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Abstract

Class D Amplifier is popular use for audio and mobile device, it is

better than Class A ~ B ~ AB, which often used in past, either the aspect of

efficiency or power consumption. The difference of Class D amplifier from
others is that used the voltage comparison and the Pulse Width Modulation
(PWM) technique and recover the original waveform with the demodulation.

This structure propose the self-oscillate class D power amplifier which
used nature sampling for feedback to achieve the limit cycle technique . The
method avoid to use the reference triangle wave which needed for
traditional Class D amplifier, the offset-of the feedback signal can track the
reference sine wave, the distortion of the output PWM would be less is the
advantage about the improve. The proposed Class D Amplifier was
simulated with 0.35um CMOS and 0.18um CMOS, and we used two
different filters to demodulation the PWM signal. Final we measured the
chi p which built in D35 0.35um CMOS, have the result about power
Consumption is 114.4mW, Efficiency is 52%, the active area of 0.69mm?,
SFDR is going to 60dBm.
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A

x,(D)x,(t + 1) = —cos(wr) (3.1.5)
ENSUETEE- 5 N
_[ Wy (T2)x,()x,(t + 7, — 72) dT, = (3.1.6)
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A2 [
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0
A? r
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0

L k2FBLYHL =B E
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(3.1.7)
L7 % ES N B4, > 0ehE f
Al N 4
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2
ng = Zy(O) cos(0) (3.1.17)
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U av U av
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7«56_.;;«},%—, B ¥R 4758 (3.1.14):x 5
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E |
(3.1.18)
PTEIGE A RS
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TSIDF)> & e JZ g & B » & &b %L P en™ 20 Bl 5 B 2B o sne o
ARG HEF AT M e AE A ER - SIRFENA - FIRFE

BT M A E XA AN(AB) E RS R a s SRl

21 2w
1
N, = anAj dQAf dOgy(Asin(0,) + Bsin(0g)) sin(6,) (3.1.22)
0 0
1 2T 2m
Ng = anBJ dQBj d6,y(Asin(6,) + Bsin(6g)) sin(0p) (3.1.23)
0 0

HaiEE A S e TS 2 e > £ @t Bessel #cER 0 ¥

PR EE A AR

1 .
y0) <5 [ ¥Gwerdu (3.123)

- x iRk & or KA > x = Asin(wt) + Bsin(ywt) > 4 4 4%

FVE L AL

1 o o
y(x) — E .[ Y(]-u)e]Asm(a)t)e]Bsm(ya)t)du (3.1.93)

#-e/BSyot) vy Bessel Bfic 2 B BB~ X B - R E 0 75

g% - B F T TSIDF g+ ¢

N,(4,B) =# f Y (ju)J, (Bw)J; (Auw)du (3.1.24)

18



NB<A,B)=% j Y (jw)Jo (Aw)]; (Bu)du (3.1.25)

TR P B L F 2T A B~ 2 TSIDF k% Lp e o
N,(A,B) = N(A,B) (3.1.26)

" TSIDE e 2 kg o> v A2 2 - B E B SRR UR
P oA H - B~ BT g SR T R A gy~ Rk
By o Tzt BY S TRUR 0 B TSIDF R i
WOE A FER P R .];{?,r‘m‘;;t?mﬁmﬂéﬂﬁﬁ}»%ﬁﬁ%i‘ﬁij’éﬁﬂﬁ%’
;;_d_g ;g,ﬁr,l;;,ﬁ% K’fﬁm& Fi® o

@ f TSIDF /RT3t B & fedidics 45 i i &2 SIDF 7 e 7

Lo R A AT R R G

—De®* x<O0
yx)=3§ 0 x=0 (3.1.27)
De®* x>0

GRUJLESE 8§ S S

-0 +0 %)
Y(u) = ling)(f —De% e TWdx + f 0dx fDe‘”‘e‘j”xdx> (3.1.28)
o—
-0 +0

—00

—j2Du
“Eﬁo(az4.uz) (3.1.29)
2D
T Tu (3.1.30)

@ 5| TSIDF #/2T 2 # » » % (31.30) # » (3.1.24) 5!

Mo a8y =22 [ oAwhBy) (3.1.30)
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@ (3.1.30) &>t Weber-Schafheitlin type 4% » > f& R 384f » & 4
R RIS M

ZD(E)ZF1 (1 L 2; (g)z) for0<B <A

Ny(4,B) = Zlf A 1 212 N (3.1.31)
EZF1<E’_§’1;(E)) for0<A<B

HEE R RSB 428 @ s (hypergeometric series) > F% i # 1

fz‘riﬁ-ﬁlr-‘% B>A:

2D N(A) (3.1.32)
Np(4, B) » 70 ==
vk BKA :
N,(4,B) iVas N(4
1(4,B) g = A (3.1.33)

Apw o EE B TSIDE 38 F3]= B %

(1) /]‘#}%rbg'ﬁﬂﬁ%)x;%%i B A Aim2ban s & 2u¥ 2 3 FNA 24 B
AL, a B iE R #%*ﬁ?ﬁﬂﬁ%ﬁ?;%%i A B-H 2R IR e
At ¥- BAEARKFASE B ¥ 7T A5 A gl
B o

(2) FAm s A AS RO TR UR 5 N(A) $Rig 5]+ 7
BT R AAER AR PR RS BT ST
ARE: SRR NS VY - i

(3) &TﬂDFﬁ&ﬂ’%{ﬁ%ﬂ%i@%@wg@%,?ﬁéﬁ

- ﬁ%l)» e SIDF % %> ¥ 12 SIDF &= ;835 a5 o
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32 hI&EF S AT

b - HEEAM OSBRI E oA A SR L SRRSO
aE N EE R I FE R A RS AT R EFIR L R
Bofh s S wganp AR D e s BL7][18] -

integrator
B Bn

b
\

integrator
B Bn
loopfilter

B 3.7 p AP wie D+ BHA

=
\

&)

. |74
integrator e
Vm+1 n-2 +
\ J \ J Vout
unit gain : fipe_q unit gain : fipr
loopfilter
ﬁl ﬁn

Vi m-2 Vi
? \ \
Filter : fry_m Filter : fry1

W38 HIp AReHwit PWM 4 %

BoA 4@ 3.7 A B p AR v g PWM 2 4

< :a»ea
51

&

B

rlvzb%gl‘lgz,\.gi\. ;f”\mD@pﬁ ek B oo L H 3p PW

=
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1% VP g@@s@;@;ﬁﬁ%ﬂgaﬁiﬁﬂ'@mﬁi » rfE] 3.8 H & D #Fix
SN E D fine DA F R E o m R
frudie gk B > w PRI A Bohsfion &4 DEE
35 D &Fc A Bensdic Aa n7T I E 0y S ARk B R Ak

BT &
B UG DR REREFERRR A oA A §FE

3 B D fEex Bt o

3.2.1 R r¢fE e Uk

A 258 (3.1.33) 0 A AT b e B ey i Sl

N, (4) = 3.2.1
1 (4) i (3.2.1)
Bk* - BRABLBELEEFTENR  fin=fruie == frun =
ffil ’ ‘]}/}%/ﬁ»%mﬁﬁﬁﬁﬂxv rLE L
2mfp
L =
1 <s T 2nfo (3.2.2)

ey it S BoH ~ T R AP R BB 425 (3.2.3) R

T B HA R (3.24) (3.25) 23 AR 0 A B 4 dp T Rk
R

Le(s)N,(A) +1 =0 (3.2.3)

Re (L(s)N;(8)) = —1 (3.2.4)

m (L (s)Nu(A)) = 0 (3.2.5)

LA BRI 527 iR X EF ~ (3.24) fr (3.25) *
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|4

ARFrwLeFiaT L@ £ (3.2.6) 40 (32.7)

2Vpp < AT fry”
A 47T2ffil2 + w

W
cos (narctan <27Tffil>> =-1 (3.2.6)

. w J—
sin (narctan (27Tffil>) = 0 (3.2.7)

e R FURMT S T AL (327) ¢ 3 E > @l

frc = frutan (g) (32.8)

2 A230 (3.28) B e AR AT % B iEE o Sk B
B2 FFBS S 2033 g o k- (3.28) + ~ (3.2.6)

n/2
)

n/2
2VDD< 47T2ffi12 )
A \4n2f;,” + w?

# VR AL A AR IR 2 JR I

A= ZI:SD cos™ (g) (3.2.9)

Aok RLp ok B n=2 BEo AR T G gt 5 - PR LR EAR
(damped spirals) - %8 3.1.2 & ¢ 12 % 2745 B (Nyquist Plot) » % #2
Tk Berde® 0 B 3.9 ¢ 0 AR A ek Bredcn=(a) 2(b) 3(c) 8 (d)
12 = & -

IM(G(jw))
Im(G(jw))

Im(G(jw))
Im(G(jw))

1 o T T T N L L1
0 0
Re(G(jw)) © Re(G(jw)) @

W39 mA Bo: 2MERMLIM %
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2R B B W SR OB iR PRI T A S RE SRS

EZ
(1) = 5 3 &B AP cfp m T frfed 2T E k5 0w B B

BeF A2 DHEMAESFT A AR5 (3.28) H e
(2) @b o AR 12 pFoe Rig BF A I L R[> BT
AR ARAL B P iE T R R O R ERE A 84
STIL A g 12 FE b i Bk B
B) AR NFPHREFITLE IR pl B2 Iy -
(4) % B RFTOAEIEL wEABEUE KL D> a BT SR
TR AR TR VA F S BB S A EEATE R E
Bor S TR et BeoikEE R & AT AR o

=N

w
by
B
It
F
™
Ny
el
=3
|=
g
1=
|t
i<
~
h
\u
\H"
e
Z—-)\-
3
?
R
‘©
c
—h
@

A e B 48 & Tl iE Y

0~05 2 @ » @ B 3.10 5 = B8 3 £
RS B PWM A4 e

g ”

REE|LE AL DR B L REB2 K Sl
AN pA Frfd ok L) AWE1EFLTd g0

%”@ﬁﬁﬁﬁ A s APREME(Q )RR BEEMEa
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AR e o W 312 B AW 31010 0T R AER
bR g E

a?(N(A)L(w)) 4 G21l)
(1+ (1 —a)NA)L(w))
it
(1+NAL(w)(1+ (1= 2a)N(A)L(w)) =0 (3.2.12)

A

L(w)

N(A)

- N(A)

Lw) <

®) 3.10 D %54 + B % A 8cF #7)
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- 1 Voutn
@ | 1+ (1 = 2a)N(A)L(w))

\

(1+N(A)L(w)) (1+N(A)L(w))

A

Y

Voutp 1 B Q
(1+ (1 =2a)N(AL(w) | 2.

W 3.1 D #g2+ B Hf§ 1 §

B AR 3212 FUEAALBE G ES BiE AASFE

R st

(1) % - 72 (1+ NAL(w) & 45 B84 o PWM 4 4 B2 F
AR H3h B q*fﬁ— # PWM A4 B2 {&'IREL - 7

VALTEA S E R 0 A BRARURR T RIS

w; = W, tan (g) (3.2.13)
A = ZI:TDD cos™ (%) (3.2.14)

(2) - #2321+ (1 —20)NAL(w))* 43 B8 L PWM & 4
REWFAEOHTEESEE S N RE e FFai FE

F'P

AOES AR RGE S T Y (1 a)N(A)UN(A) B
LAl *3E - B PWM 22 B2 &'URE Y > 2 K7

26




w, = w, tan (g) (3.2.15)

“(%) (3.2.16)

SOFETAfEfRmE i R AR RT AT RFET
Benadi i fhk A AR ET 0 F e s A4 G AR
FEeWIT AR GRAFREIAPRZEL T d ) ERpBE TR
BT EUELE P8 B PWM A 2 BIUSiE dpo it | R
BAL G R PG AR S BEIRE > VUL A M E L ¥
- BREY RTHEFAEE 3R Bensta o FRL T R 4o g0
ik B (T R 7HAE 2 PWMAUBLER > % 0 5 v R iR
it AR B 2Rk ME { ) 0 g A E &R AP H ok (natural
dithereffect) { £ > ¥t A BB AR LI - H p APl dat 4 P RFH 42
T FP R R Bg L o

Aok A R K IR R 2 AESY (3.2.13) (3.2.15) ¥ 1 f i

«:U%J)x# BoRES BN OB TR FP AT R
HEBEFT LRI d AERERTASR » 5 58 8§ 2 i3 -
Fip R 2 8T URiE* 5 0

nmcos ™™ (%)

2a2Vppw,

>0 (3.2.15)

F15 % A2 (3.2.8) X2 EE sn>20 ¢ A28 (3.215) v Ao ¥

HF o RF L AR TE VR S

n(1l — 2a)mwcos@™ (%)

>0 (3.2.16)
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Fra=052z FimT oo 2 g0 (3.216) #7220 3 p AR
(3.210) > 48 & ik iz & 0~ OS?F’“’E“]&H&;}é%,m T i AR
FIRRAGPANES{RELTIEHFRTRR AR TSIDF

ook AR R PR Mg A4 - B PR AR AT k2
HH o PR KREARRTRE  BEAL - B kAT IER
I R T SR URE R m%@‘]» w it Sl F I R
B F RGN A AR F R oW AR T 4R
# 38 (TFommon) * FrF 48+ 3 EH 5 8(TFoounter) > 11 & 4238 % £

T

. ) a®(Nyz (Ay, Ay)L(wg))?
common T (1+ (1—- a)NAZ(Al,AZ)L(COO))Z (3.2.17)
2 2
. N 5 a (NAl(AlfAZ)L(wl)) (3218)
counter 1+A-= a)NAl(Al,Az)L(wl))z
He
Vop
Nyt (Ay, Ay) = — (3.2.19)
2
V
Nyz(A1,Ap) = — (3.2.20)

A,

APEFE AN TR - BALL X B F S8k (Excess Common

Mode Gain, ECMG) :

TF,
ECMG = 10log (M) (3.2.21)

TFcounter

¥ EMCG A i p > fiFipRF#HT {385 #gn g
o T - B &R kG EMCG + % FEF 1o RF T 4p B chig
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B R k# A2 (3.2.13) 4¢ (3.2.15) 4 » (3.2.17) 4r (3.2.18) 1
H

RN

31

2
a
TFcommon = (1 _ 3a)2 (3.2.22)
CZZ
TF.ounter = (1_|_—a,)2 (3223)
1 # (3.2.22) 4= (3.2.23) # w (3.2.21) :
TFommon (14 @)? o1 (3.2.24)

TFcounter -~ (1 - 3“)2

m > Agsy (3224) R iERria<ls AP AE0<oa<05 &

AN A 2 kB T RN AR o

3.3 #F AR

#iE Matlab  Simulink #£ #7] » 27 % - H R BEF IR -

3.3.1 PWM Hi#

r2Sum block = Compare block #-#t '+t #& % > £ 2 Signal
Genertor 12 Constant # % # > » #5248 22 = & 4 > Simulink =
B.Bl4c-®) 3.12 0 @ fikrE % 4r@ 3.13 -
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oooaoj -

o0 =
Signal F y y F ]
Generator + ] =0 33 S >
] Compare Gain Scope
S

15

Constant

oooa) |

o
Signal y
Generator + LI *

165 b—»!.
Constantd |:|

Scope

J D\ |

ui!]_IIIIIIIIGI_IJIL" | IIIIIIIJIJIJ[JIJ[JIJIJ[JIJ

500, Ll 1.50=-5 2.00=-45 2.50=-5 3 DS 4. 50e-45 S5.00=-5

¥ 3.13 PWM #-3% W

30



3.3.2 p ARFHEE

oooo|
oo
Signal l:l
Generator + ==0 : 33 : =
[ Compare Gain Scope
15 - To Zero
Constant
30721966 | |:|
" | s+30721966 "
Scope2 Transfer Fen Scoped
30721966 | |:|
" s+30721966 "
Transfer Fenl Scopel
30721966 | o |:|
5+30721966 i
Transfer Fcn2 Scoped

W 314 &% - iFimidk BHEEES HW

o] 314 AP A BRI A F o B Ed 5 R R
GHRTICRCE f R A PR 82 & a5t 828 F i Ami - ik
FEFEBed o0 2> W 315 1 230 5 L sy » 22 f sy~ 0 F15 7 R
iR UTR R T R FRIEL A 5 ] 3016 5 Bl 3.15 2 < AR

= -

=

oRd
T T T T T

W315 #* - frmt BHREES
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i
o
-

W 3.16 = FFimat BHCER X AL

3

B3.17 5@ * Zrpipik Bk S AR 5 R 318 G kg 0
B~ B gL T 0 g (F 0] PWM UL -

J

oooo ||

00

Signal ]
Generator + »=0 ’ 3'3/ v

| Compare Gain Scope
15 >+ To Zero
Constant
30721966 |:|
" | 5+30721966 "

Transfer Fen

Scope?

30721966 ]

" | 5430721966
Transfer Fcnl

| 30721366 o]

| s+30721966
Transfer Fcn2

Scoped

W 3.17 #* = Rt B HAES S
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AAA
\AAJ

w5 B 3 A A
B3 X BB 01 5 Shop4 44 B
B s P 6 B A< E

W41 RERHE

YRl 410 G RE2ZFH T A w2 B (Pre-Amplifier) -

A% % B (Decision Circuit) % {s % #x < % (Post-Amplifier) -

4.1.1 =

RS F o AR 420 3 Lt S Ry SUELR R G
T BT - Bl TR R 5 4‘?“%}”*@#&*&' #&—@])\QBB
B erlpgk 3t~ R EF £ ¥ b g B4 bias clpgiE # 5] 12 _mﬁi.;l
Pt E D R B ﬁ%»ga%ﬂ;ﬁw A AR PR 4 ,ﬁl)\z@

2 4 BB
2 -~
T~ &

e
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Vb BRRATAL SR S TR M B0 T
BBk e F A e 2 s (A11) 5 6

SUARFE B TR R B B B
A

Ibias
GBW =
2m((1 + B)CoxLy W, 2)(Vgs — Vr) (4.1.1)

A TRWER £ (412)

(4.1.2)
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(Ves — Vi » KPy
(Ves —Vr)5  KPp
F o) (413) FiL=L, =L,

WZ = W1

L= 2(Vgs — Vr)iKPp (4.1.3)
27T(1 + B)COXGBW(VGS - VT)l

FHE B FFzlo A R BAERPRERFZ | MERIREH 9 10% 0 £ 4
7T_GBW @ ¥ & 3 %j » T %ﬁmm I A

412 A% T

>
[ N N N N N ) [ N N N N N E K ;
0 0
e Vo+ ]
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 May 0
0 0
0 0
0 — 0
;--------------------.

W 43 AR T EFHE

ARRE R 43 ARTRZERCREOE TR R
P Hbﬁ%}" AFEEFTFR AR THMMyd ¥ 5 RG L
L LRI A w P E e N £ m@,] Pty T — ‘?&»ﬁﬂﬁ;fj)*ﬁt.dﬁ'— RoT ol
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Mdlfmef ABE 0 Mgy frMyza R 2 88 > ¢ A L iw il @ 5
O #B?Aj-%‘?‘ ﬂMdl_ﬁMd4_ﬁa 1§F 'BMdZ_ﬁMd3_ﬁb om/i.ﬁ\f{ﬁ)‘;
L TERIL > Doy > om0 ?E‘BB'EgMdl‘erdB ’%‘gﬁg@i ' MR e

2

My, o Mgy #-€ BB > iR ™ > v, 48375 0 > Av,, ¥ & 7F

Y .
=

21
Vor = IBO+ + VT (414)
a

lo_i‘a‘é\iy\|9l+/}é‘”‘é 'vo #E—i Md4ﬁﬂVT’Md4f+5—ﬁ->\éi?

e

fo ¥ o SBPEE i Myg o3 T d b

. _ By B
lo— = (U0+ Vr)? = B_ Lo+ (4.1.5)
a
EERTENE TS
bl &lo— (4.1.6)
a

M ;’Z'-ﬁs?] NERBART R E A G RN T @B DG A e T RILGZ B 7R
(Vspy )82 1 7 B (Vsp) -

—

Bp
Ves—Vr)1 __1
. bi+1 —Vep, (4.1.7)

Ba

VSPH -

Vo+ _ Im1B
Vin Ima — 9mb + 390 + SCO+

(4.1.8)

AU A h5y o\ - i3 o - v
Co+'l“7\'§i‘3=‘]tH RE Yot EMyp o A B AHE G2 = Imza > T s
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TR T RSERGRT B FF XL 1o T AR B R ks
¥

2 7 3 F F % (Gain Band Width)4p

BT e - ko TF R B R TR DAY

BREAE S AoF 440 LR F S P AGER Ty

e
w2

by o G BB A R Y TR G p A RBRN L #i
Foon FIAE O S HEEG U T R - s TR R
Yk B2 g EHRER T A ek BenR B 5
REp NGRS RERE CERRR

W
Bo@F iR ERFPET LA TEBTIT -

hp A RN L A B My, o My, HIFAMEET 0 F L
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%’J@?ﬁ% ’ I—ﬂl}l‘ ’ Ms]_ ‘Msz ‘M_gg ‘M54 W%E? Baaggm/&fé?,[iﬁ o
W eV frVes > T H-E w 3T LA FRILE (TR A HE 5 B %

= 2L F
%i%.w—" C

IR

A= Ims1,3 T Im2,4 (4_1_9)

AO(Wpl/Wnl) Al(WpZ/WnZ) AZ(WpZ/WnZ) AN(WpN/WnN)

Cload

W45 PREGFET LW

é__—) 2l 42 fﬁr‘?@]{lﬂ—? %_@Jwg__' j_!i*;h’ﬁ (IR @:Kﬁiﬁfﬁlﬂ&’
£k 4 [19] 0 FlE @ S REBEIE R BT 0 7R

Ak XiimE 10% 2 oo FBR g 5B B AR TR > 4B 450
=4
9

PR LEDE A A - BE e BYL L - sk - BEF A

i W/on=AxW/Dnoa > 54 o5 - 5F 5 Bl » TF

Cinz = A Ciny and Cinz = A+ Cipp = A* - Ciy etc. (4.2.1)

_,z

m 3 B BRI S I ILEE A

__ Rppa

Rnp2 Rnp1
Rn,pz -

4 - a o Gt (4.2.2)

and Ry ,3 =
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Cioad 4.2.3
Cioad = Cin = AV~ Ciy o1 A= (22 X (4.2.3)

FhsgtrBuBpR vy

Rn1 + R Ry + R
(114—0’“) X (A°Coyer + A Ciny) + (114—1”1) X (A*Coyer + A2Ciny) + -+
(4.2.4)
ERUTDFLN
S (Ruy + Ryt )
Z nlAn P X (AnCoutl + An+1Cin1) (4'2'5)
n=0
b - B F h B BT T
(Rny + Rp1) Cloaa
X = 1 P2 X [Coua + ( Coa )N X Cina] (4.2.6)

inl

Bl BT 5B AN (426) kRE S BEEHIT 00 F LT
N iT i -

N = In Cload (4.2.7)

Vbinp n=1 n=1 n=22 n=22 n=46

o> o>
o>

Vbon
Vbin n

n=1 n=1 n=22 n=46

W 4.6 X438 HFES K
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W46 5 x4 rBenEiE > Ai8d NOR B F » Borms
S S SRR e PEHEGE A DT T LA F M4 ~ 7 Non-
overlapping ® i o B F ¥ gend o F o B2 ¢ < folicE #-¢ PP 5
WAL g R R ARt BT Ak SRR 10%07 T 5 @

’é‘mmfﬁgmﬁ“%}”‘é‘i’é‘*’%} dAER AR R CEIE A R

=
rI

\
TL

—

r _0.1Vpp% 1
on — 25P - w |74 (4.2.8)
ot K(7)Ves — Ve = %)
moE e Bz F 4
N
P=Vpp’f z 1% Cing (4.2.9)
n=1
MO R R Y
<~ nZ+1
A N\Z i . (4.2.10)
n;
n=0
Hen P F]F 0 @ iR AR (4.210) 0 IFBFEZ T 0 LA R

BRF LT BB AE IR B BHT HH o

wRERAE Aol 47 R MR B A F - Rph B2
FRIES |3k eRPE A S = B A piTnimBo 8o (TR

Sk RRF o EHREVRFH VAR B BLE M- g 2 d 30
io AR TR T R TE o BN EE M SUBLEDA SR ATE -
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eredback AAA AAA AAA VPWM

W47 R ik BEH

Y5 2

A RFHE A F R gk pod Boosein % & (noise
density) > * 4> G gk BN PR S AR EL T F
(white noise) > #iE:+ & * 4758 (43.1)> H P ke T 5 ¥ #c:

= (4kTR) X filter order X transfo — ratio (4.3.1)

[20][21] » ¢ 45} it 2
WRE S AR S F T R R p A Bk e PWM A 4

'
(]
(]
) (]
] : I
0
- > > — ' '
: Pre-Amp Decision Post-Amp || o Tapper Buffer : :
[
] > > > ' :
. ' L '
' ' :—l '
' (]
' Comparator ' :
. - N
(]
'
]
(]
(]

|

Loop Filter

W48 Exbimi p Ry r 2 D+ §
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Pre-Amp Decision Post-Amp Tapper Buffer

.........................

Loop Filter

=
000~
000
Ji\

[ [}
' '
[ ]
fe=c=cccccccccccccccccc-o- . H H
\/\ ; ; [
: Pre-Amp Decision Post-Amp E Tapper Buffer : :
]
' —>| —>| — ' '
+ . '
: E — E‘ :
‘ Comparator : ' '
g H = H
¢ Power |
MWW i Mosfet i
]
Loop Filter

W49 FERRAP RIFERT 2 DIt &

RN RS EEIP VS S ST P PR REEEE
BEACE 48 % B s A S e R B ¥ o I AcH 49 @
ViR B AR B R A R E S Mg AT - R

FHm AR e

LR CEEN VS

i g B el B (Half-Bridge filter) = 2 43¢
Joik % (Full-Bridgefilter) » ~ £ £ & Vg F > 22t mit § ¢ o
FoRy - A FBREFRERE T gk T RSB RBE
w[22] -
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451 =it B

I
-

W] 410 2 45 ik

a———t
A

w49 LHE REEER * A 47 MOSFET %5 B B £ 158
A BEANEINE S BE T AT REERT > - MEE Y
ST A SR E R AR
B
1. % ehg S BcE 1L E pdH ~iE 0
Zﬁﬁﬁﬂ’ﬁﬁafjﬁwﬁ iy H
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5 (5.11) > B 52 ; ﬁiﬁﬁ%] B HEF gg':rrgig] » %% 3dB #E § .9
% 174MHz -

1

CEW = 21((1 + B)CoxLyW3) (Vs — V) (5.1.1)

¥ 5.2 ﬁl » BAE R

(2) T18 CMOS 0.18um 1P6M
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(2) T18 CMOS 0.18um 1P6M
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5.14 TR & & A1

(1) D35 CMOS 0.35um 2P4M
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o

#® 5.19 CMOS 0.35um % E. 1% 5 Bl

% 5.1

Technology D35 CMOS 0.35um 2P4M
Power Supply (V) 3.3

Area (mm?) 2.35x 1.46

Power Consumption (mW) 115
Efficiency (%) 45.5

THD (dBm) -45.4

SFDR (dBm) 49.4

D35 & ¥ R3]
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(2) T18 CMOS 0.18um 1P6M

#® 5.20 CMOS 0.18um % & i# 5 Bl

% 5.2
Technology T18 CMOS 0.18um 1P6M
Power Supply (V) 1.8
Area (mm?) 0.92 x 0.75
Power Consumption (mW) 4
Efficiency (%) 60.1
THD (dBm) -52.9
SFDR (dBm) 60.1

T18 & ¥ R34
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5.23 ¢ BIHCRE - ff 0 AR A I TR S S S SRR -

power supply
| NN g e |
- —
Oscilloscope d
F————————— Vdd | an Signal generator
s o PWM
T Vout
I
Transistor
power supply
| WNEEEENN geg - |
Vad | gnd Signal generator
Vin
PWM
Vout feedback
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W 5.22D35 & % BAp W
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Value Mean Min Max Std Dev

@ Frequency 199.8kHz 199.8k  199.2k  199.9k 123.8

@ Peak—Peak 1.440V 1.439 1.436 1.441 1.834m

530 @7 R4S 2kt BERIE S

64



G ety Frﬁﬁ%ﬂ:}\‘ i‘/}%/@/}i S a J
413 A 200KHz > it & 5 5.66dBm

B 5-53dBm ¥ - & =

BIEAF R kB 5 54dB -

&

Ref 20 dBm

Att 45 dB

*RBW 5 kHz
*VBW 100 Hz
SWT 1.45 s

BT EE R
et Sl
IR A 600KHz > #¢ £ .9

4@ 531 2 350

20

-10

H

CLRWR] \[
(

H-10

——

_WWJ e

OIS [ R

-80

M%"\MMWJ\ APl

Center 450 kHz

90 kHz/

Span 900 kHz

W 531 MEdst 2 B I E R

65

& 400KHz »
% -49dBm >



$2 3 BH

AR BEP RBFES 2EEE VRO ART D ks
A Bd BN RETRNREOET IR ERTEE > LS
B R ie TR 59 I B * 0.35um CMOS 4+ 0.18um CMOS
B fAH T > B384 Bl D35 0.35um CMOS 2P4AM ™ & 0 ¥ ¢k
o Bt o 0 Heppid BIrERERSERIRAES BA R
PURER e AT 1E 2o BRI % TR A TR A ﬁig‘] FFME L E 15
Ko~ drtg s 0.7 RSHE S G 200KHZ 2o 32k > fie * Bl BT
A S spE s B R 15 R dR1E A 0.7 R HRE S S 200KHZ
FRIE ARG o m R IR R BRI BefiR T o B ERL 0
&~ gRiE A 0.7 K~ 4 5 4 200KHZ e ik 5%k o rUAE A T i
B H gl BT S s s @34 st £ 5 -13.6dBm
SFDR % 60dBm > @ & % :HIE ;" SR p A BpF > FF15En £ 5
5.66dBm > SFDR % 54dBm -

66



[1]

[2]

[3]

[4]

[5]

[6]

[7]

8]

[9]

33 TR

P. J. Baxandall, “Session on Applications: Linear Amplification and
Oscillators”, The Institution of Electrical Engineers, Paper No. 2978
E, Feb.1960

Jeffrey S. Walling and David J. Allstot, “Pulse-Width Modulated
CMOS Power Amplifiers”, IEEE Microwave Magazine P52-60, Feb.
2011

Thomas Johnson, Analysis of A Radio Frequency Class D Amplifier
Architecture with Bandpass Sigma-Delta Modulation, Fall 2006
Ronan van der Zee, High Efficiency Audio Power Amplifiers, April
1970

Bo Shi, Michael Yan Wah Chia “On The Performance of Class-D
Power Amplifiers With RF Pulse-Width Modulation”, Proceedings of
the Asia-Pacific Microwave Conference 2011

Jun Yu, Meng Tong Tan, Wang Ling Goh, and Stephen M. Cox “4
Dual-Feedforward = Carrier-Modulated * Second-Order Class-D
Amplifier with Improved THD ', IEEE Transactions on Circuits and
Systems—II: Express Briefs, VOL. 59, NO. 1, January 2012

F. de Jager, “Delta Modulation - a Method of PCM Transmission using
The One Unit Code”, Philips Res. Repts, vol. 7, pp. 442-466, 1952.
H. Inose, Y. Yasuda, and J. Murakami, “A Telemetering System by
Code Modulation - 4-2 Modulation™, IRE Trans. on Space Electronics
and Telemetry, vol. SET-8, pp. 204-209, 1962.

Mattuck and M.L.T, LC. Limit Cycles, 18.03 Ordinary Dierential
Equations 2011

[10] Manuel J. Duarte, Pedro M. Cabral, Jos'e C. Pedro, “Switching Noise

Improvement of a Limit-Cycle Amplifier Using a Negative Hysteresis
Relay” IEEE Transactions on Power Electronics, VOL. 29, NO. 6,

67



June 2014

[11] M. VIDYASAGAR, Nonlinear System Analysis, Prentice Hall,
Englewood OHTs. New Jersey 1993

[12] Ralph J. Kochenburger”, A Frequency Response Method for Analyzing
and Synthesizing Contactor Servomechanisms”, IEEE, Transactions of
the American Institute of Electrical Engineers Vol.69 Issue: 1, Jan.
1950

[13] Krylov, N. M.; N. Bogoliubov, Introduction to Nonlinear Mechanics,
Princeton, US, 1943

[14] James H. Taylor, “Describing Functions”, Electrical Engineering
Encyclopedia, Inc., New York, 08 April 1999

[15] R.N D'heedene, “A third order autonomous differential equation with
almost periodic solutions”, Journal of Mathematical Analysis and
Applications Vol. 3, Issue 2, October 1961, Pages 344-350

[16] Gerald Teschl, “Ordinary Differential Equations and Dynamical
Systems”, Graduate Studies in Mathematics, Volume 140, Amer. Math.
Soc., Providence, 2012.

[17] Tim Piessens, Michiel Steyaert, Design And Analysis Of High
Efficiency Line Drivers For XDSL, United States of America, 2004

[18] Adrian I. Colli-Menchi, Edgar S"anchez-Sinencio, “A High-Efficiency
Self-Oscillating Class-D Amplifier for Piezoelectric Speakers” IEEE
Transactions on Power Electronics, VOL. 30, NO. 9, September 2015

[19] R. Jacob Baker, “CMOS Circuit Design Layout and Simulation” IEEE
Institute of Electrical and Electronics Engineers, 2010

[20] Foad Arfaei Malekzadeh, Reza Mahmoudi, Arthur Roermund
“Statistical Analysis of Self-Oscillating Power Amplifiers” IEEE
Transactions on Circuits and Systems—I: Regular Papers, VOL. 58,
NO. 8, AUGUST 2011

[21] Xinchang Liu, Paolo Germano, Yoan Civet, Yves Perriard, “Design of

68



a self-oscillating class D power amplifier for piezoelectric actuators”
2014 17th International Conference on Electrical Machines and
Systems (ICEMS),Oct. 22-25, 2014, Hangzhou, China

[22] Hui Pan, Yuan Yao, Mostafa Hammad, Junhua Tan, Karim Abdelhalim,
Evelyn Wenting Wang, Rick C. J. Hsu,Derek Tam, Ichiro Fujimori, “A
Full-Duplex Line Driver for Gigabit Ethernet With Rail-to-Rail Class-
AB Output Stage in 28 nm CMOS”, IEEE Journal of Solid-State
Circuits, VOL. 49, NO. 12, DECEMBER 2014

[23] Ara Bicakci, Chun-Sup Kim, Sang-Soo Lee, “A CMOS Line Driver for
ADSL Central Office Applications”, IEEE Journal of Solid-State
Circuits, VOL. 38, NO. 12, DECEMBER 2003

[24] Pieter De Wit, Georges Gielen, “Degradation-Resilient Design of a
Self-Healing xDSL Line Driver in 90 nm CMOS”, IEEE Journal of
Solid-State Circuits, VOL. 47, NO. 7, JULY 2012

69



