MEMORY DEVI CE W TH NETWORK ON CHI P METHODS, APPARATUS, AND SYSTEMS
Rel ated Application 5This patent application clainms priority benefit
fromU S Application No. 12/033,684 filed 19 February 2008 which is
i ncorporated herein by reference. Background Many el ectroni c devi ces,
such as personal conputers, workstations, 10 conputer servers,

mai nfranes and ot her conputer related equi pnent, including printers,
scanners and hard disk drives, nake use of nenory devices that
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torise and at the sane tine chip size limtations bound the capacity
of these nmenory devices. The sur:‘:}geﬁe ?gg@?]o o ied by the conponents
of individual menory cells has b ate 'd8creased so that the
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yield, as well as increasing the conplexity of interconnects used to
connect the nunerous banks within the DRAM devices with ot her

devices. Additionally, during m ni aBackgeton@dn, interconnect delays do
not scale as well _as gate del ays. 25 Brief Description of the
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FIG 1 illTustra |aramo syste accordi ng
30vari ous enbrdieneatannedfs aht éaﬂd‘ﬂd&iﬂﬂnm‘s, make use of memory devices that

provide a large data storage capability, while attempting to incur low power
consumption. One type of memory device that is well-suited for use in the
foregoing devices is the dynamic random access memory (DRAM).

15 The demand for larger capacity of memory devices continue to rise and
at the same time chip size limitations bound the capacity of these memory
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 can be increased along with the gate delays being

20  decreased. Shrinking of the device surface area can result in reducing
manufacturing yield, as well as increasing the complexity of interconnects used
to connect the numerous banks within the DRAM devices with other devices.
Additionally, during miniaturization, interconnect delays do not scale as well as
gate delays.

25

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

30  various embodiments of the invention.



FIG 2 illustrates a top view of a nenory device, according to sone
enbodi nents of the invention. FIG 3 illustrates a perspective
view of the nmenory systemshown in FIG 1, according to sone

enbodi nents of the invention. 5FIG 4 illustrates a cross-sectional

view of system si @das j1hiQuhBak tcﬁﬂqw Jrf rFérS%r lievRECAIAIdIN IPsonRTE

enbodi nents of the 1nvention. 5A i Il ust at es a data Structure of
a command paeﬂnbbdmmc‘sqfrthmmm}ozsystem showmn in FIG 1, according to
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accordi ng t OFY@r i, Qbcor8Maq8 kome LM bAinidAes dHERveRon. FI G 6 i11ustrates
a flow di agram of a netfRod of operation of systemshown in FIG 3,

accordingto soneFé(ﬁbfbdlummsaolfoss hestioneleview of syserGsimilar ip geat shews a

schematic dia show syste | ed to a processor
modul e, acco?'ﬂ#ﬁg]l BeOEHES %Odlaﬁ ?%R?% {no‘righ%) VM on. 15 Detail ed
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t he packing density of nenories can be achi eved by decreasing the
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FIG. 7 illustrates a schematic diagram showing a memory system
coupled to a processor module, according to some embodiments of the invention.
15
Detailed Description
Surface area reduction and a consequent increase in the packing density
of memories can be achieved by decreasing the horizontal feature size of
memory arrays. This can be achieved in various embodiments by forming
20  memory arrays that are significantly three-dimensional, so that the memory
arrays 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
25  interface device 150 coupled to memory devices 110, 120 and processor module
160. In some embodiments, interface device 150 includes routing elements 153,
154, 155, 156, 157, 158 and 159 that are interconnected with each other. In
some embodiments, interface device 150 also includes a DRAM controller 151
and a Flash controller 152. In some embodiments, DRAM controller 151
30  includes a non page mode controller. In some embodiments, DRAM controller
151 includes an out of order command queue provided with memory command
bus optimization. In some embodiments, the DRAM controller 151 can be

programmable and contain Built-in Self Test (BIST) to aid memory testing.
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25i nterface device 150 coupled to nenory devices 110, 120 and
processor nodul e 160. In sone enbodi nents, interface device 150 _
i ncl udes routi hg el enents 153, 154, 155, 156, 157, 158 and 159 that
are interconnected with each other. In sonme enbodinments, interface

device 150 al so i mebueesicdiddRAl eIl lodherhdd RARea 1 Fh ash gt rol | er

152. In some enbodi nents, DRAM controller 151730 i ncl udes a non page
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testing. Interface device 150 is coupled to nmenory devices
110, 120 Hisi mpmary devionhid: i DNl loring ersureetiv U SR OERION. YTHS 135
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el enents 10153, 155, 156 and 158, usi ng processor, Z-vias 172, 174, 176
and 178, resf@é?‘iﬂ)’éb&f.Inﬁﬂ@&ﬁﬁ”@%@ﬁ%ﬁé‘%ﬁﬁl%F‘E’é’%@s‘i@dnﬂﬂﬁ?ﬁ BEOTGER!-
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processor. 15'&} sorrele odi nents, nenory device 110 includes nenory
arrays 110- §04/9q@muDiq§Ore DIRGESEN . 4 each nenory array having

menory cedls |ogi gakdife ambamaRdts hehf ldé‘*ﬂﬁ'e €0 HeRSes §em&ﬁﬁﬂ5¥ys 110-

some enmbodi ments, nenmory device 120 includes nemory arrays 120- 1,
120-2, 120- 3 1ahd-2210.043 awchtH)-fesach ynemarg prinz havige memury celdd logically

| ogi cally arranged.in rows, and colums., The interface 20 device,150
br ovi des’ menBRo SO HaRUe L e, S e P btree e Rfe B
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120 i ncl ude Dynam ¢ Random Access Menory (DRAM devices. In sone
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to perf 0540 Dﬁé\%é ?9(515‘\1%91({%9 memory commands to selected memory addresses within

the memory devices 110 and 120. In some embodiments, memory devices 110,
120 include Dynamic Random Access Memory (DRAM) devices. In some
embodiments, the interface device 150 includes circuitry configured to perform
DRAM sequencing.

25 In some embodiments, interface device 150 is configured to implement a
refresh scheme to control error rates based on the type of DRAM used in

‘ memory device 110 and 120. An activation pulse for reading and rewriting and

a precharge pulse indicating the original state are supplied from a command
decoder during an auto refresh sequence acting on a memory address, and a

30  clock signal is applied to the DRAM. In order to avoid a loss of data, the
memory cells of DRAMs (dynamic random access memories) have to be
regularly read and then have their contents rewritten, which is referred to as a

"refresh” of the memory cells. In some embodiments, the interface device 150 is
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251 n sone enbodi nents, interface device 150 is configured to

i npl enent a refresh scheme to control error rates based on the type
of DRAM used in nenory device 110 and 120. An activation pul se for
reading and rewiting and a precharge pul se indicating the original

state are suppld&ded fo &t&gwgggﬁﬁgﬁ@rw@l%f c‘[}g)r%te%ﬁs%drﬁftﬁ@w
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operate a bad &8 utra Nenory arrays
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10devi ce 150 includes a pattern generator configured to generate test
pattern si gnaigaals Hut aggrused dardesting andstiagigstienadisisionemneryAexisesil 40 of
menory devic and 120. In sone enbodi nents, interface
device 150 acts as an interconnection device and an 110 driver. In
sone enbodi ment s, I bené ahbodiacatsdanerfee He0icd 36D attude sn interdohnaatiah

functional bl ocks present within DRAM di ce, such_ as |10, pads,
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Transferring these functional blocks, from the DRAM dice into the interface
device 150 allows for the increase in storage arca of the DRAM.

20 In some embodiments, the interface device 150 is coupled to 32 different
memory devices (each having several memory arrays; other numbers of devices
are possible) with independent interconnects such as the through wafer
interconnect (TWI) shown in FIG. 3. In some embodiments, the interface device
150 is coupled to a set of TWI configured to provide different types of

25  interconnection based on the end user application. In some embodiments, the set
of TWI 321 passes through the memory Z-vias 322, 323 provided within
memory arrays 110-1 and 110-2. In some embodiments, the TWI can be
configured to provide connectivity between different types of DRAM and the
interface device 150.

30 In some embodiments, the interface device 150 is configured to transmit
and receive test pattern signals between the interface device 150 and the DRAM

to calculate the optimum timing level for each interconnect. In some

embodiments, the interface device 150 can have any number (e.g., 8, 16, 32, 64,
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menory devi ces (each having several nenory arrays; other nunbers of
devices are possible) with independent interconnects such as the

t hrough wafer interconnect (TW) shown in FIG 3. In sone

enbodi ments, the interface device 150 is coupled to a set of TW
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timng for each 1 nput/output connecti 51 n sone enbodi nent s,

i nt er f ack0 deby peovidifig sneis whi I§8rteddata bpssed. oinreoBErerapbodimeits.ahe data

Correction CC) duri dat.a,_ca icatjqn between, the nepor Vi ces
110, 120 PG oS wpaﬁgggeﬁlﬁ@aﬂ@%@%”ﬁm A4e &3 58%6&%%893}“-

DRAM cont r ol kelordSdmBedmfchASthe GH 619! dofimakad pYd Lidddolthé RichREEddaVdsCe
150 are configured to control menory devices 110, 120 10by providi ng

signal s on 1280,020 inklude tnmsmends th igagssreepTe glhaounimg wpsratiph éo wattaddasses

provided withi.n Z-vi . nd 145 can, hav i .dt t.Rer than 128

b1 te. n sonteiBfiscizienf e BiGen eksiE LR Ao I el dd o PR inor y
devi ces {810, cdi&Guithlg nkors AVRBEI 510,220 2d%ad dpBraQah & Fead da@FRin2tieon to
wite data using the 128-bit data busses passing through Z-vias 135,

145 to the nEwdIopy s8ksevitisinumernry dewiess §1Udd0cand ameaseiopgratignie sepse
P ¢ fe s LR R ST LR e

110, 120, and an ‘erase o rase a portion

of nmenory cells Wi furie efbBdiyhedayneamrildéicés200, 120 includs aSTRE memory
enbodi nents, nenory devices 110, 120 include a flash nenory device.
In sone enmbodfHeht iy somersBPdaBeIts, FMATYFEHE NBThN BICPQpY afrfySHE mFIory

20 devices 110, 120 can be arranged in a NAND flash memory arrangement. In
some embodiments, memory cells within memory arrays in memory devices
110, 120 can include flash memory cells arranged in a NOR flash memory
arrangement.
In some embodiments, memory devices 110, 120, interface device 150
25  and processor module 160 are included in the same electronic package. In some
embodiments, the processor module 160 resides in a different package from that
of memory devices 110, 120 and interface device 150.
In some embodiments, memory devices 110, 120 are stacked on one side
of the interface device 150 and processor module 160 is positioned on the other
30  side of the interface device 150 in a three-dimensional manner. In some
embodiments, the memory arrays can interface with interface device 150 with a
standard, variable width connection. "This would allow different types/sizes of

memory arrays to be connected to the interface device 150. In some
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20 devices 110, 120 can be arranged in a NAND fl ash nenory
arrangenment. I n some enbodi nents, nenory cells within nenory arrays
in menory devices 110, 120 can include flash nenory cells arranged in
a NOR flash nenory arrangenent. In sonme enbodi nents, menory devices

110, 120, intebbanntieVidaidolr RoitQfh R eeRe A haldeguhb &ray 8f vias.

included in the sane el ectronic package. In sone enbodi nents, the
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other 30side of the interface device 150 in a three-di nensi onal

manner. |Hh sowdulsnbodi nents, the nmenory arrays can interface with
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enbodi ment s, teergeertipablo the memaan sysem d0A oA Fienbigcledtsiriabsitdat1@an be
used to couple.. the pr I d'p%;_r;u__li , the
user can dev%lgvé}’gﬁn 651 <§’fﬁ8§v‘9‘§i€s§%@m§§‘g%ﬁéﬁggﬁ%ngg%gq Hgg%?@et oresa

gi ven prpgessmbodintnaybah of memordyldevicgs 220,230 Btlemda S0apn mawdof a
menory system 200, in accordance with sone enbodi nents of the .

i nvention. MEWHEBIE gipsraRATBYS 26k lBIsomgsredunsnty ach of BEMPBLERYIEE to

the nmenory s 1 j r.at L i

menory devi ngé’??gj 9@3%{,(1 ?ggn Céquligeéfggélgl?lgg%@%g?%g? g’oﬁ?&f%ﬁgtg}réerﬂ%ory
enbodi nent s, devdcd) oot comibirayiod @b baths F22 Ox a6, medOryade 1252202180, 340 ude
mul tiple menor rays 260. | .enbodi.nents, each of ne

dovi cbs 220, 5350 SRITSIAC s A NIies 8 Sebb BT ERy BB MY
non-vol af3 | e4aRgED @fla‘éﬁ’\ﬁ‘le?r‘f‘oré%Evi@e,‘&%oﬂﬁﬁxﬁa‘?i’&n%ff tRQk h'len{:d?% devReR! B

menory devi ces 220, 230, 240 and 250 can include a DRAM device, a
st ati ¢ randoseraeembsdiments; locgBRAMiasIEeare pevidedfarawhl memorydelesdsce,

or a conbi nat,} f es ry devices, Jn . so enbod| nent s

Tocal {sed vi 285238 A LER AR Prar B SRR T e R SLBE s s to 40
and 250 t hat caipdy btiesdevidaiuchas intbradedievwf 180, hrat 5s6:0mbeeks 6H8hown
coupl e ot her devices (such as interface device 150, processor nodul e

160 shown i nirFFig. ithatmay berdispessd absyansbedays vubsiiate ¥ ow substrat e
200, ZOPLE 3 1 MBS RAGRR PELREEAN Gl S A RSB BRI S0,
I nvention. Mhabshown in FIG. 1, according to some embodiments of the invention. Memory
system 300 includes a substrate 310 having a matrix of solder balls 344, an
interface device 150, a first memory array 110-1, a second memory array 110-2,
a third memory array 120-1, and a fourth memory array 120-2. In some
25  embodiments, the first memory array 110-1 is disposed on the second memory
array 110-2 and the second memory array 110-2 is disposed on the interface
device 150. In some embodiments, the third memory array 120-1 is disposed on
the fourth memory array 120-2 and the fourth memory array 120-2 is disposed
on the interface device 150. The first memory array 110-1 1s coupled to Through
30  Wafer Interconnects (TWTI) 321, which in turn are coupled to the interface device
150. In some embodiments, TWI 321 passes through a set of vias 322 within

second memory array 110-2 to connect with interface device 150. In some

embodiments, TWI 321 passes through a set of vias 323 within interface device
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system 300 i ncludes a substrate 310 having a matrix of solder balls
344, an interface device 150, a first nmenory array 110-1, a second
menory array 110-2, a third nenory array 120-1, and a fourth nenory
array 120-2. In sonme 25enbodi ments, the first nmenory array 110-1 is
di sposed on 1t kg (Sese: HREDILYs #ith@ythd A&Jas%amd ot he s&Re eRBoaRAMItY tidf 1 ay
110-2 is disposed on the interface device I n sone enbodi nents,
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150. In $@ﬁE11&6ﬂﬁMld‘fﬁf¢ES50conneCtl on pins 332 allow for comruni cation

bet ween routing el enents 152-158 enbedded vvlthl n i terfaaﬁﬁ devi ce 150
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c.),
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ent ert ai nnment de tel evi s t
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and the like. FI GFIG 4 [llusgetens crosasestipsal wewtal shdemAtowimatydkam 400
P20 40, B SO e e s PR 08 ARSI IR B0
devi ce 150 wirichides alpackeeeldd) dadig, andnterfacedaive Irmidmﬂtianttlﬁ)ﬁpmﬂca@h(mj at o
the package f;?o%eéjs%} &%d%le%%ra:tt)éc}?gd tg(% éj Sz[ckggacl t|1(§2 using a matrix of solder balls
408, and a memory device 410. In some embodiments, memory device 410
includes memory arrays 410-1, 410-2, a memory buffer 430 and TWI 412-1,
25  412-2 that connect memory arrays 410-1, 410-2 to mernbry buffer 430. In some
embodiments, processor module 406 includes processors 162-168. In some
embodiments, memory device 410 includes memory arrays similar to 110-1,
110-2, 110-3 and 110-4. In some embodiments, memory device 410 includes
memory arrays similar to 120-1, 120-2, 120-3 and 120-4.
30 In some embodiments, the interface device 150 is disposed on the
processor 406 and the memory device 410 is disposed on the interface device

150. In some embodiments, package 402 may include a circuit board 403 and

interface device 150 is disposed on the circuit board 403 and the memory device
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408, and a menory device 410. In sone enbodi ments, menory device 410
i ncl udes nenory arrays 410-1, 410-2, a nmenory buffer 430 and TW
412-1, 25 412-2 that connect nenory arrays 410-1, 410-2 to nenory
buffer 430. In some enbodi nents, processor nodul e 406 incl udes

processors 1629 kbfispokéd SOIR inEbrack adnis] 50THARbYc@bodBndits) meisdydes
menory arrays simlar to 110-1, 110-2, 110-3 and 110-4. In sonme .
embodi ment s, deeeot L0 BeomeRnMaaivelycoyrisd gy cesserAPS using 3 parrqvphigh

120-1, 120-2 - d -4 : i i face
dovi ce 150 | PESUE L0 Ricemp iAo SERACLARRRRed e LONERAAET, |
i s di sposed oncdrv@uhioiterdhace 1d8\dR/e Iibfhmd embaiimentshihed narotvdigipspskdge
402. may include a circuit board 403 and interface device 150 i

di sposed on PRE42] prevides Bydkl dupisx sapmuricatigRbpying &4 qur1r6a$ éata

di sposed on thect el FAGGHQYlce 150. In some enbodi ments, menory
device 410 is comiuni catively coupled to the processor 406 using a

narrow hi gh speedhbssndafibodimeatnpackaboddizrettachiadeo nanatowolisglesipdlsd
bus is confi d to,communicate data at 128 GB/s., I n. sonme

embod ment s, J0hEeh &P G Li9dedes pitedt Gov et FORnE B dupl ex
conmuni cat i 0feal NF s&e ERbddinM¥ntd, %?é#n&?&i@vi%@%ﬁfkd&ﬁé&df t8la ﬁ‘l’_ﬁt‘rfk%ff

data. In sone enbodi nents, package 402 is attached to a matrix o

sol der bH) | sselGer tallat 1 énadsl tesosysuraeat@ly couplsshementoey dovicad £ tecui t
board havi ng Oq%ger4g2€Vi ces. In sone enbodinents, nenory device 410 is
attached to B2¥88F"x*of 10 sol der balls 414 used to communicatively

coupl e the menor YIﬂ%&&nﬂé@nieﬁtsgﬁ@é?%@ déPide 150 acts a$ Bn BREBonnection
enbodi nents, interface device 150 acts as an i nterconnecti on device

and an |/ O déé¢wies and an EQrdsivenbodiomenngbodiments,the ifterdacedisyiced 5950

20170 15paauien S Boali8pg g0 Rn by BER P FRL DRI e B0 1"

First Quts (Fpids) delhydiiobked Ib_?p(Dprﬂraﬁﬁy,raeﬂcPi@nm,waﬂst Sup@IROET S,
storage, and control logic. Transferring these functional_ bl ocks,
whi ch™ar e wefircuitip et pepvidrsgeadandorvaicpoigtesskstprage andigengpklogicr om t he

e e ¢ > o . ; .
storage. ar ea BrsREhdiEd ARCISRERIE PhERRCIPROR o fBsd TERRR, 1 1
devi ce 150 i skilldu[Heedt, fondthedRAML dict imenie taifice desicé e5Earhalowfpr

several nenory .arrays; other nu rs_of devices are possible) with
i ndependent HIStBFES SR St05288 7EFR E?M‘%%‘T\om in FIG 4. In sone

enbodi mesi s, the ipignd ggs%%\éh&,eth%ﬁ&e}fﬁc&meeﬁot@c@upﬁea tcP52 diterdnpat

are configured to provi erent types of interconnection based on
the end 25usernmppléedats (each havirgererhinsdione atrsys; pther Tuihberaef bevices

configured to provj connecti vyi bet ween i ndepen r oups DRAM
and the | nt efeRot by a8 Hagendent heeEh e B ES AR R S PRETFIC. 4
interface dew &fneldfbédineRR ih8UhteHaddddvicmsiil catifled RCLieY 6f T that
pattern signals between the interface device 150 and t he DRAM
are configured to provide different types of interconnection based on the end
25  user application. In some embodiments, the TWI can be configured to provide
connectivity between independent groups of DRAM and the interface device
150.
In some embodiments, the interface device 150 is configured to transmit
and receive test pattern signals between the interface device 150 and the DRAM
30 o calculate the optimum timing level for each interconnect. In some
embodiments, the interface device 150 can have any number (e.g., 8, 16, 32, 64,

128, etc.) of /O pads that provide for external system interconnection. In some

embodiments, test pattern signals are transmitted and received between I/O
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30 to calculate the optimumtimng |level for each interconnect. In
sonme enbodi nents, the interface device 150 can have any nunber (e.g.,
8, 16, 32, 64, 128, etc.) of 110 pads that provide for external
system i nterconnection. In sone enbodi nents, test pattern signals are
transmitted anghidaCsy tHe thib@icserNicd 160 ahe ¥ DRAS/ Gindtateaihink @l doaitlem is
device 150 and the DRAM and a training algorithmis executed to

cal cul at e anexgsufadimcalicniateperf entinedia Hmipg fr/csch PRLYeMRREEIMEHION n sone

enmbodi nents, the interfac evi ce LS. conf i 1| r
anagenent i t hi n Ly A feBBaeIE el R RRIAIRE AL LB REN®
Soper at ed at pgw¥ohhagemstf WithineRtteinot (0 eXerdin thedngeaes ddviani ifiser r or

bits in the comruni cation between the interface device 150 and nenory
devi ce 419. operated aha yelttseaniioienha PEVeRTHEC BRteEILYS eV ibde N8 | s

conf i gur ed 1 8, Rer,hRLILERLReH B3t A0 AMLOTSERIA RERbRN NG, dat a
conmmuni cat | on ‘bet ween e nenory aevice 10 and the processor nodul e
406. I n some enbodh smnd smbbdieehd, thetirtef facedaldoe @ i3 50nfigured rf payformd

to perform power nmanagenent of system 400 by oper.atjng at so
vol t age t hat €Fer %Fé%%#oﬁiaﬁé/&fﬁw%@ﬁmngﬁéﬁ‘% u‘HBat@tnrg‘%‘?rtwﬁnt‘ggare

gener ated at : i Al dt fiace
devi ce 150 irr{%: u gg\g&gigg%%%ds?ﬁcgr%%é@ g%ﬁd’?mﬁﬁms? E g)ﬁl'lgst (Iglhi%él'l?g’r%gﬁul e
152. | n s@neiredfoadideent 4 50 iheonBigSiedro gatferni powecmapd gethenbofsystem 400

mai nt enance bus 154 that is coupled, between the interface device 150

and memory  dBYPEBSTON SOMeEEE b TATLCed frOTBN SR oS peror

configured tgit§§1@%eﬁ%@@lﬂ§a§gg@g%. and data to the nmenory device 410
a

through the mai ntenance bus 154 that are received froma user. In
some enbodi nent s, In feneremhodinentse thsustetfsde deyicd K6 inslades adingeestieand he

results of the.di ti est | n, sone enbodi nent

di agnosti c a%&ﬂgwg‘ﬂﬁi%ﬁ%?éf@f%@ﬁg}%‘e@ Sc?ghet%n%)o e ti'egﬁg?f%or%er ds
the user j$upp gl uRdn@nshcd dua 154 ealsscoupledetweedlthe MG fARMRRIES
of the user. For exanple, the diagnostic and BI ST nodul e 152 may

i nvoke a pat f16¢ andjmsmony devies di} dmsometrmipdamentaghe BEST sadel in

generating a _test tern in_accord e W e ' d
data 25 and By REERE bRt SEIER S Sl GRS SR R0 2
sequencer 15 sintehame hisi1gn thaitaee RoivEDToBI Pt SIi fuate whbddibents,
applied to the nenory device 410 for carrying out di afgnosti c .

oper at i ons ofheraupiopagrshusd 54 1palso used to receive the results of the diagnostic

20  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,
25  and also forward the user provided memory commands to a sequencer 156 for
translation into control signals that will be applied to the memory device 410 for
carrying out diagnostic operations of memory device 410.
FIG. 5A illustrates a data structure 500 of a command packet used in
memory system shown in FIG. 1, according to various embodiments of the
30  invention. In some embodiments, the user can interface to memory systems 110
and 120 using “read” and “write” packets. In other words, the actual operation
of the memory device (for e.g. a DRAM) is virtualized behind interface device

150. In some embodiments, memory commands and data are sent using separate
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FIG S5A illustrates a data structure 500 of a command packet used in
menory system shown in FIG 1, according to various enbodi nents of
the 30 invention. In sone enbodi nents, the user can interface to
menory systens 110 and 120 using "read" and "wite" packets. In other

wor ds, the agdadahndepae ahdmRlsqhplile Mamowilides)i tesqheembodimentDRAD) i s

virtualized behind interface device 150, |n some egﬂcl)sgi rregu@s‘ ﬂgrmry
conmands andsigugtere08 ceptinsyariayigdp hahineludes sraugtid Vit BHE- Uh AARGI s

(uplinks and; i nk I : i t 0
contai ns var frg@ﬂ?(%ljeﬁé?%%aﬁ e?ﬁgﬁi@g?g?’etgﬁg{ t’SI g’d(?oéﬁ] éﬁtg%lg?@sgl@’i d
i ndi cat or di gddrsssaidits $iaaier CRICqtycdicGodundhadyt cadic ECE (6681 camentimnd

digits 510, address digits 512 and CRC (cyclic_redundancy code)/ECC
(error co?reé@‘?f’dﬁ%ﬁédg) Tyseyne gmbediments, %ﬂfﬁ“g%@it @t@%u?‘n‘e‘g@est | D
digits 502 a i [ Adan sgesheg the
command di gi E‘%ng%[.%%ﬁdﬂg%engtg%%%@i@ﬁ%%tqg{gq?%g%g%gggfﬁI Ddigits are
used to re-oesbodinteats]dtecaretiieat D digistaur weed t¢ ce-otder therdder that 18 refomed

enbodi nents, valid jndicator djgj.ts 504 are.used.to i.ndicate.the
validity of e gsadsrol T ?‘B{ﬁ igepiSq Yl RGRET i dDadrt e ieader
10di gi ts 506;a18:4889 1@ty GRMEGLM de t%atrﬁ_féfrreaf 18 séat @mibb Ofkerks, ABSdeLr

and the tail digits 508 are used to identify the end of a data bl ock
t r ansf er 10 | n digniss 06 mbroskieddmidentifibe stanmdrdiaty bleckaransfercandithe radladigits

wite or confjgure a,nmenor Vi C 1 0, .In so enbodinents.. the
addr ess. di g1 08 g i e e eifior et Pk ol R RRTE To TR

| ocations W iy ddnihghd BR0EY uskMb ¢Eadl Hlite d2EbnABNES £iBmokaevicd bymubd.
indicate the sending entities address and Y would indicate the

recei vi ng enfi siresembeimests, the address digiip d1 Freentain XoRCaAtdEsHiogrewingr e
used to provi,de error det ion.an rr ' F B
illust ralto es &ataé? gleﬁofﬁiqc‘éﬁén%‘ﬁﬁﬁlgﬁ hé;%gglt%g? %%‘gf(eepods}% ) \gvﬁérﬁlglfrf)hreyx

syst em spown wodldin@icatk, tha et $1gitics a¥dredsound e wbatl inEkbe thé rddeiving
i nvention. In 20sone enbodi nents, data structure 520 contains varies

fields that PRéRsaddreseqiesmernhagingnisORCELT digigdredtsdio aryits
524, header glag}&esreéi%g’ewﬁl%g%e%kﬂl‘.ts 528, data digits 530 and CRC

(cyclic redundancy co error correction code) digits 532. In
sonme enbodi nent s, Fi@gie sllustitediagiatasstmiz@irab2) ofedath paciee nsadf iy mhdrgory
address of the sender sen%%rig the data digi

t

25enbodi ment §YSIYRPHVR HuF Katlo ACPrgnE o Bw%%tﬁzﬂhgggaﬂ{tgff \%‘g?%‘ﬁft“éio?'h@
ooy 2201, RSB R IR AR R e TR
data bl ock t requsstdD digids $2% vahd indiéagortdigisoi2 daheades digits 526, tail digits
528, data digits 530 and CRC (cyclic redundancy code)/ECC (error correction
code) digits 532. In some embodiments, request ID digits 522 are used to
identify the address of the sender sending the data digits 530. In some
25  embodiments, valid indicator digits 504 are used to indicate the validity of the
data digits 530 being transferred. In some embodiments, header digits 526 are
used to identify the start of a data block transfer and the tail digits 528 are used
to identify the end of a data block transfer. In some embodiments, the data width
represented by data digits field 530 can be programmable to any of 32, 64, 128
30 digits. Insome embodiments, CRC/ECC digits are used to provide error
detection and correction.
In some embodiments, the router elements can be programmed based on

memory ranges of the memory devices to which they are communicatively
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to identify the end of a data block transfer. In sonme enbodi nments,
the data width represented by data digits field 530 can be
programmabl e to any of 32, 64, 128 30digits. In sonme enbodi nents,
CRC/FCC digits are used to provide error detection and correction. In

some enbodi Mefipled. t IMGohRWntiod&heiIE the ﬁ@s\’iﬁa&l&t BItaIIsRBIB BorirEReh On
menory ranges of the nmenory devices to ich they are comunicatively

coupl ed. | n bemece tsodement ystenhand infesfacy devies uediths | ‘ensiiad” gacket
connection between the nenory systemand interface device until the
"end/tail" pAeK&T arrives. FIG 6 illustrates a flow chart of a

met hod 600 of opeFras ®Nhwiratey s flom daRowfa hahéd 600 of epattdi®{ #stem
according to sone, enbodi nents of the invention. At 602, nethod 600

i ncl udes sensharg BdG: d e ilHgd recarding \ReemeLnHogiments of Bre ipYQgi®tsor s

in a processqr, -2l | . i i n
interface de\%t g g?,%%tﬁoi? Q%g&ﬂldr%}tsa? %"B&ré‘?ée%yﬁeg‘f':‘ﬁ?gte% l%&?#ﬁg?g%?%{lt? 89a
plhur a: it yI of pfmfmbys ianarmysesydrtthbdulal 60 eeds phinditprefieoyindeldncentasi ang
the plurality of routing 1lOelenents in the interface device 150Q.

606, met hod eﬁ@ffwaemegsg-téﬁﬁ% agthgd Pl fl}?@ld%ﬁ fRuingtdpiaie %@Hﬁ?%/yét
arrays. In s i o , i tNgiqhe
datain o DRTEY S0 ot Rl Gy RS R B R OF i

i ncl udes1&t oelengntshe tisaineerface deNBNDFT. | As60G@ maled 660 mohdeestbodg detnt s,

at 606, the pethod includes storin he data in a NOR flash array. At
508, 15met hoth M8 UTHLY S ELTHEY TGV 5 PHSLRIHTENS BI00PanF e
Menory array gl fgto?ing ki @lid trya DR ANITOMG INGERE eﬂnpb@imm 8€40%, the

provided in vias of an“interface device and/or at |east one nenory

devi ce, the imetlexdfiadedeeiime theiday inladVANGY fliskl apwyahd strot Agibodinpined
(o2l east SO BT detLcor Ayl SELIO0NBBPAL ATk iy 0
T 200 TR it i LR S
the menory dpliraliy oif]'_gkmgugl'g@afer inter)éonnectps provided in vias of an interfacg device
and/or at least one memory device, the interface device being above or below
and being coupled to at least one memory device. At 610, method 600 includes
routing the retrieved data to the plurality of processors in the processor module
20  using the plurality of routing elements and interconnects. In some embodiments,
the plurality of processors communicates with the memory devices 110, 120
over a high speed chip-to-chip interconnect 420. In some embodiments, memory
devices 110, 120 can also be coupled to each other using a similar high speed
chip-to-chip interconnect. In some embodiments the high speed chip-to-chip
25  interconnect is configured to communicate data at 128 GB/s. In some
embodiments, the high speed chip-to-chip interconnect 420 provides for full
duplex communication having 64 GB/s for read data and 64 GB/s for write data.
In some embodiments, the interface device 150 is configured to
communicatively couple the plurality of memory arrays within memory devices
30 110, 120 to the plurality of processors 162-168 using the plurality of routing
elements 151-159 based on commands stored within packet data exchanged

between them.
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over a high speed chip-to-chip interconnect 420. In sone enbodi ments,
menory devi ces 110, 120 can al so be coupled to each other using a
simlar high speed chip-to-chip interconnect. In sone enbodi nents the
hi gh speed chi p-to-chip 25interconnect is configured to comrunicate

data at 128 GB/s. Fi@. BaBueRPediNERNS diddiemM0gRhewaRMG Bbinpri Oysadni p
i nt er connect 420(§rOV|des for full duplex connunlcatlon havi ng 64

GB/s for rea@owHehtomprocessepngdylsyacgpiding i9f0me anppoggngnt éﬁﬁ%l‘ﬁ‘é@ﬁ@n

Lhe 1t er facgydey| 68 o0l auRon ARl L o) EOMPUIARLLE Yo BRURIE i

plurality of arra n neno

plurality ofa ﬂ&@lﬁ?&ﬂh&ni&?x-d%ﬁe us$0 imilletophatrsabiwh yn 81Grhuli soge
el ements 151- 159 based on conmmands stored within packet dat
exchanged beembedimantsythe memory dewjags 470 pgiperst F%Ehéé’-‘f%“&qﬁ"éﬁ%iq‘%s 406

di agram 700 gRowBRad, FRTREYesSHShEIIEOHR AlkdbOio RIAEEER0W B, Red

according to sone e 1 nven Inclu
system 710 i bat 42b. nIgsam@I amﬁtmldnmyntafth@mmﬁdevnmdﬂl()ahozd@ﬁn&fﬁ@ acan
plurality of rrermry device 410, simlar to n Fl G

some 5enbodi BEAL&CAliR SryeiprsARd faypled Lo the éo'éfo‘}dg%,"éH‘tCV‘\’g‘”’t‘ ﬁ@ﬂﬁ%é@%@a
modul es 406 ﬁglﬁ Hb@% %19 b;s E%%@Sﬁpsron{@éiﬂﬂ)&ﬁmé% %9@%&/ High i t

using a narr ow R spee I'n some enbodi ments, the meRory
devi ces #10 sﬂm:vd/rbus nZFEieonﬁgamd th eomubingcate data st ¥A3cGBfse [asdmeoupl ed

bus. 420, 1 n CORBS BBl RFFe™ BB SHesrh B 0 10 <BE Bl BRo20 i o

configured t Qozﬁﬁfﬁm&tﬁﬁh@wﬂé%ﬁ /s i&&e@ﬂa‘%a ahd65 OPYs edrhegie@l s, the
narrow hi gh speed bus 420 provides for full duplex communication

havi ng 64 GB/ s f ohe epperdas.syastssandeBebhododisglpsaddhegin gan provide fpRe

| dh
D eased spUBcaRye TRy sOEHBRES ] PEUEARESURE St ARl

additionigo &éﬁ@hhgum B dBHsARQIF nitemstly tayra ol cdﬁ;@édtﬁd@yﬁtlmw@mm to
conventi onal designs n sonme enbodi nents, as a result, the DRAM di e

size i s al solnemeenbodiments; anarasylt, the DRAMdie siag s lag esduced.
| nterconnect  al | o8y QL (Rel8Y e%te‘%aféym&"&oxg{ec @hl%%qufﬁtrger%h?%% st ng

shorter distarnces antd consequ

connection e&itabbmd@&drdwrsﬁmhoﬁbeﬁﬁmnﬂﬁdns coh&rrqewﬁ,r ;mlirbemgppmlabdls
20 systens and met hods di scl osed hereipn provides for &gssors
coupl ed to neheA) capRerjionerabligicd bé’élb%mtﬁc?ffneﬁ‘éna’ﬂ?rﬁﬁv% app#HaWSdt h

with redyged | alengy hondeshanssbnyag ma&vfgggme&bf@co%m&y The

acconpanyi ng draw ngs t orma part “hereof by way of
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
25  matter can 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 can be used and derived therefrom, such that structural and
logical substitutions and changes can be made without departing from the scope
of this disclosure. This Detailed Description, therefore, is not to be taken in a
30  limiting sense, and the scope of various embodiments is defined only by the
appended claims and the full range of equivalents to which such claims are

entitled.
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illustration and not of limtation, specific enbodinents in which the
subject 25 matter can be practiced. The enbodinents illustrated are
described in sufficient detail to enable those skilled in the art to
practice the teachings disclosed herein. O her enbodi nents can be

used and derived tigiegl Qﬁﬂmﬂidﬁﬁbddi@bntsmﬁvmbwhalluamﬂeda)giidmbnbed
substitutions and changes can be nmade w thout departin mthe
scope of thi @emrs@nbgra%gemmr salpwlatad te achmaedhs pameRurPe e, is

not to be ta GRBR exf yﬁ{tbmeat
enbodi nment s FE& F‘ﬁgg p;&l{t%‘/: t b}%gﬁogg%%%rg?lﬁs an tehie full r%nge
of equi val entheranand:bll admhatbjrﬂiomaza?ztémenf vai@d.embodiments.Al t hough

speci fi c enbadi nents haye been iILu trated a descrj bed herein }y
ar r angeneht mmaépéﬂof@eé’gw%% ‘?‘ﬁ@'egtéﬁﬁdﬁﬂ%@% OGW%“@GB%M%P ed
for the Specgééé;ﬁb@afgaféinr@mﬁe AW 1ol 6F XA ASME Grtuboh BhiR ARG O

cover any an aptations "or variations of various enbodi nments.
5Conbi nat i onabofe dehaipthave enbodi nents and ot her enbodi nents not

The art upon st ucyRg EES RbgveDteastiegt patied t SompRavifar THER. o
the Disclosuge, meov)M 9&@{@%% B e At atliﬁwﬁt?le@e;ﬁ}eRm dmaa@la)scér@the' ng

an abstract that ow the reader to quickly ascertain the
10nat ur el®f wnhiare eftheteshhiceli dedlosug.elt iy subm;tt@dm tth@@lncwrttmctm@that it

under st andi n not be..used to int er r et mit t
scope or %fh E)t?e 'fsr?\émt%fné?rﬁﬁet f Hn?thtg F%Orpgj’&“ﬁjmiﬂ&og the 81a1ms e
Descripti on f&@é@ﬁg@&ﬁﬁﬂ%@&@f@ Qﬁl@éﬁ%efgath&gafehgbu?éﬂ t@gsmeginea single
enbodi nent for urpose of streanmlining the disclosure.

net hod of di gmbeélme@t fog thopurpesesf sﬁrﬁar@hpmétth@dns@owau Lhis Tﬁﬁﬁh@d of
features tha lSCfO?UI%X gﬁ% lb%l g@?ﬁ%&? eqﬁllr? ﬂl%pe ﬁlrgg hFﬁlfg ressly

i nventive su ] ec er can ound €SS an a res of a

singl e discl esgdd ebdictant .Rallisrsinkastivesubei mgttéﬂcﬁnme fannai indeshiian
incorporated into the Detajl ed Descri pt| on, with e%ch cl al m.st andi ng
on its own adlldealwgarha engleulizrlonsd embRAIIRIGs ThupibsfalQring laims ¢&s ens

have discl osed,, %ﬁ%{})‘po‘ijﬁgaﬁﬁoﬁﬂ?ﬁ Hﬁ&IDQ ﬁBﬁ@ﬁhEgﬁtcl&ﬂP%ﬁkﬁfl%ﬁfs

menory capacity I'n a given hori zonta pace Various e
i ncl ude a subisbmatas a saparateteartiodorerdevi ce di sposed on the substrate, a

first nmenory die lurality o r ys di sppsed on the
interface device, R&ﬁt{‘?f%t ?W%ta“ﬁgréﬁ%?rf}ng?v %%FE adn%ma{ c%I"ﬁ’t‘sal ity of
through y&f egohRb8h:s QHRREE that IMan}éage &eﬁmﬁﬁp@qbwaﬁtﬁm DelvéABoRzontal

second 25 nenory die having a plurality of menory arrays di sposed on

the first rrEﬁpﬂfot Maeious rebsdosnt indnde ¥ swlisgaienan udénfrgealepica daippsad af
vias, wherei nhe su%stpat ailxrs% 1¥1emory die having a plurality of memory arrays disposed
on the interface device, with the first memory die coupled to a plurality of
through wafer interconnects (TWI). Various embodiments include a second
25  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 configured to allow the plurality of TWI to pass through the second
memory die. The second memory die, in turn, can be coupled to a second
plurality of TWI, and the interface device can be used to communicatively
30  couple the first memory die and the second memory die using the first and
second plurality of TWI1. Additionally, the interface device includes a plurality

of routing elements that communicatively couples the first memory die and

13



vias are configured to allow the plurality of TW to pass through the
second menory die. The second nenory die, in turn, can be coupled to
a second plurality of TW, and the interface device can be used to
comuni catively 30couple the first nmenory die and the second nenory
di e using t hgecbhd sienasig diewithhd phirali®l dfpyocedsofisindhdiphiratinl ¢fithraugh
interface device includes a plurality of routing el enents that
comuni cat i veer dgEsPeREthe first nenory die and second nenmory die
with a plurality waf er
't er connects.  Dngrg P R g B g B oy o 8 chan sm
f or i nt er conimatomgctirgmicyode dédes. MbﬂnmmmmouyambodusanDmﬂ S
described 5 herein can i L e the _density of sone arr

wi t hin ne’imrBefaé\ﬁaéé@PéﬂY&* %ée“é‘tbfé?gé?‘fle”ﬁ Eé“ﬁiﬁewgﬁ %WS
devices.  CLAWVEVhat i fdbbdindBeiotmedorfAe@RRAr at us conpri si ng:

an interface dévice di Ssposed above or below a processor nodule, the
interface device including a plurality of routing el enents; at |east
one nmenory devi ce di sposed above or below the interface devi ce and
including a first plurality of nmenory arrays, the first plurality of
menory 10arrays coupled to the interface device using a plurality of

i nterconnects provided in vias in at |east one of the interface
devi ce and the nmenory device; and

14



wherein the interface device is configured to conmunicatively couple
the first plurality of menory arrays to the processor nodul e using
the plurality of routing elenents and the interconnects. 15 2. The
apparatus of claiml1l, wherein the interface device is configured to
provi de menory commands to the nenorGléd¥I®e. 3. The apparatus of
claim1, further conprising a second nenory device 20i ncluding a
second plurality of nenory arrays. 4. The apparatus of claim3,
wher ei n t he {ihas cfEmed ¥s: devi ce further conprises another plurality
of interconnects provided in vias to couple the second plurality of
menory arrays to the plurality of routing elenments in the 25interface
devi ce. 35. The appappdretsis obmpieing 4, wherein the interface device

includes circuitry configured to perf [ one
DRAM ar  ay. | 306, HERsr ptice RPEea o SQMADE pheitarthac i the
device is coptd gt adyitOimRIdiy MpReiky of fudigg Ribntenes, t he appar at us,
and wherein the interface device is configured tqﬁ perate at a, .

i eﬁ%&e device

vol tage suffi ci enat least pelendsy deies dippaseq @pfeAringipw theznt

apparatus of claim.1, erein.thecl f dexims JialiRest GonBF Ses
an i nput / out Fift NgRATE2 éﬁs{@ﬁﬁlfw Sgﬁa@fﬁi)éy %g%gf at us 04 gll{ayiaém I V\,h)_}er ein
the int efff acg£R\Woaslel So SRttt Vice Gingd piwesiity af ntdreesiectsqiievided o
control error rates based on the t}(pe of , ar r(‘g%ﬁused in, the

[ rat . | _eqrory
devi ce. 9in Vhwing fresaneofdhe wteriace fovighandihg REROYHIEARE devi ce

is configured to 'ggg'ﬁgﬁlgﬁ%%ﬁ@é J85dE i8¢ rd PG h @hic/IVedf chplete

based on the sign eristics of the nmenory device, 10. The
appar at us Ofﬁﬁ%ﬁhﬂmﬁyoﬁhﬁhﬁkﬁaﬁhﬁﬂbnhepkaaaodmmﬁ@b1$S@dbﬁﬁh@dﬂé@fto
perform Error Check and Correction (ECC) during data commruni cation
bet ween t he EutingglamesHeAIdABICIGENICE and the processor nodul e. 15

15

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

provide memory commands to the memory device.

3. The apparatus of claim 1, further comprising a second memory device

20  including a second plurality of memory arrays.

4. The apparatus of claim 3, wherein the first memory device further
comprises another plurality of interconnects provided in vias to couple the
second plurality of memory arrays to the plurality of routing elements in the

25  interface device.

5. The apparatus of claim 4, wherein the interface device includes circuitry

configured to perform sequencing of at least one DRAM array.
30 6. The apparatus of claim 1, wherein the interface device is configured to

perform power management of the apparatus, and wherein the interface device is

configured to operate at a voltage sufficient to preclude error bit generation.
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11. The apparatus of claim 3, wherein the second plurality of nenory
arrays conprises a NAND flash nenory array. 12. The apparatus of
claim3, wherein the second plurality of nenory arrays 20 conprises a
NOR flash nmenory array. 13. The apparatus of clains, wherein the
first and segond fTheappdrbtys of claimi oLghereaf the intatfeecienivedbshaxcbemdsén a
vertical direction with respect, to a plane including the first nenory
devi ce. 25 #RIMPRHEURBLANIYY GECHE claim 3, wherein the interconnects
conprises through wafer interconnects that forma data bus coupling
the plurality of first and second nmenory arrays and the interface
devi ce. 30158A syZhenpgoags bEclagn 1 awpereneths artenfavdidericiens tardigugedato
plurality_of, processors; an interface deyice di sposed on the
processi my nﬂgEﬁeﬁﬁenE%@%ﬁeﬁlﬂ %@‘F%éoﬂ%tf%léeqoﬁ&?tﬁrﬁ?% 8“&%?9??@?“83‘1
routing el engpis dighd delfest plurality of vias adapted to pass a
plurality of 1nterconhects; a first nenory devi ce di sposed above or
below the interface device, the 5 first nenory device including a
plurality of  DRA nory arrays. and second pl.urality.of vias
Bapted 1o pdss. atllh ARG BT HRIrE Rev BT (o Bisice v dbtndiited g
coupl e the plHpRiehya RireRIRAMIRTB Y2816 rites baled bm}eers‘lgm devi ce;

a second nenory devi ce di sposed above or below the interface device,
t he secohd nehasterikiigs oéthena¢roayfigvieepl ural ity of FLASH nenory arrays
and a 10third plurality of vias adapted to pass at | east one of the
plurality of interconnects to couple the plurality of FLASH nenory
arrays to theoi nt @nht aggarstay beéaina Bdwhbreinethe idthidadel denv ki yordfgurgitoi ng
elenents in interface device is configured to comrunicatively couple
the plural it PedernpRERT %%@dﬁqwgoaz@fl@h durhng daip pempmaniqatiAshEtveRBr v
arrays to th i i lurality of
routing el errgqnc!tDfl Stfféa%é%@&ég@{%ﬁ%} Q(E:lﬁ%%??\()?%,sg%g%g?'n the interface
devi ce i85di sposed above a

11 The apparatus of claim 3, wherein the second plurality of memory arrays

comprises a NAND flash memory array.

12. The apparatus of claim 3, wherein the second plurality of memory arrays

20  comprises a NOR flash memory array.

13. The apparatus of claim 5, wherein the first and second plurality of
through wafer interconnects extend in a vertical direction with respect to a plane
including the first memory device.

25
14.  The apparatus of claim 3, wherein the interconnects comprises through
wafer interconnects that form a data bus coupling the plurality of first and

second memory arrays and the interface device.

30 15, A system comprising:

a processor module including a plurality of processors;
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circuit board within a package. 2017. The system of claim 15, wherein
the first and second nenory device is coupled to the processor nmodule
using a portion of the plurality of interconnects. 18. The system of
claim15, wherein the pluralities of routing elenments are coupled to
the plurality of pubtassendsviesidrgotddeonghepaicessinpmofnleethednineats. 25

19. Th tem.of, cl ai , in. it Qut |

el eme n'? s > g? eggﬂ‘t%pling]d‘%ir’g Eilﬁ@r%ﬁ?r’ f:‘%ol"r}{lég glﬁ%%%%é'giaﬁgt fag’faﬁ@yé{éﬁﬁ%ct i on

pins.  20. Tgrga &'E\S&)%'ﬂsoz{ kAL ARter¥hiBlkgish the processor nodul e
SibstFate W [

conprises a th enbedded processors. 21. The system of
cl ai m 15, wher ei naffing nerooesisice disgased abonp et beewahe msrrEace deyice, the

processor, 523.The system of .claim.15 .wh Inthe pro

i ncl udes 3 mﬁrsﬁ F‘le“%yg%‘f’%lf’é’g%dlﬂﬂg.aﬁl}t‘.m%y ﬁﬁ) crg%rliysaﬁ%?%d Toekbn8
recei ving dapgfiftPBY P h@GREPQaBPAUbAL Bhe 8MNthe PLAEIEFEH isterdonects to
di sposed 10 above or bel ow t he processor nodul e; routing the

recei ved dat eoupde theplumbtyi afjpD arEE\e the infarfacadeyiegst one
menory devi ce di spaosed .above oy bel.ow i ' ' a
plurality of rout Eﬁ@co_élfié%mrg !eﬁlcg IqéSpP%l‘{agaer g%’: §¥ fei@&@ct g?igﬁ%?aéééaegg& ity
of i nter connggtsscdidamedes, ddvidsiiadu@ihgtahtuiaityesffRICeS dendmeryanglyo andis
| east one mem)rdy 15devi ce; . .
10 third plurality of vias adapted to pass at least one of the plurality of interconnects
to couple the plurality of FLASH memory arrays to the interface device; and
wherein the plurality of routing elements in interface device is configured
to communicatively couple the plurality of DRAM memory arrays and the
plurality of FLASH memory arrays to the plurality of processors using the

15  plurality of routing elements.

16.  The system of claim 15, wherein the interface device is disposed above a

circuit board within a package.

20 17.  The system of claim 15, wherein the first and second memory device is

coupled to the processor module using a portion of the plurality of interconnects.

18.  The system of ¢laim 15, wherein the pluralities of routing elements are
coupled to the plurality of processors using the plurality of interconnects.

25

19. The system of claim 15, wherein the pluralities of routing elements are

coupled to the plurality of processors using connection pins.

20. The system of claim 15, wherein the processor module comprises a

30  substrate with embedded processors.

21.  The system of claim 15, wherein the processor module comprises an

ASIC.
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retrieving data froma plurality of nenory arrays of at |east one

menory devi ce using interconnects provided in vias of the interface
device and/or the at | east one nenory device, the interface device
bei ng di sposed above or bel ow and being coupled to the at | east one
menory device; and 20routing retrieved data to the processor nodul e

using the plurali r out_ i | enents and the inter 25,  An
appar at us CORPr | sffﬁaSY%%OﬁP@?miée”E%Rﬂ% e(PBQPﬁF@dmtO(Sm 15&6‘@8%%61Pgb"
nodul e i ncl ugi)ltg?} %eggdilr ality of 25processors, the interface device
including a plu Ity of routing elenments and the interface device
confi gur ed to send and receive packet data to and from at | east one

of the pI pr ocesso east . one nmeno inclu Lng
o ol ural i3y o8 were SR 2y Sledis g wheRE 1 Beckrier radufedatiees fit
plurality ofc&@t%&ggﬂﬂects provided in vias 30 in at Ieast one of the
interface deV|ce and the nenory device, the nenory device configured
to send and receive data to and fromthe interface device; and
wherein the Qterface d vice .is configured to communicatively couple
t he pIuraIit? of ﬁﬁWﬁWﬁ SPYRYS™MBo the plurality of processors using

the plurali ty of t&ewut%daa GOBN frdeaseneauRANER NEE fide ek eidispbbel
packet dat a. od conpri si ng recei vi ng packet data

froma pIQ)cer?,Q)te arpalavethgpregessan

ie device |n an el ectronic
package; routing th

k
routing el ements fonu%'tnﬁgﬁ?e}netég&f" ‘g?%a g glétg aHragﬁl»d ﬁtﬁlsngit least

provi ded wit bhdimehRrpacked diggisad aﬂ&uertﬁ'ttfekﬁtv’th&gn&t@c@db\d@d wsifig am a
plurality of menory arrays of at |east qne nmenory devi ce based on

menory conmeRlEally 8fTarEaswamngs infbe pheikace dguics an(éﬁﬁlurahty of

interconnects provided in vias of the interface device and/or at least one memory
15  device;
retrieving data from a plurality of memory arrays of at least one memory
device using interconnects provided in vias of the interface device and/or the at
least one memory device, the interface device being disposed above or below
and being coupled to the at least one memory device; and
20 routing retrieved data to the processor module using the plurality of

routing elements and the interconnects.

25.  An apparatus comprising:
an interface device coupled to a processor module including a plurality of
25  processors, the interface device including a plurality of routing elements and the
interface device configured to send and receive packet data to and from at least
one of the plurality of processors;
at least one memory device including a plurality of memory arrays
coupled to the interface device using a plurality of interconnects provided in vias
30 in at least one of the interface device and the memory device, the memory device

configured to send and receive data to and from the interface device; and
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routing retrieved stored data to the processor nodul e using the
plurality of routing elements. 15

wherein the interface device is configured to communicatively couple the
plurality of memory arrays to the plurality of processors using the plurality of

routing elements based on commands stored in the packet data.

5 26, A method comprising:
receiving packet data from a processor module at an interface device in
an electronic package;
routing the received packet data using a plurality of routing elements in
the interface device based on the address provided within the packet data;

10 retrieving stored data from a plurality of memory arrays of at least one
memory device based on memory commands provided within the packet data;
and

routing retrieved stored data to the processor module using the plurality
of routing elements.

15
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