DECREASES THE PACKAGE RESI STANCE FI ELD [0001]Integrated circuit
packagi ng. BACKGROUND [ 0002]Integrated circuits in the formof a chip
or die ar | encl osed by a package that is nou

printed c?‘?@gﬁé%%%(d The package has a nunber of ext glﬁcﬁlgvézg%smygsg%s
on, for exanple, a |land side of a package substrate that are
connected to the printed circuit board and dedicated to the various
power, ground and signal pins of the integrated circuit. Typical
techni ques for connecting contacts of a package with 'contacts of a
printed circujt board include solder ball, pin, and socket

techni ques. In a si AMETHOMOFSUBSTRATEMANEFA COURECIHAT by
solder balls that are a { Cld | ands of the
package substrate, a tyb@ﬁggggé@gﬁ%@m%tiﬁ%nd grid
array (LGA) package. [0003] A package substrate typically has internal
routi ng | aydBLihi ch connect external |ands to contacts on an
opposite side of the substrate package that are connected to the

i ntegr at ed %‘ffﬁri t RaRhi ngs,_gtp@gaéigé_er nal routing |layer typically
contains separate layers for a ground bus, a power bus and a
plurality of signal l|ines. The various | ayers axe connected to the
external la ng I} hat extend t hrough the substrate. [0004]In
general, the anount of current required of a die determ nes a

per f or mance [0§02§ he hteprailell cpradisdgeher fosn of anbip drslidarg lypicalilyreaniosdd e

in the package w |l be reduced an he C I A L¥e
mor e poner - et PamBENEE & s fen SR ARG TR GhcRh i iyt bf
function at eatdroaieontpasen, foeexpmpld, Sandside 6f apddkse subsuale tiphare
objective is to vel.op a |ow resistivi

above, a pacRad cgeg‘,i sﬁf%)%rt“éte ﬁlgcurei‘rt}qtsa%dp?déf ééegg%ﬁe?tq ?\%e %@ggéégﬁgg‘tﬁg&%r
di ssi pat i on antitsipnelgsipect tht integreted cirayier Bypisal geheigaby for pommegtig covects
of the

of a package with contacts of a printed circuit board include solder ball, pin, and
socket techniques. In a situation where the contacts are not formed by solder balls
that are attached to conductive contacts or lands of the package substrate, a typical

package reference is as a land grid array (I.GA) package.

[0003] A package substrate typically has internal routing layers which connect
external lands to contacts on an opposite side of the substrate package that are
connected to the integrated circuit chip or die. An internal routing layer typically
contains separate layers for a ground bus, a power bus'and a plurality of signal lines.
The various layers ave connected to the external lands by vias that extend through

the substrate.

[0004] In general, the amount of current required of a die determines a
performance of the die. I package resistance is high, current flow in the package
will be reduced and the package and die will require more power. If resistance is
low, the integrated circuit die can function at a lower power (e.g., 1.3 to 1.5 volts).

Thus, one objective is to develop a Iow resistivity package.

[0005] As noted above, a package substrate has multiple conductive layers and

power dissipation with respect to these layers is generally minimal. Most of the



power dissipation of a substrate package occurs at the contacts. or
| ands. Thus, in one sense, the | ands determ ne the overall

resistivit ackage substrate. [0006] According t )
process, t 8(}2{53%02%?1% conductive | ands of ft package su@s@% eﬁyﬂgﬂié)

copper coated structures. For exanple, a copper contact fornmed in the
subskrat e package is coated with a layer of nickel, followed by a
coating of palladium followed by a coating of gold. BRI EF

DESCRI PTI ON OF THE DRAW NGS [0007] Figure 1 shows a conputer system

i ncluding m croprocessor enclosed by a package mounted to a printed
circuit boardwet 8948itingiTE5uBstEOpRk Agesbaiat ihe conms!s-os aikls.oTals, i de

view of a land on a ckage substrate. [0QQ9LFi gure 3, sho a flow
chart for f&“ﬁf?ﬁeﬁggf"r"ﬁﬁjgf’tﬁ%%th(?r?"ﬁmfl%ﬁsdﬂs'}’tyé’g%&cwﬁﬁgess\%gw%t e.
DETAI LED DESCRI PTI ON
[0008) According to a current process, the external conductive lands of 2
package substrate are copper coated structures. For example, a copper contact

formed in. the subsirate package is coated with a layer of nickel, followed by a

coating of palladium, followed by a coating of gold.

BRIEF DESCRIPTION OF THE DRAWINGS

[6o07] Figure 1 shows a computer system including microprocessor enclosed

by a package mounted to a printed circuit board.

[0008] Figure 2 shows a schematic cross-sectional side view of aland on a

package substrate.

[6009] Figure 3 shows a flow chart for forming coating layers on a land of a

package substrate.

DETAILED DESCRIPTION

[0010] Figure 1 shows a cross-sectional side view of an integrated circuit
package that is physically and electrically connected to a printed wiring board or
printed circuit bosrd (PCB) to form an electronic assembly. The electronic assembly
can be part of an electronic systern such as a computer (e.g., desktop, laptop,
handheld, server, tc.), wireless communication device (e.g., cellular phone, cordless
phone, pager, etc.), cornputer-related peripheral (e.g., printer, scanner, monitor, etc.),
entertainment device (e.g., television, radio, stereo, tapes and compact disc player,
video cassette recorder, motion picture expert group audio layer 3 player (MP3),
etc.), and the like. Figure 1 illustrates the electronic assembly as part of a deskiop
computer. Figure 1 shows electronic assembly 100 including die 110. physically



[ 0010] Figure 1 shows a cross-sectional side view of an integrated
circuit package that is physically and electrically connected to a
printed wr] d or printed circuit board (PCB) to ;
el ectroni C&Q@g@#ﬁ%g The el ectronic assenbly can be parl%@félpgzg'sr’lkm‘m”
el ectroni c system such as a conputer (e.g., desktop, |aptop,

handhel d, server, etc.), wrel ess comunication device (e.g.,
cel l ul ar phone, cordl ess phone, pager, etc.), conputer-related

peri pheral (e.g., printer, scanner, nonitor, etc.), entertai nment
device (e.g., television, radio, stereo, tapes and conpact disc

pl ayer, vi depdcheaRhlI§ cbReofed@s padhajd Qbspite | DO.eDEXIIENik aginegraed dirouit
| ayer 3 player (MP3), etc.[), and.the |ike. Fi yre 1 jJﬁl ust rates t he
el ectroni c A4%&REh 3F RRIGARIPCEPOrMig baying 0’6?17‘?15’3%%5?&“%‘9 LPE <t §hows
el ectroni ¢ gageEhhactd D& doRfedict dthotliedgblifld opitipst/Qaphtysigndl external to the
2007/ 078799PCT/ US2006/ 047639 and el ectri gﬁl | y connecft ed to gacﬁgge
substrate 12He thepyghyimigroaanel lings ogeRtag 139 RGP LX§E s'étgaccﬁ Of g1l 10:

Mi Cr Opr 0Ces SBntke1 30 AU} B alifred vantdmtRts MOaRKisd O, foi éxaadply, @slic bump
i nt erconnected or connect ed toogower/ r%und Qr ig,o%ﬁqét%)u sk nal s
external to MY OBiaB STk §HTRGEAL PRERRE BYPSIRR 20 BT &t L HSE"Sn an
external surd.gae@i20bgholitOa sleditleagdisdid@EontRys DB At lgdednacts 150,
contacts 140 nmakin r exanpl

up, , f e, di e, pu | a on_an. ext er.nal
surface of &é@?@ﬁﬁég%ﬁ%‘zpr"gﬂa@dﬁﬁ.“@ 5§ Wk%& gErBPS @:ﬁ%&g‘é‘a% 0% g%e‘raat? e
120 opposi t excanédd bhekeRe i1 MO toiclidug voardt 80t Such 46 aacthdranatd oo nthactiscuit50.
Connected tg each of l'and contacts 150 are sol der bunps 160 that may
be used to dffect package 170 to circuit board 180, such as a
not her board or other circuit board. [0011] Figure 2 shows an exanple
of one of tHheoinand Fmirectshows ah keamppic khge fithstandicenteéts Ff thgmackage
Figure 3 describes a.repres IqV o l09sot BH;
| ayers on a s&'ﬁ?ﬁtfag%?ﬁ?f%? |'erir ?ﬂ%ﬂ.%g @F%&ggg‘fi’r{%’%@%&{gﬁﬁ?& ss'?lr ate _ 1201@
i ncl udes | ansbatingiayetssonlbdbnerat hReferrinigite Figure Rupakagoinbaieate 120 ifchidae d
in or on package substrat : t i t 0 bas a
nunmber of cgl ?ﬁ‘aﬁ’i‘cgf/ggr@'a%\l}éo?Ig'g}]?%glﬁcélﬁg%rc? gcglp%g}% %‘Bg&;%rc?%ep% as 8
vi ened) . | n mberaed2 hsre nontac poindcCoRa 2418 hana shoberdf capling @B#duct i ve
material such as.copper of an I ane CboAGhent 1QOniRY 2 6
separ at ed bymfa‘{3 jy}é{lgeag{glr%gh{aa% Ss@ﬂg%c%%gg eaggj?su osflter ate 12% t h?lough asan
di el ectric neltaricaly, condudtivesnaterig) shghmasrcopper@r an pley pihsapey:. feanssct 410

[0012] Overlyjn - SZJ,Pmpa(c JeWRbsitid EPIRASuph £LABEiL S
first coati nrga?gé‘%efpﬁ%%cf%{%&%%ﬁg%@g%ﬁtm. %er.e cont act 210g“i S a [
copper nat ermaferial, suct ascqmiymer (E@y@plyhpple) materiglhckel material formed.
Referring to the process flowin Figure 3, process 300 includes

deposi ting aghiist eRRLIyHE 4 A¥REe SLEIMAS2 D @it6K QlrfP8kLE Viedledpn fastl and
contact of a package substrate, such as | and contact 210 of atikfage
e b (pagl e

substrate 126ratipgdayer 33Q)In anreohadanent ylers GRagEHTL S & TEPY T

co ?t i _ngI | ay e§oha%g ?aﬁ@i* Qt@ills arttﬁa@all inﬁ'ter%ﬂfdi’m_actl._(iné\ieﬁﬁig ofth@pogndiow in
material is throtgh an el ectrol ess deposition process. .
[0013] Over | yFigyre grgrp%saaw Hljﬂ‘%d&?é?l’%_ peia “ftfﬁé’gtﬁg_r %&’?ﬁﬁ”@h 8t 2 Bicktl e 2
o ol d The e 8 B el e dapoat L1 g
a first gol dPeckpEs subsiaiRd2e (higgk %@S‘c Prg tchwe for depositing 4 fisst Conting

layer of a nickel material onto a contact of a copper material is through an

electroless deposition process.

[0013] Overlying first coating layer 220 in the structure of Figure 2 is layer 230.
Layer 230 is selected, in one embodiment, of a material of gold. The process flow

described in Figure 3 includes depositing a first gold layer on the first coating layer

3



(bl ock 320). One technique for depositing a gold material is through
an electroplating process. [0014] Overlying |layer 230 in the structure

shown in Fﬁgg%@z/o%s%? | ayer 240 of, in one enbodinent, (Pll%é B30
I um

material. Process 300 of Figure 3 includes dep03|t|ng pa ayer
on first gold layer (block 330). In one enbodi nent, palladiumis
deposited through an el ectropl ati ng process. [0015]The deposi ting of
palladiumis followed by a deposition of a second gold | ayer (bl ock
340, Figure 3). In one enbodi ment, the second gold | ayer is deposited
by an el ectropl ating process. Figure 2 shows overlying |ayer 250 of a
mat eri al of (gokE3zo)ens tathnliquedor E=40sitifif agold thaes4lris drough mhown in
Figure 2 inc|udes | ayer 240 sandw ched or di sposed between | ayer 230
and | ayer 25 CUP%Q ﬂ%?%??ﬁ1 of gold. [0016]1n one enbodinent, a
coating of nickel (N)/gold (Au)/palladium(Pd) is deposited to the
fol | ow ng t lidmKhessOserlPing Byer 2cindhssirusbirosioms wikienre 2 dagr G40 of, in

moron: AU 9n@RuoGinfih o palifhithn hllefkiN $30ectl 300 MBIROS IncfudEORoBink "

this exanpl éme I'S conposite coating is conpare
to a prior aalladioatlayey ontfirsti goldigys: (Blogk 88 dn wihe Rebodignegt, paliadivwg is

pal I adi um ad@g%ﬂte?ﬂuoﬁ °&88£&p2¥&§§r&c%$@°5' te thickness of 5.73

m crons, a pr i-on n a resi the conposite stacks would
be the stack with the addi t] Onalp@?@gllyg’ﬁl atyer woul d have_ a hj gher
resi stance 480341t hi Ekedenpsisiag of Rlleyied BY; 2 4RPREAN0T & second gold

resistance mighinBa: PG Highed)! & St ditdRghent] the B@e%nb Ysi] r&wﬂﬂdéﬂwﬁean

el ectronic structure (e.g., a work function) he netal is sy

that tunnel ibygnoflectogtating aeccestr JUGRr et dows %%X‘F%laé’fe’é%@ ola @é@flglrof

when the pa réo?cﬁb%ﬁ@%]ﬁ&q,r%m ThEAREMRlas: aﬁwﬁm‘;g@&edz 1nauﬁr-,§1a§a 240
described. [0017] ] recedi ng detaijl ed descri on, %{ﬁe e IS

made to s peéﬁﬁ‘i‘ﬁlcb?ﬁﬂ@kﬁ‘ﬂi?ﬁ?%b?tl’{é@b]éi’ er 230 agg faver F‘at
that various nodifications and changes nay be made thereto W|thout
departing friomethe bieadanbiinnent] a asuting 0 piekelf(Nitgold Ll ladiuod GHdris.

The Spect el an and i Rt ke85 SGh Rl 1R 094 RIALASA 4 o1

1. A net hod meagr: iAsi 0106 micron. A total thickness of the composite coating in this example,
is 5.75 microns. I this composite coating is compared to a prior art coating utilizing
5.6 microns nickel, 0.8 microns palladium, and 0.6 micron gold for a composite
thickness of 5.73 rnicrons, a prediction on a resistance of the composite stacks would
be the stack with the additional gold layer would have a higher resistance as a
thicker stack. However, although an overall resistance might be predicted to be
bigher, it has been found that an electronic structure {(e.g., a work function) of the
metal is such that tunneling of electrons through the composite stack is easier when

the palladium material is sandwiched between gold layers as described.

[0017] In the preceding detailed description, reference is made to specific
embodiments thereof. It will, however, be evident that various modifications apd
changes may be niade thereto without departing from the broader spirit and scope of
the following claims. The specification and drawings are, accordingly, to be

regarded in an illustrative rather than a restrictive sense.



formng a coating on a | and contact of a package substrate confi gured
to connect to.a circuit. die, the |l and contact conprising copper, the
coating conprising a first material disposed between a first |ayer

and - assecond nd each o f the first |ayer and the second | ayer
bei ng made of @@éé&ﬁ “-}F’éf-’grl al conprising gold. 2. A method

conpri sing: - {0&Method édlﬁ?hsﬁﬁatl ng on a |land contact of a package
| and cont ac ri sing copper; and formng a second

substrate,

coating on t h%lllﬁﬁﬁ a&ﬂﬁ@é’tmb@)ﬂﬁ}ﬁ eoIHgChOTa package wiisiaiali sposed

bﬁt ween adf i r stedrdfigairednd cansectonda lcipceit dieaclhe Q{nd Benthtt st | ay|e(rj and
t he secon sin o]

3. The net hod ocgﬁlcl:?ﬁg]rﬁgr &ﬂ&%r 0[{1e?:o?ﬁﬁ9%ﬂ i@%%g&% Wéf)gg"ﬁ%rl sgsgnl ckel .
4. The method dtaleisnased befirepns ﬁf&tW¢fa¢1§tabﬁa©@¢ lalereadpr i ses

pal | adi um and tehehodahé figtlayer andchaseqoallapes béihe nimiehefd furt her
conpri sing: priaf-hHa4f; ﬁE’{@rp@CEQﬁ’ ﬁgrg,% oati ng, Form ng a first

coating conprising nic iod of claim 2, wherein
form ng a firktA osdbodgoouymminges eI ect rodep05| ting e first | ayer and

h d | T d

ect rodeposi t?*ég{%%na ﬁgﬁ Qfﬂﬁfﬁ’t PBce dopf st of 0P EASE par atus
conprising: a Bab ik foated rongarsiagcerpenmist to a circuit
die, the paclf@ﬂﬁnﬁuéaﬁéé&fcﬁc J}E(élfﬂ{eglaﬁd%ﬂ@th&xloog jipagd contact s

conpri sing copper contacts

er el
conprises a fi ﬁtla%r&ﬂ’ﬁ 1385’88 beEgesA Bésétlﬁ‘f’rﬁanfjr?es%%@nd coating
conprising a fiayst, em:rheot thle fGiis$ payes 2oudl hetseeend dayéristingayer and a

second | ayer, gﬂ@evme{ ebdbdd@atd At &Qﬁﬁhﬁ Jd3qdi sposed between the
second coati ng ? %&%J and contact edch, o tche first layer and the
second | ayer Sh&fifgn of ClRlRed.oN e??dﬂéh@ﬁfbfc@ﬁimgs'i?@m gol d.

prises nickel.

4. The method of claim 2, wherein the first material com-
prises palladium and the coating is a second coating, the
method further comprising:

prior to forming the second coating, forming a first coating
comprising nickel.

5. The method of ¢laim 2, wherein forming a first coating

conmprises electn odepos1t111rr the first layer and the second

' layer.

6. The method ot claim 5, wherein electrodepositing com- -
prising electroplating. ’

7. An apparatus comprising:

a package substrate configured to connect to a circuit die,
the package substrate comprising a plurality of land
contacts comprising copper, wherein each of the plural-
ity of land contacts comprises a first coating and a sec-
ond coating, the second coating comprising a first mate-
rial disposed between a first layer and a second layer, and
wherein the first coating is disposed between the second
coating and the land contact each of the first layerandthe

second layer being made of a second material compris-
ing gold.



S. The apparatus of claim 7, wherein the first coating conprises

ni ckel . 9. The apparatus of claim 7, wherein the first materi al
conpri ses palladi um 10. The apparatus of claim7, wherein the
plurality of contacts conprise a first plurality of contacts on a

first side qf ack substrate, the package, substrate further
conpri ses agpﬁ}? éPBfiV't g@t‘b‘ﬁdﬂy é’élh?rﬁﬁ"f §1ed%550%?éét§*\%91€pp05| te side of
t he packageisesubiteht e, the apparatus further conprising: a chip

coupl ed to pheypl , 4 Just }51 %Ilalﬁ?c’f)n\g'hgfenxg"’}ﬁé Qﬁb&ﬂ%%rpgxsys'[ em

conpr|3|n8 a co Ice coﬁprls ssor;
printed cFPBRIECHHE a 15Bd a substrate, wherein the nlcroprocessori

s gorpl ?d tl)OtQ‘ﬁepﬁpﬂﬁrﬁﬁlscbffé%ﬁnbPafoﬁeEé”'ﬁQHggplgtﬁﬂl upstrate, the
substrate, i i si ng copper,
wherein e &T%WB;S c%%x@ﬁn?euggxﬁ );{uta?f é’ﬁ&gfé]g‘ﬁfsa@ %r‘?’b qn&;s a first
coating aht¥f Ba%l‘%nﬂ Hiendle pRekage 6h Stl‘f’ﬁﬁt IHCE SI9BR1 sing a first
mat eri al pnsepm}eldraidgmcanﬂcnstactmen sarthdeopgecitedideayer, and
wher ein t@ﬁtHe'ﬁa%‘kaG@%th'@aﬂesﬂ?é ﬂlsbﬁﬂl‘fé?@oﬁgﬁm‘iﬁ@ond coating and

t he | and cont act eaci of rd Ia er and t second | ayer being
nmade of a s&€ &%‘éﬁlﬂ%ll 1‘%8#}5 1% ah 5‘6‘(511 .contagy. The system of claim

11, wherei mt.hesfiest C@@@ﬁ-jsﬂm conprises nickel. 13. The system of

claim 12, wherein.the first matectial conprises palladium
a computing device comprising:

a MiCroprocessor;
a printed circuit board; and
a substrate, wherein the microprocessoris coupled to the
printed circuit board through the substrate, the sub-
strate comprising a plurality of land contacts compris-
ing copper, wherein each of the plurality of land con-
tacts comprises a first coating and a second coating,
the second coating comprising 4 first material dis-
posed between a first layer and a second layer, and
wherein the first coating is disposed between the sec-
ond coating and the land contact each of the first layer
and the second layer being made of a second material
comprising gold.
.12. The system of claim 11, wherein the first coating com-
prises nickel.
13. The system of claim 12, wherein the first material
comprises palladium.



