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Abstract

Abstract

In recent years, Class D power amplifiers are widely used in small-scale
portable audio devices because of its high efficiency, low power consumption and
smaller size etc.. It is based on the pulse width modulation (PWM) technology to
realize the audio signal amplification. The characteristic of the triangular wave which
is the important part of the PWM technology has a large extent affect on the Class D
power amplifier’s performance. Charge-pump phase-locked loop (CPPLL) frequency
synthesizer with its high spectral purity, high stability, small size become the main
development direction of the frequency synthesizer. And it is widely used in the field
of communication, computer, etc.. This paper designs a charge-pump phase-locked
loop frequency synthesizer to produce the triangle wave that the class D audio power
amplifier needs.

This paper analyzes the principle of phase-locked loop and compares the
characteristics of various types of charge-pump phase-locked loops, then shows the
circuit of the programmable charge-pump phase-locked loop frequency synthesizer. It
includes a frequency phase detectors, a charge pump, a low pass filter and a
voltage-controlled oscillator. This paper uses the true single phase clock PFD whose
phase detection range is +27 as the first part of the CPPLL . And a current steering
charging-pump is included. It has a good matching between the charging current and
the discharging current. At the same time it has the characteristic of fast switching. On
the other way the dead zone of the charge pump can be offset by the delay time of the
PFD’s reset signal. Voltage-controlled oscillator as a important part of CPPLL alters
the frequency by changing the charging/discharging current of the capacity. The
programmable frequency divider is composed by the 2/3 frequency divider and the
N/1 divider which is made up by simple logic gates.

The circuit is designed in HHNEC BCDO035 process and the behavior is
simulated in Cadence. The output of the CPPLL frequency synthesizer can be the

triangular wave or the square wave. It can alters among 100kHz. 300kHz. 600kHz.
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900kHz and 1.2MHz. The CPPLL frequency synthesizer also has a good performance

under the tt, ff, ss corners from -20°C to 100°C.
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1.1 P& REE

iHH3R (Phase-Locked Loop ) #2341 H AH L R4 A AR A AR LL 5 () S Bt R 4
A& BN P R0 S AR AP R R ARG BT IR R 0 P RETE F T RS
SRR RN . BEABHIR (PLL) MO EMEE (PD). FRERIED
% (LF) FIEEBRGEHE (VCO). SR A TR A E 5 1AL 2
A % U 5 DU S A B HE 15 5 P S A EUHE B B« TR A2 I 25 R FH 30 2 D
WA I E S S HIRER, /BB 5S%E S EPNREES, ST
PrsE

FLZE 20 20 30 4E4R4AE (phase locking) HE& i C& ki, 1932 4, —
fir 25 [ (O ARHIF N SRRIF ST 1 T 7T LA B AR Edwin Armstrong #4022 B2 HL I & 22 210
ML CEARE BN, AR Z 11 LT BT A 1 JC G WS i A1) e 4k 22 75 1
[FAE %A D ERHE K Henrd de Bellescize & % T 44 & L'Onde Electrique .
2k I ANE ] PLL A, T#6A Synchrodyne C[RIE3EYHL) o 1H R R 3 HLAE
I IR S, ER 1947 4, BUHIAA S8 — IR T AR BOK S F12E B
HWEL, RirthoeE B E R FE SRR 1954 45, BUHIREE— PRI T
PR I AT PR AR

RAFE 1965 4, 55— PLL 2 RGE T I, &0 — AR B 2814 . 1969
A Signetics AR T AT AR — AN BRI BT RE T — NS ERS A
Rl R, MEBUHIR BRI R H T8 45« THENL Bk RS .
B, PLL MW F0EH A5 7 SRR R . KLFE 1970 £, HBLT H— w8t
. bR bR — AR A2, BEA PLL o RUG S A 38R 207 R 4
o BEETHENL, BEETL RS R R, BUHIMENECTIEE T i B 5y
NT B SECE RGHAE, Xt PLL R SC B0 5 R E AR, HEL T A3
F4iFFE (Al Digital Phase-Locked Loop, ADPLL). 4%t A A3 i 4 %
TS IR TE R AR LA 38 . BT DR A A R BB IR 2546, e AR TN
. PIEETER . DURE/N . AR R AR A
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AL T E VR A R TER R, B AR B s R (R 1T i R i ok
HRE LA, BRI A VIR TS A N AN T B A ER A) o BRA
FI3A (Soft Phase-Locked Loop, SPLL) 78 FZE#A4SEH, M 7 W 4F R &
Ze BTt HALFE RS, iy 7 — Sl B B 1 1), B T R E ERTE]
SEVE. A, BT ZBNMAUSAT BRG], BB IR B BR AR,
RAEAFRNSEBRAIRN o B4, L AR ORI R o, B A SR B i % e IF:
WECESI RNV R

BEE T T ROR MG R R, B — MR BB B B 24, HfliE T2
W72 Mg, CMOS. Ak, BiCOMS. GaAs VL% SiGe %5, Hip
GaAs LZ—HTEmMmEmEREn G, EHAMNES. A TFHReTs, %
FAT T XU A (R BE B CMOS B F IR 2 . {1 CMOS LZEAMRIFE. &
BE R ARAAS L 25 5 SEBLAEAL /L, BRI A3 2232 M o H AT 90nm SiGe BiCMOS
T2 B E fgik F) 300GHZ

1.2 SRS RS

BAHI R R E A, HAAR LR, WK RITFEKE , BRI 320 530
BBAHRE (APLL), BBUE GHUMH3F (DPLL). &3F8iMH3F (ADPLL). #&
PEEIAERE (SPLL) BUSI, H T, BB Cd A A, i 80sR & B 5
T HAREAS = m e RE . RIE . PTEEE SR A 2 R T &M Tk
HLf 2 B{FH A (Charge-Pump Phase-Locked Loop, CPPLL) & i 7Y (£ i I & 41
R, LA R S A 25 DA B 02 4 e 8 - A B A B, T PR 29I 3 4 DA % H e
TR MRV L o PR SR AR P E A IR TG . U AL 22 /0N | @ RO B AR A
T HEIEH TR S B (Frequency Synthesizer). i M I 4% &2 B (Clock
and Data Recovery, CDR)VLK oW I S . 40 BIUAH 31 rh 58 2 A 8
AT, A b U SR P RRIRES, 2B BRSNS R AU,
HARG SN DR RRASENH . BT HAA SRR TR
ANt TR REAE NS 7 DA LB R RS S UL A DA PR S B, A HCE SRR
P 92 IS BB AEDG 52 IR o S BIAE IR SE A O RE AR 40, RIS P, (H T 52 205
PEREMIPBR W, IEARAEF R Z I B RIS 0 78 2% R,
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FESKBR I PRI 2 Sk A1, W2k DSP ORI = AHBAF AR S T PWM
Bmah™.

B AT R A PERE . (AR ey RGP L A€ IS5 R LE 2 A SUEAS 21
JZ I o AR AR U P B A B RO BRSO I IR B AR A
LB TP BB A B 2 FiE A 28 4t v R R ) 5 00 O S 3@ A5 v X B [R5
SV, FETFENSUERE, TR TS MEEME S I, B EMRE DR RS
A TR B IR LR AT, BRI A T AL . TR R
HL G IR [F) 0 . SR A i, XRBURMME SR 2 . Ji4h, Bt
I Z I T SH . BREAR" . AEER. MBS S

1.3 XREARE =

BEETHL SEICA NG MP4 FR AR 55 B 00H 2% 8 T IR, LT Al )
fEIEIE . SEARE T THARSE I ZR MR R« B R MUK E X S 77
RCH MR, RIS ORI VEREZEK, Ry Sl R B SRR (1 22
Ko BHEPINHTIRABETEER AL H2). BE (4F). ABE (FL3 UK
D g, Hrb A RIS BT, HHFER K. ARMK. MR N,
1M AB SRR ORI AT 5 it Jot (10 SIUBOR P RE (HILRACRA, i HH DA X 8
i, HARZ AB RIFHORA =D, WA A E 2 D) R,
W R I RS, W T SRR S AT . D TR O I A T
XA T AB RIS, E R VIR bl e s i+ 3
IR AT Bl AR, KSR s 1 IR BORER RCR . D FRIFHPORAR IR
FIEF] 80%LL L, KRZILE AB FIRIBOR A= 2-3 15, FTLL D SRR BORA
VZ M FPE A4 2 T R A A% epr

A 1.1 D BT RBRBEARLEWN
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