/14 wt.%). Often, the placement and wave solder
assembly of other components to the board is accomplished prior to affixing the
35 bumped IC packages; therefore it may be necessary to carry out the process of
attaching the bumped IC packages to the board with the board being upside down.



conventional SMI paste that can be deposited through a stencil aperture of
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process, however, achieves exceptional joint volunes and 5 reliable

I nt erconnection heights by neans of a 8nique conbination of a specially
optim zed sol der paste, ultra-thick stencils having apertures with

T dal - . ; |
over pr i nt CREREr B SE LR sl ey sl ool B gl s B aneng Y, 250 Yo
convent i omelting\oistcnfi gwolider alloy conventionally used taivave ﬁrddﬂahb shropgh-holeed sol der
paste is é&%&&ﬂcﬁ% ﬁx;}l{&f 1&?%@85@%&&& P&h@’ldd}g ahd ?zﬁ}‘ﬂjﬂm"t‘ﬁéy thi ck

stencil s, tore sure that

each sol db@aréaétneemgw&oﬁ such asonventionsl alleyds a SsiRhguteatis) Qmeabwtectu:pon

refl owsl egydy \@ithQ zHélEﬁ% EHﬁ‘:’i‘aP&eabB% ?@?Beé%&svcé &fntl 04 Qcﬁ&cxbeﬁidys behi nd.
Al so the resid ef | ow shoul d ferabl'y have high

at 1s
surface iWihprdewsnme ung%%ﬁfﬁ?%fre %ifatﬁv Lewpm&ﬂfétez e“sﬁn 3’/%’0 that the
process c@slmqujaN@tadowmdotbb@niﬁecte@b sialtvaristbrizds Pbgoneal apd t est ed

ot 1 a- t hi MR BrEng B8R Be R 1P iieRes ?ﬁﬁh@b&yﬂ% sup e v EE T Rouae”® T T

i ncl udes paskD Thisalleycomnsatidlly aedilable ipgocader forny, dasiespectabio Saignenposi ti on

he Yoo~ Rkl SREEMNTRAITE AL e SIS iy Ui ca T CA, 2T 1

the Y
readily plilhwgébil’&f?q fiment gammealyyused\BayRb allgysk stencils needed to deposit

| arge paste vol ummfahswmlgefx lés ariluifhtive of thé fiveRliee AL Md &lagn Whi ch
is qualified for use wthout the need for subsequent cleaning, if

ref | owed RAICHPMRASIHO b HEPBUVETPIPSCSy oi ds t he need for a post -
bunpi ng cl eani ng of the I C package whi ch nust experience refl uxing anyway
As

when it is eventually soldered, to the board. 25
" described in US Patent No. 5,211, 7680 ed on May 18, 1993 to Yi non
Degani which is incorporated herein by reference, a flux vehicle for sol der
15 To prepare 1.5 kg of the YD flux approximately 90gram (g) 4-

hydroxybenzoic acid, 210g hydrogenated rosins, 22.5g ethyl cellulose, and
375g propyl 4-hydroxybenzoate are mixed with 802g tripropylene glycol in a
2 liter glass beaker on a hot plate equipped with a magnetic stirrer. The
temperature of the mixture is allowed to rise to 120-130 degrees C and

20 remain at that temperature for 25 minutes with continuous stirring. The flux
is then cooled to room temperature.

Example 2

To prepare 5.0 kg of paste with flux of Example 1 and with Sn/Pb/Bi
43/43/14 solder, combine 375g of the flux with 4625g Sn/Pb/Bi 43/43/14

25 solder powder, -325+500 mesh, by placing the flux in a stainless steel mixing
bowl of a KitchenAid mixer, and then, while mixing at about 40 RPM,
slowly ad_ding the solder powder. The flux and the powder are mixed for
about 1 minute to obtain an homogeneous paste. After scraping any leftover
of flux or powder into the bulk of the paste, the paste is mixed again for

30 additional 30 seconds. The resulting paste is divided into convenient small
quantities, e.g., 125 mli, and stored in plastic jars.



paste includes the follow ng basic constituents: a solvent, an oxide

. renovi ng conponent and a theological additive to inprove printability.
" A flux vehicle suitable for the stencil printing according to the

i nvention conprises 1 to 10 weight 30 percent (W.% of an organic acid, 1
to 5 w.%of a theological additive cemprising a pol ynmer having a

nol ecul ar wei ght greater than 50,000, 60 to 98 w. % of sol vent system
and 0 to 25 wt.% of a further addlgveslm%ose resi due mai ntains high
surface i nsul ation. To provid XpP'%he | ow tacki ness that hel ps with
the printing through a thick stencil, the prior flux described in U S.

Pat ent 5, 211, 7, i, ga@tp\gg&%fﬁaﬁswgttﬁ%& R 1 il B B ogdldl L1 ve

toward the |l ower end o wei ght
percent of thea 1Qunitegay of I(éammtsm 3 ngeéaé fijpside 96015‘: sushgnit is shown

-6- per q'ﬁrﬁxc 7h&§c18ﬁ5§%31b‘%§1@g111&’ *bp&sm&i Padafs &@.ﬂﬂas%bél%a hi gh

nmet al | oadi ng whi results in_lows exanpl e
of YD ?1 ux corfwép?qobﬁphegwascmqt Bods arc cxposed while conduf@#émmsulated

Viei ght % Range so tiéd mél%tﬁbﬂfdéhfa@dxs fBrmeEPR sdl@eradnthcting the conductors.
1-3 The pads i m thc array are 32-35 mils in diameter and are arranged on a 100
mil pitch, which means that the center of any pad is at a distance of 100 mils
from the center of any other adjacent pad. The paste of Example 2 was
10 printed through a stencil 21 mils thick and having apertures with 60 mil
diameter top opening and 64 mil diameter bottom opening, the latter being
adjacent to the contact pad on the device. Upon reflow, the solder paste
deposits provided bump height nearly as great as the contact pad diameters.
The above-described stencil printed solder paste bumping technology
15 was developed as a SMT compatible batch process for the high throughput,
relatively large volume application. As designed, it consistently provides bump
heights nearly as great as the pad diameters, a performance that here-to-for always
necessitated the use of preforms and the associated problems of placement, fluxing,
stabilization, etc. The inventive bumping technology can also be applied to fine
20 pitch designs for use on products where multilayer mother boards relax the routing
demands. In such designs, an example of which would be a 60 mil pitch with 30 mil
diameter pads, the opportunity to overprint is rather restricted, especially when
compared to the 100 mil pitch and 35 mil pad configuration described above.
However, experiments on such fine pitch arrays using equivalently proportioned
25 stencils with smaller openings and the same flux system have also demonstrated 30
mil bump heights. This was accomplished, despite the necessarily smaller
overpinting, by increasing the effective "metal loading"” (or proportion of the solder
powder) in the paste. However, if this were done by simply adding more powder to
the existing paste/flux combination, the resulting loss of printability would render
30 the effort hopeless before any significant improvement in bump volume could be
achieved. In order to avoid this problem, the metal loading was increased through
the use of solder alloy powders of significantly different size (or mesh) such that one
powder effectively fits into the interstices of the other, thereby directly increasing the
metal content of the YD solder paste and assuring more solder alloy in a given
35 volume of deposited paste without significantly compfomisin g printability. Of



propyl 4- hydr oxybenzoat e 20- 30 25 ethyl cellul ose
1-3 .

- 1.5 dimerized rosin 1-5
3 penta erythritol tetrabenzoate 1-5 3 10 castor oil
1-5 3 tripropyl ene glycol remai nder
remai nder Anot her exanple of agR flux conposition is as follows:
Chem cal Wei ght % Range Wei ght % Preferred 4- hydr oxybenzoi ¢
aci d

25 0 c%qrﬂ? Efﬂlg é’{nlu&tli-gggdér“ appro%'cl? re::Lq5uireE El%pé'gggf:p%/rﬂ)r g0(>>(fy p%e“pd%? %llzgs org 20-30
hydr ogeni Zaus") bst it igyesry effective for Mhproving printed solderlbuntb volumet.r Sp¢lopy! ene

gl ycol " . ' r i.nde . tencil, 19,
e ) fmuldpowdd VD itte could as redbeElared for the bumping, the fOPMADS

thi ck as Bideh/gid amays if exen greater bump vohines wern desitddo Amiothdrepprdash fiary r un
from 3 § opdRidih GRieh i ' f b run up to
0 m IS ik § pufRichl b6 Shme WinoleEesie ciemiine M BRI JIRY, | °L ol o
3 bel ow, $§§48n$; wghides agdouble-prinfing’sof; the seldertpaste. | Ehis invghvey atfisstdmp nes t he

t hi cknes sfopinations Witheshly RivAkbral\Bverprinthi 8%, 1.5 BHnAGh&BaEareh YeASHENCI | has
aperturesE ZOﬁ%géfl@ﬁéOI dal i,n crossection in a 25 | ane normel to broad

surf aces UmRSiaad printing the saldes pagis over e brpps fellawed by i s
sonewhat anodhereeflawaf thelsolden i the bungssiang.in THessolddr pasto fiepdies @REYRE Ur es are i n

cont i P ot it & oG BancRoay B pPHSceahEEhis < hoigfi D cogests,
pr ef er abl §f thatiabtainahle axithf the singlecprirgimig, amd without danger of shorts between the
i fine-pitched pads. |
Additional advantages and modifications will readily occur to those

skilled in the art. Therefore, the invention in its broader aspects is not limited to the

15  specific details, representative devices, and illustrated examples shown and
described. Accordingly, various modifications may be made without departing from
the spirit or scope of the general inventive concept as defined by the appended claims
and their equivalents. |



This aperture configuration, in conbination with the |ow stickiness of the
. YD solder 30 flux in the paste, greatly facilitates rel ease of The speci al

P?SEe fromthe stencil af El'ﬁre st engir: n}[ Esng'esi gnu",mmmm& HH“!H in which a

ratio of a dianeter, "D’ (or erng-side of *a Squar & e bottom of
the aperture to the height "h" (or the t hi ckness of the stencil) is
>1.5:1, pwﬁ{sably [err]2.5:1. Also the ratio of the dianeter D to
t he di stance bet ween the centers of two adjoi ni ng pads bein

approxi matel y b Apreress of ldegingratdeast ane carRpanept to3t substrae, sgienci | with

paste depgficksscombrisiMg!fothing a plurddidfbf kﬁlﬁé‘%ﬁfontﬂhﬁs of &8 lat lchst oﬁgown in
FIG 6 of the dra rder to achieve large sol der
bunp vol u?fggpoqeﬁé%%@g CPEpaRFRsVith solderdvmmdaﬂcpwa@ﬁen PREUBIRR sol der
paste i5n heatiagite Bim ﬁrditengfeﬁit@xbesbfﬁm&n% m‘ﬂamssald bumpéyRad allbwiig thee cross
sectlonalbareas of .t @ IH\P% in t %\S’enml are made so 10 large
that eachP¥BPHOreNd JBE’;%%T G nEnttp ’1“ U3 5 times the area of
contact pad saﬂ t(unlpstm formeeld byesteriof]) printing smmecpastmagpomteo:psmdt ed.
During re t L al SMr
sol der aé egf#bu‘fb ene gF?tmqe ea&gﬁgrsgs(?égéﬂ Eﬁ# {&% res \égﬂ%qfc%?
uncons oI i haseldesin the ﬁOldnr paste, fami allowingthe lsoldsr mrmhdﬁyé forming the hugapsat ed

bal I's 10hi shhePaisof @b @ohipolént GRENEF | est they become a reliability

said stencil printing is conducted through apertures in an ultra-thick

stencil,
the apertures have trapezoidal crossection in the plane normal to the
broad surfaces of the stencil, with the top opening of the aperture being smaller than
15 the bottom opening and with the walls of the aperture sloping at an angle within a
range of from 1 to 45 degrees from the vertical,
said solder paste has a low tackiness and high metal loading
characteristics, and |
said solder paste deposit covers an area which is equal to or exceeds an
20 area of the metal pad in a ratio of from 1.5:1 to 5:1.

2. The process of claim 1, in which the stencil is 12-30 mils thick.

3. The process of claim 1, in which the area covered by the solder paste
deposit is at least 3.5 times as large as the area of the pad.

4. The process of claim 1, in which the walls of the apertures slope 5-10
25 degrees from the broad surface of the stencil.

5. The process of claim 1, in which an effective diameter of the base of
the trapezoid is greater than the height of the trapezoid in a ratio ranging from 1.5 to
5.

6. The process of claim 1, in which the solder powder is selected from
30 the group consisting of Sn/Pb, Sn/Ag, Sn/Sb, Sn/Zn, Sn/Bi and Sn/Pb/Bi solder
alloys and their combinations. \
This Sheet Has
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15 problem by causing electrical shorts, etc, should they eventually cone
~loose on their nec
cleaning step prior to assenbly. More of , woul d be
the variability of consolidation. during %lﬂi ﬂ" “'H@j h can
result in shorts and uncontrolled devigtions | s, and
hence the heights, of the sol der bunps t hensel ves. For exanpl e, when 20

two sol der paste _? ﬁ.gSI ts cluster together and during reflow forma single

| ar ge deposi ? BERCAY Atvidaipabidn gthighesid solger ravesier sfa SBbMEposi t | oi ns
partial | y(48743/14) soMbrgoder.deposit resulting after reflow in two bunps of a
differing size or even when one pad is without solder and a second pad
with a double volunme of solder on it. However, such variability does
not occur with th® Theprogkssyofaidiinl,isdvhich sid sslder stel@@ﬁipﬁses“ddlddaut an

f
consal | dapagcics A8 ﬁﬂ%&ﬁﬁﬁ%’?éﬁﬁ&b@?‘%gﬁ'ﬂﬁﬁrﬁxﬂ%ﬁl@ AP ah ottt cont act
pad. 5 acdi ktoad siteof tenlogicabadditiverpomprisinge potyriarhaving mcidculad i abl e
per f or mangRight Eﬁ@t& than 50,00(E 8011898 wt.% of solvent sP'Ftem a@%@?&% wt 9 6¢ Shoul d

consi der h ce of an appropriate solder_ a e conp05|t|on of

t he sol det® rgye{y.idlpges Vhosgapudug maw&m%hngm@afhcqmsuln@orbunpl ng process

and includes, for exanple conmon soI der alloys such as Sn/Pb (63/37, 60/40

and 5/95 wt .9 Sn/ A 6 5/ /Sb (95/5 wt,. %, Sn/ zn (94/6
Wt %, Sn/Bi 9(@1'12"} 98 %}Cgs ‘ﬁg mgq}qqiemm%xseséagen t he

pl acementwengﬂt pmmts!eﬂlyikoxybenz01aaeﬂn’b43/wﬂ% ahifd&fellﬁm&qlse'mﬁt %0 the board is

T acco |s 3 ckage her ef.0 e it may
be. noags iBpyEE Rl guizohdh %A 28 nyHSR8Riae R B A be BRtet)

packages lpq;ngh'@rbmdmb Wctbi t he board bei ng upsi de down.

—

10. The process of claim 9, in which said flux vehicle comprises 6.0
wt.% 4-hydroxybenzoic acid, 1.5 wt.% ethyl cellulose, 25 wt.% propyl-4-
hydroxybenzoate, 14 wt.% of hydrogenized rosin gum, and 53.5 tripropylene glycol.

15 11. The process of forming solder bumps on metal pads of an element,
which comprises
stencil printing solder paste deposits on the pads of the element,
applying heat to melt the solder, and
allowing the molten solder to solidify forming truncated spherical solder
20 bumps of said pads, wherein _
said stencil printing is conducted through apertures in an ultra thick
stencil,
said apertures have trapezoidal crossection in the plane normal to the
broad surfaces of the stencil, with the top opening of the aperture being smaller than
25 the bottom opening and with the walls of the aperture sloping at an angle within a
range of from 1 to 45 degrees from the vertical,
said solder paste has a low tackiness and high metal loading
characteristics, and _
said solder paste deposit covers an area which is equal to or exceeds an
30 area of the metal pad in a ratio of from 1.5:1 to 5:1.

12. The process of claim 11, in which the stencil is 12-30 mils thick. ‘

This Sheet Has Been Reﬂlaced




-8 - Consequently, use of a solder alloy that reflows at a
tenperature at or above the nelting point of a solder alloy
‘conventionally used to wave- sol der the through-hole in

pl ace m ght cause such conponents to cone | oose and“’m"“,“ﬂnlﬂﬁﬂtmm
board. An exanple of such a .conventiopgh_alloy is a Sn/Pb eut®cts c *or near
eutectic 5 alloy with a nelting point at or above 183 degrees.

Consequently, a so al |l oy . Wwi.ith a ) r meltin oi nt st be used

in the bunping pas{:’g. @HY’%ISBPEFIaIm%'“‘(W@%c%ﬁi aﬁ%‘(&d&'gym ®fo be

unaf f ect edpixye depuisit ivarlest BSnimesasHbrgeeRitnirea ofithepad. Wi th a nelting

poi nt bel ow 183 degrees C would be nost suitable for the YD sol der

~paste. This alloy, comercially available in powder form has respectable
fatigue 10 char akk eFliesprocsss of el ild) inywhikk thecwalisofatie apertures Sopes al | oy
(al t hough | commonly used Sn/Pb all oys).

The foll ovxﬁllgd:e amlfg%mgceﬁllﬁ%fghgg#gﬁ)?\gg% the inventive flux and sol der

paste conposition and the inventive process.

Exanplesl 15 15, ThEGrBERR®f Blafin 31K Which B eiftbddeltiambRf 8inE®E&! Y 90gram
dr.ogenat ed rosj ns, 22.5g

(g) 4- .hydroxybenzai ¢ acid, 210g hy,
et hyl cel |9ﬁ%§&ap%a9£¥8 grcatgr than thcm%ﬁmpcagﬂyeﬁaﬁ%mgw Bde ni xed
wi th 8029 for3.propyl ene glycol 'in a 2 liter glass beaker on a
hot plate equi pped with a nagnetic stirrer. The t enper ature of
the mxture is allowed to rise to 120-130 degrees C and

16. The process of claim 11, in which the solder powder is selected from

the group consisting of Sn/Pb, Sn/Ag, Sn/Sb, Sn/Zn, Sn/Bi and Sn/Pb/Bi solder
10 alloys and their combinations.

17. The process of claim 11, in which said solder powder is a Sn/Pb/Bi
(43/43/14) solder powder.

18. The process of claim 11, in which said solder paste comprises solder
particles and a flux vehicle, said flux vehicle comprises 1 to 10 wt.% of an organic
15 acid, 1 to 5 wt.% of rheological additive comprising a polymer having molecular
weight greater than 50,000, 60 to 98 wt.% of solvent system, and 0 to 25 wt.% of
further additives whose residue maintains high surface insulation.

19. The process of claim 18, in which said vehicle comprises 1-8 wt.%
4-hydroxybenzoic acid, 1-3 wt.% ethyl cellulose, 15-30 wt.% propyl-4-
20 hydroxybenzoate, 0-25 wt.% of hydrogenized rosin gum, and the remainder being
tripropylene glycol.

20. The process of claim 19, in which said vehicle comprises 6 weight
percent 4-hydroxybenzoic acid, 1.5 wt.% ethyl cellulose, 25 wt.% propyl-4- |
hydroxybenzoate, 14 wt.% of hydrogenized rosin gum, and 53.5 wt.% tripropylene

25 glycol.

[

| This Sheet Has Been Reilaced



*

20 remain at that tenperature for 25 mnutes with continuous

.stirring. The fl-ux : I's then cooled to roomtenperature.

" Exanple 2 To prepare 5.0 kg of paste with flux of Exanple 1
and wi th Sn/Pb/ Bi 43/ 43/ 14 sol der, conbi ne 375g of the fl ux
w th 46259 Sn/ Pb/ Bi 43/ 43/ 14 25 - 1460l der powder, -325+500 nesh, by
placing the flux in a stainless steel m xing bow of a

Sl owl 'y addi ng ¢ nSURKAGEMORF sOrhitR SsSENBER OB LEAPLESS i xed 1or
about 1 mi nute t INFEGRATED CIRCIHTRACKRGES. TOSUBSERAAES'\g any | ef t over

of flux ory r into the bulk of the paste, the paste is m xed again for
30 Monal 30 seconds. The resulti ngf paste is divided into
conveni ent snal | Descnbedarcaammslfot splderingt leasponen¢ompongnshaingl i n

Ei(:rsr:o : 25 | @bRier bumps to a substrate and a process for forming solder bumps on metal pads of 9 -
an element,.such as an IC package or substrate or both. The bumps are formed by
stencil printing solder paste deposits on the metal pads, heating the solder paste
deposits to reflow temperature of the solder in the solder paste deposits, and allowing
the molten solder in each deposit to coalesce and during subsequent cooling solidify

10 forming the bumps on the metal pads. The bumps are formed by conducting the
stencil printing through apertures in an ultra-thick stencil, the apertures having
trapezoidal crossection in the plane normal to the broad surfaces of the stencil with
the top opening being smaller than the bottom opening and with the walls of the
aperture sloping at an angle within a range of from 1 to 45 degrees from the vertical,

15 the solder paste having a low tackiness and high metal loading, and the solder paste
deposits covering an area which is equal to or exceeds an area of the metal pad in
any ratio between 1.5:1 and 5:1. Bumps formed in this manner lead to the formation
of reliable solder joints. -

—_—
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The YD sol der paste of Exanple 2 is then used to fabricate sol der bunps on
.a 10 unit array of ICcircuits on a wafer. A flipside of one such unit is

shown in FIG 7, disclosing a 10 x 10 grid array of contact
pads 13 and an associated 5 conduct or schene. Contact pads are
exposed whil e conductors are insul ated 1/4 so that no el ectrical
contact is forned by solder contacting the conductors. The

pads in the array are 32-35 mls in diameter and are arranged on a 100
m | pitch, which means that the center of any pad is at a distance of 100
mils fromthe center of any other adjacent pad. The paste of
Exanpl e. 2 was 10 printed through a stencil 21 mls thick and having
apertures with ?8E£}i di aneter top opening and 64 m | dianeter
bot t om openi ng, ﬁitlr bei ng adj acent to the contact pad on
t he device. Upon reflow, the sol der paste deposits provided
bunp height nearly as great as the contact pad dianeters.
The above-described stencil pg)nted §Qldeﬂlpasqq'bunp]@g t echnol ogy 15 was
devel oped as a SMI conpati bl e atch pnocess fors the hygh throughput,
relatively | arge volunme app on AR de angi stently provides
bump hei ghts nearly as greé a performnce that
here-to-for always necesgsi prefjor g and the associ at ed
probl ens of placement, fl uxinoy Gati ofk_det£. The inventive
bunmpi ng technol ogy can al so be h designs for use on
products where nmultilayer nothe qut i ng demands. In
such desi gns, an exanpl e of whigN ipitch with 30 m |
di anet er pads, the opportunity tio dr restricted,
especi ally when conpar ¢ 5 ml| pad

g {uch fine pitch
R vl | er openings

arrays using equivalently’p
and the sanme fl ux syst el Az

. . W4 g e . \
Thi s was acconpllshed_/cyv e e nec s?arli S by

Jadi mgs (orpr opbed

; 14 14 14

i ncreasi ng the/jiiéjjziij;}.




powder) in the paste. However, if this were done by sinply adding nore

. powder to the existing paste/flux conbination, the resulting |oss of
printability would render 30 the effort hopel ess before any significant

i mprovenent in bunp volume coul d be achieved. In order to avoid this
problem the netal |oading was increaseoﬂ/ﬁhrough t he use of sol der
all oy powders of significantly different size (or mesh) such that one
powder effectively fits into the interstices of the other, thereby directly
i ncreasing the nmetal content of the YD sol der paste and assuring nore
solder alloy in a given 35 volune of deposited paste w thout significantly
conprom sing printability. O '

-10- cour?ﬂ,qjﬂs mul ti - powder' approach requires the proper pairing
of powder size (; * "cuts") but i{ is very effe§five for inproving
printed sol der bunp vol unes. 0 '

readily be prepar
even greater bunp
sufficient bunp vol
designs, includes a

Such a ' YD paste could as

0 grid arrays if

o i R T T TRt i 5 b i di ng
J,’; :n 2he fine pitch
o

Asi v
//fg ,%{fg This involves a

fLrst 3unp f?rnaffégZ{A S/ odere e * :r‘nA».e.g.,h 1.5[5 tines
the pad area, re Vay/////?’//;;;’/ﬁ' 7 /'7)}"};;/'/" 4/"/; g the sol der
paste over the b fz;/:é//{“';/tﬁ’/,//ﬂﬂﬁfl'g;/{,/{;/;// el sol der in the

FIG. 8
o 13
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10 bunps. In this manner a solder joint may be produced which has a hei ght
I'n excess of that obtainable with the single printing, and w t hout
‘danger of shorts between the fine-pitched pads.

Addi tional advantages and nodifications will readily occur to those
skilled in the art. Therefore, the inven8fén in its broader aspects is not
limted to the 15 specific details, representative devices, and -

il lustrated exanpl es shown and descri bed. Accordingly, various

nodi fications may be nmade wi t hout -departing from the spirit or scope of
the general inventive concept as defined by the appended cl ai ns and
their equival ents. - 11 -
W claim 1. A process of soldering at |east one
conponent to a substrate, said process conprising
form ng a pluralg of sol der bunps on pads of said at
| east gne EonpoE2Z¥;° ‘1 s 0

pl aci ng tke conponent with sol der
bunps adj acent pads 10 on the sug‘ rate, heating the bunps
to a tenperature ufficient to Jefl ow said bunps, and

al l owi ng the bunps

- - ———

FIG. 5
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resolidify joining the conponent to the substrate,
said bunps are formed by stencil printing solder paste

deposits on said pads of the conmponent, heating the 2 0 AUG 1997

sol der paste deposits to the reflow tenperature of

the solder in the solder paste, and all 4ng t he sol der
to solidify formng the bunps on the pads of t he
conmponent, wherein said stencil printing is conducted
t hrough apertures in an ultra-thick stencil,

t he apertures have trapezoidal crossection in the

pl ane nor nal to surfaces of the stenci

with the top ope Sp e aperﬁvre bei ng smal | er 19

t han the botton1open|ng and wi th5the walls of the }’

aperture sloping at an angle | e of fro

1 to 45 degrees fromthe v ' paste
has a | ow tacki ness and g net \ ﬁ§::;;7\ (N
characteristics, and ‘ saj/d sollder Jas e dep#si t{ covers
an area which is equ 1 , ‘//, to 0( € ceeds‘ ar of the
netal pad in a rati@ of L———A/ - JLamJLRJ 5:

2 The process f? ; i >

mls thick > Tho S 2 myay) i ixch the-
area covered d 1 p0s S D | east

3.5 tines as | ar QELAR L /el e e X /Ay Ed O e 3 dd .
- 4. The process of claim1l, in which the walls of the&
apertures slope 5-10 degrees fromthe broad surface oOf

FIG. 7
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the stencil. . 5. The process of claim1, i n %steh =

ef fectii ve di am " et'er of the base of the trapezoid is
grreater than the hei ght of the trapezoid in a ratio
ranging from1l.5 to 5. 6. The process of claiml, in
whi ch the sol der powder I's selected fromthe group

consi sting of Sn/Pb, Sn/Ag, 14 Sn/ Sb, Sn/ZzZn, Sn/Bi and

Sn/ Pb/ Bi sol der alloys and t heir conbi nati ons.

7. The gpgeassr of claim 1, in which said sol der pow der
is a SFTPb/BI (43/43/14) sol der powder. 8. The process
of claim1, in whisurreaisl MoUNIESOITHRE ASSEMBLY OF LEADLESSONpri ses sol der
particles and a f|INTRGHATE®, CIRIULT | BRCKAGES TO SUBSTRATES - 12

- vehicle conprises 1 to 10 wt. % of an organic acid, 1 to 5 w. % of

t heol ogi cal additive conprising a polynmer having nol ecul ar wei ght greater

t han 50, 000, 6 porc@sst fox sbldeniagt asgsniponennchdving 2older Bumpd ur t her
to a substraté. The bumps on the metal pads are formed by
heating them to reflow temperature, and allowing each deposit to
coalesce and subsequently cool. The bumps are formed by stencil
printing through apertures in an ultra-thick stencil, the
apertures having trapezoidal crossection in:the plane normal to
the broad surfaces of the stencil with the top opening being
smaller than the bottom opening and with the walls of the
aperture sloping at an angle within a range of from 1 to 45
degrees from the vertical, the solder paste having a low
tackiness and high metal loadihg, and the solder paste deposits
covering an area which is equal to or exceeds an area of the

metal pad in any ratio between 1:5:1 and 5:1. Bumps formed in

this manner lead to the formation of reliable solder joints.

Figure 1.
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addi tives V\/nose resi due naintains high surfaceytnsutg=; ,,t_i._\u.u._..—.ﬁ po et
¥ process of claim-8—inwhich—said- flux vehiclei cQ :
4- ydroxyben20| c aC| "% ethyl cellul osé, *

hydroxybenzo “ MA“‘R hydr ogeni zed r05|ﬁ gum
being tri pro 0. The process of €I’ ‘9 n'ﬁﬁi‘ch‘@éa&e“iiux
vehi cl e conpri ses 6 0O wm. %4- hydrox Behzoi c aci'd, @t 5v~wt ' prged ALY paged .....

cellulose, 25 wt. % propyl -4-hydroxybenzoate. 14 wt. % of hydrogeni zed
rosin gum and 53. 5 tr| ropyl - ene glycol. 11 YTHE QroRESEIPT .. Pasitdi.ng..

sol der bunps on met W :of an el enent, which conprl S€3 STenci|

printing sol der pasleActmmss sfsulddmg)adbeact aone conmpongntton appl yi ng

heat to nelt the subsieite, siid progessyodigrishey forntieug Spludality of sol i dify- _

form ng trun- saab%xﬁﬁﬁew:pabd§<af0§%&dtme§stoén§%m wherein  said

stencl! printing biackfleeESmHodeRt Wit éi'r!ﬁﬁmagadjaceﬁf"%ra thi ck
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stencil, sai d aRQer 'E Eaa i&‘%ﬁ“ P_&{&s 5 G ﬂ iy pl ane
gt Cefs 3 é ad allg e th the walls

t he aperture beln

normal to the broa ﬂo openi ng of
cLow % Wé‘ﬂ%
oEnppReftto, the, spsteates r om 1 to 45

t MENI TR r@q
SUFLO-EAE vesadd bmnps are formed by stencil pnntmg soldcr paste
' 1 : deposits on said pads of the component, heating the
20 AUG 1997 ; solder paste deposits to the reflow temperature of
i the solder in the solder paste, and allowing the

| solder to solidify forming the bumps on the pads of

~ the component, wherein

said stencil printing is conducted through apertures m

an ultra-thick stencil,

the apertures have trapezoidal crossection in the

plane normal to the broad surfaces of the stencil,
with the top opening of the aperture being smaller
than the bottom opening and with the walls of the
aperture sloping at an angle within a range of from
1 to 45 degrees from the vertical,

said solder paste has a low tackiness and high metal

loading characteristics, and

said solder paste deposit covers an area which is equal

to or exceeds an area of the metal pad in a ratio of
from 1.5:1 to 5:1.

2. The process of claim 1, in which the stencil is 12-30
mils thick.

3. The process of claim 1, in which the area covered
by the solder paste deposit is at least 3.5 times as large as
the area of the pad. .

4. The process of claim 1, in which the walls of the
apertures slope 5—10 degrees from the broad surface of
the stencil.

5. The process of claim 1, in which an effective diam-
eter of the base of the trapezoid is greater than the
height of the trapezoid in a ratio ranging from 1.5 to 5.

6. The process of claim 1, in which the solder powder
is selected from the group consisting of Sn/Pb, Sn/Ag,

' Sn/Sb, Sn/Zn, Su/Bi and Sn/Pb/Bi solder alloys and
their combinations.

7. The process of claim 1, in which said solder pow-
der is a Sn/Pb/Bi (43/43/14) solder powder.

8. The process of claim 1, in which said solder paste
comprises solder particles and a flux vehicle, said flux
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S wt. % of th additive comprising a polymer
having molecular weight greater than 50,000, 60 to 98
wt. % of solvent system, and 0 to 25 wt. % of further
additives whose residuc maintains high surface insula-
tion.

9. The process of claim 8, in which said flux vehicle
comprises 1-8 weight percent 4-hydroxybenzoic acid,
1-3 wt. % ethyl cellulose, 15-30 wt. % propyl-4-
hydroxybenzoate, 0—~25 wt. % of hydrogenized rosin
gum, and the remainder being tripropylene glycol.

10. The process of claim 9, in which said flux vehicle
comprises 6.0 wt. % 4-hydroxybenzoic acid, 1.5 wt. %
ethyl cellulose, 25 wt. % propyl-4-hydroxybenzoate, 14
wt. % of hydrogenized rosin gum, and 53.5 tripropyl-
ene glycol

11. The process of forming solder bumps on metal
pads of an element, which comprises

stencil printing solder paste deposits on the pads of

the element,

applying heat to melt the solder, and

allowing the molten solder to solidify forming trun-

cated spherical solder bumps of said pads, wherein
said stencil printing is conducted through apertures in
an ultra thick stencil,
said apertures have trapezoidal crossection n:the
plane normal to the broad surfaces of the stencil,
with the top opening of the aperture being smaller
than the bottom opening and with the walls of the
aperture sloping at an angle within a range of from
1 to 45 degrees from the vertical,

said solder paste has a low tackiness and high metal
loading characteristics, and .

said solder paste deposit covers an area which is equal
to Or exceeds an area of the metal pad in a ratio of
from 1.5:1 to S:1.

12. The process of claim 11, in winch the stencil is
12-30 mils thick.

. 5. The process of claim1ll, in which an
.t.he base of th trapezold i s greater ihan t he hei ght



16. The process of claim1l, in which the sol der pow der is 'sel ected from
“the group consisti A-Plr—.Sn/ Ag, Sn/ Sb, Sn/Zn, Sn/Bi__and_ Sn/ Pb/ Bi

sol der al | oy$ - @WEN'@ fiblat | ons. 17. The process of claim11,. in
whi ch said so ywoler—15"a Sn/ Pb/ Bi (43/ 43/ 14) ﬁﬂmnguﬂmﬂﬁ m& The
process of cl&i i‘%mych shi d sol der paste co m”H ticles
and a flux vehi MY T uxi v hicle rpaprises 1 to* 10 wt. % of ah organic
acid, 1 to 5 ; ¢al additive conprising a polynmer having

ht greater than 50,000, 60 to 98 wt % of solvent system and

nol ecul ar weri
Oto 25w % ives whose residue nmaintains high surface
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yarog . The process of claim lll? inpafhich agn )éffective

diameter of the base of the trapezoid is greater than the
height of the trapezoid in a ratio ranging from 1.5 to 5.

16. The process of claim 11, in which the solder pow-
der is selected from the group consisting of Sn/Pb,
Sn/Ag, Sn/Sb, Sn/Zn, Sn/Bi and Sn/Pb/Bi solder
alloys and their combinations.

17. The process of claim 11, in which said solder
powder is a Sn/Pb/Bi (43/43/14) solder powder.

18. The process of claim 11, in which said solder paste
comprises solder particles and a flux vehicle, said flux

- vehicle comprises 1 to 10 wt. % of an organic acid, 1 to
5 wt. % of rheological additive comprising a polymer
having molecular weight greater than 50,000, 60 to 98
wt. % of solvent system, and O to 25 wt. % of further
additives whose residue maintains high surface insula-
tion.

19. The process of claim 18, in which said vehicle
comprises 1-8 wt. % 4-hydroxybenzoic acid, 1-3 wt. %
ethyl cellulose, 15-30 wt. % propyl-4-hydroxybenzo-
ate, 0-25 wt. % of hydrogenized rosin gum, and the
remainder being tripropylene glycol.

20. The process of claim 19, in which said vehicle
comprises 6 weight percent 4hydroxybenzoic acid, 1.5
wt. % ethyl cellulose, 25 wt. % propyl-4-hydroxyben-
zoate, 14 wt. % of hydrogenized rosin gum, and 53.5
wt. % tripropylene glycol. :



