METHOD, APPARATUS, AND SYSTEM FOR PHASE CHANGE MEMORY PACKAG NG BACKGROUND
The assenbly process for phase change nenory packaging may include a nold 5
process that requires the flow of a resin-based nold conpound at high
tenperatures. For the nold process, high tenperatures are achi eved by
heating a material to a setpoint tenperature, which results in heat
transfer fromthe hi gh VERFHOD,KRPARAIIURIAND S pMase change nenory die.

chal cogent de-mat or | aPORMPIHSTFPTASHE MERLERY, BReREING, bt stored in
t he phase change 10 nenory devi ce. BRI EF DESCRI PTI ON OF THE DRAW NGS

A better understandi ng of enbodi pptgGROUNE present invention can be
obtained fromthe follow ng detailed description in conjunction with the
fol | owi ng dr aWiewgsembly pwgviesshfor pBAsk ghange maneory patkseivganaginalde pin@dr at i ng a

ermoat nonpecs BAPHEETh: 80y o ARG APAT TR s BPPLIM b PR acki ng

confi gurtat hid peeessdhigh tdnfpsaiRrs ardartlicrebgheating a material kb guetpoidti s a bl ock
diagramillustrating a die stacking configuration according, to 20 sone
enbodi meAmgerature, whigh resyles in heat t‘&‘“@%ﬁﬁﬁm the gﬁirtappwgt%%%?ﬂgh@ﬁaéph%ﬁm y die
t enper at V, I J i {

F gar e &R R e P Bl Y e
change rtherchiajcagenide diatgial o tho wiicemirditicinealy stasin5 bitg stoecdanitiee plras¢ Changer at i on
of a (zyst em according to some enbodi nents. DETAI LED DESCRI PTI ON In
the tO1 IBAPNY G€EEr i ption, numerous specific details are set forth.
However, it is underst @rIEF matSEUiPOtONEDE $HOf DRAGVINGSNt i on may be
practiced without these specific details. In other instances, well-known
circuits, strubetipagdepigndiagRhpghedmeatsol i prpgahinvention can be obtained

from the following detailed description in conjunction with the following drawings, in

which:

15 Figure 1 is a block diagram illustrating a die stacking configuration for phase

change memory according to some embodiments.
Figure 2 is a block diagram illustrating a die stacking configuration according to
some embodiments. -
Figure 3 is a block diagram illustrating a die stacking configuration according to
20  some embodiments.
Figure 4 is a graph illustrating phase change memory die temperature versus mold

process time according to some embodiments.

Figure 5 is a flow diagram illustrating a packaging process for phase change
memory according to some embodiments.
25 Figure 6 is an illustration of a system according to some embodiments.
DETAILED DESCRIPTION

In the following description, numerous specific details are set forth. However, it is

understood that embodiments of the invention may be practiced without these specific
details. In other instances, well-known circuits, structures and techniques have not been
30 shown in detail in order not to obscure an understanding of this description.
References to “one embodiment”, “an embodiment”, “example embodiment”,
“various embodiments”, etc., indicate that the embodiment(s) of the invention so described

may include particular features, structures, or characteristics, but not every embodiment
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30 shown in detail in order not to obscure an understanding of this

descri ption. Ref erences to "one enbodi nent”, "an enbodi nent"”

"exanpl e enbodi ment", "various enbodi nents”, etc., indicate that the
enbodi nent (s) of the invention so described may include particul ar
features, structures, or characteristics, but not every enbodi nent
necessar NESESTaREY lighilos the parictilag fRafires, sudiviss or sharaeterytiss. Fusther, some
characte E : |1, or none of
t he feat t%llrngéal ggf#@e%%m%g le?)me?rﬁ} (g%léise?% gjélrﬁ)eeat(‘?o }d%l ng description
and cl ai empodihentser s "coupl ed" and "connected,” 5 along with their
derivatives, may be used. It should be understood that these terns are not
intended as s¥h %‘ﬁ YO 1BE descERtion mcalnae ﬂ)értem}Sn cpaled candacompstsdi nent s,

Conng(:t gdng 'w?tthﬁéfide ati9d GA ﬁr%eﬁl@ﬁf é@ﬂd%r%ocﬁf@%drﬁ e@tErmk éghBtECt
physical or~el ectri ca conf ac eac I'S use

i ndi cat eintémaltd amnonynmfce catleotbert sRaﬂmerplpqxaettoelanrem"bntlmeam, “gurinbcteditis ot her,
but they not be in djirec or e ectrical contact. 10As
naed i E e PR e ivecE mittneldaietls BpUEsiFRbaliie! Gatufey smBs G

adj ect i vefh'ofter.stCoupl &P GOOSE to Thditdtflthat 8 Lor mb@ MBS REoFrER TR bEMENT
nmerely indicate that different instances of |ike elenments are being

r ef er r edWith cachrpthery butibey may emaexnetdei ingirgetihasicaltors elesirsabennéacto descri bed
must Q eina ﬂk Y& iR %%5(%511 %rgéésfb‘?ﬁ r&/?s'ggg&g}’ %cﬁt’he%l @‘M t?l P}(CHIAI %Le%@xkesng’ or

in any ot her ‘manner. SCription I ncl ude
t euns, stfoht”aSetakt’, “thirdihtetc., tt@descbbe taonmmme:tcmamm,daerclyupmeﬁte t}hamwer first,

second, . that are ed for descriptive oses onl are._n to be
const r ue‘ghg’?nt RS é’f&lff% Flepeaissred el’t’g %’rﬁ‘aatri: Agt 1Pé“§‘tqd§?éﬁ\%¥ t tal

POSi ti Onhe @teefents%oee@rtb@ahh@ﬂbé/\tﬂearaval .Q:‘é}ﬁérfc% aueﬁte(rgforagl ky@iaftirihace) of a
substrate or integrated circuit is surface of hat substrate; the

subst r attankiag: cadn gy dthetypaingr.any 20 or| ent at| on so that a "top" side of a
subsigate maypbeql oer. ! ANt BEimPRLLART: SLASC 108 StAndARd Lerfest i al

frarre of reference € feani ’ng o ’top. " The

term Orbottaﬁl US@dul’ﬂEF aipper, ldvedrifiist)§edonds dte. thhtairgrageddoedesoptivadirpatte that a
first Iaygy a second layer is. directly on and in_imedi ate contact
with thén e%*r?ae palytape gapgaied gy imiting. g erppplg) feyms e gniting Fdaeemay be a

third | af)éﬁfcap;%os?&d?t%fé 3 MShMiSn %{e}‘@éeﬁlexlx&esnflé (o? bettr JPUES) O@qult)s}ﬁ% d&gﬁond

| ayer on the first |layer. The enbodi nents of device or "artic escri bed
her ei n caingibeedrimuif asdheu‘r‘@d” surad of trat smhsppedthersu‘astmtmtney aghalpolsd tianps and

t its.d . b dt
ge!scrl gglrlgntlé‘%on 1% tha%laevf’ge?de 8{/%\% e ater%?yﬁtbglgwefgléﬁm ) Igt\é%%d%ﬂi gatJ ?gns °

channel stan@r@ terrdstdl faMRTIREeRhE: St Aillop11 HAthiks tmgnmﬁcﬁg attedteehe%ﬁ omagneti c
radiation through a non-solid medium The term does not inp bﬂTé that the

associ atl 88 lHBY (e gs Herdisteie Grelingan thaglaies) degstmbingkcatnthaontirselbedi ment s
t hey m gyt DQond Ege&?'a{}‘é%gp&f An%i 1¥1“11'i1ﬁ4e \AE&E %YAC? g/lth' tfe ’s'e%ggd 4 etdtﬁﬁgsrs' be a

W rel ess device t I'n notlon I'S comruni ca
such is specifically stated there may be a third layer or other structure between the ﬁrst

25 layer and the second layer on the first layer. The embodiments of a device or article
described herein can be manufactured, used, or shipped in a number of positions and
orientations.

The term “wireless” and its derivatives may be used to describe circuits, devices,
systems, methods, techniques, communications channels, etc., that communicate data by

30 using modulated electromagnetic radiation through a non-solid medium. The term does
not imply that the associated devices do not contain any wires, although in some
embodiments they might not. The term “mobile wireless device” is used to describe a

wireless device that may be in motion while it is communicating.

-2



Phase change nenory (PCM is a type of non-volatile nmenory which uses the
properties of chal cogenide material to store information. The chal cogeni de
may switch between an anorphous state and a crystalline state when heat is
applied, thus allow ng programm ng and/or erasure of bits within the PCM
menory array. Phase change menory 5 may al so be referred to as PRAM Ovonic
Uni fi ed Menmor §h emmhpngedﬁ@nma(i’%féeﬁﬁ&@emﬁa@wl@émgmmwh UESSHAR) .

Figure 1 I t i ion for
phase. cngietied B B Mol Rl 8l M Ratel Bl PSRRI AU 00 o
used dur bagvepaak agibifoanstaRsse akhystallegutate s/hehaedtliowpptitd ahuediowibgsed nol d
conpound (106) at h| h 10 tenperatures. |In sone enbodi rrents the nold
process REEHBGUE S ?Oéﬁﬁ’é?f&t i PEs withingthe PEM emary a1g5 Ridge engenedry ow t he

mol d gompoungl, YMEAG IR @m? 104) ol d
chase are eatoé%qtg a p(Jr1e et elglm@nvg Egﬁlgg‘?m te (gt}g/t% hzh&y&hl 5 degrees
O, whi cRan@sm%tcsesstIW(CFMWer fromthe high terrperature nmol d

chases to the_package trate 08), die stack (11 112, 15 114), and
mol d conpound® gi’(ﬁ%?qsagﬂ’ d‘aigF?néBﬁ'ét %tiﬂ%’d‘? g%ﬂ%to%ir%t 1 iR RN%8y " i ncl ude
a | ower nﬂ%ﬁéﬁ@ﬁﬁﬁy dicavig &éc’(')}dm fbgémmm&wc"@ne Fof frbded) us@ndlirg | east
one phase change nennrg die 0) between the | owernost and upper nost

spacer dPakaging agdesseh ls/rra@léres dlilfeﬂqw vpa resimhasgd mqlu@fs(@r@poqxddlﬁ@tett bighof t he

d f

00 Ih2clBERYGL NSah SRl AR GIRG IR Ul 02 Surface
t her mal ammysmm}elﬁimgrdeb@ oltasethemasid eompomidy d| e. Thus, nost of the heat
fromthe nold chase will flowto theﬁg{gﬁ\cer di e &i“% QﬂéM) Mor eover, very

little surfacgUdpehcsrold REOchiTaan R ABAEET Fhase agshesdeddot o t he

mol d co Héierrﬁﬁed/%tp’mﬁﬂ tteltnb@rafh@@ 1ds A%%Tée@@?s\fvﬁl"cﬁ %&u% {rﬁﬁ?éak ¥afdr@m t he
nol d co% und (106) to the phase change nmenory " d (1 5 The si ze

and/ or dlre I@gh éqma@éatumreoldﬁha&@e tcuélp@achargeéubmg@c(lﬁ%b dlh:@taa;ktﬂbm 102,

t her i I uir r the phase change nenory die. In sone
enbodi ngggz%'?he gﬁ%@@ 5&2 %112 114) may be substantially the sane size

as t he phase lakamgeneidisntd e did 4@k mhp iliRra loWkatestepdcs: diclielppacer die
may be slightl¥ | arger or slightly smaller in size than the phase change
menory HPESIIIGS §R5E Arrblld) Ak leathaneipgpse dpngeanedry diafl 1va bsoracn &g ed

above anghmAel RN it RIS £IRN TG TEIDF $aCliid (1197 B of Moo piile adequate

thermal i nsul ation.” For ex ition spacer die may b ocat ed
bet ween boHem| dwkes dipstack pevent Imamg Ay pharsd chhezephaserychantlec lmegromuyfack e

(L10%, S AL T SRR T8 FRL B e fe hace

enbodl MgiHnSthe ﬁhds@)éﬁeﬁng@fméih&y@'ﬁé agmsnﬁb@trdfaﬂlelﬁ@yﬁbﬁl Bk ﬂi‘&&icmbmwlo@lﬂ ein
the die stack. For exanp re may be a |layer of die attach materi al

bet ween tq H& sagsadiedd &2, sldﬁ}stM@r@verwsr)y lgH e suface japsper! s phasp slvsge di e (114)
bet Wee“n{egﬂ;rbﬁ}wl 576551%] &%ﬁ%&ﬂoﬁ’l “r‘n&&%&% 8‘15}{41 é{.})]@er?? 3%&?%}‘19 %H&E%ecﬂ' €

(110) bet ween t ase change and the spacer die
(112) ?lfhectbsfeomfthearnbhlemrmjohlyd(mmtcat}nemgam @anagd metmorypdie 1 Al). nay al so aid

reventln heatln of t hase nor or .exa as the
n% rature etﬂﬁﬁag geym ré’efﬁaffr I‘ﬁ%’%%?ﬁé‘é&@ﬁg R theg uﬁ&%hase
Change R ARALYinSl1 i chQeqdiddd) for ﬁfé%a&e&ltan%é ABshef dithnpstahe EhBodhRnSt ek may be
initiated. However, because the die atfach nmaterial acts as an insul ator,

only sneacerie(hls | ) mhaske wbbtantialbuihe hrroagine ehibiedheseathpagshmampsr dial  ( 116)
to the Plh@? eInC&ﬁlé}%%lb%HR&Ms,%eesp(acjfélrod)ie may be slightly larger or slightly smaller in

size than the phase change memory die. In some embodiments, multiple spacer die may be
30 located above and/or below the phase change memory die in order to provide adequate
thermal insulation. For example, additional spacer die may be located between the

lowermost spacer die (114) and the phase change memory die (110). Similarly, additional



In sonme enbodi nents, the layer of thermally insulating die attach materi al
above and bel ow t he phase change nenory die may be sufficiently thick
to provide thermal 15 insulation of the phase change nenory di e w thout
requiring the use of spacer die (112, 114). The increased height of the die
stack by the addition of spacer d|e at the top and bottom of the die stack
(112, 113pacen demaybehecatddetiiesgdheophage shanig arempsy died 1 b9) avd|the ernesoosid ( 106)
durlng t gqﬁﬁgﬁ_gatlon process. The reduction in nmold conpound 20 ther nal
mass i npli e . smal | er anobunt of heat nmust be generated in the nold
cavity, whi chiresoakd @sbddomeits,rdagd of b attpgtemarridl ayes plnddbaRegedic in
tenperattglﬁ Thi s. may allow a further reduction in tenperature of the
phase chi®fgée siagkofipr gkample, there mamhfsa laygeot dicatiech pratsnigl beweeytheat i on

i1l USS'ff;%] Qagé“suﬁkt%ﬂéﬁo%) AR hahdw et tﬁ%d?é(ltlﬁ)eb%@e%ﬁ t}?é‘l%@«%ﬁné@%gge% di e

during the packagli ng process at n t 25 tenperat ur and may
prevent dibéltdenapeétiwtphase diangdmembasdic Chla)),@ldmetvmeyl thk pha‘se omngk siangpry o a

he chal UEGHMaR erafeane (7. ieise ShE vistndu RENEee fralGperioet andl or

| ower noshapRIees eid iflpeevedtld hela‘aiﬁlé oY phese%angmahb@nﬁé Bbd dxapldhgiheThese
die may be die fromscrap rocessed silicon 30 wafers, or may be die

from si |tPEBeraas af @eﬁpﬁay@r ﬁl&\fé hdidyiacrepisdeleagun e the ﬁh@@@wa@nﬁednem@ryohess

st epgg %u@és&%h&bgagson@a@ges e{@%&gﬁ ﬁ]g%x iR8agh. egwes;ﬂb é/ﬁaﬁge%ﬂé 81% to the

package substrate pernost and
spacer dittachmaytenial adreaseindaguiatoglohly scxmllpﬂrm@nmoﬁﬂmt paCkayg ehlsugisﬂlreaiﬁ@.

I n sone 0 one, of the, spacer die.( , 114) may be a functional,
non- phasagngh’a’ﬁ Eaﬁém’f?t@%ﬂlﬁ‘aﬁﬁ 6‘?‘6116‘?%%191%} xanpl e, one of the spacer
die may be angkhak em¥B&nRtsN - 1¥RY 8F iHefnMBMMEMai8Vi6 GitadiafteASl dobash
nmenory, a volatile menory device, or a non-nenory device, such as a

m cr opr geédslow, thaphﬁsemb@mm@nmerdle maybaphificengy devli @eﬁm‘@dﬁﬁmml control |l er
deV| t VIC pacer die
e eI? ;6 ?é’gﬁf J; cgeu% edlﬁévéﬁé’ﬁef (é %ﬁ e( Ll%%ce% |1;Z‘i sone

i nst ancés$4).may al so be el ectr| cally coupled to the phase change menory die

(110). The o non- unctl onal acer die mpy not be electrically coupled
to the packaégeé%%ﬁs? “éghtwfé%?@leé%ﬁ’égiyﬂﬁﬁdéhtm%ﬁs@%ﬁ% dig gt ghefopppdk di agr am

1T ustrghiang ot Ge %é@h‘l@gl PQ@IS'OQMB% 't}%“usfa% & oPNARAIE VBRGS: 6?%%’1 y (PCM

according to some enbodi ments. A phase change nmenory die (110) is stacked
on a spa@lepom‘lddl()d)ldﬂfl)rmerﬁheerpapkagwnsmmss atlee (edagion ihaydd sompomjide attach

mat rla 6 ma bet ween e | ower npost ac 4) and
e DublebhtEhe T g e AP b PR i e B R e BB RS Bt £ hna ¢ ne
| ower rTDﬁzlhlcﬁlFb@@Ellés iverihd of HedpperTdridslogebedid@ate %&chﬁ@ur%i f'ﬁl@l‘é e aflbw
preventing bit erasure during a reflow process. During a reflow process, a

hi gh t efr8thet RdEcEe aé?mperaWe%@e@ha%e awemalacm the package (e.g., on
the outer suipfacQfic Eﬂaam?g?ﬁr%ﬁggﬁﬁ?ogllguiﬁ?éggﬁ%%ﬂk '1 E?E)?’GSﬂt)ﬂhﬁéu)fs case,

t he | ower nost spacer die teria act” as
i nsul at bepht qhaegeencmdryrcec ﬂuﬂm@thefpladwgiﬂgmucﬂss thlewsubshtygtiealt o t he phase
¢ ha.‘29e temperra¥ures an(g rlnla(j)/)preven the tent}peraturc of the phase change memory die from
rising to a point at which bit erasure may occur due to a change in the structure of the
chalcogenide material.
In some embodiments, the uppermost and/or lowermost spacer die (112, 114) may

be non-functional silicon die. These die may be die from scrapped processed silicon
30 wafers, or may be die from silicon wafers that have not yet undergone semiconductor

process steps. While the phase change memory die may be electrically coupled to the

package substrate by bond wires (118), the uppermost and/or lowermost spacer die may

not be electrically coupled to the package substrate.
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20 enbodi nent may not provi de adequate thermal protection to the top of the
phase change nenory die during a nold process, it may be effective in

preventing bit erasure during the packaging process if an alternative |ower
tenperature nold process such as conpression nolding is used. Figure 3 is a
bl ock diagramillustrating a die stackin _coanauration f or phase 25 change

nenory (k PCM Hrwsrakinpdiserpmsc offsdbasntie (1ah Igpeenbse fuprdioapl, aoe (112)
i ' : 108) .
Loyer . ofisf SndeRRRRCRaNIE TR, N6 il ANt & REGKBARIEHIT RS S Change

menory dastiiel 1he dfmdnivoatiseipsinoat &v(ckD8)ch aafidsth@tmesn atvoritiphas@oghange

menory die (110) and the uppernost spacer die (112). This_enbodi nent nay be
ef f ect i VESVATS: BF @UEHIICHYBHEVIS Siliras adiHCTaNEOESIO PNEEpRNEPEEN R S PBIScess.

Durin : : f - .pa i 0N
(e.g.? ?ﬂﬁhﬁigﬁg?{s g%i?ﬂ%?ga%%gogﬁ{ﬂ%ﬁ%@%?ﬁ?%€fg8 ngﬁm%§%%§%§§§§a?o a
hi gh t ensperatdic mapbaskeetricklly ¢duptdaasies pachezeuspperat6lioss pad ér sahe (112) and

die attach materi al 1 act.as i | gt or,s t revent di.r heat fl ow

Chr ough- ERENEsaver e B e BalbgaunBn BPties s HeRsry SarEl 01385 wai 1 e
this enﬁﬂﬂéﬁ@éﬁ-ﬁﬁ%bioﬁh@%pé%@&ﬁ!e%y%?%‘@lte@trﬁcﬁlgf RIp1dAO HIRCH AR Abthiee ROt t om
of the phase change nenory die during a nold process or a reflow process,

it may bemsfaghadinpents.n preventing bit erasure during the packagi ng process
if ap,alternat. t. I : si on
nnldﬂ%g, and?%?xg%igﬂgﬁ?éfﬁgg%ggﬂP%&%@ggéﬁégggiﬁﬁ%§%§¥Fﬁ§9§§gﬁ%%$ocess,
such as dhasgrmbabty @RCM)cdrcomdin tusetic embodimenkd. QA pRasé chsnge racrapty die
illustrating phase change nmenpry die tenperature versus nol d process tine
for a d?(_i e Sared o Hmraicbndl o tipectohoaibsing ) Eemrapgé{eﬁﬁa% change
menory GhgedfAQP)o) nldiPHBEE] GRRRALHIBIRENosB&aBer i€ (MY AtdHHE slisst@ts0 shown
(404). If the tenperature of the phase change nenory die rises beyond the

saf e t erffpedarngretyadghe phape dhangelnpgsorsiée ¢1d 0) endpibe daweramostiipacedidbi t erasure
is Si ) r i screte,, unknsul at ed ase..change, nenory-di e, bit
or sy o (P TRR erhehRel o RN Al RURR B SPRPS RIS 40} 11 ses

beyond tpheesafBurigpeflatirecds4Qdigh Birdity sokletds flowed dnehabhakgldg ofhor t
period of ti Because the nold process ma uire ﬁdditional time to

suffi ci Sk hgrisde-2ava (R oML Helapprdthe shpdat to gtk balaftech nivkersp for an
uni nsul edwRHASE seRenge (ﬂ-ﬁi}g?’ggﬁ{)eyhatﬂbﬁgﬁféﬁal Hi1$h&ak Giuby. QUagh, the

&
die tenperature of an insu ase ange nenory die (%bG remai ns | ower
t han t hdirptidset ftdvatigeughetho sybssafedo tlenpesathange (0yy flior(11Q). Whiké fhicant | y

| onger ti than for a discrete se change. ry di 402) . .Thus,

| nooar FCE B bmag ao R ey Rt Ra g B e tisrofof BRI ands o
di e att aehosf didaiugihp almdTayrétebOW il fd fenle ld Foveming OMrRuf: duihgat d
process w thout causing data |oss in the phase change nmenory due to

t enper aPfkaZing grrcsts hpp aberaatijedower temperatyrg gpadd Brqcgsssueh ancUNRIGIHeR
iIIustrﬂ%hﬂ%gélgggkaging process for phase change nenory according to sone
enbodi nents.”"First, a layer of die attach material may be applied to a
package subsFigare3(SOBRock Aidgomne ilheshtingodiephakmgchafigeati@ntor phsgeacer di e 25

may .Lhen be placed o he dj.e attach terial (504). As describ bove
w1 RS cdpBes PR RN sccodile fuiibiriaro Chater N EPREP bR Vet | onal
spacer @iseick&@néh MPNasBehaR nede&ddicalibyof QPRti@de bdbstiR (PeOkageesupstrate or
other die in the package.
die attach material (116) may be applied between the phase change memory die (110) and
the substrate (108), and between the phase change memory die (110) and the uppermost
spacer die (112). This embodiment may be effective at preventing bit erasure during a
30 plasma cleaning process. During a plasma process, the top surface of the package
configuration (e.g., the top of spacer die 112 and substrate 108) may be exposed to a high

temperature plasma. In this case, the uppermost spacer die (112) and die attach material

(116) act as insulators to prevent direct heat flow through the spacer die (112) to the phase
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A second |l ayer of die attach material may be placed on the | owernost spacer
die (506). A phase change nenory die may be placed on the second | ayer
of die attach 30 material (508). The phase change nenory may be

el ectrically coupled to the package substrate, for exanple, using bonding
wires. Athird layer of die attach material may be placed on the phase

change nﬁﬁﬁﬁynﬁméﬂrgﬁdﬂNDAﬁVh%®@Wﬁ%§@XW@ﬁﬁﬁﬁ@@%ﬂ@ﬁéﬁ@é“WﬁWﬁ?9K§E@cer di e
may be plﬁﬁﬁ&%og % %1'3%0 tg'llnrcg' tllle;yh%lée a'iangé E‘A ona 81*% d%hg ’ g@éld E) vﬂlclégc or-l;he

upper nost spacer di e non- space may not be
el ectri cadfloy mrougk.admao bé bffecivesih padventaipdiiogragirhéuirichi the pﬁ]ckta@ﬁlg(jjr@ceﬁi ack. In
sone enbodlnents the die stack nay i nclude nmore or fewer 8 2%9

i || ust r atiéd ageglivg @Wﬁét@pepﬂéweéw.ﬁﬁr@e% RN CORPESROREPITIAG WIOTERI y an

Upper DS tdhat &Wéﬂéﬁgeﬁﬁ?&%ﬂ Q}a‘%@ﬁ%eé’s phase 1&'8@&9132165%1‘{03&8 ughige, or may

i ncl ude both an uppernbst and rmosf spacer die with one or nore phase
change nennrdemeeAmﬁdgmpbﬂhsnaﬁmmmmm@nmtgonwnmmyﬂmﬁanp@aamegaMBGDMductor

die | ocated bet th t and | Addi t || :
the di e WOSER Tty AL RGP Caner Bl S5 asDant an druf Seafaapianesr.
10Af ter fbgogl (ﬁe%4(&39kTB@ﬁhQ@@Ha@m@dsafge@inp@ﬁYur@@s ARPsHoReh 104, h@ die

stack during a packagi ng operation (514). In sonme enbodi ments, the
packagi ndje dpencattiisroiiegpivec shansp enespey dici réws beyond thresaleivpperaten 1(%04)1 he

k Th
g?c ) ' E%aéééiri’)r@r%@lﬁé tgﬁ d;?qgéfraﬁ?l?e AR AP RREL AL dJoQﬂbl%lr FoFE h{%ﬂe?&%ﬁ%&ﬁlgase € use

rnost spacer
chang e neme yhatlpenfermony tiealbit erlashre achymwu@ppmxnmatﬂlyrwm tbaodnqmratgrepjfoc ess.

Thi I d - h h

ooy ST e PSPl i Bl PO SRR AR o

Addi ti ongkiod of Bﬁféal}iﬁ%ads@ @EMbRI ﬂ}@céaétﬂﬁs;&e@ﬁre%a&mhmﬁﬁ@% Sati@edtBSifat the die

may be pre- ro&@anned prior to assenb inally, the ability to use high
o

t enper ataged ez ésopowd, bigeeastieris tikel fasp wenubsel ase ehapget he phase
chan Q? ¥(R§ckag|ng process may elimnate capital costs incurred by a
mgration to’l'Ower tenperature processes. Figure 6 is a block

di agram of a Asyi$luemtatepihdigigpht ﬂlem@teﬁm@dmmm‘hn idsnlas@iphaentindperent s, the
system may be a nobile wnrele%% devi The systen1§?y i ncl ude rocessor

(602) WHREROY SRdRP Listsans/pyenthian Hie %ﬁ Bge BIEMOEYy teﬂ?@%&ﬂ@é@%‘@éﬁ»r (602)
may be g . LHORADIERE! e t}%{?lefopé de@fe’?e 166 ORIRE BRAQS dle%@@fb af,uehi ch may

i ncl ude one or nbre cores, a digital signal processor or ‘anot her
type insulating the phase change memory die using one or more spacer die and/or die attach

20 material may allow sufficient time to complete the mold process without causing data loss
in the phase change memory due to temperature induced bit erasure.

Figure 5 is a flow diagram illustrating a packaging process for phase change
memory according to some embodiments. First, a layer of die attach material may be
applied to a package substrate (502). A lowermost, non-phase change memory spacer die

25 may then be placed on the die attach material (504). As described above with respect to
Figure 1, the lowermost spacer die may be a non-functional spacer die, and may not be
electrically coupled to the package substrate or other die in the package.

A second layer of die attach material may be placed on the lowermost spacer die
(506). A phase change memory die may be placed on the second layer of die attach

30 material (508). The phase change memory may be electrically coupled to the package
substrate, for example, using bonding wires.
A third layer of die attach material may be placed on the phase change memory die

(510). An uppermost non-phase change memory spacer die may be placed on the third
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of controller. The system may be powered by a battery (604) or may be
powered wi th anot her power source, such as AC power. A variety of
i nput/output (I/0O devices (614) nmay be coupled to the interconnect 30
(606). The 1/0O devices may include itens such as a display, keyboard,

nouse, touch screen, or other 1/0O devices. A wreless netwaork interface
(608) i néwaaehtle aifchrimatenvd (7 6o heappamest spaces difonaxbe snemrénctipadlc onnect

(606). T ac\é\f &1 l\Sl’?l%h hﬁ&%r @é:aeétﬁgﬁ ly dﬂ)gl?lﬁg?@ lsﬁbﬁlealte ddr her chlgxrthgv' rel ess

communi cat 1 on he system a evices. In one e nment, the
ant enna dﬁiﬁkknay be a di pol e antenna. The system al so i ncludes a

phase change nennry devjce in a stac package (620). The stagked phase
change menor y @R CENRLERERE thag wwgwgngwap@u§i%@gug Evfeye thany FSH@§Cribed

above swi [ FSeCftorteQarEf)lg%@%w]sta%m%' infladeon g éllﬂ{dét geylvens®y be built

into the syStem or be part of arenovab age medi um such as a
card foi spacacdionnd & plaa;se nhqngbenemmmdteedr ay m@uﬂedmth anappenpnssrapd @ar d

interf 612 h f i f
Cacked PRECEORRMSE RaHol YR e BB s PR (100 H PHas it ge

nmenory dblenosltﬂlﬁ&ﬁﬂlab&hﬁve@fmu%r 'dﬂﬂ@éeﬂ&%etﬁ@@h fhe hppemsandsweeﬁos@lg]]eceﬂ he die
stack may al so include one or nore |layers of a die attach materi The

st acked PpRadediipange ﬂme%rsgacl@eweeclv@z@yrerﬁaiewfdﬁm@%lﬁeﬁta@l raentls as
wel | gghovever g %%1 5&%@?@&& ALEmRRY H&éﬁig%@%@%ﬁ?& fhef éstgéksﬁ.lrg{e

understandlng met par at us ase C
menory papkigging operetldzﬁ(Sd 23 cllnmemé errrbodmmrrbs; $hcepmhagmg npes*ahdmmajn be a_bov e

description, nunero eci figc det aj re. set farth. weyer is
nder st oBa R Sur B e oy eEs e Redheins Shreithfiy RS Shke] 1 ¢
det ai | s. ogchatRbRREedIebidts@s. Wel | -known circuits, structures, and

t echni ques have not been shown in detail in order not to obscure the

under st andi ngllsfuseleif hedwpemqst paor IBrsetpsreprost digvellpaeiactdbephdsped wit h

ref ey ence aﬁ% rﬁ@ﬁ&j 418&%%%16 k%{d cecﬁ?ng %Qhﬁnégo}a%&% 1ﬁggrdc%§sh 1tﬂls mguever, be

evi dent 1 erson avun vari ous
nDdlflCaﬂmﬁﬁﬁeﬂﬁdmﬁh&ﬂgﬁ&ﬁﬁmﬁkbeepﬁﬁ@mﬁﬂ&ﬂﬂﬁ&ﬁdﬁm@@ﬂmﬂﬁmySwwﬁkﬁmh@m

et of . IHHBCIEEGORTEE G4 B AGE GG, LU g Ut NEE 1T Bar ded | n
an il usfah@driof@edtahdiRled URBNOR, 1HRSHE Gl b¥ BresfB8Rmmed prior to assembly.
Finally, the ability to use high temperature processes (e.g., greater than 140 degrees C) in
20 the phase change memory packaging process may eliminate capital costs incurred by a
migration to lower temperature processes.
Figure 6 is a block diagram of a system according to one embodiment. In some
embodiments, the system may be a mobile wireless device.
The system may include a processor (602) which communicates via an interconnect
25 (606). The processor (602) may be a microcontroller, one or more microprocessors, each
of which may include one or more cores, a digital signal processor (DSP), or another type
of controller. The system may be powered by a battery (604) or may be powered with
another power source, such as AC power.
A variety of input/output (I/O) devices (614) may be coupled to the interconnect
30 (606). The I/O devices may include items such as a display, keyboard, mouse, touch
screen, or other I/O devices. A wireless network interface (608) including an antenna

(610) may also be coupled to the interconnect (606). The wireless interface (608) may



CLAIMS W claim 1. An apparatus conprising: a package substrate; and 5a
plurality of stacked die on the package substrate, the plurality of stacked
die including at |east an uppernost die, a |lowernost die, and at |east one
phase change nmenory di e between the uppernost die and the | owernost die,
wherein the uppernost die and | owernost die are spacer die. 2. The

appar at usnabie edllalatron othpwirpless eonrpunisitiog betvpiearthe systenpand efperrdevises.alndi e

attach 10 materj.al erein of the i of layers of the die
attach nﬁ?%??@%hgfﬁ%égﬁggﬁn%ﬁg%ﬁggﬁéﬁg‘ﬁ%%éé%g%%'and t he | owernost die, and
each of the ofhesysteaygks irfuddi @ phidatngrahahbgldedice ibgttaciend witikgked di e.

3. The apparatus of claim 2, wherein the uppernost die and the | owernost

die are HB0)-eletirskedphisechupcapenerydssicp Raskage mayPats atls stagk syc
t ~C e o )
appar g uﬁltapcflesgxilﬁééllrgggv%%ﬁggggct tQ %1%.\2&3];, @g?,acir% gl:}ﬁaﬂerh&?/ deONe %@l@ are

non- oper ati1 ona par at erei'n one
upper nosintaihe sgsteing drendoheparosia dinevilde atorapeenaturonalkch dewicard famad fadhar ei n

the other of the uppernpst die and the | owernpst di.e is,a non-pperational
die. 20 GatHay AP 8o GG memgienE] Fie Hee Kﬁﬁﬁimf PBELRT & and t he
| ower nosjtdfgcare to protect the at | east one phase change nmenory die from

heat induced bit erasure during a packaging process. 7. A method
conprising: Insome endodhéniy the phaked phasy chbingdiracropryalopise kel naybselpde e, t he

P8l kR 00 B o B MBS EER g, o
and The die stack may also include one or more layers of a die attach material. The stacked
phase change memory device (620) may include other elements as well, however, those
components are not illustrated here for ease of understanding.
Thus, a method, apparatus, and system for phase change memory packaging are
15  disclosed in various embodiments. In the above description, numerous specific details are
set forth. However, it is understood that embodiments may be practiced without these
specific details. In other instances, well-known circuits, structures, and techniques have
not been shown in detail in order not to obscure the understanding of this description.
Embodiments have been described with reference to specific exemplary embodiments
20 thereof. It will, however, be evident to persons having the benefit of this disclosure that
various modifications and changes may be made to these embodiments without departing
from the broader spirit and scope of the embodiments described herein. The specification

and drawings are, accordingly, to be regarded in an illustrative rather than a restrictive
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applying heat to the plurality of die during a packagi ng operation. 8. The
met hod of claim 7, wherein the uppernost die and the | owernost die are not
el ectrically coupled to the package substrate. 30 9. The nethod of claim7,
wherein one of the uppernost die and the | owernost die is an operational
devi ce and wherein the other of the uppernost die and the |owernost die is
a non-operational device. 10.The methaddM¥ claim 7, wherein the packagi ng
operatio a mol d operation. 11. The nethod of claim7, wherein the
packaging/‘%ﬂthlon is a plasma operation. 12. The method of claim7,

wherein {he pﬁﬁ%ﬁ&hﬂgsgﬁﬁﬁﬁ&hgn is a reflow operation. 13. A nethod,
conpri sing: appl |ng a first Tayer of die attach material to a substrate;

Sstacking a fap gpubstiratgiaadon the first |ayer of die attach materi al

appl ying a seg upahrjx#sta&%d eSO BENTRLBLERL h0ph Bl brshasaager di o

stacking a pha e Clrange menor e Séeconh ayer- o

mat er i alintladingrarleastdin@ipptdedst dlanﬂloa\mmhmtnige hadtt 1tamstbhephhse chzn@ek during a
packagi ng operatijion. 10 14. The ngthod of claim rein the packagi ng
oper at i OREPSIYALE Bt Bisapaeimnst dipgnd (e lraerpest i ehgein S UPpefpioRgie

conprlsu&glgwghxkp@wqwgﬁhggwﬁgyer of die attach material to the phase
change nenory die and acking a second spacer die on the third | ayer of

die attakh nalerapahrabeM chiragpfythegcdneprisinga phiealdy ef kiyvers kf ddid sigcla
pac k?@i nrgat(e)gzﬁ,r \%érgﬂf one of the plurality of layers of the die attach material is between the
package substrate and the lowermost die, and each of the other layers of die attach material
are between stacked die.
3. The apparatus of claim 2, wherein the uppermost die and the lowermost die are not
electrically coupled to the package substrate.
15 4. The apparatus of claim 2, wherein the uppermost die and the lowermost die are
non-operational die.
5. The apparatus of claim 2, wherein one of the uppermost die and the lowermost die
is an operational device and wherein the other of the uppermost die and the lowermost die
1s a non-operational die.
20 6. The apparatus of claim 1, wherein the uppermost die and the lowermost die are to
protect the at least one phase change memory die from heat induced bit erasure during a
packaging process.

7. A method comprising:

stacking a plurality of die on a package substrate, the plurality of die including a
25 lowermost die, an uppermost die, and at least one phase change memory die between the
uppermost and lowermost die; and
applying heat to the plurality of die during a packaging operation.
8. The method of claim 7, wherein the uppermost die and the lowermost die are not
electrically coupled to the package substrate.
30 9. The method of claim 7, wherein one of the uppermost die and the lowermost die is
an operational device and wherein the other of the uppermost die and the lowermost die is
a non-operational device.

10.  The method of claim 7, wherein the packaging operation is a mold operation.
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15 16. The nmet hod of claim 15, wherein the packagi ng operation is a nold

operation. 17. The nethod of claim15, wherein the phase change nenory die

is electrically coupled to the substrate and wherein the first spacer die

and the second spacer die are not electrically coupled to the substrate.

18. A system conprising: 20an interconnect; a processor coupled to the

i nt er conhéct ; The wiethoided slaimt7e wharsen bo pptledingeperidion it aplesnmepdratiand a phase
connect .. wher eion_t he phase

gﬂgﬂgg gggnggeg{\;niecg)di% ¢ liﬂ;elt ’%@e’%ﬂ%&%% rngﬁcOIpﬁr Fiﬂrélsaa ﬁeg\ﬂgror?ﬁrs log]oacer die
and an 2%3upparfiesbd spapekindi €, and wherein the phase change nenory device

I's physically positioned between the uppernost spacer die and the

| owel i nost sp@iByingpdirst laygr offfie aggadrmpterpl te psPPStES: wherein t he package
further inclu . | fq. di . ' tween t he phase
changg rrermrygge\yl?gcéehgs'r%\%peicﬁiﬁéggé%%%@ﬁ(sl%g)gg}é%ﬁgﬁhﬁker%?fd a second | ayer of

di e attach nmatmiyiag a baione éayet biediphasd mitargeo menfosyspdearidie and t he 30
per nost
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package gwhstdidt@ek; and
applying heat to the die stack during a packaging operation.
10 14.  The method of claim 13, wherein the packaging operation is a reflow operation.
15.  The method of claim 13, further comprising applying a third layer of die attach
material to the phase change memory die and stacking a second spacer die on the third
layer of die attach material before applying heat to the die stack during a packaging
operation.
15 16.  The method of claim 15, wherein the packaging operation is a mold operation.

17.  The method of claim 15, wherein the phase change memory die is electrically
coupled to the substrate and wherein the first spacer die and the second spacer die are not
electrically coupled to the substrate.
18. A system, comprising:
20 an interconnect;
a processor coupled to the interconnect;
a wireless interface coupled to the interconnect; and
a phase change memory device coupled to the interconnect, wherein the phase
change memory device is part of a package including a lowermost spacer die and an
25 uppermost spacer die, and wherein the phase change memory device is physically
positioned between the uppermost spacer die and the lowermost spacer die.
19. The system of claim 18, wherein the package further includes a first layer of die
attach material between the phase change memory device and the uppermost spacer die
and a second layer of die attach material between the phase change memory device and the
30 lowermost spacer die.
20.  The system of claim 18, wherein the uppermost spacer die and the lowermost

spacer die are not electrically coupled to the package substrate.
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