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Figure 20-7 Ceramic piezoelectric transducers are produced in a vari-
ety of shapes for applications in which quartz crystals are not suitable.

Two types of synthetic piezoelectric transducers are illustrated in Fig.
20-7. Figure 20-7(a) shows a cylindrical-shaped ceramic device with electrical
contacts plated on each end. This kind of transducer is frequently used for
measuring pressure changes in a liquid, or for listening to underwater sounds.
The pressure variations produce electrical signals at the device terminals.

Figure 20-7(b) shows a ceramic device known as a bimorph. When sup-
ported at one end. electrical signals are generated at the internal and external
electrodes by vibrations picked up at the other end. This device is basic to a

record-player cartridge. The minute vibrations generated as the stylus moves (‘QP/ §7L0/>
in the record track are converted into electrical signals and then amplified and )4
o) 24 (G .

fed to speakers. <’.,_VW“ ,}7”077 S/ m/\n;(q}?; [/
20-3 Voltage-Variable Capacitor Diodes

Voltage-variable capacitor diodes (VVCs) are also known as varicaps,
varactors, and epicaps, as well as by several trade names. Basically, a VVC
device is simply a reverse biased diode, and its capacitance is that of the
junction depletion region. Recall that the width of the depletion region at a
pn-junction depends upon the reverse bias voltage [Fig. 20-8(a)]. A large
reverse bias produces a wide depletion region, and with a small reverse bias
the depletion region tends to be very narrow. Since the depletion region acts
as a dielectric between two conducting plates, the device has the character-
istics of a capacitor. As with all capacitors, the depletion layer capacitance C,
is proportional to the junction area and inversely proportional to the width c’;;’
the depletion region. Since the depletion region width is proportional to the &
reverse bias voltage, C,, is inversely proportional to the reverse-bias \rroltage.
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(a) Principle of voltage variable capacitor diode (b) Circuit symbol
Figure 20-8 The. voltage-variable capacitor (VVC) diode uses the ca-

pacitapce of a pn-junction. Increasing the reverse voltage widens the
depletion region and reduces the capacitance.

This 1s not a direct Proportionality: rather, Con 1/ V " where V is the reverse
bias voltage and n depends u

¢ ; Pon doping density. e vVC
diode is shown in Fig. 20-8(b). EERS enaity. The cizeuis symbol for a

2 I'Figure 29‘9(3) shows the equivalent circuit for a VVC diode. C; is the
sunclion capacitance shunted by R, (the junction reverse leakage resistance).

inductance, and C, is the capacitanc
and R, is very large, so for mo

léllffdc t-?‘ Ct:hat of Fig. 20-9(b). Ip this case the diode capacitance is
SO M ¢ 01 actors for the device can be as high as 600 at a frequency

/ varies with bjas voltage and frequency, it can
be used only as a figure of merit for COmparing the performance of different

5 ‘2 \I!;lctie Ssgz)ectlon of nomiqal device capacitances is available, ranging
rom 6 pkr to PF. The capacitance luning ratio TR is the ratio of Cr at 2
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Figure 20-9 The complete equivalent circuit of 2 VVC diode has many
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doping profile of the , 7.; m: s small as 2 or as large as 15. Figure
“ abrupt junction diode and for a hyper-

Mdmpmﬁk thesclmcon-
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f/l\?g 8.20-10 Doping profile in abrupt junction and hyperabrupt junction
diodes. Dop!ng dgnsﬂy IS constant in the abrupt junction device. In
the hyperabrupt junction diode, the doping density is greatest at the

junction.
Example  Calculate the capacitance tuning ratio TR at 1 V and 10 V for the abrup!
20-1 junction and hyperabrupt junction devices with the characteristics in Fig.
20-11.
Solution

From the abrupt junction device characteristics in Fig. 20-11,

At1V, C=150pF
At 10 V, C =~ 60 pF
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‘Figure 20-11 Capacitance / voltage characteristics for abrupt junction
Rt ,ougn VVC dlodes The capacntance of the hyper-
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638  MISCELLANEOUS DEVICES
For the abrupt junction device, then,
150 pF
TRy vy = ﬁ =25 :
From the hyperabrupt junction device characteristics in Fig. 20-11,
At 1V, C = 220 pF
At10V, C =15pF
For the hyperabrupt junction drive. then,
: 220 pF :
7 TRy gy h'lﬁppF =147
g;;mme For the circuit of Rlgi 2012, Vie=9'V. 7, = 100 wH, R, =4,7kﬁ

R, =10kQ, and D, is a h
istic shown in Fig ]
frequency for the cir,

yperabrupt junction VVC diode with the chara
alculate the maximum and minimum resor
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