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Abstract: The signal integrity problem in 0. 18#m CMOS technology is analyzed from simulation. Several rules in this phenomenon

are found by analyzing the crosstalk delay and noise, which are helpful for the future circuit design.
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1 Introduction

The driving force behind the spectacular advance
ment of the integrated circuit technology in the past thirty
years has been the exponential scaling of the transistor
feature size, i. e. the minimum dimension of a transistor.
The feature size decreased from about 2Hm in 1985, to
about 1Hm in 1990 and to 0. 10Mm today ( 2003). It has
been following the Moore’ s Law!'! at the rate of a factor
of 0. 7 reductions every three years. Such exponential scal-
ing will continue for several years as projected in National
Technology Roadmap for Semiconductors'? .

According to the simple scaling rule described in
Ref. [ 3], when the devices and interconnects are scaled
down in all three dimensions by a factor of S(S< 1), the
intrinsic gate delay and the interconnect delay have been
influenced differently by the factor S'*. The intrinsic gate
delay is reduced by a factor of S, but the delay of global
interconnects increases by a factor of $™2. As a result, the
interconnect delay has exceeded the device delay and be
come the dominating factor in determining system perfor-
mance. At the same time, in order to prevent the intercon-

nect resistor from not to increase too fast, the interconnect
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is produced as high as possible, so the height to the width
ratio of the interconnect is increasing. As a result, the
coupling capacitance between adjacent interconnects in
the same metal level will become a major component in
the total capacitance. The coupling capacitance will cause
crosstalk delay and noise to the interconnects. In 0. 18Hm
technology, these parasitic effects are obvious, and in some
cases it can make chip fail. So interconnect delay and
crosstalk must be analyzed and optimized in 0. 18H4m tech-

nology circuit design.

2 Signal integrity

As we all know, any signal in digital system can tol-
erale certain level of noise and delay. When the signal
cannot reach the certain level of voltage in certain time,
we call this phenomena signal integrity problem, as shown
in Fig. 111,

As mentioned above, the coupling capacitance can
cause crosstalk delay and noise to the interconnect, so it
must be in consideration for the circuit design, in fact

crosstalk has become one of the critical problems in DSM

chip designs as a result of technology evolution.
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Fig. 1  Practical diagram
Impact of the crosstalk in 0. 18Hm technology is in-
vestigated using the simulation test structures as shown in
Fig. 2. We use HSPICE to simulate the test cireuit. In all
test structures, they have the same supply voltage Vpp. In
situation (a) of Fig. 2, there is only one interconnect, and
no coupling capacitance, its delay is just determined by its
intrinsic capacitance Ciu( Cpowom+ Ciop) and its resis-

tance. That is to say, this delay is the intrinsic delay
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D ;e In situation (b), there are three minimum width in-
terconnects arranging parallel in minimum spacing. The
middle interconnect switches, and the other two keep inac-
tive. In situation ( ¢) , these three interconnects switches in
the same direction simultaneous. In situation ( d), the
middle interconnect switches in the opposite direction with
its two neighbors. Structure (e) is used for noise simula

tion. The delay simulation result is shown in Figs. 3, 4,
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and 5. From the simulations, we can get some conclu-
sions:

(1) The interconnect delay increases with the inter-
connect length.

(2) In (b), (d) test structures, the delay does not
equal to intrinsic delay. Coupling capacitance causes
crosstalk delay D wqra.

(3) In (b), (e}, (d) test structures, the circuits
have the same coupling capacitances, but their delays are
different, so the capacitive crosstalk delay is relevant to
switching patterns.

(4) In (c¢) test structure, the delay equals to intrin-
sic delay. That is to say, in this situation the coupling ca
pacitance has no influence on the circuit delay.

(5) As shown in Fig. 4, the capacitive crosstalk de
lay is sensitive to the spacing.

(6) Situation ( d) is the worst case, in this situation
the circuit has the longest delay, its D o, is several times
of the D ;. and so this situation should be avoided in the
circuit design.
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From foregoing simulation, we know that the role of
the coupling capacitance is greatly dependent on the rela
tive switching patterns of the interconnects. So when cal-
culating the interconnect delay, it is not easy to decide
how to calculate the crosstalk delay D .. Some re
searchers'®! deal with the coupling capacitance in the fol-
lowing ways.

(1) If one net switches and the other remains
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Fig. 4 Delay versus spacing and interconnect length
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inactive, then the grounded equivalent coupling capaci-
tance Cequal is modeled as Coqyp.

(2) If the two nets switch at the same time in the
opposite directions, then the C a1 is modeled as 2C .

(3) If both nets switch at the same time in the same
direction, then the €. is modeled as 0.

Our simulation is consistent with arithmetic ( 3), if
the switching interconnects have the same situation such
as the same supply voltage, the same switch direction, and
the same interconnect size. If these situations change, the
results will be different. The other two are not consistent
with our simulations, as shown in Fig. 6. It implies that it
is not accurate to calculate the interconnect delay using e
quivalent coupling capacitance Ceqal. From our simula
tions, we learn that coupling capacitance crosstalk delay is
relative with the interconnect length, switch patterns, and
spacing. Of course, it is sensitive to some other factors
too: interconnect width, driver strength, shielding, and so

on.
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Coupling capacitance not only impacts on intercon-
nect delay, but also on interconnect noise. The Vppwe use
to simulate is 1. 8V, the peak noises at different intercon-
nect length, spacing, and switching patterns are shown in

Figs. 7 and 8. The results imply that the situation (e) is
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Fig. 7 Peak noise with interconnect length versus interconr
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Fig. 8 Signal influenced by capacitive crosstalk
the worst case; in this case, the voltage spike is large e
nough to cause logic faulis on sequential elements. So the
crosstalk noise must be taken into consideration in the cir-

cuit design in 0. 18Um technology.

3 Conclusions

Several measurements are performed for the various
test patterns for the analysis of signal integrity problems in
0. 18Mm technology. We analyze the crosstalk delay and
crosstalk noise in different switching patterns from the
simulation, we learn in which case the capacitive crosstalk
causes the worst crosstalk delay and in which case it caus-
es the worst crosstalk noise. These worst cases must be
avoided for the circuit design. We also prove that it is not
accurate to calculate the interconnect delay using equivar
lent coupling capacitance € .qal. In a word, the signal in-
tegrity problem in 0. 18Hm technology is serious, in some
cases the crosstalk delay can be several times of the inter-
connect intrinsic delay, and the crosstalk noise can cause
logic fault. So how to optimize the interconnect delay and
signal integrity is very important in the future technology

circuit design.
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