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Design of High Efficiency Power Amplifier for Parametric

Array Transducer using Variable Output Voltage AC/DC Converter

Jae-Hyeok Shim', Chang-Yeol Lee', Seul-Gi Kim', In-Dong KimT, Won-Kyu Moon?,
Jong—-Hyeon Lees, and Won-Ho Kim*

Abstract - Parametric array transducers are used for long-range and highly directional communication in an
underwater environments. The power amplifiers for parametric array transducers should have sufficient linear
output characteristic and high efficiency to avoid communication errors, system heating, and fuel problems. But

the conventional power amplifier with fixed source voltage is very low efficient due to large power loss by the

big difference between the fixed source voltage and the amplifier output voltage. Thus to solve the problems

this paper proposes the high efficiency power amplifier for parametric array transducers. The proposed power

amplifier ensures high linearity of output characteristic by utilizing the push-pull class B type amplifier and

furthermore gets high efficiency by applying the envelope tracking technique that variable source voltage tracks

the envelope of the amplified signal. Also the paper suggests the detailed circuit topology and design guideline

of class B push—pull type amplifier and variable output voltage AC/DC converter. Its characteristics are verified

by the detailed simulation and experimental results.

Keywords: parametric array transducer, underwater communication, envelope tracking, power amplifier, variable

output voltage, AC/DC converter
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Fig. 5 Equivalent parallel-connected input resistance
R, and capacitance C, of parametric array

transducer as a function of applied frequency.

Y =1/RL +jwC_ p—
RL CL

Fig. 6 Equivalent electrical circuit of parametric array
transducer

Table 1 Design specification of power amplifier for
parametric array transducer

Items Rated values
Output power 1.12 [kW]
Output voltage 140 [v,,.,] (396 [V,])
Output current 8 [4,,,] (23[4,)
Applied frequency 95 ~ 135 [kHz]
Bandwidth 300 [kHz]
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Fig. 7 Bridge-mode power amplifier
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Table 2 Design spec. of master and slave circuit of
bridge-mode power amplifier

Ttems Master Slave
amplifier amplifier
Max. average
560 [ 560 [W]
power P,
Output voltage
+100 |V, +100 |V,
(Vou Vos) (Vi (Vi
Output current +81[4,] +8[4,]
Applied frequency| 95 ~ 135 [kHz] | 95 ~ 135 [kHz]
Bandwidth 300 [kHz] 300 [kHz]
C 20, 20
Vou Vos Voy Vg
|
R R/2 J_ R2
Y, W oo Y
Fig. 8 Equivalent load model of master and slave
amplifier
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—+ - ‘ R./2 2CL

Fig. 9 Equivalent circuit of master amplifier for loop
design
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Fig. 10 Bode diagram of master amplifier considering
load characteristics
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Fig. 11 Variable output voltage AC/DC converter

Table 3 Design spec. of variable output voltage AC/DC

converter
Source
AC 220 [V, 3¢, 60 [Hz]
voltage
C PCON.pk =22 [kM7 PCON(“, =14 [k "W
onverter
(Py, =Py, . =0.720 [k W],
output power )
77])(177:,[} =785 [%} ’ margln:50 [%] )

Vop» Voy =2 100 [I/pk}
Ippy Ipy=11131[4,]
BW=20 [kHz]
2nd order LC Low Pass Filter

Phase-shifted PWM Control
switching freq. f., =125[kHz]

Output voltage

Output current
Bandwidth
Output filter

Control method

Sw
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Fig. 14 Duty cycle(D) and output voltage( V) as a

function of source voltage
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Fig. 15 Output diode voltage V, and current i,

Fig. 16 Output inductor current ¢,, and output

capacitor voltage vp
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Table 4 Simulation conditions of overall
power amplifier

Items Values
signal a 100 [kHz]
signal b 120 [kHz]
amplification ratio 80
Vo 150(V;,
Load 25 [2], 77 [nF]

Vo_Mas Vo_Sla

(a)

(b)

BEg.aH
E :

Q.00 Q0is Qe 00ms

Tirels

Fig. 18 Waveform of power amplifier when a fixed DC
source voltage is applied, (a)output voltages
(Vo_mas, Vo_sla) of master/slave amplifier, (b)
output voltage VO
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Time (s)

Fig. 19 Waveform of power amplifier when a variable

envelope voltage is applied, (a)output voltages
(Vo_mas, Vo_sla) of master/slave amplifier, (b)
output voltage VO
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Fig. 20 Efficiency comparison of power amplifier when
a fixed DC source voltage and a variable
envelope voltage are applied
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proposed power amplifier at F82 transducer
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