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Abstract o o _
As technology advances, the metal width is decreasing with the length in-
creasing, making the resistance aong the power lineincrease substantially. To-
gether with the nonlinear scaling of the threshold voltage that makestheratio of
the threshold voltage to the supply voltage rise, the voltage (IR) drop become a
serious problem in modern VLSI design. Traditional power/ground (P/G) net-
work analysis methods are typically very computationally expensive and thus
not feasible to be integrated into floorplanning. To make the integration of the
P/G analysis with floorplanning feasible, we need a very efficient, yet suffi-
ciently accurate analysis method. In this paper, we present the methods for the
fast analysis of the P/G networks at the floorplanning stage and integrate our
analyzer into a commercial tool to develop a power integrity (IR drop) driven
design methodology. Experimental results based on three real-world circuit
designs show that our P/G network analyzer is accurate enough and very effi-
cient. In particular, with our floorplan-based P/G network analyzer, the power
integrity-driven design flow successfully fixed the IR-drop errors earlier at the
floorplanning stage and thus enabled the single-pass design methodol ogy.

Categoriesand Subject Descriptors: B. 7.2[Integrated Circuits]: De-
sign Aids—Layout & Simulation; J.6 [Computer Applications]: Computer-
Aided Engineering—Computer-Aided Design

General Terms: Algorithms, Measurement, Design, Performance
Keywords:. Floorplanning, Power/Ground Network

1 Introduction o o _

Due to the continued technology shrinking, the metal width is decreasing
with the length increasing. This trend makes the resistance along the power
line increas substantially. Further, the supply voltage reduces at a faster pace
than the threshold voltage. All these technology trends make voltage (IR) drop
a serious problem in modern VLS| design. Due to the IR drop, supply voltage
in logic may not be an ideal reference. This effect may weaken the driving
capability of logic gates, reduce circuit performance, slow down slew rate (and
thus increase power consumption), and lower noise margin [12].

Figure 1(a) showsachip floorplan of three hard macros (H M7, H Ms, and
H M3) and two soft macros (S M7 and SM2), and the power/ground (P/G)
network. As shown in the figure, we refer to a pad feeding supply voltage into
the chip as a power pad, the power line enclosing the floorplan as a core ring,
a power line branching from a core ring into macros inside as a power trunk,
and a pin in a macro that absorbs current (connects to a core ring or a power
trunk) as an absorb pin. To ensure correct and reliable logic operation, we
shall minimize the IR drops from the power pad to the absorb pinsin a P/IG
network. Figure 1(8) shows an instance of voltage drop in the power supply
line, in which the voltage drops by almost 30% at the absorb pin feeding into
the macro HM;. As[12] pointed out that 5% drop in supply voltage may
slow down circuit performance by as much as 15% or more. Further, it is
typical to limit the voltage drop within 10% of the supply voltage to guarantee
proper circuit operation [2]. Therefore, IR drop isafirst-order effect and can no
longer be ignored during the design process, and it is of particular importance
to consider the P/G network synthesis for reliable circuit operation.
1.1 Previous Work

The problem of power/ground (P/G) network synthesis has been studied
extensively in the literature[1, 2, 3, 6, 7, 8, 9, 10, 11, 12]. An important prob-
lem of P/G network synthesis is to use the minimum amount of silicon area
for wiring P/G network under the constraint of potential reliability such as IR
drops and electromigration. There are two mgjor tasksfor the synthesis: wiring
topology planning ([4, 6], etc) and wire width determination ([1, 3, 10, 11],
€etc)

As the design complexity increases dramaticaly, it is necessary to han-
dle the IR drop problem earlier in the design cycle for better design conver-
gence. Most existing commercia tools deal with the IR drop problem at the
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Figure 1:(a) An instance ofloorplan and its P/G network structure. The worst-case
voltage at absorb pins is about 30% of the supply voltage. (Bpdrplan with smaller
worst-case voltage drops. The worst-case voltage is about 9%.

post-layout stage when entire chip design is completed and detailed layout and
current information are known (see Figure 2(a) for the traditional defigy).
However, it is often very difcult and computationally expensivefta the P/G
network at the post-layout stage. Therefore, researchers start to consider the
P/G network design at thiéoorplanning stage [5, 12]. Liu et al. proposed an
optimal power-supply-friendly algorithm based on netwfdw to shorten the
current paths from power bumps to local power supply wiring [5]. Yim, Bae,
and Kyung in [12] presentedftoorplan-based planning methodology for P/G
distribution for ASIC applications.

1.2 Our Contributions

Traditional P/G network analysis methods are typically very computation-
ally expensive and thus not feasible to be integrated fittorplanning. To
make the integration of the P/G analysis wiithorplanning feasible, we need
a very eficient, yet suficiently accurate analysis method (i.e., traditional so-
phisticated P/G analysis and simulation do fibbur purpose for the design
methodology change). In this paper, we addressfaciafit analysis of the P/G
networks at théloorplanning stage and integrate our analyzer into commercial
tools to develop a IR-drop driven desifiow for real-world applications. Af-
terfloorplanning, we can obtain the information about the geometries of power
trunks and core rings, estimate the power consumption of each macro-cell,
and build the resistor networks corresponding to the power trunks and current
sources for the P/G network. Therefore, the IR drop for each macro (block) in
the chip can be computed. The analysis results can then be used to guide the
design of a nevfloorplan to generate a better P/G network. (See Figure 1(b) for
a betterfloorplan, in which the worst-case IR drop reduces from 30% to only
9% of the supply voltage.) The iteration @borplanning and P/G network
analysis continues until the IR drop is within the given budget. Similar to [12],
we presented a power integrity-driven desipw to handle the IR-drop prob-
lem earlier at théloorplanning stage. See Figure 2(b) for an illustration. Ex-
perimental results based on three real-world circuit designs show that our P/G
network analyzer is very accurate anti@ént. For example, the average (max-
imum) error for DC voltage-drop analysis obtained atftberplanning stage is
only 3.94% (8.41%), compared to the post-layout power simulation results us-
ing Synopsys/PowerMill. In particular, with ofloorplan-based P/G network
analyzer, the power integrity-driven desifjow successfullfixed the IR-drop
errors earlier at théoorplanning stage and thus enabled the single-pass de-
sign methodology, while the traditionthbw needed very time-consuming and
expensive iterations for all of the three designs.

The remainder of this paper is organized as follows. Section 2 formulates
the power/ground (P/G) distribution network problem. Section 3 introduces
the P/G network analysis. Section 4 describes the IR drop-driven diégwgn
Experimental results are reported in Section 5. Finally, we give conclusions in
Section 6.

2 Preliminaries

There are two major tasks for our work: (1) fast P/G network analysis,
and (2) integration of the analysis into the IR-drop driven defligw. Given
afloorplan of a set ofn rectangular macros, the locations of power pads for
the whole chip and for the macros, and the cell library information (power
consumption and current for cells, etc), we can generate a corresponding P/G
network and compute the IR drops for all pads. If there is any IR drop violation,
we can feed back the analysis results and adjust the exfktimgplan and/or the
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the equivalent circuit shown in Figure 3(a). The power consumption of a cell

can be obtained from either the vendor library or a power calculator. Once the

power consumption for each cell is known, we can obtained the power con-
l sumption of the soft macr® by summing up the power consumption of all

Voltage Drop Analysis cells i_n the macro. Then, the currehtis approximated b}P/VDD, whe_re )
;4 - Vpp is the supply voltage. For a soft macro with multiple absorb pins, its
3 Macte Modeling eration current can be computed by summing the current in every absorb pin in the
3.P/G Netwrok Reduction macro. Therefore, we can further simplify the modeling of all unit placement
4.Voltage Drop Computatign rows as shown in Figure 3(b). The power consumption of a hard macro can
[ P&R |

P&R be estimated by a dynamic transistor-level power simulétshould be noted
i that we use only resistors to model the circuits for the purpose of fast P/G net-
Extraction iterative work analysis. Other more sophisticated modelings with also capacitors and
loop Yes even inductors would definitely lead to more accurate analysis, but they are too
P&R computationally expensive to be incorporated into floorplanning.
- - -
Extraction R0 8 1 81 101 1
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Figure 2:(a) The traditional desigfiow. (b) The IR drop-driven desigiow. Figure 3:(a) The equivalent current source model of the P/G network shown in Fig-
ure 1(a). (b) The reduced model of (a).

P/G network tdix the violation. Iterations between the P/G network analy8i2 P/G Network Generation _ _
andfloorplanning (P/G network adjustment) continue until no violations occurAnalyzing a tree-based P/G network is relatively simpler than the mesh-
We follow the notation used in [11]. Le¥ = {N, B} be a P/G networkbased one: start at the tree leaves, and then sum up currents toward the root.
with n nodesN = {1,2,...,n} andb branchesB = {1,2,...,b}. Each This suggests a method for approaching the problem of the mesh-based net-
branchi in B connects two nodes; andis with currentflowing fromi to WOrk. Stark and Horowitz in [7] analyzed power supply networks using a tree-
is. Letl; andw; be the length and width of branghrespectively. Lep be link method (see Section 3.4 for detail). They viewed power networks as trees,
the sheet resistivity, antf; (I;) be the voltage (current) at node Then the With an occasional loop created when the designer adds cross-links between
resistance; of branchiisr; = (Vi, — Vi, )/1; = pl; Jwi. tree nodes. Their approach provides an insight into éiciefit approxima-
To ensure the correct and reliable I029ic operation, some constraints :qc’f the P/G network, which is suitable for early P/G network analysis at
IR drops, minimum widths, electromigration, etc) need to be fsatis Here lorplanning stage. Note that instead of using the very time-consuming
ive the dénitions of three major ones: full-mesh power analysis, what we really need here for the power integrity-
give . o . driven design methodology is a veryfiefent yet reasonably accurate power
e The IR drop constraints: For every absorb pin, its correspondingapproximation scheme.
voltageV; must satisfy the following constraints: We first consider the tree-based P/G network in this subsection. We will
Vi > Vinn for power networks show in Section 3.4 how to improve the analysis accuradjxyg the current
VZ‘ < sz; for ground networks for nor;—tr:e? (i‘lases. Gheneratlng a(ar)ee—based P/(C;)network ffmu(;?%n con- |
) Py . ; ' . ists of the following three steps: (1) traversing, (2) merging, an rooting. In
mhere-v’{””(v"?“tz)fls th,1/%m|nt|er1uLn (maximum) voltage required e traversing step, wierst construct an initial network fromfeoorplan. Given
T: |nje.>c.|0n pom ?ha < n_et OrTH idths of the P/G li afloorplan with several power pads, we perform a bréatt-search from each
e heminimum wigth constraints. 1he wvi ortne B/G lines m d, which is equivalent to traversing the routes of curfients. These routes
be greater ”rpan tﬂe minimum width al\ﬁljwec? in the given techno %@ﬁstitute a network. Then, we divide the network into several subnetworks at

The constraintis given by those points where currents collapse. For example, Figures 4(a) and (c) show
oliI; two floorplans with two modules and two power pads each. The respective P/G

Wi = o > Wi, min, (1) networks are given in Figures 4(b) and (d). The arrows in Figures 4(b) and

v v (d) show the directions of currents. The points where two currents collapse

wherew; min is the given constraint. are referred by dotted lines. We can further partition each network into two

; ; e [T/ . o . subnetworks from these points. (To consider the cuftemnting from the other
e Thedectromigration constraints: |Vi, — Vi, | < plic (i.e..Ii/w; < power pad, we can apply the tree-link method to be discussed in Section 3.4 to

{‘h).' I\évherea is a constant for a particular routing layer wittfiaed £y 1he gdiciency of the straightforward network partitioning.)
ickness.

Given an initialfloorplan with power pads, absorb pins, and a cell library, our

objective is to obtain a feasibfeoorplan such that the generated P/G network = 1 2 |,
satidies the aforementioned constraints. Also, we intend to integrate the iter- ala
ation betweeriloorplanning and P/G network analysis into an existing design 4 2 NI )
flow for real-world applications. To achieve this objective, fivet consider 3 TL/ 3 3| 3
P/G network analysis. 2% 2t 3k,
. Sy 4
3 PI/G Network Analysis E 1 13
The objective of our P/G network analysis is to compute the IR drops at =
absorb pins in a very &tient way so that the analysis can be integrated into (a) (b) (c) (d)

floorplanning. For this purpose, we need to do the following: (1) macro mod-
eling: model macro cells asmple equivalent circuits, (2) P/G network genegiqure 4: (a) and (c): Floor . -

L9 y ; . : plans of two modules. (b)(d): The topologies of the P/G
ation: ‘con.struct the P/G netW0r|_( that connect all absorb pins, (3) P/G net rks for théloorplans of (a) and (b). The network is divided into two subnetworks at
reduction: reduce the complexity of the generated P/G network, and ( ints where two currents collapse (referred by dotted lines).
drop computation: compute the IR drops at the absorb pins.

3.1 MacroModeling After traversing, we obtain a set of subnetworks; each subnetwork consists
As the example shown in Figure 1(a), the chip is composed of three digpdths with edges and loops. In the merging step, we merge those consecutive
macros and two soft macros, and is divided by the power trucks. A soft magges without branches into one. The resistor of the new edge is the summation
consists of several cell rows. For all cells in a row, we call it a unit placenaéribe resistors in the original edges. Also, if there are two routes from point
row. We can model a P/G network by transforming a core ring, a power trarik, pointb in the network, we keep only one route, and update its resistance
or a unit placement row into pieces of resistors and current sources. In asadtdingly. For instance, Figure 5(a) shows the resulting subnetwork obtained
macro, there may exist several absorb pins to supply power for all cells ifr¢ine that in Figure 4(b) after it is divided. Since the three edges from points
macro; in contrast, each hard macro contains only one absorb pin. Therefote in Figure 5(a) do not have any branch, we can merge these edges into
the P/G networks of soft macros and hard macros are represented by differwith the resistance equal to the summation of those in the original edge
ent models. For instance, the P/G network of Figure 1(a) can be model&l-asl + 1 + 1) (see Figure 5(b) for an illustration). In contrast, there are two
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parallel routes betweedy andds of Figure 5(a), we keep only one edge with First, we start from the leaves of a tree. The current of the edge connect-

the resistance equal to one (two parallel resistors of 2(uitich). ing to a leaf equals the current of the leaf, which comes from a macro. The
current of other edges equals the sum of the currents in its succeeding edges.
Figure 8(a) shows a tree in a P/G network. Suppose that the resistor of each

1 d1(4) branch in the tree is ©. Figure 8(b) gives the current of each node in the tree
after we sum up the currents of its succeeding edges. Obtaining the current of
each node, we can compute the IR drop of each edge by multiplying its current

d d2(4) and resistor from the root to all leaves. The IR drop of each node equals the
2 |do sum of the IR drops from the root. Figure 8(c) shows the IR drop for each
3 d3(3) node.
d
S 4 1 d5(4) omv
(b) 5mA
3mA 2mA 8mV, mv
Figure 5:(a): The subnetwork after partitioning the network of Figure 4(c). (b): The 2mA
merging result of (a). omv 8mV  8mV
: . . . AmA 1ImA 1mA 1mA 1mA 1mA
At the rooting step, we transform a network into binary trees by rooting the 11mV 11mv
power pad in each subnetwork. Figures 6(a) shows a network after the mergingin 1ma 1mA 1mA
step. If we root the network from the power pad shown inftberplan, the
@ ®) ©
corresponding binary tree is given in Figure 6(b).
Figure 8: Computing the IR drop by traversing the tree. (a) An initial configuration.
oL st Each segment has the resistance of 1 2. (b) Summing up the current bottom-up. (c)
2R SR i
Computing the voltage top-down.
3L
i 3{ 2L For a P/G network with multiple power pads, We might need to consider
1R IR tree links (i.e., a network with non-tree loops) for the current flowing from
& the other power pad to modify the aforementioned computation. If the PIG

network consists of only one loop formed by the resistors, we can decompose
@ (b) the single-link network into atree and aresistor link. Figure 9(a) shows atree
with a loop formed by the link resistor Ry;,.. The link resistor takes some

. amount of current from one branch of the tree and redistributes it to the other.
Flgure 6:The P/G networks and their corresponding trees. The current Is affected only in the loop formed by the link and the two sides

of the tree connecting to it while the current above the top node Ny, where
the two branches merge, is unchanged. We can fix the voltage computation as

3.3 P/G Network Reduction
To further reduce the complexity, we can apply the techniques presentgév Form a spanning tree for the network, as shown in Figure 9(a).

in [8, 11] to further reduce the P/G network. Consider a series of resistor$ —gplvethe tree network, ignoring all non-tree resistors (see Figure 9(b)).

as shown Figure 7(a). There exists voltagebetween the two series ends, 3 c4jclate the perturbationsin the current distribution caused by the link

Ny and N,,. Suppose that the currefiows across resistaR; is from N; to (non-tree) resistors. The step can be done by applying Kirchoff’s volt-

N;+1. Such a series of resistors can be modeled by an equivalent circuit shown age law to the loop formed by the link resistor and the spanning tree

in Figure 7(b) [8], where the curreffows from Ny to N,,. The equivalent Some current must flow through the link so that the sum of the volt-

resistorR; is the sum of all the series resistance: age drop across all the resistorsin the loop equals zero. The voltage at

each nodeisinitially calculated without the link resistors being present

Z R, @ using the aforementioned tree algorithm shown in Figure 9(b). Asthe

¢ example shown in Figure 9(b), each unit of current flowing through the

link resistor reduces the voltage drop between the nodes N; and Ny

By superposition, the equivalent curretits andlI.,, are given by by [ying R21, and increases the voltage drop between nodes N4 and No
' by I1;nk(R2 + R4). Given the voltage distribution calculated for the
n-2y -l po tree part of the network, the current flowing through the link resistor is
j=i+1""
Iy, = > I, ®) Vik =2V
Rs Link = w2k =72 = 0.5mA, @)
=1 Z Rloop 4k
n—2 Zi'—1 R; yvhgzre Rioop isthe sum of res's;orsfor_mi ng thelpop, and Vj;, 1 isthe
I, = Z o=l T (4 initial voltage drop across the link resistor. In Figure 9(b), Viine =
—~ FRs VN, — Vi, = 5V — 7V = =2V, and Rypop = 4KQ since the
= = _ . ) loop < Ny, N1, N4, N2, No > consists of four 1 K resistors and
Based on superposition, the voltages at the intermediate nodes are givenby ;... = —0.5mA.
R.V. 4. Solvethenetwork again using the revised current distribution, as shown
Vier = Vi— —2 - Ril,, (5) in Figure 9. Once I;;,,1 is known, the tree portion of the network
s can be solved with the modified current distribution (see Figure 9(c)),
Ie,py = I, — L (6) resulting in more accurate node voltages.

For a multiple-link network, we can use the aforementioned approach to the
loops individually by applying Kirchoff’s voltage law, which will result in a
linear system. Solving the linear system, we can obtain the current flowing
through each link. Thus we can further modify the voltage at each node by
using the updated current distribution.

4 IR Drop-Driven Design Flow
In this section, we describe our IR drop-driven design flow. Wefirst read in
an RTL design description and its design constraints, use acommercia synthe-
sistool to synthesize the design, and generate adesign data. Then, we generate
@ ®) aninitial floorplan based on the data which contains both gate-level netlist and
timing constraints. After constructing theinitial floorplan, we perform P/G net-
. work analysis. As mentioned earlier, there are four parts in our P/G network
Figure 7:(a) A series resistor chain. (b) An equivalent circuit of (a). analysis: (1) macro modeling: soft-macro power calculation and hard-macro
power calculation, (2) P/G network generation, (3) P/G network reduction, and
. (4) IR drop computation. If any IR constraint is violated, we adjust the chip
3.4 IR Drop Computation floorplan according to the analysis results. This can be done by adjusting the
After constructing the binary trees corresponding to a P/G network ¢aacto placement, power pads’ locations, and the power widths to reduce the
possibly also reducing the network), we can compute the IR drop at each abyvsosbcase IR drop. Theiteration continues until all IR constraints are satisfied.
pin. For this objective, we need to traverse the tree twice from leaves to thefbet the IR drop constraints are satisfied for all absorb pins, we can perform
(bottom-up) and from the root to leaves (top-down). placement and routing, RC parasitic extraction and post-layout power analysis.
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TR drop computed TR drop measured
at the floorplanning stage at post-layout simulation Error
BIocK name Arearatio DC(mV) [ Transient (mV) | DC(mMV) | _Transisent (mv) DT (%) | _Transient (%)

OSC 312% 63 271 66 284 -454% -457%
Anﬁog 6.50% 172 205 176 233 -2.21% -12.01%

gl 22.39% 93 1/0 87 155 6.89% 9.67%

CKT-1 Memory 66.27% 98.5 268.75 99 273 -0.50% -1.55%
10 1.72% 33 95 34 104 -2.94% -8.65%

ofal Runtime/Absolute average 70 sec 158404 seC 343% 7.29%

Servo 24.38% 116 440 107 382 8.41% 15.18%

ESP 7.53% /8 163 4 145 8.33% 12.41%

AudioDACT 6.50% 65 192 67 201 -2.98% -4.47%

CKT-2 Decoder 1.82% 45 85 43 77 6.9/% 10.38%
Memory 50.27% 98.5 268.75 100.25 274 -1.74% -1.74%
10 7.53% 33 95 35 106 -5.71% -10.37%

ofal runtime/Absolute average 20 sec 5364150 sec 5.69% 1.75%

DCT/IDCT 65.23% 678 818 691 846 -1.88% -3.30%

Quantiafion 13.75% 187 374 179 358 4.46% 4.46%

Z/-Can 9.14% 143 239 139 275 2.87% 13.09%

CKT-3 [ Haff-Encoder 5.21% T00 22T 97 20T 3.09% 9.95%
Haff-Decoder 6.67/% 82 176 81 159 1.23% 10.69%

Total runtime/Absolute average /5 SeC 2830 sec 2.71% 8.30%

Table 1: Comparisons of the IR drops computed by our analyzer at the floorplanning stage and those measured by the post-layout simulator (PowerMill).

Ro KN KA
No av av
R &\ 1k kN 1k kN
Ny R, Ns sy N |0 5v 55V, IO N5V
1mA / 1mA
R 6V ~ kN 55V
|mk| R N& , iT%e) A 0‘5"'1/’{ 1K w\
v W 6V 6.5V
Ny N5 1mA 1mA
(€) (b) (©

Figure 9: A single-link resistor in atree. (a) A tree with alink between Ny and N.
(b) Compute the voltages by the method shown in Figure 8. (c) Fix the voltages of nodes
N2, N4, and N5 by the tree-link method.

5 Experimental Results

The proposed analysis agorithms have been implemented in two perl
scripts and integrated into the proposed design flow shown in Figure 2(b) on
a Sun Ultra-60 Workstation. Three real designs, CKT-1, CKT-2, and CKT-3,
were used to test the effectiveness of the proposed approaches. CKT-1 is a
CD-MP3 core kernel running at 2.4 V-3.3 V/40 MHZ; CKT-2 is a full CD-
MP3 chip at 2.4 V-3.3V/40 MHZ; CKT-3isan MP3 circuit at 2.4 V-3.3 V/50
MHZ. We used the Artisan 0.25 um 1P5M CMOS cell library for the three
designs.

In the first experiment, we tested the effect of IR drop on the functionality
of circuit designs and showed the effectiveness of our approaches in solving
the problem. The errors due to IR drops occurred to all of the three designs,
implying days (or even months) of iterations for fixing the errors using the
traditional design flow shown in Figure 2(a). By applying our approaches, all
IR-drop errors were eliminated early at the floorplanning stage. Figure 10(a)
showstheinitial floorplan for CKT-1. Asshown in Figure 10(b), the waveform
for the oscillator circuit (HM1) is not correct due to excessive IR drops. Our
analysis successfully predicted such IR-drop errors during floorplanning. By
fixing the floorplan as shown in Figure 10(c), the oscillator circuit is correctly
operated and the waveform obtained at the post-layout simulation is shown in
Figure 10(d). The results show that our approaches can predict and solve the
IR drop problem early at the floorplaning stage, avoiding the expensive design
iterations.

In the second experiments, we tested the accuracy and efficiency of our
power/ground network analyzer running at the floorplanning stage. For each
macro in the three designs, we computed its IR drop by our analyzer at the
floorplaning stage and also measured it using Synopsys/PowerMill at post-
layout simulation. The results are listed in Table 1. In Table 1, Columns 1
and 2 give the block names and their area ratios for the circuits. Columns
3-6 reports the DC and transient (worst-case) IR drops computed by our ana-
lyzer at the floorplaning stage and those measured by Synopsys/PowerMill at
post-layout simulation. Columns 7 and 8 give the errors between those com-
puted at the floorplanning stage and post-layout simulation. The last row for
each circuit gives the running times and the absol ute average errors. As shown
in the table, our analyzer obtained very accurate IR-drop information early at
the floorplaning stage, compared with the post-layout simulation. For the DC
analysis, the average (maximum) errors for CKT-1, CKT-2, and CKT-3 are
only 3.43% (6.89%) , 5.69% (8.41%), and 2.71% (4.46%), respectively; for
the transient (worst-case) analysis, the respective average (maximum) errors
for CKT-1, CKT-2, and CKT-3 are only 7.29% (12.01%), 7.75% (15.18%),
and 8.30% (13.09%). In particular, our analyzer is very efficient. The run-
ning times for our analyzer are only 270 sec, 420 sec, and 375 sec while the
post-layout simulations (using PowerMill) need 158404 sec, 5364150 sec, and

power pad

@

power pad

oscillator block (HM1)

| oscillator output

RS il

© (d)

Figure 10: (a) Aninitial floorplan. (b) An incorrect waveform due to IR-drop errors
obtained at the post-layout simulation. (c) A flooplan satisfying the IR-drop constraints.
(d) A correct waveform for the oscillator circuit.

442830 sec for CKT-1, CKT-2, and CKT-3, respectively. The accuracy and ef-
ficiency of our power/ground network analyzer lay a strong foundation for the
effectiveness of the proposed power integrity-driven design flow and enable the
single-pass design methodol ogy.

6 Concluson N

We have presented an efficient, yet sufficiently accurate analyzer for PIG
network synthesis at the floorplanning stage. The analyzer has made single-
pass design methodology for IR-drop power integrity possible. Future work
involves devel oping efficient techniques for obtaining more accurate results by
considering dynamic current models of macros and other dynamic behaviors
of P/G networks.
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