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Design of High-Efficiency Power Amplifier for Parametric Array

Transducer using Variable Output Voltage AC/DC Converter

Chang Yeol Lee

Department of Electrical Engineering, The Graduate School,

Pukyong National -University

Abstract

Parametric array transducers that make parametric array phenomenon are used
for telecommunication and high directivity communication 'in underwater. The
power amplifier, for driving the parametric array transducers should have good
linearity and high. efficiency in order to solve- fuel. problem and heating
phenomenon in underwater.. However, classical “amplifiers using constant supply
voltage suffer from the power loss and low efficiency due to large gap between
the supply voltage and the amplifier output voltage. Therefore, this paper
proposes a new high efficiency power amplifier for parametric array transducer.
The proposed power amplifier achieves good linear output characteristic by using
class B push-pull amplifier, and high efficiency by adopting ET(Envelope
Tracking) technology that make variable supply voltage for power amplifier after

input signal. Also, the paper suggests design guidelines and detailed topology



about class B push-pull power amplifier and AC/DC converter. Finally, the
paper confirms characteristics of the proposed power amplifier system through
design and simulation of 2kW-rated variable output voltage AC/DC converter

and class B push-pull power amplifier with 20kHz bandwidth.
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a

T,
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A 23 AANA B o] AR HEAL , Jph £ I 2k

Pr.ygl2 . 700[vAl/2 _
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L, ./ph= 5[A,] (3-20)

AY7] 1IAAA Y] DAY R Prppy < M7 &5 2t € W
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=1.4[kVA]/0.97=1.44{kVA]
Het7] 12 HAAA Y At HdEaX+=
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A o) AFPeak to peak) 21EL AAWF 25[%] 1S, 29 AE )

Al Ny
;S'_?:}‘/}"} L()E: 05><(W1 Vdulnin) Q‘E—I—?_Ei’
N,
0.5 % (F ‘/(lomin )At
p— 1 -
L AI (3-24)
_ 0.5x133.5 [V]x2{usec] _ o (A

11[A]x0.25

webr] 28 APE|E [, =40 [uH] = Foh

S

,—

K
N o

4[psec] ' 4[psec]

a9 3-6. 292 477 A Va R AF Qo

-2 -



3-8. =9 HE AIHYAE Cod 2A

2% 3744 Y AEe AR PSARG oF FET A Ay
g ohe 43 gol 78 £ Ytk
_AQ_1[1 Ar, Ts.i)} -
AVyp= CLCO{2 5 (2 5 (3-25)
~ T,AI
- 16C

xS Y& HF A5 (Peak to peak) At AV,e HU A
o] 9[%]= HdAstH

T,AT y 6 .
c - 8 ¢ 10 °X11 » 0.25 (3-26)
16AVyp  16x(0.09 = 100)

=0.15 [uF]

ILo

Vop

N [N
-t
U o~

% 3-7. 9 JAYH AR ot SHANANE AL Vo



fo= W (3-27)
-1 28)
“ = GrrL G

1
(27)? < (50 » 10%)* < (80 « 10~ °)

=0.12 [pF)

oA =28 ANAE FoE G, =0.15[uF= AA .

(fsw)
250[kFEZ]

40[kHz] 50[kHz]
)

BW

a9 3-8 E¥¥H e FFv (50 [kHzl )

- 28 -



4. NE# A

RE AYFZ7]9

o)}

=]

Z7) 244 22l LA
59 [%] o]tk

nL2<H] 9By Sl SE.
4-1¢) (b= vty 57 4443

2 Ad Ay

¥ = 43
A% a 100 [kHz]
A% b 120 [kHz]
Z 3| 80

Vi max 150 [V,,,]
Load 25 [02], 77 [nF]

- 929 -



Vo_Mas Vo_Sla V_Env1 V_Env2

o e I e VY
o AR SRR At

N\ i\
VA AN

ol A M I
o o [ PNVYPYVV YV

5e-005 0.0001 0.00015 0.0002 0.00025
Time (s)

I%" 4-1. IADCAHY A7 A AYFE7] SHAY 33
(@ vlzH/sdcl B $F7] E93U¢HE, b) SH4ARA3

Vo_Mas Vo_Sla V_Env1 V_Env2

100 [ — P
o MASE AR AA\ /I\ N
@ A A AT DAY TV Y Y
a MAZAMMAZZAAAMEZAA A2,
o Ay e . SNV 0
:gg A AN A AN A
o WA AANDLDANAANLNLAA ANV A AN
® [V V7V V'V V7V
5e-005 0.0001 T()I'(:IO:::) 0.0002 0.00025

13 4-2. EnvelopeE welrle 7PHAS AV Al AEFE7]) E¥AYL 99

(@ vtzH/sdlE F&7] 29344 HE, 0) SHA4AB

- 30 -



Parametric Array Transducer M ZSZ7| & H|W

90%
4V_DC
40% 4-V_Envelope
70%
59% 59% 59% 59% 59%
'o\? 60% [ i | L T
3 50% 43%
c
[T 350/ /1
E 40%
E 30% 26%
7% | —k
20%
9% /K
10%
0% |

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
VI:'I' (peak)/VDc [%]

9 43 A7kde] 14 DC AYY gk 7HE At wjo) F27) £ wn =

Envelope tracking 7<= A &8l AESZ7|E F53HH 117 4-30A <}
2ol SESUA sh= v =Holol mEF oF 15 (%]~ 50 (%) o EESs FY
NZ 4 JSL PSIM AlEZolAe S gl

- 31 -



4-2. 7PAIZEHL ACDC TME] 3)20] AlBgold

ET 7le& 837 A% 7MAadtddS &7 1% 7bd AC/DC HHE 3]
2ol AlEYCA =18 A4 I™3-13 #3-13 A OF 445 oF 73
A

C/DC AME 2] 43t Hg ot

[kl

Vo1 V_cmd*400

0.0004 0.0005 0.0006 0.0007 0.0008 0.0009 0.001
(a) 5 [kHz] AF19} = &
Vo1 V_cmd*400
200 m
150
100 \ /

0.0002 0.00025 0.0003 0.00035 0.0004 0.00045 0.0005

(b) 10 [kHz] Atlaf = =

Vo1 V_cmd*400

200

150

100

8e-005 0.00012 0.00016 0.0002

(©) 20 [kHz] Aplat &
O™ 4-4. AIS BHo) did AXE e 2934 33

- 32 -



4-5& 28 v, . =
olth. 7hdl &¥ gt ACIDC HHEE
&2 59 (%] EA 1 DCAHS omg

& Fol 7hsde AEHIAS T3

ﬂ§°FT}

a9 462 v,,=160[V] & o 243—;!%%] AME Y &8 Hf 9o
. 7bi AC/DC HHEIE T8l AHSF7]d At A7F A E8& 38 (%] 2
A 1% DCAYE 2718 wo) T8 61 [%]ol Wl 24 [%)e] && &FAo] 7}
TS AEHoAS Fall FstAh

a9 4-72 v, =200 [VI¥ #l HE5H7]< dHE S £ Ay ot
7R AC/DC ZAHEE B3] dESZ7)o (s A7F Al 2L 49 (%] ZA]
1A DCHYE A7t wle] &8 61 (%ol Hlsl 12 (%] &€& o] 71

< AEHIAS T3 BT

150

100

50 [> —

_ 7
N VUMY SN LN

-50

-100

-150

100

o |\ NN NN N

ARVATN AN AN VAN AN AR AW AN AT
LY VYV Y VY YV

=0 V U vV vV vV

-100

0.0001 0.00012 0.00014 0.00016 0.00018 0.0002 0.00022 0.00024

a9 45V, =80[V] ¥ W AYFErY) JAY B3 (1200kHz] F5H54)

o.pk —

- 33 -



—— —
AVAWW —
— =

> § MV

) {

e .//v

] —
= =5 —=
= —

ol >

¢ >
T 1

e ~——1
MVAW A\\\\V

e —

3 <_
1 W Mv
W_ m N — v
T T
? T L
5 S P —

e o e o 9 e o o o o o o ©
2 8 2 S

00000
L S

3% 4-6. Vv, =160[V] Lo AYF5E7) 2H9AY B3 Q1200kHz] £354)

- <
wmm\WMwyw ==
<
>
X2 || <
— | //V
A | |
S - —
/AV.Av\ AH\\
< >
=Rl || <
s A
A <
— TP -
o 5 <
N W T
g <
www s
gl >
e T ———
| I ~ >
| S| =

e e e o 9 e o o o o o o ©
00000

00000
s v & F

2947, v, =200V1Q W HEZE7) SEAY B (1200kHz] 254

- 34 -



4-4. TFTE& 18 E AFFTE7|9 AF

109 488 AA ARG GAWEY ofdlo] EAAFAE AT FFFAE
TEE AYZES) Y AARG FERe) Aol

(a) AR
19 4-8. AA A FF

19 4-9= v EY ol o] EAXLFAZS 93 5548 188 A
ZZ 7)o AYE YE AR Z (a) 4kWF 78 AC/DC AWE, (b) =
3}4= 125kHz Gate-Driver © 7} AC/DC ZAWEE Aosl7) 98k DSP2808
co|t},

(b) ©
138 4-9. 78 AC/DC #WE 9} Gate-Driver, DSP 2808 H.&

-35 -



a2

Kol
| .

a9 4-10
=719 AdF

Aol e,

H
T

£9 o

& et

a9 4-11

- 36 -



5.4 &

re
e
M
K-
X
rlr
-
ol
of
22
ofo
5=
W)
-
(m
1
2
v}
o
(m
=
[
|

X
Ll

TEE] A

Z71= 3A Ud¥o SZH=Z Class B push-pull type FZ7]
o} AYRZ PAARGS dE Phase-shifted PWM AC/DC AWEZE T4 = o
! Class B push-pull type SZ71& AIE3sE2E Hojdt Ay &
o, =3 AYR=E ypAdAYg AC/DC AWEE 53 ET(Envelop
tracking)7l =& A&3te FJd && EAS 2t dg5F7]olth
B =&l Class B-push-pull A€ FZ7]2} AC/DC HAHE Y A EE
2218} AA Thol =@l AAISHH, PSIMAIEE o] S S8l 545 &5t
=3

B =R AdsE AMHE £F 5T AAE 9% AFFE/E AU
224 FE3A AeE QAoR ogBh

- 37 -



(11 WP 2, w8, 247, B33, “5E5A% S

=

y

IqUIES A 71 ARASSA|, pp
79~88, 2010 07

[2] &3], o|Fd, BHe=, Mz, FdLds, “HA$E Ayl 7|vg sefr EY o
go] 2y Az=®l” AAFEE] =EA, A48d TCH A1E, pp 25~31, 2011 01

[3] Yub Je, Haksue Lee, Wonkyu Moon, Wonho Kim, Cheeyoung Joh, “The optimal
design method for parametric array sonar system,” 23th Underwater Acoustics
Symposium Proceedings, pp.107.~-112,2008:

[4] o1, £28F, A5 LYE, 229, “1-38 dd EFA S 0183 FUY &5 508
v ERTA L A3 A7, S G S3|A A229 A2E, pp 65~71, 2008 04

[5] Robert F. Coughlin, ~“Operational Amplifiers and Linear Integrated Circuits®, Prentice
Hall,6th Edition

[6] Miguel Rodr 1guez, Pablo Fernandez-Miaja, Alberto Rodr 1guez, and Javier Sebastian, “A
Multiple-Input'. Digitally. Controlled Buck Converter for Envelope Tracking Applications in
Radiofrequency Power Amplifiers®, [EEE Trans. on Power. Electronics, Vol. 25, No. 2,
pp369-381, Feb. 2010

[7] D. Diaz, M. Vasic, O. Garcia, J.A. Oliver, P.-Alou, R. Prieto, and J.A. Cobos, “Three-level
Cell Topology for a Multilevel Power Supply to Achieve High Efficiency Envelope Amplifier
“, IEEE Trans. on Circuits and Systems, Vol. 59, No. 8, ppl-14, April 2012

[8] M. Vasic, O. Garcia, J.A. Oliver, P. Alou, D. Diaz, and J.A. Cobos, “Multilevel Power Supply
for High-Efficiency RF Amplifiers®, [EEE Trans. on Power Electronics, Vol.25, No.4,
ppl078-1089, April 2010

[9] In-Dong Kim, E. C. Nho and G. H Cho, “Novel Constant Frequency PWM DC/DC

Converter with Zero Voltage Switching for Both Primary Switches and Secondary

- 38 -



Rectifying Diodes,” [EEE Trans. on Ind. Elec., Vol. 39, No. 5, pp.444-452, Oct. 1992

[10] In-Dong Kim and Eui-Cheol Nho, “Module-Type Switching Rectifier for Cathodic
Protection of Underground and Maritime Metallic Structures,” [EEE Trans. on Industrial
Electronics, Vol. 52, No. 1, pp. 181-189, Feb. 2005

[11] M. H. Rashid, Power Electronics Handbook, Academic Press, 2001

-39 -



	1. 서    론   
	2. 파라메트릭 어레이 트랜스듀서용 전력증폭기   
	2-1. 파라메트릭 어레이 트랜스듀서 특성 및 설계사양   
	2-2. 전력증폭기 토폴로지 설계  
	2-3. 안정도 및 전압루프 설계   

	3. 파라메트릭 어레이 트랜스듀서용 가변 전원회로의 설계  
	3-1. 가변 AC/DC 컨버터의 전력회로 및 설계사양 
	3-2. 가변 전원 AC/DC 컨버터의 출력단 전력 산정 
	3-3. 입력전압 변동에 대한 듀디 사이클 제어 
	3-4. 입력 필터 커패시터 Cf의 설계 
	3-5. 입력 필터 인덕터 Lf의 설계 
	3-6. 고주파 변압기의 설계 
	3-6-1. 고주파 변압기 권선비의 설계  
	3-6-2. 고주파 변압기 용량의 설계  

	3-7. 출력 필터 인덕터 Lo의 설계 
	3-8. 출력 필터 커패시터 Co의 설계 

	4. 시뮬레이션 및 실험 결과  
	4-1. 브릿지 모드 전력증폭기의 시뮬레이션 결과 
	4-2. 가변출력전압 AC/DC 컨버터 회로의 시뮬레이션 
	4-3. 수중통신용 고효율 전력증폭기의 시뮬레이션 
	4-4. 수중통신용 고효율 전력증폭기의 제작 

	5. 결    론  
	참 고 문 헌  


