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Research and implementation of digital modulator
in underwater acoustic power amplifier

WANG Xin-gan, DU Xuan-min, WEN Ming, JTANG Qi-jun
(Shanghai Marine Electronic Equipment Research Institute, Shanghai 201108, China)

Abstract: Digital pulse width modulation with simple structure and excellent stability is commonly used in active sonar
class D power amplifier. However there exist problems about distortion and electromagnetic interference (EMI).
Counting for the need of active sonar class D power amplifier, a new 1.5 bit ¥-A modulator is proposed. This modulator
is not only capable of improving distortion and EMI existing in DPWM, but also can solve the problem of high switch
losses caused by high switch frequency of conventional %-A modulation. The modulator is successfully implemented in
FPGA and has been tested and verified on the platform of full bridge class D power amplifier. Through the comparative
analysis between 1.5 bit -A modulation and DPWM, it is concluded that the proposed modulator is suitable for active
sonar class D power amplifier.
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Fig.2 Quantization noise diagram of signal after noise shaping
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Fig.3 Principle diagram of DPWM

DPWM i il 7 S I 75 200 V1 B (1) v 0y
PRI R T % 8. % LL 40 kHz Nyquist 3K
FER I AAE T 4T 16 bit BALKEE, EARE
DPWM 15 5 (085 B, 120 8s 10 vF Bl g 20
40kHz-2'*~2.6 GHz , %I 485 2k LLAE T fE -5k
Mo W AR B R TR B AT Hon gh, 3
W L AEESE 1 bit A FRK 6 dB ERELL. A Tk
AL, ATRURA 2.1 WETEERI ) SDM HiK, %



32 N

R

2014 4F

BORBEAEAFERAT 5 N AR LL IS DL R, s>
TR T HALE AT BRGNPl HIRE RE 2
THEE T EGER & e RO S A Bk
S8, AT ATNE S o Nbit 8755, WITHEER
TR 2" -1

2 it 5%

9T HEEE 1.5bit SDM 5 DPWM P Ff 1 il 85 (1)
PERE, A X AR A AT T e
2.1 SDM AH 8%t

AT 5 B IR SDM a4k, ok
KFEH N 32, ARG TAERE A 1.5MHz, HARSEIL
PIAEE I 4 fros, HrhQ() 4 1.5 bit EAkgs, H
LR R SR S N R o =R i e i ha
HZARAS I, A A 2, T D 2
M T %, Th# MOS & D)k 245
FIFEA%. FIE 1.5 bit SDM 5 8 8 B 35 AL IT 5%
Wk, ARANE EMI, Koot S .

o

00

P4 1.5bit SDM T 2% S BUAE
Fig4 Implementation diagram of 1.5 bit SDM modulator

Mg SDM i il B vk
(1) MRARABUEAR BT PR IE AR ) A 32 bR AL

B thaE )Tt (ha,, -a)
(z-1"
L1 B4% 36 R A0 &40 b, ba,---,ba, .,
a U‘&Clrczalv"'acnan—la"'aal°
(2) THEIB R LA ) (K| <2b, 5 IR A7 AE 4 1F
Ix,(K)<b/a , 14518 . Hdxk) MBI .
(3) AR A AR 5 R i) 7 R
_aay e a A,
Pl == e
s e ~a, o Hp
A(2)=N,,(2)/N,(2)
B,(9)=D,,(2)-N, ,(2W(2)"
W (z)=N,(2)/D,(2) )
D (2)=(z-1)
N, (D)=b(z-1)"+ba(z-1)+-+(0a_ --a)

7)

ABol AXlls. ®)
a-1a2 oo am71

||'°~||w=s‘z‘u:113|A(Z)| » sup(S) KB £ S 1 LA

T X T VR I X R I
4) ¥ F5Ha,~a RFX(7), 115HS2b~b,,
C,~C, o
(5) M4 U gy ko0 A A BEAT e, AL
BT B = HE R AR B R AR i xR X, HROE
1, sign(x)=1Hsign(x,)=1
0, sign(x)=-1Hsign(x,)=1
"o, sign(x)=1Hsign(x,)=-1
—1,sign(x)=—1Hsign(x,)=—1
Pt R 1.5 bit SDM 5 ge R 444
FPGA LiFAT5ET .
2.2 DPWM AHIg&i&it
DPWM i il ¢ ) SEHAE E an 18] 5 B, %0
Tl % H P S AT AR LR DPWM FER 4 g,  H: A g
PR A TS s AEARIESS S IS EL ) 46
PER A AN BCT A5 S AR, WK DPWM
RPN RGP EER, & TAE TR BScHl. g
BIARL P28 5 3.1 75 SDM i ] 2% (1) ¥ 1
PR30 X HR I T 2-2 253K 4 B 8bit SDM
e Lk, TRFERN 8.

r
mb]tl’g » 00O {HE) |
| 1
G
|
|
| o)
' |
: H(z) ‘ I 7 4 T

(10)

‘l.‘
DPWN—»

I
I
1

s DPWM il il & S BLHE ]
Fig.5 Implementation diagram of DPWM modulator
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Fig.10 Application example in active sonar of class D power amplifier
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