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+—9. A method, comprising: at a dynamic random access memory (DRAM) package;

‘gine:

including stacked DRAM dies, the stacked DRAM dies including-atteast a first

plurality of DRAM dies and a second plurality of DRAM dies, each DRAM die of the

stacked DRAM dies including €/Acommand and/or address (C/A) ports, data ports and

DRAM memory cells, wherein the each DRAM die is configurable to transfer data between

the data ports and the DRAM memory cells:

wherein in response to C/A signals received at the C/A ports, the DRAM package is

configured-torecerve ClAsignals-further including an interface, via thewhich the DRAM
package receives C/A terminalsandisfurther configured-toreceive-oroutput-data-signals,

and via the-data-terminalsinrespense-to-which the (C/A)signalswhereinthe DRAM

package is-econfisured-to-eutputfirstreceives or outputs data signals in response to afirst-set

C/A signals received via the interface, the interface including terminals, the DRAM

package further including die interconnects-inehading- C/A-interconneetsand-data

conduetthe first datasienals-and the second-datasignals, each of the die interconnects
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including one or more through silicon vias (TSVs) in one or more DRAM dies in the stacked

control-die-including conduitsthe-eonduits-interconnects including C/A eenduitsand-data

eonduitsinterconnects, data interconnects, first unidirectional interconnects and second

unidirectional interconnects, the C/A eenduitsinterconnects including atleast-first €A

conduitsecoupled-torespeetiveones-of the first- C/A interconnects and second C/A eenduits
coupled-torespeetive-ones-of the seecond-C/A-interconnects, the data eonduits-ineludingat

leastfirst data-conduits-coupled-torespeetive-ones-of the-interconnects including first data
interconnects and second data eenduits-coupled-torespeetive-ones-of the-second-data

interconnects:

wherein, receiving via the interface a first set of C/A intereonneetsignals for a

memory read operation and a second set of C/A signals for a memory write operation, the

first i —bserecpmontn e el o nn o o e s s o0 0 CFA posbes

signals including one or more first signals to select a first DRAM die in the first plurality of

DRAM dies and-notin-eleetrical communteation-with-any-C/A-pertenany-ofthe-to respond

to the first set of C/A signals, and the second set of C/A signals include one or more second

signals to select a second DRAM die in the first plurality of stacked DRAM dies:

whereina to respond to the second set of C/A signals; in response to the first set of

C/A mterconnectofthesecond-signals, driving the first set of C/A interconnectsisin

electrical-communication-with-correspondingsignals to C/A ports enof the seeondfirst

plurality of DRAM dies via the first C/A interconnects, receiving from the first DRAM dies




and-notin-electrical communication-with-any- C/A-pertenany-die first data signals associated

with the first set of C/A signals via the first data interconnects, driving the first data signals to

the interface, and receiving from the first DRAM die one or more signals associated with the

first set of C/A signals via one or more of the first unidirectional interconnects; in response to

the second set of C/A signals, driving the second set of C/A signals to C/A ports of the first

plurality of DRAM dies:

wherein-afirst datainterconnectof the first via the first C/A interconnects, receiving

second signals associated with the second set of C/A signals from the interface, driving the

second data 11

signals to the first plurality of DRAM dies via the first data interconnects and not to any of the

second plurality of DRAM dies via any of the data interconnects, and driving one or more

signals associated with the second set of C/A signals to the first plurality of DRAM dies via one

or more of the second unidirectional interconnects: wherein each of the first data interconnects is

in electrical communication with corresponding data ports on a first plurality of DRAM dies of

the stacked DRAM dies and not in electrical communication with any data port on any other

DRAM die of the secondpluralityefstacked DRAM dies, each of the first data interconnects
including a firstrespective set of TSVs, the-first respective set of TSVs including a TSV in each
DRAM die of the first plurality of DRAM dies and at least one additional TSV in at least one
DRAM die of the second plurality of DRAM dies, wherein the TSV in the each DRAM die of
the first plurality of DRAM dies is in electrical communication with a corresponding data port on
the each DRAM die, and wherein the at least one additional TSV in the at least one DRAM die
of the second plurality of DRAM dies is not in electrical communication with any data port on

the at least one DRAM die; wherein a-second-datainterconneeteach of the second data



interconnects is in electrical communication with corresponding data ports on the second
plurality of DRAM dies and not in electrical communication with any data port on any of the

first plurality of DRAM dies; wherein a first C/A interconnect of the first C/A interconnects is in

electrical communication with corresponding C/A ports on the first plurality of DRAM dies and

not in electrical communication with any C/A port on any of the second plurality of DRAM dies:

wherein a second C/A interconnect of the second C/A interconnects is in electrical

communication with corresponding C/A ports on the second plurality of DRAM dies and not in

electrical communication with any C/A port on any of the first plurality of DRAM dies:; wherein

the first unidirectional interconnects are not configured to conduct any signals to any of the

stacked DRAM dies and the second unidirectional interconnects are not configured to conduct

any signals from any of the stacked DRAM dies; wherein the first data signals include at least 32

signals that are received via the first data interconnects in parallel and subsequently driven to the

interface in parallel; and wherein the second data signals include at least 32 signals that are

received from the interface in parallel and subsequently driven to the first plurality of DRAM

dies in parallel.
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13. +-A dynamic random access memory (DRAM) package, comprising:

a plurality of stacked DRAM dies-includingatleastafirstpluralityof PRAMdies
and-a-second plurality- e DRAM-dies, each DRAM die of the plurality of stacked DRAM

dies including command/address (C/A) ports, data ports and DRAM memory cells,

wherein the each DRAM die is configurable to transfer data between the data ports and

the DRAM memory cells_in response to C/A signals received via the C/A ports, each of

the data ports being a bi-directional data port;

signals-and-the-second-data-signalsan interface, via which the DRAM package receives

command/address (C/A) signals, and via which the DRAM package receives or outputs




data signals, the interface including terminals, the terminals including C/A terminals and

data terminals;

die interconnects, each of the die interconnects including one or more through

silicon vias (TSVs) in one or more DRAM dies in the stacked-DRAM-dies-and

DRAM-dies-through-the-one-ormeore TSVsplurality of stacked DRAM dies;

and a control die coupled between the terminalsinterface and the plurality of

stacked DRAM dies, the control die including eenduitstheconduitsinelading C/A
conduits-and-data-conduits-the-C/A-conduitsineludingatleast first C/Asignal conduits

coupled, respectively, to respeetive-onesthe die interconnects;

wherein:

the die interconnects include a first set of C/A interconnects, a second set of C/A

interconnects, first data interconnects, second data interconnects, first unidirectional

interconnects, and second unidirectional interconnects:

each of the first data interconnects is a bi-directional interconnect configured to be

in electrical communication with a corresponding data port on each of a first subset of the

plurality of stacked DRAM dies and is not configured to be in electrical communication

with any data port on any of a second subset of the plurality of stacked DRAM dies:

each of the second data interconnects is a bi-directional interconnect configured to

be in electrical communication with a corresponding data port of each of the second

subset of the plurality of stacked DRAM dies and is not configured to be in electrical

communication with any data port of the first subset of the plurality of stacked DRAM




dies, each subset of the first subset and the second subset of the plurality of stacked

DRAM dies including two or more DRAM dies:

the control die is configurable to drive a first set of C/A signals received by the

DRAM package via the interface to the first subset of the plurality of stacked DRAM dies

via the first C/A interconnects-and-seecond-CrA-conduits-coupled-to-respeetive-onesof the

second-, and is further configurable to drive a second set of C/A signals received by the

DRAM package via the interface to the second subset of the plurality of stacked DRAM

dies via the second C/A interconnects;-the-data-conduitsinclading-atleast first data

wherein-a first C/A interconnect of the first C/A interconnects is in electrical
communication with corresponding C/A ports on the first subset of the plurality of
stacked DRAM dies and not in electrical communication with any C/A port on any of the
second subset of the plurality of stacked DRAM dies;

wherein a second C/A interconnect of the second C/A interconnects is in electrical
communication with corresponding C/A ports on the second subset of the plurality of

stacked DRAM dies and not in electrical communication with any C/A port on any of the

first subset of the plurality of stacked DRAM dies;







seeond-set-of C/A-signals-drive-second-signals-the first set of C/A signals include one or

more first signals to select a first DRAM die in the first subset of the plurality of stacked

DRAM dies to respond to the first set of C/A signals, and the second set of C/A signals

include one or more second signals to select a second DRAM die in the second subset of

the plurality of stacked DRAM dies to respond to the second set of C/A signals:

the control die is further configurable to drive first data signals associated with the

first set of C/A signals between the first data interconnects and the interface and to drive

second data signals associated with the second set of C/A signals between the second data

interconnects and the interface:
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the control die is further configurable to, in response to the first set of C/A signals

being for a memory read operation, receive one or more first signals associated with the

memory read operation from one or more of the first unidirectional interconnects, and in

response to the second set of C/A signals being for a memory write operation-te, drive

one or more second signals associated with the memory write operation to one or more of

the second unidirectional interconnects:

the one or more of the first unidirectional interconnects are configured to conduct

the one or more first signals from the first DRAM die to the control die and not

configured to conduct any signal from the control die to any of the plurality of stacked

DRAM dies:

the one or more of the second unidirectional interconnects are configured to

conduct the one or more second signals from the control die to the second DRAM die and

not configured to conduct any signal from any of the plurality of stacked DRAM dies to

the control die;

the control die is configurable to receive the one or more first signals from the

first DRAM die via the one or more of the first unidirectional interconnects and is not

configurable to drive any signal to any of the plurality of stacked DRAM dies via any of

the first unidirectional interconnects:

the control die is configurable to drive the one or more PRAM dies-ofthe stacked

DRAM diessdasecond signals to the second DRAM die ene or more DRAM dies of the

plurality of stacked DRAM dies-via the one or more of the second unidirectional

interconnects and is not configurable to receive any signal from any of the plurality of

stacked DRAM dies via any of the second unidirectional interconnects-;
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each respective data interconnect of the first data interconnects includes a

respective set of through silicon vias (TSVs), the respective set of TSVs including a first

subset of TSVs in respective DRAM dies in the first subset of DRAM dies and at least

one second TSV in at least one second DRAM die of the second subset of plurality of

stacked DRAM dies:

a respective TSV of the first subset of TSVs in a respective DRAM die of the first

subset of DRAM dies is in electrical communication with a corresponding data port on

the respective DRAM die in the first subset of DRAM dies: and

each of the at least one second TSV in a corresponding DRAM die of the at least

one second DRAM die is not in electrical communication with and is not connected to

any data port on the corresponding DRAM die.
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+——20. A dynamic random access memory (DRAM) package, comprising: stacked

DRAM diesin

DPRAM-dies, each DRAM die of the stacked DRAM dies including-E/A-perts; data ports and
DRAM memory cells, wherein the each DRAM die is configurable to transfer data between
the data ports and the DRAM memory cells; terminals including command and/or address

(C/A) terminals and data terminals, wherein the DRAM package is configured to receive C/A

signals via the C/A terminals and is-furtherconfisured-torecerve-oroutputreceives or outputs

data signals via the data terminals in response to the (C/A) signals, wherein the DRAM

package is configured to output a first n-bit-wide data signalssignal via the data terminals in

response to a first-set of C/A signals associated with a memory read operation and to receive

a second data-signalsn-bit-wide data signal via the data terminals in response to a second set
of C/A signals associated with a memory write operation:

.n being 32 or 64; die interconnects including C/A interconnects and data

interconnects, the C/A interconnects including atleastfirst C/Ainterconnectsand second-CAA
interconneetsthe-firsta first set of C/A interconnects configured to conduct the first set of
C/A signals and the second set of C/A signals, the data interconnects including atleasta first
data-interconneetsand second-datainterconneetsthefirstset of data interconnects configured
to conduct the first n-bit-wide data signalssignal and the second n-bit-wide data

stgnals;signal, wherein each efthe-die interconnect of the die interconnects neludingincludes

one or more threughstieon-ias{TSVs) in one or more DRAM dies in the stacked DRAM
dies and is configured to conduct signals to and/or from the one or more DRAM dies i-the

stacked-DRAM-dies-through the one or more TSVs; and a control die coupled between the
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terminals and the stacked DRAM dies, the control die including conduits;-the-conduits

eonduits coupled to respective ones of the first-C/Adie interconnects-and-seeond-C/AA

conduitscoupled-torespeetive-ones-of the seeond-C/A-; wherein the data interconnects;-the

wherein- include at least a first G/Adata interconnect efand a second data

interconnect, the first CA-interconneetsisdata interconnect configured to be in electrical

communication with a corresponding E/A-perts-en-thedata port of each of a first plurality of

DRAM dies of the stacked DRAM dies and not in electrical communication with any

CfAdata port enof any of the-secendpluralit-ef DPRAMdies:
berei LOIA el LCA i< in loptrical

a second plurality of DRAM
dies semei s b s e O meeon e of the Bedsbeeie ot
stacked DRAM dies:

wherein-a-first, the second data interconnect efthe-first data-interconneets

isconfigured to be in electrical communication with_a corresponding data perts-en-the

firstport of each of a second plurality of DRAM dies and not in electrical communication

with any data port enany-ofthesecond plaralitref DPRAM-dieseachof the first data
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wheretn-of any of the first plurality of DRAM dies: wherein the conduits include at least

a first data conduit efand a second data conduit, the first data conduits isbeing coupled between

the first data interconnect and a first data terminal of the data terminals, and a-second-conduitof
the second data eenduitstsconduit being coupled between the second data interconnect and the
first data terminal; wherein the control die further includes control logic configurable to control
respective states of the first data conduit and the second eenduitsdata conduit in response to one
or more C/A signals received via one or more of the C/A terminals, wherein the one or more C/A

signals do not include any chip select signal; wherein the die interconnects further include first

unidirectional interconnects and second unidirectional interconnects; wherein the control die is

configured to receive signals from the first unidirectional interconnects and to drive signals to the

second unidirectional interconnects: wherein the control die is not configured to drive any signal

to any of the first unidirectional interconnects or to receive any signal from any of the second

unidirectional interconnects: and wherein, in response to the first set of C/A signals, the control

die is configured to receive one or more first signals associated with the memory read operation

from one of the one or more DRAM dies via one or more of the first unidirectional interconnects,

and wherein, in response to the second set of C/A signals, the control die is configured to drive
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one or more second signals associated with the memory write operation to the one or more

DRAM dies via one or more of the second unidirectional interconnects: wherein the control die

does not include emulation logic that performs emulation causing two or more DRAM dies of

the stacked DRAM dies to emulate a single DRAM die having a larger capacity than each of the

two or more DRAM dies.

16
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+-23. A dynamic random access memory (DRAM) package, comprising: stacked DRAM

dies+n

each DRAM die of the stacked DRAM dies including-E/A-perts; data ports and DRAM
memory cells, wherein the each DRAM die is configurable to transfer data between the data
ports and the DRAM memory cells; terminals including command and/or address (C/A)

terminals, data terminals, and datapower supply terminals, wherein the DRAM package is

configured to receive C/A signals via the C/A terminals and is further configured to receive
or output data signals via the data terminals in response to the (C/A) signals, wherein the

DRAM package is configured to output a first n-bit-wide data sigralssignal via the data

terminals in response to a first set of C/A signals associated with a memory read operation

and to receive a second n-bit-wide data sigralssignal via the data terminals in response to a
second set of C/A signals associated with a memory write operation:

.n being 32 or 64; die interconnects including C/A interconnects and data

interconnects, the C/A interconnects including atleastfirst C/Ainterconnectsand second-CAA
interconneetsthe-firsta first set of C/A interconnects configured to conduct the first set of
C/A signals and the second set of C/A signals, the data interconnects including atleasta first
data-interconneetsand second-datainterconneetsthefirstset of data interconnects configured
to conduct the first n-bit-wide data signalssignal and the second n-bit-wide data

stgnals;signal, wherein each efthe-die interconnect of the die interconnects neludingincludes

one or more threughstieon-ias{TSVs) in one or more DRAM dies in the stacked DRAM
dies and is configured to conduct signals to and/or from the one or more DRAM dies i-the

stacked-DRAM-dies-through the one or more TSVs; and a control die coupled between the
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terminals and the stacked DRAM dies, the control die including conduits;-the-conduits

eonduits coupled to respective ones of the first-C/Adie interconnects-and-seeond-C/AA

conduitscoupled-torespeetive-ones-of the seeond-C/A-; wherein the data interconnects;-the

wherein- include at least a first G/Adata interconnect efand a second data

interconnect, the first CA-interconneetsisdata interconnect configured to be in electrical

communication with a corresponding E/A-perts-en-thedata port of each of a first plurality of

DRAM dies of the stacked DRAM dies and not in electrical communication with any

CfAdata port enof any of the-secendpluralit-ef DPRAMdies:
berei LOIA el LCA i< in loptrical

a second plurality of DRAM
dies semei s b s e O meeon e of the Bedsbeeie ot
stacked DRAM dies:

wherein-a-first, the second data interconnect efthe-first data-interconneets

isconfigured to be in electrical communication with_a corresponding data perts-en-the

firstport of each of a second plurality of DRAM dies and not in electrical communication

with any data port enany-ofthesecond plaralitref DPRAM-dieseachof the first data
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wheretn-of any of the first plurality of DRAM dies: wherein the conduits include at least

a first data conduit efand a second data conduit, the first data conduits isbeing coupled between

the first data interconnect and a first data terminal of the data terminals, and a-second-conduitof
the second data eenduitstsconduit being coupled between the second data interconnect and the
first data terminal; wherein the control die further includes control logic configurable to control
respective states of the first data conduit and the second eenduitsdata conduit in response to one
or more C/A signals received via one or more of the C/A terminals, wherein the one or more C/A

signals do not include any chip select signal; wherein the die interconnects further include first

unidirectional interconnects and second unidirectional interconnects; wherein the control die is

configured to receive signals from the first unidirectional interconnects and to drive signals to the

second unidirectional interconnects: wherein the control die is not configured to drive any signal

to any of the first unidirectional interconnects or to receive any signal from any of the second

unidirectional interconnects: wherein, in response to the first set of C/A signals, the control die is

configured to receive one or more first signals associated with the memory read operation from

one of the one or more DRAM dies via one or more of the first unidirectional interconnects, and

wherein, in response to the second set of C/A signals, the control die is configured to drive one or
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more second signals associated with the memory write operation to the one or more DRAM dies

via one or more of the second unidirectional interconnects; wherein the power supply

interconnects include a first supply voltage interconnect and a second supply voltage

interconnect, wherein the first supply voltage interconnect is configured to conduct a supply

voltage received at a power supply terminal to each of the first plurality of DRAM dies and not

to any of the second plurality of DRAM dies, and wherein the second supply voltage

interconnect is configured to conduct the supply voltage received at the power supply terminal to

each of the second plurality of DRAM dies and not to any of the first plurality of DRAM dies:

and wherein the control die does not include emulation logic that performs emulation causing

two or more DRAM dies of the stacked DRAM dies to emulate a single DRAM die having a

larger capacity than each of the two or more DRAM dies.
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24. +-A dynamic random access memory (DRAM) package, comprising:

stacked DRAM dies including at least a first plurality of DRAM dics and a sccond

pharality-of DPRAM-dies;-, wherein each DRAM die of the stacked DRAM dies inelading-C/A
pertsdataincludes signal ports and DRAM memory cells, wherein-the-each-DRAM-die-and

is configurable to

asseciated-with-a-memery-write-operationa first portion of the signal ports and to transfer

data between the DRAM memory cells and a second portion of the signal ports;
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whereinafrst C/A-an interface via which the DRAM package receives C/A

signals and receives or outputs data signals:

a control die coupled between the interface and the stacked DRAM dies, the

control die including signal conduits and logic configured to control at least some of the

signal conduits: and

die interconnects, each die interconnect of the frst C/Ainterconneetsisinelectrical

24



corresponding signal port in each of a subset of the stacked DRAM dies, the each die

interconnect including through silicon vias (TSVs) in at least some of the stacked DRAM

dies;
wherein:

the signal conduits include first conduits, second conduits, third conduits and

fourth conduits;
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the die interconnects furtherineludefirstinclude first die interconnects coupled to

respective ones of the first conduits, second die interconnects coupled to respective ones

of the second conduits, third die interconnects coupled to respective ones of the third

conduits, and fourth die interconnects coupled to respective ones of the fourth conduits:

each of the first conduits being a unidirectional irterconneetscontfigured-to

die-conduit configurable to drive a signal to a corresponding first die interconnect and not

eonfiguredconfigurable to eenduetreceive any signal from the eentrel-die-to-any-ofthe

stacked DRAM diescorresponding first die interconnect;

whereinthe-each of the second conduits being a bidirectional conduit

configurable to drive a signal to a corresponding one of the second die interconnects

furtherinelude seecond-or to receive a signal from the corresponding second die

interconnect;

each of the third conduits being a unidirectional irtercenneetseonfiguredconduit

configurable to eonduetsignalsdrive a signal received from the-eentrela corresponding

third die interconnect to ene-ormore DPRAM dies-ofthe stacked DRAM diesthe interface

and not eenfigured-conduetconfigurable to drive any signal from-any-efthe-stacked

DRAM dies-to the eentrelcorresponding third die interconnect;

dieseach of the stacked DRAM-dies—a-thefirst-fourth conduits being a unidirectional

interconneets-andisnoteontiguredconduit configurable to drive anya signal te-any
ofreceived from the stacked-DRAM-dies-viaany-ofthe firstunidirectionalinterconneets:
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wherein-the-eontrolinterface to a corresponding fourth die is-eonfigured-to-drive

untdirectionalintereonneetsinterconnect and is-not eenfiguredconfigurable to receive any

signal from any

interconneets;-andthe corresponding fourth die interconnect;

wherein-the-control- die-iseconfigured-tor-the DRAM package is configurable to

receive via the interface a first set of C/A signals for a memory read operation, a second

set of C/A signals for a memory write operation, a third set of C/A signals for a memory

read operation and a fourth set of C/A signals for a memory write operation;

in response to the first set of C/A signals, a first subset of the first conduits is

configured to drive the first set of C/A signals to a first subset of the first die

interconnects, a first subset of the second conduits is configured to receive first signals

associated with the memeryread-operationfrom-first set of C/A signals via a BPRAM

diefirst subset of the stacked DRAM dies—via-the firstunidirectional-second die

interconnects; and inrespenseto drive the first signals to the second-setof CrAsignals;

drive-interface; and a first subset of the third conduits is configured to receive one or

more second signals associated with the memeorywrite-operationto-one-ormere DPRAM

dies-of thestacked DRAM diessaafirst set of C/A signals from a first subset of the third

die interconnect and drive the one or more second signals to the interface:

in response to the second set of C/A signals. the first subset of the first conduits is

configured to drive the second set of C/A signals to the first subset of the first die

interconnects, the first subset of the second conduits is configured to receive third signals

associated with the second set of C/A signals from the interface and to drive the third
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signals to the first subset of the second die interconnects: and a first subset of the fourth

conduits is configured to receive one or more fourth signals associated with the second

set of C/A signals from the interface and to drive the one or more fourth signals to a first

subset of the fourth die interconnect:

in response to the third set of C/A signals. a second subset of the first conduits is

configured to drive the third set of C/A signals to a second subset of the first die

interconnects, a second subset of the second conduits is configured to receive fifth signals

associated with the second set of C/A signals via a second subset of the second die

interconnects and to drive the fifth signals to the interface; and a second subset of the

third conduits is configured to receive one or more sixth signals associated with the

second set of C/A signals from a second subset of the third die interconnect and drive the

one or more sixth signals to the interface:

in response to the fourth set of C/A signals. the second unidirectional

nterconneets-subset of the first conduits is configured to drive the fourth set of C/A

signals to the second subset of the first die interconnects, the second subset of the second

conduits is configured to receive seventh signals associated with the fourth set of C/A

signals from the interface and to drive the seventh signals to the second subset of the

second die interconnects; and a second subset of the fourth conduits is configured to

receive one or more eighth signals associated with the second set of C/A signals from the

interface and to drive the one or more eight signals to a second subset of the fourth die

interconnect;
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each conduit in the first subset of the first, second, third or fourth conduits is

distinct from any conduit in the second subset of the first, second, third or fourth

conduits;

each die interconnect in the first subset of the first, second, third or fourth die

interconnects is distinct from any die interconnect in the second subset of the first,

second, third or fourth die interconnects:

the first signals driven by the first subset of the second conduits in response to

first set of C/A signals include at least 32 signals driven in parallel;

the third signals driven by the first subset of the second conduits in response to

second set of C/A signals include at least 32 signals driven in parallel;

the fifth signals driven by the second subset of the second conduits in response to

third set of C/A signals include at least 32 signals driven in parallel; and

the sixth signals driven by the second subset of the second conduits in response to

fourth set of C/A signals include at least 32 signals driven in parallel.
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