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Architecture Implementation of Class-D Amplifiers Using
Digital-Controlled Multiphase-Interleaved PWM Technique

Student: Chi-Yang Lee Advisor: Dr. Ying-Yu Tzou

Institute of Electrical and Control Engineering
National Chiao-Tung University

Abstract

This thesis presents the research of a FPGA-based fully digital-controlled
multiphase-interleaved class-D amplifiers. The operational principle, mathematical module,
and control schemes of the interleaved class-D amplifier are described, designed and reviewed.
This thesis proposes a multi-loop control scheme for the fast response control of the interleaved
class-d amplifier. The proposed controller consists of an inner predictive current-loop
controller, an outer Pl voltage-loop controller, and output phase-lead compensation control. By
using the voltage phase-lead compensation, the gutput voltage gets larger frequency bandwidth
due to the proposed control method has been.realized. The output voltage distortion and
harmonic components are also- significantly reduced. The proposed digital controller is
composed of digital compensator, digital PWM generator, and the synchronous sampling
controller. The simulation platform.is combined with"Simulink and Modelsim which could fast
verify the functionality of realized blocks: The'proposed control scheme has been implemented
using a FPGA (Altera Cyclone Il series) controller. Simulation verification has been carried out
on a single-phase and interleaved class-D amplifier. Under the 100kHz switching frequency
and 0.5us dead-time constraints, the simulation results show a voltage THD of 1.3% at rated
output. The simulation results show the feasibility and superiority of the proposed digital
interleaved class-D control scheme.
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1 | DPWM_CNTL2 | RIW FSW[11..0]
2 SSM_CNTL1 | R/W SAMP[1..0] AHAL
3 | DCON_OFFSET | R/W PWM_OFFSETI[11..0]
4 DCON_PIKP | R/W PIKP[11..0]
5 DCON_PIKI | R/W PIKI[11..0]
6 DCON_PHK | R/W PHLE_K[11..0]
7 DCON_PHA | RW PHLE_A[11..0]
8 DCON_PHB | R/W PHLE_BJ[11..0]
9 DCON_CKP | R/W CKP[11..0]
10 | DCON_CKFF | RW CKFF[11..0]
11 | DCON_VKFF | RW VKP[11..0]
12 10 R IOFB[11..0]
13 VO R VOFB[11..0]
14 IL R ILFB[11..0]
15 REF R REF[11..0]
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MISO CER Lim & |5 dosh TR A ke s e R o
MOSI R IRASNES & B R S ok LA e R
SCLK R Iz [R5 idgpr o d LNk §
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AD_SCLK ﬁ%lﬂ: 12 TADCH % > & - 5 20MHz
AD_CS ﬁ%l 4 Iz~ |3 3ADCauE # %riz » il 5vADCIE (7 B~ 45 4
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1A i > 038 2 dicid
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(1) %7 20 2 L e dlHciEN » L EQI5H N chiicid f Fl2 A » 7~ %

- 1.000000 < N < + 0.999997

(2) # #ENF 22> 7= N=Nx2%=N x 32768

(3) 4 % F2ehik % 4c2'° AN =INE 2 =N + 65536

P B3eh b 5 16840 ERFITE AR A H > 4T T 5 NHQL5HE %

@ QEGLE BB AR EREST LR G A0 BB H i TR
BUsm 2o 1 e 4v0.2 x 654 = 1308 E R F FRE L e 5 el E Y £ A A
T FER P QEHEA k2 AP I N gk E 0 At #0282 A b aQf N
%t g A 5 11Q3 ~ Q4 ~ Q5 ~ QBtE Y A T ArT

0.2 =2(Q3), 4(Q4), 7(Q5), 13(Q6) (4-1)

ERE R Q3 o BlMAR o 410 Pl el B 4 A5 2 (>58) 0 T @ B AT

B RPIEEHFTQONRN o R E L BN o 2 B %407

2(Q3) —2x654=1308 — >>3bits —» Y(k)=163
4(Q4) —4x654=2616 — >>4bits —» Y(k)=163
4(Q5) —7x654=4578 — >>5bits — Y (k) =143
13(Q6) —13x654=8502 — >>8bhits — Y (k) =132
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Kui Q12 0~4095 0~0.997
K Q8 0~4095 0~15.996
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a2 F ot e ARG E e dl o B 0 A S ke (4-3) 4
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| @ /dph_lead/phle_in 1203 1 3203 | T1655 !
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| B Jdph_lead/phle b | 2047 N PV ¥
T T& PdphJeddphE Tsn T T T T T 7 | —
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3
TR s oo s Lo oo Lo oo baonaadlooaalaoooabaos oo baoasoabooaoabownaa o oalboanaan by
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