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Abstract—Based on Rent's Rule, a well-established empirical path model for CMOS circuits is the size of the wiring net-
relationship, a complete wire-length distribution for on-chip ran-  works loading the critical path gates. The complete distribution
?oozjnerli(\)/glz B?et\l,ivr?]irrlj;r;/s d)ljﬁg?nitcop?;viin dcigsﬁ);tgglr??]lw o%ﬂlr_‘ amngcigl' enables a more accurate representation of the average wiring
describe optimal architectures for multilevel wiring netvvoryks that length and gsnmatpn of the longest interconnect in the system.
provide maximum interconnect density and minimum chip size. An established critical path model from [3] has all but one of

Index Terms—Average wire length, critical path, die area its gates loaded by an average interconnect net. The remaining
estimation, power dissipation model,’Rent's Rule, ’wire-length gate_ls_ loaded by a Smgl? glpba! interconnect [3]. From [5],
distribution. the limit on the clock period is given by

Tc Z Tcs + ncptd + TLD (1)
I. INTRODUCTION
where T, is the clock periodI;, is the clock skewpn,, is

NE of the main barrier hieving gi le integra:- ) " . .
=0 the ma _ba riers to achie g glgascaie teg <’ilhe number of gates in the critical patf,is the average time
tion is the limitation imposed by the wiring requirements

. : . . elay of each gate loaded by an average wiring netJapdis
of gigascale integration (GSI) systems [1], [2] MUImeVs’fhe time delay of the longest global interconnect in the system.

wiring networks are extensively used in current VLSI syste SThe average point-to-point interconnect length is determined
to mitigate the impact of wiring on clock frequency, power,. gep P . 'eng
qlrectly for the interconnect density function from [4]

consumption, and chip size [1]-[3]. Adequate modeling o
a multilevel wiring networks is essential to elucidate the (=2VN
limitations and the opportunities for future GSI products. Leotal /[_1 bi(l) de
The primary information used to model multilevel wiring Lyyg = i = _z=2\/ﬁ 2
networks is a complete wire-length distribution that is derived total / i(0) de
4

in a companion to this paper [4]. This new distribution is =1

used to enhance a critical path model for clock frequenghereL,,., is the total point-to-point interconnect length and

estimation; to estimate dynamic power dissipation from signgl _, is the total number of interconnects. Evaluating (2) gives

wires; and to determine the optimal scaling of the crosge final form of the average wire-length,,,, (see (3), shown

sectional dimensions of interconnects in a multilevel erlngt the bottom of the next page)_ This average interconnect

network and hence chip size. _ ~length is dependent only on the number of gates in the system
The various applications of the wire-length distributio;nd Rent's exponent. A graph of the average wire-length

include the derivation of a critical path model is in Sectioersus number of gates for variopsalues is seen in Fig. 1. A

I, a power dissipation model in Section I, and an optimarevious distribution gives higher average interconnect lengths

multilevel wiring architecture in Section IV. due to overestimation of the number of longer interconnects
as seen in Fig. 1 [6]-[8].
Il. CRITICAL PATH MODEL Each critical path gate is loaded by an average wiring net,

Various critical path models have been proposed to estim&@d the length of an average wiring net is
cycle time [2], [3], [5]. One essential component of a critical

Liotal net _ X Liotal_p-to-p =xfo. Lavg (4)
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Average Wire Length Longest Wire Length, L.,

Previous Model =— =—

[Gate Pitches] New Model Normalized to Twice the Chip Edge
1000
1 p=038
100 0.9 p=06
0.8 p=04
10 0.7
0.6 p=02
1~ + t + t t t t { 0.5
1E+1 1E+2 1E+3 1E+4 1E+5 1E+6 1E+7 1E+8 1E+9 0.4
. 0.3
Number of Gates IE+1 1E+2 1E+3 1E+4 1E+5 1E+6 1E+7 1E48 1E+9
Fig. 1. Average interconnect length versus number of gateg fer 0.2, Number of Gates, N

0.4, 0.6, and0.8. . . . . .
Fig. 2. Longest interconnect length normalized to twice the chip edge versus

) ) ) ) _number of gates fop = 0.2, 0.4, 0.6, and0.8.
The longest interconnect also is estimated using the inter-

connect density function, i.d.f., which has a range from 1 gagectional dimensions and the capacitive contributions for an
pitch to 2v/N gate pitches [4]. The i.d.f. predicts that oneybitrary interconnect are illustrated in Fig. 3(a) and (b).

interconnect exists in the_interval betv_veen a given lerdgth Assuming that the neighboring wiring planes in the mul-
and2v/N from the following expression: tilevel network provide an effective ground plane, then total
(=2v'N capacitance per unit length is given from Fig. 3(b)
1= / i(0) de. (5)
£=Fax ( ) Ctotal = 2cgr0und + 2cline_to_line (8)

Because the interconnect density function is monotonicaljy,are cgound IS the line-to-ground capacitance, and
decreasing, thef,,. is defined as the most probable value foy, ine-to-line s the line-to-line capacitance. The values of

the longest interconnect length. The expression for this Ienggz]mund and cime-to-1me that include fringing effects are given

is also written in terms of the c.i.d.f[(¢) by [10] as
I(2\/'N) — I(lax) = 1. . ((.3) Cground _ w + 1.086(1 + 0.685¢~ (He/1:3435)
A graph of the longest interconneét, .., normalized to twice € H,
the chip edge2v/N, for p = 0.2, p = 0.4, p = 0.8 values — 0.9964¢(5/1421H2))
appears in Fig. 2 witlwk = 3.0. 0.0476 0.337
_S H,
S+ 2H. H.

lll. DYNAMIC POWER DISSIPATION MODEL Cline-to-line _ <%) (1 — 1.897¢l~Ho/O318)~(~, /2.4735)

The dominate source of load capacitance for many VLS| ¢

CMOS circuits is the wiring capacitance [2], [9]. The intercon- + 1.302¢H=/0-0825 _ ( 19990~ H,/1.3265)

nect density function provides a priori information concerning +1722(1 -0 65486_%7/0,3477115)6_5/0,6511{5

the distribution of capacitive loads present in a GSI sys- ) )

tem. Assuming a constant activity factor for each capacitive (9)

node, the average dynamic power dissipation of the signghere the geometrical variables are defined in Fig. 3(a).

interconnectst,y, is given by [2] For the general case, the capacitances per unit length for
Payvg = a3 CrotalViu fe (7) the local and global interconnects are dissimilar, and the ex-

pressions for the total capacitance of the local 1e¥&lSa1 ioc

wher is th ly vol is the aver ivi )
ere Vaa Is the supply voltageq Is the average activity and the total capacitance of the global levélg,,) g0 are

factor for each gate(.:,; is the total capacitive load of the

wiring network, andf. is the clock frequency. Th& .. given by

term is estimated from the geometrical configurations of A, Loe

the interconnects in a multilevel wiring network and from Crotal loc :cloc\/;x/l ti(e) de (10)
the interconnect density function. A conventional multilevel 1 W

network, for example, has two main interconnect types: Ctotal,globzcglob\/:X / Gie) de (11)
1) local interconnects and 2) global interconnects. The cross- N7 .

p—0.5 JN p—0.5 P< _p_1+4p—0.5 ))
VN - —————+N
< p 6V N(p+0.5) 2(p+0.5)p(p —1)

®3)
<Np—0.5 —2p—142%71  (p-05) L1 (p— 0-5);/N>

Lavg =

2p(p—-1)(2p—3)  6pVN (p-1
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Fig. 3. The definition of (a) the interconnect dimensions and (b) the capacitive components.
where symboly is the correction factor that converts the total TABLE |
length of point-to-point interconnects to total net length as MICROPROCESSORAPPLICATION
derived in [4], A. is the chip area}V is the number of gates, PHYSICAL PARAMETER VALUE
cloc 1S the distributed capacitance for the local interconnects, ~ Number of Gates, N 8.0 million
. P . . Rent’s Exponent, p 0.6
Cglob IS thg distributed cgpaC|tancg for the global interconnects, Ront's Coofficiet. K 20
famd Lo is the Ienglth in gate pitches of th.e longest local Minimum Feature Size, F 018 um [11]
interconnect. Assuming that the longest local interconhegt Supply Voltage, Desktop Vdd L5V [11]
is less than the chip edge, the above expressions simplify to ~ Max number levels, fmy 6[11]
Metal Resistivity, Copper 1.673¢-6 Q-cm
Lloc Dielectric Constant, Polymer g=25
Ctotal loc = ClocX V / Wiring Efficiency Factor, e, 0.4 (2]
<§ — 2V N2 + 2N£> 723 g (12) The final expression for the average dynamic power dissipation
for a multilevel wiring network that has local and global wiring
[ A, is qi
Clrotal glob = CelobX N levels is given by
VN k83 . Daky
: [/ r% <3 — 2V NP2 + 2N£)£2P—3 dv Pavg =05 Vddfc\/ 5
Lioe 2p+1 2p
2v/'N Oé]f | Cloc LIOC -1 _ \/N(Lloc )
+ / —(2VN =023 qe|.  (13) 6p + 3 p
w6 21
2N(1 - Llopc )
Evaluating these two expressions gives B 2p —1
2p+1
o _ [A. Taky L123C+1 1 T Coton _ng)c—i— + \/NLQP _ 2N 2t
total,loc = Cloc N 5 6p+ 3 & 6p + 3 p loc 2p—-1 loc
2 2p—1 —
_ \/N(ka)c -1) 2N(1 — L. ) (14) — NpH(L/2) 2+2p—4F (17)
p 2p— 1 (2p+Lp(2p-1)(p-1)
c e [Ae Daky Given the two-tier multilevel network with the physical
totalglob = Cglob /A Ty characteristics as outlined in Tables | and Il, assuming that
L12§)C+1 VN 2 ON 5,4 W = H, = H. = S for the I_ocal and glpbal tiers s_uch
: m + 7 loc — op — 1 lec that cjoc = cg10b = 6.08¢, and given the activity factog is
approximately 0.10, then the total power dissipation in the
NPHL/2) 2+ 2p— 4P signal interconnects for this system is 10 W and the power

p+Lp(2p-D(p-1) ) (15 density is 2.03 Wicth The local interconnects dissipate 68%
of the total power, and the global interconnects dissipate 32%
Adding (14) and (15) gives the total capacitive load posed Iof the total power. Even though the amount of area dedicated
the wiring network to the global tier and local tier is approximately the same, the
global wires dissipate less power than the local wires because
Ciotal = Chotal,loc + Ctatal,glob- (16) 1) the global and local distributed capacitance are identical
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TABLE 1l Cumulative Interconnect
Two-TIER CONVENTIONAL DESIGN AND CRITICAL PATH RESULTS Distribution Function, I({ )
3.0E+7
PARAMETERS PITCH # OF LEVELS Local Int. "
Local 0.36um 2 2.5E+7 ocal Interconnec N_:S;Z(’
Global 1.53um 4 2.0E+7 §;4.()
sk ok ok o ok o R K ORRR R sk sk oK Ok PELT TR . Global )
15547 Interconnects
Clock Frequency 410Mhz
Wire-Limited Chip Area 4.92 e’ 10E+7 Lyo=356 L0 =2828
Transistor Limited Chip Area | Nx 200F=0.52cm’ 0.5E+7
0.0E+0 i
1 10 100 Lic 1000 Ly, 10000
g Optimized 3 Tier Network Interconnect Length, ¢ [gate pitches]
0 E [ — Fig. 5. The c.i.d.f. for a system with a two-tier multilevel architecture.
E-, Bt e Semi-Global Global
S Cumulative Interconnect Interconnects Interconnects
— — Distribution Function, I(/ ) /
e E,! 3.0E+7
2.5E+7 Local Interconnects N=8e6
2.0F+7 220'6
L m=923 =40
1.5E+7 :
Fig. 4. Two-tier and three-tier multilevel interconnect architectures. |
OF+7 L. =547 Ty,=2828
loc glob’
0.5E+7 e
and 2) the total length of the global interconnects is less than oo+ 1

the total length of the local interconnects. ! 10 100 1000 10000
Interconnect Length, | [gate pitches]

IV. MULTILEVEL INTERCONNECTNETWORK ARCHITECTURE  Fig. 6. The c.i.d.f. for a system with a three-tier multilevel architecture.

A. Introduction B. Two-Tier Wire-Limited Chip Size

Through wiring information provided by the new intercon- The total required area for the two-tier wiring network is
nect distribution [4], a unique opportunity arises for optimizingiven by
multilevel interconnect network architectures. To illustrate this 1
point, two types of multilevel wiring networks are examined: A, uyeq = \/j (ProcLitotal loc + Pgloballiotal,global)  (18)
1) a conventional two-tier multilevel network and 2) a three- N
tier multilevel network as illustrated in Fig. 4. A tier is definedvhere A. is the chip area)V is the number of gategc.
as a collection of levels that have the same cross-sectioifathe local pitch,pg, is the global pitch,Liotal10c IS the
dimensions. total length of the local interconnects (in gate pitches), and
The local interconnect tier for both the two- and three-tigktotalglobal IS the total length of the global interconnects (in
networks contains the shorter wire lengths in the multilevgite pitches). Using the interconnect density function [4], the
network. Thus, the cross-sectional dimensions of the lodgfal local length and the total global length are

levels are set to the minimum feature size to maximize the wire Lioe
packing density. The longest local interconnect length is a Liotal,loc IX/ Li(e) de (19)
critical length that is used with the interconnect distribution to IQW
determine the number of local interconnects as seen in Fig. 5. L _ 2i(0) dr 20
) A N total,glob = X L( ) ( )
The global interconnect tier for the two- and three-tier Lioe

network contains the longer wires in the multilevel networKNhereX is the correction factor to model real wiring nets,
The cross-sectional dimensions for these global wires gfferey = 4/f.0. + 3 for a linear net model.
determined by the clock frequency constraints on a glObalAssuming that the longest local length is less than a chip

die-edge-length interconnect. edge, then (19) and (20) become
The semiglobal tier, which is only present in the three-

Lioc 3
tier network, has a pitch between those of the global tier r, . :/ 1 po‘_k<£_ _2\/N£2+2N£>£2p—3 57,
1

and the local tier. The introduction of the semiglobal tier 2\3

reduces the wiring area demand over the two-tier network be- (21)

cause the shorter two-tier global interconnects have a smaller VN ok /93 ) —_—

semiglobal pitch in the three-tier network as seen in Fig. 6.Ltotalglob = /L I'> <§ — 2V NE + 2N£>£ PTrdl
loc

This semiglobal tier, therefore, reduces the overall wiring oW
area demand for the multilevel network and thereby the wire- +/ Fa—k(2\/ﬁ _ 033 g, 22)
limited chip size. VN 6
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Evaluating (21) and (22) with substitution into (18) gives Assuming that the longest local interconnect is less than the
A. Taky 2+l _ g \/N(LQP _ 1 chip edge, then the total length of the local interconnects is
Arequired =\ = —= [ 10c< loc loc
V N

5 6p+3 - v given by (21). Because the interconnect density function is
piecewise defined, the total length of the semiglobal and global
2N (1 - L) interconnects is dependent on whether the length of the longest
2p—1 semiglobal interconnedt,.,,; is less than or greater than the

¥+ N IN - chip edge. The expressions for total interconnect length for
+pg1 bl — loc 2p 2p—1

both cases are
6p +3 P loc 2p bt loc
Case | Lsemi < vV N

24 2p— 4P
— NPHA/2) . (23)
(2p+Dp(2p - )(p—1) Lewi e (8 -
R [ —— — P—
The wire-limited chip area is calculated from the condition ™=+ _X/Lloc o <3 2V +2N€)£ it
that the total required wiring area is equal to the total available VR e /13
area in a multilevel network [2] Liotalglob :X/ F? <3 —o/N2+ 2N£>£2p—3 57,
Lsemi
Aavailable = Acewnlevels = Arequired (24) 2N ak
32p—3

where A, is the chip areag,, is wiring efficiency factor, and +X/ﬁ F?@\/N =47 de (30)

nievels 1S the number of levels available for the multilevel
network. The wiring efficiency facto¢,, accounts for router
efficiency and additional space needed for power and clockCase II: Lyemi > VN
lines [2]. Combining (23) and (24) gives the final expression

for wire-limited chip area for a two-tier multilevel network VE ok /3
_ @ 2 2p—3
A. Taky L1 JN@EE —1)  Dolsemi =X / I <3 -2V N2 + 2N£>£ p=3
A=\~ 77— loc ¢ - oc Lioc
N 26wnlevels 6p +3 P Lgemi ak
op1 + x/ T—(2V'N — 0)%¢%=3 qy
2N(1 - Llopc )) \/N 6
B 2p— 1 2N
2941 Ltotal,glob = X/ F%k(2\/ﬁ - £)3£2p—3 de. (31)
+ _ LIOPC+ + @ 2]) _ 2N 2])—1 Lscmi
Pglob 6p +3 P loc 2p -1 loc
94 2 4P Evaluating (30) and (31) and substituting into (26) gives the
— NPt(/2) T 2p : : )] ) (25) expression for the total required wiring area for both cases
(2p+Lp2p-1)(p-1) Case I L. < VN

C. Three-Tier Wire-Limited Chip Size
The expression for the total required area of a three—tierA _ /é Laky
N

req —

<Li§’fl -1 VNIP -1
loc

multilevel wiring network is given by 2 6p + 3 P
[Ae 2N(1— L2
Are uired — AT OCL otal,loc T semiL otal,semi — T Tloc /
quired N(plLttl,l )p total, (26) op—1
+pg10ba1 total,gobal 2541 2541 2 2
. . . . . SEI))Ijl—i — ng)c-i— \/N(Lse{)mi — ng)c)
whereA. is the chip area)V is the number of gateg;,. is the =+ Psemi 6p+3 - v
local pitch, peemi is the semiglobal pitchpge, is the global
pitch, Liotalloc iS the total length of the local interconnects, ON(LZL — Lt
Liotalsemi 1S the total length of the semiglobal interconnects, - 2p—1
and Lioal global 1S the total length of the global interconnects. )
) &0 S ) +1
Using the wire-length distribution, the expressions for the total + Petoh (2\/N)2p+1 + Lot
length of the local, semiglobal, and global interconnects are & 6p+3
Lice VN(LZ + (2VN)>
Liotatoc =X / () dt (27) AL . 2N
1
Lsomi 2p—1 2p—1
2N(LZ2 +2(2V/N)»
Ltotal,semi _X/ EL(E) ds (28) - ( SR ( ) )
Lioe 2p—1

VN 3
Liotal glob =X / ~ vi(0) de. (29) - ;p\/_ﬁl 2(2\/N)2p_2>] , (32)

Lsemi
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Case II: Leem; > VN

A A Takx | (LET -1 VN(Lg - 1)
req — N 2 Ploc 6 +3 D

2N(1 - L2~ 1))

2p—1
p+1
+ Psemi <_2Np+(1/2)
(2p+Dp(2p-1)(p-1)
L2p+1 + L120pC+1 \/N(LSQSHH + LIOC)

seml

6p + 3
_ N( Lge{)mll L120pc 1) 4\/_ L?P 2
2p _ 1 3p Sellll
2P+1 2\/_ 2p+1
_"_ pglob < SeHll 6 ( )
p+ 3
+ \/N((2\/N)2p - Lge{)mi)
4N (Lffmf 2VN)>»™)
2p—1
VN (/NP L))] (33)
3p—1 '

Substituting (32) and (33) into (24) gives the final expressio-

for the wire limited chip area
Case I: Lymi < VN

A, = é Taky

2p+1
nl Llopc -1
N 26wnlevels o 6 +3

_ VN -1 2N - L%

p 2p—1

L2P+1 _ L2P+1 \/N(LQP L2p )
~+ Dsemi et _ semi loc

6p+ 3 P
AN (L2 — L 1))

2p—1
(2VN+ + LI
6p 4+ 3
(2VN)*)
b
_ N P 2VNY AN o )l

+ Dglob

\/N(LSQSIHI

+

2p—1 3p—1

(34)
Case II: Lyemi > VN
4, = [Ae Tahx [pIOC<Lf£’:1 1 VN -1
N 2¢eNlevels 6p+3 P
2N(1

2p—1
_ Llopc )
2p—1

+ Dsemi <—2Np+<1/2> prl

(2p+Dp2p-1)(p-1)

595

L2p+l + L2p+1

Sellll

\/N(ngﬂll + Lloc)

6p 4+ 3
_ N( LSQE]))IHII L120pc 1) + 4\3/N L?P—.Q
2p _ 1 3p _ 1 sell
2P+1 2\/_ 2p+1
+ pglob < Sellll 6 ( )
D+ 3
YR/ =
4N (Lgfmll (2VN)*1)
2p—1
AU L))] (35)
3p—1 )

D. A Case Study Comparison

1) Specifications:The physical parameters for this case
study are taken from the National Technology Roadmap for
Semiconductors (NTRS) for the year 2001 [11]. A system with
eight million gates is examined, the physical characteristics of
the system are outlined in Table I.

2) Assumptions and ModelsA key assumption for the ge-
ometrical construction of each tier of the multilevel network
that all cross-sectional dimensions are equal (iE.,=
= H, = H.) and that the boundary between each tier
has an oxide thickness of the tier with the larger interconnect
dimensions.

The system clock frequency is determined from the en-
hanced critical path model used in Section Il. For simplicity,
the longest interconnects on the local and semiglobal tier have
a time delay that is no greater than 25% of the clock period.
The longer global interconnects have a full 90% of the clock
period.

Assuming that the longest interconnect for each tier is driven
by a single driver and the line capacitance is much greater
that the transistor load capacitance, then the expression for the
approximate 50% time delay of the circuit is [2], [12]

(el

T= 0-47’1ineclineaj2 + 0.7Ri: Cline + (36)

wherez is the length of the line in centimeters;,. and ¢y,

are the distributed resistance and capacitance of theRipas

the equivalent transistor resistaneg,is the relative dielectric
constant of the interlevel dielectric material, ands the speed

of light in free space. Making the assumption that the driver
resistance matches the total line resistance (/g = R;),
then (36) simplifies to

0

37)

. 2
7 = L1rineCliner” +

Assuming that the longest line in the critical path is given a
maximum time delay that is some fractiofi, of the clock
period and using the expression for line capacitance with the
three-conductor two-ground plane model after [10] where all
wire cross-sectional dimensions on each tier are equal, then
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(37) becomes Wire-Limited Chip Area [cm?]
5.0
ﬁ :41 1pe,e,6.08 R ﬂ (38) 45
Je P, Co 40
where f. is the clock frequencyp,, is the interconnect pitch iz
of the tier, p is the resistivity of the metak;, is the speed of '
X . . . : . 2.5
light in free space, and, is the relative dielectric constant
of the material. 1 15 20 25 30 35 40
The relationship between the length in centimeieasd the Semi-Global Pitch Normalized to Local Pitch
length in units of average gate pitchésis © = \/(A./N)L Fig. 7. Wire-limited chip area versus semiglobal pitch.
(where A. is the chip area andv is the number of gates).
Then (38) becomes TABLE Il
THREETIER THAT MINIMIZES CHIP AREA
B _ 4 1:1p5rE06.08 1p5, 506 08 A L2 \/7 \/__ (39)  PARAMETERS PITCH # OF LEVELS
Je Local 0.36m 3
. . ] . Semi-Global 0.61um 1
Solving (39) for the wire pitchp,, as a function of the Giopai 0.98um >
interconnect |ength [gate pitCheS] gives ., ook ok koo R stk Rk R
Clock Frequency 410Mh%
Wire-Limited Chip Area 2.08cm
= 2L\/A> < L1peredb Oj_> (40)  “Transistor Limite(f Chip Area | N x 200F°=0.52 cm’

4) Three-Tier Minimum Chip Size ResultShe clock fre-
Solving (39) for the interconnect length [gate pitches], as a quency for this three-tier network optimization is set to
function of the wire pitchp,, gives 410 MHz, and the semiglobal pitch is calculated to minimize
the wire limited chip size. The expressions in (34) and (35)
1 P2 N determine the wire-limited chip area for a given semiglobal
4 2.2pe,£,6.08 A pitch. The local pitchp.. is 2F, where F' is the minimum

feature size, and. ., is assumed to be equal to the chip
Er £r 4.4pe,€,6.08 &
. l—— + a2 +40———|. (41)

L=

5 edge. When expressions (34) and (35) are used in conjunction
v fe with the following expressions for the global pitg,, the

longest semiglobal length....;, and the longest local length

3) Two-Tier Results:The equation used to determine th% o, then the wire-limited chip area can be estimated
wire-limited chip area for the two-tier network is given by

(25). The local pitchp,. is 2F, where I’ is the minimum
Dglob —2V NLglob <

Co

feature size and 4., is a die-edge-length interconnect. The 1.1pere06.08

global pitchpgel, and the longest local interconnekt,. are

Peob _ [Ac Ve
determined by the following expressions: f- N b
, [Ac,, 1.1pec,6.08 Lo Pewi /N
glob = |/ 77 =Lglob T 4(2.2)pere,6.08 VA,
N fao _ A, o (2:2)per
f N glob c

4.4
\r \/ S 4 o008 08|

semlfc
[ [N
o T 4(2.2) pe,e,6.08 V| A, Lioe = Pioe / Aﬁ

Je 08 4(2.2)pe,2,6.08

Er Er APERELD. -

A= 4 S AP | (42) Jer , 4.4pe,£,6.08

[ Co \/Cg plrofc M Bt & + 5_12 + 4ﬁloc% . (43)
Co Pioele

where 4101, and B, are the fraction of the clock period for

the longest global and local interconnect, respectively. ThisA graph of the implicit equation for wire-limited chip area

two-tier network was designed to have a clock frequency of (34) as a function of the semiglobal pitch normalized to the

410 MHz within six metal levels which is consistent with theninimum feature size pitcBF appears in Fig. 7.

National Technology Roadmap for Semiconductors [11]. The From Fig. 7, a definite optimal semiglobal pitch clearly

results of the two-tier network are outlined in Table II. exists and has a value @f7p;... The physical characteristics
This multilevel network is now redesigned as a threesf this three-tier multilevel network that is optimized for

tier network that either minimizes wire-limited chip size ominimum chip area are detailed in Table IIl. This optimal chip

maximizes the on-chip clock frequency. size is 42% of the chip size for the two-tier network.
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Wire-Limited Chip Area [cm ?]
25

beyond the optimal point in Fig. 8 causes the required wiring
area in (26) to be greater than the available wiring area in (24),
thereby making larger clock frequencies impossible to attain
given constraints of the system in Table I.

The results of the three-tier network that maximizes clock
frequency is outlined in Table IV. The maximum clock fre-
guency achievable by the three-tier network is 1.5 times larger
than the conventional two-tier network.

f.=575Mhz

f.= 610Mhz
20 ) f.= 500Mhz

15 f.= 410Mhz

624Mhz,

1 2 3 4 5 6 = V. CONCLUSION

Semi-Global Pitch Normalized to Local Pitch Based upon Rent’'s Rule, a new complete stochastic wiring

Fig. 8. Clock frequency versus minimum wire-limited chip area. distribution is utilized to enhance a critical path model; to de-
velop a preliminary power dissipation model; and to determine
TABLE IV optimal interconnect scaling in a three-tier multilevel network
THREETIER DESIGN THAT MAXIMIZES CLOCK FREQUENCY that minimizes chip size or maximizes clock frequency. For
PARAMETERS PITCH % OF LEVELS a given case study corresponding to 2001 technology [11],
Local 0.36um 1 the optimized three-tier multilevel network provide$) a2 x
Semi-Global 1.2um 2 reduction in chip size ot.5x increase in clock frequency over
Global 2.7um 3 the conventional two-tier design.
sk 3k ok 3K K K K KK oK oK ok sk ok 3 k3K ok K KK KK EREE T T3
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