SELF- | DENTI FYI NG STACKED DI E SEM CONDUCTOR COVPONENTS
Background [0001] The invention relates generally to
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stacked di e sem conductor devices and to nethods for
uni quely identifying individual die within a stacked
di e structure. [0002] Sem conductor devices are

generally constructed fromsilicon or gallium arsenide
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IC device. Traditionally, individual die are encased in a molding and
electrically connected to leads that protrude therefrom. More recently,
multiple die have been arranged within a single enclosure. In one such
arrangement, two or more die are aligned vertically and electrically
interconnected to form a single component. Components formed in this

manner are said to employ stacked die or a stacked die structure.

[0003] Stacked die structures permit design engineers to increase a
system’s circuit density — the amount of circuitry per unit area of printed
circuit board. Within a stacked die structure, however, it can be important
that die are individually selectable. For example, when multiple memory
circuit die are stacked to form a single memory component, it can be
important that each die be individually activated or selected. In the past,
this capability has been provided by remapping various control pins such
as chip select and/or clock enable pins from each die within a stack
through the use of fuses, anti-fuses and redistribution layers ("RDL").

While these approaches have proven successful, they require that die



I mportant that each die be individually activated or

selected. | n the past, this capability has been
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chip select and/or clock enable pins fromeach die
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conponent. The decode circuit permits individual die
in a stacked die structure to determne their |ocation

or position in the stack a®@nmiafyr esponse, selectively
pass one or nore external contro| signals to the
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stacked die structure to determine their location or position in the stack
and, in response, selectively pass one or more external control signals to
the decode circuit’s associated functional circuit based on inter-die
connection patterns. Accordingly, stacked semiconductor die components
may be assembled using consistently processed or fabricated

semiconductor dies in accordance with the invention.

[0005] In one embodiment, a semiconductor die in accordance with
" the invention comprises'a functional circuit having an enable input
connection, a plurality of external control signal connections for receipt of
control signals external to the die’s package, a plurality of internal control
signal input connections and a decode circuit. The decode circuit, in turn,
comprises a first set of inputs coupled to the external control signal input
connections, a second set of inputs coupled to the internal control signal

input connections and an output coupled to the functional circuit’s enable
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Dremabtegsigh@807] Figure 1 shows, in block diagramform
a sem conductor die in accordance with one enbodi nment
of the invention. [0008] Figure 2 shows, in block

di agram f or t he_decode circuit of
g m Brieg Description of the Drawings

- [0007] Figure 1 shows, in block diagram form, a semiconductor die

in accordance with one embodiment of the invention.

[0008] Figure 2 shows, in block diagram form, the decode circuit of
FIG. 1 in accordance with one embodiment of the invention.

[0009] Figure 3 shows, in block diagram form, the decode circuit of
FIG. 1 in accordance with another embodiment of the invention.

[0010] Figure 4 shows, in block diagram form, a stacked die
component in accordance with one embodiment of the invention.

Detailed Description

[0011] Stacked die structures comprised of consistently fabricated
die that automatically sense their position in the structure and are

uniquely selectable through specified control signals are described. The



FIG 1 in accordance with one enbodi nent of the
i nvention. [0009] Figure 3 shows, in block diagram

wo eoomo2Bhe decode circuit of FIG 1 in accor daPcBEUS20061030692
anot her enbodi rent of the invention. [0010] Figure 4
shows, in block diagramform a stacked die conponent
i n accordance with one enbodi nent of the invention.
Det ai | ed Description [0011] Stacked die structures
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i nterconnected. One type of exenplary nenory device is
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dqmeﬁ“&nn%l&%b.ﬁnes@%'\éf exemplary memory device is a Synchronous
Dynamic Random Access Memory ("SDRAM”) device, such as SDRAM
devices designed and manufactured by the Assignee of this document. It
is to be understood, however, that this constitutes but one exemplary type
of integrated circuit component that can be used in accordance with the
inventive concept. Other types of integrated circuit devices (and not
necessarily memory devices) can be provided without departing from the

. Spirit and scope of the claimed subject matter.

[0013] Referring to FIG. 1, die 100 in accordance with one
embodiment of the invention comprises functional circuit 105 having
external control connections 110 and die connections 115. For example,
functional circuit 105 could implement a static, dynamic or flash memory
array, external control connections 110 could include chip select and/or
clock enable inputs and die connections 115 could include power, ground,

address and data signals as well as other control signals and die testing



devi ces desi gned and manufactured by the Assignee of
this docunent. It is to be understood, however, that
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" and its adjacent die(s) determine the input to decode circuit 125 on each
die. In this way, and as well be described in detail below, decode circuit
125 uniquely conveys one or more signals input via external control
connections 110 to functional circuit 105 depending upon the die’s

position in the stack structure.

[0015] Referring to FIG. 2, decode circuit 125 comprises decoder
200 and selector 205. In practice, decoder 200 “decodes” the pattern of
its input signals (internal control signals 120) so as to cause selector 2065
to pass one of its input signals (provided via external control connections
110) to its functional circuit (e.g., circuit 105) via die control connection
130. In one embodiment, there are as many external control signals as
there are die in the stacked die structure. In a stacked die memory

" component, for example, external control connections 110 could convey
one CHIP SELECT signal for each die in the stacked die structure. In this



bet ween external control signals 110, decode circuit
125 and die control connections 130. During conponent
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internal control signals 120 on a first die in a stack
and its adjacent die(s) determ ne the input to decode
circuit 125 on each die. | n this way, and as well be
described in detail below, decode circuit 125 uniquely
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U YeBorddHB® WiSthR invention comprises eight (8) die, there can be as few

as three (3) or as many as eight (8) internal control signals.

[0017] To facilitate the use of consistently processed die in
accordance with the invention, it will be recognized that each die should
have its internal control signals coupled during the die fabrication process
. in such a manner as to provide an initial value to the die’s decoder circuit
125 when incorporated into a stacked die structure. In many
semiconductor device environments, it is common to bias a die’s
connection pads to a weak ground potential. (By “weak,” it is meant that
the value may be readily over-ridden by a voltage level above the die’s
ground potential.) Using this feature, each internal control signal on a die
manufactured in accordance with the invention may be individually
coupled to a weak ground potential. When this is done, the final input to

each die’s decoder 200 can be set, determined or specified by the manner



singl e out put signal (CH P SELECT signal 320 and CLOCK
ENABLE signal 325), the collection of which are
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connections 130. [0016] Wth respect to the described
enbodi nents, it will be recognized that sel ectors 205,
310 and 315 act as N-to-1 nultiplexers and that the
nunber of internal control signals depends upon the
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Wi(bfiE3 %20 and fourth die (DIE3) 425. In this embodiment, structure
400 utilizes microballs 430 (small solder beads) to interconnect the
different die, each of which includes through wafer interconnect vias 435.
It will be recognized that substrate 405 acts to provide structural support
and electrical connectivity between the stacked die and the physical
package within which stacked die structure 400 is placed. Illustrative PCB
substrate materials include, but are not limited to, FR2, FR4 and plastics
such as Rogers® 4000, Rogers® Duroid, DuPont® Teflon® (types GT and
GX), polyimide, polystyrene and cross-linked polystyrene. It will further be

- recognized that inter-die connections may be made using technologies
other than through wafer interconnects and microballs — e.g., wire bonds,

. flip-chips or combinations of these and other technologies. In addition, it

may be desirable or necessary (depending upon the types of die and



i nvention automatically determine their |ocation

within a stacked die structure and activate, enable or
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| ocati on. Accordingly, stacked die conmponents in

accordance with the invention do not require that

their constituent die be processed to include unique

signal remapping features through, for exanple, extra
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[0020] Given the illustrative inter-die connection pattern of FIG. 4,

Table 1 describes the functional operation of decode circuit 125. One of
ordinary skill in the art will understand that the “logic” expressed in Table
_ 1is sufficient to define the operation of decode circuit 125 in accordance
with the invention. Having said this, it will also be readily apparent to one
of ordinary skill in the art that the illustrated logic is not the only logic
possible. In accordance with the invention, any pattern of inter-die
connectivity that provides a unique set of internal control inputs 120 to
each die’s decode circuit 125 can be used — Table 1 represents but one

possible pattern.



each die. [0019] As illustrated, external control

connections 110 convey CH P SELECT 0 (CSO, CH P
W®RWEQT7316 (CSI ), CH P SELECT 2 (CS2) and CH P BEY/ESD0E030692

(CS3) signals. Simlarly, internal control signals 120

conpri se STACK ENABLE 0 (STEO, STACK ENABLE 1 (STHI),

STACK ENABLE 2 (STE2) and STACK ENABLE 3 ( STE3)

signals. As shown, each of the stack enabl e
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inter-die connection pattern of FIG 4, Table 1

descri bes the functional operation of decode circuit
125. One of ordinary skill in the art wll understand
t [8021je " | Bgnefitsexfithedseention imalvide the ia@il'@ﬂt@ use eny di®

o duanTasieeg actordanca s T85 Mnialibi b 2V dosliop inja stacked
}""ﬁléﬁﬁﬁh&%r@  § tﬁi\)éﬂ)f‘f?ﬁérrcﬁﬂﬁe R]QOﬂEerHBI éHrﬂllLdT% E?Hs

art t strate ogic 1's not t

| dptweposise Hiecin d staak,oeadthadie’s decbde cireuit narrenmlquely sadgct
pattern of inter-die connectivity that provjdes a
urﬁcam@eﬁterabler k¢ apsnpiated rﬁw@lonaﬁamtgt PEgoRANGY cHfacked die

. :ggrrug ﬂﬁ)o?\'eﬁfsul tackBrddiRB With HEfhventiaR tn be assembled

1 one
from die manufactured in a consistent manner — since all die for use in a

specified stacked die component are the same, no special processing (e.g.,
formation of redistribution layers) or additional tracking of unique parts
are needed during manufacture time. This, in turn, reduces the cost to
manufacture such components and improves the overall yield through the
elimination of processing steps. (It will be recognized that the amount of
circuitry needed to implement decode circuit 125 is de minimus compared
to the amount of circuitry (e.g., number of transistors) required to

implement functional circuitry 105.

[0022] Various changes in the materials, components and circuit
elements of the illustrated embodiments are possible without departing

i from the scope of the following claims. For instance, stacked die structures
in accordance with the invention are not limited to the illustrative four die
component of FIG. 4. Similarly, components employing a stacked die in

accordance with the invention are not limited to utilizing a single group of



possi bl e pattern. Table 1. Illustrative Decode Circuit

Function [0021] Benefits of the invention include the
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the invention in any position in a stacked die

structure. By selectively interconnecting internal

control signal paths between the die in a stack, each

di e's decode circuit can uniquely select, activate or
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t FRPPaVRIAP) those phordinayy gikilk IRdhel arki Inaaddiiiprp fstacked die
b iRerh 3k Eent it she SRR TRty Bmaw

1%5:m|§b|1éﬁtsﬂbﬂléveﬁ g 6tidiethadvit®y BHDsHhe Plin@iohaHEikduits
oY nunber of transi stors) required to inplenment

(e
f dﬁcgu elementikQRuin Fie. 105As jowpas digahaving dn‘fmagteﬁmchonal

| rsURs S Feicabal RORELLE € it bnf o Goplyet Sigals
frieihé AfarireP RRsE&ibdd Seref, | RS @ifreldit: fuﬁét{ohrig'i‘éfr&ﬂfsemay

stacked die structures I accordance w t

i roeeugddolo aaseminde stacked dik campdreeritt inatcoxtane withrthdi e
conponent of FIG 4. Simlarly, conponents enploying a
stBY8HEWNdi e i n accordance with the invention are not
limted to utilizing a single group of external control
signals as illustrated in FIG 4. For exanple, each
die in an SDRAM st acked di e conponent in accordance
with the invention may sel ectively pass both CH P
SELECT and CLOCK ENABLE signals to their
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respective functional circuit (e.g., see FIG 3).
O her conbinations of control signals for die
wepwodyisng di fferent functional circuits will BPEI/US2006/030692
readily apparent to those of ordinary skill in the
art. | n addition, stacked die structures in
accordance with the invention are not limted to
menory conponents or, even, the use of die having the

*SZ?/Vﬁ‘atflé'EFa'irh@H% ci rcwts (e g., elenment 105 in FIG
1). As long as die having different functional

circuits are fabricated to i nclude decode circuit and
internal control signals in the manner descri bed

har ei nA slingicYhdilictor éla‘eet@mbnﬁmgctl onal circuits may be
used to assenbl e stac di e conponents i n accordance

wi t h t adunetiensal |CtrﬁUIV\Hi\awn|gsan:embiemm¢ copnegtion;

d t t
R A
t | t I it
T o g ot 1

decode aaieroodetcnharhhaglr@ a ﬁrﬁtplmhhtyad)ﬁ inputsf couphed to the
co I ed to t he external control naI

gali eandrol gighat Byt sPanegtions, %fs P@péiawf@apttta

ouﬁsh'?fﬁé B LRF RoboRaBhal R cSEREhs 2R3 ABURL: |
t f&@u?l@@ qgeheighabletinpat astaiiceidn} wheripltiee daeodd dnalit is
coupled to the external control signal input

c @dapiedi torcouple ohe S@rﬁbg@umeewtmegﬁegm{lcgner@b pigeal input

s Shnbeinbne o ARG B Gk ERRREY PE Jnerop iR
JCIs[egHé; hgg%'gﬁhé(g@ng menory array. 3. The sem conductor

laim2, wherein the nenory array

2. The semiconductor die of claim 1, wherein the functional circuit

comprises a memory array.

3. The semiconductor die of claim 2, wherein the memory array

comprises a random access memory array.

4, The semiconductor die of claim 2, wherein each of the plurality of
external control signal input connections are adapted to receive a CHIP
SELECT signal.

. 5. The semiconductor die of claim 2, wherein each of the plurality of

external control signal input connections are adapted to receive a CLOCK
ENABLE signal.
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conpri ses a random access nenory array. 4. The

sem conductor die of claim2, wherein each of the
w@bwrabistey of external control signal input coPCEUS10061630692

are adapted to receive a CH P SELECT signal. 5. The

sem conductor die of claim2, wherein each of the

plurality of external control signal input connections

are adapted to receive a CLOCK ENABLE signal . 6. The

S@m CORUALi-HAftcRir dik f'aa:?m PNGR&eh & a @irit‘ pl&tality of
St

plarality e ex erna contrt’ol signa

Cahé e&tarnaisco@tml sigapl mput commations a&ilaé*ap‘ilédam'reselge aHP
and a second plurality of the external control nal

SN asha seeendalselly of ghe extsrog! @r@@ks Blnput

T A R L FRABEE R noct 1 one,

one adapted to receive a CH P SELECT signal and one
adapted to receive a CLOCK ENABLE signal. 8. The
s¢m corftectenicetiduickdr dieaifelaim Ghwhesen ﬂm:qmatﬂeﬂrmt

internal control | nal ut connegti are. furgﬁ_ﬁrD
cSapNe '%cq;ngrmﬁét Sroefties To fecgive @

T gef g%rnedd lp?édb% Rl a ‘Qﬁ@tﬁ' ENABISE S|Ignal

substrat apte e weakly biased to a ground
potenti al . 10 A stacked di e sem conductor conponent,

e R PR WAl e
H&br arﬁf‘% 9ﬁ W@W&nn%ﬁﬂ&ﬁ?%ré:ﬂﬁﬂ%?tdoﬁg%g S@% trate of ;he

em conductor die arran
vebhiicaldurtarlgiwe the substrate, each incl udi ng - a

functional circuit having an enabl e i nput connection,
9. The semiconductor die of claim 8, wherein the substrate is adapted

to be weakly biased to a ground potential.

10. A stacked die semiconductor component, comprising:
a substrate having a plurality of external component control
“ connections and a plurality of internal component control connections; and

a plurality of semiconductor die arranged substantially vertically

above the substrate, each including —

a functional circuit having an enable input connection,

a plurality of external control signal input connections, each coupled
to one of the external component control connections of the
substrate,

a plurality of internal control signal input connections, and

a decode circuit having a first plurality of inputs, each coupled to
one of the external control signal input connections, a
second plurality of inputs, each coupled to one of the

internal control signal input connections and an output
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a plurality of external control signal input

connections, each coupled to one of the externa
weewpoesne control connections of the substrat BCT/EHS2006/030692

plurality of internal control signal input

connections, and a decode circuit having a first

plurality of inputs, each coupled to one of the

external control signal input connections, a second

plurality Ofco'uB@ditt% th@%b@hﬁ@h?@oﬁrﬁéc@@ﬁ d?fthé t1'Gnctiona|

internal control signal 1 nput connections and

out put coupl emrcurh whereamﬂ’nﬂ decodruciratiinia ectaptad tmfcaum one
functi onal C|rc hn t he decode ercP

adapted to &éﬂfﬁ\ 3 %Iext%[]%'l@ﬂ‘t'i%sigﬁ@ (% rnal

Sﬁ”tsfg'naf;git‘%bp{?&ﬁ*{s Bkt on Fof SRtk tne

i nput connedhicons c@htrbh@:gdalcmﬂat comrmttibns ibiltheTh@code
stacked di e seni conductor conponent of claim 10,

wher ei n t he @ékisonent conpri ses a nenory conponent.
12. The stacked di e sem conduct or conponent of claim
11, wherein the nenory conponent conprises a random

acqess THRIRhYke&PaRMRANEondLZtor Idtn St O i 10 wherein the
sem conduct or conponent of claim10, wherein the

eXxanamuient compnises acuemont caroporenti ons conpr i se CH P
SELECT signal connections. 14. The stacked die
sem conduct or conmponent of claim 13, wherein the

exter o LIRRRERL LANLSRIUEITETEERN & UHRG £ HERH the

LE signal connections st ack
s enemondosrhponetinguensrides & raridahmaddass whemenncdrhponent.

13. The stacked die semiconductor component of claim 10, wherein the
external component control connections comprise CHIP SELECT signal

connections.

14. The stacked die semiconductor component of claim 13, wherein the
external component control connections comprise CLOCK ENABLE signal

connections.

15.  The stacked die semiconductor component of claim 10, wherein the
external component control connections comprise CHIP SELECT and
CLOCK ENABLE signal connections.

16. The stacked die semiconductor component of claim 10, wherein
each of the plurality of semiconductor die are adapted to be weakly biased

to a ground potential.
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external conponent control connections conprise CH P
SELECT and CLOCK ENABLE signal connections. 16. The
wae@cke7eli e sem conduct or conponent of cl ai m BO/US2006/030692
wherein each of the plurality of sem conductor die are
adapted to be weakly biased to a ground potential.17.
The stacked di e sem conductor conponent of claim 10,
wherei n internal conponent control connections of the
sybstr i [ ' i
aove orS At E e R SRRRRL B GRIAT, Hnerein
s émiecreat dontponent opoineintonoectidres ofi the, sublstrats are adapted to be
connecti ons between the plyrality of sem conductor die
cHiasedde apelesbal @QQVel@’.OE"FHePog@%F{aied di e seni conduct or
conmponent of claim 10, wherein connections between the
plurality of sem conductor die conprise wre bonds.
208, Thahetsshied diesehrtarrioth conipotimp of efimatf0, Gyiedramn
10, wherein each decode circuit on each of the
plcanaggtiopsdietwean coa plwraldy ofisemieanslugkey die gompsisent
pat.tern”of internal control signal input connections.
Zf‘f"c':ﬂl?@ ¥t acked di e seniconduct or conmponent of claim
10, wherein the functional circuit of each of the
plurality of sem conductor die conprise the sane
f d9ct i dihelstackecludie segtcontiuetostcanikmaheat of sk cld) dviwrein
conponent qf .claim 10 nerein mcrpballs are used to
cSuBaun Resveandng Al sapndictor e SoRAIREHES
Plighati ty of sem conductor die. 23. The stacked die
sem conduct or conponent of claim 10, wherein wire
bonds are used to couple connections fromthe
substrate to each of

20.  The stacked die semiconductor component of claim 10, wherein
each decode circuit on each of the plurality of semiconductor die receives

a different pattern of internal control signal input connections.

21.  The stacked die semiconductor component of claim 10, wherein the

functional circuit of each of the plurality of semiconductor die comprise the
same functional circuit.

22. The stacked die semiconductor component of claim 10, wherein
microballs are used to couple connections from the substrate to each of

the plurality of semiconductor die.
23. The stacked die semiconductor component of claim 10, wherein
wire bonds are used to couple connections from the substrate to each of

the plurality of semiconductor die.

24.  The stacked die semiconductor component of claim 10 comprising

- four (4) semiconductor die.
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the plurality of sem conductor die. 24. The stacked
di e sem conductor conponent of claim 10 conprising
wo oar/0¢7Y6 sem conduct or di e. 25. A sem conduct oPCTIUS2006/030692
conprising: a functional circuit having an enabl e
I nput connection; a plurality of external contro
signal input connections; a plurality of interna
control signal input connections; and a decoder means
for routing a signal coupled to one of the externa
control signal input connections to the functiona
ci25cui A semaibbrductpudies comgeisingn based on a pattern of

' t si | led to the pl lit f int I
cont r oP fAngHna B PakRecat eaie Tl eaRbedita ai o

_ : e Ed di
Sem coRdnaenty BPERERRA confATRBhal PR 0 e

st acked plumligeof teathat tontrolsigre énputaonakations? Gnd

further conprising a base neans for coupling external
cont r ol@ dacgAAr B1eeNs PHIAWINGe sigpakeuPieshtnene of the external

cQ n e rer. cant £ al ..si ' .

c oAREBEbnd I ot p R I AR f Bt culs g input
CQBRASRIBN Isell ot ApdBertBEIRIUR sighaldaspldEenthd pluFdIRY of
conprises neans for providing aTirst logic signal

| énvternal contrel signalrinput camtactibnsi gnal i nput connecti ons
on a first of the plurality of sem conductor die.

+ 26. A stacked die semiconductor component, comprising a plurality of

semiconductor die in accordance with claim 25.

27. The stacked die semiconductor component of claim 26, further
comprising a base means for coupling external control signals from outside
the semiconductor component to the external control signal input

connections.

28. The stacked die semiconductor component of claim 26, wherein the
base means further comprises means for providing a first logic signal level
to the internal control signal input connections on a first of the plurality of

semiconductor die.
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