WD 2007/ 078994 PCT/ US20061048812 CONFI GURABLE | NPUTS AND OUTPUTS FOR MEMORY
STACKI NG SYSTEM AND METHOD BACKGROUND OF THE INVENTION 1. Field O The

| nvent i oWOT2087/¢78%4ent i nvention rel ates general |y to netfdfYSHN48EY2 havi ng
stacked die configurations with configurable inputs and outputs (1/0).

Speci fic enbodinents relate to stacked die configurations w thout requiring
redi stribution |ayers (RDLs) to allow through wafer interconnects (TWs) or
edge bondi ng. I ndeed, enbodinments of the present invention relate to die
that incorporate path selectors, which enable configuration of each die for
a particular sta YSTRN I ) ted Art This
section is mtenggwy 1 Bﬁﬁiﬂﬁémﬁﬁisém a@'fi)ﬁiss of art that
may be rel FFQR MEMQRﬁsSEtACKING SYSTEMAND METHOD:r e
described and/or clainmed bel ow. This discussion is believed to be hel pful
in providing the reader with _background infornmation to facilitate a better
under st andi ng of the varBa&GROEND QF THE : nvention. Accordingly,
it should be understood that these statenents are to be read in this |ight,
and not as admi ssions of prior art. Processing speeds, systemflexibility,
and si ze kbonst FielhOf Bheduveptionl | y consi dered by desi gn engi neers tasked

w th devel opi ng conputer systens and system conponents. Conputer systens
typi cal l'y i ncl Thep®sdtifivanition refatedenenilly @vmemdryievibes Hindgtadkeddid 0 store
prograns and data and which nmay be accessible to other system WD 2007/ 078994

PCT/ US200&dnPigRftiéns ith configurable inputs and outputs (/O). Specific embodiments

relate to stacked die configurations without requiring redistribution layers (RDLs) to
allow through wafer interconnects (TWIs) or edge bonding. Indeed, embodiments of
the present invention relate to die that incorporate path selectors, which enable

configuration of each die for a particular stacking requirement.

2. Description Of The Related Art

This section is intended to introduce the reader to various aspects of art that
may be related to various aspects of the present invention, which are described and/or
claimed below. This discussion is believed to be helpful in providing the reader with
background information to facilitate a better understanding of the various aspects of

the present invention. Accordingly, it should be understood that these statements are

to be read in this light, and not as admissions of prior art.

Processing speeds, system flexibility, and size constraints are typically
considered by design engineers tasked with developing computer systems and system
components. Computer systems typically include a plurality of memory devices which

may be used to store programs and data and which may be accessible to other system



conponents such as processors or peripheral devices. Typically, nmenory

devi ces are rouped together to formnenory nodul es s = LNl ine
menory @A Wm?ELNWB). Conmput er syitens may incorporgggwﬁ%%ggoh%hnndules
to increase the storage capacity of the system 5 Die stacking has recently
energed as a powerful tool for satisfying requirenments for increased nenory
storage capacity within restricted packagi ng space. D e stacking includes
the process of nounting nmultiple chips on top of one another within a single
sem conduct or package. Packages having a nunber of vertically stacked chips

he. amountonpeebliiof pRBBCaln b bipdy Bevieht | k=R AR A3 RRaon (he

substrate or nted ciyrcuit board which the die stack is arranged.

Furt her, aﬁ%‘ngi ERIAG O™ MEmATY gsapeh gy 'gnl}"r‘ft"é?‘l?%‘ﬁﬂ@&‘f e fromchip to
chip, thus_increasing signal speeds between chips, reducing noise, and
reduci ng GPRENs). aCamppien systamypag incorpetate numeroys kiodyles 4o ineraase thef ace- nount
to printed 15 circuit board assenbly is sinplified because fewer conponents
are requi sterhge oafizeitplofittedystem. t he printed circuit board. As processing
demands and storage capacity continue to increase, while system size

congi nues to decrease, die stacking is becom ng increasingly useful for
different !0 nmenory configurations. For exanple, requirenents for dynamc

random access P gatk HRANe A QA ARSecAl A sabs IR bl gl oven

necessary to stac Ie"to 1 ncrease y or to Increa [ hs.

ayer | ( RIS e FERR MBI R Bt iR rcieq potRedtBl el P AR g

bondi ng. |t shoyl d be noted that i\JP'Cl usi.on of su.%ch an RDL \ﬂ/\g 2007/ 078994
PCT/ US2008¥ ghe process of mounting multiple chips on top of one another within a single :

semiconductor package. Packages having a number of vertically stacked chips or die in
10 a single package (i.e., die stacking) advantageously increase the amount of memory that
can be located within a given footprint on the substrate or printed circuit board on which
the die stack is arranged. Further, die stacking may enable shorter routing interconnects
from chip to chip, thus increasing signal speeds between chips, reducing noise, and
reducing cross-talk. Another benefit of die stacking is that surface-mount to printed
) circuit board assembly is simplified because fewer components are required to be placed

on the printed circuit board.

As processing demands and storage capacity continue to increase, while system
size continues to decrease, die stacking is becoming increasingly useful for different
0 memory configurations. For example, requirements for dynamic random access
memory (DRAM) configurations can make it desirable or even necessary to stack die to
increase density or to increase I/O widths. Current stacking techniques generally require
inclusion of a redistribution layer (RDL) on each DRAM to allow through wafer

interconnect (TWI) or edge bonding. It should be noted that inclusion of such an RDL



3 adds costs. Additionally, inclusion of an RDL generally requires uniquely
configured die to be used within a die stack for certain stack el enents.

| ndeed, WO 20UB18Mdate stacking requirements for each HaVPP00UP8YGi e, each
| ayer of a die stack will typically Have a different RDL configuration. 5
Enbodi ments of the present invention nay address one or nore of the problens
set forth above. BRI EF SUMVARY to Techni ques for providing and inplenenting
configurable 1/Oin stacked die are provided. Specifically, enbodi nents of
t he present technique include making input signals in stacked die

configura N th sel.ectors ' can he set as . desired for a

parti cul a%ds%tcﬁtﬁ'i %&aﬁbo&ﬁﬁ ’éﬂéﬁ?‘?n E%WE?%“@%&?W@EP@@P%P@W@@“B@ coupl ed
with TWs and, enab) ed to gcco date .a stacking requirenent for a 15

part i cul afiedp be uedowithinafie ﬁtéggg’&@ﬁ“'ﬁp stagk elgmentsy IndpedstoferomBOdatees t he
correct control signals. The path sel ectors nmay be enabled using a path
sel ect or Hastkingrequirements forrrach perticulgndieceach tayenof ardietsiqsk avillitypiedlly have
establish a signal path (e.g., via a multiplexer). It should be noted that
| / O si gnak different RDL ooifiguatidn. e bet ween bytes to allow wide I/0
configurations. BRIEF DESCRI PTI ON OF THE DRAW NGS Advant ages of the

I nvention may becone apparent upon reading the followng detailed
description and upon reference to the drawi ngs in which: WO 2007/ 078994

PCT/ US2006/ 048§} thodiments of the present invention inay address one or more of the problems

set forth above.

BRIEF SUMMARY

10 Techniques for providing and implementing configurable I/O in stacked die
are provided. Specifically, embodiments of the present technique include making’
input signals in stacked die configurable using path selectors, which can be set as
desired for a particular stacking requirement. For example, path selectors may be
coupled with TWIs and enabled to accommodate a stacking requirement for a

) pa;ticular die stack such that each of the die in the stack receives the correct control
signals. The path selectors may be enabled using a path selector control circuit that
designates one of multiple signals to establish a signal path (e.g., via a multiplexer). It
should be noted that I/O signals can be configurable between bytes to allow wide I/O

configurations.

BRIEF DESCRIPTION OF THE DRAWINGS
Advantages of the invention may become apparent upon reading the following

detailed description and upon reference to the drawings in which:



4 Fig. 1 illustrates a block diagram of an exenplary processor-based system

Fig. 2 illustrates an exenplary nenory sub-systemin a r Lt h

enbodi meMOS0G0788¢ present invention; 5 Fig. 3 is a b|§§&“§§@§@éﬁ¢%f two x4
menory devi ces arranged in two ranks*of x4 devices which may be confi gured
in accordance with enbodi nents of the present invention; 10 Fig. 4
illustrates four x8 nenory devices arranged in two ranks of x16 devices

whi ch may be configured in accordance with enbodi ments of the present
invention; Fig. 5 illustrates four x4 nenory devices arranged in four ranks

or esont 1 nvent T 11§t 588K R of h BXH O RETES M PSR romory

devi ces which nay be configured in accordance with enbodi nents of the
present invention; Fig. 7 is a diagrammatical view of a die stack associ ated
wth Fig. 5 and 7?0 enploying a nunber of redistribution |layers; Fig. 8 is a
di agr ammat i cal Fig @illestratescan-g¥emnlamyieemiory sybsyitemsivgcrendancawith Fig. 5 and
formed fromfour die in accordance with enbodi mrents of the present

i nvent i onembfdiReAiE T TROPreseXTialémion51048812 5 Fig. 9 is a bl ock di agram of
four path selectors in accordance with enbodiments of the present
invention; Fig. 10 is a block diagramillustrating a CKE path sel ector

havi ng a path

Fig. 3 is a block diagram of two x4 memory devices arranged in two ranks of
x4 devices which may be configured in accordance with embodiments of the present

invention;

10 Fig. 4 illustrates four x8 memory devices arranged in two ranks of x16 devices

which may be configured in accordance with embodiments of the present invention;

Fig. 5 illustrates four x4 memory devices arranged in four ranks of x4 devices

which may be configured in accordance with embodiments of the present invention;

15
Fig. 6 illustrates a single rank of two x16 memory devices which may be
configured in accordance with embodiments of the present invention;
Fig. 7 is a diagrammatical view of a die stack associated with Fig. 5 and
20 employing a number of redistribution layers;

Fig. 8 is a diagrammatical view of a configurable die stack associated with Fig.

5 and formed from four die in accordance with embodiments of the present invention;



5 selector control circuit that is fuse controlled in accordance wth

enbodi nents of the present invention; and Figs. 11-14 is @I ﬁéygiagran1of
pat h selWO2BYH78NA sel ected paths in_each of four di eplcrr‘ff[%2 68) ck
associated with Fig. 8 in accor dance®wi th embodi nents of the 10 pr esent
invention. |1 DETAILED DESCRI PTI ON OF SPECI FI C EMBODI MENTS One or nore
speci fic enbodi nents of the present invention will be described below 1In
an effort to provide a concise description of these enbodi nents, not all 15
features of an actual inplenmentation are described in the specification. It

shoul-d be appgeciated,t int devel o nt .of any such, act ual

i npl ement at i on?‘gag 5 ﬁgkﬂ‘f&}%ﬁ PRRP Fgg%gfsdﬂ AT YPEEE WHiner ous

i npl enent atj on-speci fic deci sions must be made to achieve the devel opers’
speci fi c gBhediments of the;presemtiinvgstionii t h system rel ated and busi ness-rel at ed
constraints, which may vary fromone inplenmentation to ?0 another. Moreover,
it should be appreciated that such a devel opnent effort m ght be conplex
and time consum ng, but woul d neverthel ess be a routine undertaking of

desi gn, fabri cRig. 00is a#blbckulagraatillngratial atCCIQEq)aﬂfse(k_Edﬂd'nﬂ@JvYngSé(géth havi ng the
benefit of this disclosure. WO 2007/078994 1' CT/ US2006/ 04881 6 Turning

NOV§ 1 0 t N &l EMdonEdl ciddifft thaf RIfhsd \oritrdIkd i Actobdinké FithlemBodingfits of kiR am
depicting an exenpl ary processor-based system generally designated by

refer encegregﬁ{{%@ehﬁa&,ar}ds illustrated. The system 10 nay be any of a variety
of types Such as conput er, pager, cellular phone, personal organizer,
control circuit, etc. In a typical

Figs. 11-14 is a block diagram of path selectors and selected paths in each of
four die in a die stack associated with Fig. 8 in accordance with embodiments of the

10 present invention.

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS
One or more specific embodiments of the present invention will be described
below. In an effort to provide a concise description of these embodiments, not all
15 features of an actual implementation are described in the specification. It should be
appreciated that in the development of any such actual implementation, as in any
engineering or design project, numerous implementation-specific decisions must be
made to achieve the developers’ specific goals, such as compliance with system-
related and business-related constraints, which may vary from one implementation to
20 another. Moreover, it should be appreciated that such a development effort might be
complex and time consuming, but would nevertheless be a routine undertaking of
design, fabrication, and manufacture for those of ordinary skill having the benefit of

this disclosure.




5 processor-based system one or nore processors 12, such as m croprocessor,
control the processing of systemfunctions and requests in the sgstem 10.
The syst 38 29707889%¢al |y i ncl udes a power supply 14. ForPSHUBHRES%: ¢ he
system 10 is a portable system the ﬁower supply 14 may advant ageously

i nclude 10 permanent batteries, replaceable batteries, and/ or rechargeable
batteries. The power supply 14 may al so include an AC adapter, so the
system 10 may be plugged into a wall outlet, for instance. The power supply
14 may al so include a DC adapter such that the system 10 may be pl ugged
into a vehicle . gcigarette |jghter.,, for instance.. ,vVarious othe evi ces may
be coupl ed to tFlC gé‘&’@’stgcﬂlgg?v‘ﬂg%‘eﬁﬂﬁlﬁ%e’ﬁwgtlﬁ'élapﬁﬁ%k f%ﬁsaLgcﬁ(Hgi‘gr?‘He system
10 performs., For instance, a user_interface 16 may be coupled to the

pr ocessor dapicting an geemplamt preeesser-hasedyystemceengeally designateddy refarense 5
keyboard, a light pen, a nouse, and/or a voice recognition system for

i nst ance. numeiad d0aig il@strated. allwosystem tO malyds any of herapietycfdgpes sugh ahe di spl ay
18 may include an LCD display, a CRT, LEDs, and/or an audio display, for
exanpl e. tomphrE, Pages, calluldplane, fersiail offanisbanttobéiends el 18Q thpalal so be
couple to the processor 12. The RF sub- systeni baseband processor 20 may

I nckude agrQateMbasdd\htels one'P hitfe bfbcaisoR 12, rsﬁél?hé’ﬁ'icr@ﬁﬁggﬁoﬂ RoffiFol

transmtter (not showl). One or nore communi cation ports may al so be
coupled tg. t e ' 5 2 may be adapted to
be coupl e%ﬁﬁg‘ggén%&gr&%gétg&%ggtgﬁg?%’mg@f? %é}slﬂge}yg%%lgs a nodem a WO

2007/ 078994 PCT/ 1152006/ 048812 7 printer, a conputer, or to a network, such
as a local area network, renote area network, intranet, or the Internet,

for instance. The processor 12 generally controls the system 10 by
i npl enent i ng sofhesyptem 10 typically includes a power supply 14. For 1astance, if the

system 10 is a portable system, the power supply 14 may advantageously include

L0 permanent batteries, replaceable batteries, and/or rechargeaBle batteries. The power
supply 14 may also include an AC adapter, so the system 10 may be plugged into a
wall outlet, for instance. The power supply 14 may also include a DC adapter such
that the system 10 may be plugged into a vehicle cigarette lighter, for instance.
Various other devices may be coupled to the processor 12 depending on the functions

iS5 that the system 10 performs. For instance, a user interface 16 may be coupled to the
processor 12. The user interface 16 may include buttons, switches, a keyboard, a light
pen, a mouse, and/or a voice recognition system, for instance. A display 18 may also
be coupled to the processor 12. The display 18 may include an LCD display, a CRT,
LEDs, and/or an audio display, for example. Furthermore, an RF sub-

0 system/baseband processor 20 may also be couple to the processor 12. The RF sub-
system/baseband processor 20 may include an antenna that is coupled to an RF
receiver and to an RF transmitter (not shown). One or more communication ports 22
may also be coupled to the processor 12. The communications port 22 may be

adapted to be coupled to one or more peripheral devices 24 such as a modem, a



5 prograns stored in the nenory. The nenory is operably coupled to the
processor 12 to store and facilitate execution of vari r . For
i nst anceVoRp/038¥éessor 12 may be coupled to the vol a??#@s%oﬁg?%G whi ch
may i nclude DRAM and/or static randdm access menory (SRAM . The vol atile
menory 26 is typically quite large so that it can store dynamcally | oaded
applications and data. As described further 10 below, the volatile nenory 26
may be configured in a stacked orientation in accordance with enbodi nents
of the present invention. The processor 12 nay al so be coupled to

n0N- VOl £ TERBYURS, ortAS 000orky Bl adolR IR RaliB Yerh O title 2 ead-onl y

menory ( , such”as an Menory e used in

conjunction with the volatile Ly. The size of the ROMis typically
sel ect ed TEOVRHK frfeanet, or the fé“f’ﬁﬁ%ﬁﬁ‘?bﬁ%ﬁf’we any necessary operating system

application prograns, and fixed data. Additionally, the non-volatile nenory
28 may include a high capacity nenory such as a tape or disk drive nenory.
Fig. 2 generally illustrates a block diagramof a portion of a menory sub-
system such athe pmcessoni 2 lgenaralipeontds tha systemr 40 boinplenkrtingspfivwargener al | y
provided to facilitate access to storage devices in the volatile nenory. The

Menpry  GRdgradlsl stéred Gn fiRymeR6H). VEhe BaMOH! S dperabBE&sifpldd e thé proagaofleYi ces Vi a
one or nore processors, such as the processor 12, via peripheral devices,

such as t§&teahd @fcﬁﬁ%ateVQeEQQJd &V@a%lﬁs gg%&ﬁ_@.oﬁérli%éﬁée’; the%ﬂé@é’és&elz_?”fh and/ or

via other systens. The nenory controll O is generally tasked wt
facilitatj ' A ! j .and
coor di nat g0 PRTES e dite kidfhy b SRleh by bk AP BRA B of 2"

| nformati r%gdm%%cgensg n];ern?g;yt(gﬁ.Al\qf "Phe’ vélgt\{llecn?gmory 26 is typically quite large so

that it can store dynamically loaded applications and data. As described further
10 below, the volatile memory 26 may be configured in a stacked orientation in

accordance with embodiments of the present invention.

The processor 12 may also be coupled to non-volatile memory 28. The non-
volatile memory 28 may include a read-only memory (ROM), such as an EPROM,,
5 and/or flash memory to be used in conjunction with the volatile memory. The size of
the ROM is typically selected to be just large enough to store any necessary operating
system, application programs, and fixed data. Additionally, the non-volatile memory

28 may include a high capacity memory such as a tape or disk drive memory.

0 Fig. 2 generally illustrates a block diagram of a portion of a memory sub-
system, such as the volatile memory 26. A memory controller 30 is generally
provided to facilitate access to storage devices in the volatile memory. The memory
controller 30 may receive requests to access the storage devices via one or more

processors, such as the processor 12, via peripheral devices, such as the peripheral



5 The nmenory sub-system may include a plurality of slots 32, 34, 36, 38, 40,

42, 44, and 46. Each slot 32 - 46 is configured to oper a nmenory
nmodul e, WOJLH/04894 dual -inline mam)rg modul e (DI MV, %C&ﬁ@?@&g@ﬁ

controller 30 via one or nore nenory buses. Each nenory nodul e generally
includes a plurality of menory to devices such as DRAM devi ces capabl e of
storing data. Each nmenory nodul e has a nunber of nenory devices arranged in
"ranks." Ranks traditionally include the arrangenent of nmenory devices on
each opposing side of the nodule. However, in accordance with present

enbodi nmen | 1] e di on.a,single side .g., ina
st acked c%ea?ﬁeg@l#f %%‘?"8%&%%0%%% ;ﬂ eéﬁgééﬁg&%’fmgge{ﬂgg %ﬁmgg t%Ee‘gonf i gured
to receive,a_si.ngl.e nory nodu havi ng .t ranks. .FqQr instancg, .the slot
32 is con‘r’}tﬁéécé‘&%{%g the exepuriop ﬂ’tﬁ&’?ﬂ‘ﬁ%‘g 9 (e mEmAgy fopiRes 289 ROSHUHADE, | e
slot 34 is configured to receive _a DI MM having ranks 34A and 34B, and so
forth. I ntheeschagge of infornatinn, including senfigwetionsiaformationhte aidfemitksory slots
32 - 46 is capable of supporting a nodule conprising eight individual
menory dememesy deviesch rank 32A/B !0 - 46A/B. As will be appreciated, and as
describe further below, each nmenory nodule nmay include four or nore ranks.

Refgrring again to Fig. 2, the nenory buses may include a nenory data bus
48 to facilitate the exchange of data between each nmenory device on the

DI and YO 2907 A9 4B MARRHINAR A1\ 580y 6.0 59l depip 30 The

menory data bus 48 may conprise a plurality o ata blses (e.g.,
D0 D) 388 467 AR S 45 SRR APORSbY i) o By BB, v o I
such as a dual-inline memory module (DIMM), to the memory controller 30 via one or
more memory buses. Each memory module generally includes a plurality of memory
10 devices such as DRAM devices capable of storing data. Eadh memory module has a
number of memory devices arranged in “ranks.” Ranks tradipiona]ly include the
arrangement of memory devices on each opposing side of the module. However, in
accordance with present embodiments, multiple ranks may be disposed on a single
side (e.g., in a stacked configuration). Accordingly, each slot 32 — 46 may be
L5 configured to receive a single memory module having two ranks. For instance, the
slot 32 is configured to receive a memory module having ranks 32A and 32B, the slot
34 is configured to receive a DIMM having ranks 34A and 34B, and so forth. In the
present exemplary embodiment, each of the eight memory slots 32 —~ 46 is capable of
supporting a module comprising eight individual memory devices on each rank 32A/B
'0 —46A/B. As will be appreciated, and as describe further below, each memory module

may include four or more ranks.

Referring again to Fig. 2, the memory buses may include a memory data bus

48 to facilitate the exchange of data between each memory device on the DIMMs and



bus 48 may include 64 individual data buses. Further, the nenory data bus 48
may 5 include one or nore individual buses to each neno 4SAB
which mXPHA7ABEY for ECC error detection and correcti %D%ﬂ@%%@&é@
appreciated by those skilled in theshrt t he individual buses of the nenory
data bus 48 will vary depending on the configuration and capabilities of
the system 10. 10 The volatile nenory 26 al so i ncludes a conmand bus 50 on
whi ch address information such as conmand address (CA), row address sel ect
(RAS), columm address select (CAS), wite enable (WE), bank address (BA)

chip sele El T), for
exanpl e, fle rﬁgﬁ%ge(ﬁn\%ﬁgrd ?hgn{ec%ﬁe%%ongﬂggn equeglég@%%@gﬂ)he conmand
bus 50 ma sed to f et chan e of confi | on

N or mat i %ngefb 15 B G208 ekt Porled HOBLES fatmoientBifioth bus 50
may conprise a plurality_of indjvidual connand buses. In the present

embodi nenfo a eEQry ARvise Buenesembedimentoiihe vobtilsaretnony 26, the semorpdata

previ ously described with reference to the nenory data bus 48, a variety of
enbodi menbss #@imaydndingd edrindividualodats buses.o Fnmiet, ﬁl@smaﬁodeclmmum@ miayt he
system !0 configuration. Fig. 3 is a block diagramof two nenory devices 54

ands556 ar irhgiztbrerortimgre ifdinidial Buses ¢oéabhitanatytranie ShAM re1gATBalhithe present
i nvention. Specifically, Fig. 3 illustrates two DRAM devi ces whi ch each

have a "XfhayHhséd fé}'ECG%%Hdet@bﬁ&banJE&réé@oﬁO%Je%%%%pPe%{té@l%O@i@é@Af%12

10 DRAMs are arranged as two ranks of x4 menmory in accordance vith present

enbodi nmen I E?? Qﬁé{}{! I ncl udes
four dat gél'li ﬁ%{l}% %ﬂﬂﬁhﬁﬁﬂ%ﬁéﬁﬁﬁﬁ@ﬁ %eae&?:(l))r‘i‘? ?gakr@d 0 receive data
signal's, ?ﬂe conﬂguratlon and capabilities of the system 10.

10 The volatile memory 26 also includes a command bus 50 on which address
information such as command address (CA), row address select (RAS), column
address select (CAS), write enable (WE), bank address (BA), chip select (CS), clock
enable (CKE), and on-die termination (ODT), for example, may be delivered fora
corresponding request. Further, the command bus 50 may also be used to facilitate the

L5 exchange of configuration information at boot-up. As with the memory data bus 48,
the command bus 50 may comprise a plural'ity of individual command buses. In the
present embodiment, the command bus 50 may include 20 individual buses. As
previously described with reference to the memory data bus 48, a variety of
embodiments may be implemented for the command bus 50 depending on the system

'0 configuration.

Fig. 3 is a block diagram of two memory devices 54 and 56 arranged in two
ranks in accordance with embodiments of the present invention. Specifically, Fig. 3

illustrates two DRAM devices which each have a “x4” (by 4) bit memory width. The



data signals DQO 3,ignai Additionally, each DRAM i ncl udes a nunber of

control 5 input pins. In the illustrated enbodi nent, t |.oput pins
i ncl ude ‘30&957;50@ ect pin (CS), a clock enable pin (C&%ﬁ%&gﬁdﬁgd&?e

termnation pin (ODT), and a calibrition i nput pin (ZQ . Each of the
control input pins is configured to receive a control signal, such as the
control signals CSsignai, CKE,ig"al, ODTsignai, ZQsignai, sCSsig.,ai
SCKEsi gayi, sODTai gnai, and sZQsigaai, wherein the prefix "s" refers to a
stacked 10 signal. It should be noted that each DRAM i ncludes a | ower data

strobe (L n a l ata.na L .lt oS | so _be noted that Vss
repr esent@@é\@?‘g %ﬁgﬁg “’?%Wﬁﬁ?%ﬁ"%tm é?‘f?ggﬂlﬁgtv‘gh ﬁtﬁiﬂ?‘?out put pins

d trol sj I Ll b ' b f ' kill ip th t.
15 as. st STbdifeaiso HBich 718 disaBspd mputinet irtaftgiovs Breh HRAMIeedes Bub  anks
of x4 menory. In one enbodinent, these two x4 DRAMs are disposed in a
stacked @@t Enuontpnt pins 4D 03, vhighyere spnBiguredde tecrive fata sigralasuctoss or di nary
skill in the art wll recognize, different arrangenents of nmenory nay be

utilized daiasignals3QO-StignadaiditisradlyneachdRAM inchideaanandet af ppmisml and so
forth. Indeed, Figs. 4-6 are illustrative of !0 such enbodi nents. For

exaspl e, inpdt pitis) I thetilladtRited @iboditheBE IR dor@RY it pliR-ificlude PRAM:IGRE r anged
in two ranks of x16 bit width. The nenory configuration illustrated in Fig.

4 have a gnqaisra Ybelk Qﬁ,agl@afgl @%ﬁgﬁ?’“ﬁi‘g?f@iﬁ?ﬁnwg‘”ﬂn@w ional data

i nput / out put” pins (DQO-7 an ITTustrates”four x4 devices

arranged jR.fqur ranks 4. bt w,dth nor wher ej ddi.tional chip

el act i R BhoTaEs 8o B R et e OnER R B Rt e8GR £ £ s
are enpl oyed for the additional ranks. FEig. Ll lus es singl e rank of
x32 menor PR Sienpl SHYh 3 an%W?ﬁggﬁi&e@s. ﬁ@“"n‘éhg‘;i al> 2Qrsignal:

SCS;ignat, SCKEgignal, SODTsignal, and sZQsignat, Wherein the prefix “s” refers to a stacked
10 signal. It should be noted that each DRAM includes a lower data strobe (LDQS) and

a lower data mask (LDM). It should also be noted that Vss represents power. Each of

the control input pins, data input/output pins and control signals will be recognized by

one of ordinary skill in the art.

LS As set forth above, the ’two x4 DRAMs in Fig. 3 are arranged as two ranks of
x4 memory. In one embodiment, these two x4 DRAMs are disposed in a stacked
orientation on a single side of 2 memory module. As one of ordinary skill in the art
will recognize, different arrangements of memory may be utilized to increase storage,
the number of available data pins, and so forth. Indeed, Figs. 4-6 are illustrative of

!0 such embodiments. For example, Fig. 4 illustrates four x8 memory devices (e.g.,
DRAMs) arranged in two ranks of x16 bit width. The memory conﬁguration.
illustrated in Fig. 4 have a greater widths than those of Fig, 3 and include additional
data input/output pins (DQO0-7 and DQ8-15). Fig. S illustrates four x4 devices

arranged in four ranks of x4 bit width memory, wherein additional chip select signals



configuration illustrated in Fig. 6 has a greater. width than that of Fig. 3
and accordingly includes additional data input/output _pjn and
m16-31)W02907%l7é?947 is a diagrammatical view of a die ﬁg@%z%%?ng f our
die that is illustrative of issues Hddressed by enmbodi nents of the present

I nvention. Specifically, the die stack 60 includes two ranks of x16 built
fromfour x8 devices. Further, the die stack 60 conprises RDLs di sposed on
three of the four die. Indeed, Fig. 7 illustrates a .0 first die 62 having a

first RDL 64 disposed thereon, a second die 66 having a second RDL 68
di sposed

thi ra ROCCT Sl rC L bRelale B P 0GR nfiF e GlltalhSe;” 65 70 °

and 74 is_ distin romthe ot hers, because of the different configurations
of t e aSingls N PR ROy WLt SRR VSR D mempry Se¥ictt THF RBEORH! o J0)

di sposed on each die. Fig. 7 also 5 illustrates Lower D and Upper DQs

al ong wi tcenBgyrstien idusiratedso Figyfi bas acgreater width skan thet ofFigf3 aed a f| ow. Because
the external control signals (e.g., CKEsignai, CSsignai, sCS, ignai,

ODTsi gnaiaccat@iigiy iricludes dddifignalgiatd inpat/owfputpias (DQOr udsi 0Q1631)he di e st ack
60 and enter :0 the die stack 60 from an underlying substrate or PCB (not
sh@wm) through the bottomdie 62, it is desirable to provide routing through
the die stack 60 to allow the desired signals to reach the control inputs

for each dic. Fiey RPLiobfhumBiicad Ok St PRRIRAR diPnilld RE clchBasibgnal s to
CKE, DumD, CS, Dum 1, ODI, Dun2, ZQ

appLogri ate pins (e.g., , I . or DunB) oln
2007/ 07 adBtReTE Al tBeo® bf BAbaRRbds ey B enPiRPRufoh, iSBRcRaE | [

ZliAé' stalz_ciz(?(\,\govi%rcludteg1 ?wcg:lsanﬁls g?x?g b;[u}fte from four x8 devices. Further, the die

fourth di e
stack 60 comprises RDLs disposed on three of the four die. Indeed, Fig. 7 illustrates a
.0 first die 62 having a first RDL 64 disposed thereon, a second die 66 having a second
RDL 68 disposed thereon, a third die 70 having no RDL, and a fourth die 74 h.;«.wing a
third RDL 76 disposed thereon. It should be noted that each die 62, 66, 70, and 74 is
distinct from the others because of the different configurations of the associated RDLs
64, 68, and 76 or the lack of an RDL (die 70) disposed on each die. Fig. 7 also

5 illustrates Lower DQs and Upper DQs along with arrows 78 and 80, which are

representative of data flow.

Because the external control signals (e.g., CKEsignat, CSsignat, SCSsignal,
ODTsignal; ZQsignat, and sZQsignat) Originate from outside of the die stack 60 and enter
0 the die stack 60 from an underlying substrate or PCB (not shown) through the bottom
die 62, it is desirable to provide routing through the die stack 60 to allow the desired
signals to reach the control inputs for each die. The RDLs 64, 68, and 76 operate to
direct the signals to appropriate pins (e.g., CKE, Dum0, CS, Dum], ODT, Dum2, ZQ,

or Dum3) on each die. For example, the CS;ignal control signal enables the CS control



second die 66 and third die 70 are enabled by the sCSsignai control signal,
rather than the CSsignai control signal. Accordingly, utilized
to rout eEVORBOTO3&dnai and sCSsiguai_ signals to the apﬁ#&&ﬁ%@“%’lgs.
Specifically, for exanple, the fi rst!?RDL 64 5 routes the CSsi gnhai si gnal
fromthe CS pin on the first die 62 to an available pin, such as DunO on
the first die 62. As will be appreciated, DunO - DunB represent unassigned
or unused pins on each die 62, 66, 70, and 74. The DunO pin on the first

die 64 is coupled to other DunO pins on dies 66 and 70, thus establishing a

70 1o 10 PRAVRAPS) e A8} (RN hORRIBN % i EIRE LGS ORURT o' 7"

routes the CS i, ial .Si L t he in on the fourth die 74, thus

enabl i ng Sepond e 60 ﬂnﬂi‘ég{@‘%&@ﬁméﬁ%@am& se'mécc{ﬂ‘mifi’@m'ar%}h%f M in the
art will recognize that the RDLs al so provide simlar routing through the
die stac kths@iimlél@abpb‘-“ﬁ{lﬁe rAceariingly, the RIDLyyrg sitikized ta teute the GSespa@ndi ng
required signals. 15 As noted above, providing RDLs (e.g., 64, 68, and 76)
within a Righatsgialy o the appPriateging eStweifafally] for enamples thei firseRBH) 6ds

communi cation of external signals to appropriate pins within the die stack.
Hovever, folifes WseCS{;RBlghal Romite €8siADN\MRe fissidid 681 dicawilablepdt, sayeap! e, as
not ed above, each of the die 62, 66, 70, and 74 are ?t) different because

each requh@d, én fliel i3t &iel62RDAs GANHE _Q;%Brééihﬁa, bHAm®eBLf 3! Bpres@ftPr OPr i at e pins
t hroughout the die stack 60. Accordingly, separate processes, equipnent,
mat eri al , r ' ' |

confi gur a"t"?dgﬂggé IS r?ggi}p ﬁ'{%;fo nb%gﬂggﬁ%ﬁ?ﬁ%@?ﬁﬁﬁ%{?@gk@ﬁ%ﬁﬁn rgt of the

7/ 07 4 PCTI
present Vﬁ?e %995 éc?up 3 to other tslrzn%opGn/lsO (L)"rf3 i}ag 66 %.gd 70, thus establishing a

communication route that passes through both the second die 66 and third die 70 to
10 the RDL 76 on the fourth die 74. Tﬁe RDL 76 on the fourth die 74 routes the CS;ignal
signal to the CS pin on the fourth die 74, thus enabling it. While this is a simple
example, one of ordinary skill in the art will recognize that the RDLs also provide
similar routing through the die stack 60 to enable other control input pins with the

corresponding required signals.

L5
- As noted above, providing RDLs (e.g., 64, 68, and 76) within a die stack (e.g.,
60) can be beneficial because it enables communication of external signals to
appropriate pins within the die stack. However, the use of RDLs can be expensive
and inefficient. For example, as noted above, each of the die 62, 66, 70, and 74 are
20 different because each requires a different RDI configuration to enable the

appropriate pins throughout the die stack 60. Accordingly, separate processes,
equipment, material, and procedures are required to provide each of the die

configurations. This may not be desirable. Accordingly, embodiments of the present



invention facilitates the provision of die that are fabricated equivalent to
one another but that can be configured to nmeet the regqu a

parti culV4P 20078078¥4ck el ement. Fig. is a dlagrannatlggkhgggﬁhaﬁ?{
configurable die stack 90 formed fr 5 four die in accordance with

enbodi nents of the present invention. Specifically, the die stack 90

i ncludes two ranks of x16 nenory built from four x8 devices, which include
a first configurable die 92, a second configurable die 94, a third
configurable die 96, and a fourth configurable die 98. The die stack 90
does not . [ e si gnal
rout i ng, geiiehidadiiabes Tt proviol TRRARA, 4P itaRl il sd SrSHRREE © 00%,

t he present inveniion,.the onfl rabl e die ( 2,..94, 96, and 98)

ncor por dit R be PatfRREd fomer it el s\ pdiaviail e plack Sleehtc | 1 ¢ at o
die custom zation. It should be noted that each configurable die 92, 94, 96,
and 98 may be initially indistinct fromthe others (e.g., no path selections
in the die having been activated). Thus, the fabrication of each die 92,

94, 96, and 98Figs8 ita dimgmmmatital viaveof a canfigurihle dir stadkn9Q foemedifiwdi ment
illustrated by Fig. 8 the die 92, 94, 96, and 98 have been custom zed by
acts vat i nfgui Hie ipatdordatice crich Smwd&meﬁmﬁltm present, invéindiSpebificaldd thd6, and 98
have been custom zed to operate like the die illustrated by Fig. 7 wthout

usi ng RDLde sfabk 90 MIudR iR, rﬁk@oﬂﬁ%&ﬁb@%ﬁft%&?%xﬁ%&&%&?&@ Whichvated such
that they function simlarly to the RDLs in Fig. 7. The path selectors 100

"t or oo BefiB8 e onh BulBILAiI 900 beclinh BanlRkEle dfe by APmird cbifedrlnien®

i nt erest provi cont ext not

st g o, PGS S50y e o B Ehg GBS
CSsignal, besc%g?olsgcrl] %ll anyggfl'-?lllegdle Ito enable signal routing, as in Fig. 7. Advantageously,
1O in accordance with embodiments of the present invention, the configurable die (i.e.,
92, 94, 96, and 98) incorporate path selectors 100 (e.g., multiplexer devices) that
facilitate die customization. It should be noted that each configurable die 92, 94, 96,
and 98 may be initially indistinct from the others (e.g., no path selections in the die
having been activated). Thus, the fabrication of each die 92, 94, 96, and 98 is
|5 essentially identical. However, in the embodiment illustrated by Fig. 8, the die 92, 94,
96, and 98 have been customized by activating the path selectors 100. Specifically,
the die 92, 94, 96, and 98 have been customized to operate like the die illustrated by
Fig. 7 without using RDLs. In other words, the path selectors 100 have been activated
such that they function similarly to the RDLs in Fig. 7. The path selectors 100 will be
'0 described in more detail with regard to Figs. 9-11. In the interest of providing

context, it should be noted that Fig. 8 also illustrates Lower DQs and Upper DQs on

each of the die.




Zsignal, and SZQsignal) originate fromoutside of the configurable die

stack 90 and enter the die stack 90 through the botto ' Ly 1S
desi r abl WO 9018M4de routing through the die stack 90%&’@%28@94%}% desi red

signals to reach the control inputs }or 5 each die. It is also desirable to
achieve this wthout using RDLs and without requiring that each die be

uni quely manufactured. Accordingly, the illustrated enbodi nent includes the
path sel ectors 100, which can be configured such that they direct the
signals to appropriate pins (e.g., CKE, DunO, CS, Dum, ODT, DunR, ZQ or

DunB). For exa Relp ngr i gnak en st S control input
pin on |0 the ﬁ%rasse g{ége@ﬁgggﬁ oar%gﬁé’ ?i()q}?‘ﬁ"%’ g?ﬁg"@%@%‘{ﬁé@ﬁf“he CS pi ns on
t he secong die 9 d third dig 96 are epgbled_.b e,.sCSsj q-al .control

S onat . roRpwncmesZ D CHBta oM gHgr Of RecoREgblF iB REchdPRRd el cct or s
100 are enabl ed such that they can be utilized to route the CSsignal and
sCSsi gnal ederghe die steck: Huthzsonahabe battemdlie 82,k is destralle de mEPvidewoysingpri at e

pins. 15 In the enbodinent illustrated by Fig. 8, the path selectors 100
coupl ed thedughche tiessteB 9 tosallomdtheldesiBechsignals tesreaéh theecobirobinpdisefo®2 and

fourth die 98 are configured such that they route the CSsignal signal from

t hes CS pi gdch@e.t s dlss Qésirablt tofaehichb tids @6th3at avitls R®IIsamldneitlicil aéslingd r cui t's
102 and 104 on each die. to Correspondingly, the path selectors 100 coupl ed

bet ween ti#gt &ehRfidBe -aﬁuqu&@ehlléﬁm&meai D&cOiditdl$, the ARRtatidenMbdend hird die

96 cause the CSsignal signal to bypass the related circuits 106 and 108 on
each 2 ks S Lol o 1 O ARt B el B
e oo S 5o eSS oBli BES. 921 28
Dum3). For example, the CS;ignal control signal enables the CS control input pin on
(0] the ﬂrst die 92 and on the fourth die 98. However, the CS pins on the second die 94
and third die 96 are enabled by the sCS;ignal control signal, not the CSg;ignal control
signal. Accordingly, the path selectors 100 are enabled such that they can be utilized

to route the CSsignar and sCS;;ignar signals to the appropriate pins while avoiding

inappropriate pins.

In the embodiment illustrated by Fig. 8, the path selectors 100 coupled
between the CS pins and the Dum 1 pins of the first die 92 and fourth die 98 are
configured such that they route the CSgignal signal from the CS pins on the first and
fourth dies 92 and 98 to the related circuits 102 and 104 on each die.

0 Correspondingly, the path selectors 100 coupled between the CS pins and the Dum 1
pins of the second die 94 and third die 96 cause the CS;;gpq signal to bypass the related
circuits 106 and 108 on each die. It is desirable for the circuits 106 and 108 to be
bypassed by the CS;igqar signal because they are enabled by the sCSsignai signal, not the

CSsignat signal. The opposite path selector configuration is implemented for the



15 sCSsigasi signal route. For exanple, the fuse 100 between the CS and Dum

pins of the second die 94 is burned such that the corr rcuit
recei ves Wh¥0¥BB4y" 0i  signal rather_than the CSsjgnai I?éf/ﬁﬁgm&&ggb

illustrated. While this is a sinple anple, one of ordinary skill in the
art will recognize that the path selectors 100 nmay also 5 provide simlar
routing, as illustrated in Fig. 8 and nore clearly described bel ow, through

the die stack 90 to enable other control input pins with corresponding
signals. Fig. 9 is a block diagram of four path selectors 100 in accordance

w th enbo gents. o esent Jnye eci f | 0. ustrates
a CKE pat?}é '§'§P@lcrf)8f e"%ml’,j:% é’g%ﬂ gqoeg Fe’ig'faé%%ﬁb’%%p%f’ ctor 124,
and an ODT path selector 126. Each of the path selectors 120, 122, 124, and
126 i ncor Hsrsseend gie Shis prymed such that ﬂl&cﬁorr@m@lr@ gjFrant 1eRiVesBE 8E8kmn.  For
exanpl e, the CKE path selector 120 and the ZQ path selector 124 incorporate
t wo- t 0- onsignall rathsr thaorthe C88nutstanalopy iljustrateds éngt this iszosimpleoeyamplees a
three-to-one nmultiplexer 130, and the CS path selector 122 15 incor porates
a four -t oonenef prdinarg skitidhahie drBill kécoghizelthathke pathadletioad 100mmag alsol and sCS2
signal inputs on the CS path selector 122 may not be utilized if the die

does not peNBROSiiRH fslitARKas HiMsPRE A ngns ahh?ncﬁ@"cfbaﬂ? ldescribed b&fY,r ecei ve

signal s (e g., CKEsignai and 20 SCKEsi g , that pass through buffers 134
(with exc g) er

(o g “1oHo g e b R REL %%iiﬂp;t B i SorkBofPhnk LBRFKE!
Si gnal then enabl es the correspondl ng circuit 136 As will be appreciated,

each circuit 136 sinply represents the active ICS that are associ ated and

enabl ed by each of th ectlv control signals, The path selectors 100
may be fuse coﬁt‘%cﬂ!sé‘d’ ‘;‘G apﬁb‘ﬁpbmw(bwgrdoance with

embodiments of the present invention. Specifically, Fig. 9 illustrates a CKE path

10 selector 120, a CS path selector 122, a ZQ path selector 124, and an ODT path
selector 126. Each of the path selectors 120, 122, 124, and 126 incorporates a
multiplexer to facilitate signal path selection. For example, the CKE path selector 120
and the ZQ path selector 124 incorporate two-to-one multiplexers 128, the ODT path
selector 126 incorporates a three-to-one multiplexer 130, and the CS path selector 122

L5 incorporates a four-to-one path selector 132. It should be noted that the sCS1 and
sCS2 signal inputs on the CS path selector 122 may not be utilized if the die does not

support quadrank.

In operation, the path selectors 100 receive signals (e.g., CKEjgigna and
20 SCKEjsignal), that pass through buffers 134 (with exception to the ZQ path selector 124)
and into the multiplexer (e.g., 128, 130, and 132), which designates a signal path. The
selected signal then enables the corresponding circuit 136. As will be appreciated,
each circuit 136 simply represents the active ICS that are associated and enabled by

each of the respective control signals. The path selectors 100 may be fuse controlled



16 (e.g., using a fuse or an antifuse) or may utilize node register select

(NVMB) to inplenent path selection. For exanple, Fig. di agram
i |l ust raf“f%g%?/ﬂ'@”"ﬂ CE path sel ector 120 having a pat hlg%*@(sz 8&6@51% r ol

circuit 140 that is fuse controlled.” The path selector control circuit 140
provides a signal to a select input 142 5 of the nultiplexer 128 dependi ng
on a condition of a fuse 144. The fuse 144 is either blown (open) or not
bl own (short) to select which signal (i.e., CKEs;gnai or sCKEsisnal) wll
pass through the nmultiplexer 128 and into the related circuit 136. Wen the
fuse 144, 0W0 i g ' ' I igh (e.g., a
val ue of %'E'bgélgg\%efg%?&pﬁ ﬁg‘ggl‘?"bg’ﬁg’? tuéfﬁ&?&%qde??é’i %tﬁlé%lg&s{e(bﬁgsj}lbs not bl own,
the signal. tp the select .input 142 is .10 | | |.o e. 0. val ye of 0) to
o ound’ 14 RERE A S EEAPRLFbr Sme g, s alo tabntitlRed B 48 o i use
may be utilized in other enbodinments to achieve the sanme or simlar
f unct i onalGkE pathselestar 12Qthayvingz2 Rath stlectascanirad cirguit 1 49 that igfdse by Fig. 10,
ot her enbodinments may utilize simlar path selection schenes and path
sel ect or controltdd. Therpath selectascortial sireuit &40 providey.a signal tha Felget.ingt-182 ar e
bl ock diagrans of the path selectors 100 and sel ected paths 160 in each of
t he 5f our Qf thedhakipbeaxed 129 dependirgdion £s@Riition of Fifge 134. INRdudd Al &k ithéhe
colums of path selectors 100 in Figs. 11-14 are representative of the die
92, 94, 9%Io efPor Motfi1Swn §sHdRE RE Sd1bot @l ich Sighal k8 TRIKEE,;, L.N6r e pahh
selector 120 o thg first dig toggi n Fig. 1?L iEi%’d?g(gt es thsﬁ?aht he Cl(%én?)g"ei
signal is | 2l [ e A di ng
circuit 13@18@35%3} é(}{rg(iJl ﬁ?g r%‘gﬁﬂlggée%tejc?tag‘?q%gﬁﬁ ggfqgfgflrc E:IJS'PI? lég'o and tggﬁ%?'ort h, as
descri bed ove. Additi.onall Figs. 11-14 il lustrate path | ectors, 100 and
el ect oa HAASiows: i sighd totieseleEnerbinulied st ela e b PR W 'V
shoul d be

pullup transistor 146. If the fuse 144 is not blown, the signal to the select input 142 is

10 pulled low (e.g., a value of 0) to ground 148. As one of ordinary skill in the art will
recognize an antifuse may be utilized in other embodimen;cs to achieve the same or
similar functionality. Further, while a single example is illustrated by Fig. 10, other
embodiments may utilize similar path selection schemes and path selector c;mtrol

circuits, as illustrated in Fig. 11.

LS
Figs. 11-14 are block diagrams of the path selectors 100 and selected paths
160 in each of the four die discussed above with respect to Fig. 8. Specifically, the
columns of path selectors 100 in Figs. 11-14 are representative of the die 92, 94, 96,
and 98 in Fig. 8 respectively. For example, the CKE path selector 120 of the first die
20 in Fig. 11 indicates that the CKEggal signal is passed through the multiplexer 128 and

into the corresponding circuit 136 based on its path selector control circuit 140 and so
forth, as described above. Additionally, Figs. 11-14 illustrate path selectors 100 and

selected paths 160 for the data input/output pins (DQO0-7 and DQ8-15). It should be



WO 2007/ 078994 PCT/ 1TS2006/ 048812 17 noted that in the illustrated

enbodi nent, the path selectors 100 for the data input/&gli@ 62(1'48831 i ncl ude

t wo- t 0- OWE 0&HYBIMpl exers. While the jnvention may be i (’:%@? o various
modi fications and 5 alternative fornt speci fic enbodi mrents have been shown
by way of exanple in the draw ngs and have been described in detail herein.
However, it should be understood that the invention is not intended to be
limted to the particular forns disclosed. Rather, the inventionis to
cover all nodifications, equivalents, and alternatives falling wthin the
spirit a . . Lhvention I | Low appended .0

cl ai nms. E%Dté%ﬁﬁfwghelt‘m?%ané W%bbg%g%?tdgﬁ{%ﬂngrg?@%ﬁg]ﬁg%F}g%egige i ncluding a
top surface gnd a hotto urface separated by a thickness, the first die
conf i gur etPPKO tBWé?‘O%“’:f%ﬁWé@‘%‘?eg‘% ‘ﬁ‘ctﬁ% h a first path di sposed

through the first die in a direction generally parallel to the thickness and
a second path disposed through the first die in a direction generally
parallel to the thickness; a circuit included in the first die, the circuit
configured to Béilertheirednbipn hisy osuscaptiblestogasbuy mepdifieations aed pat h or t he
second path; a path selector configured to select the first path or the
secynd pailfemaie foﬂnﬁ%?@ﬂﬁc@hﬂm@ﬁﬁmwh@&l&ééﬁ|showﬁlh@|v%$l éfexahplé in'the die. 2.
The nenory device of claim1, conprising a first set of input pins enclosing

the firstgrawings and have been described in detail herein. However, it should be understood

that the invention is not intended to be limited to the particular forms disclosed.
Rather, the invention is to cover all modifications, equivalents, and alternatives falling
within the spirit and scope of the invention as defined by the following appended

0 claims.



path and a second set of input pins enclosing the second path. 3. The nenory
device of claim2, wherein the input pins conprise solder balls disposed on
the top and bottom surfaces of the die. 4. The nenory device of claima1,
wherein the path selector conprises a nultiplexer. 5. A nenory nodul e
conprising: a die configured to route a plurality of control signals through
the die along paths from bottom pins }?i sposed on a bottom surface of the
die to top pins disposed on a top sutface of the di e, wherein the paths are
di sposed transverse to an axis geQItalMS parallel to the top surface and
the bottom surface, and wherein the die is configured to support a quadrank
configuration; a circuit disposed wwthin the die and configured to be

enabl ed by an enabling signal  selected fromthe plurality of control

si gnal s; land Yomemogyzierice eprapsis#ie: ar r anged bet ween the paths and the circuit,

the path sel e%&ﬁ#d&%h&ﬂdiﬁ%@%&sﬂffg& 3&1&%8&0% Ir¥g fe Gtk a‘?@‘élqi%@s ffae paths to

the circuit. he nenor clarmb, eln the bottompins are
configured to receifive dietchrfigred talr¢ceive @fcotant bignd! tlerbughad first path ditpesedenor y

nodul e of claimb5, wherejn_the path selector co ise .four-to-one
mul ti pl exer. 8. Th@rﬂ%t‘?ﬁ% EP’ea‘gfeCE‘Pnageﬂ?rﬂl,lyB% f%@ﬁg“%\m ﬁB‘?? control |l er

configured to traRshd pith8isPosdd tlrough R firSQIM MQl diRbEihdefierhly pdtflletot. 9. The
menory nodul e of claim E wherein the path selector includes a control

circuit conpri si ntheghicknses;
a circuit included in the first die, the circuit configured to be enabled by the control
signal via the first path or the second path;
a path selector configured to select the first path or the second path; and

a second die communicatively coupled to the first die.

2. The memory device of claim 1, comprising a first set of input pins enclosing the first

path and a second set of input pins enclosing the second path.

3. The memory device of claim 2, wherein the input pins comprise solder balls

disposed on the top and bottom surfaces of the die.
4. The memory device of claim 1, wherein the path selector comprises a multiplexer.

5. A memory module comprising:

a die configured to route a plurality of control signals through the die along paths
from bottom pins disposed on a bottom surface of the die to top pins
disposed on a top surface of the die, wherein the paths are disposed
transverse to an axis generally parallel to the top surface and the bottom
surface, and wherein the die is configured to support a quadrank
configuration;

a circuit disposed within the die and configured to be enabled by an enabling signal

selected from the plurality of control signals; and



10. The nmenory nodule of claim5, wherein the plurality of signals include a
chip select signal, a clock enable signal, an on-die term nation signal

and a calibration signal. 11. A die stack conprising: a plurality of nenory
devices stacked to forma plurality of signal paths through the nenory
devices froma bottomof the die stack to a top of the die stack, wherein
the paths are disposed internally within the die stack in a direction
generally transverse to the die stack] a plurality of pins disposed al ong
the signal patastheekiclorawanged bdteeamshopaghsded theasrcuit, Wiegragh selectoebgihgir al ity of

pins are configured to transmt. control signals.between the devices; a
plurality of ci rcuic?%f? e§§8§gﬁmwﬁt"ﬁ9?ﬁ%&rb€h‘g@?€Raﬂlé?%%lggﬂl{]y of nmenory
devi ces, each of the plurality of circuits being electrically coupled to a

respective assigned path selected fromthe plurality of signal paths; and a
plurality-of pdememarrmogyls oficlaigbs avhersin the beftanhping pre copfigirediia recpive si gnal

paths, t i : h selectors configured to select the respective
Nfe Plﬁ*a?iélfdf'cgﬁ{tl;loq %ﬁgﬂfﬁ%

assi gned pa eac e 20 plurality of circuits and to electrically
coupl e each of the plurality of circuits to the respective assigned path.

12. The dje stack of claim1l, wherein. one of the path sel ectors conprises a
Cu- toconb. mATEFHTROEGRO0 Gl AN §a s e BHE S CCOME SR DAY cort o ome
nul ti pl exgilipieg. one of the path selectors conprises a four-to-one

mul ti pl exer. 13. The die stack of claim1l1l, wherein the signal paths are

configured to receive the <control signals and the control signals include a
term nation signal, a
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9. The memory module of claim 5, wherein the path selector includes a control circuit

comprising a fuse.

10.  The memory module of claim 5, wherein the plurality of signals include a chip select

signal, a clock enable signal, an on-die termination signal, and a calibration signal.

11. A die stack comprising:

a plurality of memory devices stacked to form a plurality of signal paths through the
memory devices from a bottom of the die stack to a top of the die stack, wherein the paths
are disposed internally within the die stack in a direction generally transverse to the die
stack;

a plurality of pins disposed along the signal paths and between the memory devices,
wherein the plurality of pins are configured to transmit control signals between the devices;

a plurality of circuits disposed within each of the plurality of memory devices, each
of the plurality of circuits being electrically coupled to a respective assigned path selected
from the plurality of signal paths; and

a plurality of path selectors disposed between the circuits and the signal paths, the
plurality of path selectors configured to select the respective assigned path for each of the



identical within each of the plurality of nmenory devices. 15. The die stack
of claim1l, wherein the die stack is configured in a two rank
configuration. 16. The die stack of claim 11, wherein the pins include

sol der balls electrically coupled to the nenory devices. 17. A conputer
system conprising : a processor; and a nmenory system coupled to the
processor, wherein the nenory systen1g§nprises: a nenory controller; a
menory devi ce having a first surface d a second surface positioned

opposi t e mhirelity iof sitcugsiarfdto electaicallyr wuple eatihyf dwadurality bf eirquitetotheror y devi ce, the
circuit confl ured to be coupled to a plurality of generally parallel

si gnal pdfwE™t e?ﬁwgggpﬁﬁthin the menory device, wherein the signal paths
are configured to route control signals through the die fromthe first
surface to the second surface; 21 a path sel ector arranged between the

pluralitylZf slihgdig stask Ohelaish b, pherei qn@lﬁ theath selegipis GAMBHSE 8 CE&HHINE t he
tt t hs;
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and a plura i nput pins di spose ace of e menory
devi ce qmﬂﬁm@mmsdompﬁmmadmnnbohhﬁmﬂmhkmol signals to the plurallty of
signal paths, wherein the signal paths are configured to transmt the
control signals within the device fromthe input pins disposed on the first

surface tg i NPtk dRd ek BF S1RRS O wikreld e SiB? PalhSHE Eé%ﬁ‘%ureli% retbi9e fRRMOry system
of claim 17, wherein the nennry device conprises at 1east one
control signals and the control signals include a chip select signal, a clock enable signal, an

on-die termination signal, a calibration signal, and stacked versions thereof.

14.  The die stack of claim 11, wherein an arrangement of the plurality of circuits is

identical within each of the plurality of memory devices.

15.  The die stack of claim 11, wherein the die stack is configured in a two rank

configuration.

16.  The die stack of claim 11, wherein the pins include solder balls electrically coupled

to the memory devices.

17. A computer system comprising :
a processor; and
a memory system coupled to the processor, wherein the memory system comprises:
a memory controller;
a memory device having a first surface and a second surface positioned
opposite the first surface;
a circuit disposed within the memory device, the circuit configured to be
coupled to a plurality of generally parallel signal paths disposed within the memory device,
wherein the signal paths are configured to route control signals through the die from the first

surface to the second surface;



path sel ector control circuit conprising a fuse or antifuse, the path

sel ector control circuit being configured to control the path sel ector and
determ ne the assigned path. 19. The nmenory system of claim 17, wherein the
menory devi ce conprises a die stack configured as four ranks of nenory. 20.
A nmenory nodul e conprising: a die configured to route a plurality of control
signals through the die along paths from bottom pins di sposed on a bottom

surface of the die to top pins dispo%éd on a top surface of the die,

wherei n the paths ampathdekpiosathngéd ensseartiseplinaligof sighd pghneddht yirguétr al | el to
the top surface and the bottom surface; a cirtcuit d”zgg&ggwygéhin the die

and conf i % cerfigugedie o @ BIrgut to An asiigRed R selegted frony iRk he

pIuraIit%mgk;ﬁﬁntrol signals; and a path sel ector arranged between the paths
and the circuit, the path selector conprising a four-to-one nmultiplexer and

bei ng confi gured t @ phurhlgy of inplitypinsalisposed onrlee fixkt sutfecepdthesmengory devies rcui t . 21.

The nenor dul e of claim20, wherein the.bottompins are.configured to
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plurality of control signals to the die. 23. The nenory nodul e of clai m 20,

wher ei n tdiwopastan thefirstsusiacy tadnrnutpiss dispased erothe sgcprdisurfacgonpri sing a fuse. 24.
The nenory nodul e of claim 20, wherein the plurality of signals include a
chip select signal, a clock enable signal, an on-die term nation signal

and a cal i8r atThemesagnsystem of claim 17, wherein the memory device comprises at least one

path selector control circuit comprising a fuse or antifuse, the path selector control circuit

being configured to control the path selector and determine the assigned path.

19.  The memory system of claim 17, wherein the memory device comprises a die stack

configured as four ranks of memory.

20. A memory module comprising:

a die configured to route a plurality of control signals through the die along paths
from bottom pins disposed on a bottom surface of the die to top pins
disposed on a top surface of the die, wherein the paths are disposed
transverse to an axis generally parallel to the top surface and the bottom
surface;

a circuit disposed within the die and configured to be enabled by an enabling signal
selected from the plurality of control signals; and

a path selector arranged between the paths and the circuit, the path selector
comprising a four-to-one multiplexer and being configured to selectively

couple one of the paths to the circuit.

21.  The memory module of claim 20, wherein the bottom pins are configured to receive

the plurality of control signals.



25. A conputer systemconprising : a processor; and a nenory system coupl ed
to the processor, wherein the nenory system conprises: a nenory controller
a nmenory device having a first surface and a second surface positioned
opposite the first surface, wherein the nenory device conprises a die stack
configured as four ranks of menory; a circuit disposed within the nenory
device, the circuit configured to be 2$oupled to a plurality of generally
paral |l el signal paths disposed within“the nenory device, wherein the signa
pat hs ar €2conflihgurestbry moddea bclaion2(; cdmisgrgal sermdry comftolieheondigared toom t he fir st

surface to the seco surface. a path selector arranged between the
pIuralitQ“ﬂﬁngpﬁﬁéFQg§9ﬁ§m§ﬂ@ﬁ$ﬁEQ%ﬁF 't and configured to couple the
circuit to an assigned path selected fromthe plurality of signal paths;

and a plurality of input pins disposed on the first surface of_ the nenory
devi ce cBnfi Jieaemosy medie af (tlalrrhﬁh whereinghe pathysedactor ingluydeea pantrobgircuiy of

si gnal pQ%Hﬁﬁiaga EQe menory system of claim25, wherein the nenory device
conprises a P'e spldne path sel ector control circuit conprising a fuse or
antifuse, the path selector control circuit being configured to control the

ath sel ector and determn ne the. assi gne at h.
P 24. %he memory moduiae of claim 30, V\%ere?n e pnlrality of signals include a chip

select signal, a clock enable signal, an on-die termination signal, and a calibration signal.

25. A computer system comprising :
a processor; and
a memory system coupled to the processor, wherein the memory system comprises:

a memory controller;

a memory device having a first surface and a second surface positioned
opposite the first surface, wherein the memory device comprises a die stack configured as
four ranks of memory;

a circuit disposed within the memory device, the circuit configured to be
coupled to a plurality of generally parallel signal paths disposed within the memory device,
wherein the signal paths are configured to route control signals through the die from the first
surface to the second surface;

a path selector arranged between the plurality of signal paths and the circuit
and configured to couple the circuit to an assigned path selected from the plurality of signal
paths; and

a plurality of input pins disposed on the first surface of the memory device

configured to transmit the control signals to the plurality of signal paths.

26.  The memory system of claim 25, wherein the memory device comprises at least one
path selector control circuit comprising a fuse or antifuse, the path selector control circuit

being configured to control the path selector and determine the assigned path.



