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ABSTRACT

Integrating circuits in the vertical direction caalleviate
interconnect related problems and enable heterogesnehips to
be stacked in a single package with a small fortofa This paper
addresses the power delivery issues in 3D chipsaliég some
interesting facts and design challenges. A muidtiys power
delivery technique that can reduce the worst caSaise by 45%
and lower the overhead power consumed in the paueply
network by 65% is proposed. A test chip layoutinSDI process,
showing a 5.3% area overhead, demonstrates thibifdpaof the

scheme.

Categories and Subject Descriptors:
B.7.1 Hardware]: Integrated Circuits- Types and Design Styles

General Terms: Design, Performance

Keywords: 3D chip, power delivery, power supply noise,

multi-story

1. INTRODUCTION

3D integration is recognized as a breakthroughrtelciyy for
improving interconnect performance and reducingp cform
factors [1][2]. Memory bandwidth, which has becomeritical
performance limiter in modern microprocessors, cae
significantly increased by vertically stacking cashon top of
processing cores. Extremely high memory denstti@ge been
demonstrated for stand-alone applications wheretiptell 2D
memory chips are stacked in a single package. r@&giation
technology also makes it possible to verticallegrate chips built
in heterogeneous processes (e.g. logic, DRAM, fl&6e, InP)
with slight additional cost compared to integratingpnolithic
chips. Recent advancements in Through Silicon Vi&V)
technology have transformed 3D integration fromahotatory
exercise to a practical technology. Dimensionstafe-of-the-art
TSVs have shrunk below 1 micrometer which redubesarea and
performance overhead for the electrical intercotioecbetween
the different tiers [2]. Here, the term “tier"nsferred to each layer
of devices and metal wires which are stacked topas® a 3D IC.

The premise of 3D integrated circuits has spureskarch
activity at virtually all levels of the 3D desigrienarchy. The
material and process community has recently maelat gtrides in
developing high yield and low cost TSVs with dimens
comparable to small logic gates [3][4]. The cafigbio improve
TSV characteristics as traditional scaling contfumakes 3D
chips even more viable in future process generatioA host of
techniques to deal with 3D chip design issues lh@en introduced
by the circuit design and automation community. erfimal
management is one of the most important desigesssu3D chips,
as they have higher power dissipation per area inntkased
thermal resistance between the tiers due to tHatiso layer. It is
widely accepted that the processing cores, whicteigee the
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greatest amount of heat, should reside on theclisest to the
cooling device while circuits such as memory analeg/RF with
relatively low thermal profiles should reside om tlayers closer
to the electrical interface. Various 3D architeess and
interconnect models have been proposed to estinilage
performance benefits, power reduction and die teatpee [1][5].
Thermal aware placement and routing algorithmsS®@iCs have
been presented in a number of prior publicatiorl§7B][9]-
Contactless signaling between the stacked tiersigushe
capacitive or inductive coupling principle has begaining
traction in the circuit design community [10][111 That work
is based on the premise that by utilizing the clo®imity of the
circuits, TSVs between the tiers for data signals lee eliminated,
which may resolve wafer alignment issues and leadotver
process complexities. At the architecture and esysievel,
benchmark programs were used to predict the metamgwidth
improvement in various 3D architectures [13].
Despite the recent surge in 3D IC research, thasebeen
virtually no work from the circuit design and autation
community on power delivery issues for 3D ICs. hip power
supply noise has worsened in modern systems besaabeg of
the Power Supply Network (PSN) impedance has npt ke
with the increase in device density and operatingenit due to
the limited wire resources and constant RC per \eingth [14].
This situation is worsened in 3D ICs as TSVs coote
additional resistance to the supply network and nbeber of
pins for power delivery is fundamentally limited tye footprint
of the 3D chip. For example, a 3D chip withiers can only have
1/n the number of power supply pins compared to its 2D
counterpart which results in arfold increase in the resistive and
inductive parasitics. The increased IR and Ldilgpply noise in
3D chips may cause a larger variation in operasipeed leading
to more timing violations. The supply noise ovehdue to
inductive parasitics may aggravate reliability ss$uch as oxide
breakdown, Hot Carrier Injection (HCIl) and NegatiBias
Temperature Instability (NBTI). Consequently, drip power
delivery will be a critical challenge for 3D ICsThis is contrary
to the common perception where power delivery incBiips was
considered no different than that in conventiorialchips.
In this work, we specifically address the poweridgly
issues in 3D ICs. The highlights of this work asef@lows:
= Compared to their 2D counterparts, we find that d3igns
have a much larger DC noise due to the added TSigtaace.
The peak impedance at the resonant frequency itasito 2D
as the increase in inductive impedance is part@iypensated
by the increased damping from the TSV resistances.

= Low frequency supply noise is worst in the tiettHiest to the
supply pins (i.e. the bottom tier) while the highduency noise
is worst for the tier closest to the supply pins.(the top tier).

= A multi-story power delivery technique is propostd 3D
chips. In this scheme, an external voltage soofc2Vyy or
3V4e (or more) is applied, and power is distributed
differentially between ak{/yq) rail and a (k-1)V4g) rail using
level conversions as required [15][16]. By reayglicurrent
between different power supply domains, the IR e@an be
reduced by up to 45%.

= Design trade-offs between the number of stackedplms)
leakage power and via allocation has been analyretétail
for the proposed multi-story power delivery scheme.

A 3D test chip layout in MIT Lincoln Lab’s 0.18unqeess
showcases the feasibility of the proposed scherhe. ASNs in



each tier are readily separated requiring onlyhsligodification,
which makes the scheme particularly attractive3frchips.

The organization of the paper is following. In $ect2, we
reveal some important perspectives on power supgige in 3D
chips based on actual TSV parameters from a prmdutdvel 3D
process. In section 3, we give analysis resulgrépose a multi-
story power delivery technique to mitigate the D@se problem
in 3D chips. Section 4 gives a chip layout impletagon of the
proposed scheme. Finally, section 5 draws a coioclu$his work
uses MIT Lincoln Lab’s 1.5V, 0.18um 3D Fully-DedtSilicon-
On-Insulator (FD-SOI) process which has 3 tiers [4]

2. POWER SUPPLY NOISE: 2D VS. 3D
2.1 Introduction to 3D FD-SOI Process

Fig. 1(a) depicts the MIT Lincoln Lab’s 3D FD-SOidogess.
This process has three tiers. The bonding padsratee top tier,
while the heat sink is typically below the bottaertProcessors or
other power intensive circuits would ideally be qald on the
bottom tier in close proximity with the heat sink.

The tiers are interconnected through TSVs for gkzdtand
thermal conduction. Fig. 1(b) shows the cross-seati SEM
photograph [4] of a stacked TSV connecting the baekal of the
top tier with the top level metal of the bottomrtid simplified
resistance model is superimposed. Based on actar@meter
extraction [4], each cone-shaped TSV has a resistahlQ in this
process and the stacked TSV, a total resistan2® ofThe top and
middle tiers are aligned face-to-back, while theldte and bottom
tiers, face-to-face, making the path from the topntiddle tier
longer and more resistive. We model this configaratby
breaking up the total stacked via-resistance into chunks of®.5
1Q and 0.%2 as shown in Fig. 1(b).

The TSV resistance encountered in the supply pagoses
new challenges in 3D power delivery vis-a-vis tbewentional 2D
case. First, the lower tiers experience worsenegepsupply noise
due to the increased resistance in the power nktwairthermore,
power intensive circuits have to be placed at botter, which
makes reliable power delivery even more difficult.

3DOGC Opens to This Metal Level

Bottom tier

Wafer 1 Handle Silicon

Paste/Epoxy |

Heat Sink

(@) (b)
Fig. 1 (a) Cross section of 3D FD-SOI process. (Bimplified
via resistance model aligned with a cross-section8EM.

2.2 Frequency Response of Power Network: 2D vs. 3D
The supply noise behavior in 2D circuits is fainyell
understood [14]. However, in 3D, due to the TSVistasce in the
power network structure, the supply noise char@ties in each
tier should be revisited.. Fig. 2 gives the circuiddels developed
to compare the two cases. The resistance in 3Dyspath would
be dominated by the TSVs, ten of which are modalee. There
are a few assumptions made. First, the overall chjpacitance
(3nF in typical 2D case) is split equally betweka three 3D tiers.
Second, due to the reduced footprint of the 3D tilie,number of

power pins would be third of the 2D case, leadm@X increase
in package parasitic inductance and resistance.
Since, noise at the bottom tier is predictably woxge

compare this tier's impedance response with the&ie.
Vdd = 1.5V

Package
2D Parasitics 3D
vdd = 1.5V l
0.2nH 0.2nH
0.01Q 0.01Q
0.03Q 0.03Q
Top tier
@ widdle tier
‘_‘ . Bottom tier
z

Fig. 2 Simplified PSN models for comparing impedare
response in 2D and 3D.
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Fig. 3 Impedance response comparison between 2D a80D.
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The normalized impedance comparison is shown inFigvhich

illustrates the following:

« Low frequency impedance: The capacitors and irdacare
open and short circuited, respectively. Thereftire,2D model
has an impedance of 2(0.01+0.03)=@0&hile the 3D model
has an impedance of 2(0.03+0.05+0.1+0.05)=0.4@his
indicates that for the same amount of current3fechip will
have 0.46/0.08=5.75X more IR drop compared to 2D.

* Resonant peak impedance: The resonant peak isriie¢el by
amount of damping and the value of inductance. Htre
increased inductance in 3D (due to the smallerpioat) is
counteracted by the increased damping providechbeyarger
resistance drop to the bottom tier. Thus, the pesthow
comparable values.

« Resonant frequencies: 2D circuits typically haveeaonant
frequency of around 50-300MHz, given ky_=1/( 2m/LC)-

If the equivalent capacitance in 3D is same asunmodel,
due to the increased L, the peak is shifted taneidrequency

« High frequency impedance: 2D and 3D impedancesrhec
comparable, and this is attributed to the shieldiffgct of the
bottom tier capacitance — which is due to the thett the
capacitance becomes virtually a short at high feegies. Thus,
we can conclude that tHeC supply noise becomes a greater
concern in 3D designas compared to its 2D counterpart.
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Fig. 4 Impedance response of the three tiers in3D IC.

2.3 Impedance Response of Power Supply in Each 3D
IC Tier
To understand the supply noise behavior at diffetiems, we
simulate the AC impedance in Fig. 4 using the ¢&suit shown.
The key results are as follows:

Low frequency impedance: As expected, the DC amd |

frequency impedances, which are governed by the TSV

resistances, show a worsening trend for the loeezl ltiers.
e High frequency impedance: The top tier has thegelstr

impedance while the middle tier has the minimum AC
to be counter-intuitive. sThi

impedance, which seems
characteristic is due to the shielding effect of #djacent tier
capacitances, which causes the effective dampisigta@ces to
be the largest for middle tier and smallest for tiye tier. The
above trend is more noticeable at high frequenibesg®nd the
resonance peak.

* Resonant behavior: Since the shielding effect ioratl above
is not significant at mid-frequencies, the resorapeak follows
the lower frequency trend with bottom tier being thorst case.
However, there is a reduced noise offset as noteah tthe
simulated curves. Also, since the effective capacié is the
same for all tiers, the resonant frequencies anestlidentical.

In summary, the AC impedance is worst for thetdrottier
up until the resonant frequency, while beyond thaint, the top
tier has a slightly larger impedance value. Sitnegehkottom tier is
likely to contain circuit blocks with large currecbnsumption due
to thermal issues, the supply noise in the bottem(i.e. product
of current and impedance) will become a major comder 3D
implementations.

3. MULTI-STORY POWER DELIVERY
FOR 3D CHIPS

We have emphasized the supply noise problem in GD
architectures arising due to the large resistaasssciated with the
supply path to the bottom tier. The problem is Hart difficult,
since it is impractical to increase the TSV coum tb the ensuing
area overhead. In this section, we have extendedid&a of a
multi-story power delivery [15][16] to propose \@aus
architectures for suppressing power supply noise3D IC.

Fig. 5 explains the basic concept of multi-storywpo
delivery. The conventional supply network is modele Fig. 5 (a),
where all circuits draw current from a single poweurce. Fig. 5
(b) shows the multi-story supply network with sutegits
operating between two supply stories. (Note thaie;htstory” is
only an abstraction to illustrate the nature of fwaver delivery
scheme, as opposed to the 3D IC architecture, wtieseits are
physically stacked on top of each other.) In thikesne, current

consumed in the “2)4V 44 Story” is subsequently recycled in the
“V 4o0Gnd story”. Due to this internal recycling, haé much
current is drawn compared to the conventional sehewith
almost the same total power consumption. A reduedent is
beneficial since it cuts down the supply noise. Sho the best
case, if the currents in the two sub-circuits ammpgletely
balanced, the middle supply path will sink zerorent. This
results in minimal noise on that rail, as alsosiliated in Fig 5.
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Fig. 5 Conventional and multi-story power deliveryschemes
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3.1 Optimal Number of “Stories” in 3D ICs

We now consider a more generalizagtory power delivery
scheme for 3D ICs. Fig. 6(a) gives a model of thditional one-
story supply structure, where we merge all tiera 8D IC into a
single current source for simplicity. The resis@nc would be
the vertical path resistance contributed by the And is
inversely proportional to their number. The totalitshing
current of the 3D chip is denoted Iy With this model, we



calculate the worst case DC noise and power digsipan the

PSN as 2-r and2:12.r, respectively.

Fig. 6(b) shows the proposed equivalent model eynpdpm-

stories. The net current is distributechirequall/m current blocks.

Due to the increased number of supply paths, theratv

effectiveness of this scheme should be judged avitnstraint on

area, equivalent to the TSV count. Thus, the td@Y number
here (and in all the subsequent analysis) is assumeée fixed at
2N. Therefore, each path in Fig. 6(b) had(®N-1) TSVs, which
translates to O(Bh+1)r, as the corresponding path resistance.
Some analysis results from the above proposed dgpaddre
useful in subsequent sections and we summarize Iedow.

¢ In the best case, if all stories are ‘on’, the afedsupply paths
have ideally no currents flowing, thus minimiziniget supply
noise for those tiers.

« Unlike the conventional scheme in Fig. 6(a), thersvacase
condition for noise occurs when only one story is while
others are off as depicted in Fig. 6(b) (gray). Tast case
noise comes out to BeR- (1+1/n).

« The maximum power consumption occurs when evegrrate
story is off. However, in the two story case, itulb be the
same as the case when both stories are on.

Fig. 6(c) shows the plot of the worst case @& and PSN

power versus number of storigs Clearly, the curve shows great

returns in terms of power and noise for2, beyond which the
returns diminish. Considering the overhead for ipaning the
circuit and generating multiple power supplies, wwo-story
network is suited for our case.

3.2 Beneficial Effect of Leakage on PSN Supply

We now examine the two story PSN structures in Fig.
while considering leakage current in the off-steré&ssuming it to
bea-1/2. In the present technology a leakage current of @%-5f
the on-current is a fair estimate. It is evidewnf Fig. 7(right)
that the leakage current opposes the regular duftew and
reduces the worst case drop across the commonysppti. As
calculated below the figure, compared to the shsgpey scheme
of Fig. 6(a), we get a DC supply noise reductiomé? and the
worst case PSN power decrease of 62.5%, assumin@b.5.

Next, we will employ the multi-story power delivesgheme
to propose some 3D IC models.

Sans

o

12 17] V2 ali2
ON  OFF
PSN power = 2(1.5r(0.51)) DC noise = 2[1.5r-(0.5I)]-
=0.751%r [1.5rx0.5a] = 1.51r-0.750l

Fig. 7 Two-story PSN (left). Worst case for DC no#s (right). o
is the percentage leakage power.

3.3 Multi-Story PSN for a Memory-Memory-Processor
Architecture

Fig. 8 shows the 3D PSN model of a memory-memory-

processor architecture. The processor resideseabadttom tier,
and is assumed to consume twice the memory tigerur The
TSV count is 2N as before and the parasitic L antcb@ponents
have been ignored for DC analysis. The equationghfe worst
case power dissipation in the supply nets and thistwcase DC
noise are depicted alongside the figure.

Top tier
@ widdie tier
. Bottom tier

DC noise =
2(R-41+2R-3I+R-21)=24IR

PSN power =
2(R«(41)2+2R-(31)*+R+(21))=761°"R

Fig. 8 PSN model of memory-memory-processor archit¢ure
in a single-story 3D IC design.

PSN power = DChroise=18IR-9aIR DCroise=18IR-9aIR
2x1.5[R(21)*+2R(1.51)*+RI*]
(@) (b) (©

Fig. 9 Balanced multi-story power delivery for the3D IC
model. (a) All circuits switching representing wost case PSN
power. (b) Left story switching (c) Right story swiching.

Using the multi-story scheme, we propose Werraate 3D
topology in Fig. 9(a), which we call thiealanced multi-story
power delivery 3D IC modeHere, each tier is split up into two
equal sub-blocks with different supply stories T2i¢ vias are
equally distributed in the three supply paths masylin a 3/2X
increased per path resistance. Fig. 9(b) and (ojvsthe two
worst case possibilities, with the faded figurewgimg the off part
conducing only leakage current. Thus at 50% leakage.5), we
get a 44% reduction in DC supply noise, while &82 decrease
in PSN power calculated from the resistive disgsipain Fig.
9(a). The base case for comparison is the topdlogyg. 8. Note
that these results are identical to ones from Figh#e advantage
of this topology is the inherent balance in the tworst case
scenarios, which if skewed degrades the DC noisees next.

The presence of multiple supply rails in the batghmulti-
story scheme can lead to certain implementatiomeiss as
discussed in section 4.@arse multi-story power delivergodel
of Fig. 10(a), with single-storied tiers, is aneaftate scheme,
where the processor in the bottom tier is impleménin a
different story from the memory tiers at the top. ding so, the
supply network in each tier can be left intact, @ifging the
implementation. The worst case for PSN power,asgmted by
Fig. 10(a), yields a value of 43R a reduction of
45%.compared to the base single story case. Byznglthe two
cases in Fig. 10(b) and (c), separately for IR dnepfind the
worst case noise is given by:

DC,,.. = Max[(24IR - 6aIR),(12IR -1201R)]

wherea is again the percentage of leakage current. Ate€é#¢age,
this equals 24-R, which shows no improvement from the single-
story case. At higher leakage currents, the effengss is better
than the balanced model but is still limited by skew of the DC
noise in the two worst case possibilities, as $emsn above



equation. This reveals further scope for improveiméy
redistributing the TSVs for different supply patiosoptimize the
overall worst case.

PSN power =

(6R+1.5R+1.5R)-(2)*+ I(3R+3R)  DCpoise=12IR-120IR  DCpoisc=24IR-6aIR
=42I°R

(a) (b) (©)
Fig. 10 (a) Coarse Multi-Story Power Delivery (b)Left story
switching c¢) Right-story switching (worst case DC aise)

* I
2R, * 2R, al
& ' &
R, \ W
azl
) a
PSN power = s
(4Rr+Ry+Ry)-(21)*+ P(2R,+2Ry) DCroise(1) DCroise(2)
=(16R1+6R;+6Rs)l =4IR;+4IR;-80IR; =8IR+8IR;-4aIR;
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Fig. 11 (a) Non-uniform TSV distribution (b) Left Story
Switching c) Right Story Switching

Table 1: DC noise optimization criterion at different leakage.

% leakage X\'S IID\l':t',’\'E)unon E;%‘J’(‘:S;’ion R1,R2,R3 values
0% 0.86N, 0.86N, 0.28N | 22.5% 1.16R, 1.16R, 3.5R
25% 0.95N, 0.79N, 0.27N | 28% R, 1.27R, 3.7R R
50% N, 0.75N, 0.25N 34% R, 1.33R, 4R

Fig. 11(a) shows the same circuit with a noiferm via
distribution, using the variables;RR, and R which are not
necessarily equal. The worst case for PSN powEigisll(a). The
two extreme cases with the worst case,fCare depicted in Fig.
11(b) and 11(c). Thus, we formulatiee optimal via distribution
condition for minimal DC noise as a choice of R, and R for
which Max (DGeisd1), DG,oisd2)) is minimized with the fixed TSV
constraint:

1.1

=2N or —+—+ LN
R R

2
R, R
Intuitively, the optimization should converge todsrmaking the
two worst cases equal. The DC noise results aepted in Table
1 for differenta values. Thus, the proposed optimized scheme
offers a 22-34% improvement in DC noise. Simultarsdy it
would decrease the PSN power by as much as 37%=@5b).

It should be noted that the above optimization wase to
decrease the IR drop. Another criterion could bentoimize the
PSN power expression shown in Fig. 11(a). Henceef@mulate
the TSV optimization criterion for minimizing the powsupply
network as a choice of INN,, N; (or R, R, Rs) for which
F=16/N;+6/N,+6/N3 is minimized with the constraint that
N;+N,+N3;=2N. We substitute l=2N-N,-N3 into the expression

N; +N, + N,

for F, take partial derivatives with respect tg Ahd N and
equate to zero. We obtain ;#0.89N (R=1.12R) and
N>,=N3=0.55N (R-R5=1.8R). This yields an improvement in PSN
power efficiency by 48% but degrades the supplgeoi

It is important to emphasize that the baldrtogology of Fig.
9 is preferable against the coarse topology of Eify.for the
memory-memory-processor architecture being consitidrere.
The latter topology tries to balance the processorent with the
memory current in the upper tiers. This may notdyggnificant
noise benefit in the case when the processor duisemuch
larger than memory current, making the two worstditions for
DC noise too skewed to seek any advantage from
optimization. However, the situation is differemt the uniform
memory-memory-memory scenario, as discussed below.

via

1.5R

1.5R

(a)
Fig. 12 (a) Memory-memory-memory in a conventional
single-story design. (b) Proposed multi-story scinee.
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Fig. 13 DC noise and PSN power of different schemes

3.4 Multi-Story PSN for a Memory-Memory-Memory
Architecture

Unlike the topologies considered in previous disaus the
3D IC model in Fig. 12(a) has monolithic memorieseach tier
having similar current drives. Fig. 12(b) is theeferred scheme
in this case. The implementation is easy, sincedifierent tiers
can be readily separated as independent memorhleaks with
different supply stories. The analysis follows th&the topology
in Fig. 10, except that in this case the two warastes are
inherently balanced by the recycling of tier 1 emtrinto tier 2
and tier 3, and no further optimization is requifednoise. With
a=0.5, this scheme offers a 44% and 50% reductiamise and
PSN power, respectively.

3.5 Comparison of Power Delivery Schemes

Fig. 13 summarizes the effectiveness of the varsmhemes,
discussed in this section, in terms of PSN powduegon, and
DC noise reduction at=0%, 25%, 50%. As depicted, the multi-
story technique proposed for 3D ICs has the paktdi reduce
the DC noise by 25%-45% depending on the prefawpdlogy



and leakage power percentage. Also, PSN power can
simultaneously cut down by 37%-63%.

3.6 AC Supply Noise Characteristics

It is also important to gauge the immurafythe proposed
scheme against AC noise. Figs. 14(a) and (b) shwoav test
structures for comparison of AC supply noise atlibtom tier for
the single- and multi-story schemes. The otherstieave been
ignored for simplicity. In order to make the comipan fair, the
same amount of decoupling capacitance (decap) [Hoged in
both circuits, and the number of TSVs is assumedetadentical.
In these simulations, the amplitude of the sinuslofbise was set
at 0.2A, and the supply noise was measured whilgngthe total
amount of decap for both circuits equally. Globasanance is
assumed to be typically around 100MHz, the reaeotthie chosen
frequencies. Fig. 14(c) shows that the proposeclitiresults in
greater AC noise reduction with lower total amourftslecap, and
a comparable performance with larger, more realddicap values.
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1.5V 1.5V 1.5V i
S 1a «— Single-
5 O story
30 3Q 3Q, 2 06
20 2
20 ci2 § ci2 > 0.4 100MH
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5 02] Ng--SGHz
on__,‘_a,._‘ =
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Fig. 14 (a) AC noise analysis setup for single-stosupply. (b)
AC noise analysis setup for multi-story supply. (cAC noise
comparison at 100MHz and 1GHz.

460pm

SEdES-IE
=
gégs'*

=

=E
-
gE

=
=
i
=
=

5
=
=
5

||m i i
e e

L
E

561um
Fig. 15 3D chip layout of the multi-story power dbvery
scheme. TSVs are located along the supply rails othe
periphery. The lower tiers are stacked below the ghwn view.

4. CHIP LAYOUT IMPLEMENTATION

To demonstrate the feasibility of the proposed sehewe
implemented a test layout of a 3D IC, shown in Bi§, using the
MITLL-0.18um FD-SOI design kit. Only the top ties visible in
the figure. Each tier is split up into two stori@sd powered by
appropriate supply rails (highlighted in figure feisibility) that
are laid as concentric rings. The TSVs are dengelged on these
rails. In order for the stories to communicate vatith other, level
shifting logic was employed [15][16]. Due to thedéabnal level
shifters and supply path, there is a 5.3% areahea& over the
conventional 3D IC design for the 516x4®@ test layout. Since,
this was a SOI process where the transistor bad®ssolated; the
balanced multi-story scheme in Fig.
implementation. However, in a bulk process, as NMig&ices on
each tier have to share the same body bias, thrsecoaulti-story
scheme of Fig. 11 should be employed.

9 was suited fo

b5. CONCLUSIONS

This paper analyzes on-chip power delivery issuwes3D
ICs using simple circuit models from MIT Lincoln h'a 1.5V,
0.18um 3D FD-SOI process. DC, rather than AC,en@shown
to become a greater issue especially in the batitemfior a 3D IC.
A multi-story 3D power delivery scheme that addessthis issue
without incurring any area overhead has been dpedlcand
extended to curb supply noise in memory-memory-gssor and
all-memory 3D architectures. Simple DC analysignestes a DC
noise reduction of 25%-45% depending on the prederopology
and percentage of leakage power. In addition, P8Nep is
predicted to be cut down by 37-63%. The feasibilitfy the
scheme is demonstrated using a 3D chip layout iB@hprocess
showing a 5.3% area overhead.
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