MEMORY DEVI CE | NTERFACE METHODS, APPARATUS, AND
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11/847,1 13 filed 29 August 2007 which is incorporated
herein by reference. Background Many el ectronic

devi ces, such as personal conputers, workstations,
conmput er servers, nainfranes and ot her conputer

rel ated equi pnment, including printers, scanners and
hard disk drives MMQMBWI%WT}EWEGS t hat

provide a |ar q b
attenpting tolgﬁluu %ﬁ%ﬁ%%&@T‘ﬁ&e type of
menory device that is well-suited for use in the

foregoi ng devices is the dynam c random access nenory
(DRAM . The demand f or RelatetbAppligation y DRAM cont i nues

to ri s t
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t g /gEmmisyfilea Ra A dgnsol 00DRMNCH &vincerporatditheseinfbyaefenerea.
occupi ed by the conponents of individual nenory cells

has been steadily decreased so that the packing
density of the menory celia l%,% ‘Eem' conduct or
substrate may be increase rinking the device

sur f aceMangaleciaonic dsvices, such aMammmwb@tations
yield, as well as t he congl exi t

ncr easi p
| r?Pé}Pé‘Gfﬁﬁ%‘a’F{Soﬂlat 0GR GamPHIeE SHiAEE el yipinent, Snctuding
n %ﬁ{yffage fdrl al&%v@ﬁ%&%e%ﬁem&p del {384 that
devi ces rie

scription of the Draw ngs”Vari ous
enodidere idrge datatstoeage expebility, m&aletattampamg tolgwur layepower

detail belo vvithrgferenc fhgﬁ} L dr aw
Ficensumptiqn, done.tve Of mematy. daying ey ol
aqe&rgeidgmeb&ey 8 the d§nAARHHIGH hécesd michRry (uRmMpn

FI G 2A | ustrates” a perspective view of a nmenory
syst emTlmi;m@drfgr lapger capacity DRAM continues to rise and at the same

time chip size limitations bound the capacity of the DRAM devices. To increase
the memory capacity of DRAM devices, the surface area occupied by the
components of individual memory cells has been steadily decreased so that the
packing density of the memory cells on a semiconductor substrate may be
increased. Shrinking the device surface area can result in reduced manufacturing
yield, as well as increasing the complexity of the interconnection technology
used to connect the numerous banks within the DRAM devices with other

devices.

Brief Description of the Drawings
Various embodiments of the present invention are described in detail
below with reference to the following drawings.
FIG. 1 illustrates a block diagram of a memory system, according to
various embodiments of the invention.

FIG. 2A illustrates a perspective view of a memory system, according to

some embodiments of the invention.



some enbodi nents of the invention.FIG 2B illustrates
a cross-sectional view of the nenory system shown in
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invention. FIG 3 illustrates a schematic
repres [.an of a syst i .t h
o B Sb s S TP S5t ARGt B shown

CrATIGSEA! ARBAingY trn® erhhiimeads oMtisdiavention. FI G 3,
according to sone enbodi nents of the invention. FIG_ 5

i |1 ust rEiGe$ iBusttates adchemalié representation of a syderas nAgcepdance
syst.em sho i.n Fl G .according to sone enbodi nents
ofW‘{“h%?‘P?ﬁfvﬁﬂ?ﬁH‘B}?.n{Sc%fitﬁ? PY§ ¥ cription Surface area

r educt i FIG;, 3NHusdrfQNSEaLEsctiond vass of ihe systempsholinrig FIG. 3,
density of nenories may be achi eved by decreasing the

hﬁ\cpqrdmgatp spmgtemhodinents of thedRyioBe| | conponent s.
This c .achi evedaq] ' i '
TSP U0 o NS B

t Hh @G d3, MeBsIdaTpeto, sofife dnfitldirhbtts bBtherigventioh. conponent s
extend vertically into and above the substrate, in
addition to generally extending across the surface of

the substrate. FIG 1 plLiwshHs @l ock di agram of
menory system 100 accoir)ckiila% to %??gus enbodi nent s of

the i P\&nfdce area Thduativnany aspaseguertdncreass indkspaoking density
interface chip, 15Q.coupled to .nenopry devjces 110, 120,
198 MERRFIeEABaY R a‘?ggmfeereagpgﬁgﬁg%@n?ﬁe%ﬁﬁﬁ? °
‘i%ér%@ryj&g doﬁ‘i?oﬂ%. ThI{EaH b lraEH%ﬁedlﬂaQraﬁoué- $Ribddinfhts by

, “each ving nenory cells arranged in rows and

c dbrming mé&honiyl catllcpmpopents $hatl axe sigufiganly thee-dimedsiond, so

i ngl ude nmenor rra 120- 20-2.. 120-3:. 130-

1 3ot miogy Yol Renert cnlenay ricaly 36t g bip fi pbswace
ThR alifiti8h k& eencillexiORIiRg AMbEATe SEEIRT thOIshbIRaTR! Y
commands to sel ected nenory addresses within the

menor y ElévildHestrates-ablock diageonel memeny sistam 10fapgarding to
devi.ces 110:.140. | d '

(SRR rhaibihes ¢l Sud iR QIR RRROAT RS 80 MUY an
1%Ateifae &tip 160ephsidd tomenlodyrdevdessad ey $20, 130, di2P]40LiB2ng 128-

?nj_gt &aiébgﬁrsgss Oe.clt\/Iie\r/neolrg 'deégg i1 %(I) ?nll?\ldle%/ ’menrr?or}?/ ra%'/ra(}jlse \1”1 (5:-?,81 10-2,
and 110-3, each having memory cells arranged in rows and columns. Similarly,
memory devices 120, 130, and 140 include memory arrays 120-1, 120-2, 120-3;
130-1, 130-2, 130-3; and 140-1, 140-2, 140-3, respectively. The interface chip
150 provides address and memory commands to selected memory addresses .
within the memory devices 110-140. In some embodiments, memory devices
110-140 include Dynamic Random Access Memory (DRAM) devices. In some
embodiments, memory devices 110-140 are coupled to column decoders 112,
122, 132, and 142, respectively. Additionally, memory devices 110-140 are
coupled to row decoders 114, 124, 134, and 144, respectively. Column decoders
112, 122, 132, 142 and row decoders 114, 124, 134, 144 respond to address
commands provided using data busses 50 to access memory cells within memory

arrays of memory devices 110-140. The interface chip 150 controls memory

devices 110-140 based on signals provided on the 128-bit data busses 50, which
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coupled to row decoders 114, 124, 134, and 144,
respectively. Column decoders 112, 122, 132, 142 and

WO oModansilers 114, 124, 134, 144 respond to adeeBES2008/010188

10

15

20

25

30

commands provi ded using data busses 50 to access

AR P B aETRt e R, e e

del\s'oqgsorlﬂ%% peiforth DRAM géfleficipgovi ded on the
128-bit data busses 50, whichmay be of wi dths ot her

than 178 seimesmhodiments memodi dauies 119140 imayesompriseaflash
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VI ces conpri se
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devices 110-14
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ol adib epo el memoRad i B Mag e dheriays. which
| gl HHIFtt 1{?&5 fFﬁ’@.r i %o HYMWE Elkady ?ocggbhttl%jvefr[d%@eﬁib@duﬂeﬂ@
nore cl ear oCUS on t

e various enbodi nents
d@sa:nﬂmaddlehanei n. The nenory commands provided to the

To e | BiemeRoncmirmmaviet P aneae gt R o Th "
MBHRLYe £ lrdg$aﬁﬂnhgg gpéi‘ﬁm?fﬁb Wi dafsfrdrhQhd #98-ba dﬁ&aﬂlsses 50 to

operation to rea ata fromthe nenory cells wthi
rreth@rrgpmiw pdl;sw111110 nlemoryamrle&ﬁ 1£0-446, aysed gppisHon & read data

se data from ortlon 0 r I

w9 AP TRl G Bh pfksRy s e L D, o B8 e gperpion
IO% SRRE dhtadronh eWoph p@rtmmmmtm Fthin hienaey deviaecEl 0-
with some enbodi ments of the invention. Menory system

20@90. which may be simlar to or identical to the

Memory @sh ”ﬂlﬁgpq,tg Eége%ecﬁv Vil Wfﬁlgﬁ‘ ?ﬁter ace [

havi ng a na rx o FIY$™o%y
15%Qcordaiiderwith soan® embadinsent26fthe invertiarn dMeaTODY Yystem ay)o

204, a th|rd nory array 206, and a fourth
arhigh oy bejsimilayiig o idssicalda tic memory sysigm A‘éﬁg?@f& 8

includes a substrate 242 having a matrix of solder balls 244, an interface chip
150, a first memory array 202, a second memory array 204, a third memory array
206, and a fourth memory array 208. In some embodiments, the first memory
array 202 is disposed on the second memory array 204 and the second memory
array 204 is disposed on the interface chip 150. In some embodiments, the third
memory array 206 is disposed on the fourth memory array 208 and the fourth
memory array 208 is disposed on the interface chip 150. The first memory array
202 is coupled to Through Wafer Interconnects (TWI) 22'1, which in turn are
coupled to the interface chip 150. In some embodiments, TWI 221 passes
through a set of vias 222 within second memory array 204 to connect with
interface chip 150. In some embodiments, TWI 221 passes through a set of vias
223 within interface chip 150 to connect to devices within the substrate 242. In

some embodiments, the second memory array 204 is coupled to interface chip
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array 202 is disposed on the second nenory array 204
and the second nenory array 204 is disposed on the
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menory arrayd206 i s disposed on the fourth nmenory

arr 208 the .f 208 i [

o SBhsiErreBRFailod iR 100 g SR mRrLT g b SR 35

| TofHRlieMdivesy J&rp@ééghel}\{\gng%a&rﬂosr»ﬁqnﬁmme R )502ahl, TWI

which in turn are coup to the interface chip, 150.
| 225 comneurticativelsheaypleFuwenory asiay 206 Wik sigyfacs caip 13 In

bRt SRRy T E L il Sl Sy ChTbyep te

Pafkacd EHiPUSH add Seter @bvivéstimbbddedvvithimsubstrate242e e borpe
150 to connect to devices within the subgtnate_242. I n

s smbodirments.mahsteate 242 meycuader ity beard having cirguits

o0 oy . . . .

5 3uRnfdhiblivell Shusfio T Rl Ship oo och L on e
commu Pima Qﬁg““itg%m gs%mnw 2‘3155(a1a)|ievapf f2efmemnoty system I200
interface chip . an . co i cati .
ehoND T8 FIGy2 b8 AgFarRcs il seras ERPPESALS qiihd vgnton.

o . . . _
cOAEHLHsom 208 BERIACOR By Kl b ofsolder alls 244,
d%iigﬁﬁfa&rﬁﬁﬂ déq, fidst memosyimsay 202; s@ebihd hemexyraray 204, third
enbodi nents, substrate 242 nmay i ncl circui oard
hemrﬂ@rym&_%%{)mﬂ' Fepe a%%g&idﬁl’t FriggnbodiiEh,

| Dh&hd RS steh ﬂ?Oli%_Q}udgé {Aas hﬁ),'lell Uid @h@32 1% within second memory

cross-SecCtional view of the nenory system 200 shown in
FlaBay 204 that aHows thinF¥d 2418t 21 % 820, andiZadi tepasssthefughithe second
i nventi on. ry. system 200.i ncl udes..a substrate_ 242
MR e S A R S
1584 thd inSdrf4¥8 CRIpY1 T, A Y¥ome mboaiAds, TBNDRYS,219a22(,Aftd 221
third nenory array 206, and the fourth nenory arra

2@8tentlrin g yeBicehdisetitionr(namelyezrdirgctigpsasshpwoon iFKG| %ﬁyith

Vi _as N : 1 1 hi C :
2R e i e F sGhie el SE RS b ARG Tw1
t neugiy, Lhe, A-cIY1hagesakipugh thrise2éd msthopy di¢ ecouple the first
connecti on between the first nmenory array 202 and the

i menerycke imihg intstface ¢hip 4@ Brigsre Frabedimenigy memery syseem

2 . i) g2 ' . ki ' I

7 20 R e A TR i o R bhry B35 208 that
plalows itlec TWHi22g, 228 224 cami25aopass tHraighlthe fomth memory array

e di ment TW
%g and provslc’ie connection between the third memory array 206 and the

interface chip 150. In some embodiments, connection pins 226, 227, 228, and
229 provide for communication between the second memory array 204 and the
interface chip 150. In some embodiments, connection pins 230, 231, 232, and
233 provide for communication between the fourth memory array 208 and the
interface chip 150. In some embodiments, connection pins 232 allow for
communication between the interface chip and other devices embedded within
substrate 242. In some embodiments, substrate 242 may include a circuit board
having circuits communicatively coupled to the interface chip 150. In some
embodiments, substrate 242 includes an integrated circuit package. FIG. 3 shows

a schematic diagram of a system 300 according to an embodiment of the
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218, 219, 220, and 221 passes through the second
menory die, to couple the first nmenory die to the
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200 includes vias 214, 215, 216, and 217 within fourth
menory. arr 20 hat all the TV 2 3, .22
vaioR sihetusod Matadas ¢ REbtesun Wik aGE Mot lRrgitB 450, and

a eﬂ%%ﬂ(ﬂi@& mwsﬁd.%t&ﬁc%ﬁ% 130antlabésa MENDIY array
6 50.

206 and the interface chip 1 In some enbodi nent s,

c onnktiplaxer/dgnlsipiaxer cipaiit 33028 DRAN cadrobend ¢ and gflash

N i U

COIEL!3102, Bl 03, 3831 @31 In 2S@e eAbPdidiehty) htenicley di@B320
conmuni cati on between the fourth nenory array 208 and

t Hacludeseflashaarays 330-15820-2n3 2 peand A28t nidrogae embodiments,

C [ ' : f ' '

¢ TORAR oSMxllch 326 Seediiptdticlealn SORT I AR Wikl SO0,
SU19L3,ahnd 3262 using TWIES 3sniIndonme eitbodiwdiss, fhsle c@dtibllen 40 is
include a circuit board havi ng Circui

coivkpleddacachenifhe Sagh errayp3tth ﬁ?c%»rﬁ&’i’e apfl3015¢ping FWI
i%u ?I:mg\%{}ggfgf' irﬁ%@rﬁ%&st%SZﬁﬁ% 34835450t Visd B @%t@lgl in

ows a schiemati c di agram o
sysi-direGn (aetioal)iwithin mearoreg divedilGeant 3@D. t hei nventi on.

System 300 i ncl.udes a procgssi i.t 360, interface
chi p 15‘@,8%‘&&%&?2’6?{9”&# ager %C&gdggzﬁ‘.’mﬁfﬁ‘l& Q f
1306 EdCdcHene tflcaﬂ&&l leRbE KRE BHREYbA R §¥€6f DRAMidse D,
a DRAM control ler 330, and a flash controller 340. In
s anemeryudie 32@nIrssonneernbydidieats3 imderfave ichipe kS (IDRAMN Agurag to

310-1, 3 -2, 310-3, and,310-4 n sone,enbodj nents, . ..
REe RSB sl (fasEpl 29T ajee RRSEG Dgaracterstcs
3 neméeydicd 20 dnd 320. SRR nRIRAEHIIRBAS, intdrAbe eRipLIrsolis er
330 is coupled to each of the DRAM arrays 310-1,
310nfigurgd do gperatech Biocell rgedviegy Toheng 3 the plusglity of memory

SRR TRA B LR 9By 6L 0 4Bl S il ce
Uschijol S508s psdgramhiubightl seffigurddtb @pentsiests od B wpe oBdfe

pass through vias that extend in a z-direction .
( veernerydig digpesadipnfepef i dn semg embadimenty the interfics chip 150

CTRBATRALF o LR L8GR P10 o OOR UIBE 5t mor

orartalye 203,2040204)RAIR08 e @h some embodiments, the interface chip 150
includes a pattern generator configured to generate test pattern signals that are
used for testing and diagnostic analysis of memory die 320.

System 300 may also include a substrate 242 (see FIG. 2A), such as a
circuit board, on which some components of system 300 may be located.
Substrate 242 may include terminals 244 coupled to a power source (not shown)
to provide power or voltage to the components of system 300 that includes
memory devices 310 and 320. The power source may provide alternating
current to direct current (AC to DC) conversion circuitry, a battery, and others.
Memory devices 110-140 may comprise a volatile memory device, a non-

volatile memory device, or a combination of both. For example, memory device

110 may comprise a DRAM device, a static random access memory (SRAM)
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menory die 320. In sone enbodi nents, interface chip
150 is configured to operate a refresh schene to
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characteristics of nmenory die 310 and 320 In sone
odi ment |nterface chip 1 ured t
%wzﬁeea Hashimemery dfidga9Ep o ielid %“EW%?FYICCS In
MR IR{YenMdd@¥snts, aterfhed cPNgtlB'O afl %{HPl!idé gltsinaficatioh fddRIle for
enbodi nents, the interface chip 150 is programmabl e

anﬂrmbmfwgelcwonmnomeatmre Ibagm@ embodiraents,he sambereof

dleg 8ontga? it. In sone enbodi nents,
tH:é’n} Rt QLY 3 QE8Y Y& ¥onf i gured to operate a bad

cel I repyQEng Sﬁlm dﬁ@casm dataxr aiskdriedab afe mRny ofhet ay's
202, 204, 206 I n sone enbodi nents, the

i rogpoaexts v tpls@o Rrpegseiaie iyt 368 mas inclyea @resnesal-purpose
Eg)g‘faéégqrre({;‘ gtgt%pﬂle@a ilrg)gt gemﬁé nt?@%tteﬁ r(: llt gﬂgi(?) tﬂ?@ées@fhg unit

I agnostT C ana

340 sty d‘fﬁgfle@bfd))foﬁéshim@mn& cﬁrlahﬁhln@le%‘ccﬁé ﬂrc((ﬁesang
FIG 2A), such as a circuit board, on which sone

cdmbtpnents of system 300 may be | ocated. Substrate 242
may | ncﬂn\%ﬁ%e e%ﬂgdﬂﬁL %ﬁé&ns&ﬂgzlrv VOP‘PO %@QWEHQQHEIE& one or

(not sho rov t age
c anprer@itodiménts ysmmoBﬁ@e\tltmtdeSMGdchbsvermuhnyfedmcb ¢te§IG. 1,
310 and 320, The power source may provide alternating

cUPedd, e BIG-&8 current (AC to DC) conversion
circui t&h)éom% Rfodfh¥nts, Wet‘%&%f% er%&@&f’sﬁ?e\‘r'l 86F includes

110- 140 may conprise a volati | nory device, a non
v cslendmg endresveivingldati between the pmnd:ssmaid&nnddhe brdeitfaceraip 150

menor ige 110 . ma i se a evife
B el ke SemptiniaeY » SEAR) tetroms SRS 340,
”el"HérrMetﬂ&Y hfa§: als%ﬁn@lu@@ §@id‘i}?§ drfreBdivin3QRE abBEIaYa from the
devices. In Sone enbodi nents, Interface chip 150 can

i rinterfdes chip dAfrtma oumberofmembry dios 31,328 using thrasigh geafer

conmmuni cat. i nme odlnen h 0

comEtRaRRLs $15. 23, SRR B RGHEPARr sidSa RO s mass
PItRGASE ©fas dednted ihahé & Aireeibr Withindthé m&y ld&ge 310, 320. The
conmponents via bus 50. Processing unit 360 may i ncl ude

a rgethed also inelysiss stosingdeaahnvestatadn thpmenoay diss dPedii ¢

IC gi)n}ge?c%lﬁ SSL Sf’ tlhg Fﬂetmcgr?e% céé? 301 ggé g@ %?cf in'gg.}dlég htnu?h%gr Hp%emory

MaktaiypB E()-(Iplﬂ) D,r Ide3 shd1820-1, 320-2, 320 3, respectlvely In some
embodiments, the method includes storing the data in a DRAM array 310. In
some embodiments, the method includes storing the data in a NAND flash array
320. In some embodiments, the method includes storing the data in a NOR flash
array 320.

System 300 may be included in computers (e.g., desktops, laptops, hand-
held devices, servers, Web appliances, routers, etc.), wireless communication
devices (e.g., cellular phones, cordless phones, pagers, personal digital
assistants, etc.), computer-related peripherals (e.g., printers, scanners, monitors,
etc.), entertainment devices (e.g., televisions, radios, stereos, tape players,

compact disc players, DVD players, video cassette recorders, DVD recorders,



unit. In sone enbodi nents, nenory devices 310 and 320
may i nclude one or nore enbodi nents of nenory devi ces
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FIG 2B. In sonme enbodi nents, a nethod of operation of

t d j d b
oY A0 e 45558 IE Bt PG A 50y LG Bl
| ) lpielRes, @idel gl sxachaiesnd), hh@hﬁ-%lﬂ{e 350 and rremory
controllers 3 0, 340. The nethod may al so i ncl
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t hﬁauaés adubetrate Tivalch@an atsbS)e&s&rrea%asaapScuagem@haW@an
formed in the z-direction within the menory

3anterfrprchipd AB gmbredded vithindhe subsate 2y ﬁerogs&% ‘e‘eée'aached

[ e \

R AR g8 585 R hERALIMRRE il i a1
armaudmg Mendoryditfay 41@1 D4 30-2)ull (32 Brth, TW:!@-IZ 1, gIZD—23hat
respectively. In sone _enpodi pents

hod
SteORNSeY OO 4FTAYS LGr] dﬁ&}v?’aﬂpa%/wst’fdﬂe fter, i%?%éhlp £y
ol
AR FERmer S ngH ikl LA AR s i e prOsistor o grand
i rh¢ memrpdevicadglq salistatsed om the ihNGFat¢ elsih 1a0r &y s@ne.
Syst.em 300 b | uded
deanayaents e DGR e acprbi oG insggee chip

aF’B'O' @Hﬁﬁémdro%t{h@ Eiteui€bSard 403hhEHHRIReROFTAVI® 1008 disposed
devi ces | 'ul ar phones, cordl ess phones,

avgldhs;ntgéa@cnhm 130. g| tal assistants, etc.),

Corput 5 LTS OSLLPRAALI s B A ot s

( ®alls 404 ﬁia@&hzﬂilé‘b’b@steﬁﬁmmﬁ) begh6&iirtéd on h@feuip beyrdritaving other
conpact disc players, DVD players, video cassette

r slevicger b somerm m@é%méaweod@m@IQﬂsgﬁtﬁ%heddaﬁé%rgx of
MP Pi
%1({1315/8%1&04{]14 ﬁs%h % So {ctaﬁvéﬁl %H{I’p angm{o?’e &%‘?%}e 4.110 to

Flsa)stfhmh(bmstrat es a Cross- sectl onal view of system
400 simlar to that shown |n é according to sone
o

enbodi iR smbodEmeRinaRteraRe cfsgéé t5p an interconnection

device and an I/O driver. In some embodiments, the interface chip 150 includes

traditional functional blocks present within DRAM dice, such as I/O pads,
delayed-locked loop (DLL) circuitry, and First In, First Out (FIFO) circuitry that
provides read and write pointers, storage, and control logic. Transferring these
functional blocks, which are well-known to those of ordinary skill in the art,
from the DRAM dice into the interface chip 150 can allow for the increase in
storage area of the DRAM dice.

In some embodiments, the interface chip 150 is coupled to 32 different
memory banks (each having several memory arrays; other numbers of banks are
possible) with independent interconnects such as the TWI shown in FIG. 4. In
some embodiments, the interface chip 150 is coupled to a set of TWI that are
configured to provide different types of interconnection based on the end user

application. In some embodiments, the TWI can be configured to provide
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i ncludes a substrate (which can also be referred to as
a package) 402 having an interface chip 150 enbedded
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the substrate 402 using a matrix of solder balls 408,

a nenory.devjce 410 incluydin .r - .
aonneetyy BEpndonenges oiots PETRAMEE i Biticktace chip
arrsays 410-1, 410-2, 410-3 with the interface chip
150. In sonme enbodi nents, the interface chip 150 is
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or 28 IYA 0a R g Torilenfil spIn®Hbrhbton, fn some
hambugliraeiits tesd aiterasigrats @e manenited iang ndcsjveddrebreen /O
device 410 is attached to a matr] f..solder balls 414
LSEIngls 06 feiRleEREs gy S0ang e b ¢ 9B FAEUPEIgOTithm

agaék&ﬁterdaﬁ) Caltlite alrf‘%]gtﬁﬂﬁmqmﬂg iECR ’inﬂd%ﬁﬁfui@ /E%H{ébﬁpn.

acts as an I nterconnection-device and an
dri ver .Inlsoms@mbodirherds, tbe irderfadechimt ¥r is @orfigired td p&form

DR e G va0op FysiBad00, Werraipae B i [P BLL)
Jg‘éfﬂtéd #a W b FikichNio freVétt tfdigeneftioRlof eiof Hitd inVthe

C
that provides read and wite pointers, storage, and
c memmuknitapndetWeearthé anteifang chire$30 andwmemonadeitoti,

whi ch e wel |l -known .tq,those of . ordinpar kill.in
At B PR e tnt g Fachenit (A ealtiey 1 Byt
C fror de@R¥ti drPind/ BecoritetiOReringld4th 6Mefinidation Gbtvidea thiRAM
dice. In sonme enbodi nents, the interface chip 150 is

conphery deyicg#18iand dhaprocessaind o dispassd 0B dassubsiratgg02. In

g e

T\Marslgewyent of skstéin 400 Bynopepatingearibomie veitage thuhie determined

! q)te%r];l?a%% S(l:lglll Phatlrslg ei’rgr gi?sufrle eg%net:rgteg a% telfat ggltz;rg\é\l.' that are

In some embodiments, the interface chip 150 includes a diagnostic and

Built in Self-Test (BIST) module 152. In some embodiments, the BIST module
is coupled to a maintenance bus 154 that is coupled between the interface chip
150 and memory device 410. In some embodiments, the BIST module is
configured to send command signals and data to the memory device 410 through
the maintenance bus 154 that are received from a user. In some embodiments,
the maintenance bus 154 is also used to receive the results of the diagnostic
testing. In some embodiments, the diagnostic and BIST module 152 generates
control signals and forwards the user supplied command and data signals to
carry out the commands of the user. For example, the diagnostic and BIST
module 152 may invoke a pattern generator program or hardware module to

begin generating a test pattern in accordance with the user’s commands and data,

and also forward the user provided memory commands to a sequencer 156 for
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configured to provide different types of
i nterconnecti on based on the end user application. In

w@oive/ogatsbdi nents, the TW can be confi gured tRCT/US2008/010188
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provi deconnectivity between i ndependent groups of DRAM

di.ce d the interfac hi p: 450, .0, S0 j S

C e R0 Il oo R D il Bres apeb Ba RO R FERGHY R0 for
r e&ﬂ*yw% du diagRasticeoperatidas af e evicé 0. nterface

chi p 150 and the M dice to calculate the optinum

ti m ng K16y 8lillasgratesaflow shatt ebamethod 349 afpperation of system

e ' At ' f in- any

OB TG 3. aBor e lysBiE ghitpiicily G IV A1 502

t raéthpd 600 drlfdes sendieg aid resyisingrdatnbetweemapoddessor ahd an
me enbodi nents, test pattern sigpals arg transmtted

Z?iater%%vma enahedipg amylipjere Alpmplinbyxer aad p ppespqry cgntroller
c hAtp50]458rl ag% %nﬁ%ﬁ%@ s%afaﬁ a0 ‘i‘e&iJiﬁ?kHé! dia BLAOhE iftBHface

i $exetuted to calculate a optimumTimng for each
i rehigi foaLiplptality ofimentory dice using arpfumiityocki Fentgh Wafer

APRERIPERES (Vi) Fhas s EnTah aurelphot vies (ot 1t
c t}h&n%l%@ RP566HE4héd 5@ Meluda@goaHS fHed hﬂfn the plurality of

preve e generation of error bits in the .
c anemonyodite, whebat weenof the plunaligy fof oty dicksiockudes a plurality

menory device 410. In s embodi nents, the.interf .
TR ReRa g o SR Em O R BEP RofriGr Poymeiiod e fics Hofing
anpé Qita #Ph m@AM)zﬁ'r%U [T REmEibodRiENLE)ia¢ 306,0Re BfdtivRERCludes
the nmenory device 410 and the processor 406 di sposed

orstaring the dateinadNAND flash asapre Ie soroe embadisnents; at 506, the

interface. chip 150 .Js.confi 0 form power
nﬁﬂ%é%ﬁﬁg’ﬁ u‘%f Qt??ggéh’? 9?861 ?&gjpfgﬁ%{}} %rga%{é\t sone vol t age
t hat i sTiiippaRAnRS Bydiahenab anthsisdiscldiad heietamprobidesor
are generated at t%at vol tage. In sonme enbodi nents,

t Hiacressed speadeandithppugb puf yhile gesessng MegHsY Rayairddition to

i T ; | i -
R Y TPy R AT
t Hatsoims gﬁﬁfoﬂilﬁahtg@h\lAHesmltL e Iir)TbRAg{ ﬂiia(l‘ézecihiahlsolrﬁﬁlus@dd

nmenor. Vi ce . some enbodl nents, Bl ST

AR borlY tera g biouah v SR aFHR IS Rl s aLgRE b of
tlgrdlftter BN vEEEH \‘?;Igc()ﬁérQli&EHc@é‘gﬁH LR eRinRly SRPRGANS R speed

at are rece froma user. In sone
erfedéimeomnsction established by the interconnects. Moreover, the apparatus,

systems and methods disclosed herein provides for processors coupled to
memory arrays that are capable of handling more bandwidth with reduced
latency in designs having improved packing density.

The accompanying drawings that form a part hereof show, by way of
illustration and not of limitation, specific embodiments in which the subject
matter may be practiced. The embodiments illustrated are described in sufficient
detail to enable those skilled in the art to practice the teachings disclosed herein.
Other embodiments may be used and derived therefrom, such that structural and
logical substitutions and changes may be made without departing from the scope
of this disclosure. This Detailed Description, therefore, is not to be taken in a

limiting sense, and the scope of various embodiments is defined only by the
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t he mai ntenance bus 154 is also used to receive the
results of the diagnostic testing. In sone

wepdomsarent s, the di agnostic and Bl ST nodul e 1P@I/US2008/010188
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generates control signals and forvvards t he user

c R TRRERR (LR ARG G Ralert oS st ol arg

Blenfitie®@dul e 152 may i nvoke a pattern generator program
or hardware nodul e to beqg |nngenerat|ng a test pattern

i n accoyuthreoodiments pEthegnyentive subisetdBatias anayhere eafrd

al,so .for LRV
seh(fﬂeérrl}clg Vicg'g 1?"or ?lzér% IQ’a fég contefrhgmgl%y I's that
Wi dohvé&fierdeant elttout tdﬁ@dmgwwmﬁmmnﬂit the swope af thys ng

out di agnostic operations of nenpry devi c 410, FI G
i |appYeationds apy sngly IBNKERLONAT IBVERYA 5ANCSHH ! O@p@ﬁappw in

Off éﬁgc%r?teghgpﬂ? ﬁghlgl%@ r‘F%l on%%oql%rggntg @cﬁﬁ@nen illustrated and

i rdehmtmﬁ heedinli any mdgemexal mlm@t@thtto&chmtvmﬂmame purpose may
processor and an int e.chip inclu

oD e O SRS B BRAITeRIR e dubS RTREYGI igfended
Algo §9§ agytdﬁé? dn 288 s iSariagosl JidaRBes ERBSdiMiens. t he

dat a e interface chip to a plurality of nenory
d i (Cmnbnnamnmsa)f mhmatwmtemhmﬁlrﬁtrns anghothalf enbodimenisaon emcsﬁcally

%{E’eﬂgﬁﬁg@%"gﬁ @gtagéé’rg%gg ah(%g a%llllgééﬁ)? ?1% Ipﬁ(i%ge%ewmg the

sta%{,@gegcﬁsuggta in the plurality of nenory dice,
wherein each of the g)urallt of menory dice includes

a pl ur aThe Abssfachefitbe larlﬁtal]@, is pravidedrto eampRluiviEngs C.BR.
t.hod | h
S TN A T

| Hahite ©F thiettedhiniGhl Hﬁ@lo@@ﬁea I 8 sabﬁi&wa witlagle wmdessyanding that it
sone enbodi ments, at 506, the nethod i ncludes storin

t tveillcet he upecktoNTRIITE GaIHimit g scopmer mgpripg Ol the %ygtSeﬂ% the

a [ I

GBS LR ool el Y ol RS Shue

adghbodimeritdortbibipavpasg ofl stlﬂd:a@ﬂﬂﬁfmgi dresliscfosnte. rr’E]mls myethod of
r%%fi‘? conpared to conventional desi n some

ot ebemiERIFIGY (o RUMSRARIE R an Gegaisssly
r 046Rn eAdfi ki 'g?nﬁld h¥ér, lllllv%?ltlgé s E&@ﬂeﬂ%‘ﬁ%a@" be found in less than

i nf erconnects arg nu
i raﬂleﬁemmrasexfasmgiadxsclssmgembmhmnt dTteisdne fedloawinlg claims are

ent | rov
%ere yl{ncorpgrategpmto the %etalfeed%)escnptlon with each claim standing on

its own as a separate embodiment.
CONCLUSION

Methods, apparatus, and systems have disclosed memory device
connection schemes that increase memory capacity within a given horizontal
space. Various embodiments include a substrate, an interface chip disposed on
the substrate, a first memory die having a plurality of memory arrays disposed
on the interface chip, with the first memory die coupled to a plurality of through
wafer interconnects (TWI). Various embodiments include a second memory die
having a plurality of memory arrays disposed on the first memory die, the

second memory die including a plurality of vias, wherein the plurality of vias are
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of each connection established by the interconnects.

Mor eover, the apparatus, systens and net hods discl osed
wegoeiose1ps ovi des for processors coupled to mendClUS2008/010188

arrays that are capable of handling nore bandw dth

ORI gedanatey tepral SF S neShiitieh B 4384 msmprydie
f’?ﬂ‘l{e sGEJrﬁi%eﬁBgV\@iFPM tHEY n%& tel dopleBdb b @Bcordplinalityodf TWI,

imtation, specific enbodinments in which the sub{ect

meeintl ¢he imterfase chipamnibeaded Thepnambuidatinsty souple thetfirst mgmory

d i bed i fficient detajl
<idis e soqing pmOghf e Ehhand BBRT R Eap 8T YL
5 her ei n.0fd fishoRESHIIRBHS pfeNddsn WsEdvedshecleunisne for
therefrom such that structural and | ogica

s ubistdonnedtinganemerycdeaisge s Fuslermerenygeoys embegdiments described

d .ting. f h ! f ' ' ' ' .
58 WP} BRSSP R ko SELRS i Ty v

a antl/Astd resuls 28GR e thd18lz¢ bEmefivPed&ficesar i ous enbodi nent s
is defined only by theappended clains and the ful
range of equivalents to which such clains are
entitled. Such enbodi nents of the inventive subject
matter may be referred to herein, individually or
collectively, by the term"invention" nerely for
conveni ence and without intending to voluntarily limt
the scope of this application to any single invention
or inventive concept, if nore than one is in fact

di scl osed. Thus, although specific enbodi nents have
been illustrated and descri bed herein, any arrangenent
cal cul ated to achi eve the sanme purpose may be
substituted for the specific enbodi nents shown. This
di scl osure is intended to cover any and al

adaptations or variations of various enbodi nments.
Conbi nati ons of the-above enbodi nents and ot her

enbodi nents not specifically described herein will be
apparent to those of skill in the art upon review ng

t he above description. The Abstract of the D sclosure
is provided to comply with 37 CF.R 1.72(b) requiring
an abstract that wll allow the reader to quickly
ascertain the nature of the technical disclosure. It
is submtted with the understanding that it
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will not be used to interpret or limt the scope or
meani ng of the clains. In the foregoing Detail ed

w®e®e03s3 on, various features are grouped togeCTE820081010188
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a single enbodi nent for the purpose of streaniining
the di sclosure. This net hog: ofa?' sclosure is not to be
interpreted to require nor LAIM3res than are
expressly recited in each claim Rather, inventive
subject matter may be found in less than all features
ofWhatsis elimedlisscl osed enbodi ment. Thus the fol |l owi ng
clains are hereby incorporated into the Detail ed

Descr i p‘éli_lon, W th each claimstanding on its own as a
selpar at‘an PRASHURSHPPIIBBRIC US| ON Met hods, appar at us,
and sysf gfiRiritgve di sclosed menory device connection
schenes that increase nenory capacity within a given
hor i zorandintesfage ehip\asposedor tHesubsteate;s i ncl ude a
substrat an interface chi i sposed _on fhe

subet r &t st Bepiory Bla RS APt ORRE0 Bty Gvpgspa gp the
NBARFYcSEHipY e HirStRAGARSyQle Eoléd ot plagsitE 61 trowiht Wafehe
first menory die coupled to a plurality of through
wahigrconneas Cowdsend (TW). Various enbodi nents incl ude

2+ ays arapnempnier ([T Bt bbbl B Bdoseq on the

IR ey di8Cthy dedtdanghenyadié in¢ludfinga pRiralihof @ias, wherein
plurality of vias areconfjgured to allow the Pl ural it

oftherpiurally phxias arg eudiguradeto allewithe piwRity of 1aV1 tprpass thrdugh
Fit 01 y
TR ey, s 0l BE P13 e

t @lealityot TWI, wikdrginathe piterfideechip cahmunicetiveld ceud edithie Hirst
second nenory die usjng the first and second pluralt
ofnerery dig andthesgeen W@lﬁt“émﬁr‘@%aﬁﬁéa’& 5§ 981)Jéafltyy°f
male\bgni smfor interconnecting nenory devices.

Furt hernore, vari ous enbodi nents descri bed herein can
I nprove the density of sone nenory arrays within

i b L o
apP&Viaé HedreQ Rl dhitHand®dai4 Rsddcadsemory cells within the first and

second memory dice.

3. The apparatus of claim 1, wherein the at least one memory array includes
a DRAM array.
4, The apparatus of claim 3, wherein the interface chip is configured to

perform sequencing of the DRAM array.

5. The apparatus of claim 1, wherein the interface chip is configured to
perform power management of the apparatus, and wherein the interface chip is

operated at a voltage sufficient to preclude error bit generation.

6. The apparatus of claim 1, wherein the interface chip comprises:

12



an interface chip disposed on the substrate; a first
menory di e having at | east one nenory array di sposed

w@eoovkg2isht erf ace chip, the first nmenory di e cRUPUSW0$/@10188
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a plurality of through wafer interconnects (TW); and
a second .nenpr I £. havi ng at | east one nenory array
di sposeﬂﬂ”&ﬂ‘q['?‘f%p‘ﬂidﬁg’ter%ﬂg?y die, the second memory
die including a plurality of vias, wherein the
plurality of vias are configured to allow the

g'7ur al ithse apipamys ofslgiass whareindhe interfage chipds genbigyred to
o _ i |
Ot £ pPEER ARR bafthF R A SR G B SOSRAN aray

C QEBAH hatfirstelnd secundl ieémbheaditi rst nenory die and the
second nenory die using the first and second plurality

of TW. 2. The apparatus of claiml1l, wherein the

interf LD ' . '
cmanat i APRefhelSo Gl HAAeh P RS R RBRDARL] o
anperee 9 refrozh Boliemdalioc®ntrdl erférarates basealt arsthe signhb¢hardcteristics
wherein the at |east one nmenory array includes a DRAM
arof e figt andhgecand MEMATE i ¢l ai m 3, wherein the
interface chip is configured to perform sequenci ng of

the DRAM array. 5. The apparatus of claim1, wherein

t We i nt'Bhref apperatus gf dlamchwhegeinéle interfaee icbipris poagrammable

manggenent of the apparatus, ,and erein the interface,.
crng Loekged in corralt B Ein By St e et Ang Seondarimdy e
eiedBhito@8pgr ation. 6. The apparatus of claiml1,
wherein the interface chip conprises:an input/out put

driver circuit. 7. The apparatus of claim3, wherein

sallemo. 15 oA oLl oay e i bibrBREERL s fphfpeath

Digpbtatd & BXd SiPRchVery Behdnhd With 2&speta6 Alat TEAFO bife HefhorP array.
The apparatus of claiml1l, wherein the interface chip

is configured to operate a refresh schene to control

ennor rﬁ{eea%pgl%ﬁ?sdof%ﬁlai&hf Wi R ARt %Bipsi‘é k66 gured to

perform Error Check and Correction (ECC) during data communication between

the first and second memory dice and a processor disposed on the substrate.

12.  The apparatus of claim 1, the interface chip further comprising:
a diagnostic module and Built in Self-Test (BIST) module.

13.  The apparatus of claim 3, the interface chip further comprising:
a pattern generator configured to generate test pattern signals that are

used for testing and diagnostic analysis of the apparatus.

14.  The apparatus of claim 13, wherein the test pattern signals are
transmitted and received between I/O terminals of the interface chip and the
DRAM array, and a training algorithm is executed to calculate an optimum

timing for each input/output connection.
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of the first and second nenory die. 9. The apparatus
of claim1, wherein the interface chip is programuabl e

wW@rwns1s3 gured to operate based on the type oPCT/H82008/010188
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first and second nenory die placed on top of it. 10.
The a ratus of clai.m 1, wherein the interface_ chi

! S5cont Migamarates Gsdhih b asen SebsuoRL ot Bl REE ARk
V\"Jo%;frﬁé@@NANB 88 nfimdr9aghyone nenory array. 11. The

apparatus of claim2, wherein the interface chip is
configured to performError Check and Correction (ECC)

duri ng data commund cat i pn_bet.ween .t first ond
mafory T PO SO Lo Sro e das bt Fen@RpafRl o
1ZompiRes® NUR HiHsh Remorphfiayl, the interface chip
further conprising: a diagnostic nodule and Built in

Sel f-Test (BIST) nodule. 13. The apparatus of claim 3,
t intgrface chin furt | 8l Q. .

I
gater ac e BEAFTG A, LSS flsna SoBah bRy ofTW
t htendrig augaittaf GiredtRaitwitlgredpett ¢ aghas incdduding khesiesomd
t he apparatus. 14. The apparatus of cl %Ltrl?gffgét wher ei

t meementdipdhrongh thg speand mgmory dign togqup TREBPYeE to

b ermnals of the interface chip and the
ARl

rray, and a training algorithmis executed to
calculate an optimumtimng for each input/output

connectjon. 15. The aratuys of claiml, wherein the
at18 casTNeHPAHBHRALAIS Ly SHOP fEdBteTaARPHP fisgoscdlon the
an}R R - Ri-cSie Prdbeds 8édlon th
t he %e%és éastthgkgocﬁg%fs&g??%;@gnpgi sgg ae NOCrR | ash n e
mesabstyatar ray. 17. The apparatus of claim 1, wherein

the first and second plurality of TW extend in a
vertical direction with respect to a plane including

the, se Cﬁﬁdapgﬁfﬁ@tisyoﬂﬂlzﬁm 1 Ruiiieih thBrss eSSt o® TW Y foghneat least
to couple the first nmenory die to the interface_chip.

1partifa daprpbusathesdasd bed eoupling thewperneryrartays in theddirshand
chip is disposed on.th c or, and the processor
cdi qnldzxggmgpyn;ﬁfz? nggg?eégg%gee@é r di sposed on the

20.  The apparatus of claim 1, wherein the plurality of memory arrays in the

first and second memory dice include a column decoder and a row decoder.

21.  The apparatus of claim 1, further comprising connection pins to couple

the second memory die with the interface chip.

22. A system comprising:

a first memory die having a plurality of memory arrays, the first memory
die coupled to a first plurality of through wafer interconnects (TWI);

a second memory die having the first memory die disposed over the
second memory die and having a plurality of memory arrays, the second memory
die coupled to a second plurality of TWI, the second memory die including a
plurality of vias configured to allow the first plurality of TWI to pass through the

second memory die;
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substrate. 19. The apparatus of claim1l, wherein the
first and second TW format |east part of a data bus,

W b@9aiaxias bus coupling the menory arrays in theCT/USED8/010188
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and second nenory dice and the interface chip. 20. The

appar at us, of _cl aj m in.t | u it

o dminfarser Shigicoupivada Bienitsiemiory Gietat i €iAR emory
Cqfi& i%ing %%0611%{ artébcand PNIrsIRG QETWI, 2k ﬁ&hﬁ@&e&ﬁ@mﬁm@f die
claim1, further conprising connecti on pins to couple

trcbswecfbnnithve\m@accip@pmdﬁ the interface chip. 22. A

system conpri sin a first i .

pl ural |‘H’/r ?SS%ﬁW%?‘P%‘&a“‘FQ lqué toﬁgﬁoﬁgf%leecmp’ the first
CQHEMBH di, dhdfthé SdcoRli wicthdry i@t through waf er

i nt er connect s (TW); a second nenory die having the

first nmenory die di sposed over the second nenory die

meory e EQid 22, ndREEA pREARY B richitrf A ipctudes

secORANIafayy die including a plurallty of vias
confi gured to allow the first plurality of TW to pass

t hrough the second nenory die;an interface chip

d?iélphgflr‘]ﬁeoijﬁ&% bt O5im TBWhfeid c}ﬁ ﬁ'ﬁialft of affa fn%ludes

I'rst and secon ura of T
fldNPmHmﬂaﬂeamnﬂnymmmyy di e dlsposed on the |nterface
chi p; and a processing unit comruni catively coupled to
the interface chip, the first nmenory die, and the

béngbf:’clal%s 22, WoReréshe u?tht? b@gﬂ'&hﬁﬁxﬂaﬁﬁ% Ricludes

the pI ural 'ty of menory arrays |nc udes array.
24 NOReflashgnenonyfarcdyai m 22, wherein the plurality of
menory arrays includes a NAND flash nenory array. 25.
The system of claim 22, wherein the plurality of

MEIYr Y PHid S¥feni apéluﬂteéz awviNpRnfth@fllerfe@hip furthadcomprises a
The systemof claim 22, wherein the interface chip

f uneltiplexevdgmnulsiplexar circuit and a memory controller.

27. The system of claim 26, wherein the memory controller is configured to

control a DRAM memory array.

28. The system of claim 26, wherein the memory controller is configured to

control a flash memory array.

29.  The system of claim 26, further wherein the processor is coupled to the

multiplexer/demultiplexer circuit.

30.  The system of claim 22, wherein the interface chip further comprising a
communication module to provide at least one of wired and wireless

communication.

31.  The system of claim 22, wherein the interface chip is embedded within

the substrate,
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mul ti pl exer/denmul ti pl exer circuit and a nenory
controller. 27. The system of claim 26, wherein the

woreomng2isdnt rol ler is configured to control a BRANS2008/010188
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menory array. 28. The system of claim 26, wherein the
menory controller is configured to control a flash
menory array. 29. The system of claim 26, further

wher ei ng gﬁ@hwé&.ﬁ}?ﬁ‘&ﬁgi s coupled to the

mul ti pl exer/denultiplexer circuit. 30. The system of

cl ai m 22 leashenecedfisendiogiand egceivieg databemenwmrocessmg unit and

g(r)?é‘m{}#e?fﬂf‘?gﬁp gﬁ o C%g@ Oggﬁgﬂ lgéﬁ élnlg%ﬁ:n‘%nt eplg)?ésr circuit

SVan @Mh&thofl @ntfoRlés; Wherein the |nterface chipis
enmbedded wi'thin the substrate.32. A nethod conpr.ising

at | easat lepsieonsf ofss@n@llinggndﬁ@ervmtmudﬂga wamghe micutacs 0311) toa

P 1N Aot AR paRe s ah TS S bl Pale thidRcbecs
ar(lll'W\I) NREPLIralRGU OV passingtthioagh b pﬂmﬁhtyf ofséadfonged ittthe

receiving the data fromthe interface chip to a
pllmlﬁplm cofndenory dice using a plurality of Through

Vet er tﬂg '&gﬁtlﬁ thJ %ilme{hy} Hf Q}nld ch ngériel-r{]—lvé{aﬁlé of the

paSS|ng or'me

nqﬂm}ityhfoﬁema@cﬁlsé ﬁfcluaigs hﬂeasﬂahamamdryenpymr ality of
menory di ce, wherein each of the plurality of nenory

di ce includes at |east one nenory arrays. 33. The

mefzhod -gfe Iﬁl?t‘ﬁbmoﬁ g}alrﬁkﬁr Fhlret é?&‘n@thtehﬁtéjlﬁttﬂe Rﬂlr%lg? gf

pluralty of menory dice conprises? storing t
i Mmem@RAltacanaprises:

storing the data in a DRAM array.
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