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1Gigabyte Based 1 Gigabyte Based 
DRAM Stack DRAM StaCk 

1Gigabyte Based 1Gigabyte Based 
DRAM StaCk DRAM StaCK 
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800 
N 802 

POSitioning a First Dice Stack at a First Location 
On an Interface Die 

804 
IS the First DiCe 
StaCk at the 

Proper location 

806 

POSitioning a SeCOnd Dice Stack at a Second 
LOCation On the Interface Die 

FIG. 8 

902 

POSitioning a First Die Onan Interface Die 

Arranging a Second Die On the First Die to Align a 
FirSt COnductive Path Of the First Die With a 

SeCOnd Conductive Path Of the Second Die and to 
Align a Second Conductive Path of the First Die 
With a FirSt COnduCtive Path Of the SeCOnd Die 

- - - - - - - - - - - - - - - - - - - Y----------------- A-908 

Arranging a Fourth Die On the Third Die to Aligna 
- Third Conductive Path Of the Third Die With a 
- Fourth Conductive Path of the Fourth Die and to 

Aligna Fourth Conductive Path Of the Third Die 
! With a Third Conductive Path of the Fourth Die 
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1. 

APPARATUSESENABLING CONCURRENT 
COMMUNICATION BETWEEN AN 

INTERFACE DIE AND A PLURALITY OF 
DICE STACKS, INTERLEAVED 

CONDUCTIVE PATHIS IN STACKED 
DEVICES, AND METHODS FOR FORMING 

AND OPERATING THE SAME 

BACKGROUND 

Computers and other electronic products, e.g., televisions, 
digital cameras, and cellular phones, often use memory 
devices to store data and other information. In order to 
increase the amount of memory provided in a limited space, 
Some memory devices may have multiple semiconductor dice 
arranged in a stack (e.g., a Vertical arrangement). 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a block diagram of an apparatus including 
a dice Stack which includes dice physically arranged in the 
stack according to an example embodiment; 

FIG. 2 illustrates a schematic diagram of a cross sectional 
view of an apparatus including a stack of dice according to an 
example embodiment; 

FIG. 3 illustrates a cross-sectional view of an example 
apparatus with a first dice stack in a first position on an 
interface die and a second stack at a second position on the 
interface die, in accordance with an example embodiment; 

FIG. 4 illustrates a planar view of an apparatus including 
four dice stacks sharing one interface die according to an 
example embodiment: 

FIG. 5 illustrates a cross-sectional view of an apparatus 
incorporating concurrent partition interleaving of conductive 
paths in a dice stack in an example embodiment; 

FIG. 6A and FIG. 6B respectively illustrate a planar view 
of two adjacent dice in the dice stack of FIG. 5 with concur 
rent partition interleaving of the conductive paths; 

FIG. 7 illustrates a cross-sectional view of an apparatus 
incorporating parallel dice stacking of a first dice stack and a 
second dice Stack both including conductive paths with con 
current partition interleaving, placed on a single, common 
interface die; 

FIG. 8 is a flowchart showing a method of positioning dice 
stack on a common interface die; 

FIG.9 is a flowchart showing a method of arranging dice in 
a stack according to an embodiment of the invention; 

FIG. 10 illustrates a system utilizing the apparatus illus 
trated in FIG. 1, through FIG. 7 and operations according to 
one or more of the activities included in methods of FIGS. 8 
and 9 according to an example embodiment. 

DETAILED DESCRIPTION 

In many embodiments, dice may be arranged in a stack on 
an interface die and in some embodiments, a plurality of dice 
stacks may be arranged on a common (e.g., shared) interface 
die. For example, a stack of memory dice may be connected 
to an interface die to provide input/output functionality with 
other components. Electrical connection through a memory 
die substrate may be provided by conductive vias that pen 
etrate the Substrate. Such as from one surface of a memory die 
Substrate to another Surface. When silicon technology is used, 
these vias may be referred to as through silicon vias (TSV). 

In many embodiments, each memory die in a dice stack 
may be divided into a plurality of partitions, and several 
partitions (e.g., partitions in Substantial vertical alignment in 
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2 
the stack) may be connected to a control circuit of the inter 
face die and to each other by one or more electrically con 
ductive paths, such as for example, TSVs. Partitions verti 
cally aligned across multiple dice in the stack, together with 
the corresponding control circuit and electrical connections 
may constitute a “vault', described below. The partitions of a 
vault may share address and command control connections 
(e.g., TSVs) and input/output data pins among other connec 
tions, and each partition may have a different chip select line 
to prevent data contention. 

Generally, reduction in the area size of each die improves 
yield during manufacturing. Using Smallerdice in a dice stack 
may involve the concomitant use of redundant circuitry for 
each dice stack at the dedicated interface die. Multiple dice 
stacks (e.g., parallel stacking of dynamic random access 
memory (DRAM) devices) using smaller dice may be placed 
on a single, common interface die to achieve the same band 
width as a single stack on a single interface die with the same 
or Substantially same memory. 

In some embodiments, concurrently communicating with 
multiple partitions of a vault requires a greater number of 
connections and dedicated circuitry at each die and at corre 
sponding control circuits of the interface die. The dedicated 
circuitry at every die for each partition may utilize an increase 
in die size so that bandwidth may be maintained. Reducing 
the die size may reduce the bandwidth and may require use of 
additional interface dice dedicated to each resulting Smaller 
dice Stack to produce the same bandwidth as a larger dice 
stack on a single interface die. By interleaving the conductive 
paths to connect with a logic circuit on every other die in the 
stack (e.g., via partition interleaving), die space may be 
reduced and bandwidth can be maintained in many embodi 
mentS. 

Various embodiments of the invention will thus be 
described with reference to the accompanying figures. In 
many embodiments, an apparatus arranged in a dice stack is 
described. In an example embodiment, the device may com 
prise a stacked memory device such as a hybrid buffered 
dynamic random access memory (HBDRAM) a DRAM, 
double-data-rate three synchronous dynamic random access 
memory (DDR3-SDRAM), or the like. In many embodi 
ments, interleaving connections (e.g., TSVs) permits a reduc 
tion in die size. Alternating connecting conductive paths to 
I/O logic circuitry along partitions of a vault can reduce 
dedicated circuitry and die space required for additional cir 
cuitry on the die. Furthermore, concurrent partition interleav 
ing may produce a reduction in the number of unique parti 
tions on each HBDRAM DRAM layer, while maintaining 
bandwidth performance. 

In some embodiments, with interleaving connectivity at 
every other die, the architecture may realize a doubling of 
bandwidth between the interface die and the memory dice 
stack. In other embodiments, combining a smaller die size to 
increase yield at manufacturing and placing multiple stacks 
with interleaving TSVs in parallel (e.g., parallel DRAM 
stacking) on a single interface die may improve bandwidth for 
the device. In some other embodiments, concurrent partition 
interleaving and parallel DRAM stacking may be combined 
to improve the dice yield, along with dice stack performance, 
and maintain bandwidth. 

FIG. 1 illustrates a block diagram of an apparatus 100 
including dice stack 102 which includes dice 120, 121, 122, 
and 123 physically arranged in the Stack 102 (e.g., forming a 
stacked memory device) according to an example embodi 
ment. Stack 102 may form a memory device in which dice 
120 through 123 are coupled to and communicate with each 
other and to an interface die 110 by one or more conductive 
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paths 106, in accordance with an embodiment of the inven 
tion. In the stack 102, the conductive paths 106 may include 
vias 104 and joints 108. As depicted, conductive paths 106 
may extend at least partly through each die and some conduc 
tive paths 106 may extend the entire height of stack 102. The 
conductive paths 106 may communicate (e.g., transfer) infor 
mation Such as data, address, control, ID information, among 
other information. 
One or more joints 112 may connect the interface die 110 

to a package Substrate 114. In an embodiment, apparatus 100 
may be communicatively coupled with external devices, e.g., 
processors and memory controllers, through the interface die, 
e.g., die 110, and apparatus 100 may be included in electronic 
devices, e.g., a computer, a television, a digital camera, a 
cellular phone. FIG. 1 shows conductive paths 106 with a 
specific number of paths and stack 102 with a specific number 
of dice 120 through 123 as an example. The number of con 
ductive paths 106 and dice 120 through 123 in stack 102 may 
vary. 
As shown in FIG. 1, each of the dice 120,121, 122, and 123 

includes a corresponding logic circuit 140,141,142, and 143, 
respectively, and interface die 110 includes a control circuit 
130. Logic circuits 140 through 143 and control circuit 130 
include logic circuitry and other components to control com 
munication to and from dice 120, 121, 122, and 123. In an 
embodiment, the control circuit 130 of interface die 110 may 
detect the presence of individual dice and may be configured 
to assign ID information during initialization of the stack 102. 
The control circuit 130 may operate to retain the assigned ID 
information after the initialization of stack 102, such as in 
order for control circuit 130 to reference each die 120 through 
123 by the ID information. In some embodiments, logic cir 
cuits 140 through 143 may retain other information (e.g., 
data) alternatively or in addition to ID information. In other 
embodiments, more than one logic circuit 140-143 may be 
connected to the conductive path at each die. 

For clarity, FIG. 1 omits the logic and circuit elements of 
logic circuits 140,141, 142, and 143. It should be noted that 
these elements may include transistors, select elements and 
other circuit elements with functions that are configured to 
facilitate various function for each die. 

FIG. 2 illustrates a schematic diagram of a cross sectional 
view of an apparatus 200 including stack 202 of dice 220 
through 223 according to an example embodiment. Each die 
220 through 223 may comprise a plurality of memory parti 
tions 204 and interface die 210 may comprise control circuits 
212 to enable communication and control with the corre 
sponding memory partition 204 stacked above the respective 
control circuit via communicative paths 208. The partitions 
204, corresponding control circuit 212, and communication 
paths 208 together comprise a memory vault 206. One or 
more memory vaults 206 may be included in apparatus 200. 

Apparatus 200 may form a memory device having circuit 
components such as memory cells, decode circuits, control 
circuits, and other components. Each memory partition 204 
may include a plurality of memory cells. Apparatus 200 may 
include circuitry in addition to the memory partitions 204 and 
vault control circuits 212; these additional components are 
omitted from FIG. 2 so as not to obscure the embodiments 
described herein. Interface die 210 may include additional 
circuitry, e.g., buffers, and I/O drivers, to accommodate the 
transfer of information at appropriate data transfer rates 
between the apparatus 200 and another device, such as pro 
cessors or a memory controller in communication with the 
stack 202 by way of the interface die 210. The apparatus 200 
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4 
may also form part of an integrated circuit (IC) chip. Such as 
when dice 220 through 223 are fabricated as part of an IC 
chip. 

In some example embodiments, the communication paths 
208 may interleave between the memory partitions in a vault. 
For example, a first communication path in a vault may be 
connected to circuitry (e.g., input/output circuitry) of all odd 
partitions in the memory vault and pass through the even 
vaults without connecting to circuitry. A second communica 
tion path may connect to circuitry (e.g., input/output circuit) 
on the even partitions in the same vault and pass through the 
odd partitions without connecting to circuitry. By interleav 
ing the connections, a vault control circuit may concurrently 
communicate with (e.g., access and send data to) multiple 
partitions in the vault and thereby improve bandwidth. 

FIG. 3 illustrates a cross-sectional view of an example 
apparatus 300 with a first dice stack 302 in a first position on 
an interface die 310 and a second stack 325 at a second 
position on the interface die 310, in accordance with an 
example embodiment. Apparatus 300 includes two dice 
stacks 302 and 325 sharing single interface die 310 unlike the 
single dice stack 102 of apparatus 100 in FIG. 1. Each dice 
stack 302 and 325 may be constructed similarly to the dice 
stack of apparatus 100, where each dice in the stacks 302 and 
325 has an area approximately half the size of the dice in stack 
102, thus permitting two dice stacks on an interface die hav 
ing approximately the same area as the interface die 110 of 
FIG.1. The first dice stack 302 includes dice 320, 321, 322, 
and 323 vertically arranged and connected to the interface die 
310 by conductive paths 306 at a first position. The second 
dice stack 325 includes dice 330, 331, 332, and 333 also 
arranged vertically and connected to the interface die 310 at a 
second position using conductive paths 306. As mentioned 
above and similar to FIG. 1, the conductive paths 306 may 
comprise a combination of TSVs 304 and joints 308. The 
conductive paths 306 may include a combination of vias 304 
and joints 308, and at least some of the conductive paths 306 
may entirely pass through or partially pass through the dice 
Stack 302. 
As mentioned above, in comparison to dice stack 102 of 

FIG. 1, one or more dice in dice stack 302 and 325 may be 
about half the area size of a die in dice stack 102. The band 
width of each dice stack 302 and 325 individually may be 
reduced in proportion to the size of the dice. For example, if 
dice stacks 302 and 325 are each half the area size of the dice 
stack 102 of FIG. 1, the bandwidth of each die may also be 
halved owing to the halving of the number of vaults. With 
Smaller dice in apparatus 302, a higher dice yield may result 
during manufacturing. With the interface die 310 of FIG. 3 
supporting both first dice stack 302 and second dice stack 325 
simultaneously, full bandwidth of the apparatus 300 may be 
maintained in Some embodiments through parallel operation. 
In some embodiments, the first dice stack 302 and second dice 
stack may be different sizes. In one embodiment, the first dice 
stack 302 may be capable of a greater memory capacity than 
dice stack 325 or vice versa. As will be evident with the 
discussion Surrounding FIG. 4, more than two dice stacks 
may share an interface die. 

Parallel stacking as illustrated in FIG. 3 may reduce the 
number of partitions in a dice stack. In example embodi 
ments, full bandwidth may be realized by placing parallel 
stacks on a single interface die. For example, placing two 
stacks of two gigabyte, eight partition DRAMs or four stacks 
of one gigabyte, four partition DRAMs on a single interface 
die may achieve Substantially the same bandwidth as a single 
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stack of DRAM having four gigabytes and 16 partitions, 
while increasing the manufacturing yield attributed to a 
smaller DRAM die size. 

FIG. 4 illustrates a planar view of an apparatus 400 includ 
ing four dice stacks 406, 407, 408, 409 sharing one interface 
die 404 according to an example embodiment. Each of the 
dice stacks 406, 407, 408, and 409 may comprise one 
gigabyte of DRAM-based memory stacks. With four dice 
stacks 406, 407, 408, and 409 on one interface die 404, the 
interface die 404 may support the full bandwidth of the device 
through concurrent communication with all four dice stacks 
406 through 409. In this embodiment, the apparatus 400 may 
have the same memory capacity as one-four gigabyte stack, 
with parallel operation of all four stacks at the interface die 
404 to maintain the same or similar bandwidth as the singular 
four gigabyte stack. In some embodiments, greater or fewer 
number of dice stacks may be arranged on a shared interface 
die 404 having approximately the same Surface area. For 
example, two-two gigabyte stacks may be positioned on one 
interface die similar in area to interface die 404 to provide 
approximately the same amount of memory with generally 
the same amount of bandwidth as the embodiment shown in 
FIG. 4. 

FIG.5 illustrates a cross sectional view of an apparatus 500 
incorporating partition interleaving of conductive paths in a 
dice stack 502 in an example embodiment. In the example, 
dice stack 502 includes four dice 520,521,522, and 523 with 
one non-interleaving conductive path 504 and two interleav 
ing pairs of conductive paths, the first pair 505 and 506, and a 
second pair 507 and 508. In an example embodiment, the 
non-interleaving conductive path 504 may be connected to 
the command and/or addresses circuits of each dice 520 
through 524 and a command and/or addressing circuit of the 
interface die 510. Similar to previous examples, the conduc 
tive paths 504,505, 506,507, and 508 may include TSVs and 
joints 509 and the conductive paths 504 through 508 may 
entirely pass through or partially pass through the dice stack 
SO2. 

In the example, both pairs of conductive paths 505, 506, 
507, and 508 may be connected to the input/output circuits of 
dice in the stack 502. For example, as shown in FIG. 5 of the 
first pair of interleaving conductive paths 505 and 506, con 
ductive path 505 may connect with the input/output circuit 
530 of the first die 520 in the stack 502, and may pass through 
the second die 521 without connecting to any circuitry in the 
die 520. The conductive path 505 may connect to the input/ 
output circuit 532 of the third die 522 and again pass through 
the last die 523 in Stack 502. 

Similarly, conductive path 506 may connect with the input/ 
output circuit 531 of the second die 521 in the stack 502, and 
may pass through the first die 520 without connecting to any 
circuitry. The conductive path 506 may connect to the input/ 
output circuit 533 of the fourth die 523 and again pass through 
the third die 522 in stack 502. The arrows illustrate commu 
nicative paths crossing over at each die 520 through 523 that 
may be implemented using conventional metal and via layers 
available within the DRAM. The conductive paths may be 
interleaved, each connecting with circuitry on alternating 
dice in the stack. Similar to the first pair of interleaving 
conductive paths 505 and 506, the second pair of interleaving 
paths 507 and 508 has substantially identical connections 
with I/O circuits 540, 541, 542, and 543 on alternating dice. 
By interleaving the conductive paths in the dice stack 502, 

the interface die 510 may access each die (or a partition of 
each die) independently of the die above or below, and the 
interface die 510 may concurrently access dice 520 through 
523, thereby increasing bandwidth. For example, apparatus 
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6 
500 may access both I/O circuits 540 and 541 of dice 520 and 
521 concurrently from the interface die 510 to reduce the 
possibility of queuing data, and perhaps resulting in increas 
ing bandwidth. Similarly, in Some embodiments, the com 
mand circuits and/or address circuits of each dice 520 through 
523 may be connected to and utilize the interleaving conduc 
tive paths 505 through 508 in order to communicate com 
mand and/or address signals between the interface die and 
dice 520 through 523 which may perhaps increase bandwidth 
and reduce queuing of signals. 

Alternating dice in the stack 502 may be part of separate 
vaults. For example, the first and third dice 520 and 522 along 
with respective I/O circuits and the conductive path 505 and 
507 may be a part of a first vault while second and fourth dice 
521 and 523 along with respective I/O circuits and conductive 
paths 506 and 508 may be part of a second vault. In the 
example, this construction allows the interface die 510 to 
concurrently access the first and second vaults and concur 
rently drive data to partitions within the vaults. In an embodi 
ment, with input/output circuitry connected to the interface 
die via interleaving conductive paths and command and/or 
address circuitry of the dice connected to the interface die via 
interleaving conductive paths, each vault may be indepen 
dently controlled. Although the above described configura 
tion may provide concurrent operation of the first and second 
vaults, it is understood that signals and information (e.g., 
data) between these vaults may be staggered (e.g., offset in 
time) Such that first and second vaults may not consistently 
operate concurrently. 

FIG. 6A and FIG. 6B respectively illustrate a planar view 
600 of two adjacent dice 523 and 522 of the stack depicted in 
FIG. 5 with concurrent partition interleaving of the conduc 
tive paths 505 and 506. In an example embodiment, as 
depicted in FIG. 6A the first die 523 (e.g., top die) includes 
TSV 505 which may be connected to circuitry 533. Conduc 
tive paths 506 may be pass through TSVs of the first die 523, 
which do not connect to circuitry on the first die 523, and may 
be connected to circuitry 532 on the adjacent die 522 as 
illustrated in FIG. 6B. In an embodiment, the area of each die 
523 and 522 may be slightly larger than dice of a stack without 
pass through TSVs. 
As mentioned above, the added pass through TSVs permit 

concurrent communication with (e.g., signaling to) multiple 
partitions within a vault. Adjacent dice may be positioned 
such that a pass through TSV of a first die is aligned with a 
non-pass through TSV on the next die through die rotation 
and/or die flipping. The circumferential dimensions of the 
conductive path of the TSV may be determined by circuitry 
533 and 532 on dice 523 and 522. Adding the pass through 
TSVs to each dice stack may increase the dimensional area of 
each die to slightly greater than the area of a die without pass 
through TSVs. 

FIG. 7 illustrates a cross-sectional view of an apparatus 
700 incorporating parallel dice stacking of a first dice stack 
702 and a second dice stack 752 both including conductive 
paths with partition interleaving, placed on a single, common 
interface die 710. As with previous examples, the interface die 
710 may include circuitry to communicate with (e.g., access 
and address) the two dice stacks 702, 752 in parallel. Further 
more, the interface die 710 may include circuitry (e.g., control 
circuitry) to concurrently access multiple partitions within a 
vault of a dice Stack. 

In an example, the first dice stack 702 includes dice 720, 
721, 722, and 723 and the second dice stack 752 includes dice 
770,771,772, and 773. As depicted in FIG. 7, each dice stack 
702 and 752 may include more than one pair of interleaving 
conductive paths. Each conductive path may be connected to 
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a control circuit at the interface die 710 and may provide 
control and data to partitions on alternating dice within a 
vault. 

First and second dice stacks 702 and 752 each may include 
one or more pairs of interleaving conductive paths (only two 
pairs are shown in the figure for clarity). Dice stack 702 
includes a first pair of interleaving conductive paths compris 
ing a first conductive path 705 interleaving with a second 
conductive path 706, and a second pair of interleaving con 
ductive paths comprising a third conductive path 707 and a 
fourth conductive path 708. First and third conductive paths 
705 and 707 may connect with I/O circuitry on even dice 721 
and 723 and pass through the odd dice 720 and 722. Conduc 
tive path 705 may connect with I/O circuits 733 and 731 while 
conductive path 707 may connect with I/O circuits 741 and 
743. Second and fourth conductive paths 706 and 708 may 
pass through even dice 721 and 723 and may connect with 
circuitry at the odd dice 720 and 722. Conductive path 706 
may connect with I/O circuits 730 and 732 while conductive 
path 708 may connect with I/O circuits 740 and 742. 

Similar to the first stack 702, the second stack 752 is shown 
to include two pairs of interleaving conductive paths. A third 
pair of conductive paths includes a fifth conductive path 775 
interleaving with a sixth conductive path 776, and a fourth 
pair of conductive paths includes a seventh conductive path 
777 interleaving with an eighth conductive path 778. 

Fifth and seventh conductive paths 775 and 777 may con 
nect with I/O circuitry on even dice 771 and 773 and pass 
through the odd dice 770 and 772. Fifth conductive path 775 
may connect with I/O circuits 781 and 783 while seventh 
conductive path 777 may connect with I/O circuits 791 and 
793. Sixth and eighth conductive paths 776 and 778 may pass 
through even dice 771 and 773 and may connect with cir 
cuitry at the odd dice 770 and 772. Conductive path 776 may 
connect with I/O circuits 780 and 782 while conductive path 
778 may connect with I/O circuits 790 and 792. 
As mentioned above, with the reference to the conductive 

paths of FIGS. 1, 3, and 5, conductive paths 704, 705, 706, 
707, and 708 of the first dice stack 702 include joints 709 and 
TSVs 712, at least some of which extendentirely through the 
dice stack 702 and some of which connect with circuitry. 
Similarly, conductive paths 774, 775, 776,777, and 778 of the 
second dice stack 752 include joints 789 and TSVs 782, at 
least some of which travel entirely through the dice stack 752 
to the interface die 710. 

Fewer or greater dice stacks may be positioned on and 
share use of the interface die 710. In an example, when 
combining parallel stacking with concurrent partition inter 
leaving, four stacks may share a single interface die 710 of 
one gigabyte, two partition DRAM stacks and may realize 
approximately 128 gigabits per second bandwidth. 

FIG. 8 is a flowchart showing a method 800 of positioning 
dice stack on a common interface die. Method 800 may be 
used in apparatus and devices similar or identical to apparatus 
100, 200, 300, and 400 described above with reference to 
FIG. 1 through FIG. 4. Thus the components of apparatus and 
devices used in method 800 may include the components of 
apparatus 100, 200,300, and 400 described with reference to 
FIG. 1 through FIG. 4 above respectively, among others. 

Block 802 of method 800 operates to position a first dice 
stack at a first position on an interface die. At decision block 
804, the method 800 determines whether the first dice stack is 
at the proper position. If so, then at block 806 the method 800 
operates to position a second dice stack at a second position 
on the interface die. If the first dice stack is not in the proper 
position, then from decision block 804, the method 800 
returns to block 802 to position the first dice stack. In some 
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8 
embodiments, method 800 may place more than two dice 
stacks on an interface die. For example, the method 800 may 
include four dice stacks, while in other embodiments, fewer 
or greater number of dice stacks may be placed on the com 
mon interface die. In some embodiments, the stacks may 
include interleaved conductive paths that enable concurrent 
communication between each dice stack and the interface die, 
and in Some embodiments, the interleaved conductive paths 
may enable concurrent communication with one or more 
memory partitions in a memory vault of the same stack or 
across a plurality of different stacks. Method 800 may include 
other activities similar or identical to the activities of posi 
tioning dice stacks on a common interface die as described 
with reference to FIG. 1 through FIG. 8 above. 

FIG. 9 is a flowchart showing a method 900 of arranging 
dice in a stack according to an embodiment of the invention. 
Method 900 may be used in apparatus and device similar or 
identical to apparatus 500, 600 and 700 described above with 
reference to FIGS. 5, 6, and 7. Thus, the components of 
apparatus and devices used in method 900 may include com 
ponents of apparatus 500, 600 and 700 described with refer 
ence to FIG. 5 through FIG. 7 above respectively, among 
others. 
At block 902, the method 900 operates to position a first die 

on an interface die. The first die may include a plurality of 
conductive paths and circuitry while the interface die may 
include one or more control circuits. At block904, the method 
900 operates to arrange a second die on the first die to align a 
first conductive path of the first die with a second conductive 
path of the second die and to align a second conductive path 
of the first die with a first conductive path of the second die. In 
some embodiments, the conductive paths may be coupled to 
circuitry on alternating dice in a dice stack. Method 900 may 
include other activities similar or identical to the activities of 
communicating (e.g., transferring) control information and 
IDs as described above with reference to FIG. 5 through FIG. 
7. In some embodiments, method 900 may additionally 
arrange a plurality of the dice stacks on a common (e.g., 
single, shared) interface die. As indicated by the dashed lines 
around blocks 906 and 908, the method 900 may optionally 
position a second dice stack on the interface die. At block 906 
method 900 positions a third die on the interface die. At block 
908, the method 900 may arrange a fourth die on the third die 
to align a third conductive path of the third die with a fourth 
conductive path of the fourth die and to align a fourth con 
ductive path of the third die with a third conductive path of the 
fourth die. These dice stacks may be similar to the dice stacks 
resulting from the steps of method 800. 

FIG. 10 illustrates a system 1000 utilizing the apparatus 
100, 200, 300, 400, 500, 600 and 700, illustrated in FIG. 1, 
through FIG. 7 and operations according to one or more of the 
activities included in methods 800 and 900 of FIGS. 8 and 9 
according to an example embodiment. System 1000 may 
include one or more of any of the following elements: a 
processor 1010, memory device 1025, an image sensor device 
1020, a memory controller 1030, a graphics controller 1040. 
an input and output (I/O) controller 1050, a display 1052, a 
keyboard 1054, a pointing device 1056, a peripheral device 
1050, and/or a system transceiver 1059. System 1000 may 
also include a bus 1060 to transfer information among the 
components of system 1000 and provide power to at least 
some of these components. The system 1000 may comprise 
one or more circuit boards 1002 where some of the compo 
nents of the system 1000 may be attached, and an antenna 
1070 to wirelessly transmit and receive information to and 
from system 1000. System transceiver 1059 may operate to 
transfer information from one or more of the components of 
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system 1000 (e.g., at least one of processor 1010 and memory 
device 1025) to antenna 1070. System transceiver 1059 may 
also operate to transfer information received at antenna 1070 
to at least one of the processor 1010 and at least one of 
memory device 1025. The information received at antenna 
1070 may be transmitted to system 1000 by a source external 
to system 1000. 

Processor 1010 may include a general-purpose processor 
oran application specific integrated circuit (ASIC). Processor 
1010 may include a single core processor or a multiple-core 
processor. Processor 1010 may execute one or more program 
ming commands to process information. The information 
may include digital output information provided by other 
components of system 1000. Such as provided by image sen 
sor device 1020 or memory device 1025. 
Memory device 1025 may include a volatile memory 

device, a non-volatile memory device, or a combination of 
both. For example, memory device 1025 may include a 
dynamic random access memory (DRAM) device, a static 
random access memory (SRAM) device, a flash memory 
device, a phase change memory device, or a combination of 
these memory devices. Memory device 1025 may include one 
or more of the various embodiments described herein, such as 
one or more of any one or more of the apparatus 100, 200, 
300, 400,500, 600 and 700, described above with reference to 
FIG. 1 through FIG. 7. 

Image sensor device 1020 may include a complementary 
metal-oxide-semiconductor (CMOS) image sensor having a 
CMOS pixel array or charge-coupled device (CCD) image 
sensor with a CCD pixel array. 

Display 1052 may include an analog display or a digital 
display. Display 1052 may receive information from other 
components. For example, display 1052 may receive infor 
mation that is processed by one or more of image sensor 
device 1020, memory device 1025, graphics controller 1040. 
and processor 1010 to display information such as text or 
images. 
The illustrations of apparatus (e.g., apparatus 100, 200, 

300, 400, 500, 600 and 700) and systems (e.g., system 1000) 
are intended to provide a general understanding of the struc 
ture of various embodiments and are not intended to provide 
a complete description of all the components and features of 
apparatus and systems that might make use of the structures 
described herein. 
Any of the components described above can be imple 

mented in a number of ways, including simulation via Soft 
ware. Thus, apparatus (e.g., apparatus 100, 200, 300, 400, 
500, 600 and 700) and systems (e.g., system 1000) described 
above may all be characterized as “modules” (or “module') 
herein. Such modules may include hardware circuitry, single 
and/or multi-processor circuits, memory circuits, software 
program modules and objects and/or firmware, and combina 
tions thereof, as desired by the architect of the apparatus (e.g., 
100, 200, 300, 400, 500, 600, and 700) and systems (e.g., 
system 1000), and as appropriate for particular implementa 
tions of various embodiments. For example, Such modules 
may be included in a system operation simulation package, 
Such as a Software electrical signal simulation package, a 
power usage and distribution simulation package, a capaci 
tance-inductance simulation package, a power/heat dissipa 
tion simulation package, a signal transmission-reception 
simulation package, and/or a combination of software and 
hardware used to operate or simulate the operation of various 
potential embodiments. 
The apparatus and systems of various embodiments may 

include or be included in electronic circuitry used in high 
speed computers, communication and signal processing cir 
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10 
cuitry, single or multi-processor modules, single or multiple 
embedded processors, multi-core processors, data Switches, 
and application-specific modules including multilayer, multi 
chip modules. Such apparatus and systems may further be 
included as Sub-components within a variety of electronic 
systems, similar to or identical to the system 1000, such as 
televisions, cellular telephones, personal computers (e.g., 
laptop computers, desktop computers, handheld computers, 
tablet computers, etc.), workstations, radios, video players, 
audio players (e.g., MP3 (Motion Picture Experts Group, 
Audio Layer 3) players), vehicles, medical devices (e.g., 
heart monitor, blood pressure monitor, etc.), set top boxes, 
and others. 
One or more embodiments described herein include appa 

ratus and methods having dice arranged in a stack. The dice 
may include at least a first die and a second die. The stack may 
include conductive paths coupled to the dice. The conductive 
paths may be configured to concurrently access one or more 
memory partitions. Other embodiments including additional 
apparatus and methods are described above with reference to 
FIG. 1 through FIG.9. 
Embodiments may include more than two interleaving 

conductive paths. For example, a dice stack may include a 
four-way configuration of interleaving conductive paths, in 
which each conductive path may connect circuitry of the 
interface die to circuitry of every fourth die in the stack and 
pass through the other dice. In an example, a dice stack may 
include an interface die and four dice. A first conductive path 
may connect circuitry of the interface die with circuitry of the 
first die in the Stack and pass through the remaining dice; a 
second conductive path may connect circuitry of the interface 
die with circuitry of a second die in the stack and pass through 
the remaining dice, a third conductive path may connect 
circuitry of the interface die with circuitry of a third die in the 
stack and pass through the remaining dice, and a fourth con 
ductive path may connect with circuitry of a fourth die in the 
stack and pass through the remaining dice. In an example, the 
four-way interleaving configuration may produce four inter 
leaved vaults. 

In some embodiments of a four-way interleaving conduc 
tive path configuration, each of the conductive paths may 
connect to every other die in the stack (e.g., all even dice) and 
pass through the other dice (e.g., all odd dice). In an example 
dice stack with an interface die including four dice, and with 
four-way interleaving conductive paths, a first and third con 
ductive path may connect circuitry of the interface die with 
circuitry of the first and third dice in the stack while passing 
through the second and fourth dice, and the second and fourth 
conductive paths may connect circuitry of the interface die 
with circuitry of the second and fourth dice while passing 
through the first and third dice. In various other embodiments, 
three conductive paths may be interleaved whereby a first 
conductive path may connect circuitry of the interface die to 
circuitry of a first die and may pass through the other dice in 
the stack, a second conductive path may connect circuitry of 
the interface die to a second die in the stack and pass through 
the other dice in the stack, and a third conductive path may 
connect circuitry of the interface die to a third die in the stack 
and pass through the other dice in the stack. Various other 
configurations may include combinations offewer or greater 
number of dice in the stack and a fewer or greater number of 
interleaving conductive paths connecting various circuitry of 
dice with the circuitry of the interface die and passing through 
other dice to permit concurrent communication with dice in 
the stack. 

Selective structuring of connective paths in a stack of dice 
may thus be useful, perhaps serving to enable efficient 
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accounting of the number of dice in a particular structure, 
Such as one or more Stacks of dice, or an IC chip, to increase 
the operational speed of elements in the stack(s), and to 
reduce the amount of space occupied by a given number of 
devices, or to increase an amount of memory that occupies a 
given portion of real estate. Reduced production costs to 
achieve a given level of performance may result. 
The above description and the drawings illustrate some 

embodiments of the invention to enable those skilled in the art 
to practice the embodiments of the invention. Other embodi 
ments may incorporate structural, logical, electrical, process, 
and other changes. In the drawings, like features or like 
numerals describe substantially similar features throughout 
the several views. Examples merely typify possible varia 
tions. Portions and features of some embodiments may be 
included in, or substituted for, those of others. Many other 
embodiments will be apparent to those of skill in the art upon 
reading and understanding the above description. Therefore, 
various embodiments of the invention are determined by the 
appended claims, along with the full range of equivalents to 
which such claims are entitled. 
The Abstractis provided to comply with 37 C.F.R.S1.72(b) 

requiring an abstract that will allow the reader to quickly 
ascertain the nature and gist of the technical disclosure. The 
Abstract is submitted with the understanding that it will not be 
used to interpret or limit the claims. 
What is claimed is: 
1. An apparatus comprising: 
a plurality of dice stacks, including at least a first dice stack 

and a second dice stack, wherein the first dice stack is 
positioned at a first position on an interface die and 
wherein the second dice stack is positioned at a second 
position on the interface die; and 

a plurality of conductive paths electrically coupled to 
enable concurrent communication between the interface 
die and the first dice stack, and between the interface die 
and the second dice stack, wherein the interface die is 
configured to communicate with the first dice stack via a 
first subset of the plurality of conductive paths and to 
communicate with the second dice stack via a second 
subset of the plurality of conductive paths. 

2. The apparatus of claim 1, wherein each die of the first 
dice Stack and the second dice stack includes a plurality of 
memory partitions. 

3. The apparatus of claim 1, wherein at least some conduc 
tive paths of the first set of conductive paths are interleaved 
and electrically coupled to components to enable communi 
cation of command and/or address signals to dice in the first 
dice stack, and at least Some conductive paths of the second 
set of conductive paths are interleaved and electrically 
coupled to components to enable communication of com 
mand and/or address signals to dice in the second Stack. 

4. The apparatus of claim 2, wherein the interface die 
comprises a plurality of control circuits, and wherein each of 
the plurality of control circuits is configured to communicate 
with a vertical arrangement of at least some of the plurality of 
memory partitions via one or more communicating paths 
included in the plurality of conductive paths. 

5. The apparatus of claim 4, wherein at least some of the 
communicating paths comprise through silicon Vias. 

6. An apparatus comprising: 
a plurality of dice stacks positioned on an interface die, 

wherein at least one dice stack includes: 
dice arranged in a stack, wherein the stack includes at 

least a first die, a second die, and an interface die; and 
a plurality of conductive paths including a first conduc 

tive path and a second conductive path, wherein the 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
first conductive path passes through the second die 
and provides communication between a first circuit 
component of the first die and a first circuit compo 
nent of the interface die, wherein the second conduc 
tive path passes through the first die and provides 
communication between a first circuit component of 
the second die and a second circuit component of the 
interface die, and wherein the first circuit component 
of the first die and the first circuit component of the 
second die include input/output (IO) circuits, and the 
first circuit component of the interface die and the 
second circuit component of the interface die include 
control circuits. 

7. The apparatus of claim 6, further comprising: 
a third conductive path included in the plurality of conduc 

tive paths, wherein the third conductive path couples a 
second circuit component of the first die and a second 
circuit component of the second die to a third circuit 
component of the interface die. 

8. The apparatus of claim 6, further comprising: 
a third conductive path included in the plurality of conduc 

tive paths, wherein the third conductive path couples a 
second circuit component of the first die to a third circuit 
component of the interface die; and 

a fourth conductive path included in the plurality of con 
ductive paths, wherein the fourth conductive path 
couples a second circuit component of the second die to 
a fourth circuit component of the interface die. 

9. The apparatus of claim 6, wherein the first circuit com 
ponent of the first die is configured to communicate with the 
first circuit component of the interface die concurrently with 
the second circuit component of the second die communicat 
ing with the second circuit component of the interface die. 

10. The apparatus of claim 6, wherein the dice stack 
includes a third die and a fourth die, and wherein the first 
conductive path passes through the fourth die and provides 
communication between a first circuit component of the third 
die, the first circuit component of the first die, and a first 
control circuit of the interface die, and wherein the second 
conductive path passes through the third die and provides 
communication between a first circuit component of the 
fourth die, the first circuit component of the second die, and 
the second control circuit of the interface die. 

11. The apparatus of claim 6, wherein the dice stack 
includes a third die and a fourth die, and a third conductive 
path included in the plurality of conductive paths passes 
through the first die, second die and fourth die and couples a 
first circuit component of the third die to a third circuit com 
ponent of the interface die, and a fourth conductive path 
included in the plurality of conductive paths passes through 
the first die, the second die and the third die and couples a first 
circuit component of the fourth die to a fourth circuit com 
ponent of the interface die. 

12. The apparatus of claim 7, wherein the second circuit 
component of the first die and the second circuit component 
of the second die include command circuits and/or addressing 
circuits, and the third circuit component of the control circuit 
includes a command circuit and/or an addressing circuit. 

13. The apparatus of claim 8, wherein the first, second, 
third, and fourth conductive paths are interleaved. 

14. The apparatus of claim 11, wherein the first, second, 
third and fourth conductive paths are interleaved to form a 
plurality of memory vaults of the interface die and the first, 
second, third and fourth dice. 

15. The apparatus of claim 10, wherein the first conductive 
path, the first circuit component of the first die, the first circuit 
component of the third die and first control circuit form a first 

Samsung Electronics Co., Ltd.
Ex. 1047, p. 19



US 9,123,552 B2 
13 

vault, and wherein the second conductive path, the first circuit 
component of the second die, the first circuit component of 
the fourth die and the second control circuit form a second 
vault. 

16. The apparatus of claim 10, further comprising: 
a plurality of vaults, wherein each vault includes alternat 

ing dice in the stack, and one or more control circuits of 
the interface die communicatively coupled to the alter 
nating dice in the stack by at least one conductive path. 

17. The apparatus of claim 11, wherein the first circuit 
component of the first die, the first circuit component of the 
second die, the first circuit component of the third die, and the 
first circuit component of the fourth die each include com 
mand and/or address circuits, and wherein the first, second, 
third, and fourth conductive paths are interleaved. 

18. An apparatus comprising: 
dice arranged in a plurality of stacks, wherein each stack is 

arranged to communicate with a common interface die, 
and wherein each stack includes at least a first die and a 
second die; and 

a plurality of conductive paths, wherein a first conductive 
path included in the plurality of conductive paths passes 
through the second die and couples a first circuit com 
ponent of the first die to the interface die, and a second 
conductive path included in the plurality of conductive 
paths passes through the first die and couples a first 
circuit component of the second die to the interface die, 
and wherein the first conductive path and the second 
conductive path interleave between the first die and the 
second die of each the plurality of stacks. 

19. The apparatus of claim 18, further comprising: 
a third conductive path included in the plurality of conduc 

tive paths and coupling the first die and the second die to 
the interface die. 

20. The apparatus of claim 18, further comprising: 
a third conductive path included in the plurality of conduc 

tive paths and passing through the second die to couple 
a command circuit and/or an addressing circuit of the 
interface die to a command circuit and/or an address 
circuit of the first die, and 

a fourth conductive path included in the plurality of con 
ductive paths and passing through the first die to couple 
the command circuit and/or an addressing circuit of the 
interface die to a command circuit and/or an address 
circuit of the second die. 

21. The apparatus of claim 19, wherein the third conductive 
path couples a command circuit and/or an addressing circuit 
of the interface die to a command circuit and/or an address 
circuit of the first die and a command circuit and/oran address 
circuit of the second die. 

22. An apparatus comprising: 
dice arranged in a plurality of stacks, wherein each stack is 

arranged to communicate with a common interface die, 
and wherein each stack includes at least a first die and a 
second die; 

a plurality of conductive paths, wherein a first conductive 
path included in the plurality of conductive paths passes 
through the second die and couples a first circuit com 
ponent of the first die to the interface die, and a second 
conductive path included in the plurality of conductive 
paths passes through the first die and couples a first 
circuit component of the second die to the interface die; 
and 

a third conductive path included in the plurality of conduc 
tive paths and coupling the first die and the second die to 
the interface die, wherein the first conductive path and 
the second conductive path interleave between the first 
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die and the second die of each of the plurality of stacks, 
and the third conductive path is not interleaved. 

23. The apparatus of claim 20, wherein the third conductive 
path and the fourth conductive path interleave between the 
first die and the second die of each of the plurality of stacks. 

24. The apparatus of claim 23, wherein the third and fourth 
conductive paths enable concurrent command and/or address 
signaling to the first and second die of each of the plurality of 
stacks. 

25. An apparatus comprising: 
a first dice Stack positioned at a first position on an interface 

die, wherein the dice stack includes at least a first die and 
a second die; 

a first set of conductive paths, the first set of conductive 
paths including a first conductive path coupling a first 
circuit component of the first die to a first control circuit 
of the interface die, a second conductive path coupling a 
first circuit component of the second die to a second 
control circuit of the interface die, a third conductive 
path coupling an address circuit of the first die to a first 
addressing circuit of the interface die, and a fourth con 
ductive path coupling an address circuit of the first die to 
a second addressing circuit of the interface die; 

a second dice stack positioned at a second position on the 
interface die, wherein the second dice stack include a 
third die and a fourth die; and 

a second set of conductive paths including a fifth conduc 
tive path and a sixth conductive path, wherein the fifth 
conductive path couples a first circuit component of the 
third die to a third control circuit of the interface die and 
the sixth conductive path couples a first circuit compo 
nent of the fourth die to a fourth control circuit of the 
interface die. 

26. The apparatus of claim 25, wherein the first conductive 
path passes through the second die, the second conductive 
path passes through the first die, the third conductive path 
passes through the second die, and the fourth conductive path 
passes through the first die. 

27. The apparatus of claim 25, further comprising: 
a seventh conductive path included in the second set of 

conductive paths to couple an address circuit of the third 
die and an address circuit of the fourth die to a third 
addressing circuit of the interface die. 

28. The apparatus of claim 25, further comprising: 
a seventh conductive path included in the second set of 

conductive paths to couple an address circuit of the third 
die with a third addressing circuit of the interface die, 
and 

an eighth conductive path included in the second set of 
conductive paths to couple an address circuit of the 
fourth die with a fourth addressing circuit of the inter 
face die. 

29. A method comprising: 
forming a plurality of dice stacks on an interface die, 

whereinforming at least one of the dice stacks includes: 
positioning a first die on an interface die; and 
arranging a second die in a stack with the first die to 

substantially align a first conductive path of the first 
die with a second conductive path of the second die, 
and to Substantially align a second conductive path of 
the first die with a first conductive path of the second 
die, wherein arranging the second die includes rotat 
ing the second die about an axis before arranging the 
second die in the stack. 

30. The method of claim 29, further comprising: 
arranging a third die in the stack with the first die and the 

second die to Substantially vertically align a first con 
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32. The method of claim 31, further comprising: 
arranging a fourth die in the stack with the first die, the 

positioning a fourth dice stack at a fourth position on the 

34. A method comprising: 
conducting concurrent communications between a first die 

conducting concurrent communication between a third die 
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ductive path of the third die with the second conductive 
path of the second die and the first conductive path of the 
first die, and to Substantially vertically align a second 
conductive path of the third die with the first conductive 
path of the second die and the second conductive path of 5 
the first die. 

31. The method of claim 29, further comprising: 
arranging a third die in the stack with the first die and the 

second die in alignment with the first die and second die 
and with an orientation similar to the first die. 10 

second die, and the third die, wherein the first and third 
die have a first similar orientation, and the second and 
fourth die have a second similar orientation different 
from the first similar orientation of the first and third die. 15 

33. A method comprising: 
positioning a first dice stack at a first position on an inter 

face die; 
positioning a second dice Stack at a second position on the 

interface die such that the interface die can be configured 20 
to enable concurrent communications with the first dice 
stack and the second dice stack; 

positioning a third dice stack at a third position on the 
interface die; and 

25 
interface die such that the interface die can be configured 
to enable concurrent communications with the first dice 
stack, the second dice stack, the third dice stack, and the 
fourth dice stack. 

30 

and a first control circuit of an interface die, and between 
a second die and a second control circuit of the interface 
die; and 

35 
and a third control circuit of the interface die, and 
between a fourth die and a fourth control circuit of the 
interface die. 

16 
35. The method of claim 34, further comprising: 
communicating with the first die and the second die using 

a common control circuit of the interface die. 
36. The method of claim 34, further comprising: 
conducting concurrent communication between the first, 

second, third, and fourth dice and the interface die. 
37. The method of claim 34, further comprising: 
conducting concurrent communication between the first 

and third dice and the interface die, and conducting 
communication between the second and fourth dice and 
the interface die. 

38. The method of claim 37 wherein the concurrent com 
munication between the first and third dice and the interface 
die occurs before or after the concurrent communication 
between the second and fourth dice and the interface die. 

39. A method comprising: 
using a processor, conducting a first set of communications 

to odd dice in a stack using a first conductive path; and 
using the processor, conducting a second set of communi 

cations to even dice in the stack using a second conduc 
tive path, wherein the first and second conductive paths 
are interleaved between an odd die and an even die in the 
stack and coupled to the processor. 

40. The method of claim 39, wherein the first set of com 
munications and the second set of communications are con 
ducted concurrently. 

41. The method of claim 39, wherein the first set of com 
munications is conducted before or after conducting the sec 
ond set of communications. 

42. The method of claim 39, wherein the first set and the 
second set of communications comprise address signals and/ 
or command signals. 

43. The method of claim 39, wherein the first set and the 
second set of communications comprise memory informa 
tion. 
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