MEMORY DEVICE INTERFACE METHODS, APPARATUS, AND SYSTEMS
5 Related AE%Ilcatlon This patent application claims priority benefit from U.S

ANSTRURERS. 11/847,113 filed 29 August 2007 which is incdipEFARSERANER,

by reference. 10Background Many electronic devices, such as personal
computers, workstations, computer servers, mainframes and other computer
related equipment, including printers, scanners and hard disk drives, make
use of memory devices that provide a large data stora e capability, while
attempting to incur low p PRYREN @r{l‘g %f memory device

that is well-suited foMEF HODS fAPPARE TEBCAND S¥STEMSic random
agcess memory (DRAM). The demand for larger capacity DRAM
continues to rise and at the same time chip size limitations bound the
capacity of the DRAM devices. RelaterbApplinatioRmory capacity of DRAM

devices, the fiiface Area RoaHR e Y his AR MR BRMSOS INdipictsabn No.

memory cells has been steadily decreased so that the packing density of the
memdr/3&T14 Grfided 2R BRI KA s wbish dtdnsrip atsa Sgbl@' SRSy the

device surface area can result in reduced manufacturing yield, as well as
ipé:reasing the complexity of the inteég(c)pgr%cl;ltlil% technology

Many electronic devices, such as personal computers, workstations,
computer servers, mainframes and other computer related equipment, including
printers, scanners and hard disk drives, make use of memory devices that
provide a large data storage capability, while attempting to incur low power

15  consumption. One type of memory device that is well-suited for use in the
foregoing devices is the dynamic random access memory (DRAM).

The demand for larger 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

20  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

25  devices.

Brief Description of the Drawings
Various embodiments of the present invention are described in detail
below with reference to the following drawings.
30 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.
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10Detailed Description Surface area reduction and a consequent increase in
the pd@lﬁ }@ ée?gq%ydmg to some embodiments of the invention.

10 ' Detailed Description

Surface area reduction and a consequent increase in the packing density
of memories may be achieved by decreasing the horizontal feature size of
memory cell components. This can be achieved in various embodiments by
forming memory cell components that are significantly three-dimensional, so

15  that the memory cell components extend vertically into and above the substrate,
in addition to generally extending across the surface of the substrate.

FIG. 1 illustrates a block diagram of memory system 100 according to
various embodiments of the invention. The memory system 100 includes an
interface chip 150 coupled to memory devices 110, 120, 130, and 140 using 128-

20  bit data busses 50. Memory device 110 includes memory arrays 110-1, 110-2,
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 ‘

25  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

30 112,122, 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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of memories may be achieved by decreasing the horizontal feature size of
memoﬂg cell components. This can be achieved in various embodiments b
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15 that the memory cell components extend vertically into and above the
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v b ik

includes an MtSPAE &R o F RN YSIRISHTok) LB RS, A58 and
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Raqdwnléeﬁﬁg&M@@WtﬁBRMﬂb@e&éo&& loosaayd eiadediire ptstsnehidry
vices 1101-tg.40 are plleid to column dt%codera%lz 122 1%2d§,9gﬁ’1542,

ﬁéspe%f?v%?f/. R4 deBa j, memory ¢ %2\1/r|1 es 161 garlg%uosuep ed to row

decodissitietl He2ein134, and 144, respectively. Column decoders 30112,
122, 132, 14 andkrodecodens sty kid «d db méhdBsaaekia peldiss

commands provided using data busses 50 to access memory cells within
memdRfIEAGY BTOETHBRMIEG WSTALes 1 yriadateitomdlnd A8 blifaisbretird L
Memagy gryiees ckild AR Darethendeabals rravioledren byehA8rs eaihdata
gg]sse 50, which mag/ e of widths otheg than _Bﬂ; Indsa?lmeS eration
bo ﬁﬁéﬂ&%}’}%’@‘%ﬂ{ %%V‘é‘i%‘fb‘ﬁ%‘fé"c&rvnffgeﬁ red to péarl*lorm BEAWP

sequencinge datdrfrsorall emediioe nfanenemorslidevites menorydevigys 110-
comprigg a flash memory device. In some embodiments, memory cells within
memory arrays in 5 memory devices 110-140 may include flash memory cells

arranged in BIQAMD HBSERHIeHBETPSF YIS Jemettt2 M LBaRe SREBdN eits,
MemQRt SRR VIR SBR1IPeRbITIRNA TN JNERRIVEARVIC R diOnL ¢ tiardociude

e e o

includadtdes psutsirathiz#2 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

25  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

30 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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10 are omitted from FIG. 1 to more clearly focus on the various embodiments

described herein.  The memory commands provided to the memon;]y
dRBL P40 include a programming operation to write dats HUmHe101ss

128-bit data busses 50 to the memory cells within memory devices 110-140,
a read Ypesmeorpnoadinn g8  floreme smbRLMEBIHSURATHIRGIRASL

devicegdRntdRie A8 iR aaRpES atiap J0sekagristatmdeainipl sU amparwan of
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fourth memane afaY, 2881k $o e amrditigpissghe first memory array 202

is disposed on the second memory array 204 and the second memor

25array 20455GidBJNNEBIFtReTRte e oM ﬁii‘S@flﬁl?%B}ﬂB%W&ﬁszﬂ?s, the
third reswan: #EY220 6nisddisaasesvdth ientoeribodiamaso AthayReltand the

fourth 8 is di the interf hip.150. The fi
o R B R o o A B e B A 244
whichaimituerfaechiupféd ficsthemteyfacey D, $GOnthreemusyearmon ddAetisd
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04 to connect with interface chip 150. In Some embodiments, TWI 221

passeaIGHsERc QN Wneludes Yinathl-iAtdriate Brf? 158 idiggsAeRd memory
devicggayithin t‘l'ih@i amsgrm@}m thr?,spm,ezemaﬂamnemaémeagmmmm
array 204 is coupled to interface chip 150 ysing connection pins 226. |
T e e e A R g e
array ﬁﬁ&heiihthnfw&gdﬁpctﬁp.lﬁﬂ;md &Wb(ﬁﬁ&merﬁrﬂﬂrﬁt&m&ym plEiSZZ_l
mema A 29&%&11&{9&%{&%&%{3}%§9di1@ﬁa8m§s SHINRAIMERIS2 &9 AACtion

pins 23 ow for communication between the 5 interface chip 150 and other
devicespestiedddangignhdusshatecond menamdientpsamsemeodipetiatd W1

242 may inghude @ Skt BRagek MiRich CHE it O MBMUTE atly ebycoaplel et frst
the interface chip 150. FIG, 2B Llllustggteﬁla Cross- egtional view of the
ﬁ,?em d?ﬁnal?@fé%lﬁ e interface chip 150. In some embodiments, memory system

200 includes vias 214, 215, 216, and 217 within fourth memory array 208 that
allows the TWI 222, 223, 224, and 225 to pass through the fourth memory array
208 and provide connection between the third memory array 206 and the
interface chip 150. In some embodiments, connection pins 226, 227, 228, and
25 229 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
30 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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shown in FIG. 2A, in accordance with some embodiments of the invention. 10

Memo(ﬁ/ sgstem 200 includes a substrate 242 having a matrix of solder balls
ZXVZf,) A e chip 150, first memory array 202, second m]éﬁ%wzg?%%}mss
204, third memory array 206, and the fourth memory array 208. In some

embodieatien. nSapten,380dnalndes@ preregeias wdt 306, interfapg shign$9,and
within SeseRARE MR AT 0 284 st alap s shemdiie2a8, 219, 220, and 221
to pass through the second 15 memory array 204 and rov'%%gﬁ]nngcﬁiéon
petweBH HIHFETRRIGRIF S &t PR FOREoURT Tag s
embodomestisr 3] 2l Sorrd Ombainadids22ibreoite dik 31 8 ireitided DiRAMomTays
(nam -directj shown in FIG. 2A) with r ' ding
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passemchidasdiasharsaxoir rhetnor), - do ansuiRe-th difipenEomkeABRIHSe to

the inigr{aqs chiRoiRP 34 ?95%{?&%@2{61?9%9191&%%%‘@91 8903n¢ludes
vias 214, 215, 216, and 217 within fourth memory array 208 that allows the

TWI 258-302d310-4 paime EWY 333 heomsreme il RO LFPA AR 15
and peevisiedoervack bembetwres e 820d ey 2R ) S28nthisiag TWI
interface chip 150. In some embod] ts ection ping 226, 227, 228, .
T R R DR B Tt Gan e LBt et Rt extend in
204 and-ﬂi@htiwrf(a{cﬂic@ipvﬂiﬂﬁn deéandﬂimér&%Q-connection pins 230,
231, 232, ang 233 PIAVIE IR MIBIC AR BELYSERRAR IOt bhmagery

array 208 and the interface chip 150. In some embodiments, connection pins

232 alefieTbseksmaiarientisheraniaen ttwdra thecdorahs BRAMsFdiBVices
embeﬂﬁ-ﬁg)wimm@. ?htbﬁfj&ﬁﬁtergﬂedi{ﬂeﬁmatamb@d;ﬂpemlim@dﬁe%ﬁ
may Inciude a Cl cujt ar aving cjrcults communicatively co ed to the.
TerA0ETein Tt BT o BONThEAE e AL SRAD TR G s
integrafegenicryitipadkene. PG 13 strowsnzbsdmeentatimtidferanhipf 5@ ystem
300 5 . . . . .

o s S R S e I e
InterfaS@YHpeIigd etk memanithie3d dasrmfraiadinenit. sboinerreaMm

0 i B Rl RSk e d1 T Bacd SRanisyReamay die
INcluaes L) arr yS -5, -Z, -9, an -4. 1N some .
I oBRTRLe RER L B O i T RRATAER 0L Toy 5o, ipal SO

and 32@chfipsedne epabodirbed iz DRAMgcatratie o8 3k iplaalipyed toeeasfy of

the D \ <1, s@0 340- - ingT: . e
ermboR Ak S0 er T ey e o e HZESD
320-1ingycs 3Pt gaucsror sQndiaurTiie STt trsRttsn figasls that are

intercgmgsg%mm m{gygpdﬂ%%mjn a z-direction

g\/sertical) Witgi)gtrg]rr? ?O%r%g;cgls%]igc?gge gzs?lbstrate 242 (see FIG. 2A), suchas 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

30  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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In some embodiments, interface chip 150 is configured to operate a refresh
scheme to control error rates based on the type of DRAM used in memo

di¥ 3241 ke embodiments, interface chip 150 is configur]elzgﬁ/(gJ %f%@%&?g

a refresh scheme to control error rates based on the signal characteristics of
memalsvitie 3 feshmesRay Kevismeranbodinasion of thafamemeiy degges: In

configuyad in,oRERMRS RRCGEY IREOMY L SChe MG At dneRibTaliyahoaare @by

arrays included within memory die 320. In some embodiments, the interface
chip 15898 PrigTelRIm A HRGASRJRRP R eBReUmRBL £ BRTRE"be of the
20 mesmaposhatsignpgseehaodepaofvidryn some embodiments, the interface
chip 150 is cgnfigured to.operate a bad cell recovery sche n plurality
P memory a1 I8 S AL TSR (ATt R oot
interfacephipitsOialoadds Brpetssing goHStlonaomilides gengaherine e st

patte;%rééggg%ksom %%iuﬁﬁ&fgse@ﬁu@&@gﬁ&i@%&ﬁ@@m@yﬁﬁ,@s R

die 320. 25System 300 may also include a substrate 242 (see FIG. 2A), such
as a GRUBBOEABPESCHITIEESSHIE BOSRISRE N & TP S0PPFA A O5EsSIng

locateghiSubstrate 242 may include terminals 244 coupled to a power source

not shown) o provide power or voltage to the compo of sys 300
T clucie BB O 550 SR LR o T Hegio St
alternatime é3bodirent o Direrboydent (¥ deskib@ abowny erishors fehengitrip, BIG. 1,
batterh@rnggﬁ%rﬁé/_lggory devices 110-140 may comprise a volatile
memory device, a nonvolatile memory device, or a combination of both. For

example, mémwaevkedimenis aymahed afeorertionaisysed, 306l sHdom
accesgRARPaM SRAMY deyis@wadianb Framesy SKVieRl e ttpmbyrRaioTsof

L oniREAELHER AU LIRS LB ARl P S0
embodim mOmmmmdodndhde sepdingritsiotsyisiegtiB0ovaylatarfrom the
oProcgss URi %%n%% T 8?‘ Qe%%g?fcﬂgeeglm ?ﬁﬁjﬂ&@tf?}@@éh wafer

1N erﬂge chlggi
components via bus rocessing unit 360 may Include ageneral-purpose

proceByeiconnestapphicidibrivisecifie g e rataconssets. Brod3 1A% unit
360 MAY, GAMRISR e M e QIRIARASHIREHE Rlct B/ liRIS3¢0/ 81U 0TRSSING
%glt' method also includes storing the above data in the memory dice 310, 320,
wherein each of the memory dice 310, 320 and includes a number of memory
arrays 310-1, 310-2, 310-3 and 320-1, 320-2, 320-3, respectively. 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
25  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

30 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,



10In some embodiments, memory devices 310 and 320 may include one or
more embodiments of memory devices described above with reference to
FI i?olglféz.lﬁﬁ, and FIG. 2B. In some embodiments, a metog|s/010188
operation of system 300 includes sending and receiving data between the

proceSawF @Y stigital caraerasdVli{MsonPipmr brgrs Group, Audio Layer

multipigyes{damuiiilexsle3Paandsmamand aanteallers 330, 340. The method
may also include sending and receiving the %%o%g?data frca the intt%rI ce

chip 150 to & Hurfibkrsser AGRTaTeeSRY 4 R 1Y AHAL
intercelmecia BRS, B4bcoviimgettheiie emhdivadetsinfeheonvatien 3%s8x:46 44k s
through vias formed i z-direction within th ' , The
20 el XSGR O EEUSEARD HEIOIRINE (ETUUCIE 0 ikl

wheretestich dfiphks frembsddetcwitbinthe zobstatertde ceBracssronA At ry

array§o3hQ-shbsihile LR PR th PR &5 $AQLpa1 U8, 'e RGNl vIEesAmE
embodiments, the method includes storlni{fhe data in a DRAIXI@%?% 310. In

some iBAhBEsmemeryrE s ik irt Qe 4 Yot e it dan = Hash

array 2énded nlensery ereiydoninments, 2wl agthil inclutefciotingltite data in
OR flash array 320. System 300 be included.in computer

e e, he eLGHe SRR IO Rt EL AL ERIBE S0y

wirelets comnrydicdtion Idavidspqeed orcdituitenfinsrrdep ¢6PdIEB8omones,

Pagers, BesARRS ARl RORSSIRRNIRIGIE 4 HRUIPHGI I RIaRUNRIAPRsE Rip

(e.g., printers, scanners, monitors, etc.&éentertainment devices {e.g., )
televidighis disansed sretbpsireaorad 45, A HisBemReY frayjers BV isRayers,

video gagseterRee @50 VD recorders, camcorders, digital cameras, MP3
otion Picture Exper roup, Audio Layer 3) players, video, games
tches, etcf‘? 5‘?{8‘%@?&%@6 tﬁzfégsgr ‘ﬁﬁ%s@é fg RS TR PFSdlder

ates a cross-sectional view of
systeire9803i thiberiabihat witowAdd 613, Boatded aing itswo hrardrhpo o shedas

of the JRVEDNIOR. SYRISMLARRINE i R BRI SNk £aT 8 S thBGix of
referred to as a package) 402 having an )
solder balls 414 used to communicatively couple the memory device 410 to

substrate 402.

20 In some embodiments, interface chip 150 acts as 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

25  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

30 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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interface chip 150 embedded within the substrate 402, a processor 406
attached to the substrate 402 using a matrix of solder balls 408, a memor}{188

d&/ﬁ)c"eo%i(ﬁzi]r?gluding memory arrays 410-1, 410-2, 410-3 withP‘FW%R‘k“-’R,

412-2 that connect memory arrays 410-1, 410-2, 410-3 with the interface chip
150. |ponDegiisycrethsemindractAentgenas o (AR IS dicegrd fsatsHagrehip

processgr 406 and the memory device 410 is disposed on the interface chip
150. In some embodiments, package 402 may.include a circuit board 40
and interfacénc?ﬂﬁ‘i%l?gqﬂgﬁr&et&eo‘ﬁtﬁﬁéﬁr%éﬁ E%éfﬁc%%%%és oetrr%né%%ry
devicantlf2dsidispasatan dhmaintbeiacerctipiitofais thiporhie awh bediRes,
substiate 4026 taghed 0.8 A SIR0Id6E BRlS A4 it ablmsystem
400 to be méunted on a Gircuit boar aving other devices. in'some

emboginbedimentsihsripigefarachinol i) san bavel ey pwiden(eRs Sk BalI84 14
used i EOPYRIZEHAALYRAYRIS IR MR AS) et AR A MR HASH dme

20In some embodiments, interface chip 150 acts as an interconnectio%

devicEBRRAHRCR o Rt RaHeRR SRl RGEEI MRS TR AL R BYSE™M S
includgsniiaglionak finteiiaa LK piesrIDRAMOE AM diceindychlgsitiin
ds, .delayed-locked | DLL) circuitry, and First In, First Out (FIF
gi@cuitlrﬁ/et)ﬁafl %@\ﬂﬁ%@zl}%%%aanoah\gvnﬁ e Légf}r{]{lér%?rsﬁzg%bn ,ugﬁ g%%%‘i‘r%?fi?g?’cn
Transferringlthssee @B tadiotons thiooker fashidrimtéOve idaiigmeddotipederat

Ordi”?é(w‘éfi nithBenR: RMARGRRAN dntiole dRadNgsRcEHBIRO can

allow Tor the incréase in storage area of the DRAM dice. In some

embo@Reiard atie Aags ETCHp! 1SRy e PretrreraboRiRbranr Ritsiblenanks
(eachdaaminghieeN e RRBIDME aktaNB: Othey II0ahe oaidigrdesiaset BY

ssible) Witd!}hiqnde e‘?hgeﬁ?t intercgnnect sgcgll a?stp? TOWn 1shoe\éyn in FIG. 4. In
ﬁgme embo %Wés)? RISl Sﬁ?ﬁei%ﬁel SBupled FSH'Set oft%Wf{?wré? are
configurreddisqotion daddiffererctigneduohgdetz oomeutiverbas ddtepeththend user
applicaUaR SRS SHNRAARSRIS. 405 J0¥ Lfg0-RE Gonlloisein REVide
some embodiments, the interface chip 150 is configured to perform power
management of system 400 by operating at some voltage that is determined
20  beforehand such that no error bits are generated at that voltage.
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
25  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
30 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

8



connectivity between independent groups of DRAM dice and the interface
cgﬁ 150. In some embodiments, the interface chip 150 is configured to
tr

RAIPLRH ceive test pattern signals between the interfacE IS LEY ANGE®
the DRAM 5 dice to calculate the optimum timing level for each interconnect.
In sorffenshtistinte Aestiplsignalsshet withbesonlisd iethe mepaDnIsuicet O for
16, B%a%ng&t?‘iﬁéxﬁﬁﬂfgd%%ﬂ%igﬁbp[ﬂ%}f@'e@é@{mal slystem e
interconnection. In some embodiments, test patt ignals are trgnsmitte
and received’ B%té\/ggﬁtfi’@st@rﬁﬂWéiga&? 8%{)@?&5@ @#&R%'g‘%i’r?o" a{}r:sg T5EAm
dice, ahdhan tiralfTBBakgovitting 16 émembmmahﬁl!mmmnmarrﬁ%ing
1Y e RRI SR ind rol SRP S RIRRNEEN B0 lOE I BTGP

chip 150 is configured to perform power management within system 400,
whereRtetfachebipineledine PHDuliplsaesta dard iR Rsgand AirIemery pravelier

the geqesalion s ohitsiudhsramEmunicalianiRalvermh thenier faes fabip
150 and memory device 410. 15In some em@r?%imelghs the%‘? rface chip 150
is confiyBrad IR RABPRsE gAY 8L LY &ga ta
comnTuRiraiineckaIwe tiaepnessdiodglviceldhltaiod the firocebsoth¢06
JpPosed.on the su ?"srﬁéeréé)tﬁoé”s68%‘31&&998%%@%%’&!&3 i%'t%%ﬁﬁﬁh&%ﬁo
is con'ﬁlgurera 0 perform power management of syStem 400 by operatirig at

some moitagedicat Whdesioreaiheef 16 bbiiotishafithemervthiceiochides drivety

genergigetal il Molage somd RiosasRMBARIIE NS thatbiekarrd iRy
includes a diagnostic and Built in Self-Test (BIST) module 152. In some

embotfARdnh DR HaduM RS SHIRAdI SR fh e a e pRof AR tH A
couplegheiweainiim inte AaTe Thip b . antsoreseaiyodaviaasd 10506, some
g bodirrl}en S, tl’\% BIS{T .mot(illulg is 25 8 ' retgatrcgasend command signals

d dRE B B So%?g%vige Vi ToR tﬁroug He Mamitenance bus 154 that
are receivedThenppatases, $nssonseasdinotiede dissltsedrhaieie pamprovids 054 is

also lﬁﬁ@%&%&%ﬁ%@@ammﬁ %lg i?&@%ﬁig ﬁ?e?ﬂ@@ Aﬂ'acygmleaddition to

embodiments, the diagnostic'and BIST module 152 generates . .
achieving a higher density of memory arrays compared to conventional designs.
In some embodiments, as a result, the DRAM die size is also reduced.

20  Additionally, use of through wafer interconnects allows for a larger number of
interconnects traversing shorter distances and consequently improving the speed
of each connection 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

25 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.

30  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

9



control signals and forwards the user supplied command and data signals to
30 ca{@/ out the commands of the user. For example, the dia&nostic and

BIEHAHC fArHRzary 10188

ded&is2 may invoke a pattern generator program o
module to begin generating a test pattern in accordance with the user's
comnRRgadsA ¢laima and dha S8l rarears awivdlents ovidieh shahel3IES Afhands
to a segieacer 156 for translation into control signals that will be applied to
the memory device 410 for carrybr%\glll out diagnostic o ratlonsbgfrgf'nem r

device 410, PYER §TRQLIPATAL QTHOG YA vt S PIRstHB Y SHB'YF dpharshion of
systeestinyimdinifia!Soraedizuding yobyctheeem tjummemé ofetialy ifovention. At
502 5 elhod 00\cliles Seading A/ asshipaRTADemE: fgrocessor
and an mt_eﬁace chip including a multiplexer, a demultiplexer and a memory
contrairplicationty nk tivel SOOIRERMIEIBERH YR antePbAERTE thal QAL H1Em

the intgfagse [l ORI WiMEY S SPEMIRI YrilieRiNg RapbtadiiyIRistrheaglu
Wafer Interconnects (TWI) that passes through a plurality of vias formed in

the 1FARTREHPERRE; ADLUEFRRBHCA Y HEd A NS A G YR THE Y
plurality aftsiranar Yodite, sphvifiel arsteatindiiaiplutalifhof disetoame didatended
includes a plurality of memary. arrays. In some embodi . 6, the
rgée:zthég ?ﬁé%&é‘% S gr?r{%aégé{?}/é Ialf':'irolX a Bﬁi Sa?rrgléf/r.l n Asr%ﬁ?é%%%%%iments, at
506, thembathtehineltiekeabonsyimaberbindents andathenmnhedimsntapofirasifieally

embogiments Rh-aRGvifeLpprthod inslidesisirringdhr dasa BvielNRRiHash

array. The apparatus, systems, and methods disclosed herein can
providP8F HFEFEREER- speed and through put while accessing memory arrays
in addition toraehiBMiagt @ highBisdriaityioproeidudrio 2o mydyceET ¢R®R.

nventi designs. In some embodi ts,.as a result, the DRAM die size
iigals ré%@éger&g‘i%l%t%ﬁgﬂ% {ﬁgqevg:ﬁ?ﬁq%ﬂvg wa (‘f?rilrﬁ e %lgekn%e%st%eg lclalwﬁ%-efor
a largestnenbhedéihiécabdisdossiralbisimhisderithshenmdsratanding that it

consegHeMIMRLe Vg dhs-sPaachal 8AR RSB IRSNSRY thehe

interconnects. Moreover, the apparatus, systems and methods disclosed

hereirfqse89ing PrstilshPesedriab RIS HErRb P SRR tHa R ehe TR SHINS 5
handliggbairechons wmidPuyydte siduecas RElaiencyisolcasig EHivriagddpfoved

BSCkiggscﬂggﬁje%s not to be interpreted to require more features than are expressly
recited in each claim. Rather, inventive subject matter may be found in less than
all features of a single disclosed embodiment. Thus the following claims are
hereby incorporated into the Detailed Description, with each claim standing on
its own as a separate embodiment.

25 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 dispo'sed on
the substrate, a first memory die having a plurality of memory arrays disposed

30  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

10



The accompanying drawings that form a part hereof show, by way of
illustration and not of limitation, specific embodiments in which the s%l?:gect
|

m‘é(&e%”??(&?ﬁbsé practiced. The embodiments illustrated are deBEABES 010188
sufficient detail to enable those skilled in the art to practice the teachings

discloerndipenesirio 3lo®ttherrmtlisnlioh g taapssdhueesh ArrisaeanicasReR¥ i,
such that tucEURLEY BgicatRHPREYEORSUBRA (asaRnd AN IR yIdEN],

without departing from the scope of this disclosure. This Det%leg Descrigtion,
therefdte (HE T BEREEM RCA 1 ifhp Comutcal g b eouRIS RS RTA ST
embodigmnadtthisseeiied endyydidheingphe fiee delasosnd piuthBtjudif EWde of
equivalents {0 which such claims are entitled. . uc ' s of the
ing\‘/entive sué?ré%f) ané?trgrerrrrlla?/ he Teterred {8 ere rf%r?é:ﬁ(%m%ﬁﬁéﬁqgﬂectjvely,
by thertermettiretngomnmey sy forss domthsrieneevaridusrmbadimend RRgorabed
voluntaily,limif {06,560R% QEARIE YPRUGRIALHG S Wr2|R AR RREMHPlevices

inventive concept, if more than one is in fact disclosed. Thus, although
specifiebafirombrednes e sign ofmsrmeadaiftescribed herein, any
arrangement calculated to achieve the same purpose may be substituted for
the specific embodiments shown. This disclosure is intended 10 to cover any
and all adaptations or variations of various embodiments. Combinations of
the above embodiments and other embodiments not specifically described
herein will be apparent to those of skill in the art upon reviewing the above
description. The Abstract of the Disclosure is provided to comply with 37
C.F.R. 15 1.72(b) requiring an abstract that will allow the reader to quickly
ascertain the nature of the technical disclosure. It is submitted with the
understanding that it will not be used to interpret or limit the scope or
meaning of the claims. In the foregoing Detailed Description, various features
are grouped together in a single embodiment for the purpose of streamlining
the disclosure. This method of 20 disclosure is not to be interpreted to require
more features than are expressly recited in each claim. Rather, inventive
subject matter may be found in less than all features of a single disclosed
embodiment. Thus the following claims are hereby incorporated into the
Detailed Description, with each claim standing on its own as a separate
embodiment 25CONCLUSION
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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 30
on the interface chip, with the first mgrpysdie 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
waig,itheseeang memory die including a plurality of vias, wherein the plurality
of vias are configured to allow the plurality of TWI to pass through the
second memory die. The second memory die, in turn, may be coupled to a
1.secong, phpalitn Ot FMYliang the interface chip can be used to
communicatively couple the first memory die and the second memory die
using' P #&f%nd second plurality of TWI. 50ne or more embodiments

provige iafeapsQ¥es drpehanismhtosipteraennecting memory devices.
Furthermore, various mbodim%nts described hereingan improve the density

of sofE PhEMTBRNAFSLWRER HathoRy BISUROLYE ey Ashered O thedtisiars

chsizeneffing MemydevikasuSleAMMSHMhBIS GIgioTRBrisi gl WAfea RRAaf@HEects
co prisd'ng: a substrate; an interface chip disposed on the substrate;

(TW%]; an

a second memory die having at least one memory array disposed on the first
memory die, the second memory die including a plurality of vias, wherein the plurality of
vias are configured to allow the first plurality of TWI to pass through the second memory
die, the second memory die being coupled to a second plurality of TWI, wherein the
interface chip communicatively couples the first memory die and the second memory die

using the first and second plurality of TWL

2. The apparatus of claim 1, wherein the interface chip is configured to provide

address and command data to access memory 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.

12



a first memory die having at least one memory array disposed on the
interface chip, the first memory die coupled to a first plurality of through wafer
interconnects (TWI); and a second memory die having at least one
memory array disposed on the first memory die, the second memory die
including a plurality of vias, wherein the plurality of vias are configured to
allow the first plurality of TWI to pass through the second memory die, the

6 secoldiBRIGH Y BRI botipEttdhs SUEHREFALIRAEIBI PN, wherein the
interfacenphitn epmnatRiGativalit.couples the first memory the and the second
memory the using the first and second plurality of TWI. 2. The apparatus of
claim 1, wherein the interface chip is configured to provide address and

7.commapdaiaie aceasmmemenigalis witindbeHipskandsasendoopmaa
dice. 3. The apparatus of claim 1, wherein the at least one memory array
Fiothacirs

refiti GEC R ARR BPL 0% A RRPAPTLPAHRS SYRGARPR NS RY s

andhicisnaanéiguredite 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

8.operatgel @b@r&fﬁiﬁ&gﬁzﬁﬁﬁiQL%h&@er@l%Uﬂ%ﬁﬁWdﬂi;ﬂi@ m@fﬂtgmed&otliwrate a
pparatus of claim 1, wherein the interface chip comprises: an input/qutput
reﬁﬁ%%}?@ﬂﬁr@f%ﬁ@é&ﬁéﬁéfﬁ& Efafth Fm&&%&%&f&wﬁa&efﬁ#@ and
seconfigwiedipqperate a refresh scheme to control error rates based on the
type of DRAM array used in the first and second memory die. 8. The
apparatus of claim 1, wherein the interface chip is configured to operate a
9.refregmsappinato cantiel erwhéaiesthasad-pidhaisignalcharacieristies of

the first and second memory die. 9. The aratus of claim 1, wherein the
Co R SRS B T i BTG T A OSpR APDC et B P
ofaf the first and second memory die placed on top of it. 10. The apparatus of
claim 1, wherein the interface chip is configured to operate a bad cell
recovery scheme with respect to the at least one memory array. 11. The

1 tappataitispphelainno? chhereiwihecintérédaedhie ishgonfigmegite pertoerteridrad
heck and orrectio%FEccz durég%éiata communication between the first
0

Cean S b REHI SR ICE SR A Prote St dis PSR BATAY substrate. 12. The

apparatus of claim 1, the interface chip further comprising: a diagnostic
llmOdLilﬁeaa{]p%e%g‘g}slr(}tsc?allfl};ll-ifwge!rse-ir t@eogl%?face chip is configured 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

13



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

retbR tarRinalsnof the-isrdacer ehinapdieciBAM arcayraM a-#h3iNiRg a training

algorithm is executed to calculate an optimum timing for each input/output,

Al QAR HOR IO HL AR A8 BPLIRIRT 1R BN FIRE MPRIAS BRECRIGTIRN:
array comprises a NAND flash memory array. 16. The apparatus of claim 1,
wherein the at least one memory array comprises a NOR flash memory

DarrayTheAPPARES 9L df BiBfHT L hhd R ton Siree BAEY SSEBNTP PIBFARE Aof

NAM extanghdmarventigal direction with respect to a plane including the second
memory die, through the second memory die, to couple the first memory die

to the interface chip. 18. The apparatus of claim 11, wherein the interface

16chip igEispgseshbtheprocessereanddhe PIOCasSHBINPHSES compikaoie
rocessor disposed on the substrate. 19. The apparatus of claim 1, wherein
Frsh SHISB¥SNEFWI form at least part of a data bus, the data bus

coupling the memory arrays in the first and second memory dice and the

interface chip. 20. The apparatus of claim 1, wherein the plurality of memory.
17array£ﬁﬁ SFRAHE e G0 B SIS AL AT AL O St A &rtF e
a Vol @e codefio ki thnespppatiys afeclain din uHhes o piisingcorNeetiaph the

ins to couple the second memory die with.the interface chip.. 22. A system
seggl?ﬂﬁﬂgm%& die, to coupqe the g}st ¥nemory Hle to tﬂe interface Chip. y

18.  The apparatus of claim 11, wherein the interface chip is disposed on the processor,

and the processor comprises a multi-core processor disposed on the substrate.

19. The apparatus of claim 1, wherein the first and second TWI form at least part of a
data bus, the data bus coupling the memory arrays in the first and second memory dice

and the interface chip.

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

14



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

a $8ccn@esendpleratityofiEWHedhe seaand memenvddie including amiurality of

vias configured to allow the first plurality of TWI to pass through the second

CORfFHERY diallow 1hf fHrsmhral N oIty R fiveh s i sy heic:
secopdl imemery dip Usifgcthe first @rdsecend dlualithetdidd theficst and
second memory die disposed on the interface chip; and a processing unit

us RTINS COTIIEH A6 e iRt b ERbatASHHATTRTAYHY i, dprpe on

thsesendmemeni@ie. 23. The system of claim 22, wherein the plurality of
memory arrays includes a DRAM array. 24. The system of claim 22, wherein
the pURHESSOAERIGF) BRAPL ACIEREL UPTEA D iRl SRPa i, irggnepgry

disysianhot&daim @énwheeein the plurality of memory arrays includes a NOR
flash memory array. 26. The system of claim 22, wherein the interface chip
further comprises a multiplexer/demultiplexer circuit and a memory controller.

2327. Theesystem of alaimn 26 wibgsiai ththelung mosy eerttellerisyeantigdesd to
control a DRAM memory array. 28. The system of claim 26, wherein the

D%Mé‘r{/aé(ontroller is configured to control a flash memory array. 29. The
system of claim 26, further wherein the processor is coupled to the

24r.nUIth"|}?eX (sa}r//sctjeergn cl)J t:: gl?r)r(le 2?I(z$}lfe|£éin the plurality of memory arrays includes a NAND

flash memory array.

25. The system of claim 22, wherein the plurality of memory arrays includes a NOR

flash memory array.

26. The system of claim 22, wherein the interface chip further comprises a

multiplexer/demultiplexer 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.
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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. 32. A method comprising: at least one of
sending and receiving data between a processing unit and an interface chip
including at least one of a multiplexer and demultiplexer circuit and a memory

3leontrbhiesystemefelaina i of ARt bedniF Haca g thembeddromithig the

suthgsface chip to a plurality of memory dice using a plurality of Through Wafer
Interconnects (TWI); the plurality of TWI passing through a plurality of
vias formed in the memory dice; and storing the data in the plurality of

3omemanheiged whapeisigach of the plurality of memory dice includes at least
one memory arrag/s. 33. The method of claim 32, wherein storing the data in

the pRirsRty YrEsariE e CorpNLs IR Ay 858 MRS ISRANRAA2).

interface chip including at least one of a multiplexer and demultiplexer circuit and a
memory controller;

at least one of sending and receiving the data from the interface chip to a plurality
of memory dice using a plurality of Through Wafer Interconnects (TWI);

the plurality of TWI passing through a plurality of vias formed in the memory
dice; and

storing the data in the plurality of memory dice, wherein each of the plurality of

memory dice includes at least one memory arrays.
33. The method of claim 32, wherein storing the data in the plurality of memory dice

comprises:

storing the data in a DRAM array.
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