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ABSTRACT

The power amplifier has been extensive used in audio application, industry and
other areas. As the switch frequency higher and higher, the power electronic productions
get smaller and smaller; so many traditional power amplifiers have been taken by the
switching power amplifiers. Now, the switching power amplifiers have became a
hotspot in power electronics field.

The switching power amplifier modulates the input signal and magnifies the PWM
signal, then demodulates the PWM signal to get the output signal. The operation of
switching power amplifier makes sure the high efficiency. However, the operation also
makes the output distortion bigger than the traditional amplifier. Many domestic and
overseas researchers are now focusing on how to improve the output quality and the
efficiency at the same time.

Our research team has done many researches about the switching power amplifiers.
And many achievements had been obtained. Based on these achievements, the contents
in this paper are as follows:

1. Introduced the principle and configuration of the double-frequency half-bridge
switching audio amplifier. And the high frequency and low frequency circuits’ analysis
models had been built.

2. As the feedback loop is good for improving the output signal quality, in this
paper, the PID feedback combined the OCC controller has been introduced to the
double-frequency half-bridge switching power amplifier. And built the compensated
model, analyzed the theory of restraining distortion. The way of low-frequency inductor
current following high-frequency inductor current had been raised to reduce the
switching frequency of low-frequency part.

3. Simulated the designed double-frequency half-bridge switching power amplifier.
The differences between the single high-frequency and double-frequency power
amplifier, compensated and un-compensated double-frequency power amplifier, with
and without the high-frequency inductor current filter had been analyzed.

4. Completed the whole circuit design of a double-frequency half-bridge power
amplifier, and debugged the circuit. Some theories had been validated.
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Table 1.1 Comparison of 4 kinds of power amplifier
A% B3 AB 3 C 3
il A 360 180 >180 <180
R 25% 50% 40% 78.5%
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FFEThRM AR L FRIHEANE ST PWM 5], S SIAJE R
MRESREAHE. BTRAEEGTHEEFERE, B LRERAH 100%.
FXRDERABRTARRHELERDE 1.2, BAFESIREFSORAY, &
E—RFAFAEREORKS, ERESHASSHEARELSN, ARENESS



ERRFWMTEAR 1 £

SHAXDFBREBRRARNERLLE, BREESBAGESREAMRLES.
M FHEGEESE, REAEOFRNBHARERTEERHRR, BASRUR
SrEABED, BHEEMRAT, FERFNRAGES.

sl e | m| || (P =
&% o # X t %
% %
-8 -
55
LR

B 12 FRThN EEER
Figl.2 The configuration of switching power amplifier

1.3 ERMABHEERARER

BTWMABRE. SRS —EHFERERRNBEATERUS, ERKE
BE—LHOFEPEAREE, —RUSADENBERH. BSEFERERA
EFFHATHRAA, SHMRE L - =+ ERECHHRER, HEmA
BEEHEWN, BHAE %, ERAXAKMBEES: hAKRKERA
BRAAESEMA Y, ERNEHUESRY, QEFRAYNN. BEERARA
%. TEXL M EEERIBRETRENE:

1. SRR

RS HERERES, FENEERIANFRRN—FHE. JRLXHE
MY RENAER: YHEATARMUIATRT 340, B hTREE,
FIREEMRALSLTRT 340, MEh LRAE.

2, HfIRE

MM REREESHIRRNRERLRATENHHEE (HRE) . X4
W EAREB/DEET, FUTERSEWIBMIE. BRI SFEMREBRRE
AMNEX, AHRMLEXAMASIENNBRSELHALATNEKR.

3. BHAE (THD)

WRKNERAEHREERERETEN, BERER, ZERAREILES
RESRHSERA, AFSBELTHEN, FRUFESERSE—EBEHN

2



BRAFWLZA8X 1 &1t

M ZER, JHATFERHGESPMAT Lk, FUXAESTRNRER
RAERARE . B ATERHESAHRER, T2 H/NRRIIRITRE & i
b, kR O A B AR (.

4, {5 ML (Signal Noise Ratio)

FERFEILERERL, RETAESHEEETRAMEFTIEY K. B
EREFNBEGIY, FUERLETUAREERE, WESE LR
BEHLE, RRHAEARXBETRA.

1.4 FXRVEZAFZMEESKAFEEEH

FERDMALIEREY AREHBERANSE TR A, BLHRELS
FALULF A KM R S, B SRS — M B s S it
B. ERHAERNEETRAERBETTIAERN AN, TERERNX
DBREBNRK. BAMFXRDRTERBNEAMFETUEES, FrEd
HRENRREEH UTILH.

1. RN RERBGRE;

2. BWAEFMFCRM EREEEM

3. DEEM BB BAXN;

4, WHICE SR B NERAH,

1.5 FRFBRAFHFARIR
BHTHAXRDBHFERSHANERETEERHERAR, MIERHARENS
SRIERERX, FHLAFELESRSHRREHTR s —ensut, +
ARRRERENORE, XRKBHREE, BASMFE IR HEXFHFER
TRR. R[N MTHRRN B ST XRDERABHE, B 1.3 RE0BEH
B, AT#ERLEREENE, EEORMERROFARDBIRE, MEEDREF
RUBEFRFTENRG G R ROER. RIBLLR. 10W ZHNRLTHE
BB RICMRTBL. MM L BRI ERE, ARAGNRMER,
Y12 e B v 0 R R AR R SR, WA 1.4 Fiw, &3 R T H RN
BT RN REM BN R, BREEEERIBENRM. 15
ERFAERARMEM EXATERRERS WE 1.5, XFHEREHRA
TEMEERROEHTAERERS, BETHEEARE, HHHEFRIEN
REFE. XR20FFRABLA K AB ThRERG F AT R BRR B MRS,
RBTRMMIAREARENAWER, K16 RILTHHE.



BERRFWLEARL 1 5518

Schuitt D(i_’i?e | L
tor Circuit

Current
Sensing
Amplifier

L3 R[N )P ATk in i 454
Figl.3 The circuit topology in article [11]

+Vs

) | Gate J—_,
generator drive L}- ?«_}‘[ﬂ

currrent /]
compensator [ )

}' current feedback factor

voltage T
c nsator \1[ voltage feedback factor

¥in

B 1.4 XRR[13]F BRI
Figl.4 The circuit topology in article [13]

za;qk.%@‘ 3 A#)—QTE Afs) o A ) '
"") bw—p-ufJ

Gier

Po "
b=

B 1.5 X151 PR nit G
Figl.5 The circuit topology in article [15]




ERKEFLEARI 1 &g

1.6 SCER[20) PR g dn b 54
Fig1.6 The circuit topology in article [20]

X E PSRRI LUES: 1. RIEA S ESRIFXIHM— B
AAORARRS: 2. WARSRENANRERUES FRERRFANKA.
BEZBWALXMFHABNIAD. DORBFRIRERAE, ROGIRU
HXDERENER, ZREA—FEHHIIERKUE, FXDBELESH
REESEESEM; B—HE, EEEROHMA, RENEHLHELRE. B17E
™ TR KRN THE SR H{ES THD+D ZRIMXE, NEPTUERERAR
E-ERERT, M MEENEEES THD+D SEETEAHAMHEKR, WA
EHRRRNESZ EF. XERHEERE T FXWBEX RIS A NN,

% =
] = Veos 2%
; S RL=30
2 — TA=8C
£ 2 H]H 1
ry
P
= = thiz H
g SSh<+t E:
. 1 1220 He il
o - aggd - ]
u;ém b
] "’__ - ‘ﬁ% e
!‘ one = % T
O) Zom  Gien W0 200w B0 1 )
Pp - Outpust Powser - W

1.7 THD M TR X R
Fig1.7 The relationship between THD+D and the power of output

1.6 PEEHFEERAEFXNFRARZPHEAER



HRAFMLEFERY 1 %

B4 R o 22 MM B T A% 9 KM Smedley 42T 20 42 90 489
R, B 18 REASHNEAER. TRE—FAEE. EREDSHA, HEA
BERRIESAFLANPFLARS TSR TARSERLE, BAR
HIEHEHES, BERER. WAEFRSRE, FHRLEHMERTHE
SHELMTN, BURINAZE DCDC EHhlt, REFSRINATFHEE
WR B E RS EE b FEENEG.

BB RIH MRS B, —AEBFFE. —4 RS BLE B A—A R
B MMHEBHEOR 1, EFXSI B8, V,EFRASRE Ve, FHBASBF
MBS N VaSTFBERE Vul, PEEAES, FHA0F 1, EHX S X
¥, V,hE, HLFES2 S8, BACl ERAEEE, B F—AEEES
k., EAF—ATFLBH. ﬁﬁﬂﬁﬂ?ﬂiﬁﬁ:

5 =L v(t)dt-— ]’v Ot =kv,,
Lo (LD

p=RG
He k= T

s

%;::j(iﬁ

~
]

LI

——AAN—
u‘é an integrator
comparator

A 1.8 AAKGIREER
Fig1.8 The configuration of The OCC
R (LD &, TRF—AFXAY: v, BRFLEV, — M FX BN T4,
kABARER. BASS RO, SRS TR ERKE TSRS
A MES— Mk, BRY— MRS % B A SR 825 A K T,
HMBORD BB ERAFLBYO AT, Rty ma s
A F ER—FIFRHEHGR, RERHESHRAEL.




BERAFHLFEART 1 #it

EXRFT, BREHEARCERDNAFHRDERASET, WEHT ¥
BAHASHEHN L AEHARDERAR. NEIROFRTUEY, 27
BHRARERFAXRRE- N FXAY I ERRBESEES: 8GR0
FREBIE T, BRARESHENERBE, AHTRERERE.

1.7 ZRIMEETE

EER, AREANFHAXRDERAEHT ARERMRRTR. #3X[52]
B B IT IR TH IR B 2R L e B DA R OSSP R Th AT T BB B, M T —
FrELRME 0 B XSS I R T E gk, BEERBEHER. HATES
SWHLRERFREFIMT R ©IC[501H KR T — 5 pRUREH T %I
BMERK, HEXBHRZSBTIER LB S SMENSE, HRRAR. KRS
HXHAE R, URAER, BIRRERARHERIREEMMESHFE
HIHE, ERARAAERNFANRAALESHER. RX[S3XHEX[S0)FTR S
RIS BF T RN BHAT TR ARA BB, TR A2 6 P19 % TR
BRI RBRIT T B, WERUARER LRSS ETTHEST, |
HTHIEREE. BEhTREAER, e XRATREE RN TRRR,
BHES LRI BRI ITRE, 3#AHEPRANEHTRR A TR,

FRICHIBTAL B R B M U S R 45 4O I P ZE K T S 3 L B FF R Th A
LR RROER E, AXEAT PID SMEFH S5 ARSHME S HRART
EFRTHEARS, RHEERAARERDNALESHERERARBHTR
SFRAREL; hTRATIRM RSN, RENENHHESREEXIERH
R AR TRFNTE. RXMTHEEEFUTASE:

1. HAMENMATRALHEFXRDBO ERBEARTERR, BISIAF
KB HAR S BILE—REDR, SHEFARIRITMESHIH A HRIHT
B AR HTEAL,

2. 15 PID #MEF 5 B BB HIANS & QA ST RIIAT ILH X
B, BUTRBEMABEHWHRSEEE, FERINEEBRT HEI .
Rt T 0K 50 e vl I R B R A L B L T 0 8 LA — 25 BB ARSI 40 T X R 1
Fitke

3. WRASE—HAEFAXDEURE . TRUFY, 7. TRHLBH
LIS T RIAER XM EEHEARSEMT M HATE T

4, SERT —B/MERIEFF XD BN EA LR ARG, BdiFiAK
BTRGFHENEETS. LRI IAEHFFRDRORR TR T BT,



FERAFHEEEIRX 2 BIEHIT KRR

2 BUREHIFRINEFR KR

AT XA EB I R BOHAT T, BERILADIRM SRR, R
BB KA T DC-AC 7%, Bt T E BB E T A — MR B,

2.1 EEREBEA LG

WARBE AR B ERATERAELUR LM E TR, EREN
BRI E EARREA DC-DC BREN/ M S LML BRRBREET. BLE
WS ARARER BT R MRS E RS TR,

1. EFREFAFIEN RS

REBATHEMERBHLE: LRAEEEL DT IFXHEN, WALRE
MR TIFAMEN S L2118, B2 —ATEE CCM BRI 8B HRTT L
AR EEENELTERER, KNS5 —ANFXABHHEAITFEREEMR.
FERX PRI bR ER— T35 3 0 P39 (8 3 T LA78 B 25 He SR 1 0
i

7 DC-DC Z# M, REZEAPHES M5 ST RMALEEH, BRY
FERRN T, BTHALBEANBEEZTWL, M SMEREES . XHR[36)
PIREBFMFEE L&, BESIAFXRY, BIZE—REFEEEREEM
LB AN RBESMANBSTIE, BEBBSTRIPREDEVIE
B, R4S TE R E DR A B T EL R A BT R
N (b it tiv

2. ETEXBRBRPER

FRBHBOFX AL —E S BT BRE X — &3, FAREEMRIE
Bit. SREBREMEFREREEGRIPEHA R, L. C THARE, BFLTH
AZEEAR KR SR AREE. CRBSPRB SRRk, XSRS
HZERFXNZEARFEANREEER, AR TRNOERRNMS Y,
e RER RIS T RS R .

HTETREZEFHEMNBEEESBIN¥RER, BEFEHRAE. &
B2 EMMEXRR, A0 30X XU A B FF X T R A0 23 (W B AR 7 kR S0k
(36l HE R,

2.2 B I RIhHR THEREE



BERRFWMEFAR I 2 SSEHIT R E R

BRABAARRERNETEENEHE. BRESDEFE., MR, B
R, EEBEFXMENRE, FXHTHEMK, FRERBUETERK.
ATHRRERUHEROBE, BAXEARKENATEIETFEHP. BRK
FXRBRRERAREBYE. TERECEERABGN IR EESEE.

MFULFE, KERMIERRETIMGESHFX. CHEEXABEE: &
EohRHmbRR SR, SHXAE. KEREHXEAMER, NTES8
RIERGEMLER, XAEEHNMREGFL K, UHEKBSREREN RN
REHHESHER. NXERHTAMEETETUER, BXFHEHFRA
FRYEMHEFRAFRDBFFERMNBRDBAREBRARBESKRE LR
¥ fa) & .

B 2.1 BAXASR B FF R ThIN  E s B 54, XA R R B A RS
FAl BT — A SR XA AR R R A R A R TR, B AT
FFX SI1. SI2 A Ll

DC(’E Sll/ Shi . Lh ]
— . fw!'}v];’ C-l-_[ Rj Vo

[’Cé) S12/ sh2

B 2.1 WA BRI R B
Fig2.1 The circuit of double-frequency half-bridge switching power amplifier
B PR  TEMEAR, E—MEBRFXAPP IR BB HEE N T
XKRE, RE—SHWT:

WRE—BF, FF2< Shl S HFiE, BB 22, KNFRETER:
di,

I=VM—V0 (2.1)
di
—4=0 Q2
L
cPe_; Vo 2.3)
"R

MWK ERIREESE, BRPHAANE; BAESHRAENE, B
HHf LR,



BERAFH LML 2 SEHFRDBHAR

() sitp su 1h

Dcd) S12/ sh2

22 THR&E—
Fig2.2 The first statement
REZN, AT EHABSEERNR, FF% Sh2 M Sl FFll, BIFXRENHE
mE 2.3 B, REFER:

Ln%=_VDC_V0 (24)

L,-f-;i=2V,,c (2.5)
dv, . V

C d; =i, —-—I% (2.6

SILY shi
pc() th

+
1
O
-
71

) 512/ swe

B23 THRE=
Fig2.2 The second statement
ZRET, RABERFRAENARE, BERERIMD: TRABBEE
MSmEEEAT, RERRETEK,
wRA=A, JFX Shl 1 S12 Fril, g 2.4, HWRAGRERES:

L,,%=VDC-VO Q@n
L,%=-2V,x 2.8)
&V
cPeoy Yo 2.9)
& "R

10



ERAFWMLEAR 2 WHCERFT XD RIAA R

DC() S11 Shl . r'vl"vh‘q_
et + rv[(}\rh C“FR Vo
L GDIIPY 1
E24 THREF=
Fig2.4 The third statement
RE=ZFHEARBREESRE-HSE RN, RERARD: TEHHB
B [ EB AR I S e PR R PE A R R A
ZRANED, FFxSh2 f1SR2 @, BEmAE2.s, REFEN:
*ngTh‘_'_V’”—V“ (2.10)
di,
L=t=0 2.11)
ey to (212)
dt R
DC() Sll/ Shl . rv!'vhv]_
L + p’!*lq; At v
"CO sizf sn2 4

25 TietkEmN
Fig2.5 The fourth statement
RENN, KAREREEDE, BRERRFEAE: BHEBHRIiLRR
SR ERHER TER D, EET— MBI

2.3 TFHF RN THFRIEE

RSO B AR T SR R RR361F 7 . RIERRI36], K
S BFRT XM E B R 2.6 FURT, K R R4 THRRRNSHLE
WE. BREBNERARAMSEREARR, FEARSAN—ERE L



ERKFMEFERLL 2 WMBERFT XTI ERAE

N—

21

¥(t) ¢

2.6 DAL AT XTI SR A
Fig2.6 The equivalent circuit of double-frequency half-bridge switching power amplifier
LA R B SRS ¥ 4 B AT B
1. Eﬁ%ﬂﬁ.z
Shl FEH:

[ di,
Ja S
C|| av, 1 offv| |0 -1} 7
| dr
Sh2 FFig i

[ di,
iy
av, 1 0flv| [0 -] 1

| — ]
o

I, 0
5 e

| —

<

| dt
HEEFXFRY s (=1 B, FEDPAMBABRE, s=—1 &, FBPABHEE
BE). E—RABIHREFER:
di,
L 0] a | [-R ~1f[a], [t O]V (2.15)
o o)a T e S
dt
MR EREERLLE, EMRBERESHARERE s X, EIINEHF
BEEAR S, MAARRBEEN sV, DRERER 1R, XIERERA
ESERNNERATRT ENTRSE, MHAESHERNGRERAREDP,
RA&F @ TR BRI A RkBRE BN EHE.
B4 AR 5 R ol Ge Xt R R 3 s B S BMEH A ayk ik, T
B REENE s B FHERBDT:
s=lxlm 1kt (2.16)
T T

HAR:

12



HERREBEEMEX 2 JRERTTRTHE AR

I | t, -1 v
o V. )+ L, =L Q.17
T RC )t et = )
LA
- t
s=%j—-%k-;—’i (2.18)
DC

£ s B FHEREREF BTN s, FBELA:
di,

L oYl g | [-R 1[5 11 O -by (2.19)
ki A bl o e
dt
¥R (219 BFHSTHRESR F:
v,(LCs* + RCs+1)=—kv,, (2.20)
& AR R ARG S 2R E S MR B RN
_vA(s) _ -k
CO= &)~ FIC+sRCH (221)
2. KBS
—MEA R AR R P E R

{7, (‘))r. =;—S[D,T,%(I—D,,)-2Vx +(l—D,)-T,D,,o(—2VDC)]

=[(D, -D,,)+(J,—é,,)]<2(vx +V) (222)
BT eLs
L%=2Vx(é,-é,)+2(a _D)Ve (223)

B (2.23) AT B BUESRE ) /ME SHAL:
; - 2VDC(‘;I_‘;}1)
(i -ISL, —
ELERPRZBSTER T XL FF A TR P 8 s s A R AT R 5 %E
R —FFXMEEN IR E2ER, XF Q21 PRERETIMSLHEEHA

ERALEHAERRE, £43TF (224) BEEHEABINBEREHTASHH
TS SHRBIR . 03l 4l 5 DL A5 e 2 b 1L B 180 430 B o 0 0 BB SE B AR

(2.24)

13



ERKEELFARY 2 WAL XL HAR

a3 EMA S MR, BIEaR RN EEBIRIMEBATR, KER
BEARFRBEAROELTRERERTCRAE. RN, EFB/DaiER
PR REEAATEE, Rt SEBRRLESHEER.

2. 4 TURESHFFRINMEI R E S

BT AR R RS B RSN A @Fm, (KEHTIRA 2 7] LUE B
TARGE MBS THARSEFF R WKW, CASEREEEIT KB4, LRREM
#E. T mEEM LRI TN E,

BT EFSAAREREY, FXRRBOBEFFRILH 100%, HEFHEFE
H=AES: FEMBRNSERME. XETREPHXEHELRFELEPHF
e,

2.4.1 BiBHRE :

LHENFAXERET—EHTEEHE, BEFXESENSEEH EEHE—
TR, WRAEEBAXETNIFERE, WRBMBRBRABRFAN:
Pur IR,

Py P(Ryw+Ry)

HA R, B REE; Ry, AT RAIFE L.

T RSB RDBT S, BEREAMARX (2.25)

T RAR XA, BBEREATHELL:

Pur ____ (h+DLVR, (226)

Py 1R oy + IRy on +(L,+1,7R,

MEHTEAFXREN SEHRE. ERANALHEHEREEMTR: WiH
B EERFGEEBSKAE, BHEESBERRAD, Hit:

L~I+1, (227

¥R (227) #A (226), WETARARERERN:
Four = ItzRL
Py I'(Roy+R)
EER (228) 53R (2.25) EXHRA, REAREZETIHXEFEREHT
ERHENER, MTHFREHBS —BHEEHRE, BAFXEFENXEIES
RAREERE %8,
2.4.2 FRIEBHHRRE

BA—IRNAFRBF RSB REDX (229):

(2.25)

":

1’:

(228

1]=

14



ERAFWLFEAIR 2 WEEHFRIERAS

B, =1Vt +1,) fom (2.29)

R I AR F R ERAE, Vo IFRXEERAZNRE.
AR EFRBEEAMA T HMEAA X, BEREAXBRESH—HEN
EHEXDHEBEARAR, AAF (2.30) ®FRATF:

Po=1y Vs Uy 48, ) fomg 1+ Ip xVos 4ty a8 ) Foma s (2.30)
M (230) 57 (229 MXFHATUESR, BAKEBIAIMAMERT X
EHEE, BREFFEN:MEERHF Iy, »1;, u&fm_, XK fom A

AR T AXLENEEHE, BENASHER TR THERENRRA.

2.5 IEHRIARAERE
1. EiEs
B A R E R ER T A5 PID MM SRS SRS . BEE
HR-FAES. FRESHER, REABRRRIEENFXRAMTFXE
STSERMTHERSHRLH. CRTLEHHSR, BEKER. WAEER
B A, HHRLEHERRZRESRELNTY, T haEaEROR
A RIFMIEER. £XROTT, BABHERES2RIIMATHXDERK
Beh, M T RSN SRS AN S BRI R RO,
2, {ESHS
EREFHS N LSRR TERE AR EER, FUREUREAELRER
WBEE, RAAENRABGESIHENT, A bR BRGRESE. WK
PR B R S 5 R A T B I Ak g T B AT T IR
. BHEHFAREREES. BRRIAH. FHLHSKA, BRRA
IR HI B T XS E S S BN RT TN, FLUESS A RERF
BHEEAXGERLREM. B TIRESSS MO XEEBHEREOREL
BIP, MRYESUHIERE 0 TR, 7 LA K3 R B BR 55 %5 1 K 1 400 P R I
HBRRRNEAE, REEXDRGFXDRERST, FAMEEFRHTERAF
A A
1) EEREDROIESERERNRFRBEURBR B ER ORI
S, RS R R,
2) W TS BEHSEREHBAE S DRER BRI NI RHE, X
&SRB RB EANETIAE MR,
3) N T B RAT BB RS S8 T S BUIR A5 8 R ot o2 450 L 28 e
MEMBERTEERTRARRALK, XESHSRNSLRZ MME

15



BERANFHLFARY 2 DHCEH TR IHAR

FE i FE B
AT WRANZEAHBROEW, FEAITP RN &SR Ra — %8
B BRI EE AR B B RARERE, EMARERARRAIRT,
BETRAERE Y BARERREATERI XaE, BRFXAE, BER
GAE. TEXELE UG R G SRR TR RB T HE.

2.6 RIS FXGRNEEH

WET & RARR & BREHT ARG, SEIEHRIFRET
EREA A RARFHHS#HERE LA KRREZEREEER LA B
Bf iR MEXTRERT, BARGIRSSWEEETRAONREEREHABRARTRE
FmtR. — MRS X ALARERBRERMZLERME 2.7 Fiw:

2.7 RSB R R —MESAA K ZLER
Fig2.7 The waveform of low frequency inductor in a low frequency period
E— N EARAYA, KARBRRN RS,

2i"i’--t,,,, +0ty (23D

I,
E— I EGRNEA, KEREERNTREREY.

Oef’ -ZKDL:' (2.32)
on L[ off

AT R RR:

I BB MFXAE LS &, EX—PMFXANAZSERNTLEEAT

2. REREET.

AT RERBRESERTRANBAE SHEERER LB BN, KT
KPENEANE, FURAEBEABTER LA TRARZNZEEE 4



ERRERLEARI 2 WECEBTFF R EIR RS

AT X ABN BT 28, WA:

f, =t,

{ (2.33)

lg =iy

WAL _ LA BT E e T1, FREEA T2, W
_ Ai'L! '];:
ﬂ-—znth (2.34)
Akl (235)
Wty
B CMESEB 2 I T 30w LLR R A
- _ Al
T‘”+E'52536:5 (2.36)

AT (236) BRR—AEENA T, EREX/H R ERLE R T FEE
BBl EAUTRARTMNAMFEHNARE, RALBRE X, EESRAFIHE
HEZHEX, RENMAREREABLTFRARNRERBRR. RAE—E,
R (236) RFEFM, £dET0SH TERMI, WERKFXME.

2. T AR FEH A R ES KENGRE

B AXDRFIIARREZCSHLAE R, IREGHRRATFLEERH
MEFF RIS HE SRR AR, BREAS—EIRN BT —EFANR
WEANMEF R, BERLERDERBRARBER, FELH.

450 PID RIBEHIN TRHE SR ERAREFMOMEHER, EEJEH
SHPHAT, hERBRENsARNEE, B TRMA SRS ZHRzIN
TiEtEl, WARSHNEREECEERRARENRNS. KXEFHBIKXA
THEAZSS PID RIBAMEMSGSRHARENLR, LUHENH RFER R
REXNAHE SRS REMME. THEEF XA AN TRARER
AN AR S I R,

2. 7.1 WA RFRZRYHIF] REE

40 PID RIFEHIHEETD, SEHRETBAENRESSSSEENH
BERRBTEH. WRRARRFES), MERDE, IHEHTANEER
{LRIBR B R, DAFENRER S HBEAA ML AR, Athlaks
HEEEHE), RELTE. RESER, ALd—EHRENRL REFHEIE
A, TUX B (8] SR EE AT, B RAREIRE e o KA 22 R I R IR AL 42 ) PWM
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ERAFMEFRRX 2 TSEGF I RIhEBA TR

WHBTE, RELAEREE, IERALERRS, BRI ENRSHE
HESWARERIE:

1

- [
Ve = | el (237

0

BOREESSEFESHE, RER SR RIEN RS AR E AR E. LA
HESEN, MEMK, REERREINSEESR, REEMFES, XN
Fik, HZEHRD: BAREREN, HEHD, ROeBEEHSTRKNEL
FZER, NIRRT SZW. ESRSEEESSEBNLE, LRAEHHRE
RERUEE— T ABINFF X RN TIE, HERENRALEE, Y85 RNKHHY
. FIUERERSERFREZLN, REARCDEHRTRABENRS.
2.7.2 MLESIERMF AKX ARPH R

A YR E SHEL B A AR A M RERIAY, BUSEES PID
AMERRARL & S S RIHEE I 2.8 B K Gooo B 15 8 ARSI R THIE
BERE, GuRIELHAZRBOEBEN, G AIMIMETWIHERRHL.

AV

¥ref V& 1+ yout
G Gone » Gvd —

+ 5 +
Vi

lis

M 2.8 SIA PID RIS B &I EHF T HE
Fig2.8 The configuration of OCC half-bridge power amplifier with PID feedback

BTRATHRRBES, RHEESRIHXRATURTR:

Yl 1 (2.38)
Av(s) "= 1+HGG, Gy

MEZATLEY, 5448 PID RIFEHHER, REXRBRMEELES K, B
HEBENRHIRSENEHERPOTERAN, FTROARRABHEATAB TR
) PWM iRHIH T,

MTRMANERES, BTHE-AFHRENSEH, MaENSTTLH
WHERBRE. AEAENTLHSN T EBREE, XRENEFLEN
FHERBEEMNEMEEE, BRESBNEERIARTRES, WiHEENE
EHLZFEEBOEN, AELRZINERHBREBR. FORME S AL
Tt ks R FWEeE .
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ERRFW A3 2 WBERFRDERAR

2.8 BEEHIBTHNER

F 3 R B TE 48 PWM BTN LU PID AMER W4 S REE R
BEAEEYN, SETMPIRIT—ETHAFBHEROSFTUEY, £
FXAMT, BREHBTHHEENETHTURRY:

kxv ()
d(f)=—== (2.39)
® val®)

xR (2. 39) HIT M TSN, 4
v.()=V.+ vjt) (2.40)

d(t)=D+d(f) (2.41)

vt(t)=Vk+vd:(t) (2.42)
B (240) ~ (2.42) #HAR (2.39), W

_kxV,
Ve

D (2.43)

dny =0 (2.44)
Vlﬁ‘

B A R i B o p AR S R K -

dEs) k
Gan =—=—
v,(s) Ve
AR (245) TTLUE S, BARHATHEBRNES PWM BSISTHL, 4
H—AEBEFH, FAASHATER PWM FERTLUSH PID 3EFFH 1R

HREE.

(2.45)

2.9 I

EKEMAT OB R LR L, HoHT EEROTEERR,
FEHER b, 25K T REAEARS 0o HRA, Bl TAERB MR,
{RATF 38 53 1 o AT R REUE O T USR8 T R P R AR 4 A R R A R 5
BRR—FXAEELFDERKR T LA, B3TRABSSEATS E8H
EMBHXR, BUESHRRSEARI XML R, RIEVALSHNTHERE
FEMT T 2EHRBRABENER. BEEIHHE T AEAEER L HizH
BEE, SHTRABAIARARNEEAR, MEREHS PD HERTHES
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BERAFBLFAIRIL 3 WAERFT R BA RN

3 WP RNEHABTEL

AR —E WAL X M T I E 34, ZIBM— 22 BT

MABRBE: £100V

WAESIEMHE: 4V

MAGSHE: 20Hz~20kHz

BOKfES: 10

R4y FFRAREE: 500kHz

fE: 8Q

EHREPREXGHIZRNRAGSERN ERBRNEHERG— L2 R K
TaHhiit.

3.1 BASREEIT
3.1.1 MR8

WX TEEERRE LR BEBRN FAXIRTSEEEE, R
BRI R RERE, BETNERRSERA ERBRRE NSNS S
o HTRAZENREES, THRRIPAEFATEERSE. THEETER
BPAUTEGESRKEEES. HEREHSRNE/RERSE. XhEER
BARE H i 8 A BN PIERIES Y, HFARERESRE LA REA TR, LEY
FIRH PR R B A RGN SO AT E T, EAER B IS8 HX et 2t
BRAGH AN, REFRHREEGELESHER So0RENESR, F
K Thi— % A By B R B

BV BB R B R RN

V() 1
H(s)=-22% _
) h6)  Lcs +%s+l

XoF b B K B B8 i 2B OB R B
1
s* +425+1

R R EER RN EERNBRNHEAR:
1 1
C= =
V2o.R  2V2n.R (3.3)

G.1

H(s)= (3.2)
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ERKFHLFOBY 3 BREFRF XD BREABNHE

1
C o}

L_JER V2R

——
- =

o, 24,

H P MBS R B REERBNEAENEBRITEARNA:
11
¢ “V20.R 42 R 3.6

2R _JiR
o,  2f,

EAERBEBBEBERETERBAHEHAENEE, RERLNHE,
A AR IR Y 15kHz, B (3.7), BB L=0.12mH. &35, B C=1vF.
3.1.2 PID #MERRY

WETHTR, ZEFRIIBPIIARAFY Z B iR R AEHETR G
WESAR. EAEXIFREF XR AL FA AN, Edt
M TR R A 2 AR 4 R AR AR, B EARS E A
R HEN A T KRR B AR B B G

L

(3.4)

(3.5>

L=

3.7

v(s) W,
Gﬁ = A = L
d(s) LCs’ +Es +1

(3.8

AR RIRAMERR WL A 3.1

Y

T~

!
i
R3 c3
- Yout
+

¥in R

—Cy
ST

]

Vref

B 3.1 AEFH
Fig3.1 The configuration of the compensator
HAEEEN G h:



ERKRFEW A2

3 BAREFHRIERRBHHEMT

k) +D)

/0 N

[

Vu(5) s(wi+1)(s~+1)
2 4

Hp,
1
R(G+G)

( 1

L =Gk
1 _CCR
w, C+GC

LGk +R)
W.

3

1

| WOk

(3.9)

(3.10)

3.1D

BH: w=600; w,=157k; w,=314k; w,=314k; k=600, HIMEFH
RIWE SR LA R B R ZEROMB SN M 53 B A0 3.2 71 3.3 BToR.

€
i o

3.2 IMERMREE
Fig3.2 The bode plot of compensator



ERAFET LAY 3 DA R Ih BB H4 H AT

M 3.3 RAEpER
Fig3.3 The bode plot of system

MAMEE N RERIEHE AT UER: RAMITHHFRE, X 20kHz LA
FEHE S EA—40dB MR E W, 20kHz DIATHE S EA R HEETRE.

3.1.3 S 4 Rk R I AR ARt

EARRERNERBNRREEAANG S SREESERAMEEEAR
FHAE, EHEARERABSZARTRREGALBER, AHRRERERE
MEM. EHER EPERERDREGHEEANERE, BAEKBLBERN
SERVIALGETHEANE, RFBREEABLFRMENEN. EHEEHR
BLHLRARERLE RS, FEAFFRME, FHRAIGERTH SR
.

R 2R EA AR Filter Wiz Pro V3.0f 8, R HREMRIE R HERRITH
FENFREER. FCRIOBER NIRRT RER, HABHKN:
v,(s) _ 1 1
v() RRCCs +(R+R)Cs+1 RRC,C,s +(R,+R,)Cys+1

GBS RN AU ARNBIAE RN A 34, 358 3.6

(3.12)




ERAFHL2A8RT 3 HEHFF R ERBNHEM

34 FRMH RS R
Fig3.4 Four-order power filter

?{f“{ s R

4 10

i

[

gﬁfe o

[

e

: g 20

&

§~<

F

e

o 40

Ji T T = 7 T T T T r E

4 E2 32 1E3 3E3 1EA 3E4 1ES 3IE5 1E6 356

@ )
Frequeacy #iz)

B g s Bog e R ot

M 3.5 BB RESIFEE
- Fig3.5ﬁ'mlw‘he magnitude-frequency graph of the filter

44 0
&
4
%
£
L
P8
2 ]
) i 180 7
;=
<
E
& -2 z
[
i
£ .
P -3 T T Tr— Y T T -
3 182 382 18 2B B4 3E4 1EE 3E5 1B 3EB A
Frequency #z) ‘

3.6 BEEE WA
Fig3.6 The phase-frequency graph of the filter
% 3.5 1 3.6 RPIZIEHRE 100kHz 24 F LA —40dB HIBE T, 20kHz
VARG S A EE T R UG EALRE, AUZUMIWE G Rk
EXH R RER. BAR 20kHz~100kHz 115 SHBABER MBS X4 B %,
MPRBEBEANSEEE — W, ERMLEFERXAEEBNEEHS



ERRFWAFAR 3 BHFHH KRR B OH T

BRI, BN RARMATH TR, THEFANTETREIRIE.

3.2 HESH
HTRIERWH TR, FIH SABER (HEKA#4T T HEFR. HEPEMA
BB T:
AN RE: 0.35mH
WHRFE: +1V
3.2.1 BIANES A kHz R RS R
IkKHz A S HEENIHBEENMRAE S, KL FHFH—LEEH
RIGIFARZE 1kHz RS SR THA. KERRT FH XU 77 %1
BB IKHz (F SR — s 4R,
1. BAES5HRME SN

k!

B 3.7 1IkHz AR S 5BiES
Fig3.7 The 1kHz input signal and the output

ME 3.7 BBES, FRITMIIEGT 1kHz AR SBARERYE, WlifES
EHERFEHRENEYE, KEKREEHTRAAHHEK, THD ERRET
a2,

2. RFF RS RAFF X MR

B 3.8 71 3.9 73 B A ESUF XM B S X L e i e B TR R T T
ME 3.9 BEE B, Br it RIS B I X T AR ARAR 2 77 2% L i B R SE T K
FRAITX LRGSR B, BFHEs TRHRAFXHSHER, ERRHTX
LRHRTE kHz AR SERATRE 1A LANEE, HBBERELEEH
B KA A,



TR N W 3L RS S RIPRIES SNl nE il

B 3.8 AR AT OCFI B AT TT 5 B i
Fig3.8 The current in high-frequency and low-frequency switches

@y is
il l_K.wht)

s

iswi_M 31

T T T T T
TZim To4m 726m 726m 727m 7Z8m 72m
(1]

P 3.9 AR R TS O L b i
Fig3.9 The current in high-frequency and low-frequency switches

B 3.9 s M B0 567 MIRESRIT SR R Z A i 3L 1 1k r AR R 6 T HL
PR AR MR AT W AN TSk, A SO S AR e U A TR I RS AR R
UL R ERER S AR, B LAMICA o /3% R R T R O R v A L PRSP by
16 HK, KA RH TSI, BME6E ARG mE ke S
RO R TR ERR S o X P65 45 (AT R F 0 R R T s —
2 B e B PR A o 0 L PO A L, LR XU B X T 80 3= o e 5 g ]
S0 AR DR I g PR T 9 R A R P S AT R R R R 2 () I S A, TR
SRAT R I AL R T R R T R I T O B ) R YR

FABS MG A TR RLENRE. AHBR @M I T Bagmid E
[ PR AL, BIEAT e F R (B AR £ T A R A R B /M, XA (O LU
0 LR L AT R e T R S T R PR MR 2N BTF R —E, il
R ER R R T TGRS 3B L A W, BRI
TR P R i S AT LB LR T 3T MM LS T R T R T SR, IR A R
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BERAFBEEMIBI 3 WREHAXDERABRHR S

3. SRR R E LR B

B 3.10 3.1 43 85T RS A RRA SRR RRAN ARV RRT
BRtER. BRTUEMERERBRAST THRELE, AR 3.10 PREZED
EEBIEARB AR MR BIFHEET TRES0EARRBH, AR
EEBNEA LR ERNREEEEMAK. £/ 3.11 FREHFH N RREHN
WRFER, BRI SITXAEBE M TFRARS .

=

& 3.10 {EA R BRR RS LXK
Fig3.10 The current in high-frequency and low-frequency inductor

v 13

T T g ¥ T u
Lrm 72w [ &3 STem Lk rse e L5 3 T

E&uﬁﬁ%ﬁ%ﬁﬂ%ﬁtm%m
Fig3.11 The cutrent in high-frequency and low-frequency inductor
3.2.2 W5 B — R E BRI b
AT #— SR AL P ESE A ET EBAG S RN HRH 0 852
FAER, AXUSE—RIMESITRTBEN R WHTTHERR. HEgENe

MM FRAR. BHERBRARAR TS RESHABL 2R, H2H
®ETERAR. PHEBRRERN LM BN SR, GROX L.



ERAFHLFMRL 3 WHERFF XD BR RGBT

R 31 FER TV EEMNEHE SR, X ar=mie s it /0
EEGBATHRAFRRALAE, RF 054 (FRIE AR
FFX, A% F LAEZE S00kHz FFXRAME, H#EFX LREKL 25A HRE) B
BT S RECH RS NRFLIES—HE 10kHz MEHESAE
B BUB RS - R B X BRI 2 AT H R . RFP BEHAX IR E MR
TIAMh PR S FEABBEHENLS, RIETHHESHRSEARN
SBHEMEHERMIBIRHT, Bitnits— SRR FHEGEI R
REBEN RN REHRHESHER.

3.1 WA BB TR
Table3.1 The comparison between double-frequency and single-frequency amplifier

BiH [EAF|RSH | HEE | AR | HAE| A d |B
XWMF | EFX ([ AFX |l | HeB | B E (B K
FME(WRK | SRR | MBR | AEH|EHE | THDE

2 4 B OH|HARE|(AFRE ARE | FRE
(Hz2) \[(kHz) | (A) | (A | (A) | (A) | (V) | (%)

I 162~72 | 049 [245 (349 |3.53 | +402 {024
200 |3 —40.2

B 2.52 3.57 +40.2 | 0.24

m —~40.2

M |62~72 (049 |255 [3.65 [3.67 |+403 [0.24
500 | —40.2

B 2.52 3.57 +40.3 {0.24

g ~—40.2

M [55~72 1048 |247 |3.65 [3.69 |+403 |024
1K | 4 ~40.0

-} 2.53 3.57 +40.3 | 024

i —40.0

X |50~78 {054 [246 351 355 |+399 024
3K |8 —39.5

$ 2.55 3.53 +39.9 {024

i —39.5

M |30~75 |0.62 [252 {357 362 |+393|025
SK | —39.0




BERAFEMLFARX 3 BHEHIF R EBRBEIHTREI

2.53 3.57 +39.3 | 0.25
—39.0
10~20 | 2.28 197 |38 [2.79 +3%92 | 0.25
—38.8
2.74 3.86 +39.2 | 0.25
—338.8

10K

o RS MR B

3.2.3 5. ZPIDMERTBHMARL 3 LLIHE

KA PID IMEFATH B B9 RE L5 SRR R AR HR R 5 5 80
FRUERENEMAGSENAE. hTEERRRAREHNER TEAR
—ARAEHFTRDBE L, NEABMANETHT T AF SFHRE .
FE3.12 B T &H PIDAMER VB BAR 5 4 10kHz i 3 {5 S 13 L.
MEFATLLES, BT 10kHz BAGSHME, BBESCEEMAESRATET
2990 BRAALE, TIEREARNRA, XEMMLZEHEREK, RERHE
SMEERERT RFHEERE, XEER b TH BN RARIN RS
BRIE

i3

N

B 312 TREFVRAESSRAE SO
Fig3.12 The compare with input and output of uncompensated amplifier
B 3.13 @7 TH PID #MERVHAE T 0 10kHz 55 H {5 SRR .
S@E3.12PMERALBETUER: B3.13 FARRESESRAESamHEaE
HENTHE .12, 4915 BEA, @i/ THE 3.2 THER, XREHHE SR
HFRRBLT. TRESRRE 312 9HFHRA, EXE5RTEHF 8.
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ERREW 2L 3 WEAEHFRIRBOAR M E T

3
-

*?

A

3.3 HFRBFVHRAGSEHRAE SN T
Fig3.13 The compare with input and output of compensated amplifier

3.24 ., EEHRRBREERGHTARL LITE

WHTFTR, KT RSB S M REE, RIERKRTIREOH LNE,
BAMHAREARAREERTTRELE. EHRPHTE. THALBE
TIERAF RIS HT T, ZANEMIAEE LI aEsH. R
BEWHBR BT XARURBHARBE2HER, FRZLEAETELER
AN B 3.14 BR T WA BT Iz AR S A TRARS F %
HMEHIER.

3.14 HEFAL B LRI B0 H
Fig3.14 The compare between two kinds of circuits
MIXAS 1kHz WA E S M aE AR mAE BT UES, TH
BERABE SR EMT AR ERE L LERA TR AT RE L,
BT RAEEREABI0IFR, BRETBIFXARL XA T RS
BENRR, S EIUATBAN TRkt .
R 32 FH—FBRT IAMPHBRFRAG SHAEER THMRBNG

n



R KFALFEA R 3 WEFHFFXDERAROG RS

HEE AR A
% 3.2 AXHHABREREHEF TR
Fig3.2 The compare between two kinds of circuit
% | 1kHz 3kHz 5kHz

L]

[ R
BE R
wEX
£ (A)
-
A
AR
{8 (A
L i
XK H®
RER
& A
{& ¥
xHw
wH K
{# A)
& 8 %
5+ B FF

XBE(x 83~125 |71~125 }45~100
(kHz)

BAF 3.2 FRISGRHILL T S, B RS R B BOR T 0 s Bk R D pE g B A0 e
R fot AT M A R AR K B FRARS RARFES, FxMm
FREE, MIEKHEE, SHBEBONADBREATRALHERTH
BHEFWIDUAIIN, BEWENREELEENEAFXRAEEX. G6X
F, BE—AEEBIITA LI NEREDATHTRERARE.

3.65 3.51 57

3.57 3.51 3.57

3.69 3.55 3.62

3.60 352 3.57

048  lossa - o062

0.42 0.41 0.42

247 2.46 252

2.57 2.53 2.53

_ | S | S| | M| B oM

55~72 50~78 30~75

3.3 /NG

ABEY AR T —EXBEHASMFET, ASHEESR. RBATE,
EHESHTD, R —FANIUER SRR T THROE, TEERR
FTREEHEDFRERENE; BENE. TREGFTHIATIREU LS.
I R R O R USRS R A BIREAT T R i R, KR HRUET KK
B AEERYES TREREESAEBNREKE.
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| ERAYTEZHRY 4 TIERFRDERRENERIR

4 WHFEHFRDEHAFZNZRAR

B KA RS bR T — 8/ DI R AL XD, FEs#it
H &SRR ITRARENNE.

4.1 EBERIED

BRAXDERASHTEBAERAEHARE AL, EFRFTX
EEEMEA. 2HREHNALFERRUERRBRTFENRE, SRR
HEAES, BEHTRASHNEHATXYBRELXAT 4 M<E, W
RSB N AR aiEe, HEapdd 8 MIFRE, XEEhK
AEHERTHEERER, TRTRERENER. FTUACKRT EHEAN
E:Y B

LR FHFRREFFRDB B ME 4.1 FR, BP A S5 B ABER
EROFHMEAR, REEAMRIZOBAR. AMEREESE CTHRLES
B EREROF NN, LEEEIFFRLRBNLRES.

ELFERBHRTPR, W TERSHUBESEMEA TN EZLE, BRF
EHEhRERMBTTHERSE, HDEMENRAIERFTZE, ESHNEES
MABEMNAE. IENSEEFEHERHTNEERESTEERAR, ®
EMARZERSERBELNERABRERS, HENRRARESEUELRSE
BABUFWHERMARAE, FTUTRLEISES. XEEBTRARK
ERORAFETER, XEREFEHOETPHFEIR.
4.1.1 B

BT RES SRR, ERDEFXHFXEERR, ZALEHAT R 2
Bl IRF640. ©1F MOSFET ¥4 —HE R Rk ik, Bl—RRAsE -
MEHECBEERAFBEREE REHIEEFE_RERE. KXXHH
#HECREEAT INSS2R, BiikHE _HREEA MURI20.

AT ERXE R RARESE, £ MOSFET FXERYEMT RC &
B, BELK, BRESSIHZEGHER. CHMENT:
Lys(t,+1,) vic

2 2 (4.1
1,: BARIREBE:
Vy: BAKIRREE;
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ERAFTEFRILT 4 MFLFH RN BRABHOLRAR

ot
=
o
7 L ¥ I
---------- [’ w8
g "% z
ﬂ—Hg ¢
- ag E< §_ &

BA pe—————1 (P04 ,?3
R ] 1)
- mey, A 3 E:
i ]é s -
A w0 5 g :
| conop R 53—
4 o 5 = -
T ’:LJ g
E 88 éa, 4 aﬁi '|¢1
3 S f— . i CELER 12
I /” ‘va-v‘% EE 55 gg ; §§
- b 44 ~ o 882 ¥3¥B3i3
1| G —H fﬁj&_
& I e
e wB s | 23 <
¢ !_ R
3 3
i | 3
B 41 Xk REZ

Figd.1 The power circuit and driver
t: RETERET RE AR
1, KRBTSR RET FtE.
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ERKE@EFAIRY 4 BBERF R E R BN LRTA

MFREMBRUBRIDH: 1, =45ns; t,=38ns; RITERPHBRREHBR

I, =44, BRREEBEV, =50V,

4(r, +¢
Brik: C=—-(—'56-f—)=6.64nF' 4.2

B R BRAESRDEMNEMATUESHES, BE S E%HT R
see, M Rs%

e, =500ns, MR<250

55 LAY H R I}=%CV,§f=2W

REFXEH RC EMRBSHH R LS ERALMA.

4.1.2 BFfEER

BT HATFEFFXDBAEENLHZHERSEEEHESBEHE, &
NERERAEBREE B ERLHIE. EREEREERT LEM 48K
LTS6-NP, #fkE3% 2 —RE RUN N AF4ER, (FAREEMLEH, TEHERE
FPCBH L, FERFRER. MURSALEYT. RNEERASHR TSR
M. LTS6-NP fFimiHE SHESWMABRENXFRA:

2.54(0.6251,11,,) (4.3)

Hep: [ RraFHiEESRUBHOBELEE (0~1£19.24)
L, BBt BB EL AR EEERE (6A)

WA T ERBEREHEBEANRERSERER, HEEHRER
ROV TR SRR REETAAHFSROREERAEM. F]
R AE AN B B0 975 0 R R ol 470 F. 2 o M 2 R (ST 2 ) 4 A R DA R BRI T
MAE, EELERGBREEEETE. X (43) RPEARRNHHEEEHE
FAESHABBER 1 B 1 HENEXR, FEF—ITHARE. EEENEHE
BHERAMES AR TR RAMX—KEREesE ENZEBEEX
RBAT, ARERERESIHFEERENTEMUEE.

4.1.3 BB

e %A T IR A8 (9 MOSFET HXE FHEHH IR2110. HiEH &
—HRE. RENBERARIES, LERTENRIEREELHL, BHES
MWD S CMOS f TTL B R H KA, 7S EM A ETAP, FXEMETLURN
REETH#, HABEHNE 4.2,
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[
1.
1 v 1
1 i
YooVeo ]
U LEVEL 10
1 DELAY :
V-ﬁ 'eou
e e e e e e e - - ——— 1
42 BHRABEH
Fig4.2 The circuit of IC 2110

O AREEABFN—RRER—RERLFURARELSHBER
B L THERFXE, KIERENMEBSHME 4.3 ik

o Vi

Vet b

#o AN
CONTROL r
< 1]

Te Lew Side
FEY

W43 BEE4H
Fig4.3 Bootstrap circuit
LB TEFER, Vs SNEEHRENBE, HifHA Cos @it
“HRERS; AR LEFESSHRY, LENESERNOGETLE
Cbs #fft, —PEBMHRTEUE 4.4 FiR:

L 5 ='-=: \ tc«n
P e (@ JTs
U T ON g3

— .
B44 BERRTHERE
Fig4.4 The process of bootstrap circuit
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Fig.4.6 The configuration of low-frequency part
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Figd.7 The timer circuit
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Fig4.8 The circuit board
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Fig4.9 The output of single-frequency half-bridge switching amplifier (100Hz)
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Fig4.10 The output of single-frequency half-bridge switching amplifier (200Hz)
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Figd.11 The output of single-frequency half-bridge switching amplifier (S00Hz)
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Fig4.12 The output of single-frequency half-bridge switching amplifier (1kHz)
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Fig4.13 The output of double-frequency half-bridge switching amplifier (100Hz)
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Fig4.14 The output of double-frequency half-bridge switching amplifier (200Hz)

Ty

O L F Ky
4,15 THCEBTRIT XTI AMIL BT (500H2)
Fig4.15 The output of double-frequency half-bridge switching amplifier (S00Hz)
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Fig4.16 The output of double-frequency half-bridge switching amplifier (1kHz)
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Fig4.17 The THD analyze for the 100Hz output signal
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Figd.19 The current of high-frequency and low-frequency inductor (100Hz)
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