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Abstract lines, a noise signal may appear on it. If coupling is strong
In this paper we consider transistor sizing to reduceenough, the quiet line may switch and cause a wrong logic
crosstalk. First, crosstalk noise dependency on wire widthpperation. The purpose of crosstalk reduction is to make sure
wire spacing, driver and receiver sizes are discussed, arfbat coupling will not cause wrong logic operation in the
validated by experiments. Then transistor sizing for timingcircuit. Coupling may also speed up lines which switch in
and noise is discussed and solved using optimizatiosame direction, or slow down lines switching in opposite
techniques. Experimental results suggest that crosstaldlirections comparing to the case when a switching line is
violations can be removed by transistor sizing with verycoupled to some quiet lines[9].
small area ovehead. Foundation 1 The parallel runs length of adjacent wires is
l. Introduction not a correct criterion to decide if a wire is noise critical or
rpot. This is because crosstalk noise depends on many factors,

With aggressive technology scaling, crosstalk effects oaaY!nd coupling length has a week correlation to noise.

chip level cannot be ignored. It is so because line to lin
coupling increases when line to line spacing decreases a Hgth changes from 1mm to 10mm in O.88 CMOS

the aspect ratio increases, as it is the case in deep submic E(;chnolo noise on a victim wire doesn't chanae much
technologies. Crosstalk can cause delay faults or logic fault: 9y 9 :

[1]. The existing techniques employed to reduce crosstalk A S|mple_yet e_ff_ectlve model Wh'ch clearly reflect_s the
noise or coupling effect on delay fall into two categories: Impact of driver sizing and other physical dependencies has

1. Parallel runs of two adjacent lines are restricted not t&r):ggt;rrggogﬁg Iig [;4]'"2;;3?; :)oeenrwlu?t)i(nle;dcegu tcl)inmCIcuadsee;Mirr?
exceed a certain limit. Using this criterion, post-global PP P piing

routing optimization[16] or wire ordering in detail routing [15]. Peak noise is given by:

easurements and simulation[2] show that when parallel

stage [6] have been proposed. X. [0,
2. Spacing between neighboring lines is increased to T b
reduce noise and delay caused by coupling [3]. \/; =t
The above approaches cannot guarantee that crosstalk C.[R.
noise will be reduced below a desired limit. Using coupling CZC b

length or coupling capacitance as sole criterion can either ] ! ) ]
over-constrain a layout tool or be too optimistic in some We Wwill use the above formula (1) derived in [15] to
cases. estimate crosstalk noise. It is an upper bound of 20%
This paper targets crosstalk noise directly, not couplinggccuracy comparing with HSPICE simulation. In (1) X is the
length or coupling capacitance. First, the dependency o$et of all coupling capacitance, and C is the set of all
crosstalk noise on coupling length, wire width, spacing, andapacitance in the circuit.; Rs the driving point resistance
transistor sizes are discussed, and it is shown that transisteeen from node i (where; ¥ connected) with all capacitance
sizing and spacing are the most effective ways to reducepen, while R is the resistance across the leads of the ith
crosstalk noise for a given layout. Transistor sizing as &apacitor.
circuit teqhnlque to control qro;stalk was mentlgngd for the "Equndation 2 The impact of different wire sizes on
first time in [14] and [15]. This is the first paper in literature crosstalk noise is much smaller comparing to the impact of
that discusses transistor sizing to reduce crosstalk noise whilgire spacing, thus spacing is more effective to use when
satisfying timing constraints. Crosstalk noise is very sensitivjoing noise reduction.

to driver sizes, it is possible that a crosstalk free layout may Taple 1 shows crosstalk noise on quiet line_1 of width w1l
have crosstalk violations after its transistors have been sized -

for timing. . S Table 1: Effect of wire sizing and spacing
In section Il of this paper, the optimization problem of

transistor sizing for timing and noise is discussed. In section [w ! 0.4 0.6 0.8 1.0
IV two approachez t?t sol\;]e trar}f}'i‘% sizing for tlkr]mng g‘ndt 04 1 0903/0.76 | 087061 081050
PrOIr?ei "’t“? pri(;ip;osef . nlsis O\r’vrc‘j ?il 0 ei are:] cilver :; o ‘iJe 0106 004/0.76| 087/0.65 | 081049  0.77/0.447
vi%la?tif)r? sftergtingingozgtirrﬁz;gog cZnS bi ’ e?ficientcl)yse 08 0.88/0.65| 0.83/0.49 0.78/0.41 0.74/0.3%

oS . 1.0 0.85/0.49 | 0.80/0.41 0.76/0.35|  0.72/0.3d
eliminated. Section V concludes the paper.

Il. Preliminaries

T .._._which runs in parallel to a switching line_2 of width w2.
When a quiet line is coupled to one or more switching

Both wires are 1mm long and their widths arepm. All

*This work was supported by National Science Foundation grant Mip Gale€s are minimum _S|zed, and Comme[’C'al extraction tool was
94119 and the California Micro Program through Mentor Graphics and Rock- US€d t0 get line resistance and capacitance. Transistor model
well. for 0.35 technology is used in HSPICE simulation. The




results are normalized to the noise on line_1 when minimum For example, such a case occurs when 2 long lines are
wire sizes and spacing are used. adjacent to each other and both are noise-critical.

In table’s entries, the first data is the normalized noise Foundation 7 Transistor sizing for timing optimization or
when wire sizes have widths of w1l and w2 respectively, theéiming-constrained optimization may make non-noise critical
second data is the normalized noise when minimum widttwires become critical.
wire sizes are used, and only spacing is increased such that Foundation 8 When using Elmore delay model to
total overhead by spacing and wire sizing are the same. Faalculate delay, coupling capacitance can be treated as
example, when w1=0pn and w2=0.8m, the corresponding effective ground capacitance. Due to Miller effect, the
spacing among minimum width wires is [itf, as both cases effective ground capacitance of a coupling capacitance Cc
have same total area 8. In row 1 spacing is changed can be 0, Cc or 2Cc, depending on the switching direction on
from 0.4 to 1.0 by 0.2 each time; in row 2, spacing is changedictim and aggressor wires [9].

from 0.6 to 1.2 by 0.2 each time, and so on. 1. Problem formulation and analysis

Increasing wire size of either line can reduce crosstalk

noise on line_1, but the change is much smaller than in thﬁ)r

corresponding spacing case. For example, when wfir(.8
w2=0.6um, noise is reduced from 1 to 0.81, but spacing only
can reduce noise to 0.49.

Foundation 3 Increasing driver size of a wire, while
keeping everything else unchanged, has big impact on

The crosstalk aware transistor sizing problem can be
mulated as:
minimize Area

subjectto Delay< Tspec
and Crosstalk— noise Nspec
andeach- transistorsize= min— channelwidth

coupling noise. The impact is twofold: the noise on the \yhere Tspec and Nspec are user provided timing
driven wire decreases but increases on its neighborggnsiraints or noise constraints. We treat transistor sizing

Measurement and simulation in [2] supported this claim. problem as deciding transistor channel widths. The objective
Foundation 4 Increasing size of a wire’s receiver, whilef,nction is the summation of all channel widths

keeping everything else unchanged, will decrease noise on

the wire, but the impact is quite small comparing to changing N

driver’s size. z %i
Table 2 shows the normalized noise on line_1 under i=1

different conditions. Two parallel lines of length 1 mm are 1. The models

considered. Noise is normalized to the value when the drivers T . h K K oul ¢ la (1
and receivers are minimum sized. In row 1, the driver on o es_t|mate the peak crosstalk pulse we use ormula 1)
derived in [15]. EImore delay model [4] serves as a timing

metric where 2Cc to ground replaces the coupling
capacitance Cc. From Foundation 9, we know that this is the

(x) , where N is total number of transistors.

Table 2: Effect of driver and receiver sizing

1 2 3 4 5 worst case delay effect of a coupling capacitance.
T driver 1T | 0.78/12| 05913 046/L. 0.36/114 We applyrt model for interconnect segments, make use of
Treceiver | 1| 099/L0 09910  099/L oog/lo  the fact that driver's resistance is inversly proportional to
> drvers 1 To5 103 598 557 transistor’'s size, and transistor's capacitance is proportlo_nal
to transistor channel width. It is well know that under this

. . . . . - . ) assumptions, Elmore delay is a posynomial function.

line_1 is minimum size, twice minimum size, up to 5 timeStangistor sizing for timing is not a new problem. The

minimum size. The first data in each entry is the normalizedypiective function and timing constraints can be changed to
noise on line_1 when line_2 is switching, the second data igonyex functions under appropriate variable transformation,
noise on line_2 when line_1 is switching. Increasing a driveky ;s an exact solution can be obtained by applying convex
size and keeping everything else unchanged can dramaticalrlyrogramming techniques[12]. A simpler and faster iterative
improve the net's noise immunity, but it will make the algorithms were used in TILOS[S], and in [13].

neighbor suffer bigger noise. 2. Nonlinearity of the combined constraints problem

In row 2 of Table 2, the receiver on line_1 is minimum ) i o
size, twice minimum size, up to 5 times minimum size. The Crosstalk constraints are more complicated than timing

impact on noise on line 1 and line 2 is rather small. In row 3constraints. Let's first consider a 2 net coupling case. A

ICl IC3+ Cyz
R

both drivers on line 1 and line 2 are changed to the same size.
In this case the noise changes are minor.

Foundation 5 Increasing spacing between two parallel
lines reduces coupling capacitance, crosstalk noise and
coupling-caused delay.

For example, in 0.3m technology, increasing spacing
from 0.4 pum to 0.6 um between 1 mm long lines reduces
noise on the quiet line by 25% (see table 1).

Foundation 6 In some cases, transistor sizing alone may
not rectify all noise violations. In such a case spacing
between some wires has to be increased (if no rerouting or.
buffer insertion are applied). ¢l

Ci - half line capacitance,

X - half coupling capacitance
R1 - net 1 driver resistance,
R2 - net 2 output resistance,
R, R’ - wire resistance

Fig. 1. Circuit model of 2 coupled nets.

rcuit model of two parallel lines is shown in fig. 1.
The crosstalk constraint for this case is:



net, only one variable will appear. In general, for the case

VApsNS 2 . e
pec when more than one line couples to a victim net, crosstalk
By applying formula (1), we have 4 variables, i.e.. R, noise constraint has the formmftx = % Zi+b. <0
Cyz and Gy Each Ris proportional to 1/x and each gate &N !
capacitance § is proportional to x where x is the size It is still non convex and cannot be transformed into
(channel width) of the ith transistor. So the above constraint . ) ) z
can be transformed to: convex function using the standard transformatior: e
a a X X But it's linear in 1/xi. So far we can see that transistor sizing
N() = X—l—x—z—a3 B,-a, D(4—a5DX—3—a6DX—4+blSO (3 satisfying timing and crosstalk constraints at the same time is
172 2 a difficult nonlinear programming problem, it does not fall
into any special category.
Where a; = A EBNi—cl—cs—sz , A practical strategy may be separating timing and
Uspec U crosstalk optimizations. As small changes of transistor sizes

may be enough to satisfy crosstalk constraints, we can

= AO(C,+C,+2X = B[R g L DO ;
% (CptCy+2x), ag ’ perform timing optimization first, followed by crosstalk

a, =BIR, a;=a;=A[B, optimization. After timing optimization is done, we use
timing budget for each gate in the form ef<r, , this
b, = RX _ROC,-R T, ~ROX-R' (X - i : L max
17N oo 3 4 . is the same as only sizing transistors up. We can transform
P . . ) our transistor sizing problem as deciding transistor resistance:
And A and B are, respectively, the unit resistance and unit N
capacitance. . o minimize Ri (5)
When one more line couples to the victim net, two more S
variables will appear. For net i, lef aenotes the size of the subjectto  R<R ,i=1,2,..,N(6)
driver, and ys denote the sizes of receivers. '
N N and  N(M =aR-3 aqR+b<0 i=2. N(7)
Sa_sdl _ j . I .
NG) = x_l_z X Z 5 [yj Z de><'j+bi5° 4 This linearly constrained optimization problem can be
7t j=1 i=1 solved easily.

The noise constraints (4) have quite a regular form. Ay/ Solving the optimization problem
function fis convex iff its Hessian matrix We define a PROFILE of a wire to be a set of all wires

2 that are transitively adjacent to a given wire. Two wires are
HO) = {gxfax transitively adjacent if they are adjacent or there exists a
i sequence of neighbors such that the first one in the sequence
is positive semidefinite[8]. The function N(x) in (3) is not is neighbor of the wire in question. Drivers of these wires are
convex, as for N(x): called profile drivers.
o . o - 1. Solving the NLP problem for transistor sizing
ﬁ = ot 2% 40 3 We will solve the problem in two different ways:

: _ ) (1) Solve the NLP problem including simultaneously
which makes at least 1 eigenvalue of matrix H(X)timing and noise constraints. For timing constraints, we will
negative, so matrix H(x) is not positive semidefinite[11]. Forinclude timing-critical and some near-critical nets. In the
the same reason, even after variable transformatjon e” worst case scenario, all wires which are in PROFILEs of the
the function is not convex either. transistors included in timing constraints have to be
We will make two simplifications to get a easier problem. considered as potential noise critical wires. This introduces a
First, we will consider only sizing transistors up. This is alt Of linear constraints, many of which may be spurious as
reasonable assumption, as we may be starting from th&lZing for timing will not_affect all wires. Practically solvable
minimum initial features. Second, in crosstalk constraints, wdroblem sizes may be limited. . .
will ignore the impact of changing gate capacitance by (2) Solve the problem by iterating transistor sizing for
treating each gate capacitance as constant. This is reasonali|§lind and transistor sizing for noise which are easier to
as from foundation 4, it follows that the effect of receiver SOIV€ than combined problem. We start from a crosstalk free

sizing is small when line capacitance is much bigger tharstarting point. It may be the minimum sized circuit in which

receiver's gate capacitance. crosstalk violations haye been re_ctified_b_y chang_ing spacing.
Now we can rewrite crosstalk constraints into a simplerwe solve the conventional transistor sizing for timing, then
form: solve (5), (6) and (7), which are the sizing problem when all
a a transistors are only sized up.
NG = 2-24p <0 After that, verification of the circuit should be done to
X Xy 1 make sure there are no new timing violations, if there are,

The solution which satisfies this constraint is guaranteedeturn to the iteration loop. If the process fails to converge,

to be a feasible solution to satisfy (3). spacing should be applied.
Note that now in (1), for each line coupling to a victim



2. Experiments causing new timing problems, this shows that using sizing up
Recently, several solvers for NLP problems have beefS @n extra constraint in (5) to (7), although may cause more

available on NEOS[7], including MINOS, LANCELOT, and ©xtra area overhead, is an effective alternative.

SNOPT, etc. After testing them, we decide to use SNOPT t/. Discussion and future work

solve our optimization problem. SNOPT implements a In this paper, we addressed the transistor sizing problem

sequential programming algorithm that uses smoottfor timing and noise. We suggest that in this case, spacing

augmented Lagrangian merit function and makes explicishould be used only to help transistor sizing. Although

provision for infeasibility in the original problem and for the spacing and transistor sizing can be formulated together into

quadratic programming subproblems. one large NLP problem, it may generate problems that
The results for randomly generated circuits are listed ircontain too many variables to be solvable for practical

Table 3. The first column shows the number of nodes in eaclmstances. We are now investigating practical ways of solving

circuit. Both approaches discussed above have beegpacing and transistor sizing for timing and noise.

implemented and their sizing results and run time areReferences:
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