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Abstract
3D integration is an emergent technology that has the po-
tential to greatly increase device density while simultane-
ously providing faster on-chip communication. 3D fabri-
cation involves stacking two or more die connected with a
very high-density and low-latency interface. The die-to-die
vias that comprise this interface can be treated like regular
on-chip metal due to their small size (on the order of 1µm)
and high speed (sub-FO4 die-to-die communication delay).
The increased device density and the ability to place and
route in the third dimension provide new opportunities for
microarchitecture design.

In this paper, we first present a brief overview of 3D in-
tegration technology. We then focus on the design of on-
chip caches using 3D integration. In particular, we show
that the dense die-to-die vias enable caches that are 3D-
partitioned at the level of individual wordlines or bitlines.
This results in a wire length reduction within SRAM arrays,
and a reduction in the footprint of individual SRAM banks,
which reduces the global routing from the edge of the cache
to the banks and back. The wire length reduction provides
both power and performance benefits, e.g., 21.5% latency
reduction and 30.9% energy reduction for a 512KB cache.
We also report that implementing only the caches in 3D,
without accounting for possible benefits from implementing
other components of the processor in 3D, results in a 12%
IPC gain. These results demonstrate some of the potential
of this new technology, and motivate further research in 3D
microarchitectures.

1. Introduction

Faster gate delays due to technology scaling combined with
the increasing relative wire RC delays have made wires a
critical performance bottleneck [1, 4, 13, 22]. In current and
future generations, the wires heavily influence both the la-
tency and the power consumed by the circuitry. Three-
dimensional integrated circuits (3D ICs) is an emergent
technology that vertically stacks multiple die with a high-
density die-to-die interconnect [16]. Figure 1 shows the
overall 3D structure of a two-die stack. The ability to route
signals in the vertical dimension enables previously distant
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Figure 1. A two-die face-to-face 3D structure (not
drawn to scale) [3].

blocks to be placed on top of each other. This results in a
decrease in the overall wire length, providing a reduction in
wire delay and power. In this paper, we will first present an
overview of 3D integration technology. We will then dis-
cuss several approaches for applying 3D integration to the
design of on-chip caches. In particular, we will show how
the 3D die-to-die interconnect enables 3D caches that are
finely partitioned at the wordline or bitline level for perfor-
mance and power benefit.

There is currently a large interest in 3D integration.
Researchers in the semiconductor industry are evaluating
the technology for feasibility and applicability [3, 12, 17,
20]. In the embedded space, there are already compa-
nies shipping products that use 3D integration for 3D-
stacked SRAM, DRAM and combined SRAM and micro-
controller [26] as well as eight-die memory stacks [23]. On
the academic side, much of the research effort has been
focused on the process technology, physical design and
automated design tools [5, 6, 8, 11, 15, 19, 25], but we are
not aware of any 3D microarchitecture studies for high-
performance microprocessors.

This paper makes two primary contributions. The first
is an overview of recent advances in 3D technology for
the computer architecture and microarchitecture commu-



nity. The second is a case study quantifying and analyzing
the value of 3D integration for on-chip caches in modern
high-performance processors. The results are very encour-
aging and motivate further 3D research. Our goal is to un-
derstand how an entire microprocessor should be designed
to best exploit the benefits of a 3D technology, but the de-
sign of a full 3D microarchitecture is beyond the scope of
this study.

The rest of the paper is organized as follows. Section 2
presents an overview of 3D technology and its potential im-
pact on processor design. Section 3 describes several ap-
proaches for using 3D in the design of on-chip caches. Sec-
tion 4 provides the details about our experimental frame-
work. Section 5 presents the results and analysis of our 3D
caches. Section 6 further discusses limitations and design
alternatives for 3D caches. Section 7 summarizes our con-
tribution.

2. 3D Integration Technology

2.1. Organization of 3D Structures

3D integration takes two or more die and stacks them in
a 3D structure. There are several possible implementation
technologies currently being considered. The face-to-face
(F2F) organization illustrated in Figure 1 provides the great-
est die-to-die via density [3, 7, 17]. This particular process
for F2F bonding consists of depositing “stub” vias on to the
top-level metal of each die as if another metal layer were
to be implemented. The two die are then placed face-to-
face such that each stub from the first die is directly pressed
against the corresponding stub on the second die. Under the
proper conditions, the via stubs will fuse to simultaneously
hold the two die together as well as form the die-to-die vias
needed to communicate between the two die. These are fab-
ricated like conventional inter-level metal vias, and there-
fore have similar sizes and RC characteristics. The size and
pitch of the die-to-die vias is not limited by lithographic
constraints, but rather by the accuracy of the mechanism
for aligning the two die. Wafer-to-wafer bonding provides
higher throughput; die-to-die techniques can provide finer
alignment; and there are other hybrid techniques such as
die-to-wafer and partial-wafer bonding that trade through-
put and alignment accuracy. After bonding, one die is me-
chanically and/or chemically thinned, and through-silicon
vias (TSV) are etched through the back side of the thinned
die to provide I/O and power/ground connections.

An alternative to face-to-face bonding is face-to-back
(F2B) bonding [8, 21]. In this technology, die-to-die vias
must be etched through the back-side (device-side) of a die.
The etching process has less resolution than a F2F tech-
nology. As a result, the effective density of the vias for
a F2B process is reduced. Furthermore, the etching pro-
cess requires the die-to-die via to pass through the device

layer, which may seriously disrupt the crystal structure of a
strained-silicon process. This will result in degraded device
performance in areas near the back-side vias. An advantage
of F2B bonding is that it can be repeated for an arbitrary
number die stacked together. With F2F bonding, only al-
ternating layers may be bonded with the dense face-to-face
interconnect, while the back-to-back interface will be lim-
ited to a coarser interconnect. In this paper, our detailed
circuit analysis only considers the design of caches using a
two-die F2F stack, but we will discuss some of the design
implications and possibilities of stacking more than two die.

2.2. Physical Characteristics of 3D Structures

One of the critical parameters of a 3D technology is the
physical characteristics of the die-to-die interconnect. The
density of the interconnect will determine at what granu-
larity 3D can be used to affect the microarchitecture. The
latency to drive a signal from one die to the other also af-
fects how to partition a processor across multiple die.

For F2F 3D stacking, the currently implemented die-to-
die via pitch varies from 3µm to 10µm, depending on the
technology [8]. Note that these via pitches are for exist-
ing implementations; as the alignment technology matures,
the via pitch will improve to 1µm or denser [8]. As a
point of comparison, a dense 6T SRAM cell with an area
of 0.7µm2 [10] in a 65nm technology can support about
one 1µm-pitch die-to-die via per two SRAM cells. While
this suggests that it may not be feasible to split an individ-
ual 6T cell across two die, the via density is great enough to
support 3D folding at the level of wordlines and bitlines.

The die-to-die vias in a F2F 3D technology are simply
short lengths of metal. It is important to realize that the die-
to-die interconnect does not behave like I/O pads but like
regular vias. The total length of the die-to-die via to con-
nect the two die varies from<5µm to ∼30µm [8]. In a
70nm technology (see Section 4 for the details of our ex-
perimental methodology) the delay for an inverter (at 4×
minimum size) to drive through a via-stack, across the die-
to-die via, and back down another via stack is only 8ps. For
comparison, the FO4 delay in the same technology is 22ps,
and the delay for a 4x inverter to drive 1mm of Metal6 is
225ps. The combination of high density and low latency
make die-to-die vias a very effective alternative to conven-
tional on-die routing.

3. 3D Cache Designs

We describe the design of an SRAM cache in 3D. The
SRAM cache has a very regular structure that makes it easy
to partition across multiple die. More specifically, we eval-
uate 3D cache organizations that stack a large cache on top
of the main CPU core, banks on banks, and array-level par-
titioning.
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Figure 2. (a) A planar layout of a CPU and L3 cache
with the L3 critical wire path, (b) a 3D implementa-
tion with the cache stacked on top of the CPU, and
(c) a 3D implementation with the cache partitioned
and stacked upon itself.

This study does not assume changes in the cache inter-
face. This simplifies the study; future research will con-
sider the complete datapath, as changing the interface will
require that many other components such as ALUs, bypass
paths, the instruction scheduler payload RAM, etc. all be
reimplemented in 3D. This will likely provide even greater
benefits, but it is beyond the scope of this paper. We are
taking a bottom-up approach by first understanding how 3D
impacts individual units, and then leveraging these insights
to devise how to best compose them into a complete 3D
datapath.

3.1. Cache on Processor

An intuitive application of 3D integration in the context
of on-chip caches is the stacking of a very large last-level
cache, e.g., L3 cache, on top of a traditional execution core.
Figure 2(a) shows a conventional planar processor with a
large L3 cache, and Figure 2(b) illustrates a 3D implemen-
tation with a stacked L3 cache. The benefit of such an orga-
nization is an approximate footprint reduction of 50%.

There are several disadvantages with this approach that
are less obvious. While a cache-on-CPU approach takes
advantage of the increased integration capacity of a 3D pro-
cess, it fails to utilize the benefits of having a dense die-
to-die interconnect structure and the flexibility of vertical
routing. Figure 2(a) shows the critical path for accessing
the planar cache array. Note that in the cache-on-CPU im-
plementation in Figure 2(b), the structure of the cache array
has not changed and therefore the critical path is identical.
The net result is that neither latency nor power have been
improved by this organization, and it thus provides no per-
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Figure 3. (a) A planar eight-way banked cache
showing the worst-case distance to the farthest
bank, and (b) a 3D bank-stacked cache organiza-
tion.

formance or power benefit. Furthermore, stacking a large
cache on top of the CPU prevents any of the modules within
the CPU from taking advantage of a 3D organization.

3.2. Bank Stacking

In this study, we evaluateself-stackedcaches. Figure 2(c)
shows the concept of splitting and stacking a cache to re-
duce the critical wire lengths within the structure. The wire
length reduction can be exploited to reduce latency, reduce
power, or increase the cache size.

Long metal wires used to route long-haul signals suffer
from large RC delays and power consumption. The wires
that route from the edge of the cache to a bank are an exam-
ple of such wires. Figure 3(a) shows an eight-bank cache
array with the critical wire path from the bottom left cor-
ner of the cache to the farthest bank. One option for a
3D-integrated cache is to stack banks on top of each other.
Figure 3(b) shows the same array arranged in a 3D bank-
stacked organization. A 3D-bank stacking approach was
previously proposed by Reed et al. [20].

There are two possible orientations for bank stacking.
The cache can be stacked left-to-right as shown in Fig-
ure 3(b), or the banks can be stacked top-to-bottom. Fig-
ure 3(b) shows how the bank stacking results in a 67% re-
duction (3x→ x, wherex is the bank width) in the horizon-
tal component of the wiring to and from the banks. Because
the stacking of the cache occurs only in one direction, the
vertical component of the bank wiring is unaffected, thus
reducing the wire length savings to 50% (assumingx = y,
wherey is the bank height). Overall, the reduction in wire
length translates into a reduction of power and delay.
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Figure 4. (a) A conventional 2D/planar SRAM array, (b) the same array in 3D with column-on-column stacking, (c)
the bank-level organization of a cache using column-stacked arrays, (d) a 3D array using row-on-row stacking.

3.3. Array Splitting

Another level of cache stacking that we evaluate is partition-
ing individual SRAM arrays and stacking them upon them-
selves. Array splitting can reduce the lengths of the word-
lines or bitlines depending on the orientation of the split.
Figure 4(a) shows the details of a small SRAM data array.
With bank-stacking, the decision for a horizontal or verti-
cal split largely depends on which dimension has more wire
delay. At the array level, the orientation of splitting has a
greater impact on the implementation of the array itself.

The first split-array configuration that we consider comes
from stacking columns on columns. Figure 4(b) illustrates
the 3D array implemented with column stacking. In this de-
sign, the single long wordline has been replaced by a pair
of parallel wordlines. The row decoder must discharge the
same amount of capacitance, but the parallel wires reduce
resistance by about one half. This arrangement requires one
die-to-die via per wordline. At the bottom of the array, the
column select muxes have also been split across the two die
thus requiring two additional die-to-die vias. This organi-
zation provides some reduction in latency and power. As
shown in Figure 4(c), these benefits are in addition to re-
ductions in the bank-level wire lengths.

The second split-array organization stacks rows on rows.
Figure 4(d) shows the row-stacked 3D array. The row-
stacked array requires that the row decoder is also parti-
tioned across the two die. We first decompose the 1-to-n
decoder into a 1-to-2 decoder followed by two 1-to-n

2 de-
coders. Even though the two 1-to-n

2 decoders are stacked

on top of each other, the 1-to-2 decoder will only activate
one of them which avoids thermal stacking of active com-
ponents. The length and loading of the wordlines remain
the same as in the planar organization, but the length of the
bitlines have been halved. The shorter wire lengths result in
a decrease in access latency. Similar to the stacked-column
organization (not shown in Figure 4), there are latency and
power benefits due to wire reduction at both the array- and
bank-levels. From a certain perspective, this split-array or-
ganization looks like 3D sub-banking where the top and bot-
tom halves of the 3D array correspond to the sub-banks of
a conventional planar SRAM.

3.4. Qualitative Comparison of 3D Caches

The cache-on-CPU approach reduces the chip footprint,
but there are no substantial power or performance benefits.
In the embedded domain, the overall package size can be
a very important design factor, and a cache-on-CPU ap-
proach may be quite attractive, especially when the alter-
natives are to have an off-chip cache, an on-chip cache but
with a larger package, or no cache at all. In the context of
high-performance processors, the cache-on-CPU organiza-
tion provides some benefit, but overall it is a sub-optimal
way to exploit a 3D technology.

At a finer level, we have proposed two possible 3D orga-
nizations for typical cache structures. The array-splitting
approach provides greater overall benefit because it pro-
vides latency and power savings both within individual
arrays as well as for bank-level routing. Bank-stacking



only provides the savings at the global routing-level, and
it under-utilizes the dense die-to-die via interface. Bank-
stacking is simpler to implement because at the level of indi-
vidual SRAM arrays, the design is no different from a con-
ventional 2D process, whereas the array-stacked approach
requires a redesign of the array.

4. Experimental Framework

We describe our experimental framework to evaluate the
overall circuit- and system-level performance of 3D caches.
For our performance studies, we used a combination of
circuit-level SPICE simulations to obtain the latencies and
power of the 2D and 3D caches, and SimpleScalar-based
cycle-level simulation for IPC.

4.1. Circuit Timing and Power Evaluation

We have built a framework to obtain the critical path latency
and power of SRAM arrays for conventional planar and 3D
caches. Our framework consists of a frontend netlist gener-
ator and a backend circuit simulator. The frontend generates
the SPICE netlist for the critical path through a cache cir-
cuit for varying transistor sizing parameters. We simulate
the critical path circuitry of the cache with user selectable
parameters, such as bank organization, array capacity, asso-
ciativity and planar vs. 3D organization.

Taking the generated netlist, our backend uses SPICE to
obtain the critical path latency of a read operation and the
power consumption of the entire array. We use the BSIM
70nm transistor models from Berkeley and extrapolate wire
parameters obtained from the MOSIS/TSMC 180nm pro-
cess. The distance between the top metal layers on the two
die is very small [21, 24], and the pitch of the die-to-die
vias are on the same order as the top level metal [9]. There-
fore we model the cross-die interconnect as 10µm of top-
level metal plus the corresponding via contact resistance.
To optimize our cache designs, we sweep through a range
of transistor sizings as well as bank organizations. We use
the configurations that minimize overall cache access time.

We simulate a cache read operation that includes the
bank-level and array-level circuit details. The simulations
account for all of the wiring and drivers to get from the
cache boundary to the farthest bank. The request propa-
gates through the decoder tree, the wordline, the SRAM cell
itself, the bitlines, the column mux, the sense amplifier and
the way-mux. This signal is then driven back through a se-
ries of wires and bank muxes to finally return to the edge
of the cache. While the critical timing path only involves a
single SRAM entry and the corresponding pair of bitlines,
our power simulations include the activity associated with
enablingall of the SRAM cells and their bitlines in the se-
lected array row. We perform a similar analysis for the crit-
ical path through the tag array, including the tag compara-

Size Latency Latency Savings Cycles Cycles
(KB) 2D (ns) 3D (ns) % 2D @ 3D @

4GHz 4GHz
16 0.754 0.714 5.3 4 3
32 0.815 0.754 7.6 4 4
64 0.944 0.816 13.6 4 4
128 1.164 0.945 18.8 5 4
256 1.296 1.213 6.4 6 5
512 1.709 1.341 21.5 7 6
1024 2.037 1.763 13.5 9 8
2048 2.609 2.087 20.0 11 9

Table 1. The impact of 3D on cache latency.

tors and the interaction with the way-select muxes on the
data side. We use the worst case timing path through either
array.

4.2. Performance Analysis

We use the MASE timing simulator [14] from SimpleScalar
4.0 [2] for the Alpha instruction set architecture. We sim-
ulate a 6-wide processor, with a 128-entry ROB, 64-entry
scheduler, 32 entry load and store queues, 16KB IL1 and
DL1 caches, a 256KB L2 cache, and a 1MB L3 cache. We
set our clock frequency to 4GHz assuming a 70nm technol-
ogy.

We evaluate the performance impact of 3D caches with
the SPEC2000 benchmark suite. We use the Alpha binaries
that are available on the SimpleScalar website. We simu-
late the applications from both SpecINT and SpecFP using
reference inputs. To reduce the total simulation time, we
use single 100 million instruction simulation samples cho-
sen with the SimPoint 2.0 toolset [18]. We use the geomet-
ric mean when reporting overall IPC.

5. Latency, Power and Performance Impact

5.1. Design Trade-Offs

We evaluate our 3D cache designs against a conventional
planar 2D cache. We consider cache sizes varying from
small 16KB level-one (L1) caches up to large 2MB last-
level (L2/L3) caches. Our baseline for comparison is a 2D
cache with transistor sizings and bank configurations cho-
sen to minimize latency.

5.1.1. Impact on Access Latency

The 3D reorganization of cache structures can substantially
reduce wire delays. This latency reduction is due to sav-
ings in routing to and from the individual banks, as well as
wiring within the SRAM arrays. Table 1 reports the size
and latency of the baseline 2D cache, the latency of the
3D caches, the relative latency reduction, and the latency
in terms of 4GHz clock cycles. The observed latency bene-
fit varies by cache size. The 3D organization provides more
benefit to the larger caches because these structures have
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Figure 5. The component-wise breakdown of the
latency for a cache read operation.

substantially longer global wires to route signals between
the cache edge and the farthest bank. The latency improve-
ment in Table 1 does not increase monotonically because
the best configuration between the 2D and 3D caches may
involve a different number of banks, which in turn changes
the relative benefit. For many 3D configurations, the latency
reduction is sufficient to reduce the overall number of clock
cycles for the access. For the smaller caches, the wire de-
lays comprise a smaller relative fraction of the overall cache
latency and therefore the effect of reducing these delays is
less.

To understand where 3D has the greatest benefit, Fig-
ure 5 illustrates the latency contribution of the different
components that comprise a cache. Depending on the cache
size, different 3D topologies may be required to provide
the best latency improvements. For example, the bank-
level routing latency for the 2MB 2D cache makes up over
55% of the total latency. Correspondingly, the fastest 3D
2MB organization exhibits the greatest latency reduction in
these timing components, as shown in Figure 5. On the
other hand, the moderate-sized 64KB-512KB cache delays
are not as dominated by the global routing. In these in-
stances, a 3D organization that targets the intra-SRAM de-
lays provides more benefit. Figure 5 shows that, in partic-
ular, the delay reduction associated with toggling and sens-
ing the bit-lines accounts for a substantial amount of the
overall benefit, although other timing components also ob-
serve some improvement. In general, circuit paths domi-
nated by long wire RC delays have the greatest potential
for improvement from a 3D reorganization. In contrast, the
row decoder consists primarily of logic, and the results in
Figure 5 are consistent with the expectation that 3D would
not provide much benefit for this component of the overall
cache latency.

Size Energy Energy Savings
(KB) 2D (pJ) 3D (pJ) %
16 14.61 12.43 14.9
32 15.52 14.69 5.4
64 19.92 15.61 21.6
128 26.87 20.05 25.4
256 33.92 27.07 20.2
512 49.62 34.30 30.9
1024 54.68 49.97 8.6
2048 65.28 54.87 16.0

Table 2. The impact of 3D on cache energy.
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5.1.2. Impact on Access Energy

The 3D organization of the cache structure reduces critical
wire lengths, which reduces the total wire capacitance pro-
viding both performanceandpower benefits. For the same
cache configurations discussed in the previous section, Ta-
ble 2 shows the energy consumed per access for both the
2D and 3D configurations. The overall savings range from
5.4-30.9%, varying due to differences in the optimal bank-
ing configurations, transistor sizings, and SRAM aspect ra-
tios. Figure 6 shows the energy consumption for the various
components of the cache read operation.

A component’s relative contribution to total energy does
not always reflect its impact on power. For example, the
row decoder logic accounts for a considerable amount of la-
tency, but it only needs to switch a single wordline and so it
does not consume much energy. On the other hand, a single
bitline switch and the corresponding sense amp only incur a
modest energy cost, but this cost must be multiplied by the
number of bits read and by the set associativity, which adds
up to account for a substantial portion of total cache access
energy. The 3D cache organization reduces the energy in
the most wire-dominated portions of the cache, namely the
bank-level routing and the bitlines.



5.2. Performance Analysis

We used cycle-level processor simulations to evaluate the
performance impact of 3D caches. Our microarchitecture
has four caches: the L1 instruction and data caches, and
the L2 and L3 shared caches. Based on the results pre-
sented in the previous section, we can choose to use 3D
to reduce the access latency or to increase the capacity of
each of these caches. While a typical cache hierarchy IPC
design study may not be of great interest in and of itself, it
serves to demonstrate that 3D integration can be translated
into real performance gains.

The two simplest ways to exploit the benefits of 3D
caches are to either make all of the caches faster, or make
all of the caches larger. Using 3D to implement all caches
in the hierarchy to be faster results in a 3.5% speedup in the
geometric mean IPC. Using 3D to implement larger caches
results in a 10.6% speedup. There are also fourteen remain-
ing possibilities that involve a mix of making some caches
larger and other caches faster, of which the best configura-
tion results in a 12.1% performance gain. This speedup is
what 3D can deliver for our microarchitecture when consid-
ering only the caches. We believe that the combination of
our performance, timing and energy results provides great
motivation to find ways to exploit 3D throughout the entire
processor.

6. Alternatives, Trade-offs, Limitations

The primary limiter on what can be implemented in a 3D
technology is the die-to-die via interface. Apart from this,
there are no fundamental restrictions on what can or can-
not be done in 3D, although economic factors such as extra
processing steps, yield, design and validation effort, may all
restrict what is practical. Caches can be split between two
die as advocated by this study: the cache can be stacked on
top of the CPU to reduce footprint, or could even placed
multiple cache layers above and below the processor in a
cache-CPU-cache stack. We have already discussed in Sec-
tion 3 why a cache-on-CPU approach does not really exploit
the strengths of a 3D technology. Similar arguments hold
for a cache-CPU-cache organization. There are many other
possible arrangements, all of which could be implemented
in 3D; it is just a question of which organization provides
the greatest benefit and value.

The die-to-die via pitch determines the granularity at
which 3D folding can occur. Furthermore, there may be
multiple interfaces with different via pitches, such as in
the case of multiple die stacked in an alternating face-to-
face and back-to-back organization. With this type of 3D
structure, one could self-stack the CPU across two face-to-
face bonded die, implement the large L3 cache as a self-
stacked structure across a second pair of face-to-face die,
and then connect the L3 cache to the CPU through back-to-

back vias. This approach exploits the high-density face-
to-face vias to reduce the wire delay and latency within
and between smaller functional units, and it simultaneously
matches the larger-pitched back-to-back interface to a mi-
croarchitectural boundary that does not require a high com-
munication density.

We believe that self-stacked microarchitectural modules
not only provide the best performance benefits, but they are
also necessary to manage the thermals of a 3D processor.
By stacking multiple die, we create the potential for signif-
icantly increased power density which may lead to thermal
problems. Using the cache-on-CPU example, simply tak-
ing conventional planar implementations of blocks (CPU,
cache) and reorganizing them in 3D does nothing to reduce
the power within the blocks. At most, some power is saved
at the interface between the CPU and the last-level cache
which is only a small savings due to the low activity factor
of the L3 cache. The power consumption of the CPU itself
as well as the L3 cache have not changed, and stacking them
only serves to increase overall power density. Implement-
ing all or most of a processor’s components as self-stacked
3D structures can reduce power throughout the entire chip.
This reduction of chip-wide total power consumption will
be important to keep thermals under control.

7. Summary

Three-dimensional integration provides significant benefits
in terms of transistor density and wire reduction. This study
has demonstrated how these benefits may be used to imple-
ment faster and lower power on-chip caches. The effects
of this new technology on the design of high-performance
microprocessors is still a largely unexplored research topic.
We believe that 3D integration can have a profound im-
pact on processor performance and power, and the ability
to stack multiple die may delay the end of Moore’s Law for
a few more process generations.

The on-chip caches account for only a few of the
many components in a modern processor microarchitecture.
Much research remains to understand how to best redesign
the other functional unit blocks to exploit the strengths (in-
tegration capacity, vertical routing) of 3D integration tech-
nology. Our overall goal is to understand the impact of 3D
integration on microarchitecture and to use this understand-
ing to change how we design future microprocessors.
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