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ABSTRACT
In this paper, we investigate the problem of repeater insertion for
low power under a given timing budget. We propose a novel re-
peater insertion algorithm to compute the optimal repeater number
and width in the discrete solution space, as defined by a given re-
peater library. Using our algorithm, we show that rounding the
solution under the continuity assumption to the closest discrete so-
lution candidate may result in suboptimal designs, or it may even
fail to find an existing solution. Given a certain tolerance to the
degradation of repeater power dissipation, we address two practical
and highly important questions: (1) How coarse could the repeater
size granularity be? (2) What range should the repeater size be in?

Experimental results demonstrate the high effectiveness of the
proposed scheme and provide valuable insights into repeater library
design. Our approach achieves up to 23% power reduction in com-
parison to rounding-based approaches. With a 4% power degrada-
tion tolerance, repeater size granularity as coarse as 8λ can be used,
reducing the library size by more than 87%. For interconnects with
various wire lengths and timing targets, our investigation reveals
that the range of optimal repeater sizes for low-power is limited, in-
dicating that a low-cost small-size repeater library, if well designed,
is adequate to provide high quality repeater insertion solutions.

Categories and Subject Descriptors
J.6 [Computer-aided design (CAD)]: Generic CADD

General Terms
Design

Keywords
Interconnect, Repeater Insertion, Low power

1. INTRODUCTION
Due to the ever increasing chip dimension and decreasing tran-

sistor feature size, repeaters are inserted into global interconnects
among circuit blocks to reduce signal delays. As a result, the num-
ber of repeaters is expected to exceed 1 million in deep submicron
VLSI systems [9]. To alleviate the ensuing design complexity, li-
braries containing a limited number of various-size repeaters are
often designed. The huge number of repeaters also results in high
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power dissipation, which can contribute up to 20% of total chip
power dissipation [17, 18]. Consequently, the development of a
power-efficient repeater insertion methodology is essential.

This paper investigates the problem of repeater power reduction.
Two main contributions are presented. First, a novel algorithm
is proposed to derive a repeater insertion solution with minimum
power dissipation under a given timing budget, considering the dis-
creteness of repeater sizes. Starting from a solution estimate, our
scheme performs a search that is guaranteed to find the discrete
optimal solution or report that no solution exists. The proposed
scheme deviates from other repeater insertion methods by its prov-
ably low computation complexity and the use of highly accurate
timing and power models that capture detailed circuit physics and
practical design issues such as short circuit power and repeater lo-
cation flexibility.

The second contribution of this paper is that, using the proposed
approach, we provide valuable insights into the design of repeater
libraries. Specifically, we address the issue of selecting the re-
peaters for a library by computing the proper granularity and range
of repeater sizes.

We have implemented our low-power repeater insertion algo-
rithm into a software tool called RIS and used it to design global
interconnects of different lengths in 0.18µm technology using var-
ious timing budgets. Experimental results show that solutions de-
rived from RIS dissipate up to 23% less power than those calcu-
lated by rounding the solutions under the continuity assumption to
the closest discrete solution candidates. We have also used RIS to
improve repeater library design. For the 0.18µm technology used
in this paper, RIS can reduce the repeater library size by more than
87% with less than 4% average power degradation.

A plethora of research on repeater insertion has been reported
in the literature [2, 16]. Several repeater models are proposed
such as the switch-level RC model [5], the linearized form of the
Shichman-Hodges equations [20], and the short-channel α-power
law model [1]. Early repeater insertion algorithms ignore geomet-
ric constraints due to layout and assume that repeaters can be placed
at any location derived from the mathematical analysis [4, 8, 12].
The concept of feasible region is proposed in [6]. A well-designed
global interconnect must be able to meet its timing budget as long
as the repeaters are placed within their feasible regions. The worst-
case delay increase due to the repeater location deviation is studied
in [14]. Though repeater insertion is originally applied to reduce
signal delays of global interconnects, the minimization of repeater
power consumption has become equally important in nanometer
system designs. Repeater insertion with minimum power subject
to timing constraints is investigated in [7, 15] under the assump-
tion of continuously variable repeater widths. The combination of
repeater insertion with other techniques, such as flip-flop insertion
[11] and wire sizing [10], for power reduction is also proposed. Re-
peater insertion with a given library with discrete repeater widths
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has been addressed in [12, 13, 19]. The research on the design of
repeater libraries is limited, however.

The remainder of this paper has seven sections. Section 2 presents
background material on the delay and power models of repeaters.
Section 3 formulates the problem of repeater insertion for low power
with discrete widths. Our repeater insertion algorithm is presented
in Section 4. Section 5 gives the power comparison results and
demonstrates the high effectiveness of our approach over rounding-
based schemes. Our study on repeater library design is described in
Section 6. In Section 7, we use the proposed scheme to assess the
adverse power impact of limiting the number of repeaters inserted
to be even. We also analyze the power degradation due to repeater
location deviation. Section 8 summarizes our paper.

2. REPEATER DELAY AND POWER
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Figure 1: Repeater RC model.

The model for repeater and interconnect in a single stage is pre-
sented in Figure 1. The output resistanceRd and capacitanceCd of
the driver are computed asRo/wd andCo ∗wd , respectively, where
wd is the driver width andRo andCo are the output resistance and
capacitance per unit width. The interconnect is modeled as a dis-
tributed RC line withr andc being the resistance and capacitance
per unit length. The interconnect length isl. The load capacitance
Cr is calculated asCi ∗wr, wherewr is the receiving buffer width
andCi is the input capacitance per unit width. The delay of this
stageτ can be computed as follows [3]:

τ = loge 2(RdCd +(Rd + rl)Cr +Rdcl +
1
2

rcl2) . (1)

Repeater power dissipation includes switching power, leakage
power, and short-circuit power. For the single stage as shown in
Figure 1, the total power consumptionPstage is computed as follows
[3]:

Pstage = k1(Cd +Cr +cl)+k2wd +k3wdτ , (2)

wherek1, k2, andk3 are constants that are determined by the given
technology and design specifications:

k1 = αV 2
DD fclk ,

k2 =
3
2

Io f fnWnmin ,

k3 = αVDDWnmin Ishort−circuit fclk loge 3/ loge 2 .

In the definition ofk1, k2, andk3, α is the signal activity,VDD is
the power supply,fclk is the clock frequency,Wnmin is the NMOS
transistor width of an minimum-size inverter,Io f fn andIshort−circuit
are the leakage and short-circuit current per unit transistor width.

3. PROBLEM FORMULATION
Figure 2 shows our global interconnect structure. The driver is

a bufferwithin the circuit block that sends data onto the global in-
terconnect. The load is a bufferwithin the receiver block and can
be modeled as a capacitor. The sizes of the driver and load are pre-
designed, equal towd andwr, respectively, and cannot be changed.
The widths of all repeaters are equal, set tow. The distance between
the driver and the first repeater isl1 and the distance between the

last repeater and the load isl2. The distance between two adjacent
repeaters isl = (L− l1− l2)/(n− 1), wheren is the number of
repeaters, andL is the total wire length.

Driver

w
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ll 2l ww l1 r
d

Figure 2: Interconnect model.
In the actual system layout, if the assigned location of a repeater

R is occupied by other logic cells, R must be placed at some other
location. We define repeater location flexibility (RLF) f as the
maximum distance that every repeater along a global interconnect
can deviate from its assigned location without causing any timing
violation. A global interconnect should be designed to allow a pos-
itive RLF. To model the performance degradation due to RLF, we
use the structure as shown in Figure 3 to compute the signal delay
and power dissipation of the interconnect, in which each repeater
is moved as far as possible and the moving directions of adjacent
repeaters are opposite.

Locations usedDriver Load

Assigned Locations

−f+f −f +f

Figure 3: Repeater insertion with a flexibility f .
We assume that the number of repeaters is even so that signals

are not inverted during transmission. Therefore, besides the first
and last stage, there are n/2 stages with interconnect length l −2 f
and n/2−1 stages with interconnect length l +2 f . The signal delay
τtotal of the entire global interconnect can be calculated as:

τtotal = τ1st +
n
2

τl−2 f +(
n
2
−1)τl+2 f + τlast , (3)

where

τ1st = log2 e(RoCo +(Ro/wd + r(l1+ f ))Ciw

+Roc(l1+ f )/wd +
1
2

rc(l1+ f )2) ,

τl−2 f = log2 e(RoCo +(Ro/w+ r(l −2 f ))Ciw

+Roc(l −2 f )/w+
1
2

rc(l −2 f )2) ,

τl+2 f = log2 e(RoCo +(Ro/w+ r(l +2 f ))Ciw

+Roc(l +2 f )/w+
1
2

rc(l +2 f )2) ,

τlast = log2 e(RoCo +(Ro/w+ r(l2+ f ))Ciwr

+Roc(l2+ f )/w+
1
2

rc(l2+ f )2) .

Similarly, the total power dissipation can be calculated as fol-
lows:

Ptotal = P1st +
n
2

Pl−2 f +(
n
2
−1)Pl+2 f +Plast , (4)

where

P1st = k1(Cowd +Ciw+c(l1+ f ))+k2wd +k3wdτ1st ,

Pl−2 f = k1(Cow+Ciw+c(l −2 f ))+k2w+k3wτl−2 f ,

Pl+2 f = k1(Cow+Ciw+c(l +2 f ))+k2w+k3wτl+2 f ,

Plast = k1(Cow+Ciwr +c(l2+ f ))+k2w+k3wτl2+ f .

The problem of repeater insertion with discrete widths for low
power is formulated as follows:
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Problem RIDW: Let L and D be the length and the timing bud-
get of the interconnect, respectively, and let W = {w1,w2, ...,wk}
be possible widths of repeaters. Given a semiconductor technology
(Ro, Co, Ci, VDD, Io f f , Wnmin , Ishort−circuit ) and a global intercon-
nect design specification (c, r, α, fclk, wd, wr, f ), compute an even
integer number n, a width w ∈W , and the locations l1 and l2 of the
first and last repeaters, such that the interconnect delay τtotal ≤ D
and the power dissipation Ptotal is minimized.

4. HEURISTIC SOLUTION

Solving Problem RIDW is a challenging task because Equation
(3) and Equation (4) are not linear and have four discrete or con-
tinuous unknowns, n, w, l1, and l2. In this section, we present our
heuristic solver. Specifically, we first derive l1 and l2 based on
empirical design knowledge. We then describe a 2-step scheme to
compute n and w. We also argue that the computation of n and w is
optimal.

4.1 Estimating l1 and l2

It is well known that, for long interconnects, the repeater size w is
usually much larger than that of the interconnect driver wd . There-
fore, the optimal l1 is expected to be very small. In our heuristic,
we set l1 to zero. In fact, in case of speed optimization, w can be
1–2 orders of magnitude larger than wd . As a result, intermediate
size repeaters should be inserted to reduce delay [3, 11]. When
the timing budget is not tight and power minimization is the objec-
tive, however, the optimal w is only several times larger than wd as
shown in Section 6. Therefore, the insertion of intermediate size
repeaters is not necessary.

We next derive the estimate for l2. In repeater insertion for low
power, compared to delay minimization, the segment length l be-
tween repeaters is large and the repeater width w is small [3, 7].
As a result, the interconnect capacitance cl is much larger than the
gate capacitance difference cow− cowr. If cow− cowr is ignored,
the last stage should be designed similarly to the stages between
repeaters. Consequently, we set l2 = l, which is equal to L/n, since
l1 = 0.

After the derivation of l1 and l2, the target locations of the re-
peaters can be determined by L and n. It is worth mentioning that,
since we take into account of a positive RLF f in the computation
of τtotal and Ptotal , the actual positions of the repeaters can deviate
from their target places by up to f .

4.2 Solving for w and n

With l1 = 0 and l2 = l = L/n, Equation (3) and Equation (4) can
be rewritten as

τtotal = �α · (w,1/w,n,1/n,w/n,1)t , (5)

Ptotal = �β · (w,w2,w/n,w2/n,wn,1)t , (6)

where �α and �β are constant vectors whose elements are solely de-
termined by the problem formulation. Although Equation (5) and
Equation (6) are much simpler than Equation (3) and Equation (4),
solving for n and w so that τtotal ≤ D and Ptotal is minimized re-
mains challenging due to the non-linear form of Equation (5) and
Equation (6) and the discreteness of n and w. We next present an
effective and efficient searching scheme to solve this problem.

Our search procedure first calculates the starting point in the 2-
dimensional space defined by n and w, assuming that both variables
are continuous. Figure 4 shows the solution space with contours
of delay and power. Each circle c represents the solutions with a

constant delay Dc. The solutions inside c have lower delay values
than Dc. Each line represents the solutions with the same power
dissipation, with the lines close to the bottom-left corner having
lower values. It is clear that, for continuous n and w, the optimal
solution under a given timing budget D is the point of tangency on
the corresponding circle, which satisfies

τtotal = D . (7)

We can then use Lagrange’s method to calculate the continuous
optimal solution. We define F = Ptotal + γ(τtotal − D). We set
∂F/∂n = 0 and ∂F/∂w = 0 and eliminate γ, resulting in the fol-
lowing equation:

0 =�θ · (n4w,n3w2,n3w,n3,n2w2,n2w,nw3,nw2,nw,n,w3,w2,w)t ,
(8)

where�θ is a constant vector whose elements are solely determined
by the problem formulation. Equations (7) and (8) can be nu-
merically solved together to derive the optimal continuous solution
(nc,wc) for the minimum power under the timing constraint D.
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Figure 4: Delay and power contours.
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Figure 5: Solution search example.

The ensuing search procedure can be explained using Figure 5.
The circle represents the solution contour of the given timing bud-
get D, and the lines represent constant power contours. The solid
dot represents the continuous optimal solution (nc,wc) from La-
grange’s method. The hollow dots represent the discrete solution
candidates. Two search paths made of discrete solutions are tra-
versed sequentially. Figure 5(a) shows the downward search. Start-
ing from the repeater width just above (nc,wc), a horizontal line
moves downward, crossing the solutions with the same repeater
width. (If no feasible discrete solution above (nc,wc) exists, the
starting location is the largest repeater width.) For all the solution
candidates on each line within the timing circle, only the leftmost
candidate is searched. The solid arrows point to the points on the
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SEARCH (nc, wc, D)
1 Pmin = ∞, (nopt , wopt )=unknowns
2 wcur = max(wi ∈W ) ≥ wc ?

min{wi|wi ≥ wc,wi ∈W} : max(wi ∈W )
3 ncur = min{2k | 2k ≥ nc, k is an integer}
4 while(line w = wcur intersects circle τ = D)
5 nle f t = Left(segment w = wcur within circle τ = D)
6 nright = Right(segment w = wcur within circle τ = D)
7 if (∃ k, nle f t ≤ 2k ≤ nright , k is an integer)
8 update store(the most left discrete solution on the segment)
9 wcur = max{wi|wi < wcur,wi ∈W}

10 while(line n = ncur intersects circle τ = D)
11 wbot=Bottom(segment n = ncur within circle τ = D)
12 wtop=Top(segment n = ncur within circle τ = D)
13 if (∃wi,wi ∈W,wbot ≤ wi ≤ wtop)
14 update store(the lowest discrete solution on the segment)
15 ncur = ncur −2
16 if (Pmin �= ∞)
17 return (Pmin, nopt , wopt )
18 return false

Figure 6: Our search scheme.

UPDATE STORE (ninput , winput )
1 if (Pmin > Power(ninput ,winput ))
2 Pmin = Power(ninput ,winput )
3 (nopt , wopt ) = (ninput ,winput )

Figure 7: Subroutine update store.

search path. The search terminates when the next line does not in-
tersect the timing circle any more. Figure 5(b) shows the second
part of the search. Starting from the solution column just on the
right of (nc,wc), a vertical line sweeps to the left until no inter-
section is possible. The search path, marked by the solid arrows,
consists of the lowest discrete solutions on the line segments within
the timing circle. The final solution is chosen as the one that is on
either path and dissipates the least amount of power.

The pseudocode of our search scheme is described in Figure 6. It
calculates the optimal discrete solution (nopt ,wopt) and the corre-
sponding minimal power dissipation Pmin for a given timing budget
D. Our search first initializes Pmin, nopt , and wopt in line 1. It then
sets the current search locations, wcur and ncur, in lines 2–3. Lines
4–9 describe the downward search. During each iteration, a new
solution candidate on the path is derived and evaluated using the
subroutine update store, which calculates the current best solution
as shown in Figure 7. The search toward the left is given in lines
10–15, in which solutions on the path are also used to update the
current best solution. After both paths are searched, the best dis-
crete solution is returned in line 17 or no-solution is reported.

The optimality of the solution computed by our search scheme
can be proved in a straightforward manner. For two solutions on
the same horizontal line, the left solution always dissipates less.
Similarly, for two solutions on the same vertical line, the lower
one always consumes less power. Consequently, we only use the
leftmost or the lowest solution candidate on each line segment to
update Pmin. The detailed proof is omitted due to space limitations.

Although we assume n is an even integer to avoid signal inver-
sion, our scheme can be easily extended to handle the case in which
n can be any integer. The only modifications are changing line 3
in Figure 6 to ncur = �nc
 and reducing the moving step size of
ncur from 2 to 1. We will discuss the impact of limiting n to even
numbers on power dissipation in Section 7.

RIS (D, L)
1 (nc, wc)= LagrangeSolver(D, L)
2 if (nc < 0)
3 return false
4 return Search(nc, wc, D)

Figure 8: Algorithm RIS.

4.3 Heuristic summary

The pseudocode of our repeater insertion solver RIS is given in
Figure 8. In line 1, we derive the continuous optimal solution nc
and wc using Lagrange’s method in conjunction with a numerical
solver. If this step fails to compute a solution that meets the timing
requirement D, RIS returns false in line 3. Otherwise RIS performs
the local search in line 4 and returns the discrete optimal solution
or reports no solution exists.

The runtime complexity of RIS is O(nD +wD), where nD is the
number of various n within the timing circle and wD is the number
of different w within the timing circle, since each iteration in Search
is performed in O(1) time and solving two polynomial functions
numerically in LagrangeSolver takes constant time. For a given
interconnect, the values of nD and wD increase with D, since the
size of the timing contour increases with loose timing constraints.
In practice, however, RIS usually finishes in constant time. Such a
high efficiency is due to the fact that the starting point of our search
(nc,wc) is a bottom-left tangent point of the timing circle, and we
only search downward and leftward from it.

5. PERFORMANCE EVALUATION
This section evaluates the performance of Algorithm RIS. Sev-

eral repeater libraries have been used in our experiments. The size
of a repeater is represented by the width of its NMOS transistor.
The width of its PMOS transistor is always set twice as large as
that of the NMOS transistor. All repeater libraries contain the mini-
mum size repeater, whose NMOS transistor size is 3λ. For a library
with a repeater size granularity g, it contains repeaters of size {3λ,
3λ +g, 3λ +2g, ...}.

Several global interconnects in 0.18 µm technology with lengths
ranging from 7 mm to 10 mm were designed. The delay target was
set to 1.52 ns and the RLF was 400 µm. The driver width wd was
set to 4 times as wide as the minimum size repeater. The load was
chosen as a minimum size repeater. The interconnect was chosen
to be copper wire on the metal 4 layer. The circuit parameters of
repeaters and interconnects, e.g., unit length wire capacitance and
unit width gate capacitance, were extracted from a TSMC technol-
ogy file and calibrated using HSPICE simulations.

To demonstrate the effectiveness of our approach, we have com-
pared Algorithm RIS with a scheme which rounds the continuous
estimate to a close discrete solution. Specifically, this rounding ap-
proach checks the four discrete solution candidates around (nc,wc),
as shown in Figure 9, and picks the solution that satisfies the tim-
ing budget D and dissipates the least power. Note that this rounding
method still has to use our Lagrange’s method based solver to cal-
culate (nc,wc).

A

C

B

D

Figure 9: Rounding approach.
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Figure 10 shows the comparison results with repeater granular-
ity g being 1λ and 8λ. As expected, RIS outperforms the rounding
scheme in all cases. Table 1 gives the average and maximum per-
centages of power reduction (Pround −PRIS)/Pround using libraries
with granularities from 1λ to 32λ. Although in many cases the
power savings it achieves are comparable with those of the round-
ing scheme, Algorithm RIS achieves substantial power savings in
certain cases. For example, when granularity is 32λ, RIS achieves
up to 23% power reduction over rounding. Furthermore, in a num-
ber of cases, RIS finds the optimal solution, whereas the rounding
scheme fails to yield any valid solution at all. The runtime for a
single interconnect design is less than 0.12 seconds on a 2.2 GHz
PC with 1GB memory.
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Figure 10: Comparison between RIS and rounding approach,
with the repeater width granularity (a) 1λ and (b) 8λ.

Table 1: Power improvement of RIS
Repeater Width Granularity (λ) 1 2 4 8 16 32

Mean Power Reduction (%) 3 2 1 1 1 2
Max Power Reduction (%) 8 6 6 4 8 23

6. REPEATER LIBRARY DESIGN
In this section, we investigate the problem of repeater library

design by deriving the proper granularity and range of the repeater
widths.

6.1 Repeater width granularity
We used the same experimental setup as the one in Section 5. We

applied RIS to design global interconnects of various lengths and
with different timing budgets, using repeater libraries with width
granularity g ranging from 1λ to 32λ.

The design results are shown in Figure 11, in which the solid line
represents the ideal case results, i.e., continuous repeater width. As
can be seen, power degradation deteriorates with the increase of
g. The average and maximum power increase percentages with re-
spect to the ideal case are given in Table 2. This result shows that,
although a coarse granularity of 32λ can increase power dissipation
by up to 28%, changing g from 1λ to 8λ increases power dissipa-
tion by only 3% on average. Such a granularity increase, however,
reduces the library size by 87.5%, resulting in a significant reduc-
tion of the repeater library design time and cost.

Table 2: Power increase due to repeater size granularities
Repeater Width Granularity (λ) 1 2 4 8 16 32

Mean Power Increase (%) 1 2 3 4 6 12
Max Power Increase (%) 4 4 5 9 16 28
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Figure 11: Minimum power of interconnect designs using re-
peater libraries of various granularities. (a) L=10 mm (b)
D=1.52 ns.

6.2 Repeater width range
This section analyzes another key parameter of repeater library

design: the repeater width range. Figure 12 shows the optimal
discrete repeater widths from the experimental results in Subsec-
tion 6.1, using repeater libraries with 1λ and 8λ granularities. The
range of repeater widths is quite limited, from 20λ to 80λ. Re-
peaters with sizes outside of this range do not need to be included
in the repeater library. From Figure 12, if the granularity is set to
8λ, only 8 repeaters need to be designed, resulting in a very low
design cost.

7000 8000 9000 10000
20

30

40

50

60

70

80

Wire length (µm)

R
ep

ea
te

r 
w

id
th

 (
λ)

1.6 1.8 2.0 x 10
−920

30

40

50

60

70

80

Timing budget (sec)

R
ep

ea
te

r 
w

id
th

 (
λ1  λ

8  λ

(a) (b)

1  λ
8  λ

)

Figure 12: Optimal repeater width. (a) D=1.52 ns (b) L=10 mm.

It is important to point out that the optimal granularity and range
of repeater widths will change for various technologies, fabrication
processes, and interconnect specifications. Our analysis can thus be
performed using the corresponding device and design parameters to
derive the new granularity and range of the repeater widths.

7. INTERCONNECT DESIGN ISSUES
In this paper, we assume the number of repeaters to be even so

that signals are not inverted during transmission. Although this
constraint facilitates the system design, we need to analyze whether
it substantially affects the power dissipation of the interconnect de-
signs. We performed our experiments twice, with the granularity
of n set to 2 and 1, corresponding to the cases with and without
the even repeater number constraint, respectively. The results are
shown in Figure 13. Interestingly, the average power dissipation
difference between the two cases is below 2% on the average, in-
dicating that limiting n to even numbers is acceptable. (The design
scheme using non-inverting repeaters, which are cascaded invert-
ers, is not analyzed, since it is inferior to the approach using simple
inverters [11].)
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Figure 13: Power degradation due to the even-repeater-
number constraint. Repeater granularity is (a) 1λ (b) 8λ.

We subsequently investigate the power impact of RLF. Figure 14
shows the results of a 10-mm interconnect design, in which the
repeater width granularity is set to 1λ. For large RLF, tight tim-
ing budgets cannot be satisfied and, therefore, their power dissipa-
tion values are not shown. From Figure 14, the power dissipation
increases substantially with the increase of RLF, especially under
tight timing budgets. As a result, repeater planning for RLF reduc-
tion is crucial for low-power and high performance system designs.
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Figure 14: Power effect of repeater location flexibility.

8. CONCLUSION
In this paper, we present a novel and efficient procedure for low-

power repeater insertion for global interconnects that captures de-
tailed physical and design issues such as short-circuit power and
repeater location flexibility. Our approach considers the discrete-
ness of the repeater number and width. Specifically, starting from
a solution estimate derived by Lagrange’s method, our algorithm
performs a search for the optimal solution in the discrete solution
space. This search runs extremely fast and guarantees to reach
the optimal discrete solution. Contrary to the repeater insertion
schemes that assume the continuous repeater width, our scheme
only derives the repeater sizes that are available in the repeater li-
brary and, therefore, does not suffer from performance loss due
to solution rounding. Experimental results validate the high effec-
tiveness of our scheme. Our repeater insertion solver can achieve
up to 23% power reduction in comparison to the schemes that rely
on rounding. Furthermore, for some design cases, our scheme suc-
ceeds in finding the optimum, whereas the rounding based schemes
fail to find any solution that meets the timing requirement.

The second contribution of this paper is the analysis of key is-
sues in repeater library design, leading to the answer of what sizes
of repeaters should be included in a repeater library. Using our
repeater insertion solver RIS, we can derive the proper granular-
ity and range of the repeater size and, therefore, design a low-cost

small-size repeater library without significant performance degra-
dation. We have shown that, by choosing the right granularity, the
size of the repeater library can be reduced by 87% with only less
than 4% average power increase for interconnect designs. Further-
more, on the interconnect design aspect, we have discovered that
no significant power dissipation increase is caused by limiting the
repeater number to be even, whereas large repeater location flexi-
bility can lead to a substantial power increase.
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