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(57) ABSTRACT 

A method of manufacturing a Substrate for use in electronic 
packaging having a core, m buildup layers on a first Surface of 
the core and n buildup layers on a second Surface of the core, 
where mizn is disclosed. The method includes forming (m-n) 
of them buildup layers on the first surface, and then forming 
in pairs of buildup layers, with each one of the pairs including 
one of then buildup layers formed on the second surface and 
one of the remaining n of them buildup layers formed on the 
first surface. Each buildup layer includes a dielectric layer and 
a conductive layer formed thereon. The disclosed method 
protects the dielectric layer in each of buildup layers from 
becoming overdesmeared during Substrate manufacturing by 

(22) Filed: Jul. 31, 2009 avoiding repeated desmearing of dielectric materials. 
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METHOD OF MANUFACTURING 
SUBSTRATES HAVING ASYMMETRIC 

BUILDUPLAYERS 

FIELD OF THE INVENTION 

0001. The present invention relates generally to electronic 
packaging, and more particularly to Substrates for use in Such 
packaging, having an unequal number of buildup layers on 
opposite sides, that may form part of integrated circuit pack 
ages, peripheral expansion cards and printed wiring boards or 
printed circuit boards. 

BACKGROUND OF THE INVENTION 

0002. Substrates are used in integrated circuit packages, 
peripheral expansion cards, motherboards and other printed 
wiring boards that are used to form electronic circuit pack 
ages. Conductive traces formed on the Substrate electrically 
interconnect various electrical components that are attached 
to the substrate. 
0003 Integrated circuit packages, for example, usually 
include a carrier Substrate used to attach a semiconductor die 
containing an integrated circuit. The carrier Substrate may 
also contain solder balls or pins which are used to attach the 
integrated circuit package to an external circuit such as a 
peripheral expansion card or a printed circuit board. 
0004. A substrate usually includes a core on which one or 
more routing layers for routing electrical signals are formed. 
Typically, a passive circuit of conductive traces is initially 
formed on one or both surfaces of the core. These conductive 
traces are often etched using thin-film metals or copper foils. 
Thereafter, one or more additional routing layers are built 
upon the core (so called “buildup layers'). A buildup layer 
typically includes a dielectric layer and a conductive layer. 
The dielectric layer is typically formed by laminating dielec 
tric material over a formed routing layer or the core. The 
conductive layer is formed on the dielectric layer. The dielec 
tric material in the buildup layer insulates the conductive 
layer, from conductive traces underneath the dielectric layer. 
Holes may be formed at suitable points in the dielectric layer 
to interconnect parts of the conductive layer on the dielectric 
of one buildup layer, to traces underneath the dielectric mate 
rial. Multiple such buildup layers can be formed on one 
another. 
0005 Typically, an equal number of buildup layers are 
formed on each side (top and bottom sides) of the core. 
Conductive tunnels or perforations through the core, called 
plated through-holes (PTH), are often used to interconnect 
traces on the top buildup layers to traces at the bottom buildup 
layers of the substrate core. 
0006 Forming an equal number of buildup layers on each 
side of the core is often inefficient as it may lead to the 
formation of more buildup layers than may be required. For 
example, if an odd number of buildup layers (e.g., three 
layers) are sufficient, then having an equal number of buildup 
layers on top and at the bottom of the core (e.g., two on each 
side) introduces a fourth, largely redundant layer. This is 
undesirable as it adds to the material and manufacturing cost 
of the package. 
0007 Known methods for reducing the number of buildup 
layers include using coreless Substrates. However, this 
increases the risk of warping and thus often requires the use of 
stiffeners which unfortunately increases manufacturing 
COStS. 
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0008 Single-sided substrates, that have buildup layers 
formed only on one side, are also known. However, Such 
Substrates are also susceptible to warping. Moreover, in a 
single-sided Substrate, electric components, such as an inte 
grated circuit die, are typically attached to the same side of the 
Substrate (containing the buildup layers) which limits the area 
available to attach the die. 
0009. Although it is also known to manufacture substrates 
having an unequal number of buildup layers of each side of a 
core, known methods often lead to undesirable properties 
Such as over-desmearing of the dielectric layer in Some of the 
buildup layers, and warping. 
0010. Accordingly, there is a need for integrated circuit 
packages that make efficient use of buildup layers, while 
avoiding the aforementioned disadvantages. 

SUMMARY OF THE INVENTION 

0011. A method of manufacturing a substrate with asym 
metric buildup layers is disclosed. The Substrate has a core, m 
buildup layers formed on one surface of the core and n 
buildup layers (men) formed on the opposite surface of the 
COC. 

0012. In accordance with one aspect of the present inven 
tion, there is provided a method of manufacturing a substrate 
having a core, m buildup layers on a first Surface of the core 
and n buildup layers on a second Surface of the core, where 
men. Each of the buildup layers comprises a dielectric layer, 
and a conductive layer formed thereon. The method includes: 
forming (m-n) of the m buildup layers on the first Surface. 
Forming each of the (m-n) of them buildup layers includes 
drilling and desmearing a respective dielectric layer, and 
forming n pairs of buildup layers, each of the n pairs having 
one of then buildup layers formed on the second surface and 
one of the remaining n of them buildup layers formed on the 
first surface. Forming each of the n pairs of buildup layers 
includes drilling each one of a respective pair of dielectric 
layers, and desmearing the respective pair of dielectric layers 
concurrently. 
0013. Other aspects and features of the present invention 
will become apparent to those of ordinary skill in the art upon 
review of the following description of specific embodiments 
of the invention in conjunction with the accompanying fig 
U.S. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014. In the figures which illustrate by way of example 
only, embodiments of the present invention, 
0015 FIG. 1 is a flowchart of a conventional process used 
to manufacture a conventional Substrate having an unequal 
number of buildup layers on either sides of the core; 
0016 FIGS. 2A-2K are vertical cross-sectional views of a 
conventional Substrate at different stages of manufacturing 
corresponding to the steps depicted FIG. 1; 
0017 FIG. 3 is a flowchart of a process, exemplary of an 
embodiment of the present invention, used to make an exem 
plary Substrate; 
0018 FIGS. 4A-4K are vertical cross-sectional views of 
an exemplary Substrate at different stages of manufacturing 
corresponding to the exemplary steps depicted in FIG. 3; 
0019 FIG. 5 is a vertical cross-sectional view of an exem 
plary semiconductor device having an unequal number of 
buildup layers on each side of a substrate core; and 
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0020 FIG. 6 is a vertical cross-sectional view of another 
embodiment of an exemplary semiconductor device having 
an unequal number of buildup layers on each side of its core 
and copper rings. 

DETAILED DESCRIPTION 

0021. Substrates that include a core having k layers, m 
buildup layers on one side of the core, and n buildup layers on 
the other side of the core, may generally be said to have an 
m/k/n buildup design, where m and n are positive integers. 
Such substrates may be said to have asymmetric buildup 
layers if man. 
0022 Asymmetric substrates that have m/k/n buildup 
design thus include a core and a total of m+n buildup layers. 
Each buildup layer typically includes a dielectric layer such 
as Ajinomoto build-up film (ABF) for example, and conduc 
tive traces formed on the dielectric layer. 
0023 Flowchart S100 in FIG. 1 depicts a conventional 
manufacturing process often used by Substrate vendors to 
provide Substrates having asymmetric or unequal numbers of 
buildup layers on opposite sides of a core. FIGS. 2A-2K 
depicts cross-sectional views of such a substrate at different 
stages concordant with the steps in flowchart S100. 
0024. As shown, a substrate core 118 which may have its 
own sub-layers is initially machine drilled in step S102 to 
form a plated through-hole (PTH). In step S104 conductive 
traces are used to form a circuit or conductive layer on either 
side of core 118. A plated through hole 116 may be used to 
interconnect circuit traces on opposite sides of substrate core 
118. In step S106, a first top buildup layer 126 and a first 
bottom buildup layer 128 are laminated using a dielectric 
material (e.g. ABF). In step S108, the first buildup dielectric 
layers 126, 128 (top and bottom) are laser drilled, and des 
meared to expose traces of the core circuit formed in step 
S104. In step S110 conductive traces are used to form con 
ductive layers on both first top buildup layer 126 and on first 
bottom buildup layer 128. 
0025 Desmearing generally refers to the removal of resi 
dues, to ensure proper electrical interconnections. Residues 
may include smeared epoxy-resin byproducts, ABF bits or 
dielectric bits may attach to trace Surfaces that are exposed 
within a drilled hole (via, micro-via or PTH). For example, 
during drilling, dielectric materials such as epoxy-resin or 
ABF, often melt and become smeared across surfaces of 
conductive traces. Subsequent plating of drilled holes (vias or 
through-holes) using conductive material is intended to elec 
trically connect traces from different buildup layers. Thus, 
unless removed, the residue would create a dielectric barrier 
between trace Surfaces and the conductive plating of the inner 
walls of drilled holes, often leading to a defective circuit. 
Desmearing typically involves the use of a cleaning Solution 
Such as sodium or potassium permanganate to chemically 
clean and remove Such residue from conductive traces. 
0026. In step S112, the dielectric layer of a second buildup 
layer 124 is formed using an ABF layer or equivalent dielec 
tric material. However, no additional (second) bottom 
buildup layer is formed, as it is not required. In step S114, the 
top second buildup layer 124 is laser drilled and desmeared to 
expose the traces of the conductive layer of the first buildup 
layer formed in step S110. 
0027. Where holes are drilled, residues of the drilled mate 

rial are formed. For example, when a dielectric layer such as 
epoxy fiberglass or resin is drilled, pieces of the dielectric 
material may be formed. During mechanical drilling, friction 
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of the drill bit against the material being drilled causes the 
temperature of the drill bit to rise above the melting tempera 
ture of the material. Laser drilling similarly raises the tem 
perature above the melting point of the material being drilled. 
Pieces of the drilled material thus melted are often smeared 
onto surfaces such as the inner walls of the hole which expose 
parts of conductive traces. 
0028. Desmearing is thus required to remove the residue 
(left by drilling in step S114), some of which may have been 
Smeared on the conductive traces. Desmearing typically 
involves several immersions or dipping of the Substrate in a 
cleaning Solution Such as a permanganate solution, for a 
predetermined duration. Desmearing is known in the art and 
is described, for example, in U.S. Pat. No. 4.425,380 and U.S. 
Pat. No. 4,601,783 the contents of which are incorporated 
herein by reference. Moreover, desmearing may also involve 
a water rinse after immersing the Substrate in a chemical 
Solution. 
0029 Immersing the substrate in a chemical solution 
affects exposed buildup layers. As such, in step S114 first 
bottom buildup layer 128 is also desmeared. Notably, this is 
the second desmearing step performed on layer 128 as it was 
already desmeared in step S108 and may thus be unnecessary. 
0030. In step S116, additional conductive traces are used 
to form the conductive layer of second top buildup layer 124 
and the conductive layer of bottom buildup layer 128. 
0031. In step S118, solder masks 120 and 132 are applied 
to the conductive layer formed on buildup layers 124, 128 
respectively. In step S120, surface finishing is performed to 
provide additional protection against oxidation of the con 
ductive layer, and to prepare the Surface for mounting Solder 
balls and/or attaching a die. 
0032. The resulting substrate depicted in FIG. 2K has a 
2/k/1 buildup design where k is the number of sub-layers in 
core 118. Unfortunately however, the substrate of FIG. 2K 
may include an overdesmeared bottom buildup layer 128 as a 
consequence of two desmearing steps (S108 and S114). 
0033 Over-desmearing results from subjecting a dielec 

tric layer to multiple desmearing steps. For example, in FIG. 
1, the dielectric layer of buildup layer 128 is desmeared twice 
in S100 (once in step S108 and then again in step S114). 
Over-desmearing leads to many undesirable changes in a 
buildup layer. For example, the adhesion properties a dielec 
tric layer may be negatively affected. In addition, drilled holes 
or vias in the dielectric layer may expand, if multiple des 
mearing steps are applied. Moreover, the Surface of dielectric 
layers may become rougher as a result. 
0034. Accordingly, FIG. 3 depicts a flowchart S300 
depicting a manufacturing process exemplary of an embodi 
ment of the present invention, which may be used to provide 
a Substrate device having different (unequal) numbers of 
buildup layers on opposite sides of its core. The first surface 
(e.g., top) of the core may have m buildup layers formed 
thereon while the second (e.g., bottom) Surface may have n 
buildup layers formed (where man). FIGS. 4A-4K depict 
sectional views of the substrate being manufactured, at dif 
ferent stages manufacturing concordant with the steps 
depicted in flowchart S300. 
0035. As illustrated in FIG. 3, a substrate core (e.g., core 
218) which may have its own sub-layers (sub-layers not 
shown), is initially machine drilled in step S302. 
0036. In step S304 conductive traces are used to form a 
conductive layer or circuit on either side of core 218. Con 
ductive layers may beformed by etching conductive traces on 
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the core using thin-film metal or copper foils. A plated 
through hole (PTH) 216 may be formed and used to intercon 
nect the core circuit traces on opposite sides of Substrate core 
218. PTH is formed by plating the inner walls of the hole 
formed in step S302, with conductive material, such as cop 
per. 
0037. In step S306, the dielectric layer of a first top buildup 
layer 226 is formed by laminating a dielectric material Such as 
ABF. However, at this step, no bottom buildup layer is 
formed. Instead only the top buildup layer is formed. It should 
be noted that this contrasts with the conventional process 
depicted inflowcharts S100, in which both the first top and the 
first bottom buildup layers would have been formed at this 
Stage. 
0038. In step S308, first buildup layer 226 is laser drilled, 
and desmeared to expose circuit traces formed in step S304 on 
the upper side of core 218. The circuit on the lower side of 
core 218 is already exposed, as there is no lamination of the 
bottom. 
0039. In step S310 conductive traces are used to form a 
conductive layer or circuit on buildup layer 226. Notably, at 
the bottom of the substrate resides the circuit formed on the 
lower surface of core 218. 
0040. As will become apparent, in general, for m top 
buildup layers and n bottom buildup layers (where men), 
steps S306, S308, S310 may be sequentially performed to 
form a dielectric layer, drill and desmear the dielectric layer, 
and then form a conductive layer on the desmeared dielectric, 
in order to form (m-n) of the top m buildup layers. 
0041. In step S312, a second top buildup layer 224 and a 

first bottom buildup layer 228 are formed using a layer of 
dielectric material such as ABF. As will be detailed below, 
layer 228 may be substantially thicker than layer 224 to help 
mitigate warping. 
0042. In step S314, the dielectric layers of second top 
buildup layer 224 and first bottom buildup layer 228 may be 
laser drilled and then desmeared. The drilled vias expose parts 
of the circuit traces of the conductive layer atop top buildup 
layer 226 (formed in step S310) and also expose parts of the 
circuit traces formed at the bottom of substrate core 218 
(formed in step S304). 
0043. In step S316, additional conductive traces are used 

to form conductive layers of both second top buildup layer 
224 and first bottom buildup layer 228. The drilled vias may 
be filled with conductive material to interconnect traces of 
newly formed conductive layers with the existing conductive 
layers formed in step S310. 
0044. In general, form top buildup layers and n bottom 
buildup layers (where men), steps S312, S314 and S316 may 
be used to form in pairs of buildup layers, each pair having one 
of the n buildup layers to be formed on the second (bottom) 
Surface of the core, and one of the remaining n of the m 
buildup layers formed on the first (top) surface. Each buildup 
layer includes a dielectric layer and a conductive layerformed 
thereon. Forming each of the n pairs of buildup layers 
involves drilling each one of a respective pair of dielectric 
layers, and desmearing that pair of dielectric layers concur 
rently (S314). Conductive layers are then formed on the des 
meared dielectric layers (S316). As may be appreciated, 
(m-n) of them layers have already been formed using steps 
S306, S308, S310. 
0045. In step S318, solder mask is applied to circuits 
formed on buildup layers 224, 228. Solder masks are of 
course applied on the outermost buildup layers 224, 228. As 
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will be discussed below, solder mask 232 applied on the side 
having fewer buildup layers (e.g., lower side) may be Sub 
stantially thicker than solder mask 220 on the opposite (up 
per) side of core 218. 
0046. In step S320, surface finishing is performed to pre 
pare the Surface for mounting solder balls and/or attaching a 
die. 
0047 Advantageously, only one desmearing step is 
applied to each layer of dielectric material (e.g. ABF) in the 
exemplary process depicted in S300. Accordingly, the sub 
strate in FIG. 4K would not have any overdesmeared buildup 
layers that typically result from undergoing two or more 
desmearing steps. 
0048. It is may easily observed, that the method depicted 
in S300 is representative of a generalized method of manu 
facturing a Substrate that is exemplary of an embodiment of 
the present invention. Accordingly, a general method of 
manufacturing a substrate having a core (e.g. core 218), m 
buildup layers (e.g., two buildup layers 226, 224) on a first 
(e.g. top) Surface of the core and n buildup layers (e.g. one 
buildup layer 228) on a second (e.g., bottom) surface of the 
core (where men) involves: forming (m-n) of them buildup 
layers on the first surface, whereforming each of the (m-n) of 
the m buildup layers includes drilling and desmearing a 
respective dielectric layer, and forming n pairs of buildup 
layers, each of then pairs including one of then buildup layers 
formed on the second Surface and one of the remaining n of 
them buildup layers formed on the first surface. Forming each 
of then pairs of buildup layers includes drilling each one of a 
respective pair of dielectric layers, and desmearing the 
respective pair of dielectric layers concurrently. Each buildup 
layer may be formed by sequentially forming a dielectric 
layer, drilling and desmearing the dielectric, and forming a 
conductive layer of traces on the desmeared dielectric. Con 
ductive traces my be formed by etching or depositing con 
ductive materials, such as thin-film metal or copper foil, after 
the dielectric layer is drilled and desmeared. FIGS. 4A-4K, 
depict a particular example for m=2, n=1 and (m-n)-1, so 
that the (m-n) layers are represented by buildup layer 226, 
and the n pairs of buildup layers includes a pair of buildup 
layers 224, 228. 
0049. In alternate embodiments, laser drilling and 
machine drilling may be interchangeably used for drilling 
core layers having a thickness or height less than about 100 
um. Thicker cores (e.g., 400 um or 800 um) typically use 
mechanical drilling. Of course other known methods for 
forming holes or cavities within dielectric materials or insu 
lators may also be used. 
0050 Moreover, not all steps may be required, or addi 
tional steps may be added. For example, a many more buildup 
layers may be formed in addition those shown. As will be 
detailed below, copper rings may also be embedded to 
strengthen the Substrate and mitigate warping. 
0051. As should now be apparent, conventional manufac 
turing methods such that depicted in flowchart S100 could 
lead to overdesmeared buildup layers. As noted above, over 
desmearing leads to undesirable changes in the adhesion 
properties a dielectric layer. Moreover laser drilled vias may 
become larger, and dielectric Surfaces may become rougher, 
due to overdesmearing as a result of multiple desmearing 
operations that are applied to a particular buildup layer. These 
disadvantages are conveniently avoided by the use of the 
exemplary manufacturing process depicted in flowchart 
S3OO. 
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0052 Coreless substrates and single-sided substrates are 
also highly susceptible to warping. Stiffeners are often 
required to ensure that coreless or single-sided Substrates can 
withstand mechanical and thermal stresses that cause warp 
ing and potentially render circuits inoperable. 
0053 Exemplary embodiments of the present invention 
may include thicker buildup dielectric layers and thicker sol 
der-mask layers on the side of the core that contains fewer 
buildup layers, to mitigate warping. Thus in step S312, bot 
tom buildup layer 228 may use a thicker dielectric layer than 
the dielectric layer used in buildup layers 224, 226. In one 
exemplary embodiment, buildup layer 228 may be about 40 
um-60 um, while buildup layers 224, 226 are each about 25 
um-40 um. 
0054 Similarly, in step S318 the bottom solder mask 232 
may be made substantially thicker than its corresponding 
upper solder mask 220. Depending on the size of a circuit 
package, various relative thickness values may be used. In 
one exemplary embodiment, solder mask 232 may be 30 
um-60 um while solder mask 220 may only be 16 um-30 um 
in height. 
0055 Solder mask 232 may be replaced by a layer of 
dielectric material. In addition, as will be described below, a 
plurality of rings, made for example of copper, may be used to 
reinforce the semiconductor devices exemplary of the present 
invention. 
0056. Accordingly FIG. 5 depicts a partial vertical cross 
section of an exemplary integrated circuit package 200 
including a substrate 204 having buildup layers on both sides. 
Integrated circuit package 200 includes a die 202 attached to 
substrate 204. 
0057 Die 202 is typically made of a semiconductor mate 

rial Such as a piece of silicon wafer and contains an integrated 
circuit and pads 208 formed on its active surface. Pads 208 
provide I/O connection points to the integrated circuit on die 
202. UBM may be formed on each of pads 208 to facilitate 
attachment of solder bumps 210 using the controlled collapse 
chip connect (C4) or flip chip attachment technique. Solder 
bumps 210 formed on pads 208 may be used to attach die 202 
to substrate 204. 
0.058 Substrate 204 includes a substrate core 218, and a 
plurality of buildup layers 224, 226, 228. Solder masks 220, 
232 are formed on the outermost buildup layers 224, 228 
respectively. Pre-solder 236 may be applied on each of sub 
strate pads 234. 
0059 Substrate core 218 may include a plurality of its own 
multiple layers or sub-layers (not shown). A plated through 
hole (PTH) 216 formed in core 218 can be used to electrically 
interconnect traces 212 in layers 224, 226 with traces 212 in 
layer 228. Vias or micro-Vias 214 may be formed by laser 
drilling, and plated or filled with conductive material to inter 
connect traces on layer 224 with those on layer 226. Similarly 
micro-Vias 214 may be used to interconnect traces 212 on 
layer 226 with traces on the upper surface of core 218; or 
traces on layer 228 with traces on the lower surface of core 
218. 

0060 Pre-solder 236 may be in the form of solder paste, 
and thus may increase solder Volume and provide good inter 
connection between solder bumps 210 and substrate pads 234 
during the die attach process. Pre-solder 236 also increases 
the effective height of bumps 210 which helps capillary 
underfill processes. 
0061. In contrast to the substrate depicted in FIG. 2K, in 
package 200 buildup layer 228 may contain a much thicker 
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dielectric material than layers 224, 226. As noted above, layer 
228 may be 40 um-60 um thick while layers 224, 226 may 
each have a nominal thickness in the range of 25 um-40 um 
exclusive. In some embodiments, any layer (e.g., buildup 
layer 228) on the side of the core containing fewer buildup 
layers (e.g., bottom) may be thicker than each layer (e.g., 
layers 224, 226) on the opposite (e.g., top) side. Similarly, 
solder mask 232 may be much thicker than solder mask 220. 
In one embodiment, solder mask 220 may have a height of 16 
um-30 um exclusive while solder mask 232 may have a thick 
ness in the range of 30 um-60 um. The specific heights of 
buildup layers and Solder masks are provided only as 
examples, to highlight the relative thicknesses of buildup 
layers. Other embodiments may of course use thickness Val 
ues outside the ranges specified. Advantageously, thicker lay 
ers and solder masks help mitigate warping in package 200. 
0062. Additional reinforcements may be provided to pre 
vent warping. Accordingly, FIG. 6 depicts a cross-sectional 
view of an integrated circuit package 200' exemplary of 
another embodiment of the present invention. Package 200 
may be substantially similar to package 200, except for the 
presence of a plurality of rings 240 provided to help reduce 
warping. Like parts in FIG. 5 and FIG. 6 are substantially 
similar in structure and function, and are labeled with like 
numerals. A prime () symbol distinguishes parts in FIG. 6 
from its counterparts in FIG. 5, and will not be discussed 
further. 

0063. In addition, core 218 or core 218" may be formed 
from a material having a low coefficient of thermal expansion 
(CTE), which helps mitigate warping. Materials may have 
linear coefficients of thermal expansion (denoted C. C.) in 
perpendicular in-plane directions. Exemplary materials may 
include those with coefficients of thermal expansion less than 
about 15 ppm/°C. (e.g., C.C.5-12 ppm/°C.), glass-cloth 
reinforced resins having high glass transition temperature 
(Tg) of about 200° C.-240° C., and the like. 
0064 Rings 240 may be formed by depositing metal (e.g., 
copper) of suitable thickness on one or more of buildup layers 
224', 226', 228 or core 218", as part of (or after) forming a 
respective conductive layer. Various ways of embedding stiff 
ener rings within semiconductor packages are well known to 
those of ordinary skill in the art, and may be used to form rings 
240. In one embodiment, rings 240 may be formed together 
with conductive traces 212 during circuit formation stage. 
0065 Rings 240 may take on the shape of the package 
200'. That is, a plan view of rings 240 may be substantially the 
same as an outline of the circumference of package 200' as 
viewed from above. 

0.066 Rings 240 may be made of similar material as the 
traces themselves, (e.g., copper). Conveniently, this allows 
rings 240 to be formed at the same manufacturing step used to 
form conductive traces on a buildup layer. In alternate 
embodiments, other materials of suitable strength may also be 
used to construct rings 240. 
0067. The use of thicker dielectric and solder mask layers 
on the side of the core containing fewer buildup layers, 
restores balance to package 200' in spite of having an asym 
metric (unequal number of) buildup layers on opposite sides 
(i.e., top and bottom) core 218". 
0068 Conveniently, making package 200' using an exem 
plary method such as the process depicted in flowchart S300 
Successfully avoids over-desmearing of its buildup layers 



US 2011/0024898 A1 

(e.g., layer 228"), while at the same time rings 240, thicker 
dielectric layer 228 and thicker solder mask 232 help miti 
gating warping. 
0069. As may be appreciated, embodiments of the present 
invention may include exemplary Substrates having many 
different combinations of buildup layers on either side of the 
core. The substrates with asymmetric buildup layers dis 
cussed above are only exemplary and not limiting. Other 
embodiments of the present invention may generally have 
buildup designs of the form m/k/n where mand n, are positive 
integers and man (e.g., mn-0). The core may have any 
number of layers, and typically two (i.e.,k2) and sometimes 
four layers (i.e., k=4) may be present within the core, which 
leads to a 2/2/1 and a 2/4/1 substrate, respectively. 
0070 Semiconductor device manufacturing using exem 
plary methods discussed above may be performed for each 
die, or at the wafer level. In wafer level packaging, instead of 
applying the methods discussed to a Substrate for an indi 
vidual die, the packaging methods are applied to a substrate 
for an entire fabricated wafer at once. As a last step, the 
Substrate and wafer are cut into individually packaged semi 
conductor packages ready for assembly onto an external wir 
ing board. 
0071. In the forgoing discussions, the terms top and bot 
tom (or upper and lower) used to refer to opposite surfaces 
or sides of the core correspond with the illustrations of exem 
plary embodiments, and may thus be interchanged, depend 
ing on the orientation of the figures. 
0072 Embodiments of the present invention may be used 
in a variety of applications including the manufacture of 
DRAM, SRAM, EEPROM, flash memory, graphics proces 
sors, general purpose processors, DSPs, and various standard 
analog, digital and mixed signal circuit packages. 
0073 Exemplary methods and substrates may be applied 

to constructing printed circuit boards (PCB) or printed wiring 
boards (PWB) as well as carrier substrates for integrated 
circuit packages. Embodiments of the invention may thus be 
used in motherboards, daughter cards, memory modules, 
peripheral expansion cards (e.g., graphics cards, network 
interface cards, Sound cards), and the like. 
0.074. Of course, the above described embodiments are 
intended to be illustrative only and in no way limiting. The 
described embodiments of carrying out the invention are sus 
ceptible to many modifications of form, arrangement of parts, 
details and order of operation. The invention, rather, is 
intended to encompass all such modification within its scope, 
as defined by the claims. 

What is claimed is: 
1. A method of manufacturing a Substrate having a core, m 

buildup layers on a first surface of said core and n buildup 
layers on a second Surface of said core, wherein each of said 
buildup layers comprises a dielectric layer, and a conductive 
layer thereon, and where m >n, said method comprising: 

forming (m-n) of said m buildup layers on said first Sur 
face, wherein forming each of said (m-n) of said m 
buildup layers comprises drilling and desmearing a 
respective dielectric layer; and 

forming n pairs of buildup layers, each of said in pairs 
comprising one of said in buildup layers formed on said 
second Surface and one of the remaining n of said m 
buildup layers formed on said first surface, and wherein 
said forming each of said in pairs of buildup layers com 
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prises drilling each one of a respective pair of dielectric 
layers, and desmearing said respective pair of dielectric 
layers concurrently. 

2. The method of claim 1, wherein said drilling each one of 
a respective pair of dielectric layers, comprises laser drilling. 

3. The method of claim 1, wherein any dielectric layer in 
any one of said m buildup layers and said in buildup layers, is 
desmeared only once. 

4. The method of claim 1, wherein said desmearing said 
respective pair of dielectric layers comprises removing resi 
due from said respective pair of dielectric layers after said 
drilling each one of a respective pair of dielectric layers. 

5. The method of claim 1, further comprising forming a 
plurality of conductive traces on at least one of said first and 
second Surfaces of said core prior to said forming (m-n) of 
said m buildup layers, and electrically connecting said plu 
rality conductive traces on said first and second Surfaces of 
said core. 

6. The method of claim 5, said electrically interconnecting 
comprises drilling at least one hole in said core and plating 
said hole with conductive material to form a plated through 
hole (PTH). 

7. The method of claim 6, wherein said drilling said at least 
one hole in said core comprises machine drilling. 

8. The method of claim 1, wherein each of said in buildup 
layers comprises a dielectric layer having a height in the range 
of 40 um to 60 um and each of said m buildup layers com 
prises a dielectric layer having a height in the range 25um to 
40 um exclusive. 

9. The method of claim 1, further comprising: forming a 
first solder mask on an outermost one of said m buildup 
layers; 

10. The method of claim 8, further comprising forming a 
second solder mask an outermost one of said in buildup layers. 

11. The method of claim 10, wherein said first solder mask 
has a height in the range 16 um to 30 um exclusive and said 
second solder mask has a height in the range 30 um-60 um. 

12. The method of claim 1, further comprising, forming 
rings in at least some of said in buildup layers on said second 
Surface of said core, to reinforce said Substrate. 

13. The method of claim 12, wherein said rings are copper 
rings. 

14. The method of claim 1, wherein m=2 and n=1. 
15. A substrate having a core, m buildup layers on a first 

Surface of said core and n buildup layers on a second Surface 
of said core, where mon, manufactured according to claim 1, 
wherein each of said buildup layers comprises a dielectric 
layer that is desmeared only once. 

16. The substrate of claim 15, further comprising: a first 
solder mask covering an outermost one of m buildup layers; 
and a second solder mask covering an outermost one of n 
buildup layers. 

17. The substrate of claim 15, wherein each of said m 
buildup layers has a dielectric layer having a height between 
25um to 40 um exclusive and each of said in buildup layers has 
a dielectric layer having a height between 40 um to 60 um. 

18. The substrate of claim 15, wherein said core has coef 
ficients of thermal expansion less than 15 ppm/°C. 

19. A semiconductor device comprising the substrate of 
claim 15, and a die interconnected to one of said conductive 
layers that comprise one of said m buildup layers. 

20. The semiconductor device of claim 17, further com 
prising a first and second solder masks covering an outermost 
one of said m buildup layers, and an outermost one of said in 
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buildup layers respectively, wherein said second solder mask 
has a height larger than the height of said first solder mask. 

21. The semiconductor device of claim 17, further com 
prising a solder mask and a layer of dielectric material cov 
ering an outermost one of said m buildup layers, and an 
outermost one of said in buildup layers respectively, wherein 
said layer of dielectric material has a height larger than the 
height of said solder mask. 
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22. The semiconductor device of claim 17, wherein said 
first solder mask has a height in the range 16 um to 30 Jum 
exclusive and said second solder mask has a height in the 
range 30 um-60 um. 

23. The semiconductor device of claim 17, further com 
prising reinforcing rings in at least some of said buildup 
layers to mitigate warping in said device. 

c c c c c 


