
are a major concern in high-speed designs because they change
very quickly, which enhances their ability to interfere with
everything else. Planes on adjacent layers minimize that effect.

Rise Time
A very important factor in high-speed designing is rise time.
It is far more important than clock speed alone. By defini-
tion, rise time is the time needed for the signal to rise from
10% to 90% of its total amplitude as it turns on, or fall from
90% to 10% of its amplitude as it turns off. When the ener-
gy of a signal rises in a very short period of time, there are
more harmonics at a higher amplitude that must be dealt
with. Plus, the frequencies of the entire bandwidth from the
clock through the highest harmonics of the signal must be
considered. All this leads to the increased possibility of inter-
ference with everything around the signal.

Crosstalk
Crosstalk is the transfer of energy from an active source to a
victim, so it is imperative for the designer to know all the
sources of noise in the circuitry. As rise time shortens, the
possibility of crosstalk increases dramatically. Some other
factors that increase crosstalk are close traces (in x, y or z
directions), wide traces, traces far from a return plane, traces
crossing a split in a return plane and long traces without ter-
mination. Parts with a small signal swing are most suscepti-
ble to problems from crosstalk because they have less toler-

ance in their noise margin. 
Crosstalk must be avoided as much as possible through

careful design. Extra spacing should be used around clock
signals, memory circuits, periodic repeatable signals and
switching power supplies. Internal routing of most, if not all,
nets is helpful. Limiting traces routed in a parallel manner
either on a single layer or layer to layer will limit the buildup
of crosstalk between them. Good designs will always have

SEPTEMBER 2006 PRINTED CIRCUIT DESIGN & MANUFACTURE 19

MAX LINE LENGTH MAX LINE LENGTH
DEVICE TYPE RISETIME – INNER (in./mm) – OUTER (in./mm)

Standard TTL 5.0 nSec 7.27 / 185 9.23 / 235

Schottky TTL 3.0 nSec 4.36 / 111 5.54 / 141

10K ECL 2.5 nSec 3.63 / 92 4.62 / 117

ASTTL 1.9 nSec 2.76 / 70 3.51 / 89

FTTL 1.2 nSec 1.75 / 44 2.22 / 56

BICMOS 0.7 nSec 1.02 / 26 1.29 / 33

10KH ECL 0.7 nSec 1.02 / 26 1.29 / 33

100K ECL 0.5 nSec .730 / 18 .923 / 23

GaAs 0.3 nSec .440 / 11 .554 / 14

Other 0.1 nSec 0.15 / 4 0.18 / 5

Note: Approximation calculated assuming a nominal Er = 4.1
*Table published by Rick Hartley in his High Speed Design Presentations

TABLE 1.Termination Length Table by Family*


