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A New Control Method of GaN High Power

Amplifier for Active Sonar

Sang Hwa Lee

Department of Electrical Engineering, The Graduate School,

Pukyong National University

Abstract

The acoustic sensor of the active sonar has characteristics that the
impedance of the sensor changes greatly due to mutual acoustic interference.
The power amplifier for the active sonar with this kind of load characteristics
generates harmonic components and introduce various disturbance components.
Also, active sonar power amplifiers must ensure wide bandwidth and output
linearity, while at the same time they must operate at high efficiency to solve
the heat and fuel problems of the system. Therefore, this paper design a
power amplifier with high efficiency characteristics by designing a power
amplifier using GaN devices, and propose a new power & current limit and
feedforward control method to improve stability and linearity of power
amplifier for active sonar. The proposed control method improves the stability
of the power amplifier and improves the total harmonic distortion (THD)
characteristics compared with the conventional feedback control method

through PSIM simulation.

_iv_



2~ (SONAR, SOund Navigation And Ranging): 23te)] &) 5

239 W9 2 AgE @Ak FHE EalH S9EA] 7], A7
T SEY|REE S, g5 A SuH et A A}7] 3H(Electromagnetic
Wave)7} w23 Hz] ddy 7)o o] &gslo] T35, A 2 i

o=

Y
il
i
Ry
ol
ol
s
=Y,
o
g
_Q
53]
>
)
=
=
o
2
o
Ry
n=}
ol
N
P01 L7
s

et £FAE AL F - Sl 2399 BAS AL 24
Ae AFwel k% ol gdlol 31 o]F o] &% HEAA FFE

A7tz vl A}

op
)
([
dlo
I
rlr
P
1Py
=
o
S
8
)
i
2
18
%)
e

A7k Fu e BEo 2e F Aol gln @y Qe ded e &
g 5eowM Ag g olzle] FEae 71do] Wtk 1827

d 292 5282 by ZF 2= (Daniel Colladon) ¥ Zgh2 38ha; 2
2 2E & (Charles Sturm)o] dA& BRI FFo FAhT AFFA=
7} 9] A3t Aol A z7F Ho], 1830 A= (Jacques)}

o 2 # g (Pierre Curie)’} 42 s dAGH oY A|YL =(James

j
a-

L
B
A\

il

P o
T ™

S

il



2} 9 &/ (Magnetostrictive  Phenomena)®} Ak

Joule)©]

il

Py

tol 3o BA o B

SIS

S pgl=
=] =

(echo)o. 2 W9 AgE

=} O
HEakS

o} o =

il

Az A Y77 ToAl HAARE

-
1

3
7] A7kA = o]l gldth v 191249, ElolEtH S

el
o
o]
il

g0 grhHl(Langevin)©] AFAl o]

3L

19184

<
T

o]

712 ol&3ste] 1500m Hoj

=3
[)

AE

s}

ol
M

9

No

% o

A AR}

L
a-

T
%0
mK

i)

P
T

Al/A 2

S|
=

=l



Lost eneroy Maximum efficiency region
B

Fixed voltage
supply

Signal to be

Al A transmitted
| N
low efficiency

A
Linear '*W}
RFPA
region

(@) (b)

Envelope

maximum efficiency region

Variable voltage
supply

Envelope

Signal to be ¢ " C o | A Voe
transmitted _ I~

maximum efficiency

Coupler Linear 20V ¢w
RFPA
region

(c) (d)
12 1. Envelope Tracking 7% /M8 =

Y 12 oldET 4¥ FE70e HE A% sl &

7t 2R glemw I 1-(b9) BlEAd dHAdsr A4S We B
& duAe Edeo] ARG, we I8 1-(a)e FF7= Y &
o]

&
Aol 05824 AAdAME v & Fhe ZE=Th oo Wk ¥
1-(c)= ET7”]% (Envelope tracking technique)©] % -&
SZ7loltt. DC-DC HHEE o]&ste] & AHFAY Vees 2L
I-(AH dgAse] sHA Aojd = Aok w2k 29 1-(0)9] 95

Z71= 1-(a) AGFZF7]e B8] &0 ZAN oAl dstolA

filo
-
%0,
rr
B
=
kol
nqo
o,
(@)
B
o0
Q1
fru
>,
i)
Y
ol
=)
_{

v
©
o
t
e
i)
e
fr

O AYFEE FAsE Pa duusd A BAF Y A NS 0
5] oyt BAS 23 Utk olUF ofdEa AYFEsY v

Ae ANNAY 98 OAY AEFEA7 AnEad. gag a5



NJo

X7

X

\_ﬂo

] &

5o

<

| Ag Aelst u

9]

bl ot

°



S

|5 gt EE = ==y ZE)| o5t Ml
4G YMI| cERUL
LR f
L dojezg
ety

92 $EAE 1FY 2708 THES dehath 5347

(Acoustic Transducer)= LT3 2] Hl&] 4oz 5 2

YAE2E AR 2 FgoR TEAIF o AUt 5% E
=

W2FAE 5 Fago wet Judart 7tiHER o3 $F E
AAFAE TE87) 93 Agslas Je qdZag 8 A3
ool atm, FAl] Alzdle] Hd AREAE A 95t =



Z7] a7 BaH

No

1.2 28ld ©9

(b)

AT ez &

S

Atk

=K

oF
Np
o
ojn

)

il

~
4o

SHA H T

o] AA W

)

PRATIE ISP RERY

P

A}

ol A

il
—_—
fite)

%0

il

T
Ny

—_—

~
4o

ol

Y
i
Hr

p—

0
X

o

=
1o

oF

fite)

B

AETEINE T

2 e

Aol



—
fite)

tH61-[9].

o
N

FR o™ GaNe9

S

=]
FERe

A

KeX
=

Wide Band Gap(WBG)AAFQ] GaN

—
fite)

el
JJo
7o
To!

+

K
el
7o
fvze)

o

)

%0

0
~

ol
M

g ol

g Ao

-
X

Ngozs v=

71 A

7o

bl ot



.No
W
K

0

GaN A ¥

7] 3 =2

B
NJo
T

XA

X

Low-pass filter

-

Switching controller
and output stage

g

Input
Triangular wave generator

A28 Z22£7](Switching Power Amplifier)

EEANE

\_ﬂo

=y

p—

d PWM %

g

<

"

ON/OFF A #

LAY 7IH, o]

=

=

A =9H 23

i

el

i
Njo
ol
N

w
T
oI

NR



54 (Linearity) 2 zral 3ot

0

el

-
NJo

el

ol

Ae Aojrl golstal g ol

-
1

-
NJo

A ahet,

AL ZZ7)7) )4

7|2 YAE

0

I So
=) B
_ | 3 <
5 N i
w = No <G _6|u op _ﬂ o <
= S B g Mo V|
! m oF 5 Njo
‘N 2 .Q = .QI
oy E w &
' = 3 -
B g )
~ - =
B k> P =0
o n& ﬁU e o s
mw B m o 3 Nlo °
o o & m |Fle] w2
N B = 3 B Mm =
i G 2
2 . -
W
TR To| =]
SO Eﬁ%%%wﬁl%ﬁ
10] ~




FoT T H |
1 i

, : T
Vol T I I
edar <R YR
I L ‘|E} | : = =
i I
P — Wy A e———— — I
B == BEF= ESdA
(b)

W @1 T

=330V

ur W
e
TFT
e

(c)
a9 5 gAE JAYFE7)e AYsE EE 24

(@stz-BEx AH3 =2, (b) T-Type A3z (0)F-E3lA HdH3=

_10_



rlr
>
ES
o
)
L)
of\
I
N
s
s
a
)
i)
)
L)
of\
I
N
rlr
e
r]I.
ax
o
fr
4
o
o
::1

Hoz E-nuA MEl 1Y FL BAS AARR B mRAE

AE3e EZ2A R B Z-B3lA] JAHHE AHEs it

Inverter Half-bridge T-type Full-bridge
Topology Inverter Inverter Inverter
Output Level 2-Level 3-Level 3-Level
A &1 A% Vi Vi Vi
2 g
A=A AxF 1
A5 8 s s L
AHMZA A%} Vin
Ag 4% G Vv - Viv
APV 2z
3 2 4 4
N
THD High L Low
ig OW _
(F3h4 29 F )
Common-mode )
. Low Low High
Noise
Unipolar Unipolar PWM
24 PWM W2 Bipolar PWM _
© ° P PWM Geobs 2m) &3
48 48 §3 W] W1 kW
E 2. st=-BEX|, T-Type, E-HElX| 2 MYz EM H|W

_']1_



SSdA

2&)|

X7

X
I

fite)
0

—_—

3

=

il

ey
i
o

<
4o

i
A
!

)
1o
0

—

3

ol

TH

A3 =5, <

-
i

H5Z7)e) 3=

a7t DC Filter, &4 g %

e
=y

0

o

o7 ¥ PWM Ao

e

o
ToR

fvze)

<]

Eigeg

SiC MOSFETC. &2 A7

N .
=%k

ol 7}

G

ES
_,Loe

il
el

el

7FA 2

A REYAE F

CEIEEEEE

T
Ed T

SERES T !

vzl

<]
e
=y

—

°
o

oF

—
fite)

=K

_12_



a8 T7-(a)9F 7ol

-
1

it

-
Njo
e

%/

X

0

il
vl

X

o
o

ol

LCL, LCLC &%

el didoen 2 ge Ay
a9y 7-(h)e} e CLC, H=EL+CLC T3

~5 [kHz]¢]

ol
Nl

1710l M= 59 kHz¢]

x
4o

Zt =

KeX
=

oo %

)
L

)

\_&o
=

o

ol

LCL

Ca

Co

Co

Parallel L + CLC

CLC

L3

Lo

Ca

Co

3

4115
Cs

CI —

No

_13_



23 AE RBIEA 29F LA HA
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aa WSk 30 o) MENS e 2AE DA SioNEA Az

Electric Breakdown field = Si
(MV/cm) . « SiC
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T7F A @E I

= Si MOSFET SiC MOSFET GaN HEMT
Vs 6001V 6501V 6501V
TEEA
Low(110[m®)]) Low(60[m&]) Low(50[m®)])
(Rpsiow
293 &4 Medium Medium Low
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(Ton, Tof) (20750[nsec]) (20[nsec]) (10[nsec])
a4
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(Riny-Cmax)
dARE
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(w/ em’K)
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10[usec] ©] 4

10[usec] °]%

1lusec] ©]&}

Vs 35[V] 4.2[V] 1.7[V]
A 2=
b 150[°C] 175[°C] 150[°C]
J
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(a)
Device Information'"!

PART NUMBER | PACKAGE BODY SIZE (NOM) |
LMG3410 | CFM (32) 8.00 mm = 8.00 mm |

(1) For all available packages, see the orderable addendum at
the end of the data sheet,

LN

(b)
a9 12. (a) GaN 2#F 3|2%  (b) GaN A&k 9 ¥

GaNZ&At= = Ti AFe] LMG3410 =& Hdgstsirt. 19 12-(a)e A
A 2] IR, 12-(h) = &4 ¥S yEhdiY LMG34102 3
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AR FE el Axpolth Ry, 7F TomQ 08 vl wbe =FA S Tt
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1y

Astel 24750 [A]l AF7F 3291 A2&AE AEA]7]E Over Current
Protection 7153 & &%7F 165C 23 Al &AE A 7]= Over
Temperature Protection 7] ] 2t} Over Current Protectionol] 2]
GaN %272 100[ns] ollz2 Ads ==z wxel #S  Short-Circuit
Withstand Times E¢ & & Aok Ba7]sd 93] 2A7F AebdE A
g F AUtk
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YHHL 30V Al WY =9 AR7()= 35[AIPF 321 GaNel &

2 AFU)= A @-DE ol&3to] At & 5 Ut

I 3.5[A4]
P = () 5 Rpsiyu) = (S5 XT0[m Q] = 0.429[W] v (2-2)
Pgateloss — VDD < IVDD,op - 12[v] < 65[mA] 4 0'078[I/V] ......................... (2_3)

GaNA A EFE2(p, )2 2 (2-2)2 o] &35}o] 0429[W]e] £4lo]
AEH AE EH(P,,. 0.0 2 2-3)5 o83t 0.078[W]e] &4

2 AR @ F g
tf:15[ns], tf:4.2[ns], COSS:71[pF] ....................................................... (2_4)

1
Pgy = §VD X Iy X fow X gy

= % X 350[V] X 2.475[A] X fowlHz] X (15[ns]+ 4.2[ns]) seeeeeeeeees (2-5)

LMG3410¢] Fall time(,), Rise time(t,), Output Capacitance(Cpgq)
2(2-4)¢F ZomE AAEH(Py)> 2 2-5)F ol&ste] ALt &

e
AT,
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Ppp = Vep XIp X few > (Tppapon+ Topaporr)

=7.1[V] x 2475[A] X fowlHz] X (Tppapon + Topapors) = (2-6)
Poyp= %stwx Coss X Viy = %stu,r[Hz] X T1[pF] % 350[V]? «weeeee 2-7)

r>~
o

GaN<¢] mitjtio] o= EA(Py,)S 2 (2-6)% &3t 7

© 1 Output Capacitance =2 (Pg,p)S 2 2-7)o2 AL & 4 )

PSu;vﬁtahingloss = PSW + PBD L1 PCAP =1.751 [W] .......................................... (2_8)

o

2 EH(Pyugies) = =13 EA(Pyyyy), HHHTHO] 0.2 EA(Py)),
Output Capacitance =2 (Pq )8 FoZ 1.751[W]e] &4 o] A gt

P =P + P N loss + PSu;vﬁt(:hingloss — 92.958 [W] ................................ (2_9)

total.loss con g

2 E~WN|
;\ﬂxﬂ ;8— Ej‘ T /‘\?—(Pt()talloss)

i

%é:‘}{\?l(Pcon), 7-1] O]E —/E—/‘g(Pgat(nZ()‘sus)’

™

i‘ﬂjg —/E—/‘\?I(P&Ht(h/()ss)% E‘]él- %}]\»‘C—)‘i

| 298 Fd GaNax s 3

2.258[W1e] ¥ &4do] HAgS & & v & & - B3lA WY

4
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H| =3k AFFe] Si mosfet, IXFH30N60P =@l & 7

5 a8 &4 A Al &
& =4(P,,)S A (2-1005 o] &3t 1.225[W]e] &4o] ALkdtt
tf:25[ns], tr :20[718], 0055:430[?9F] .................................................. (2_11)
Pow =5 Vp X I X fsw < tsw
- % % 350[V] X 2.475[A] X fo[Hz] x (25[ns] +20[ns]) -eeeeeeeee (2-12)

Si mosfet®] Fall time(¢;), Rise time(t,), Output Capacitance(Cpgg)
2 (2-11)9F Zou g AQAEA (P, 4 (2-12)2 o] &3lo] A4 &

T Atk

Ppp = Vep X Ip X fsw>(Tppapon+ Topaporr)

=0.75 W] 2.475 AN o Lz A T, . orm)

1
Poap = 5% fowx Cogs X 75 5 > fsw[Hz] X 430 [pF] x 350[V]? e (2-14)

Si mosfete] ®lEjtio]l Q= £2(P,,)S 24 (2-13)S o] &3&te] ALk 3

o

I 21 Output Capacitance =2 (Pq )< 2 (2-14)o.2 AL &

PN
T
AT,
PS’witahinglos&s’ = PSW' + PBD + PCAP = 6977[W] ........................................ (2_15)
& 29H ERPoupis) = SAZEL(Pgy), BlH Tl 2= E2(Py,),

Output Capacitance =2 (P. )8 Fo= 6.977[W]e] &4do] A gt
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P

total.loss

=P, + PSu}itchingloss = 8.202[VV] .............................................. (2-16)
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