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Abstract— Providing high vertical interconnection density between
device tiers, through silicon via (TSV) offers a promising solution
in 3D IC to reduce the length of global interconnection. However,
some design issues hinder TSV from volumes of adoption, such as
IR drop, thermal dissipation, current delivery per package pin and
various voltage domains among tiers. To tackle these problems, the
design of power network plays an important role in 3D IC. A new
integrated architecture of stacked-TSV and power distributed network
(STDN) is proposed in this paper. Our new STDN serves triple roles:
power network to deliver larger current and reduce IR drop, thermal
network to reduce temperature, and decoupling capacitor network to
reduce power noise. As well, it helps to alleviate the limitation of the
number of IO power pins. For both single and multiple power domains,
the proposed STDN architecture demonstrates good performance in 3D
floorplan, IR drop, power noise, temperature, area and even the total
length of signal connections for selected MCNC benchmarks.

1 INTRODUCTION

In contrast to device and local interconnection, global intercon-

nection in two dimensional (2D) system-on-chip (SoC) designs is

not scaled as feature size of process technology continues to shrink.

Henceforth, global interconnection has become a major speed and

power bottleneck in advanced technologies when more functionali-

ties are accommodated in one single chip. Without further shrink of

device sizes, three-dimensional (3D) integrated circuit (IC) chip has

been identified as an effective way to achieve better performance

in speed and power by scaled global interconnection [1]. Providing

high vertical interconnection density between device tiers, through

silicon via (TSV) offers a promising solution in 3D IC [2]. However,

some design issues hinder TSV or even 3D IC from volumes of

adoption, such as IR drop, thermal dissipation, current delivery per

package pin and various voltage domains among tiers. To tackle

these issues, the design of power network plays an important role

in 3D IC.

While optimizing power network in 3D IC, traditional 2D design

methodology is not applicable to 3D IC directly because new

considerations come into play :

• Limited number of power/ground IO pads: One of major

goals in 3D IC is to reduce die area. It results in less number

of power/ground IO pads (PGIO, IO pads in redistributed

layer (RDL) or in package under bottom-most tier connecting

to power/groud voltage sources) available and more current

delivery per PGIO. In other words, placement of PGIOs in 2D

approach without considering activities among all tiers at the

same time is not adequate.

• Thermal dissipation: Location with maximum vertical tem-

perature gradient is different from the location with maximum

temperature in 3D IC. Thermal TSV should be placed at loca-

tion with maximum temperature gradient vertically among tiers

(3D approach) other than location with maximum temperature

on the tier (2D approach) [3]. Henceforth, we are not able

to use 2D thermal approach (maximum temperature) to place

thermal TSVs at hot spots directly. Power distributed network
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(PDN) solely is not an effective way to reduce temperature in

3D IC. The placement of PDN should take TSVs into account

concurrently for thermal dissipation path. A 2D flow is not able

to consider power dissipation path among TSVs vertically.

• Power network partition: In multiple power domain appli-

cations, 2D voltage island partition is not applicable to 3D

tiers because power mesh partition and TSV placement have

to consider all tiers at the same time in order to place level

shifter.

Though the recent wave of 3D IC research is prosperous, research

work pays not much attention to power delivery issues. Among a lot

of research on 3D IC, only two papers have discussed the design of

power network [4, 5]. One approach is to construct a regular power

distributed network by top two layers of metal, the fixed number of

TSVs and fixed-pitch power mesh [4]. The other approach is to co-

synthesize PDN and floorplan, which develops PDN and floorplan

concurrently, in 3D IC [5]. This work uses both uniform PDN and

non-uniform PDN. In uniform PDN, there is only one PDN pitch

for all tiers. In non-uniform PDN, each tier has its own optimal

pitch without taking other tiers into account.

The disadvantage of regular power distributed network [4] and

uniform power distributed network [5] is that it can not provide an

optimal PDN pitch for a design which consists of active module

with small area and inactive module with large area. For small

and active module, a small PDN pitch is preferred; however, a

large PDN pitch is preferred for large and inactive module. Non-

uniform power distributed network [5] seems to be a better solution.

Unfortunately, because pitch sizes among tiers are not considered,

only limited number of TSVs can be aligned vertically to connect

power networks in different tiers. For example, let the pitch of tier-1

be 157um and that of tier-2 be 117um. Because stacked-TSV has to

be aligned at the common pitch location between tiers, the pitch for

stacked-TSV between tier-1 and tier-2 will be 18369um, the Lowest

Common Multiple (LCM) of the pitches of the two tiers. Inadequate

interconnections (power TSVs) among power distributed network in

different tiers will result in (1) more electronmigration issues, (2)

more IR drop and (3) less efficiency in thermal dissipation.

It is essential to bear in mind that thermal, signal integrity and re-

liability of 3D IC configurations are equally important. Algorithms

looking into these issues have to consider the simultaneous interplay

of all stacked tiers. In addition, because of low resistance, large

capacitance, high current delivery and good thermal conductivity in

TSV, a well structure of PDN and power TSV is a good candidate

to solve the above design issues in 3D IC. In this paper, a novel

integrated architecture of stacked-TSV as power TSV and power

distributed network, STDN (Stacked-TSV Distributed Network), is

proposed to serve multiple roles to minimize IR drop, temperature

and power noise. As well, it helps power delivery efficiency.

Our specific contributions in this paper are as follows.

• A novel integrated architecture of stacked-TSV and its cor-

responding power distributed network (STDN- Stacked TSV

Distributed Network) is proposed. It is applied in 3D IC
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Fig. 1. Profile of Stacked TSV

designs not only with single power domain but also with

multiple-power domain. It serves three objectives: (1) power

distributed network for IR-drop minimization; (2) thermal

distributed network for thermal dissipation; (3) decoupling

capacitance distributed network for power noise reduction.

• A voltage volume in 3D IC extended from 2D voltage island

for multiple power domain is proposed.

• Based on the new proposed STDN architecture, an algorithm

to demonstrate the effectiveness of STDN for signal integrity

and thermal dissipation in both single power domain (SPD)

and multiple-power domain (MPD) is put forth.

The rest of the paper is organized as follows. Section 2 proposes

an integrated architecture of stacked-TSV and thermal and power

distributed network (STDN). Section 3 formulates the minimization

problem for voltage drop, temperature and other factors in the

new proposed architecture and proposes an algorithm to solve

them during floorplanning. Section 4 shows experimental results.

Conclusions are put forth in Section 5.

2 NEW ARCHITECTURE OF STACKED-TSV AND DISTRIBUTED

NETWORK

In this section, we will discuss basic characteristics of STDN and

compare it with other work.

Fig. 1 illustrates the profile of stacked-TSV. The basic character-

istics of the stacked-TSV are described as follows.

• TSV goes through silicon and stops on metal-1 (M1). M1 uses

stacked via-array to connect top metal.

• Connection of tier-1 to package by RDL directly uses flip-

chip method. Tier-1 to tier-2 are connected back-to-back by

bumping layer which also links TSV of tier-1 to TSV of tier-

2.

• Tier-2 to tier-3 are connected face-to-back by intermetallic

compound which links top metal of tier-2 to TSV of tier-3.

The same interconnection is constructed between tier-3 to tier-

4, tier-4 to tier-5, and so on except tier-(n-1) to top tier.

• Tier-(n-1) to top tier is connected face-to-face by intermetallic

compound which links top metal of tier-(n-1) to top metal of

top tier. This structure allows that the top tier does not need

TSV process.

• All of power/ground (PG) sources are connected through RDL

to PG nodes of tier-1, while the PG nodes in upper tiers are

connected to PG sources by TSVs of tier-1.

Fig. 2. Architecture of STDN in 3 Tiers

• Taking 3 tiers as an example. To serve as power TSVs and

thermal TSVs, stacked-TSVs could be connected in two ways:

(1) tier-1 → tier-2; (2) tier-1 → tier-2 → tier-3. To serve as

DECAP (decoupling capacitor) TSVs, stacked-TSVs could be

connected in three ways: (1) tier-1 → tier-2; (2) tier-1 → tier-2

→ tier-3; (3) tier-2 → tier-3;

Next, the basic characteristics of the STDN are described as

follows.

• The pitch ratios among all tiers are integers. For example,

in the experiments conducted in this paper, pitch ratio of tier-

1:tier-2:tier-3:tier-4 is 1:2:4:4. This is a key property of our

power network. With this property, stacked-TSVs connecting

power networks in different tiers can be inserted easily. The

actual pitch size is determined by module activities, IR drop,

thermal dissipation and floorplan during floorplanning.

• Stacked-TSVs are placed on cross section optionally.

• For multiple power domain applications, voltage volume is

designed. The concept of voltage volume in 3D is similar to

voltage island in 2D. As is implied by its name, the modules

using the same voltage are placed at the same planar (2D)

location among all tiers such that STDN are partitioned to cut

power mesh and the corresponding stacked-TSVs are able to

connect to the same voltage.

An example of STDN in 3 tiers is illustrated in Fig. 2. The pitch

ratio of tier-1:tier-2:tier-3 is 1:2:4. The planar lines in red are power

mesh and the planar lines in blue are ground mesh. The vertical bars

in red are TSVs connected to power mesh while the vertical bars

in blue are TSVs connected to ground mesh. The thick solid bar in

yellow shows a stacked TSV connects power networks in tier 1, 2

and 3.

Fig. 3 demonstrates an example of 3D floorplan with voltage
volume in multiple power domain of STDN. The modules in the

same color are assigned to the same voltage. The lines of the same

color are PDN in the same voltage. In this example, two voltages

are assigned for tiers and two voltage volumes are constructed.

In order to avoid large leakage in standard cell, a level shifter is

required when signal propagates from low voltage to high voltage.

One advantage of voltage volume is that level shifters are easily

placed at any tier. Because each tier are partitioned into voltage
volume according to the number of voltages used, each tier has all

its required voltage levels. The two power supply voltages of level

shifter are able to be connected at the same tier wherever level

shifter is placed. Without the concept of voltage volume, it is very

difficult to place level shifter. For example, suppose a level shifter



Fig. 3. Example of 3D Floorplan in MPD

converts 0.8V to 1.2V, 0.8V PDN is constructed in tier-3 and 1.2V

PDN is constructed in tier-1. It is difficult to connect two power

supply voltages whichever tier the level shifter is located.

The major advantages of the proposed architecture are

• Based on regular PDN mesh and the ratios of pitches which are

given constants among tiers, the number of TSVs in stacked-

TSV architecture and the length of PDN are well controlled by

PG mesh pitch. Moreover, all of stacked-TSVs are the same

size and aligned. It is friendly to process manufacturing for

variation control.

• All of current delivery are uniformly shared by STDN. It helps

alleviating the limitation of the number of PGIOs and reducing

electron migration impact.

• A key observation in [6] shows both the number of PGIOs and

the number of TSVs in each layer being increased (decreased)

at the same time according to PDN mesh pitch maximizes the

performance in power noise reduction. Our STDN architecture

meets this requirement.

• Because of well controlled pitch in STDN, thermal wire is able

to conduct thermal lateral to the nearest stacked-TSVs. More

importantly, stacked-TSVs provide a direct path from top tier

to bottom tier for thermal dissipation effectively.

• Voltage volume partition approach make it easier to place level

shifters.

• Because STDN plays dual roles in power network and thermal

network, refinement of STDN reduces IR drop and temperature

at the same time.

3 3D FLOORPLAN WITH NEW PROPOSED ARCHITECTURE

To demonstrate the effectiveness of our integrated architecture,

STDN, we will develop a floorplan algorithm to minimize IR drop

and temperature. The output includes floorplanning result and the

actual size of PDN pitch under given pitch ratios among tiers.

3.1 PROBLEM FORMULATION

In order to describe problem formulation clearly, multiple power

domain (MPD) problem is separated from single power domain

(SPD) problem even though those two problems are solved by the

same algorithm in a fusion way.

• Problem of single power domain is defined as follows:

Given a set of current consumption for each module, a net-list
of module connectivity in block-level, geometry information

of each module (length, width of module, locations of pins,
etc.) and the number of tiers for 3D floorplan. Our objective
is to floorplan those modules and construct power distributed
network by STDN so that IR drop, temperature, area, wire
length and the number of signal TSVs are minimized.

• Problem of multiple power domain is defined as follows:

Given a set of current consumption for each module, a net-list
of module connectivity in block-level, geometry information
of each module, the number of tiers for 3D floorplan, timing
constraints and the number of voltages used. Our objective
is to floorplan those modules, construct power distributed
network by STDN and assign voltages to modules so that IR
drop, temperature, area, wire length, the number of signal
TSVs, the number of level shifters, total power consumption
are minimized and timing constraints are met.

3.2 IR DROP MODELING

STDN builds electrical resistors and capacitors based on dis-

tributed network geometry while treating power pins of each module

as current sources. For DC IR drop analysis, resistance of stacked-

TSV, resistance of PDN in STDN and constant currents are applied.

For power noise analysis (transient IR drop), STDN takes resistance,

capacitance and transient current stimuli into consideration. In

addition to resistors, capacitors and current sources, ideal voltage

sources are applied from IO pads through bottom-most tier as power

sources. In IR drop modeling, both RDL and package are not taken

into account for all simulations (including ours and [5] emulations).

In other words, ideal voltage sources are directly connected to

passivation opening in flip-chip of bottom-most tier.

As to power noise analysis (transient IR drop), the waveform of

transient current stimulus is approximated by a triangular waveform

to emulate current transitions during voltage transitions of signals.

The total charge of transient current waveform is equal to total

charge of DC (constant) current waveform. This relationship is

formulated as Equ. (1).∫
0

T

I(t) · dt = Iconstant · T (1)

where I(t) is transient current stimuli, Iconstant is constant current

and T is simulation time. After 3D floorplan and STDN construction

is done, a SPICE simulation run deck and SPICE net-list are

generated. Then HSPICE simulator [7] is invoked to simulate run

deck and to output IR drop measurement data.

3.3 THERMAL MODELING

STDN builds an equivalent thermal circuit through thermal-

electrical analogy. By steady-state equation of thermal network,

thermal resistors are connected between nodes which are spatially

adjacent regions. Moreover, thermal current sources are mapped to

power sources. The voltages at the nodes in this equivalent thermal

circuit are computed by solving equations of equivalent thermal

network. These voltages yield the temperatures at those nodes. The

ground node of the circuit corresponds to a constant temperature

node which is typically the ambient temperature.

In our thermal modeling of STDN, grid-based method is applied

for thermal simulations and analysis. 20 × 20 grids are used in

thermal network laterally.

Based on the above approach, all thermal resistors, voltage

sources for ambient temperature, current sources for power con-

sumptions are generated into SPICE run deck and net-list. As does
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IR drop simulation, HSPICE simulator is applied to simulate and

to output temperature measurement data.

3.4 PROPOSED ALGORITHM

In order to trade off many design factors in 3D floorplan at the

same time, nondeterministic algorithm, simulated annealing (SA),

is used in our algorithm as shown in Fig. 4. In addition, 3D B*-tree

structure is applied in our algorithm as a floorplan representation

[5].

First, the number of tiers in 3D floorplan, module information

(power consumption, netlist, width, length, pins, etc.), the size of

stacked-TSV, the width of PDN in STDN, range of PDN pitch,

IR drop and EM limitations are fed into flow. Furthermore, if 3D

floorplan is constructed in multiple power domain (MPD) the timing

constraints and the number of voltages applied in MPD are also

fed into flow. Second, hundreds of 3D floorplan of the selected

benchmark are randomly generated and the corresponding STDN

structures are constructed accordingly. Based on our cost function,

the best floorplan with the corresponding lowest cost is found

among those hundreds of random floorplans as an initial solution. In

single power domain (SPD), the cost factors in cost function include

maximum IR drop, maximum temperature, maximum temperature

gradient, maximum area variation, footprint area, the number of

stacked-TSVS in STDN, the number of TSVs for signals, total

wire length of signals, total wire length of STDN and white space.

White space is defined as area not used by module in core area (it

might be used by power strips in STDN and stacked-TSVs outside

of modules). In multiple power domain (MPD), besides the cost

factors defined in single power domain, the cost factors in cost

function include the number of level shifters, area of level shifters

and product of power and delay.

Third, simulated annealing (SA), a non-deterministic algorithm,

is applied as a main body of our algorithm to find lowest cost

solution. Fourth, the perturbation of the current floorplan and STDN

is created. The perturbation consists of inter-tier movement, inter-

tier swapping, intra-tier movement, intra-tier swapping, intra-tier

rotation and pitch refinement. Fifth, if 3D floorplan is MPD, voltage
volume (i.e., voltage domain partition) is constructed. Then Integer

Linear Programming (ILP) is applied for voltage assignment [8].

Sixth, the SPICE run decks and net-lists (both DC and transient)

are constructed according to 3D floorplan and STDN structure for

IR-drop and thermal simulations. Seventh, SA selection method is

used with HSPICE simulation results.

TABLE I

KEY PARAMETERS USED IN EXPERIMENTS

Parameter Value

Max. number of tiers 4
Thickness of wafer 50um
Metal width for signals 1um, 10um
Max. Metal Width 10um
Diameter of TSV 6um, 8um
Metal width for STDN 8um, 10um
Min. pitch of STDN 50um
ρR of TSV (Ω · um) 0.0198
ρC of TSV (fF/um2) 4.316
ambient temperature 25◦C

Finally, when the simulated annealing process terminates, tran-

sient power noise (transient IR drop analysis taking both resistance

and capacitance into account) is analyzed for the generated floorplan

and STDN. If transient power noise of node is larger than a

predefined threshold (10% VDD in our algorithm), the stacked-

TSVs, serving as decoupling capacitors, are added in STDN around

nodes which violates power noise threshold.

4 EXPERIMENTS

4.1 EXPERIMENT SETUP

Four benchmark examples (AMI33, XEROX, APTE and AMI49)

selected from MCNC benchmarks are used in our new architecture

for 3D floorplan experiments. The number of tiers varies from 1 to 4

for each benchmark. The CMOS BULK process with copper TSV

and metal layers in 90nm technology is applied in experiments.

As to 3D floorplan in single power domain, 1V typical voltage

is applied. As regards 3D floorplan in multiple power domain,

three voltages (0.8V, 1.0V, 1.2V) are applied. When the number

of tier is one, the flip chip with 2 times STDN pitch is applied to

connect power pads. In other words, flip chip pitch is 100um while

STDN pitch is 50um. If maximum IR drop and ground bouncing

is larger than 15% of VDD, then the metal width of power pin of

the module to STDN is redefined to 10um (the width is 1um by

default for power pins of the modules). The key parameters used

in experiments are summarized in Table I, where ρR is resistivity

and ρC is capacitance per unit area.

Furthermore, we take effect of TSV area into consideration in

Table II and comparison of single and multiple power domains in

subsection 4.2.2 where module area is expanded to accommodate

the area of TSVs. The amount of expansion is determined by the

number of stacked-TSV, size of TSV used and structure of STDN.

However, the comparison in Tables III and IV assumes zero size

TSV because our data is compared to that presented in [5] where

zero size TSV (i.e., a module is not expanded to accommodate

TSVs) is assumed.

4.2 EXPERIMENTAL RESULTS

4.2.1 3D FLOORPLAN IN SINGLE POWER DOMAIN

The first experiment is to understand the effectiveness of STDN

in single power domain. The experiment results are shown in Table

II. All data are the average of four selected MCNC benchmarks. In

this table, the module area is scaled up according to the number of

stacked-TSVs and structure of STDN. ”Size” in the first column is

the size of stacked-TSV, where 6 (8) is a 6 (8)um TSV. ”Ratio” in

the first column means data in ”Ratio” rows are performance ratio

of 6um data (numerator) to 8um data (denominator) ”#Tiers” is



TABLE II

PERFORMANCE SUMMARY IN SINGLE POWER DOMAIN

Size
# Max Max Γ TN Afp # # WLS WLI WS

Tiers IR(mv) T(◦C) (v · ps) (mv) (um2) TSVS TSVI (um) (um) (um2)

6

1 100.6 36.7 406.1 279.1 36847118 0 0 893224 765103 9737985
2 117.5 31.9 414.5 318.8 18751505 164 96 437387 513562 7745135
3 131.4 42.3 476.0 345.1 11683205 159 187 357320 467268 8324945
4 91.5 39.6 496.7 350.4 9715247 1095 196 777953 410769 10530138

8

1 72.4 40.4 478.8 248.7 33996095 0 0 689893 770237 6219809
2 69.8 31.5 437.8 293.8 18493460 1017 83 1000146 542058 7489598
3 119.5 34.5 441.5 321.3 12952760 439 163 618380 457895 10722073
4 91.6 38.5 478.2 346.8 9103561 1121 239 815428 398520 6887283

Ratio

1 1.39 0.91 0.85 1.12 1.08 - - 1.29 0.99 1.57
2 1.68 1.01 0.95 1.08 1.01 0.16 1.16 0.44 0.95 1.03
3 1.10 1.22 1.08 1.07 0.90 0.36 1.15 0.58 1.02 0.78
4 1.00 1.03 1.04 1.01 1.07 0.98 0.82 0.95 1.03 1.53

Average 1.29 1.04 0.98 1.07 1.02 0.50 1.04 0.82 1.00 1.23

the number of tiers. ”Max IR” is maximum IR drop from all nodes

when power consumption is DC. ”Max T” is maximum temperature

from all grids. ”Γ is the total sum of power noise which is defined

as total sum of the integral of the voltage drop below 10% VDD for

power-grid-induced noise at all nodes [9]. ”TN” is the maximum

transient noise. ”Afp” is the area of footprint. ”#TSVS” is the

number of TSVs in stacked-TSV structure in STDN for thermal

and power delivery. ”#TSVI” is the number of TSVs for signal

connections. ”WLS” is total wire length of power mesh in STDN.

”WLI” is total wire length of signal interconnections. ”WS” is

white space which is core area not used by module (it might be used

by power strips in STDN and stacked-TSVs outside of modules).

”Average” is the average performance ratio of all 4 tier conditions

for all performance metrics.

From power TSV point of view, compared with 6um TSV, 8um

TSV reduces IR drop by 29% and white space by 23%. The

resistance of TSV is critical to IR drop. From thermal TSV point of

view, performance is similar between two sizes. Moreover, a design

with more number of TSVs uniformly distributed is more effective

than a design with large size of TSVs.

From 3D floorplan quality point of view, 6um TSV outperforms

8um TSV in the number of stacked-TSVs by 50%, in total wire

length of STDN by 18%. The area expansion of module due to

stacked-TSV area does have impact on 3D floorplan quality. The

performance of 6um TSV is similar to 8um TSV in total sum of

power noise, in transient noise, in footprint size, in the number of

signal TSVs and in the total wire length of signal interconnection.

The TSV size does not have impact on signal interconnections.

Moreover, the temperature in 1-tier is higher than that in 2-tier

because there is no TSV for thermal dissipation. As to the number

of tiers, it does not have consistent relationship to (1) IR drop;

(2) temperature; (3) power noise; (4) the number of stacked-TSVs;

(5) the total wire length of STDN and (6) white space. However,

the more number of tiers results in (1) smaller footprint (but not

proportional reciprocally to the number of tiers); (2) more TSVs

for signal interconnections; (3) less total wire length of signal

interconnections; and (4) more transient noise.

The second experiment is to compare architecture performance

of STDN with that of [5]. Before we present the simulation data

of [5] and ours, the following experiment setup is described:

• Our tool is integrated in the tool developed by [5]. Hence, the

software platform used by two methods including floorplan

TABLE III

PERFORMANCE COMPARISON WITH NON-UNIFORM FLOORPLAN [5]

Size
# Max Max Max FP # Wire White

Tiers ΔV T ∇T Area TSV Length Space

6 1 0.15 1.11 1.88 0.73 - 0.64 0.33
6 2 0.47 0.87 0.74 0.76 6.72 0.50 0.54
6 3 0.31 0.87 0.61 0.63 4.68 0.56 0.39
6 4 0.38 0.74 0.37 0.72 4.17 0.56 0.55

8 1 0.24 1.08 1.62 0.68 - 0.60 0.32
8 2 0.58 0.97 1.10 0.86 8.31 0.66 0.87
8 3 0.43 0.77 0.39 0.71 6.82 0.59 0.48
8 4 0.35 0.81 0.68 0.72 3.44 0.58 0.48

Average 0.36 0.90 0.92 0.73 5.69 0.59 0.50

representation in B*-tree and simulated annealing engine are

the same.

• TSV size, maximum metal width and other process-dependent

parameters are the same.

• IR drop and thermal generation are conducted by models as

described in Section 3 for both methods.

• The simulation data of MCNC benchmarks are identical.

• Regardless of the number of TSVs and the structure of power

network, module area is not expanded for both sides.

• Power pins (e.g., VDD, GND pins) of module connects to the

nearest PDN mesh in our approach while power pins of module

in [5] connects to TSV (cross point of power mesh) .

According to experimental results in [5], performance of uniform

and non-uniform mesh is similar. Henceforth, we choose only non-

uniform approach for comparison.

Performance comparison with non-uniform 3D floorplan in [5] is

summarized in Table III. All data are the average of four selected

MCNC benchmarks.

”Max. ΔV ” is ratio of maximum IR drop by our approach

(numerator) to the maximum IR drop by [5] (denominator). ”Max.

T” is ratio of maximum temperature and ”Max ∇T ” is ratio of

maximum temperature gradient. ”FP Area” is ratio of foot print

area. ”#TSV” is total number of TSVs used in power network.

”Wire Length” is total length of signal wires. ”White Space” is

area not used by module in core area. ”Average” shows the average

performance ratio of all 8 test conditions (6um with tier from 1 to

4, 8um with tier from 1 to 4) in all performance metrics.



TABLE IV

COMPARISON OF NETWORK STRUCTURE [5]

Size #Tier
AMI33 XEROX APTE AMI49

Max IR #TSV Max IR #TSV Max IR #TSV Max IR #TSV
Ours [5] Ours [5] Ours [5] Ours [5] Ours [5] Ours [5] Ours [5] Ours [5]

6 1 0.012 0.140 0 0 0.018 0.148 0 0 0.068 0.597 0 0 0.139 0.479 0 0
6 2 0.143 0.145 8 12 0.070 0.143 36 72 0.211 0.326 96 168 0.153 0.153 72 256
6 3 0.130 0.139 10 16 0.067 0.135 32 168 0.288 0.366 94 196 0.180 0.282 94 168
6 4 0.131 0.127 12 28 0.053 0.131 34 252 0.334 0.577 72 264 0.154 0.161 246 450

8 1 0.013 0.144 0 0 0.018 0.110 0 0 0.080 0.201 0 0 0.144 0.469 0 0
8 2 0.071 0.137 8 8 0.091 0.138 40 72 0.263 0.341 70 8 0.183 0.221 40 70
8 3 0.086 0.145 10 16 0.090 0.132 40 24 0.258 0.404 72 160 0.163 0.185 120 216
8 4 0.081 0.104 20 24 0.089 0.123 40 252 0.234 1.185 86 324 0.158 0.198 162 216

As to the maximum temperature and the maximum temperature

gradient, both structures show similar performance. As to footprint

area, total wire length and white space, our approach shows better

results. As to the maximum IR drop, out approach reduces 64%

more voltage drop than that in [5].

As to the number of TSVs, our approach shows flexibility to

provide 5 times more number of TSVs than [5]. Even though 5 times

more number of TSVs are used, the total area of TSVs occupies

less than 2% (0.51%, 0.51%, 0.23%) of footprint area in AMI33

(XEROR, APTE, AMI49).

Next, we want to understand if our power network is a better

structure even without large number of TSVs, we conduct an

experiment to remove the requirement of IR drop reduction in our

approach. Table IV is the comparison of [5] and ours. It shows that

we use less or equal number of TSVs for 31 cases out of 32 and

achieve smaller maximum IR drop for all cases.

4.2.2 3D FLOORPLAN IN MULTIPLE POWER DOMAIN

The third experiment is to understand the effectiveness of STDN

in multiple power domain. In multiple power domain, two kind of

application domains are experimented- high performance (HP) and

low power (LP). Three voltages (0.8V, 1.0V, 1.2V) are available

in experiment of multiple power domain. Because of no timing

information provided in MCNC benchmarks, we create delay infor-

mation of module based on module area. The larger module area

results in larger delay. As to HP experiments, the timing constraint

of MPD is set to 0.9X of SPD delay in 1.0V (i.e., speed of MPD is

10% faster than that of SPD in 1.0V). As regards LP experiments,

the timing constraint of MPD is set to 1.3X of SPD delay in 1.0V

(i.e., speed of MPD is 30% slower than that of SPD in 1.0V). All

data are the average of four selected MCNC benchmarks.

In summary, both in high performance (HP) and low power (LP)

experiments, MPD shows similar performance as compared with

SPD in footprint area, the number of TSVs for signal interconnec-

tions, and the total wire length of signal interconnections.

As to speed in HP experiments, compared with SPD, MPD

achieves 14% faster with overhead of 2.0X more maximum IR drop,

8% higher maximum temperature, 1.4X more number of stacked-

TSVs, 41% longer total wire length of STDN, 10% more white

space, 26 level shifters added and 29% more power .

As regards power-related performance in LP experiments, com-

pared with SPD, MPD achieves 42% less power, 31% less maxi-

mum IR drop, 11% lower maximum temperature with overhead of

24% more number of stacked-TSVs, 18% longer total wire length

of STDN, 28% more white space, 21 level shifters added and 29%

slower.

From voltage volume point of view, the total wire length of

signal interconnections and footprint area are not much affected.

Moreover, the number of level shifters is very limited. However,

multiple power domain partition (cut) does have impact on STDN

architecture (the number of stacked-TSV and total wire length of

STDN) and white space.

5 CONCLUSION

A new integrated architecture, STDN (Stacked TSV Distributed

Network), is developed to create 3D floorplan and its distributed

network for power delivery and thermal dissipation at the same time.

It presents its effectiveness in solving IR drop, temperature, power

noise and floorplan quality. Furthermore, voltage volume is proved

as an effective approach in multiple power domain partitioning for

3D floorplan.

REFERENCES

[1] W. Chen, W. R. Bottoms, K. Pressel, and J. Wolf, “The next step in
assembly and packaging: System level integration in the package (SiP),”
Tech. Rep., 2008.

[2] M. Umemoto, K. Tanida, Y. Nemoto, M. Hoshino, K. Kojima, Y. Shirai,
and K. Takahashi, “High-performance vertical interconnection for high-
density 3D chip stacking package,” in Proc. Electronic Components and
technology Conference ECTC, 2004, pp. 616–623.

[3] S. Sapatnekar, “Addressing thermal and power delivery bottlenecks in
3D circuits,” in Design Automation Conference, 2009. ASP-DAC 2009.
Asia and South Pacific, Jan. 2009, pp. 423–428.

[4] Y.-J. Lee, Y. J. Kim, G. Huang, M. Bakir, Y. Joshi, A. Fedorov, and S. K.
Lim, “Co-design of signal, power, and thermal distribution networks for
3D ICs,” in Design, Automation Test in Europe Conference Exhibition,
2009. DATE ’09., Apr. 2009, pp. 610–615.

[5] P. Falkenstern, Y. Xie, Y.-W. Chang, and Y. Wang, “Three-dimensional
integrated circuits (3D IC) floorplan and power/ground network co-
synthesis,” in Design Automation Conference (ASP-DAC), 2010 15th
Asia and South Pacific, Jan. 2010, pp. 169–174.

[6] G. Huang, M. Bakir, A. Naeemi, H. Chen, and J. Meindl, “Power
delivery for 3d chip stacks: Physical modeling and design implication,”
in Electrical Performance of Electronic Packaging, 2007 IEEE, Oct.
2007, pp. 205 –208.

[7] HSPICE Simulation and Analysis User Guide, V-2004.03. Synopsys,
2004.

[8] W.-P. Lee, H.-Y. Liu, and Y.-W. Chang, “An ILP algorithm for
post-floorplanning voltage-island generation considering power-network
planning,” in Computer-Aided Design, 2007. ICCAD 2007. IEEE/ACM
International Conference on, Nov. 2007, pp. 650–655.

[9] H. Su, S. Sapatnekar, and S. Nassif, “Optimal decoupling capacitor
sizing and placement for standard-cell layout designs,” Computer-Aided
Design of Integrated Circuits and Systems, IEEE Transactions on,
vol. 22, no. 4, pp. 428 – 436, Apr 2003.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


