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ABSTRACT

ABSTRACT: Audio power amplifier is widely used in high performance audio systems,
stereo phonographs, servo amplifier and instrument systems. Nowadays, people
emphasize high power and high efficiency as well as high fidelity feature of audio
power amplifier. So it is worth to design an audio power amplifier with the features of
high power and high efficiency.

The paper has designed a new-type of audio power amplifier. There are so many
opportunities to develop and apply, because it is still at study phase. The design in my
paper has good performance to use. We can apply it to portable electronics such as
cellular, CD, DVD, MP3 players, PAD’S, some other portable electronics, etc.

After studying power amplifier, in this paper, I introduce the kinds of power amplifier.
First, I introduce the familiar linear and non-linear power amplifier, and then analyze
advantages and disadvantages of this amplifier. I compared the characters of traditional
class D power amplifier and the amplifier that is based on self-oscillating theory. Next, I
refer to the structure of SCOM class-D audio power amplifier that is based on
self-oscillating which is studied in my paper.

The Cass D power amplifier in this paper, which is called Synchronized Controlled
Oscillated Modulator (SCOM), is designed based on self-oscillating and synchronized
controlled theory. The SCOM consist of operational, comparer, power driver, filter
circuit and output stage. Audio signal is resumed by the inductance in speaker, and it
saves arrears of chip. I designed an operational amplifier and a comparer innovatively
with good characters that can be used in SCOM. I finished all the stimulations in this
design. Powered by one power supply, bridge-tied load is used in order to improve THD
and output power. Feedback circuit is used to improve linearity and PSRR. It can save
the arrear of the chip and the cost because this circuit utilizes filter free modulator. Is
has achieve all requests after test and test loading with a speaker of8Q + 20uH .

I choose EDA tools provide by CADENCE to finish the circuit and layout design.
The process of HNEC250G_PCELL (one poly and four metals) is selected in my design.
The output power is 0.5W, the efficiency is higher than 70%, THD is small than 1% and
the area of chip is 480um x 300um. All of these satisfy the requests of design.
KEYWORDS: Class-D power amplifier, Audio, Self-oscillating, Filter free modulation
CLASSNO: TN722
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Figure 1-1 Comparer efficiency of Class-AB and Class-D power amplifier
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Figure 2-1 (a)The circuit of Class-A amplifier (b)The constant offset of Class-A amplifier
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Figure 2-2 (a)The circuit of Class-B amplifier (b)The constant offset of Class-B amplifier
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Figure 2-3  (a)The circuit of Class-AB amplifier (b)The constant offset of Class-AB amplifier
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Figure 2-4 (a)The circuit of Class-C amplifier (b)The constant offset of Class-C amplifier
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Figure2-5 The block diagram of the traditional Class D amplifier
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Figure 2-7 The diagram of the self-oscillating
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Figure 2-8 Bridge-tied load Class D output stage
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Figure 29  Output waveforms of Bridge-tied load Class D amplifier
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RIZAE RIS B BE, B BRI — R E R LA RAMER AR KD E %,
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FHEEAm M. KAF258 3.3V M ov, Ak 4us, SR 50%0
Tk, MR 3-21 iR, BEATERAOYIE RS B E E TSR E

3-22 iR, TR ME 3-23 i, HARBATIHE:
. 2.0165-0.4982 ~176.1V/ s
217.814n-209.189n

SR = 249001y

334.669n—320.307n

(3-28)

(3-29)

HEAT LA 3, B EFHRM SRR 125.13 V/ps, TR B ZE 100.19

Vs, WHERIHEX,

..,

'—D il

321 Bk R AGA B
Figure3-21 Circuit for SR test
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Figure3-22 Test for SR*
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Figure3-23 Test for SR~

335 EMESIIRESE

AR, FEE—TREENSHE, REHEHABRESHSITIR
ATHEERAEMR, R EHEERRBNEHAE. BLERSIERA
BB S R A 1. 95mAIXEE, FRERIIBUIEER:

P_. =195mAx3.3V ~6.44mW (3-30)

static

IR ERMDFES B, AL RO RE.

336 EHEESH
S HITRAE S, —BRETI/ME S—RETH. FtEHRRER

FL B PP TR BT 7 A A R 7 L RO R PR R4 A B B R . AAEI3-24 9 AT B H 1kHZ
B EEL B O R P 24 0 589.244 uV/VHzZ , ATTZ B A A 4123570 V/VHz .
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Noise Response

1.19 v output noise; V / sgrt(Hz)
899m

5¢0m |

200m |

—190m | -
1 1K ™ 1G
freq ( Hz )

A (1.98477K 589.244u)
K324 ETEMEAEFTER
Figure3-24 Noise response of OPA

SRR PR R LA IR, BRNEERARNERRES
R 32, HFPEREEAWERITER.

® 32 BHEBABIEEETRR
Table3-2 Characteristics of OPA

SRR ¥ ¥E
WA KFHE 0.3796uV
L TAERIEMTEE 1.584V-1.716V
DC 4t
BN RO ov-2V
R IR R 1.9mV-3.23V
TS 2 87.89dB
BRI 2 R 140.124MHz
AC 47 AR E 60°
A ARE 2pF
CMRR 124.86dB
PSRR 47.5dB
N IEFEHE R SR* =176.1V/us
il ik 3n SR™ =143.7V/ us
THFEMR BATIRE 6.44mW
Y il I 7 23.57nV/Hz
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4 BEERERDIRIT

BB R X — N B R, FEHBKS—H, RSt T Mg
MgS, RFFRAERLHRE . WRBHWHEEEBAEIS LSS 5 HT&
RIEHATHE, PRI ERUBFESHER AN, XRER LR BZERING
EEMBER PR, XLEERSEN SCOM RERIKITRMEM MK RE. BT
WIS T EH A B E TR R HAREIRRT. W TITXPi%E
300kHz /4, BrLL, PRSI B R 1% 2 JT R SR I K

4.1 [EEEBRGHEIEE

tE S B R — N EE MR, SEWENIERABNEGERE; B
bh, EMREENRER, SEEYWIIEUEE, M ZHSCOMMA I THDIEF.

SESYAHE, FrgEM RSB SEHnEL- 1R, ZIRSBEHER, X
BB, WRE/D, HMFEMR, ERMEFER. B LLRSE TEERSTES,
HHAEBMERRNES KR, R RS LR ELE S R RS, 5
R AEREY, A TN KRR, AHRSRNE %R T IE R
KL 2 FFERAR G, BEANR T bR a8 (3 B PR T e 5 0 LA SR O B W o

FEE-1FIEPERBERR, BB REE M, A M, BFLET SRS
BRI, XA R R R 5 TR R M, R M TR B LR
R, RERBEREERB. AHERBRREPTFHRBRAKN, BIERE
ATRG, RN REBEBR: QARBAKDFIERBARE, BMABRE
AERW, FEEBREERBLTHBINER. RE L /B <1, FHEKERE
BT % 6/B >10, BREHSHM.

FHETRA:

Ve =Vas1 — Vosa (4-1)
TR A

Vire =Ves2 —Vosi 4-2)
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Figure 4-1 The schematic of comparer

Fhh, PHHBBETTURBEE BB RUXBFFENREE. XHEHTAHE
THATAMZ CMER B BK B0 SE AR A R ELARER A8 QN AR 4,
DSt & B 0% R R R E A R, R RV RE. RSB, MY, EFR
B EBE, BREM,E ARV g0 WB K AUER LAS

VOH =VDD - VDD —VGIO min) VTP 1— - 218 4-
( — !)[ \/ PR

B/ 2

V,, =GND (4-4)
LeEas /M S R

&mi Emio
BB DA R:

Y, (mi n)—Mg‘— (4-6)

4,(0)

HEBHE—H. B_HEmHEEES 5L

P = 8as2 + 8usa @7

G
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PO SR 1 vt

_ 8ass T 8usio )
D= c, (4-8)
Hrp, C,REE-YHHHENBHRE, C,EE5H _YHmTMENMAME.,
C,—BtH C, ¥sE. BT AP LU S8 S ey N ] AR R o «
4.(0)

A )= "—"= (4-9)
( § +1J[ $ +l)
b D,

42 EERFELS

2 R ETHHE AR R T BRI B, RIS EE X LR S AT TR
R KL AEAFEMRNR. XU RAIER LS R anF ATk

42.1 fEEMX

XA AN ME SRR R S0uV, SMEN 1kHz MARES, #1T AC 297
BEMEAF R B 4-2 B, HELEREE M AC T4 R, TTLIEB R, s
W25k 78.96dB, 3dB %A 1.01MHz. &8T5 7] LAE 2 LA s ke R .

v Vou=Vo _33-0
m®DTAL0) 9000
Hep, AVO) RIS BE AN,

~0.37TmV (4-10)

AC Response
8g = dB2@(VF("/out")NF("/in+""))

50 |
m 5
© -
- 28 ¢
13t , . . .
1 190 19k 1M 198M 106

freq ( Hz )
Bl 42 LLERBH AC HITER

Figure 4-2 The AC response of comparer
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422 REMR

A TR FREE, ®KEV,, A REE 1.5us, HZFHA 50%H1 77,
HEBMAESH Smv, BLBESSNERRHEE, W 4-3 BR.
t ~ 0.05us (4-11)

rise+delay
t ~ 0.06us 4-12)

Sfall+delay
A 4-3 AT, ECEERAY LT RACHIIEIR I 6] 0.05us, TR RAEHIEL N ]
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Transient Response
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Figure 4-3 The transient response of comparer
423 KIFBEFMEFSHEMNR
BB SRR BEAR/MREE, WIRIELRSMAREE, ELREH R

FIEREAN18.9mV, BRRLLZLLEBHEE, mE4-2, BRI 478.96dB, BT
LEBRAFEERRIRER, FUSTHAREENR, TTURK. el E .

18.9mV
Vs =go0p = 210V (4-13)

X ECBLERHEAT DC 4347 7] LA B4 B B S ThFE 2
P, =381.8udx3.3V =1.26mW (4-14)

LR astE g fatr B 4 nR4-1:
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41 HARBRMERE
Tabled4-1 Characters of comparer
W 78.96dB
3dB % 1.01MHz
KR 0.37mV
L FHIER R R 0.05us
T B ZE IR I ja] 0.06us
B AT 1.26mW
KRR 7.7pV

43 EKENGE

AR S0 O E LU I BB A, SRR T R BRI RN EL, B
B TR ERA RS R
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SCOM FHi % BT ids 1] () 5K ) P RV L1y i 1 5-1 B« O 3)) P B 60,955 1) 8 4 4%
A kA%, 5307 BIENT. HHYHPIA MOSFET M. it RAHES
TraE, Wit ERAEWT . IKF)ALER B4R 5 5 2 LB R e R A T B,
THHIR B R mARIEbR . BT ER, REZOH RN T 500umx500um , W
By LB UG BT AR K Z0h BRI — 2, X R R THINE) R S H N FEK

itk

-1~ VDD
=T T

:' """"""""""""" ‘: PMOS
Vo ! PDB I .
 S— I ' Ve
iay cel ! ! —H’Z>
|

PD | )
D—:D—D"':_Lr_s:l NMOS

—_— - ——

Bl 5-1 SRl R R L R ]
Figure 5-1 The diagram of driver and output stage

5.1 CMOS Z48 B i RYHHE

1. ¥t e

R R R A A — PR A B0 5 — RO RS T BRI E], R A B et
[8] (transition time). & 5-2(a)FT~ABAARH B REKE—FHN AR, B2,
LRt A IR, FARENRA R MELS MBI TFEBETR
Filo SEHOE KPR R TR 5-20b)F 7. B AR BB S 05 Bt ) AR
S EFEEFE] (e, 5 rise time), M BURAR I FE e bt () AR 4 F BERTIE] (¢, , fall time)o
EFtet R AT B AR AT AR AR SRR BT E N B 5-2(c)fiR. HPEAs
HEEFR 90%, KA D BT 10%.
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Figure 5-2 Transition time
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Bk T R T 1) -
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Figure 5-3 Propagation delay
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Figure 54 The circuit of inventor
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Figure 5-7 The circuit of NAND
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Transient Response of NAND
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Figure 5-8 The input and output waveforms of NAND
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Figure 5-11 The circuit of NOR
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Figure 5-18 The transient response of driver
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* Library Name: SCOM
* Cell Name: comp_tt
* View Name: schematic

KR

. SUBCKT comp_tt GND VDD Vint+ Vin- out

%, PININFO GND:T VDD:I Vin+:I Vin-:1 out:0

MM29 out net177 VDD VDD PT W=24.08u L=500n m=1
MM17 net160 net181 VDD VDD PT W=10.6u L=300n m=1
MM16 net168 net173 VDD VDD PT W=10.6u L=300n m=1

MM24 net165 net160 netl133 netl133 PT W=126. 81u L=300n m=1

MM11 net173 net173 VDD VDD PT W=19. 7u L=1lu m=1
MM23 net133 net165 VDD VDD PT W=16u L=300n m=1
MM12 net181 net181 VDD VDD PT W=19. 7u L=lu m=1

MM25 net177 net168 net133 netl33 PT W=126.81u L=300n m=1

MM21 net160 net160 netl66 GND NT W=11.54u L=340n m=1
MM28 net162 net165 GND GND NT W=4u L=340n m=1

MM19 net160 net168 net166 GND NT W=11.56u L=340n m=1
MM14 net181 Vin— net170 GND NT W=15u L=lu m=1

MM27 netl77 netl68 net162 GND NT W=26u L=340n m=1
MM13 netl73 Vint netl70 GND NT W=15u L=1u m=1

MM18 net168 net168 net166 GND NT W=11.54u L=340n m=1
MM26 net165 net160 netl62 GND NT W=26u L=340n m=1
MM20 net168 netl160 net166 GND NT W=11.56u L=340n m=1
MM22 net166 netl66 GND GND NT W=65.4u L=340n m=1
MM15 net170 netl112 GND GND NT W=7.6u L=1u m=1

MM30 out net177 GND GND NT W=4. 54u L=500n m=1

. ENDS
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* Library Name: newscom
* Cell Name: comparer514

* View Name: schematic

3 e e ke o o ok o s ool o ok ok sk ke e o ke o ok ok s sk ool o ok ok ok e o ok o ke o ok ok sk ek ok ok ok o ok o e s ke s o ok sk ok o ok ok kokokok ok ok ok ok ok ok &

.SUBCKT comparer514 GND VDD in+ in- out vl

* PININFO GND:1 VDD:lin+:I in-:I v1:I out:O

MM14 net15 net56 GND GND NT W=104.4u L=1.02u M=1
MM15 net56 net56 GND GND NT W=1.16u L=1.02u M=1
MME6 net44 in- net15 GND NT W=240u L=1.02u M=1
MM13 net22 vl GND GND NT W=22.6%u L=1.02u M=1
MMO out vl GND GND NT W=22.6%u [~1.02u M=1
MMT7 net37 in+ netl5 GND NT W=240u L=1.02u M=1
MM4 netd4 net37 VDD VDD PT W=104.4u L=900n M=1
MMS5 net37 net44 VDD VDD PT W=104.4u L=900n M=1
MMS net44 net44 VDD VDD PT W=104.4u L=900n M=1
MM11 net22 net44 VDD VDD PT W=143.6u L=900n M=1
MM9 net37 net37 VDD VDD PT W=104.4u L=900n M=1
MM10 out net37 VDD VDD PT W=143.6u L=900n M=1
.ENDS
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