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Abstract—Three-dimensional (3D) interconnection technology
offers several electrical advantages, including reduced signal
delay, reduced interconnect power, and design flexibility. 3D
integration relies on through-silicon vias (TSVs) and the bonding
of multiple active layers to stack several die or wafers containing
integrated circuits (ICs) and provide direct electrical intercon-
nection between the stacked strata. While this approach provides
several electrical benefits, it also offers significant challenges in
thermal management. While some work has been done in the
past in this field, a comprehensive treatment is still lacking. In
the current work, analytical and finite-element models of heat
transfer in stacked 3D ICs are developed. The models are used
to investigate the limits of thermal feasibility of 3D electronics
and to determine the improvements required in traditional pack-
aging in order to accommodate 3D ICs. An analytical model for
temperature distribution in a multidie stack with multiple heat
sources is developed. The analytical model is used to extend the
traditional concept of a single-valued junction-to-air thermal
resistance in an IC to thermal resistance and thermal sensitivity
matrices for a 3D IC. The impact of various geometric param-
eters and thermophysical properties on thermal performance of
a 3D IC is investigated. It is shown that package and heat sink
thermal resistances play a more important role in determining
temperature rise compared to thermal resistances intrinsic to
the multidie stack. The improvement required in package and
heat sink thermal resistances for a 3D logic-on-memory imple-
mentation to be thermally feasible is quantified. An increase in
maximum temperature in a 3D IC compared to an equivalent
system-in-package (SiP) is predicted. This increase is found to be
mainly due to the reduced chip footprint. The increased memory
die temperature in case of memory-on-logic integration compared
to a SiP implementation is identified to be a significant thermal
management challenge in the future. The results presented in
this paper may be useful in the development of thermal design
guidelines for 3D ICs, which are expected to help maximize the
electrical benefits of 3D technology without exacerbating thermal
management issues when implemented in early-stage electrical
design and layout tools.

Index Terms—Die stacking, electrical-thermal co-design, junc-
tion-to-air thermal resistance, three-dimensional (3D) integrated
circuits (ICs), through-silicon via (TSV).
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I. INTRODUCTION

T HE continued reduction of microelectronics device size
over the past few decades has led to unprecedented

improvement in performance of electronic products. This
miniaturization has been fueled by continued improvements
in process technologies. As physical limits for several process
technologies begin to be approached, the further reduction
of device size is starting to get more and more challenging
from both technological and financial perspectives. This has
fueled interest in other means of obtaining the benefits offered
by dimensional scaling. Examples include subambient mi-
croprocessor operation [1], three-dimensional (3D) integrated
microelectronics [2]–[4], etc. Vertically integrated 3D circuits
have attracted significant attention in the recent past due to
several potential benefits. 3D integration is expected to increase
device density, reduce signal delay, and enable new circuit
and architecture design paradigms [5]. Vertical integration of
heterogeneous technologies using 3D integration may offer
many advantages over alternatives like system-on-chip (SoC)
[6]. There are no mainstream design and layout tools available
for 3D technology at present, although there is a significant
ongoing effort in this direction.

A number of innovative process technologies contribute to-
ward the realization of a working 3D circuit. These include
wafer thinning, etching and filling of high aspect ratio holes in
silicon, interstrata bonding, etc. [7]–[9]. A key component of
3D technology is a metal-filled through-silicon via (TSV) that
enables communication between the two die as well as with
the package. A variety of integration technologies for manu-
facturing 3D integrated circuits (ICs) have been demonstrated.
These include both face-to-face integration [7] and back-to-face
integration [9].

While 3D technology has some clearly established benefits
in terms of electrical performance, it also exacerbates the al-
ready severe challenge of microelectronics cooling [10]. Ver-
tical integration results in increased device density and, hence,
higher power density. The thermal characteristics of TSVs and
interdie bonding layer are not well known. The implementation
of heterogeneous integration must also take into consideration
the different operating temperature requirements of individual
strata. While at the circuit level, it may be possible to utilize
a metal-filled TSV for thermal hotspot management [11], [12],
aggressive 3D integration is likely to lead to more challenging
thermal management requirements at the package level.
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Successful application of 3D integration in products will re-
quire analysis of several thermal management problems and es-
tablishment of thermal design rules governing the feasibility of
various integration options. Papers in the past have individually
addressed some of the several thermal issues related to 3D in-
tegration. Kleiner, et al. presented a simple, one-dimensional
(1D) thermal analysis of a three-chip stack [13]. 3D FEM simu-
lation was used in this work to investigate the effect of inter-
connects on temperature distribution in a two-die stack. The
type of thermal boundary conditions assumed in this work is
not clear. A thermal analysis of various 3D integration schemes
has been presented [14]. Some work has been reported on op-
timizing the problem of placement of vias for heat dissipation
in 3D ICs [11], [12]. Numerical thermal simulations have been
carried out to convert power dissipation distribution into a tem-
perature distribution in a 3D IC [15]. The electrical challenge
involved in stacking memory on logic has been analyzed, and it
has been shown that the increase in peak temperature in this case
is expected to be limited to a few [16]. In fact, the potential
reduction in power consumption in signal transmission due to
reduced interconnect length may further diminish the thermal
penalty to be paid due to vertical integration. Recently, convec-
tive heat transfer from a multidie stack using liquid cooling has
been also analyzed [17], [18].

In order to accurately analyze thermal management of 3D
ICs, the development of a fundamental analytical model for
heat transport in 3D ICs is desirable. Such a model will provide
a framework in which to analyze the general problem of heat
dissipation in 3D ICs and will offer thermal design guidelines
that address the limits of what can be 3D-integrated without
becoming thermally infeasible. For example, chip and package
designers would be interested in finding out the location of
the maximum temperature in a given multidie stack and its
sensitivity to various design parameters. Furthermore, there is
interest in developing tools for multiphysics thermal-electrical
optimization of the stacking arrangement and smart design
of the chip-package interface in order to alleviate the thermal
dissipation problem. The influence of features inherent to 3D
technology such as TSVs, interdie bonding layers, etc., on the
temperature distribution also needs to be investigated. While the
thermal characteristics of microelectronics have traditionally
been represented in terms of junction-to-air thermal resistance
and density factors [19], these concepts needs to be expanded
in view of the presence of multiple heat sources and multiple
junction temperature in a 3D IC.

The current work presents an analytical model for heat
transfer in a multisource 3D stack. The model is used to predict
the temperature rise in various strata and determine the thermal
feasibility limits of multidie integration. Numerical modeling
for capturing thermal hotspot effects is also discussed in the
paper and is used to compare thermal performance of a 3D IC
with a system-in-package (SiP).

II. HEAT TRANSFER MODEL FOR 3D INTEGRATED

ELECTRONICS

A. Analytical Model

In order to develop an analytical model governing the temper-
ature rise in various strata in a 3D IC, one may assume uniform

Fig. 1. Schematic of the general � -die stack and the thermal resistance net-
work with multiple heat generating junctions. Dashed lines represent the planes
in which heat generation occurs.

heat generation in the device planes and neglect heat spreading
by assuming heat flow only normal to the device planes. In
general, a 3D microelectronics system comprises die elec-
trically and mechanically connected to each other through an
appropriate bonding technology. Each die is associated with
two significant thermal resistances—that of the silicon/SOI
substrate and that of the back-end-of-line (BEOL) metal-dielec-
tric stack. Despite its small thickness, BEOL thermal resistance
is becoming increasingly significant due to the low thermal
conductivity of low- dielectrics that are being incorporated in
BEOL stacks. The other significant thermal resistances within
the die stack are those of the micropad bonding layers between
die. A numerical model of the interstrata micropad layer is
presented later in order to estimate the value of this thermal
resistance.

The general thermal resistance network, shown in Fig. 1,
comprises heat sources and thermal resistances,
including and , which are the resistances of the heat
sink and package, respectively. is the thermal resistance
between the node on the stratum closest to the heat sink and
the heat sink, and is the thermal resistance between the
node on the stratum closest to the package and the package.

is the thermal resistance between junction and junction
and is the sum of thermal resistances of substrates, BEOL

stacks, and interdie micropad layers located between the two
junctions. For example, in case of a face-to-face, two-die stack,
the thermal resistance between junctions 1 and 2 comprises
the thermal resistance of two BEOL stacks and the micropad
layer between the two die. and represent the temperature
and heat generation at node , respectively. represents the
heat flow from node to node . For low-power applica-
tions that operate without a heat sink, the thermal resistance of
the heat sink may be conveniently removed from this general
analysis. This representation of the 3D, multidie stack differs
from the two-resistor model used to describe the traditional
single substrate in the introduction of several new resistances
and multiple heat sources. Physically speaking, heat generated
in one stratum must travel through several other strata before
dissipating into the package or heat sink, thus causing addi-
tional temperature rise at each junction. As a result, temperature
rise in one stratum is influenced by heat generation not only
in that stratum, but in all other strata as well. In steady state,
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temperature distribution in the various strata is governed by the
following energy-conservation equations.

For ,

(1)

For , we have

(2)

For , temperature and heat flow are related to
each other as follows:

(3)

Finally, the following equations govern the temperature of
nodes in the strata next to the heat sink and package:

(4)

where is the ambient temperature.
Equations (1)–(4) represent equations that

can be easily solved to determine the variables
and . The solution is found

to be

(5)

where

(6)

and

(7)

represents the resistance between nodes and
nondimensionalized by represents the temperature rise
above ambient of the th node. Equations (5)–(7) represent the
temperature distribution in the various nodes and help answer
some of the key thermal questions in 3D IC design, including the
maximum temperature attained, location of the hottest stratum,

Fig. 2. Schematic of a face-to-face bonded two-die stack with the various
thermal resistances between the junctions and ambient.

influence of the heat sink and package thermal resistances, the
thermally optimum arrangement of the various strata, and the
sensitivity of the maximum temperature to various parameters
of the problem.

Note that, in general, the hottest die is not necessarily the
one located farthest from the heat sink. Depending on the rel-
ative magnitude of heat generation in various die, and the rela-
tive magnitude of package and heat sink thermal resistance, the
hotspot may lie in any of the die in the -die stack. The tem-
perature profile increases monotonically with increasing node
number starting from node 1 until the hottest node, following
which it decreases monotonically.

The general solution represented by (5)–(7) takes on simpler
forms for a number of special cases. Two such cases are of par-
ticular interest. In the first case, one may consider a two-die
stack, shown in Fig. 2, which is the simplest and likely to be
the first implementation of 3D technology. In this case, ,
and the temperature of the two die is given by

(8)

For face-to-face 3D interconnect technology, and are
the silicon thermal resistances of die1 and die2, respectively,
denoted by and . is the thermal resistance be-
tween the two junctions, which in this case comprises , the
thermal resistance of the bonding layer between the two die and

, the thermal resistance of the BEOL of the two die. As-
suming to be the same for both die, equation (8) may be
simplified to equation (9), shown at the bottom of the next page.

The temperature solution for other integration technologies
like back-to-face integration may also be derived from equations
(5)–(7). These solutions will differ from equation (9) in the ar-
rangement of the silicon, interdie bond, and BEOL thermal re-
sistances.

Note that equation (9) shows that die2 is not necessarily the
hotter of the two. In fact, it is easy to show that in spite of being
located farther from the heat sink, die2 is the hotter die only if

(10)
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Since silicon thermal resistance is usually much smaller than
and , the right-hand side of the inequality above reduces

to . Interestingly, equation (10) shows that a memory
die may run cooler than a logic die even if the former is stacked
next to the package, provided its heat dissipation is low enough.
Note that the result derived in equation (10) is independent of
the thermal resistance between the dies.

A second interesting special case of the general solution is
the one where there is no heat loss through the package. This
may be relevant for high-power applications where a heat sink
removes most of the heat, and the package end is conservatively
assumed to be insulated. In this case, the temperature solution
is given by

(11)

For a two-die case, the temperature solution is given by

(12)

In this case, the die next to the package is always the hottest
die. Furthermore, note that this case is similar to a low-power ap-
plication where no heat sink is provided and all heat loss occurs
through the package. Equation (11) applies, with the package re-
sistance replacing the heat sink resistance and with appropriate
redefinition of nodes.

As shown in equations (5)–(7), the relative magnitudes of the
various thermal resistances in the network play a key role in de-
termining the temperature profile. Consequently, a certain type
of 3D integration may be thermally feasible for one packaging
technology and not so for another one. In general, the silicon
thermal resistances and are much smaller than other
thermal resistances, which leads to some simplification of these
equations.

As an example, consider a two-die stack consisting of
300- m-thick die with a 10 mm 10 mm cross section. Heat

sink and package thermal resistances are assumed to be 2 and
20 K/W, respectively. These values are usually available from
thermal modeling of the heat sink and package. The interstrata
bond layer is assumed to be m thick, with an effective
thermal conductivity of 0.1 W/mK. Assuming each die dissi-
pates 10 W, the temperature rise in the two die are determined
using the model presented here to be 43.8 and 36.7 K, respec-
tively. If instead of uniform power, die1 (the die close to the
heat sink) and die2 dissipate 2 and 18 W, respectively, the tem-
perature rise of die2 increases to 50.7 K, while die1 temperature
rise reduces slightly to 35.3 K. If a finer pad pitch or reduced
interface resistance results in an improvement in the interstrata
bond layer thermal conductivity to 1 W/mK instead of 0.1 as
considered above, the die temperature rise values are 37.4 and
36.6 K, respectively, when each die dissipates 10 W power.
Note that the thermal conductance of the interstrata bond layer
plays an important role in determining the die temperatures.
As this conductance increases, the two die temperatures come
closer.

B. Extension of Junction-to-Air Thermal Resistance Concept

The single-valued junction-to-air thermal resistance has tra-
ditionally been used to describe the thermal characteristics of
a microprocessor die in package. This concept is not sufficient
for a complete description of the thermal performance of a 3D
IC. Due to the presence of multiple heat sources and multiple
internal resistances, representing the junction-to-air thermal re-
sistance in a matrix form is appropriate. In this framework,
represents the temperature rise in the th stratum per unit heat
dissipation in the th stratum. From (5)–(7), it is easy to deter-
mine as shown in equation (13) at the bottom of the page,
where . In addition to the thermal resistance ma-
trix , designers may also be interested in the thermal sensi-
tivity matrix , which represents the change in temperature of
the th stratum due to an incremental change in heat generation
in the th stratum. is given by equation (14) at the bottom
of the next page.

Note the subtle difference between and . While
is independent of heat generation terms, and is thus closer in

(9)

(13)
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nature to the traditional junction-to-air thermal resistance for a
single die, is dependent on the heat generation itself due
to coupling. Chip and package designers must be aware of the
importance of both and and the complex coupling of
temperature with multiple heat sources in order to come up with
smart thermal design of 3D ICs.

C. Thermal Conductance of Interdie Bond Layer

The interdie bonding layer used to establish electrical com-
munication between die offers resistance to heat flow, which has
not been characterized in the past. This bonding layer typically
consists of metal micropads that are bonded to each other at
high temperature and under pressure [8]. The space around the
bonding pads may be filled by an underfill material that aids in
temporary alignment of the pads during the bonding process,
although underfill-free process has also been demonstrated [8].
Depending on the nature of integration used and the power dis-
tribution among various die, the interdie bonding layer thermal
resistance may play a key role in determining the maximum
temperature. The thickness, material, and area density of mi-
cropads and the nature of the bonding between strata all influ-
ence the interstrata thermal resistance. In order to apply the ana-
lytical model results presented in the previous subsection, a nu-
merical model is developed for the determination of the thermal
resistance of the interdie bonding layer. Metal bond pads are as-
sumed to be distributed uniformly on the bonding planes of both
strata, and a unit cell, shown in Fig. 3, is used for simulations.
The top die/wafer is assumed to have a two-metal bonding pad,
while the bottom die/wafer is assumed to have a single metal
bonding pad. Thermal properties of electroplated Cu and Sn are
used for modeling the metal pads. The dimensions of the top and
bottom bonding pads are 39 and 54 m, respectively. The total
pad thickness is around 15 m. Outer dimensions of the unit cell
are determined by the micropad area density. A constant tem-
perature difference is imposed between the top and bottom faces
of the unit cell. Using finite element simulations, the resultant
heat flux between the two faces, and the effective thermal resis-
tance of the bond layer is hence determined.

Fig. 4(a) shows isothermal contours in a cross section of the
model geometry. Fig. 4(b) shows the effective thermal resis-
tance for the metal micropad layer for a typical 10 mm 10 mm
die footprint as a function of the area density of bond pads as
well as the thermal conductivity of the filler material. As ex-
pected, the effective thermal resistance reduces with a higher
metal density and with higher thermal conductivity of the filler
material. Even when the filler material thermal conductivity is
as poor as that of air, the effective thermal resistance is quite low
due to heat conductance through the metal features. The thermal

Fig. 3. Schematic of the unit cell used for computing thermal resistance of the
interdie bonding layer.

resistance of the back-end metal-dielectric stack certainly dom-
inates over that of the micropad layer. Furthermore, most of the
temperature rise still occurs external to the die stack. Since metal
micropads do not occupy space on the device layer, it should be
possible to cover a large fraction of the die face by “thermal”
micropads in order to ensure good thermal and mechanical con-
tact. Improvement in the thermal performance of the interdie
bonding layer is not expected to provide much benefit due to
the dominance of the heat sink and package thermal resistance.

The next section discusses results obtained from the applica-
tion of the analytical model developed in this section to a typ-
ical multidie stack. In addition, numerical simulation results ac-
counting for heat spreading and comparing 3D technology with
the system-in-package (SiP) technology are presented.

III. RESULTS AND DISCUSSION

The analytical model presented in the previous section may
be used to obtain several practical thermal design guidelines
for 3D electronics. These include the optimal arrangement of
various strata, the influence of internal thermal resistances on
the maximum temperature, the heat sink and package thermal
requirements for 3D integration, the thermal feasibility limits
of 3D integration, etc. In this section, a generic two-die stack is

(14)
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Fig. 4. (a) Isothermal contours in the cross section of the micropad geometry.
(b) Variation of the effective thermal resistance of the metal micropad layer for
a typical 10 mm� 10 mm die footprint as a function of the thermal conductivity
of filler material and the micropad area density.

considered, though the work is easily extendable to stacks with
more than two die. For simplicity, the die with the higher power
dissipation is referred to as the logic die, and the other die is
referred to as the memory die.

Fig. 5 shows the dependence of temperature of the logic die
on thermal resistance of the interdie bond layer. As expected,
the die temperature exhibits only weak dependence due to the
small value of the interdie bond thermal resistance compared to
other resistances in the circuit. This effect is prominent regard-
less of whether logic or memory die is placed closer to the heat
sink. Fig. 5 demonstrates that not much thermal benefit may be
obtained by improving the thermal resistance of the interstrata
bond layer. The influence of the silicon die thermal resistance
on the maximum temperatures is also similarly limited. As a re-
sult, die thinning, an important process technology that enables
3D integration, does not have much thermal benefit. Die thin-
ning may, in fact, increase hotspot temperature by reducing the
heat spreading effect of silicon substrate. It is important to note
that metal-filled TSVs and metal contact pads may have a role
to play in localized heat dissipation, as discussed in recent pa-
pers [11], [12].

Fig. 6 shows the improvement required in the heat sink
thermal resistance in order to incorporate an extra die dissi-
pating a given amount of power while maintaining the same
maximum temperature. For a memory die dissipating around
10% of the power dissipated by the logic die, an improvement
of around 10% in the thermal performance of the heat sink
will be necessary to maintain the same maximum temperature.
The required improvement is only weakly dependent on the
interstrata bond layer thermal resistance, especially if one of the

Fig. 5. Logic die temperature as a function of thermal resistance of interdie
bond layer. Memory die is assumed to dissipate 10% of the logic die power. A
very weak dependence is observed regardless of which die is stacked next to the
package.

Fig. 6. A plot showing the improvement required in heat sink thermal resis-
tance as a function of power dissipation in the memory die. The baseline case
is a single logic die. Note the dependence on the stacking sequence.

die dissipates much lesser power than the other. Fig. 6 provides
thermal design guidelines for heat sink design for 3D chips and
provides the limits of thermal feasibility of 3D integration.

Another parameter of interest is the power reduction required
to facilitate two-die integration in the same package and heat
sink used for a single die. For a test case with a memory die
dissipating 10% of the power of a logic die, calculations using
equation (9) show that the logic die power must be reduced by
16% in order to keep a logic-on-memory die stack at the same
maximum temperature as a single logic die, assuming that the
package and heat sink remain the same. Similar calculations
based on equation (9) can be used to understand the effect of rel-
ative changes in the heat sink and package thermal resistances.

Integration of multiple heterogeneous components (for ex-
ample, memory and logic) inside the same package is common
at present. 3D technology enables this integration to occur
normal to the package plane, thus improving form factor. The
stacking of multiple die in 3D however leads to a different
thermal problem that needs to be fully understood before
3D integration may be implemented. When multiple die are
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TABLE I
COMPARISON OF THERMAL PERFORMANCE OF LOGIC AND MEMORY DIE

IN VARIOUS INTEGRATION SCENARIOS, INCLUDING BASELINE SIP AND

VARIOUS 3D INTEGRATION OPTIONS

stacked, a reduction of die footprint results due to the presence
of more than one silicon plane on which to place circuits.

While the exact amount of reduction depends on architectural
optimization, one may assume for thermal analysis that the total
circuit area on the two die stack remains the same as the orig-
inal two-dimensional (2D) die. Finite element simulations are
carried out in order to compare a SiP with logic and memory
die with equivalent stacked two-die implementation, where the
logic and memory blocks are partitioned and placed on different
die. In both cases, the same package and heat sink are used. The
effects of reducing the die footprint and changing the lid size
over the 3D stack are investigated. The temperature rise in each
block is computed as a function of whether the package lid also
scales down with the die footprint or not. In addition, simula-
tions are also run to account for power reduction in the global
wires due to reduced wire length. Calculations have shown that
for typical architecture configurations, the global wire power
can be reduced by as much as 30%. Depending on what fraction
the global wire power is of the total power consumption, this
could represent significant overall power saving. Table I shows
the temperature rise in logic and memory for the various cases.
While the scaling down of the die footprint results in an increase
in maximum temperature, this effect diminishes when the lid
size remains the same as the original 2D die. This shows that
the lid footprint plays a far more critical role in determining the
maximum temperature than the die footprint. While 3D integra-
tion by itself does not result in improved thermal performance, it
may be possible that, as shown in Table I, the reduction in power
consumption due to reduced global wire lengths may result in a
3D system with similar thermal performance as a 2D die.

Note that the memory temperature increases significantly in
the 3D implementation even when the lid is not scaled down.
This is because the memory die is much closer to the higher heat
dissipating logic die in the 3D stack compared to the 2D SiP. In
cases where the memory is rated to run at a lower temperature
than logic, this may be a significant thermal problem.

Reduction of die footprint is also being driven by other fac-
tors, including technology scaling and yield issues. The intro-
duction of 3D technology may accelerate this shrinkage, and
thus require new, innovative packaging and cooling solutions.

Finally, it is to be noted that the tradeoff of electrical and
thermal considerations is quite inherent in the design of 3D ICs.
For example, while it is thermally optimal to place the higher

power dissipation logic die that dissipates more power closer
to the heat sink rather than the package, this approach is likely
to pose greater integration challenges since the logic die typi-
cally requires more connections to the package, and thus more
TSVs will be needed to be routed through the memory die in
order to reach the logic die. As another example, it is electri-
cally advantageous to stack a core block on top of another core
block due to the shorter wire lengths obtained. However, this
approach results in significant thermal challenge due to the in-
creased local power density. This inherent tradeoff underlines
the need for early incorporation of thermal models in design and
layout tools so that electrical benefits offered by 3D technology
may be fully taken advantage of without significant exacerba-
tion of the thermal management challenge.

IV. CONCLUSION

While 3D ICs offer several electrical benefits, the associated
thermal challenges need to be fully understood. The current
work offers a framework in which to analyze the thermal per-
formance of 3D ICs through an analytical model for predicting
temperature rise in a multidie, multisource thermal resistor net-
work. The model predicts the sensitivity of the maximum tem-
perature on various design parameters such as power distribu-
tion among various die, intrastack thermal resistances, etc. The
traditional understanding of thermal dissipation in microelec-
tronics in terms of a single-valued junction-to-air thermal re-
sistance is extended to a thermal resistance matrix due to the
presence of multiple sources. Numerical simulations performed
in this work quantify the thermal performance of the interdie
bonding layer and show that reduction in the die footprint area
due to vertical integration causes an increase in maximum tem-
perature.

While the 1D heat transfer model presented in this work
enhances the understanding of heat transfer issues in 3D micro-
electronics, there is need for future work in several directions.
The effect of localized heating is not captured in the current
model. The role of TSVs in heat dissipation from localized
hotspots needs to be further investigated. Also, heat transfer
issues arising from the integration of unequally sized die also
need to be fully understood. Finally, due to the strong coupling
between die-level electrical design and thermal management
in 3D ICs, reconciliation of thermal and electrical design
constraints and objectives is very important in early design
stage of 3D ICs. Thermal and electrical co-design of 3D ICs
may help alleviate late-stage thermal management problems by
thermal-friendly floorplanning. This will require the incorpora-
tion of thermal design models like the ones presented here in
electrical design and layout tools.
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