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student : Chung-Sian Fu Advisor ¢ Chung-Chih Hung

Industrial Technology R & D Master Program of

Electrical and Computer Engineering College

National Chiao Tung University

Abstract

Amplifiers play an important role in the audio system. Class-AB amplifiers seem
to be the dominative design in recent markets. Compared by power efficiency,
Class-D power amplifiers have better performance than Class-AB amplifiers. It is
based on the fact that Class-D power amplifiers use the switching operation to fully
turn on or off the transistors. Class-D power amplifiers have less power dissipation
than Class-AB amplifiers.

The focus on this thesis is to develop the modulation of Class-D amplifiers with
high power efficiency. This circuit is different from the traditional H-bridge Class-D
power amplifier. It has improved the shortcoming of the traditional Class-D power
amplifier with too big signal distortion, but not make the power efficiency diminished

at the same time. The addition of the feedback system can improve the shortcoming ;

this is a technology that can reduce noise. And the circuit is realized by changing the

way of the Pulse Width Modulation (PWM ) method. In addition, this circuit has

another advantage that it eliminates the Class-D output filter. This technology can
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reduce the area of the circuit and can improve power efficiency at the same time. This

circuit was fabricated by TSMC 0.35um 2P4M( Mixed — Signal ) process. It includes

two error amplifiers, two comparators, triangular wave generator, buffer, gate-driver,
and H-bridge.

The Class-D power amplifier has the input sinusoidal-wave frequency of 2 KHz,
the amplitude of 0.7 V. It is operated at 250 KHz with the cutoff frequency of 20 KHz.
The result shows the power efficiency of 85%, the Total Harmonic Distortion is
0.12%, and the power dissipation is about 12.57 mW.

All the modulation simulations are shown in this thesis, and we can obviously

compare their advantages and disadvantages. If THD < 1% is desired, then it is better

to choose the amplitude of the input signal to be within 0.7 times of the carrier wave.

In fact, the power efficiency of Class-D power amplifier is about 859 to 95%

generally. If we still would like to increase the power efficiency, the tradeoff is

between the power efficiency and the chip area.
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Fr i TRERES 1SRG

4.1 1

A3 T BB T TSMC 0.35um 2P4M CMOS #l A2 5 vzt 2+ 0 3% 7 R
(Voo ) 5 33V &+ Dafst Foet B2 fFHT R GHRA 178 % - 2 4 &
REFMTE (IC) 2P 3T TR HEfHRY TR oD S S

S ETEOENZ 2R N R

4.2 PR TEEF

4.2.1 & E %+ B (Operational Amplifier )

EE A B ﬁ-; OP figh g IEfis B*ns 5 Azl G oA R T % (Pre
Amplifier) ¢ § 3% % 2x+ £ (ErorAmplifier) o £ % 3.2.2 &7 #5 #78 %3+
SOP B E L > GV o R EHESH(3.45%) 2 X OP B &/ 75
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0 Bl 3—4 P EAE AR 330 HIGIRAV, 5 T e L
P A BT R KX OP 2. 5 (Slew—Rate) #2588 > SR B & Jf + 342 k2
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FEIHREH TR RITOP B E B ENH F frat &g Fp > RN

TR AR AT 11 B A RH F 9 10K (80dB) > %) 250KHzZ FF > # £ F
FRIE 0 dpi=if ! Phase Margin (PM) & <3607 » = %"-‘-»'5'—\“ | B2
HEELZ R T Radp & B F)0 201207 p o g PR ET o R

P AR 02w B (SR) U] fE A Bl IGusL Y RS LA A
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BRE ;IA
R &% 5 SR > 0.5V /usec -

TR 4—1 i p RBRIAAEER RF Y 2+ ESelf-biased complementary
folded cascade operational amplifier (SBCFC) - 3 7 Qi@q’%ﬁ;—l » 7 RBtg - B
FAY B RS BNLE (M feM,) £ @ * LodgaPig (M e
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£ M4-M

7 4o M8-MI1 chi:% o # 5 £
e 7 8 (4.1)

G R~ ILEF R

Ot = Om2 + Unoa .

A2 RATE M7 e MO il gy IR

Ro = (gm7rd5gm5)”(gm9rd11gmll) <43)

1rn

b (4.2) e (4.3) Gy oty LR ALHE T8 1 21

A A

R & R AR BT SR B R )42 AT el kg R v
FAIAEHR P ERT L @?J DR M1l s — Rie T R G AR
o B 4—2 PFom e E IR B[39] s Bd X Rt B EM,, e

AR o

R09 ~ gm9gm4r rdllrda4 (44)

B 4—3 58853+ Bap 38R > ¢ 7 & AR A2connersh= /] B & 4p i
P H- 4 (TT) En# F 583.7dB > 250KHzPF > (5 344dB; + ] B
0dBp#eijp & X 5 96.3% > PM=83.7R& ; H# & flcorner® - & /il £ & L 3,5

24 wFF% > 5813dB> @ ¥ Hipizs E £ > 5986 PM = 814K » 2§03
< 360K > @ 250KHzPF » # &£ chcorner 330dB= + > #FE ¥ LG AL E -
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folded-camode opamp
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#HHRE folded-cascode opamp FHERE
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------------

___________

Voltages (in)
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|
s

___________

_____

___________

'
_____

___________

T T T T
Tu Su Oy 10u

T () (TTME)

Bl 4—5. OPzf &
Gain 83.7dB
Phase margin 83.7°
3dB-bandwidth 1.1692KHz
Unity-gain bandwidth 13.173MHz
Slew rate up/down 4.01V/ius 4.73V/us
CMRR 90.4dB
PSRR 103dB
settling time 3.01 us
Input Common Mode Range 2791V
power dissipation 0.9022mW
CL 20pF

o 4—1. FH 2% Bz 2% (TT.)

4.2.2 EF v @ ® (Hysteresis Comparator)
BRADREIAG LR DL A R E R RS BAILL Bt pS
Bl g £ o 7 i A TR p o B R D B2 - o g pE

Fens o] & L@ W LA B R - m B R s B RE

1E R G

FiA B e fhthe P L REBMALK A L 4 B R fchE i

BhET SRR F AR 46 F- BREL R A o REL

o Ho {17 2A BRI EFER AP T RE I R
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Ah TRV RBTERT AL S BNA L pABRET IR
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Voltages (lin)
1 1
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100 5 =3k 10
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- FS0 g
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B 4— 1630 B o
Gain 103dB
Phase margin 88.3°
3dB-bandwidth 1.15MHz
Unity-gain bandwidth 980MHz
Offset voltage 1.65mV
CMRR 185dB
PSRR 164dB
power dissipation 1.609mW
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Voltages (lin)
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Timne {lin) (TIME)
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peak-to-peak & % 1.15V~2.15V - B 4—21 % & f @ 4zcornerz. = &4 » & F &
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Time (lin) (TIME)

B 4—21. &A@ Ecomer= & i

4.3 HMTBK
4.3.1 %#ongt

Bige] @R S A IR oL IE E P YR 36 ¢ D

C. » R frR < j83.2. 3% e (307) 4~(3.9) & #7181 e

nﬁz
b

WU le (4.6)

e (4.7) e

swo > chc % (4.6)

=t

f. > 20KHz (4.7)

A2 18 = e (f, ) 5250KHz; G,,,, 5 PWM# % s & >
B BRIV (REE) > RS EHNI33V B Gy, = 3.3
C. = 20pF » R, = 0.6MQ » @ nf = 82.5KHz <250KHz - = f_ 3

C

26.26KHz > = *t20KHz ; #j3.2.2& 2. (3.5) ;N (BB Ba 3 5 4o 50 ¢

RF
A = = (4.8)
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d 36047

B4 7 428330~ R = 600KQ » #1212 R = 182KQ -

4.3.2 WM 1&5%# 7 B (Gate—Driver)

d +~§zg,l NaiHFAd ) BT 2 - DT REBEHRHT > §
BN MEL B E et > Fpt > &R 4 » Gate— Driver 7 B © Gate— Driversr# i §_
S

PSR T 2 50 S A et AR TR - UL Ay
=2l i\ FRETIR -
A % 4Rkt enGate —Driver § B 7 e ™ B 422> LA™ - S8 dehF 4p

Bofd -t T - s ERSBRNAL L B BIF RS - s

~E

< F5 0 C R AR EST F B [42) -
BD(KPI"IKnI) BI(KPI"IKnI) BE(KPI"IKnI) Bz(KPl"IKnI)

B] 4—22. Gate—Driverzt T#

W3E - mF AR B [ Bt T g e F A L H - F A ER S
BT C e BER L

+t +C,) (4.9)

PHL PLH

= (R, +R,)x (C

EXEME P RFMBNERCEP > X R EI A MU BRRFR o £ A - &

ST 4 R TR S

C., xp* =C, (4.10)
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¢ Cpp b ¥ - il » TF 5 A0 (4.10) BT (411) -
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7~

B = {CL}X (4.11)

G- BTG F Ap B BEER S

(tPHL + tPLH )total = (Rnl + Rpl) X ( outl + BCmI)
(Rnl + Rpl)

B X (Bcoutl + Bzcouu)-- (4.12)

FPR-FIE R e B 25§ kot BpER R @R A
A % - B F 4p B2 NMOS{rPMOSSHT I SIC,, & ¥ - sl i T F o 4ok 7 4p

Fa 4B <t R AR b BB E S g B TR g

P

Bz old (4.12) {fm 2@ (4.13) 8 4o ® -
X

(tPHL + tPLH )total = Z (Rnl + Rpl) X ( outl + chl)
S=1

= X(Rnl + Rpl) X ( outl + chl) <4 13)

£d (4.11) £ (4.13) 8@ ¢

X
(tPHL + tPLH )total = Z(Rnl + Rpl) X (Coutl + BCinl)
S=1
1
X
X(Ry + Ry)x | Cuy + (S—Lj x Cp | (4.14)
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