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band and thus reduce the energy at any
specific frequency. Spreading a 40 MHz
clock frequency just ±2.5% (between 39
and 41 MHz) reduces the amplitude of the
fundamental frequency by 9.5 dB, the third
harmonic by 11.2 dB, and the fifth harmonic
by 13.0 dB. It would take expensive shielding
to achieve a similar reduction.

Many display systems and telecom devices
cannot tolerate a frequency-modulated clock,
but where applicable, a spread-spectrum
clock can offer an inexpensive solution to
a difficult problem.

An Innovative Way to Reduce
Electromagnetic Interference
Unwanted EMI (electromagnetic interfer-

ence) can be difficult and expensive to con-
trol. Usually, designers simply shield their
systems in order to comply with regulations.
However there is another, less expensive
alternative.

Most digital systems are clocked by a
stable, 50% duty cycle, crystal-controlled
frequency. This simplifies design, debugging,
and timing margin analysis, but also generates
a high level of EMI — at the clock frequency,
its third harmonic, and its fifth harmonic.

By frequency-modulating the clock, you
can spread the radiated energy over a wider

By Peter Alfke

International Microcircuits offers a number of low-cost crystal-controlled EMI-
reducing oscillators. Visit their web site (www.imicorp.com) for more information. ◆

with 50 pF each = 400 pF total:

C= 3 V • 0.4 nF/ 30 mV = 40 nF = 0.04 µF

This means that a 0.1 µF decoupling
capacitor is marginal for supplying the internal
dynamic current (1 A•5 ns), but can easily
supply eight full-swing outputs.

There is a larger capacitor, one per device,
that evens out slower current changes. This
capacitor might supply 5 Amps dc for a
microsecond:

C = 5 A•1 µs / 30 mV = 150 µF.

At the output of the switching supply is a
capacitor that supplies 50 Amps to the whole
board, and covers the 100 kHz period of the
switching supply:

C= 50 A • 10µs / 30 mV = 15,000 µF.

Vcc decoupling is important, and becomes
more critical as chips get bigger, as clock
frequencies and supply current increase, and
as supply voltage decreases. ◆

A power supply decoupling structure is
like a tree, starting at the supply and ending
at the individual Vcc pin. At each level, you
should not allow a voltage drop (delta V) of
more than 30 mV.

General Formula: delta V = I • t / C

The following example shows how to
calculate capacitor values in a typical applica-
tion. These calculations ignore the series
inductance in each capacitor, and make
assumptions about power and frequency
that may not fit every application.

There is a decupling capacitor at every
Vcc pin. A dc current of 200 mA per pin is a
reasonable assumption, but this current might
come as a 1-Amp spike with 20% duty cycle at
perhaps 40 MHz:

C= 1 A • 5 ns / 30 mV = 150 nF = 0.15 µF

This capacitor also must support the charg-
ing of load capacitors. Let’s assume eight pins

Using Decoupling Capacitors in 3.3-V Systems
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