« capacitors

While many types of capacitors exist, two are widely uvsed in EMC desigm

~ tantalum electrolvtic

Small tantalum electralyvtic capacitors can hove large capacitances (1 - 1000 pF).

—  ceramic

Ceramic

capacitors typically have smaller capacitances (| pF - 5 pF), but tend to exhibit ideal

behavior over a mach broader range of frequencics.

Althoug

h typicallv thought of i the context of dc operation, operating frequency is one of

primary consideration in choosing capacitors. A table of various capacitors and thermr typical
operating ranges 1s presented below.

Type Approximate operating range
Tantalum electrolytic I - 1000 Hz

Large value aluminum electrolytic 1 - 10404 Hz

Ceramic 10 kHz - 1 GHz

Mica i kHz - 1 GHz

b

o

Figure 13. Generalized capacitor.
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- equivalent circuit of capacitor
Baoth types of capacitors discussed above share the same basic configuration. Wire leads are
connected to a pair of parallel plates, cach having area A, which are usually separated by some

type of dielectric material. A peneralized equivalent circuit for capacitors ¢an be constructed,
however, specific component vilues may differ for different types of capacitors.

- The component leads introduce an associated inductance (L., ) and capacitance (Cy ).

- A large resstance (R, ... ) associated with the dielectne layer between the capacitor plates
exists in paralle] with the ideal bulk capacitance (C).

- The plates of the capacitor themselves introduce a resistance (R ,,..).

{ - R
Ny AR
Cos — — c —— | Z’p
= 4
¥ # & 'r}

Figure 14, Equmvalent circuil [or capacitor.

- The lead capacitance is typically so small compared to the bulk capacitance that it may be
neglected, Likewise, the resistance of the dielectric layer is typically so large that it may be
represented as being an open vircuit. Thus a simplified equivalent circuit may be developed
consisting of a series combination of the lead inductance, the plate resistance, and the ideal
bulk capaciance.

- The impedance associated with this simplificd equivalent circuit is clearly

: | . i
Zoiy =0l Ry = = B, 4'a"{m'i':ﬂ.mr 2 E] :

Joal”
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Figure 15, Simplified equivalent capacitor circuit.

Apgain the behavior of the generalized equivalent circuit is determuned by examiming this

Impedance expression over a wide range of frequencies;

For de operation, the lead inductance behaves as a short cireult, and the ideal bulk capacitance
is an open circuit. Thus, the capacitor itself acts 4s an open circuit.

As frequency is increased, the impeédance, which is dommated by the ideal capacitance term,

decreases lincarly, until reachng a mmimum when

il = —
fead w
it

At this point, the mmpedance is purely real, and the equivalent circait is in resonance. This
occurs at the self-resonant frequency of the capacitor, which is given by

As frequency increases beyond selferesonnnce, the impedance increases linearly, with the
mductive term domuneting.

As the frequency approaches infinity, the lead inductance begins to behave ke an open

circuit. Thus the maximum operating frequency of a capacitor is typically limited by the
inductance of the capacitor and the device leads.
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All capacitors have
3 a lead inductance of

10°
€ =001F 15 nH

10° ]
7| (Ot
1 1
1w .
11]‘.' l- i 1 a :
1 10° 1o in" 10 10"
4,108 11,08
MHZ MHz
12,68
MHz

Figure 16: Plot of frequency dependent behavior of equivalent circuit for vanous capacitors.

A plot of the responses of the equivalent circuits for various capacitors & shown i Figure
16, The response of 0001 pF, 0.01 pF, and 0.] pF capacitors is shown. Here the lead
inductances are all 15 nH, and the plate resistances are 1£2. The resonant frequencies are seen
to oceur at 4.109 MHz, 12.99 MHz, and 41.09 MHz.

»  indoctors

Although all inductors eonsist of a coil of wire, many variations on the actual method of
device construction exist. Inductors. may be wound on cores made of non-magnetic matenal, or,
more commonly, on materinls with magnetic properties such as ferrite.

Due to their physical peometry, inductors, more than any other type of common circuit
elemnent, tend be sources of stray magnetic fields. Likewisc, inductors are also more suscephible
to effeets due to external magnetic fiekds than other basic circwit elements. The type of inductor

528
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