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Abstract. The effect of power supply noise in on-chip power 2 Variations

grids and its implications on the path delay in digital circuits

is examined. The simulation results show that IR-Drop andin deep submicron technologies, variations, both process and
the resulting path delay are strongly affected by the layout ofenvironmental, gain significance. In the following, both will
the circuit. Power grid design measures to reduce IR-Droppe discussed briefly.

as well as their area and performance implications are dis-

cussed. 2.1 Process vriations

Process variations in active and passive devices, like changes
in doping concentration, oxide thickness, wire resistance
and capacitance, as well as length and width of transis-
tors, influence their performance. Process variations which
i i ) . are correlated between transistors on a die, like lot-to-lot,
With the ongoing scaling of CMOS technologies, process, ater.to.wafer and chip-to-chip variations, can be charac-

and environmental variations ga}in significance. Since sUpigarizeq by full-speed tests and speed monitors. After the
ply voltages have been scaled with the last technology nodesg, 5 terization of the circuits, appropriate counter mea-

power_supply integr_ity has become a first Qla_ss design issu%ures, such as supply voltage binning or body bias adjust-
(Benoitetal, 1998 Lin and Chang2001). Variations 0fsup-  ent can be carried out to increase the parametric yield
ply voltage are either caused by the inductance of the powefTschanz et al2002.

line times the time-deviation of the current, so calBed d:

1 Introduction

. . . Random variations, which are not correlated, are very
noise, or by the voltage drop over the finite resistance of thenard to detect and characterize. Up to now, only few

power 9”0" caused by the cu.rrerlt flowing through' It approaches have been published to address this problem
In this the paper the implications of power noise on the (st et al, 2003.

path delay will be examined. In Se@an overview of the Since in current technologies global or correlated varia-

different types of variations in modern technologies is given, ons are dominant, speed monitors and binning of frequency

and the challenges imposed by environmental variations arg,q supply voltage is being used successfully. Since random

described. Following Sec3.on IR-Drop, the modeling of the  \ 3riations become more and more significant with ongoing

power grid, as well as the simulation setups are explained Rechnology scaling, more research is to be expected on that
Sect.4. In Sect.5 the propagation of the voltage drop over (g

the power grid is explained at two different simulation setups.
Simulation results for implications of the power supply noise 5 5 Environmental variations
on the path delay are shown in Se6t. In Sect.7 design

measures for reducing power supply noise, as well as thei{y;, the scaling of technology nodes, not only process vari-
implications on the performance and the area overhead argions, put also environmental variations, such as cross talk
shown. Finally, conclusions are drawn in Set. (X-Talk), changes in temperature and power supply distor-
tions, become more and more significant. This is due to
Correspondence tayl. Eireiner (eireiner@tum.de) the continuous decrease of supply voltage, accompanied with
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fects of power integrity are looked at, inductance is omitted
in our analysis and is not modeled in the simulation setup.

The second effect of power supply integrity is called IR-
Drop. As Ohms law states, E@, the current through the
power grid causes a voltage drop over the finite resistance of
it and decreases therefore the effective supply voltage seen
by the gates.

AVig=R-1 2)

For applications with low/p p and high power density, high
current values intensify this problem.

_ _ _ ] 3 IR-Drop
Fig. 1. Top view of an axially symmetric cut out of a four stage

power grid 3.1 Resistance of power grid

As Eq. 2 describes, the voltage drop caused by IR-Drop is
just a moderate scaling of threshold voltages and the resultproportional to the resistance of the power grid which the
ing reduced overdrive voltage. current must pass through. This resistance is dependent on

Actually, environmental variations are deterministic, but various parameters. The first is the specific resistance of the
since the complexity is too high and most of the variations aremetallization material used. For reducing the specific resis-
highly influenced by the layout of the chip, these variationstance of the metallization, aluminum has been replaced by
are modeled, if at all, statistically. Another big challenge copper in modern technologies. Another factor is the thick-
of environmental variations is the testing or characterizingness of the metal layers. Together with the specific resis-
of them. This is because switching pattern and the activitytance, the thickness of the metal layer determines the sheet
of the circuit determine environmental changes. Scan testgesistanceRs of a metal layer. These factors are technol-
which are used for characterizing process variations, are naggy dependent and can therefore not be altered by the chip
suitable for characterizing these variations, since in scan testgesigner.
only few paths are triggered during one clock cycle and the The designer of a circuit has two primary possibilities to
switching patterns are therefore not representative for reainfluence the resistance of the power grid, since the resistance
operation. Worst case analysis and tests are one possibilityf a wire R, is given by Eq3, whereL ;.. andW,,. are
to cope with these variations. Because these analyses anfle width and length of the wire.
tests are very pessimistic the overall yield decreases.

L .
. . Ryire = Rg - e (3)

2.3 Power supply integrity Woire
. ._The length of a power line to a specific circuit is usually given
_Slnce_ the paperaddress_es the problem of power suppl_y nO.'SBy the floorplan. Therefore, the only parameter of Bq.
Its orlgdlr;)s \tNI" (tj)if expl::unedhhere. Power supply noise is which can be directly altered by the designer is the width of
caused by two diflerent mechanisms. the power grid wires. The topology of the power grid is the

The firstis called///d noise. Transient changes of CUr- gecqnd factor through which the designer can influence the
rent cause a voltage drop over the inductance of the powefugjsiance of the power grid. Usually a power grid consists
grid, as described by Ed, whereAVqy; is the change in ot 06 1o five metal layers, each orthogonal to its neighbor-
su_pply voltage due ta//d, L the lnductanpe of the power ing metal layers. At their overlapping points, the different
grid and! the current through the power grid. metal layers are connected through multiple vias in parallel,

dl so called via stacks.
AVygr =1L ' (1) Figurel shows a top view of an axially symmetric cut out
of a four stage power grid, as it is used in our analysis. Go-

This voltage drop can either increase or decrease the effeéng from bottom to top, the lowest metal layer is contacted
tive supply voltage for the gates. Therefore, especially at sceby the second lowest metal layer in a fixed pitch. In the same
narios of block activation, clock gating or frequency change,manner, the second lowest metal layer is connected to the
where large changes of current occur, becomes this effecdecond highest metal layer in a fixed pitch and so on. The
present. For low power applications, on-chip inductance stillhigher the metal layer, the wider the wires are. Besides the
can be neglected compared to the inductance of the bongitches and the widths of the metal lines, the number of par-
wires Piguet 2004. Since in this paper only on-chip ef- allel vias per overlap point determines the resistance of the
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Fig. 2. Schematic of the power grid model

VSS

Fig. 3. Basic structure of the critical path and placing of its gates in
the power grid
power grid. Solder balls, through which the highest metal

layer of the on-chip power grid is connected to the external Voo

power supply, are depicted as red circles in Hig. =3 —
Critical

3.2 Outlook on future technologies Path

o T o S e S S
Y
As the power density will continue to increase and the ss

supply vo!tage will continue to dgcrease, even if slowgr Fig. 4. Critical path placed in the power rail without additional load
than previously expected, on-chip currents have to rise
(http://lwww.itrs.net 2003. This said, it is clear that power
supply integrity is a problem that will become more and more  Sjnce setup violations due to power noise first occur in the
challenging with ongoing technology scaling. The most critical paths of a circuit, a critical path replica of an ARM9
IIker solution of this prOblem is that more metallization area core, with a depth of 22 stages, was taken as test vehicle in
and more pins will be dedicated to power distribution to re- gyr analysis. The layout of the path has a length of.86
duce IR-Drop and///dt effects. Even today, about half of The basic structure of the critical path and how the gates are
the 1/0 pinS of a h|gh performance microprocessor are al'p|aced in the power gnd is depicted in F@ The orien-
ready dedicated to power distributioRysu et al.2009. tation of the layout is from left to the right and all gates of
the critical path are located on the same power grid. In the
simulation, all gates are connected once to the power grid, so
4 Modeling of the power grid and simulation setup that the different gates are separated by the distance of the
sum of their half lengths. Apart from the critical path, also
In our analysis we use a linear RC-model to model the foursmall and medium paths are used in the simulation to model
stage power grid. A schematic of the power grid model isa heavier loaded power grid. The schematic of the medium
depicted in Fig2. For simplicity reasons only the lower three and small paths, as well as the placing in the grid, is ana-
stages are shown. log to the critical one shown in Fid. All simulations are
The values for sheet resistances, sheet capacitancedpne in a low-power 90 nm technology, witfpp =1.2V
widths, pitches, and via counts are derived from a typical dig-and Temp= 25°C.
ital CMOS ASIC in a 90 nm low power technology. Widths  As reference for the following simulations, the critical
of the metal lines are in the range of 250 nm — 600 nm forpath is connected directly to a constant voltage source, and
the lowest to 5m — 150um for the highest metal layer. the path delayC P — Q ,q:,-delay, is simulated. In the fol-
Pitches range from @m — 15um to 300um — 1500um for lowing a power rail refers to a power line on the lowest metal
the lowest and the highest layer. The resistance of a via i¢ayer. For a better understanding, we declare that a power rail
between @50 — 20Q2 and 0022 — 0.2, the number of  ends with a low ohmic connection through a via stack to the
vias per crossing point (via count) ranges from 5 — 25 to 50upper metal layer.
— 250 from the lowest to the highest metal layer. The sheet For the first simulation setup the critical path is placed in
resistance for the different layers is betwee@2® /(] and  the power grid and no additional paths are added, as shown
0.125Q/0 from the highest to the lowest metal layer. in Fig. 4. The resulting IR-Drop at all nodes of the grid as
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Fig. 6. Critical path with active medium path in the same and inac-
tive paths as buffer capacitances in the shared power rails

Fig. 8. Critical path with active medium path in shared and neigh-
well as the resulting” P — O 4,-delay is simulated. This  boring rails
results in a maximum supply voltage drop of 8.2mV and an

increase of 1% ilC P — Q pasn-delay.

To increase the load on the power grid, additional medium _ T wroa. | vea | ot o/Vss SeCONd
paths are placed in the same power rail, as depicted irbFig. Via st Path | Path || Path metallayer
The additional currents caused by the medium paths add uj - ortion T ea R =
to a maximum IR-Drop of 13.2 mV, which results irC? — Path Path || Path Path |\, _

—— —

0 parn-delay worsening of 1.3 %.

In real circuits also inactive paths exist, also very often
power rails are shared between to standard cell rows. There
fore, in the next simulation setup additional inactive medium
paths are placed in the shared power rails to simulate the efxjg 9. critical path with medium paths in the shared rail and critical
fect of the junction capacitances on the IR-Drop. As shownpaths in the horizontal neighboring rails
in Fig. 6, the inactive paths act as a buffering capacitance
Cyp for the power rail of the critical path. The resulting
maximum voltage drop is reduced to 10.3 mV and the result- In the next simulation the medium paths in the horizontal
ing CP — Q parp-delay increase is only 1.1 %. neighboring rails are replaced by critical paths, see ig.

To further increase the load on the power grid, active The maximum IR-Drop is simulated to be 30.2 mV, the path
medium paths are placed in the next simulation in the sharedlelay worsening does not increase any further and stays at
rail, as depicted in Fig7. For this simulation setup, a 2.4%, as in the case for medium paths in the neighboring
CP — Qpan-delay increase of 2.2% and a maximum IR- rails.

Drop of 28.2mV is simulated. Since in real circuits it happens that a lot of critical paths

In a next step, the horizontal neighboring rails are loadedare placed next to each other, e.g. in data paths, this is mod-
with medium paths, as shown in Fi§. In contrast to the eled in the next simulation setup. Therefore, critical paths
figures shown so far, the power rails of the second metal layeare not only placed in the next 10 neighboring rails, but also
and the corresponding via stacks are shown in this figurein their shared power rails, as illustrated in Fig. A total
The increased load on the power rail results in a maximumnumber of 60 critical paths is used in this simulation. The
voltage drop of 27.2mV and @P — Q puy-delay increase  resultingC P — Q pq1,-delay increase is 4.1 %, the maximum
of 2.4 %. voltage drop is 49.8 mV.

1
. || Med. || Med. || Med.
Path | Path || Path
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VpfVsg s€CONd
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Fig. 10. Critical path surrounded with medium and critical paths in
the neighboring and shared rails
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Table 1. Descriptions of used abbreviations for simulation setups

Critical Critical Critical Critical — —
Path Path Path Path Abbreviation Description
= = GridOnly Critical path, without additional loadand
Critical Critical Med. Critical .
Path H Path || Path Path |, see Fig4
e = = RailActive Critical path and active medium paths
Critical itical Critical Critical H H H
iy e || vy in the railand see Figs
RA-VDDBuff like RailActive, with buffered shared

railsand see Fig6

RA-VDDActive

like RailActive, with loaded shared
railsand see Figr

RA-VDDA- like RA-VDDActive, horizontal rails
LRnoiseMP loaded with med. pathsand see Fg.
e RA-VDDA- like RA-VDDActive, horizontal rails
Vss LRnoiseCP loaded with critical pathsand see Fgy.
1. 1. 1. 1. CPallover All rails are loaded with critical paths
+—‘='—+—='—+—='—+-='V— see Figl10
2. 2. 2. 2. | PP OriChangel6bit| Change of orientation, 16 critical
e paths in paralleland see Figjl
Vs OriChange48bit| Change of orientation, 48 critical
30 3] 3| 3 paths in paralleland see Fityl
a3
: : i Vo

Fig. 11. Change of orientation of the critical path, with other critical

paths in parallel

5 Propagation of Vpp bounce

5.1 Reduction of complexity

Looking at our simulation setup, five independent variables

can be identified. These are the two power supply rails volt-

In the next simulation setup, the orientation of the critical 29€SVpp and Vss, the coordinates, x and y, of the power
path in the power grid is changed. Now the gates of the pattffid nodes and the time.
are not all placed in one power rail, as shown in FHgbut

In our analysis, the power grids f&f p andVss are mod-

distributed over more rails. Assuming parallel critical paths, €led identically. Therefore, IR-Drops will be corresponding,
now all flipflops of the critical paths are in the first power rail, €ven if the two power rails are stressed at different transitions
in the next power rail all first logic gates are placed and so®f a gate, the/pp rail at a low-high, theVs; rail at a high-
on. This is illustrated in Figl1. In our simulation we place low transition. Hence, only th&p rail is observed in our
16 critical paths next to each other, about one quarter of thénalysis. It should be noted that equal modeling of the two
critical paths we used in the last simulation. The change offails is only correct for a triple well process, in which the
orientation causes that now all gates in a rail switch at thebulk is not connected to théss rail. In a twin well process,
same time, this in turn increases the voltage drop and patkhere exists an additional high ohmic path parallel tolthe
delay. Since the layouts of the gates have different lengthstail through the bulk. However, this effect is assumed to be
the longest cell, flipflop, is taken as reference and the logichigher order and therefore is neglected in this work.
gates are grouped to best fit the length of the flipflop, to best In general, no implications can be made on the path delay
fill the available area between power rails. This setup resultgust by knowing the maximum occurring IR-Dropiénzler
in a maximum IR-Drop of 60.8 mV, and a delay increase of €t al, 2005. However, within one rail the shape of the IR-
5.8% is observed. Drop is quite similar with respect to different locations in the

. . - rail, as shown in Figl2. The transients of two nodes within

In the last simulation the number of parallel critical paths,

. . A one rail are shown. The first is placed directly under a via
with changed orientation, is increase to 48, to match better, P y

g ) ) X ~ “stack,x = 150um, the other transient is taken at the node at
the number of critical paths used in the last simulation with

) X . X N . which the highest IR-Drop, worst case (WC), occurs. One
regular orientation. This simulations results in a increase in

) sees, that both shapes are similar and only differ in ampli-
ggtg gsay of 11.3% and a maximum supply voltage drop Oftude. Therefore, the maximum supply voltage drop can be

used as metric for comparison between different nodes of the

For easier understanding, all abbreviations which will be power grid, within one simulation setup. Together with the
used later are shortly explained and the respective figures arghange in path delay, these are the figures of merit used in
given in Tablel. our work.
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Fig. 12. Transient of IR-DropAVpp, for two nodes within one  Fig. 13. Propagation of the peak voltage drop in dependence on x-
power rail coordinate for the rail loaded by the critical path and its neighboring
rails, for the RA-VDDActive simulation

5.2 Propagation of peak e e e S — R - |

In the following, a rail is taken which is terminated by via
stacks atc =150um andx =300um. The y coordinate is
y=225um. The coordinates correspond to those in Eig.
Figure 13 shows the propagation of the peak in x direc-
tion for the RA-VDDActive simulation. The start position
for the critical path ist =170um. The signal propagation
in the critical path is from left to the right, i.e. from lower to
higher x-values. For better visualization only three rails are
shown, the rail used by the critical path and the two neighbor-
ing ones. The highest voltage bounce is at the rail which is
loaded by the critical path and the medium paths in the same
and in the shared rail. The second highest voltage peak is
from the power rail which shares thgg and is loaded with
medium paths. The third rail shown is not loaded at all and

the resultnjg voltage bounce is |mposed from the loaded I’al|§:ig_ 14. Propagation of the peak voltage drop in dependence on
over the higher metal layers and via stacks. y-coordinate for the RA-VDDACctive simulation
In Fig. 13, clearly the fast fading away of the bounce to-
wards the low ohmic via stacks is shown. The asymmetry
in the loading of the horizontal neighboring rails and of the layer is corresponding to the fading on the lowest metal layer.
peak bounce can be explained by the direction of signal propThe peak decreases about linearly from one via stack to the
agation within the critical path, which is from left to the next one.
right. Therefore, the point of highest stress appears in the A 3-dimensional plot of the peak propagation is shown in
right part of the power rail and the grid is therefore loaded Fig. 15. For better illustration, a zoom-in at the via stacks
asymmetrically. at x =150um andx =300um is shown. The low ohmic
For the same simulation, RA-VDDActive, the propaga- contacts through the via stacks, as well as the fading away
tion of the maximum voltage drop in y direction is shown over the higher metal layers can be seen.
in Fig. 14. Again, the two loaded rails are shown clearly. In  After the IR-Drop caused by two loaded rails has been ex-
contrast to the previous figure, the fading away of the peakamined, now the IR-Drop for the CPallover simulation will
is much faster and abrupt. This is due to the fact that in y-be looked at. In Figl6the voltage drop in dependence on the
direction the rails are connected through the second metat-direction is plotted for the three power railsyat- 200um,
layer, which is low ohmic compared to the lowest metal y =205um, andy =210um, where the rail ap =200um
layer, and the via stacks. The fading on the second metaik the first unloaded, the rails at=205um andy =210um

] S T M S s SR B

e
o
o

delta VDD [

o
o

0.005
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Fig. 17. Propagation of the peak voltage drop in dependence on y-
coordinate for 10 loaded and the neighboring unloaded rails, for the

Fig. 15. 3-dimensional plot of the peak propagation over the power
9 P b propag P CPallover simulation

grid for the RA-VDDActive simulation, zoomed in to the via stacks
atx =150um andx = 300um
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Fig. 18. Schematic of varying starting positions of the critical path
within one rail
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of the peak on the second layer is illustrated even better in
this figure.
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6 Delay implications
Fig. 16. Propagation of the peak voltage drop in dependence on
x-coordinate for two loaded and one neighboring unloaded rail, 1‘0r6_1 Placing in the rail
the CPallover simulation

The layout of the critical path has a length of 8@, a rail
are both loaded with critical paths. in our setting has a length of 150n. To examine the im-

In contrast to Figl3, in Fig. 16 three peaks can be ob- pact of the placing of the critical path within one rail, all
served for each loaded rail. Additionally, the highest peaksimulations were done for the starting positians 150.m,
increased from 24 mV in Figl3to 48 mV in Fig.16, which ~ x =170um, x =190um, andx = 210um in the rail ranging
is about a factor of two. The peak value at the unloaded raiffom x =150m to x = 300.m, as depicted in Figl8. In
increased from 2.5mV in Fig.3to 23 mV in Fig.16, which ~ Table2 the path delays for varying starting positions within
is a factor of about 10. This reflects the heavier loading ofone rail are displayed. The results are given for the falling
the second metal layer, through which the unloaded rail isedge, which is the slower one in the considered path.
connected to the loaded ones. Two effects can be seen. Firstly, the starting condition at

In Fig. 17 the propagation of the voltage drop in depen- x =190um is always the worst case starting point. The other
dence on the y-direction is shown. The major difference toobservation is that the results do only differ by less than 1%
Fig. 14 is that there are not two, but 10 rails loaded. As between the best delayat= 150um and the worst case de-
said before, the maximum voltage drop increases due to théay. Therefore, it can be said that the delay of the critical path
heavier loading of the total power grid. The fading away is almost insensitive to the placing within the rail.

www.adv-radio-sci.net/4/197/2006/ Adv. Radio Sci., 4, 1805- 2006
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Table 2. Simulation results of the path delay for varying placing of Table 3. Simulation results for the path delay for different simula-

the critical path within one rail tion setups
Delay [ns] forxsqr [um] worst Delay [ns] Rel. AVpp
Simulation 150 170 190 210 | casex Simulation Rising | Falling | Change| [mV]
GridOnly 1.364| 1.366 | 1.366| 1.365| 190 No Grid 1.240 | 1.353 0.0% 0.0
RailActive 1.366| 1.369| 1.370| 1.369| 190 GridOnly 1.252 | 1.366 1.0% 8.2
RA-VDDBuff | 1.365| 1.367 | 1.368| 1.368| 190 RailActive 1.257 | 1.370 1.3% 13.0
RA-VDD- 1.375| 1.381| 1.384 | 1.383| 190 RA-VDDBuff 1.256 | 1.368 1.1% 10.3
Active RA-VDDActive | 1.276 | 1.384 2.3% 28.2
RA-VDDA- 1.378| 1.384| 1.386| 1.386| 190 RA-VDDA- 1.279 | 1.386 2.4% 27.2
LRnoiseMP LRnoiseMP
RA-VDDA- 1.377| 1.384| 1.386| 1.386| 190 RA-VDDA- 1.279 | 1.386 2.4% 30.2
LRnoiseCP LRnoiseCP
CPallover 1.405| 1.409| 1.409| 1.407| 190 CPallover 1.290 | 1.409 4.1% 49.8
OriChangel6bit| 1.312 | 1.419 4.9% 60.8
6.2 Increased power Supp|y |oading OriChange48bit 1.378 1.505 11.2% 93.6

As already mentioned and expected, the path delay of the The first design measure discussed in this Section is the

critical path increases with increased loading of the POWETihcrease of the line width of the lowest metal layer. Through

grid. The simulation results for the path delay as well as th he increased width of the power rail, its resistance de-

relative change of the path delay for the falling edge, which o 4ges proportionally, which consequently results in a re-
is the more critical one, are displayed in TaBle'he simula- j ,caq IR-Drop

tion without power grid serves as reference. As can be seen

) : ' A widening of the lowest power rails can be achieved in
the path delay increases up to 4.1% for the CPallover simu g P

lation. In this simulati h 4 is loaded with two ways. The first would be to increase the height of the
g\élon._ nlt 'S ﬁ'mulftlfn sgtﬁp,_t N pol:/vgr gk:l IS loade 'c\let standard cells. This has the advantage that the routing ability
critical paths, all placed horizontally in the power grid. o the |owest level is not affected. However, the increase of

th ngegﬁ rif vlvgbgtom[[aare the CP?::O\t/er S'W?'_a“fh” VIV'E: line width results in a direct increase of the chip area. The
€ Dnt-hangelobit setup, we see that even It in e fatlelyy, o possibility would be to keep the standard cell height
case the grid is only loaded with about a quarter of the gat

. econstant, but decrease the routing capability in the lowest
count, the path delay degrades up t0 5.8%. This is due to tharInetaI layer. The area impact of this method can hardly be

fact that 'Iln thte hOrlt(f:angelfstt'm Se:_l:]p’ allhgt?]tes W”Em ON€astimated in general, since the area overhead is dependent on
poy\t/e;_ral SV.\,:'h.C atthe _slame Ilme. ¢ I’Ol:gl | € SY”Ct rOml:__ﬁ/vhether a reduction of routability in the lowest metal layer
switching within one ratl, tne lowest metal fayer 1S stressed; acceptable and if the routing can be done on higher metal

more than in the CPallover case. This higher. stress of .th‘?ayers. A widening of about 17% of the lowest power rail
lowest metal layer causes a higher IR-Drop, which in turn N results for the OriChange16bit simulation in a reduction of

creases the delay degradation. For the OriChange48bitsimLi-50/0 of the maximum voltage drop to 51.4mV. The path de-

lation, which uses again less critical paths than the CPaIIove[ay increase due to IR-Drop is reduced to 5.1%, compared to
simulation, the path degradation increases even to 11.1%5 8% with the smaller power rail o

Even if this setup might seem a bit unlikely to occur in real The second design measure to reduce IR-Drop is the dou-
circuits, layouts like this can exist in data paths of semi—b

tom desianed circuit here the placi f1h I ling of the via count. Through this, the higher metal layers
custom desighed circults, where the placing of the CeliS 15,6 petter connected to the lower ones and the overall grid
done automatically.

resistance is reduced.

The area impact of this design change is quite small, since
7 Design strategies on the lowest metal layer a via stack occurs only every

150um. Therefore, the routing capability on this layer is

In the last Section, the delay implications of IR-Drop were little affected. On the higher metal layers, things are even
drawn for different simulation setups. In the following Sec- better, since routing usually is more relaxed on those layers
tion, two design measures to reduce IR-Drop, and their im-and the pitches get even wider. The doubling of the via count
plications of path delay and area overhead are discussed. Agsults in a path delay increase of only 5.0% compared to
noted earlier, there exist numerous possibilities to change th&.8% in the OriChange16bit simulation. The maximum volt-
resistance of the power grid. There we examined two examage drop is reduced from 60.8 mV to 50.2 mV.
ples to show their different impact on path delay and area Therefore, better IR-Drop performance can be achieved by
overhead. less area impact. This shows that for power grid optimization
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