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INTEGRATED CIRCUIT PACKAGE FIG . 4 is an illustrative flow diagram of an assembly 
SUBSTRATE process utilizing a package substrate with dual surface finish 

in accordance with an embodiment of the present disclosure . 
CROSS REFERENCE TO RELATED FIG . 5 schematically illustrates a computing device that 

APPLICATIONS 5 includes a package substrate having a dual surface finish , in 
accordance with some embodiments . 

The present application is a divisional of U . S . application 
Ser . No . 14 / 368 , 721 , filed Jun . 25 , 2014 , entitled “ INTE DETAILED DESCRIPTION 
GRATED CIRCUIT PACKAGE SUBSTRATE ” which is a 
national phase entry under 35 U . S . C . $ 371 of International 10 Embodiments of the present disclosure describe tech 
Application No . PCT / US2013 / 065246 , filed Oct . 16 , 2013 , niques and configurations for dual surface finish package 

substrate assemblies . In the following description , various entitled “ INTEGRATED CIRCUIT PACKAGE SUB aspects of the illustrative implementations will be described STRATE ” , which designated , among the various States , the using terms commonly employed by those skilled in the art United States of America . The Specification of the PCT / 15 to convey the substance of their work to others skilled in the US2013 / 065246 and U . S . patent application Ser . No . art . However , it will be apparent to those skilled in the art 
14 / 368 , 721 Applications are hereby incorporated by refer that embodiments of the present disclosure may be practiced 
ence . with only some of the described aspects . For purposes of 

explanation , specific numbers , materials and configurations 
FIELD 20 are set forth in order to provide a thorough understanding of 

the illustrative implementations . However , it will be appar 
Embodiments of the present disclosure generally relate to ent to one skilled in the art that embodiments of the present 

the field of integrated circuits , and more particularly , to disclosure may be practiced without the specific details . In 
techniques and configurations for surface finishes of inte other instances , well - known features are omitted or simpli 
grated circuit package substrates . 25 fied in order not to obscure the illustrative implementations . 

In the following detailed description , reference is made to 
BACKGROUND the accompanying drawings which form a part hereof , 

wherein like numerals designate like parts throughout , and 
The input / output density of dies , such as processors , is in which is shown by way of illustration embodiments in 

continually increasing . In order to keep up with the increas - 30 which the subject matter of the present disclosure may be 
ing input / output densities the package substrates to which practiced . It is to be understood that other embodiments may 
the dies are attached must also scale correspondingly . Under be utilized and structural or logical changes may be made 
the current state of the art , a single surface finish is applied without departing from the scope of the present disclosure . 
to both a die and a land side of a package substrate . The die Therefore , the following detailed description is not to be 
side of a package substrate is the side on which a die 35 taken in a limiting sense , and the scope of embodiments is 
attaches , while the land side of a package substrate attaches defined by the appended claims and their equivalents . 
to a circuit board . The single surface finish may grow , or For the purposes of the present disclosure , the phrase “ A 
expand , laterally after application which may cause pad - to - and / or B ” means ( A ) , ( B ) , or ( A and B ) . For the purposes of 
pad bridging on the die side of the substrate if the pads are the present disclosure , the phrase “ A , B , and / or C ” means 
located too closely together . As a result , the expansion of the 40 ( A ) , ( B ) , ( C ) , ( A and B ) , ( A and C ) , ( B and C ) , or ( A , B and 
surface finish on the die side limits the scalability of the C ) . 
package substrate . The surface finish composition on the The description may use perspective - based descriptions 
land side , however , may be dictated based upon consider - such as top / bottom , in / out , over / under , and the like . Such 
ations related to circuit board connection requirements . descriptions are merely used to facilitate the discussion and 
These considerations do not necessarily extend to the die 45 are not intended to restrict the application of embodiments 
side connection requirements ; however , under the current described herein to any particular orientation . 
state of the art the same surface finish is applied to both the The description may use the phrases “ in an embodiment , ” 
die side and the land side of the package substrate . or “ in embodiments , " which may each refer to one or more 

of the same or different embodiments . Furthermore , the 
BRIEF DESCRIPTION OF THE DRAWINGS 50 terms " comprising , ” “ including , " " having , ” and the like , as 

used with respect to embodiments of the present disclosure , 
Embodiments will be readily understood by the following are synonymous . 

detailed description in conjunction with the accompanying The term " coupled with , ” along with its derivatives , may 
drawings . To facilitate this description , like reference be used herein . " Coupled ” may mean one or more of the 
numerals designate like structural elements . Embodiments 55 following . " Coupled ” may mean that two or more elements 
are illustrated by way of example and not by way of are in direct physical or electrical contact . However , 
limitation in the figures of the accompanying drawings . “ coupled ” may also mean that two or more elements indi 

FIG . 1 schematically illustrates a cross - section side view rectly contact each other , but yet still cooperate or interact 
of an example integrated circuit ( IC ) assembly , in accor - with each other , and may mean that one or more other 
dance with some embodiments . 60 elements are coupled or connected between the elements 

FIG . 2 is an illustrative flow diagram of a package that are said to be coupled with each other . The term 
substrate fabrication process utilizing dual surface finish in “ directly coupled ” may mean that two or more elements are 
accordance with an embodiment of the present disclosure . in direct contact . 

FIG . 3 is an illustrative cross - sectional view of selected in various embodiments , the phrase " a first feature 
operations illustrating stages in the package substrate fab - 65 formed , deposited , or otherwise disposed on a second fea 
rication process described in FIG . 2 , in accordance with an ture , ” may mean that the first feature is formed , deposited , 
embodiment of the present disclosure . or disposed over the second feature , and at least a part of the 
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first feature may be in direct contact ( e . g . , direct physical tures 106 . The die interconnect structures 106 may be 
and / or electrical contact ) or indirect contact ( e . g . , having one configured to route the electrical signals between die 102a , 
or more other features between the first feature and the die 102b , and / or the package substrate 104 . 
second feature ) with at least a part of the second feature . The package substrate 104 may include electrical routing 
As used herein , the term “ module ” may refer to , be part 5 features configured to route electrical signals to or from dies 

of , or include an Application Specific Integrated Circuit 102a and / or 102b . The electrical routing features may 
( ASIC ) , an electronic circuit , a system - on - chip ( SoC ) , a include , for example , traces disposed on one or more sur 
processor ( shared , dedicated , or group ) and / or memory faces of the package substrate 104 and / or internal routing 
( shared , dedicated , or group ) that execute one or more features such as , for example , trenches , vias or other inter 
software or firmware programs , a combinational logic cir - 10 connect structures to route electrical signals through the 
cuit , and / or other suitable components that provide the package substrate 104 . In embodiments , electrical routing 
described functionality . features may be embedded in one or more die interconnect 

FIG . 1 schematically illustrates a cross - section side view regions 116 . In embodiments , die interconnect region 116 
of an example integrated circuit ( IC ) assembly 100 config - may be a silicon patch . For example , in some embodiments , 
ured to use a dual surface finish on electrical routing features 15 the package substrate 104 may include electrical routing 
embedded in package substrate 104 . In some embodiments , features ( such as die bond pads 108 ) , having the second 
the IC assembly 100 may include one or more dies ( e . g . , dies surface finish applied thereon , configured to receive the die 
102a or 102b ) electrically and / or physically coupled with interconnect structures 106 and route electrical signals 
package substrate 104 , as can be seen . The package substrate through one or more electrically conductive lines embedded 
104 may further be electrically coupled with a circuit board 20 in die interconnect region 116 , between die 102a , die 102b , 
122 , as can be seen . As used herein , the die side of a package and / or the package substrate 104 . 
substrate is the side on which the die attaches ( e . g . , side S1 ) , In some embodiments , the package substrate 104 is an 
while the land side of a package substrate is the side that epoxy - based laminate substrate having a core ( e . g . , central 
attaches to the circuit board ( e . g . , side S2 ) . In some embodi - core 304 of FIG . 3 ) and / or build - up layers such as , for 
ments , the IC assembly 100 may refer only to the package 25 example , an Ajinomoto Build - up Film ( ABF ) substrate . The 
substrate 104 . package substrate 104 may include other suitable types of 

According to various embodiments , a first surface finish substrates in other embodiments including , for example , 
may be disposed on electrical routing features , such as one substrates formed from glass , ceramic , or semiconductor 
or more lands , on side S2 of package substrate 104 . A second materials . 
surface finish may be disposed on electrical routing features 30 The circuit board 122 may be a printed circuit board 
of side S1 as described herein ( e . g . , surface finish 322 of ( PCB ) composed of an electrically insulative material such 
FIG . 3 ) . The second surface finish may be configured in the as an epoxy laminate . For example , the circuit board 122 
IC assembly 100 to route electrical signals of dies 102a may include electrically insulating layers composed of mate 
and / or 102b through various components of the IC assembly rials such as , for example , polytetrafluoroethylene , phenolic 
100 . The electrical signals may include , for example , input / 35 cotton paper materials such as Flame Retardant 4 ( FR - 4 ) , 
output ( I / O ) signals , radio frequency ( RF ) signals or power / FR - 1 , cotton paper and epoxy materials such as CEM - 1 or 
ground associated with operation of dies 102a and / or 102b . CEM - 3 , or woven glass materials that are laminated together 
This second surface finish may have a different chemical using an epoxy resin prepreg material . Structures ( not 
composition than the first surface finish . For example , while shown ) , for example , vias , may be formed through the 
the first surface finish may be nickel - based , the second 40 electrically insulating layers to route the electrical signals of 
surface finish may , in some embodiments , be gold - based , either of dies 102a or 102b through the circuit board 122 . 
such as that applied using a direct immersion gold ( DIG ) The circuit board 122 may be composed of other suitable 
process . materials in other embodiments . In some embodiments , the 

Dies 102a and 102b can be attached to the package circuit board 122 is a motherboard ( e . g . , motherboard 502 of 
substrate 104 according to a variety of suitable configura - 45 FIG . 5 ) . 
tions including , a flip - chip configuration , as depicted , or Package - level interconnects such as , for example , solder 
other configurations such as , for example , being embedded balls 112 may be coupled to one or more lands ( hereinafter 
in the package substrate 104 or being configured in a “ lands 110 ” ) on the package substrate 104 and one or more 
wirebonding arrangement . In the flip - chip configuration , one pads 114 on the circuit board 122 to form corresponding 
or both of dies 102a or 102b may be attached to a surface of 50 solder joints that are configured to further route the electrical 
the package substrate 104 having the second surface finish signals between the package substrate 104 and the circuit 
using die interconnect structures 106 such as bumps , pillars , board 122 . The solder balls 112 may be configured , for 
or other suitable structures that may also electrically couple example , a in a ball - grid array ( BGA ) arrangement . In some 
dies 102a and 102b with the package substrate 104 . This embodiments , the lands 110 may have the first surface finish 
second surface finish may , as discussed further below , 55 disposed thereon . The first surface finish may be comprised 
enable the die interconnect structures 106 to be spaced more of any suitable electrically conductive material such as metal 
closely together than would be possible using a single including , for example , nickel ( Ni ) , palladium ( Pd ) , gold 
surface finish on both of sides S1 and S2 of package ( Au ) , silver ( Ag ) , copper ( Cu ) , or combinations thereof . 
substrate 104 and thereby allow for increased input / output Other suitable techniques to physically and / or electrically 
density . 60 couple the package substrate 104 with the circuit board 122 

Dies 102a or 102b may represent a discrete chip made may be used in other embodiments including , for example , 
from a semiconductor material and may be , include , or be a land - grid array ( LGA ) structures and the like . 
part of a processor , memory , or ASIC in some embodiments . FIG . 2 is an illustrative flow diagram of a portion of a 
In some embodiments , an electrically insulative material package substrate fabrication process 200 for applying a 
such as , for example , molding compound or underfill mate - 65 dual surface finish in accordance with an embodiment of the 
rial ( not pictured ) may partially or fully encapsulate a present disclosure . FIG . 3 provides cross - sectional views of 
portion of dies 102a or 102b and / or die interconnect struc selected operations illustrating stages in the package sub 
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strate fabrication process 200 , in accordance with an illus finish to be applied to the surface level metal contacts . The 
trative embodiment . As a result , FIG . 2 and FIG . 3 will be openings may also be formed to enable attachment of a die 
described in conjunction with one another . To aid in this to the package substrate ( e . g . , dies 102a - b of FIG . 1 ) via the 
description , the operations performed in FIG . 2 are refer - die side surface level metal contacts or the package substrate 
enced on the arrows moving from operation to operation in 5 to be attached to a circuit board ( e . g . , circuit board 122 of 
FIG . 3 . In addition , not all reference numbers are depicted FIG . 1 ) via the land side surface level metal contacts . 
in each operation in FIG . 3 . At operation 207 , a protective laminate ( e . g . , protective 
Package substrate fabrication process 200 may begin at laminate 320 of FIG . 3 ) may be applied to the land side . The operation 201 where a package substrate may be provided protective laminate may be any suitable material , such as , for application of dual surface finishes . The substrate pro - 10 but not limited to polyethylene terephthalate ( PET ) . The vided may include a core ( e . g . , central core 304 of FIG . 3 ) protective laminate may prevent deposition of a surface having dielectric layers ( e . g . , dielectric layers 302 and 306 finish on the die side surface level metal contacts . of FIG . 3 ) disposed thereon . The dielectric layers may have At operation 209 , a first surface finish metal ( e . g . , surface patterned metal layers ( e . g . , patterned metal layer 308 of 

FIG . 3 ) embedded therein . Generally , the patterned metal 15 ani stal 15 finish 322 of FIG . 3 ) is formed on exposed surfaces of the 
layer and any number of layers below the patterned metal surface level metal contacts ( e . g . , lands 316a - d of FIG . 3 ) 
laver may be formed in any manner known in the art . For exposed by formation of the solder resist openings . Accord 
example , the patterned metal layer may be a top build - up ing to various embodiments , the first surface finish metal is 
laver formed with a semi - additive process ( SAP ) . The of a different material composition than the lands . A variety 
dielectric layer may be of any composition known in the art 20 of surface finish metal compositions or plated stacks may be 
and may be applied over patterned sub - surface level metal employed . In the illustrative embodiment depicted in FIG . 3 , 
layers in any conventional manner . For example , in some an electroless plating process is used to form the surface 
embodiments , the dielectric layer may comprise a polymer finish 322 comprising any suitable electrically conductive 
( epoxy - based resin ) that may have a silica filler to provide material such as metal including , for example , nickel ( Ni ) , 
suitable mechanical properties that meet reliability require - 25 palladium ( Pd ) , gold ( Au ) , silver ( Ag ) , copper ( Cu ) , and 
ments of the package . combinations thereof . In an illustrative embodiment , the 

The substrate may have a die side ( e . g . , dies side S1 of surface finish 322 includes a 6 - 8 micron ( um ) thick nickel 
FIG . 3 ) configured to have one or more dies disposed layer . 
thereon ( e . g . , 102a and 102b of FIG . 1 ) . In embodiments , the At operation 211 , the protective laminate on the die side 
substrate may have one or more pads on which a die may be 30 ( e . g . , protective laminate 320 of FIG . 3 ) may be removed 
attached ( e . g . , 312a - b and 314a - b of FIG . 3 ) . In embodi - and at operation 213 a protective laminate ( e . g . , protective 
ments , the pads may include copper or any other suitable laminate 324 of FIG . 3 ) may be applied to the land side . The 
electrically conductive material . The substrate may have one protective laminate on the land side may prevent deposition 
or more die interconnect regions embedded therein ( e . g . , die of a surface finish on the land side surface finish ( e . g . , 
interconnect region 310 of FIG . 3 ) . The die interconnect 35 surface finish 322 of FIG . 3 ) . 
region may have one or more electrically conductive pads At operation 215 , a second surface finish ( e . g . , surface 
disposed thereon ( e . g . , copper pad 311 of FIG . 3 ) . The pads finish 326 of FIG . 3 ) may be formed on the exposed surfaces 
of the die interconnect region may be electrically connected of the surface level metal contacts of the die side ( e . g . , pads 
to surface level metal ( e . g . , pads 312a - b of FIG . 3 ) . The die 312a - b and 314a - b of FIG . 3 ) . This second surface finish 
interconnect region may have electrically conductive lines 40 may be deposited through a process such as a direct immer 
( not depicted ) embedded therein . The electrically conduc - sion gold ( DIG ) process , an organic solderability preserva 
tive lines may establish an electrical connection between the tive ( OSP ) process , and / or an electroless palladium immer 
electrically conductive pads disposed on the die interconnect s ion gold ( EPIG ) process . In embodiments , the second 
region . In some embodiments , the die interconnect region surface finish may have a different chemical composition 
may include silicon , such as a silicon patch or bridge . 45 than the first surface finish . In some embodiments , this 

The substrate may have a land side ( e . g . , land side S2 of second surface finish may be comprised of gold , palladium , 
FIG . 3 ) with one or more lands disposed thereon ( e . g . , lands and / or imidazole , or an imidazole derivative , such as , but not 
316a - d of FIG . 3 ) . The land side may be configured to attach limited to , benzimidazole or phenylimidazole . In an illus 
to one or more circuit boards via the one or more lands . A t rative embodiment , the second surface finish may be less 
substrate such as that described above may be formed in any 50 than 0 . 5 um , 500 nanometers ( nm ) , thick . In OSP , DIG , or 
manner known in the art . For example , through a build - up EPIG processes the second surface finish ( e . g . surface finish 
process , such as a semi - additive process ( SAP ) . 326 ) may range in thickness from 60 nm to 300 nm . At 

At operation 203 , solder resist may be laminated on the operation 217 , the protective laminate on the land side ( e . g . , 
die side and / or the land side of the package substrate ( e . g . , protective laminate 324 of FIG . 3 ) may be removed . 
die side solder resist 318a and land side solder resist 318b 55 In some embodiments , the critical dimension ( CD ) , or 
of FIG . 3 ) . Solder resist may be applied to protect against minimum lateral width , of a surface finish at a connection 
oxidation and to prevent pad to pad bridging . Solder resist point may be at least as large as the largest diameter of a pad 
may be applied through a silk - screening , spraying , or ( e . g . , pads 312a - b and 314a - b of FIG . 3 ) ; however , because 
vacuum lamination process . The solder resist may be any the second surface finish may be less than 500 nm thick , the 
suitable material including , but not limited to , liquid pho - 60 lateral expansion of the surface finish metal , on the die side 
toimageable solder mask ( LPSM ) and / or dry film photoim - pads , is reduced allowing a reduction in the space between 
ageable solder mask ( DFSM ) . adjacent pads . For example , where connection points have a 

After the solder resist has been applied solder resist pitch ( e . g . , bump pitch ) , this minimized lateral expansion of 
openings may be formed at operation 205 . The solder resist the surface finish may enable a 55 um bump pitch or less 
openings may be formed through photolithography or any 65 where the pad size is 43 um which would provide higher I / O 
other suitable process . The solder resist opening may be routing density than is possible with the current state of the 
formed over surface level metal contacts to enable a surface art . 
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While the above process describes application of the first municate data through the use of modulated electromagnetic 
surface finish to the land side followed by application of the radiation through a non - solid medium . The term does not 
second surface finish to the die side , this process may be imply that the associated devices do not contain any wires , 
performed in an opposite order as well . For example , the although in some embodiments they might not . The com 
second surface finish may be applied to the die side of the 5 munication chip 506 may implement any of a number of 
package substrate followed by application of the first surface wireless standards or protocols , including but not limited to 
finish to the land side of the package substrate . Institute for Electrical and Electronic Engineers ( IEEE ) 

FIG . 4 is an illustrative flow diagram of an assembly standards including Wi - Fi ( IEEE 802 . 11 family ) , IEEE 
process 400 utilizing a package substrate with dual surface 802 . 16 standards ( e . g . , IEEE 802 . 16 - 2005 Amendment ) , 
finish in accordance with an embodiment of the present 10 Long - Term Evolution ( LTE ) project along with any amend 
disclosure . Such a package substrate may be produced ments , updates , and / or revisions ( e . g . , advanced LTE proj 
through the illustrative method described in reference to ect , ultra mobile broadband ( UMB ) project ( also referred to 
FIG . 2 , above , and may be depicted in FIG . 3 . as “ 3GPP2 ” ) , etc . ) . IEEE 802 . 16 compatible BWA networks 
Assembly process 400 begins at operation 401 with are generally referred to as WiMAX networks , an acronym 

receiving a package substrate with exposed surface finish at 15 that stands for Worldwide Interoperability for Microwave 
predetermined substrate connection points . As such , in the Access , which is a certification mark for products that pass 
illustrative embodiments , no solder resist is present on the conformity and interoperability tests for the IEEE 802 . 16 
surface of the package substrate and no solder is placed on standards . The communication chip 506 may operate in 
the surface finish prior to coupling a chip to the package accordance with a Global System for Mobile Communica 
substrate . An illustrative package substrate may be depicted 20 tion ( GSM ) , General Packet Radio Service ( GPRS ) , Uni 
in FIG . 3 . versal Mobile Telecommunications System ( UMTS ) , High 
At operation 402 , an IC chip may be received with solder Speed Packet Access ( HSPA ) , Evolved HSPA ( E - HSPA ) , or 

bumps disposed on the chip connection points . While the IC LTE network . The communication chip 506 may operate in 
chip may generally be of any conventional type , in a accordance with Enhanced Data for GSM Evolution 
particular embodiment , the IC chip may be a processor , such 25 ( EDGE ) , GSM EDGE Radio Access Network ( GERAN ) , 
as a microprocessor , having a large I / O count . In an embodi - Universal Terrestrial Radio Access Network ( UTRAN ) , or 
ment , the chip I / O and power solder bumps may have a pitch Evolved UTRAN ( E - UTRAN ) . The communication chip 
of 55 um , as described above . At operation 410 , the IC chip 506 may operate in accordance with Code Division Multiple 
may be aligned with the surface finished substrate to have Access ( CDMA ) , Time Division Multiple Access ( TDMA ) , 
the soldered IC chip connection points aligned with the 30 Digital Enhanced Cordless Telecommunications ( DECT ) , 
surface finished substrate connection points . The chip side Evolution - Data Optimized ( EV - DO ) , derivatives thereof , as 
solder is then alloyed at operation 420 to affix the chip to the well as any other wireless protocols that are designated as 
substrate connection points which completes the packaging 3 G , 4G , 5G , and beyond . The communication chip 506 may 
430 . operate in accordance with other wireless protocols in other 

Embodiments of the present disclosure may be imple - 35 embodiments . 
mented into a system using any suitable hardware and / or The computing device 500 may include a plurality of 
software to configure as desired . FIG . 5 schematically communication chips 506 . For instance , a first communica 
illustrates a computing device that includes a package sub - tion chip 506 may be dedicated to shorter range wireless 
strate as described herein , such as that depicted by FIG . 3 , communications such as Wi - Fi and Bluetooth and a second 
in accordance with some embodiments . The computing 40 communication chip 506 may be dedicated to longer range 
device 500 may house a board such as motherboard 502 . The wireless communications such as GPS , EDGE , GPRS , 
motherboard 502 may include a number of components , CDMA , WiMAX , LTE , EV - DO , and others . 
including but not limited to a processor 504 and at least one The processor 504 of the computing device 500 may be 
communication chip 506 . The processor 504 may be physi - packaged in an IC assembly ( e . g . , IC assembly 100 of FIG . 
cally and electrically coupled to the motherboard 502 . In 45 1 ) that includes a package substrate as described herein . For 
some implementations , the at least one communication chip example , the circuit board 122 of FIG . 1 may be a mother 
506 may also be physically and electrically coupled to the board 502 and the processor 504 may be a die 102 mounted 
motherboard 502 . In further implementations , the commu - on a package substrate 104 as described herein . The package 
nication chip 506 may be part of the processor 504 . substrate 104 and the motherboard 502 may be coupled 
Depending on its applications , computing device 500 may 50 together using package - level interconnects as described 

include other components that may or may not be physically herein . The term " processor ” may refer to any device or 
and electrically coupled to the motherboard 502 . These other portion of a device that processes electronic data from 
components may include , but are not limited to , volatile registers and / or memory to transform that electronic data 
memory ( e . g . , DRAM ) , non - volatile memory ( e . g . , ROM ) , into other electronic data that may be stored in registers 
flash memory , a graphics processor , a digital signal proces - 55 and / or memory . 
sor , a crypto processor , a chipset , an antenna , a display , a The communication chip 506 may also include a die ( e . g . , 
touchscreen display , a touchscreen controller , a battery , an die 102 of FIG . 1 ) that may be packaged in an IC assembly 
audio codec , a video codec , a power amplifier , a global ( e . g . , IC assembly 100 of FIG . 1 ) that includes a package 
positioning system ( GPS ) device , a compass , a Geiger substrate 104 as described herein . In further implementa 
counter , an accelerometer , a gyroscope , a speaker , a camera , 60 tions , another component ( e . g . , memory device or other 
and a mass storage device ( such as hard disk drive , compact integrated circuit device ) housed within the computing 
disk ( CD ) , digital versatile disk ( DVD ) , and so forth ) . device 500 may include a die ( e . g . , die 102 of FIG . 1 ) that 

The communication chip 506 may enable wireless com - may be packaged in an IC assembly ( e . g . , IC assembly 100 
munications for the transfer of data to and from the com - of FIG . 1 ) that includes a package substrate 104 as described 
puting device 500 . The term " wireless ” and its derivatives 65 herein . 
may be used to describe circuits , devices , systems , methods , In various implementations , the computing device 500 
techniques , communications channels , etc . , that may com - may be a laptop , a netbook , a notebook , an ultrabook , a 
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smartphone , a tablet , a personal digital assistant ( PDA ) , an region having one or more electrical routing features embed 
ultra - mobile PC , a mobile phone , a desktop computer , a ded therein , the one or more electrical routing features 
server , a printer , a scanner , a monitor , a set - top box , an having a second surface finish disposed on , and in direct 
entertainment control unit , a digital camera , a portable music contact with , the one or more electrical routing features , 
player , or a digital video recorder . In further implementa - 5 wherein the electrical routing features are configured to 
tions , the computing device 500 may be any other electronic bond with die interconnect structures of one or more dies 
device that processes data . and the second surface finish has a different chemical 

composition than the first surface finish . 
EXAMPLES Example 10 may include the subject matter of Example 9 , 

10 wherein the first surface finish is an outermost surface finish 
According to various embodiments , the present disclosure on the one or more lands and the second surface finish is an 

describes a number of examples . Example 1 is a method of outermost surface finish on the one or more electrical 
forming an integrated circuit ( IC ) package substrate com - routing features . 
prising : depositing a first lamination layer on a first side of Example 11 may include the subject matter of Example 9 , 
the package substrate and a first surface finish on one or 15 wherein the second surface finish is imidazole or an imida 
more electrical contacts disposed on a second side of the zole derivative . 
package substrate , wherein the first side is disposed opposite Example 12 may include the subject matter of Example 9 , 
the second side and the first lamination layer is to prevent wherein the second surface finish is gold . 
deposition of the first surface finish on one or more electrical Example 13 may include the subject matter of Example 9 , 
contacts disposed on the first side ; removing the first lami - 20 wherein the second surface finish is a combination of 
nation layer from the first side of the package substrate to palladium and gold . 
expose the one or more electrical contacts disposed on the Example 14 may include the subject matter of Example 9 , 
first side ; depositing a second lamination layer on the second wherein the second surface finish has a thickness of less than 
side of the package substrate and a second surface finish on or equal to 500 nanometers . 
the one or more electrical contacts disposed on the first side 25 Example 15 may include the subject matter of Example 9 , 
of the package substrate , wherein the second lamination wherein the first surface finish comprises nickel ( Ni ) . 
layer is to prevent deposition of the second surface finish on Example 16 may include the subject matter of Example 
the one or more electrical contacts disposed on the second 15 , wherein the first surface finish further comprises one or 
side ; and removing the second lamination layer from the both of palladium ( Pd ) or gold ( Au ) . 
second side of the package substrate . 30 Example 17 may include the subject matter of Example 9 , 

Example 2 may include the subject matter of Example 1 , wherein the die interconnect region is disposed in a dielec 
wherein the depositing of the first surface finish is accom - tric layer . 
plished by a Direct Immersion Gold ( DIG ) process and the Example 18 may include the subject matter of Example 9 , 
one or more electrical contacts disposed on the second side wherein the die interconnect region comprises a silicon 
comprise die bond pads . 35 bridge . 

Example 3 may include the subject matter of Example 1 Example 19 may include the subject matter of Example 9 , 
wherein the depositing of the first surface finish is accom - wherein the one or more electrical routing features of the die 
plished by an Electroless Palladium Immersion Gold ( EPIG ) interconnect region route electrical signals between a first 
process and the one or more electrical contacts disposed on die connected to the package substrate and a second die 
the second side comprise die bond pads . 40 connected to the package substrate . 

Example 4 may include the subject matter of Example 1 Example 20 is a package assembly comprising : an inte 
wherein the depositing of the first surface finish is accom grated circuit ( IC ) chip having one or more input / output 
plished by an Organic Solderability Preservative ( OSP ) ( I / O ) connection points and one or more power connection 
process and the one or more electrical contacts disposed on points ; and a package substrate including : a first side includ 
the second side comprise die bond pads . 45 ing one or more lands , the one or more lands having a first 

Example 5 may include the subject matter of any one of surface finish disposed on the one or more lands ; and a 
Examples 1 - 4 , wherein depositing the second surface finish second side disposed opposite to the first side , the second 
is accomplished using an electroless plating process and the side having a silicon connecting region embedded therein , 
one or more electrical contacts disposed on the second side the silicon connecting region having one or more electrical 
comprise one or more lands . 50 routing features embedded therein , the one or more electrical 

Example 6 may include the subject matter of any one of routing features having a second surface finish disposed on , 
Examples 1 - 4 , wherein depositing the second surface finish and in direct contact with , the one or more electrical routing 
comprises depositing nickel ( Ni ) and the one or more features , wherein the second surface finish has a different 
electrical contacts disposed on the second side comprise one chemical composition than the first surface finish and the 
or more lands . 55 second surface finish is electrically connected to the one or 

Example 7 may include the subject matter of Example 6 , more I / O connection points or the one or more power 
wherein depositing the second surface finish further com - connection points . 
prises depositing one or both of palladium or gold . Example 21 may include the subject matter of Example 

Example 8 may include the subject matter of Example 7 , 20 , wherein the IC chip is a processor . 
wherein depositing the second surface finish comprises 60 Example 22 may include the subject matter of Example 
depositing gold using an electroless nickel - immersion gold 20 , further comprising one or more of an antenna , a display , 
( ENIG + EG ) process . a touchscreen display , a touchscreen controller , a battery , an 
Example 9 is a package substrate comprising : a first side audio codec , a video codec , a power amplifier , a global 

including one or more lands , the one or more lands having positioning system ( GPS ) device , a compass , a Geiger 
a first surface finish disposed on the one or more lands ; and 65 counter , an accelerometer , a gyroscope , a speaker , or a 
a second side disposed opposite to the first side , the second camera coupled with the circuit board , wherein the package 
side having die interconnect region , the die interconnect assembly is part of a laptop , a netbook , a notebook , an 
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ultrabook , a smartphone , a tablet , a personal digital assistant ( EPIG ) process , or means for performing an Organic Sol 
( PDA ) , an ultra - mobile PC , a mobile phone , a desktop derability Preservative ( OSP ) process . 
computer , a server , a printer , a scanner , a monitor , a set - top The above description of illustrated implementations , 
box , an entertainment control unit , a digital camera , a including what is described in the Abstract , is not intended 
portable music player , or a digital video recorder . 5 to be exhaustive or to limit the embodiments of the present 

Example 23 is an apparatus for forming an integrated disclosure to the precise forms disclosed . While specific 
circuit ( IC ) package substrate comprising : means for depos - implementations and examples are described herein for 
iting a first lamination layer on a first side of the package illustrative purposes , various equivalent modifications are 
substrate and a first surface finish on one or more electrical possible within the scope of the present disclosure , as those 
contacts disposed on a second side of the package substrate , 10 skilled in the relevant art will recognize . 
wherein the first side is disposed opposite the second side These modifications may be made to embodiments of the 
and the first lamination layer is to prevent deposition of the present disclosure in light of the above detailed description . 
first surface finish on one or more electrical contacts dis - The terms used in the following claims should not be 
posed on the first side ; means for removing the first lami - construed to limit various embodiments of the present 
nation layer from the first side of the package substrate to 15 disclosure to the specific implementations disclosed in the 
expose the one or more electrical contacts disposed on the specification and the claims . Rather , the scope is to be 
first side ; means for depositing a second lamination layer on determined entirely by the following claims , which are to be 
the second side of the package substrate and a second construed in accordance with established doctrines of claim 
surface finish on the one or more electrical contacts disposed interpretation . 
on the first side of the package substrate , wherein the second 20 
lamination layer is to prevent deposition of the second What is claimed is : 
surface finish on the one or more electrical contacts disposed 1 . A method of forming an integrated circuit ( IC ) package 
on the second side ; and means for removing the second substrate comprising : 
lamination layer from the second side of the package sub depositing a first surface finish on one or more lands 
strate . disposed on a first side of the package substrate , 
Example 24 may include the subject matter of Example wherein the first side is disposed opposite a second side 

23 , wherein the means for depositing the first surface finish of the substrate ; and 
further comprises means for performing a Direct Immersion depositing a second surface finish on one or more elec 
Gold ( DIG ) process and the one or more electrical contacts trical routing features embedded in a die interconnect 
disposed on the second side comprise die bond pads . 30 region disposed on the second side of the package 

Example 25 may include the subject matter of Example substrate , the second surface finish being in direct 
23 , wherein the means for depositing the first surface finish contact with the one or more electrical routing features , 
further comprise means for performing an Electroless Pal wherein the electrical routing features are to bond with 
ladium Immersion Gold ( EPIG ) process and the one or more die interconnect structures of one or more dies , and 
electrical contacts disposed on the second side comprise die 35 wherein the second surface finish has a different chemi 
bond pads . cal composition than the first surface finish . 

Example 26 may include the subject matter of Example 2 . The method of claim 1 , wherein the depositing of the 
23 , wherein the means for depositing the first surface finish first surface finish is accomplished by a Direct Immersion 
further comprise means for performing an Organic Solder - Gold ( DIG ) process . 
ability Preservative ( OSP ) process and the one or more 40 3 . The method of claim 1 , wherein the depositing of the 
electrical contacts disposed on the second side comprise die first surface finish is accomplished by an Electroless Palla 
bond pads . dium Immersion Gold ( EPIG ) process . 

Example 27 may include the subject matter of any one of 4 . The method of claim 1 , wherein the depositing of the 
Examples 23 - 26 , wherein the means for depositing the first surface finish is accomplished by an Organic Solder 
second surface finish further comprise means for performing 45 ability Preservative ( OSP ) process . 
an electroless plating process and the one or more electrical 5 . The method of claim 1 , wherein depositing the second 
contacts disposed on the second side comprise one or more surface finish is accomplished using an electroless plating 
lands . process . 

Example 28 may include the subject matter of any one of 6 . The method of claim 1 , wherein depositing the second 
Examples 23 - 26 , wherein the means for depositing the 50 surface finish includes depositing nickel ( Ni ) . 
second surface finish further comprise means for depositing 7 . The method of claim 6 , wherein depositing the second 
nickel ( Ni ) and the one or more electrical contacts disposed surface finish includes depositing one or both of palladium 
on the second side comprise one or more lands . or gold . 

Example 29 may include the subject matter of Example 8 . The method of claim 7 , wherein depositing the second 
28 , wherein the means for depositing the second surface 55 surface finish includes depositing gold using an electroless 
finish further comprises means for depositing one or both of nickel - immersion gold ( ENIG + EG ) process . 
palladium or gold . 9 . The method of claim 1 , wherein depositing the second 

Example 30 may include the subject matter of Example surface finish includes depositing imidazole or an imidazole 
29 , wherein means for depositing the second surface finish derivative . 
comprises means for depositing gold using an electroless 60 10 . The method of claim 1 , wherein , after deposition , the 
nickel - immersion gold ( ENIG + EG ) process . second surface finish has a thickness of less than or equal to 

Example 31 may include the apparatus of 23 , wherein the 500 nanometers . 
one or more electrical contacts disposed on the second side 11 . The method of claim 1 , wherein depositing the first 
comprise die bond pads and the means for depositing the surface finish includes depositing nickel ( Ni ) . 
first surface finish further comprise one of : means for 65 12 . The method of claim 1 , wherein depositing the first 
performing a Direct Immersion Gold ( DIG ) process , means surface finish includes depositing one or both of palladium 
for performing an Electroless Palladium Immersion Gold or gold . 
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13 . The method of claim 1 , further comprising : 
depositing a first lamination layer on the second side of 

the package substrate , before depositing the first sur 
face finish , wherein the first lamination layer is to 
prevent deposition of the first surface finish on the one 5 
or more electrical routing features disposed on the 
second side ; and 

removing the first lamination layer from the second side 
of the package substrate to expose the one or more 
electrical routing features disposed on the second side . 10 

14 . The method of claim 1 , further comprising : 
depositing a second lamination layer on the first side of 

the package substrate , before depositing the second 
surface finish , wherein the second lamination layer is to 
prevent deposition of the second surface finish on the 15 
one or more lands disposed on the first side ; and 

removing the second lamination layer from the first side 
of the package substrate . 

15 . The method of claim 1 , wherein the electrical routing 
features include die bond pads . 20 

* * * * 


