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(57) ABSTRACT 

A flux spray head, a mask, and an integrated circuit Substrate 
are arranged in a flux spray station to reduce flux overspray 
during a spraying operation. A Support element within the 
spray station is used to align the Substrate with the mask and 
spray head. A portion of the mask contacts the Substrate along 
a boundary between a region to be sprayed and a region to be 
masked. The flux spray head sprays the substrate while a 
portion of the mask is in contact with the boundary of the 
region to be masked. In an embodiment, the mask may com 
prise one or more replaceable non-stick stencil elements and 
associated springs to press the stencil elements against the 
Substrate. Each stencil element may have a wall to contact the 
Substrate along a portion of the boundary. 

2. 
AR 

  



Patent Application Publication Jun. 19, 2008 Sheet 1 of 6 US 2008/O145541 A1 

  







Patent Application Publication Jun. 19, 2008 Sheet 4 of 6 US 2008/O145541 A1 

201-A 
A 

FIG. 5 FIG. 5A 

262 

FIG. 6 

  



Patent Application Publication Jun. 19, 2008 Sheet 5 of 6 US 2008/O145541 A1 

  



Patent Application Publication Jun. 19, 2008 Sheet 6 of 6 US 2008/O145541 A1 

92 
ARRANCE FLUX SPRAY HEAD, MASK, AND SUBSTRATE TO BE SPRAYED 

WA 
TRANSPORT SUBSTRATE INTO FLUX SPRAY STATION 

6 
ALIGN SUBSTRATE WITH MASK 

- A PORTION OF THE MASK, E.G. A STENCIL ELEMENT WALL CONTACTS 
THE SUBSTRATE ALONG A PORTION OF A BOUNDARY BETWEEN A REGION 
TO BESPRAYED AND A REGION TO BE MASKED 

A SPRING MAY HOLD THE STENCIL ELEMENT WALL AGAINST THE 
BOUNDARY PORTION OF THE SUBSTRATE 

THE BOUNDARY PORTION MAY COMPRISE THE ENTRE BOUNDARY 

ALTERNATIVELY. THE BOUNDARY PORTION MAY COMPRISE LESS THAN 
75% OF THE ENTRE BOUNDARY 

ALTERNATIVELY. THE BOUNDARY PORTION MAY COMPRISE LESS THAN 
25% OF THE ENTRE BOUNDARY 

SPRAY SUBSTRATE WITH FLUX WHILE THE WALL CONTACTS THE BOUNDARY 
PORTION OF THE SUBSTRATE 

END 

FIG. 9 

  



US 2008/O 145541 A1 

COMPLIANT SPRAY FLUX MASKS, 
SYSTEMS, AND METHODS 

TECHNICAL FIELD 

0001. The subject matter relates generally to electronics 
packaging and, more particularly, to flux overspray control 
during electronics packaging assembly, and to manufacturing 
methods related thereto. 

BACKGROUND INFORMATION 

0002 One or more integrated circuits (“IC) dice may be 
assembled into an IC package by physically and electrically 
coupling them to a substrate made of organic or ceramic 
material. One or more IC packages may be physically and 
electrically coupled to a printed circuit board (PCB) to 
form an “electronic assembly'. The “electronic assembly' 
may be part of an “electronic system'. An “electronic system 
is broadly defined herein as any product comprising an “elec 
tronic assembly'. Examples of electronic systems include 
computers (e.g., server, router, desktop, laptop, hand-held, 
Web appliance, etc.), wireless communications devices (e.g., 
cellular phone, cordless phone, pager, etc.), computer-related 
peripherals (e.g., printer, Scanner, monitor, etc.), entertain 
ment devices (e.g., television, radio, Stereo, tape and compact 
disc players, video cassette recorder, camcorder, game 
device, digital camera, MP3 (Motion Picture Experts Group, 
Audio Layer 3) player, etc.), and the like. 
0003. In the field of electronics there is competitive pres 
Sure among manufacturers to drive the performance of their 
equipment up while driving production costs down and main 
taining acceptable yield and reliability. This is especially true 
for packaging of dice on Substrates, where problems with flux 
overspray may reduce yield and/or increase throughput time. 
0004 One of the conventional methods for mounting an 
IC on a substrate is called “controlled collapse chip connect” 
(C4). In fabricating a C4 package, the electrically conductive 
terminations or lands (generally referred to as “electrical 
contacts”) of an IC component are soldered directly to corre 
sponding lands on the Surface of the Substrate using reflow 
able solder bumps or balls. The C4 process is widely used 
because of its robustness and simplicity. In a known C4 pro 
cess, a plurality of Solder bumps or balls may be arranged in 
a pattern upon the substrate where an IC is to be mounted. 
0005 Flux may subsequently be deposited on the C4 
bump region to help maintain the die or dice in place and to 
remove metal oxides that may otherwise prevent high quality 
metal bonding. One fluxing goal is to apply an even amount of 
flux to the bump field and to restrict the flux presence in other 
areas, such as areas outside the die-bonding area. These keep 
out areas may include areas containing die-side lands, which 
lands may be used to mount additional components around 
the die or dice. Die-side lands may have been coated with 
solder, Such as solder paste, prior to an application of flux 
spray. If excess flux extends onto die-side lands, the Solder 
paste may be contaminated. This may lead to reduced yield 
and increased processing time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 FIG. 1 illustrates a perspective representation of a 
Substrate carrier approaching a spray station of a spraying 
system, in accordance with an embodiment of the Subject 
matter, 
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0007 FIG. 2 illustrates a perspective representation of a 
Substrate carrier being sprayed in a spray station of a spraying 
system, in accordance with an embodiment of the Subject 
matter, 
0008 FIG. 3 illustrates an exploded view of a substrate 
carrier, a mounting rail, and a mask, in accordance with an 
embodiment of the subject matter; 
0009 FIG. 4 illustrates a detail view of a stencil assembly, 
including a mask, a stencil element, and a spring, in accor 
dance with an embodiment of the subject matter; 
0010 FIG. 5 illustrates a top view of two die-bonding 
areas on a Substrate after flux has been sprayed, in accordance 
with an embodiment of the subject matter; 
0011 FIG. 5A illustrates an enlarged detail view of a 
region on the substrate shown in FIG. 5; 
0012 FIG. 6 illustrates a top view of the two die-bonding 
areas on a Substrate after flux has been sprayed, in accordance 
with an embodiment of the subject matter; 
0013 FIG. 6A illustrates an enlarged detail view of a 
region on the substrate shown in FIG. 6; 
0014 FIG. 7 illustrates a perspective representation of a 
stencil element overlying a pair of die-bonding areas of a 
Substrate, in accordance with an embodiment of the Subject 
matter, 
0015 FIG. 8 illustrates a perspective representation of a 
stencil element having a rectangular wall with fewer than four 
segments, in accordance with another embodiment of the 
Subject matter; and 
0016 FIG. 9 is a flow diagram of several alternative meth 
ods of applying flux to a particular region of a Substrate, in 
accordance with various embodiments of the Subject matter. 

DETAILED DESCRIPTION 

0017. In the following detailed description of embodi 
ments of the Subject matter, reference is made to the accom 
panying drawings, which form a part hereof, and in which is 
shown by way of illustration specific preferred embodiments 
in which the subject matter may be practiced. These embodi 
ments are described in sufficient detail to enable those skilled 
in the art to practice the Subject matter, and it is to be under 
stood that other embodiments may be utilized and that struc 
tural, mechanical, compositional, electrical, and procedural 
changes may be made without departing from the spirit and 
scope of the subject matter. The following detailed descrip 
tion is, therefore, not to be taken in a limiting sense, and the 
scope of the subject matter is defined only by the appended 
claims. 
0018. The following description includes terms, such as 
upper, lower, front, rear, first, second, etc. that are used for 
descriptive purposes only and are not to be construed as 
limiting. The embodiments of an apparatus or article 
described herein can be manufactured, used, or shipped in a 
number of positions and orientations. 
0019 Reference will now be made to the drawings. In 
order to show the structures of various embodiments most 
clearly, the drawings included herein are diagrammatic rep 
resentations of integrated circuit structures. Thus, the actual 
appearance of the fabricated structures, for example in a 
photomicrograph, may appear different while still incorpo 
rating the essential structures of the illustrated embodiments. 
Moreover, the drawings show only the structures necessary to 
understand the illustrated embodiments. Additional struc 
tures known in the art have not been included to maintain the 
clarity of the drawings. 
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0020. During assembly of an IC package, flux overspray 
may extend onto the lands for the die-side components. This 
may cause the solder for the die-side components to not flow 
as intended, and electrical shorts may occur between the 
die-side lands. Additionally, flux overspray may cause con 
tamination of the solder paste, causing unpredictable results 
during the reflow operation. Such problems may lead to 
reduced yield and higher processing time, and therefore 
higher production costs. 
0021. The inventive subject matter provides a solution to 
certain spray flux application problems that may be associ 
ated with packaging of ICs. In an embodiment, a flux spray 
head, a mask, and an integrated circuit Substrate are arranged 
in a flux spray station to reduce flux overspray during the 
spraying operation. A Support element within the spray sta 
tion is used to align the Substrate with the mask and spray 
head. A portion of the mask contacts the Substrate along a 
boundary between a region to be sprayed and a region to be 
masked. A flux sprayer sprays the Substrate while a portion of 
the mask is in contact with the boundary of the region to be 
masked. In an embodiment, the mask may comprise one or 
more replaceable non-stick stencil elements and associated 
springs to press each stencil element individually against the 
Substrate. Each stencil element may have a wall to contact the 
substrate at a portion of the boundary of the region to be 
sprayed. Various embodiments are illustrated and described 
herein. 
0022 "Suitable', as used herein, means having character 

istics that are sufficient to produce the desired result(s). Suit 
ability for the intended purpose can be determined by one of 
ordinary skill in the art using only routine experimentation. 
0023 FIGS. 1 and 2 illustrate a perspective representation 
of a Substrate carrier 112 approaching and being sprayed in a 
spray station 105 of a spraying system 100, in accordance 
with an embodiment of the Subject matter. The spraying sys 
tem 100 includes a transport element, such as a belt 125, to 
move at least one carrier 112 in direction 128 into and out of 
spray station 105. Carrier 112 is shown as having a plurality 
of substrates 110 in a pattern. In the example illustrated, each 
substrate 110 includes a pair of die-bonding areas 122; how 
ever, it will be understood that many other arrangements of 
substrates 110 may be used. 
0024. The spray station 105 may include a flux spray head 
101 that receives spray flux from a flux reservoir 102 via a 
spray tube 103, a mask 104 having a plurality of apertures 
106, a frame 108, and bolts 127 to support the mask 104. The 
spraying system 100 allows for a spraying medium, Such as a 
spray flux 120 (shown in FIG. 2), to be sprayed along a spray 
path 130 (shown in FIG. 2) that corresponds to the plurality of 
apertures 106 within the mask 104. 
0025. In an embodiment, the apertures 106 in the mask 
104 correspond to the locations of die-bonding areas 122 on 
the substrates 110 to be sprayed. In an embodiment, a portion 
of the mask 104 contacts the substrates 110 at a boundary 
between a region to be sprayed and a region to be masked 
(shown in FIG. 6). In an embodiment, the mask 104 may 
comprise a wall (refer to FIGS. 7 and 8) to contact the sub 
strate 112 at a portion of a boundary separating a region to be 
sprayed from a region to be masked. 
0026. Theapertures 106 are disposed within the mask 104 
such that they form a pattern thereon. Theapertures 106 in the 
mask 104 correspond to the position of unmasked areas (refer 
to FIG. 7) on the substrate 110. In an embodiment, the mask 
104 may be supported within the spraying system 100 by the 
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frame 108. In FIG.1, the mask104 has already been affixed to 
the rail (refer to FIG. 3) on the frame 108 using suitable 
connectors, such as screws (not shown) or bolts 127. In other 
embodiments, the mask 104 may be affixed to the frame 108 
in any suitable manner known in the art. In an alternative 
embodiment, the rail itself may support the mask 104 within 
the spraying system 100. In an embodiment, the mask 104 
may comprise a plurality of stencil elements, each having at 
least one aperture 106 (shown in FIG. 3). 
0027. In operating the spraying system 100, a belt 125 
moves the carrier 112 in direction 128 until the substrates 110 
contained in the carrier 112 are in alignment with apertures 
106 in the mask 104. The frame 108 then lifts the carrier 112 
containing the substrates 110 into contact with the lower 
surface of mask 104 as shown in FIG. 2. Any suitable mecha 
nism known in the art may be used to raise and lower the 
carrier 112. Such as any type of pneumatic, hydraulic, mag 
netic, and/or electro-mechanical lifter. In an embodiment, the 
apertures 106 in the mask 104 are thus aligned with pairs of 
the die-bonding areas 122 on the substrate 110 (see FIG. 7). 
(0028. While held in this position, the flux spray head 102 
passes over the mask 104 in any suitable pattern, spraying a 
measured amount of spray flux 120 onto the mask 104 and 
through the apertures 106 overlying the substrates 110. In an 
embodiment, the flux spray head may follow pattern 130, as 
shown in FIG. 2. After the flux 120 has been sprayed, the 
carrier 112 holding the substrates 110 is lowered back down 
to the belt 128 and resumes travel in direction 128 for further 
processing. In an embodiment, excess spray flux 120 remain 
ing on the top surface of the mask 104 may flow into a drain 
126 for collection. 
0029. The substrates 110 may be made of any suitable 
material. In an embodiment, Substrates 110 may comprise 
organic or ceramic compounds. However, it is expected that 
embodiments could also include Substrates comprising other 
materials. Furthermore, the unmasked areas are not limited to 
die-bonding areas or Substrates associated with an IC pack 
age. In an alternative embodiment, a Substrate may be a 
printed circuit board, printed wire assembly, or the like. Any 
suitable number of substrates 110 may be located on an indi 
vidual carrier 112. In an embodiment, one or more substrates 
110 may be located on the carrier 112. In another embodi 
ment, at least two substrates 110 and up to twelve substrates 
110 may be located on the carrier 112. In yet another embodi 
ment, more than twelve substrates 110, such as up to 126 
substrates 110, may be located on the carrier 112. In other 
embodiments, more than 126 substrates 110 may be located 
on the carrier 112. In an embodiment, the number of apertures 
106 in the mask 104 coincides with the number of substrates 
110 disposed upon the carrier 112. 
0030. Any suitable spray flux 120 known in the art can be 
used in the flux spraying system 100. In most embodiments, 
the spray flux 120 has sufficient chemical activity at elevated 
temperatures to remove metal oxide, such as on Solder bumps, 
to ensure that proper bonding takes place during reflow. In 
most embodiments, the spray flux 120 can be processed at 
elevated temperatures in Subsequent manufacturing steps, 
such as up to about 240°C. In most embodiments, the spray 
flux 120 is cleanable, such that any residual spray flux 120 
may be removable with water, so that epoxy added in the next 
processing step may have proper flow or capillary action 
throughout the bump areas. 
0031. In an embodiment, the spray flux 120 may have a 
Viscosity Such that it may be sprayed at room temperature. In 
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another embodiment, the spray flux 120 may be sprayed at a 
temperature between approximately 30° C. and 60° C. In a 
particular embodiment, the spray flux 120 may be sprayed at 
a temperature of about 45°C. In an alternative embodiment, 
the spray flux 120 may have a relatively higher viscosity and 
may be sprayed at correspondingly higher temperatures. In an 
embodiment the spray flux 120 has a viscosity of between 
about two (2.0) pascal seconds and about 0.1 pascal seconds 
at ambient or room temperature. In an embodiment, spray 
flux from Kester, a company now wholly owned by Illinois 
Tool Works, Inc., having offices in Glenview, Ill. may be used. 
In an alternative embodiment, the media to be sprayed on the 
substrate 110 may comprise any suitable low viscosity mate 
rial in lieu of spray flux 120. 
0032 FIG. 3 illustrates an exploded view of a substrate 
carrier 112, a mounting rail 310, and a mask 104, in accor 
dance with an embodiment of the subject matter. The sub 
strate carrier 112 holds one or more substrates 110. Each 
substrate 110 may have one or more die-bonding areas 122. 
Mask104 may be aligned with substrate carrier 112 by using 
alignment pegs 320 in alignment holes 322 and 324. In an 
embodiment, a plurality of apertures 106 in mask 104 corre 
spond with pairs of the die-bonding areas 122 on Substrates 
110. In an embodiment, apertures 106 may be part of a stencil 
assembly 400, described in FIG. 4. 
0033 Rail 310 may be affixed to the spray station frame 
108 (shown in FIGS. 1 and 2) by screws 318. Rail 310 may 
include an alignment pin 312 to facilitate accurate alignment 
ofalternate types of mask 104, as used in other embodiments. 
Mask 104 may have a corresponding alignment point 314. 
Additionally, in some embodiments, more than one rail 310 
may be used, for example one rail 310 may be positioned 
along each edge of mask 104. In an embodiment, mask 104 
may be affixed to rail 310 by screws 3.16. 
0034. In an embodiment, substrate carrier 112 may com 
prise a plurality of recessed regions, into each of which a 
substrate 110 may be placed. The substrate 110 may be 
affixed to substrate carrier 112 in any suitable manner. In an 
embodiment, the substrate may be affixed to the substrate 
carrier 112 by a spring clip. 
0035. During the flux-spraying operation, substrate carrier 
112 may be positioned beneath mask 104, such that mask 104 
is arranged between carrier 112 and the flux spray head. In an 
embodiment, carrier 112 may be aligned using alignment pins 
312 and alignment points 314 to verify that the carrier 112 is 
accurately positioned beneath the mask 104. In an alternative 
embodiment, the carrier 112 is aligned using a suitable elec 
tronic measurement device. 
0036. In an embodiment, apertures 106 in mask 104 may 
comprise removable stencil elements 400. In an alternative 
embodiment, apertures 106 in mask 104 may be formed as 
integral parts of the mask 104, and they need not be remov 
able. In Such an embodiment, mask 104 may comprise any 
Suitably durable non-stick material. In an embodiment, car 
rier 112 may be aligned with mask 104 such that apertures 
106 in mask 104 are aligned with the pairs of die-bonding 
areas 122 on the substrates to be sprayed 110. In other 
embodiments, the apertures in mask 106 may be aligned over 
any suitable region of the substrate 110. 
0037 FIG. 4 illustrates a detail view of a stencil assembly 
400, including a mask 104, a stencil element 420, and a spring 
430, in accordance with an embodiment of the subject matter. 
Mask104 may have a stencil mount 410, including a recess 
414 to hold the stencil element 420, one or more alignment 
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bumps 412, and a screw hole 438. Stencil element 420 may 
include a wall 422 that extends downward through and 
beyond the lower surface of mask 104 to contact the substrate 
110, when the substrate 110 is in a raised position (refer to 
FIG. 2). Stencil element 420 may also include an aperture 
106, and structural terraces or portions 424 and 426. Stencil 
element 420 may be pressed firmly into recess 414 by a spring 
430. Spring 430 is secured by screws 436 to screw holes 438 
after one or more alignment holes 413 are mated to alignment 
bumps 412. 
0038. In an embodiment, the stencil element 420 may 
comprise any Suitable non-stick, acid-resistant material. Such 
as, but not limited to, nylon, urethane, or a thermoplastic 
elastomer (TPE). In an embodiment, stencil elements 420 
may comprise material Such as polytetrafluoroethylene 
(PTFE), fluorinated ethylene-propylene (FEP), and perfluo 
roalkoxy polymer resin (PFA), such as, but not limited to, 
those commercially available under the Teflon trademark. In 
an embodiment, stencil elements 420 may comprise a com 
pliant silicone elastomer, Such as, but not limited to, those 
commercially available under the Silastic trademark. In an 
embodiment, stencil elements 420 may comprise a suitably 
plated or coated metal, plastic, or nylon. 
0039. In an embodiment, stencil elements 420 may com 
prise stainless steel, either coated or uncoated. In an embodi 
ment, stencil elements 420 may comprise a theromoplastic 
polymer, such as polypropylene. In embodiment, polypropy 
lene or nylon material may comprise glass. Adding a suitable 
coating to the stencil element material may provide resistance 
to acid in the spray flux. In an embodiment, the spring element 
430 may comprise any suitable wear-resistant, acid-resistant 
material. Such as, but not limited to tempered spring Steel of 
Suitable thickness and rigidity. In an embodiment, commer 
cially available high carbon 1095 steel may be used. 
0040 FIG. 5 illustrates a top view of two die-bonding 
areas 122 on a substrate 109 after flux 244 has been sprayed, 
in accordance with an embodiment of the Subject matter. 
0041 FIG. 5A illustrates an enlarged detail view of region 
242 on the Substrate 109 shown in FIG. 5. In the illustrated 
embodiment, region 242 is a region of the substrate 109 where 
no stencil element having a wall to contact the substrate 109 
is used during the flux spraying operation, or where the stencil 
element used during the flux spraying operation is missing the 
rear wall segment, as in stencil element 440 shown in FIG. 8, 
described further below. 

0042. The substrate 109 shown in FIGS.5 and 5A will now 
be described in more detail. In the illustrated embodiment, the 
unmasked area includes two die-bonding areas 122, a portion 
of substrate 109 located therebetween, and a flux region 244 
Surrounding and covering the two die-bonding areas 122. In 
an embodiment, a wall 444 of stencil element 440 (FIG. 8) 
may contact its respective Substrate 109 along at least a por 
tion of a boundary between an area to be sprayed and an area 
to be masked. In the embodiment illustrated in FIGS. 5 and 
5A, the stencil element 440 used during the flux spray opera 
tion has a wall 444 with fewer than four segments because the 
back side is missing (see FIG. 8). 
0043. Therefore, in the embodiment shown in FIG. 5, the 
portion of the boundary where the wall 444 of stencil element 
440 made contact with the substrate 109 during the flux spray 
operation did not include the portion of the boundary lying 
within region 242, because in region 242 flux spray extends 
virtually throughout the entire region. 



US 2008/O 145541 A1 

0044. In an embodiment using a stencil element 440 hav 
ing only a partial wall 444, the stencil element 440 would be 
arranged so that the missing wall segment is aligned with a 
region of the substrate 109 that does not require a precisely 
controlled application of flux, and it will be understood that in 
Such an embodiment component bonding pads 246 and 248 
seen in FIG. 5A may not be present. In an embodiment, it may 
be desirable to omita wall segment of stencil element 440 for 
a number of reasons. For example, by reducing the number of 
wall segments in a stencil element to the minimum number 
required for precise spray flux application, the cost of mate 
rials required to produce the stencil elements may be signifi 
cantly reduced in a high-volume manufacturing environment. 
0045. In FIG. 5A, component bonding pads 246 and 248 
are shown merely to assist the reader in understanding that the 
scale of the substrate shown in FIG. 5 (and the enlarged detail 
view shown in FIG. 5A) is identical to the scale of the sub 
strate shown in FIG. 6 (and the enlarged detail view shown in 
FIG. 6A). In the embodiment shown in FIG.5A, a region 230 
of dense overspray coincides with the position of the missing 
wall segment of stencil element 440 (shown in FIG. 8) during 
the flux spraying operation. Region 230 of dense overspray is 
relatively close to the spray source. In the illustrated embodi 
ment, a region of light overspray 232 may also be seen, and it 
is assumed to be further away from the spray source. 
0046. In the embodiment shown in FIG.5A, the die-bond 
ing areas 122 may have solder balls 252 located thereon. 
0047 FIG. 6 illustrates a top view of the two die-bonding 
areas 122 on a substrate 110 after flux 244 has been sprayed, 
in accordance with an embodiment of the Subject matter. 
0048 FIG. 6A illustrates an enlarged detail view of region 
262 on the substrate 110 shown in FIG. 6. 
0049. The unmasked area of a representative substrate 110 

is shown in detail in FIGS. 6 and 6A. In the illustrated 
embodiment, each unmasked area includes two die-bonding 
areas 122, a portion of substrate 110 located therebetween, 
and a flux region 244 surrounding and covering the two die 
bonding areas 122. The die-bonding areas 122 may have 
solder balls 252 located thereon. The unmasked area, i.e., 
region to be sprayed, and masked area, i.e., no-spray region, 
may be separated by a spray flux boundary 245 as shown in 
FIGS. 6 and 6A. In an embodiment, the spray flux boundary 
245 may be slightly irregular, within a given acceptable tol 
CaCC. 

0050. As shown in FIGS. 6 and 6A, the spray flux bound 
ary 245 is in close proximity to the perimeter of the die 
bonding areas 122, so as not to interfere with components or 
structures already present on the substrate 110 and away from 
the die-bonding areas 122, outward towards the periphery of 
substrate 109, such as those structures located within sub 
strate region 262. In an embodiment, such structures may 
include component bonding pads 246 and 248 as shown in 
FIG. 6A, or other components to be added to the substrate 110 
after the flux spraying operation. In an embodiment, a stencil 
element 420 of mask 104 contacts its respective substrate 110 
along at least a portion of the boundary 245 (shown in FIG. 7). 
In an embodiment, a portion of each mask 104 contacts its 
respective substrate 110 along all or substantially all of the 
boundary 245. 
0051. In the embodiment shown in FIG. 6A, a portion of 
the mask 104, namely the lower edge of wall 434 of a stencil 
element 420 (FIG. 7) was in contact with the substrate 110 
along the entire boundary 245 during the flux spraying opera 
tion. As a result, as seen in FIG. 6A, flux overspray has been 
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prevented from extending beyond the boundary 245. In an 
embodiment where it is desired to prevent flux overspray 
from reaching certain regions of the Substrate. Such as com 
ponent bonding pads 246 and 248, the wall 434 of stencil 
element 420 may comprise wall segments that completely 
enclose the region to be sprayed, as shown in FIG. 7. 
0052. In other embodiments, the masked areas may 
include any surface to be protected from spray. In an alterna 
tive embodiment, a surface other than an IC substrate may be 
sprayed. Additionally, the unmasked areas may include any 
region of the Surface to be sprayed, including a region having 
fewer or more than two die-bonding areas 122. 
0053 FIG. 7 illustrates a perspective representation of a 
stencil element 420 overlying a first pair of die-bonding areas 
122 of a substrate 110, in accordance with an embodiment of 
the subject matter. In the example illustrated, substrate 110 
may comprise two pairs of die-bonding areas 122. The left 
hand pair of die-bonding areas 122 is unmasked, whereas the 
right-hand pair of die-bonding areas 122 is covered by a 
stencil element 420. Each pair of die-bonding areas 122 is 
surrounded by a flux spray boundary 245 (not visible regard 
ing the right-hand pair of die-bonding areas 122). Boundary 
245 is between a region of substrate 110 to be sprayed with 
flux spray and a region to be masked from flux spray. In the 
example illustrated, flux spray is desired over both die-bond 
ing areas 122, and flux spray onto the region between the 
die-bonding areas 122 is acceptable. In another embodiment, 
the stencil element 420 may be constructed to overlie indi 
vidual die-bonding regions 122, thus masking substantially 
all of the region between the die-bonding areas 122. 
0054 Stencil element 420 has an aperture 106 to permit 
flux spray to contact the masked die-bonding areas 122. Sten 
cil element 420 may comprise a frame of any Suitable geom 
etry that corresponds to the area to be masked on the substrate 
110. In this example, die-bonding areas 122 are rectangular, 
and accordingly stencil element 420 is rectangular, as is aper 
ture 106. In alternative embodiments, the geometry of stencil 
element 420 may have from 1 to N sides, where N is a positive 
integer. 
0055 Stencil element 420, in the embodiment illustrated, 
may comprise a box-like interior portion 422, open at the top 
and bottom, and comprising a wall 434. Wall 434 may pro 
trude from the bottom side of the stencil element 420. Stencil 
element 420 may further comprise portions 424 and 426, as 
illustrated in FIG. 4. 
0056. In operation, substrate 110 and stencil element 420 
are brought together, for example, by raising Substrate 110 
until the bottom of the wall 434 of the stencil element 420 is 
in contact with the boundary 245 of the substrate 110. In an 
embodiment, the wall 434 of the stencil element comprises 
four segments, each of which contacts a respective portion of 
the boundary 245 around the pair of die-bonding areas 122. In 
this example, the entire boundary 245 is contacted by the wall 
434 of the stencil element 420. In other embodiments, in 
which wall 434 may have one or more segments missing, the 
wall 434 may contact the boundary 245 along less than 25%, 
50%, and 75%, respectively, of the boundary 245. While the 
substrate 110 and stencil element 420 are pressed together, 
flux spray is applied in any Suitable manner, e.g. by spraying 
through aperture 106, onto the exposed portions of substrate 
110. 

0057. It will be understood from FIGS. 3 and 4 that addi 
tional structures, including a mask 104 and rail 310, may be 
used to Support stencil element 420 in alignment with and 
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against the substrate 110. However, these structures have 
been omitted from FIG. 7 for the sake of clarity. 
0058 FIG. 8 illustrates a perspective representation of a 
stencil element 440 having a rectangular wall with fewer than 
four segments, in accordance with another embodiment of the 
subject matter. Stencil element 440, in the embodiment illus 
trated, may comprise a box-like interior portion 442, open at 
the top and bottom, and comprising a wall 444. Wall 444 may 
protrude from the bottom side of the stencil element 440. 
0059. In the example illustrated, wall 444 has at least one 
segment missing, because there is no wall segment visible on 
the back side. 
0060 Stencil element 440 has an aperture 116 to permit 
flux spray to contact die-bonding areas Suitably aligned 
beneath it (not shown). One reason for using this particular 
type of stencil element 440 is for a fabrication condition 
wherein it doesn't matter if flux spray is applied in the region 
that is not masked by a wall segment, as shown in FIGS. 5 and 
5A, or if it is desired to apply flux spray in Such region. 
0061 The example shown is not intended to be limiting. 
Alternative geometries are possible, depending upon the 
desired pattern of flux spray. 
0062. The application offlux to an IC substrate using a flux 
spraying system having a compliant spray flux mask will now 
be described. 
0063 FIG. 9 is a flow diagram 900 of several alternative 
methods of applying flux to a particular region of a Substrate, 
in accordance with various embodiments of the Subject mat 
ter 

0064. In 902, a flux spray head, mask, and substrate to be 
sprayed are arranged or provided together. In an embodiment, 
a portion of the mask may contact the Substrate along a 
portion of a boundary between a region to be sprayed and a 
region to be masked. In an embodiment, the mask may be 
affixed below the flux spray head, as in mask 104 in FIG.1. In 
an embodiment, the mask may be aligned with the Substrate 
prior to arranging the flux spray head. In an embodiment, the 
flux spray head and mask may be aligned with the Substrate by 
a Support element. In an embodiment, the mask may comprise 
a non-stick stencil element, as in stencil element 420 in FIG. 
4 

0065. In an embodiment, the stencil element may com 
prise a wall that protrudes from the stencil element along at 
least one side of the stencil element. In an embodiment, the 
stencil element may comprise a non-stick material from the 
group consisting of nylon, urethane, a thermoplastic elas 
tomer, athermoplastic polymer, a silicone elastomer, a coated 
metal, stainless steel, and glass. In another embodiment, the 
stencil element may comprise polytetrafluoroethylene, flu 
orinated ethylene-propylene, or perfluoroalkoxy polymer 
resin, or other suitable Teflon or non-stick material. In an 
embodiment, the mask may comprise a steel spring element 
to retain a stencil element and to press and hold the stencil 
element against the Substrate, as in spring 430 in FIG. 4. In an 
embodiment, the Substrate may be mounted on a carrier 
capable of holding multiple Substrates, as in carrier 112 in 
FIG.3. In another embodiment, the substrate may be arranged 
on any type of carrier capable of holding at least one substrate. 
In an alternative embodiment, the Substrate may be arranged 
without using a carrier. 
0066. In 904, the substrate is transported into a flux spray 
station. In an embodiment, the Substrate may be mounted on 
a carrier that may hold multiple substrates, as described 
above, and the carrier may be transported by a moving belt 
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into the flux spraying system, as in belt 125 in FIGS. 1 and 2. 
In an alternative embodiment, the Substrate may be trans 
ported into the flux spraying system by a different type of 
transport element or mechanism, such as a robotic arm, or 
other Suitable automated mechanism. In an embodiment, the 
Substrate may be transported into the flux spraying system by 
hand, where it may be positioned and arranged manually by a 
human operator. 
0067. In 906, the substrate is aligned with the mask. A 
portion of the mask, e.g. a stencil element wall, may contact 
the Substrate along a portion of a boundary between a region 
to be sprayed and a region to be masked. In an embodiment, 
a spring may press the stencil element wall against the bound 
ary portion of the Substrate. The boundary portion may com 
prise the entire boundary. Alternatively, the boundary portion 
may comprise less than 75% of the entire boundary. Alterna 
tively, the boundary portion may comprise less than 25% of 
the entire boundary. In an embodiment, the boundary portion 
may comprise the boundary, referring to the boundary in its 
entirety. In another embodiment, the boundary portion may 
comprise more than 50% of the boundary. In another embodi 
ment, the boundary portion may comprise more than 80% of 
the boundary. In an embodiment, the region to be sprayed 
with flux comprises one or more die-bonding areas that may 
contain solder bumps, as within boundary 245 in FIG. 7. 
0068. In 908, the substrate is sprayed with flux while the 
wall of the mask contacts the boundary portion of the sub 
strate. In an embodiment, the wall of the mask is pressed 
against the boundary portion of the substrate by a spring, as in 
spring 430 in FIG. 4. 
0069. The operations described above with respect to the 
methods illustrated in FIG.9 may be performed in a different 
order from those described herein. Although the flow diagram 
of FIG.9 shows an "End, it may be performed continuously 
if desired. 
0070 FIGS. 1-8 are merely representational and are not 
drawn to Scale. Certain proportions thereof may be exagger 
ated, while others may be minimized. FIGS. 1-9 are intended 
to illustrate various embodiments of the subject matter that 
can be understood and appropriately carried out by those of 
ordinary skill in the art. 
0071. The inventive subject matter provides for masks, for 
apparatus, for systems, and for methods of manufacture that 
may minimize flux overspray problems associated with 
assembling high-performance electronic packages. 
0072 Other embodiments will be readily apparent to those 
of ordinary skill in the art after reading this disclosure. 
0073 While certain operations have been described herein 
relative to “upper and “lower surfaces, it will be understood 
that these descriptors are relative, and that they would be 
reversed if the spraying system were inverted. Therefore, 
these terms are not intended to be limiting. 
0074 Although specific embodiments have been illus 
trated and described herein, it will be appreciated by those of 
ordinary skill in the art that any arrangement that is calculated 
to achieve the same purpose may be substituted for the spe 
cific embodiment shown. This application is intended to 
cover any adaptations or variations of the Subject matter. 
Therefore, it is manifestly intended that embodiments of the 
subject matter be limited only by the claims and the equiva 
lents thereof. 
0075. It is emphasized that the Abstract is provided to 
comply with 37 C.F.R. S. 1.72(b) requiring an Abstract that 
will allow the reader to ascertain the nature and gist of the 
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technical disclosure. It is submitted with the understanding 
that it will not be used to interpret or limit the scope or 
meaning of the claims. 
0076. In the foregoing Detailed Description, various fea 
tures are occasionally grouped together in a single embodi 
ment for the purpose of streamlining the disclosure. This 
method of disclosure is not to be interpreted as reflecting an 
intention that the claimed embodiments of the subject matter 
require more features than are expressly recited in each claim. 
Rather, as the following claims reflect, inventive subject mat 
ter lies in less than all features of a single disclosed embodi 
ment. Thus the following claims are hereby incorporated into 
the Detailed Description, with each claim standing on its own 
as a separate preferred embodiment. 
What is claimed is: 
1. A method comprising: 
arranging a flux spray head, a mask, and a substrate to be 

sprayed, wherein a portion of the mask contacts the 
Substrate along a portion of a boundary between a region 
to be sprayed and a region to be masked. 

2. The method recited in claim 1, wherein the mask portion 
comprises a stencil element, and wherein the stencil element 
comprises a wall that protrudes from the stencil elementalong 
at least one side of the stencil element. 

3. The method recited in claim 2, wherein the stencil ele 
ment is pressed against the Substrate by a spring. 

4. The method recited in claim 3, and further comprising: 
spraying the substrate with flux while the wall is in contact 

with the boundary portion of the substrate. 
5. The method recited in claim 1, wherein, prior to arrang 

ing, the mask is aligned with the Substrate. 
6. The method recited in claim 1, wherein the boundary 

portion comprises less than 75% of the boundary. 
7. The method recited in claim 1, wherein the boundary 

portion comprises less than 25% of the boundary. 
8. The method recited in claim 1, wherein the boundary 

portion comprises the entire boundary. 
9. An apparatus comprising: 
a flux sprayer to spray a substrate, the Substrate having a 

region to be sprayed and a region to be masked, the two 
regions being separated by a boundary; and 

a mask between the flux sprayer and the Substrate, the mask 
comprising a wall to contact the Substrate at a portion of 
the boundary. 

10. The apparatus recited in claim 9, wherein the mask is to 
be held against the Substrate by a spring element. 

11. The apparatus recited in claim 9, wherein the wall is to 
contact the Substrate along the boundary. 

12. The apparatus recited in claim 9, wherein the wall is to 
contact the substrate along less than 50% of the boundary. 

13. The apparatus recited in claim 9, wherein the mask 
comprises a stencil element having a wall that protrudes along 
at least one side of the stencil element. 
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14. The apparatus recited in claim 10, wherein the spring 
element is to press the stencil element against the Substrate. 

15. A mask for use in a flux spraying system between a flux 
sprayer and a substrate, the Substrate having a region to be 
sprayed and a region to be masked, the two regions being 
separated by a boundary, wherein the mask comprises: 

a stencil element having a wall to contact the Substrate at a 
portion of the boundary; 

a spring element to press the stencil element against the 
Substrate; and 

wherein the boundary portion comprises more than 50% of 
the boundary. 

16. The mask recited in claim 15, wherein the stencil ele 
ment comprises a non-stick material from the group consist 
ing of nylon, urethane, silicone, and thermoplastic. 

17. The mask recited in claim 15, wherein the stencil ele 
ment comprises polytetrafluoroethylene. 

18. The mask recited in claim 15, wherein the boundary 
portion comprises the entire boundary. 

19. A flux spraying system comprising: 
a spray station to contain a Substrate to be sprayed and 

including 
a spray head; 
a mask between the spray head and the Substrate, the 
mask comprising a wall to contact the Substrate at a 
portion of a boundary between a region to be sprayed 
and a region to be masked; and 

a Support element to align the Substrate with the mask. 
20. The system recited in claim 19 and further comprising 

a transport element to transport the substrate into the spray 
station. 

21. The system recited in claim 19, wherein the support 
element comprises a railing to support the mask. 

22. The system recited in claim 19, wherein the mask 
comprises a plurality of stencil elements. 

23. The system recited in claim 22, wherein selected stencil 
elements comprise a non-stick material from the group con 
sisting of nylon, urethane, a thermoplastic elastomer, a ther 
moplastic polymer, a silicone elastomer, a coated metal, 
stainless steel, and glass. 

24. The system recited in claim 22, wherein selected stencil 
elements comprise material from the group consisting of 
polytetrafluoroethylene, fluorinated ethylene-propylene, and 
perfluoroalkoxy polymer resin. 

25. The system recited in claim 19, wherein the wall is to be 
pressed against the Substrate by a spring. 

26. The system recited in claim 19, wherein the boundary 
portion comprises the entire boundary. 

27. The system recited in claim 19, wherein the boundary 
portion comprises more than 80% of the boundary. 

28. The system recited in claim 19, wherein the substrate is 
to be sprayed while the wall is in contact with the boundary 
portion. 


