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ABSTRACT
This thesis describes two PWM controller I1Cs for switching power converters. They are analog PWM controller IC and digital
PWM controller IC. Due to rapid development of CMQOS technologies, more and more transistors can be fabricated on a single
chip. In these years, the power management ICs such as the highly efficient low-voltage switch-mode DC-DC converters have been
applied in consumer electronic products for increasing efficiency and reducing power dissipation. The analog-control scheme for the
switching converters is developed for a long time, and it is a very mature technique. Because digital I1Cs are easier to design than
analog ICs, the analog-control scheme designed by digital structures has been discussed in these years. The advantages and
disadvantages between these two architectures are treated in this thesis. The key building blocks of analog PWM controller IC are
two-stage operational amplifier, voltage-controlled oscillator and hysteretic comparator. The key building blocks of digital PWM
controller 1C are A/D converter, compensator and digital pulse-width modulation. The analog controller IC and A/D converter
have been fabricated with TSMC 0.35um 2P4M 3.3V/5V Mixed Signal CMOS process through CIC. The chip size of the analog
controller I1C is about 0.35*0.37mm2. The chip size of A/D converter is about 0.555*0.555mm2. Compensator and digital
pulse-width modulation are implemented by Xilinx FPGA Spartan2 chip.

Keywords : compensator ; digital pulse-width modulation ; DC-DC converter
Table of Contents

0000 iv ABSTRACT v Acknowledgment vi Contents vii List of Figures ix List of Tables xiii Chapter 1. Introduction 1 1.1
Background 1 1.2 Motivation 4 1.3 Thesis Organization 5 Chapter 2. Fundamental of Switching Regulator 7 2.1 DC-DC Converter
7 2.2 Operational Principle of Buck Converter (Step-Down Converter) 8 2.2.1 Analysis of Buck Converter in the CCM 9 2.2.2
Transition between CCM and DCM 12 2.2.3 Analysis of Buck Converter in the DCM 13 2.2.4 Output Ripple Consideration and
Passive Component Selection 17 2.3 Operational Principle of Boost Converter (Step-Up Converter) 18 2.4 Operational Principle of
Buck-Boost Converter 20 2.5 Converter Comparison 22 Chapter 3. System Architecture Design 23 3.1 Introduction to PWM 23 3.2
Two Types of Controllers 24 3.2.1 Analog-Control Scheme 26 3.2.2 Digital-Control Scheme 29 Chapter 4. APWM Implementation
35 4.1 Bias Circuit 35 4.1 Two-Stage Operational Amplifier 36 4.3 Voltage-Controlled Oscillator 44 4.4 Ramp generator 45 4.5
Hysteretic Comparator 46 4.6 Simulations, Chip Layout and Measurements 52 4.6.1 Simulations of two-stage opamp 53 4.6.2
Simulations of VCO 55 4.6.3 Simulations of Hysteretic Comparator 56 4.6.4 Simulations of PWM 57 4.6.5 Chip Layout of PWM
58 4.6.6 APWM Specifications 59 Chapter 5. DPWM Implementation 60 5.1 8-bit ADC 60 5.2 PI compensator 61 5.3 DPWM 72
5.3 Simulations, Chip Layout and Measurements 73 5.3.1 Simulations of 8-bit ADC 74 5.3.2 Chip Layout of 8-bit ADC 75 5.3.3
8-bit ADC Specifications: 76 5.3.4 Simulations of PI compensator 76 5.3.5 Simulations of DPWM 77 5.4 Comparisons between
analog and digital controllers 77 5.4.1 Advantages and Disadvantages of Analog-Control Scheme 78 5.4.2 Advantages and
Disadvantages of Digital-Control Scheme 79 Chapter 6. Conclusions 80 6.1 Conclusions 80 6.2 Future Works 80 REFERENCES
81

REFERENCES

[1] Cheung Fai Lee and Philip K. T. Mok, Senior Member, “ A Monolithic Current-Mode CMOS DC-DC Converter with On-Chip
Current-Sensing Technique,” 1EEE Journal of Solid-State Circuits, VVol. 39, No. 1, January 2004.01

[2] Angel V. Peterchev, Student Member, IEEE, and Seth R. Sanders, Member, IEEE, “ Quantization Resolution and Limit Cycling in Digitally
Controlled PWM Converters,” IEEE Transactions on Power Electronics, Vol. 18, NO. 1, January 2003.00

[3] Gu-Yeon Wei and Mark Horowitz, “ A fully digital, energy-efficient, adaptive power-supply regulator” |EEE Journal of Solid-State Circuits,
April 1999 [4] Aleksandar Prodic and Dragan Maksimovic “ Design of a digital PID regulator based on look-up tables for control of
high-frequency DC-DC converters,” IEEE Workshop on Computers in Power Electronics, 3-4 June 2002 [5] Benjamin J. Patella, Aleksandar
Prodic, Art Zirger and Dragan Maksimovic, “ High-Frequency Digital PWM Controller IC for DC-DC Converters,” 1EEE Transactions on
Power Electronics, Vol. 18, No. 1, January 2003.0



[6] Asif Syed, Ershad Ahmed, and Dragan Maksimovic, “ Digital Pulse Width Modulator Architectures,” 1EEE 35th Annual Power Electronics
Specialists Conference, 2004.00

[7] Martin Yeung-Kei Chui, Wing-Hung Ki, and Chi-Ying Tsui, “ A Programmable Integrated Digital Controller fore Switching Converters With
Dual-Band Switching and Complex Pole-Zero Compensation,” IEEE Journal of Solid-State Circuits, Vol. 40, No. 3, March 2005.00

[8] Kun Wang, Nabeel Rahman, Zdravko Lukic', and Aleksandar Prodic', “ All-digital DPWM/DPFM controller for low-power DC-DC
converters,” Twenty-First Annual IEEE Applied Power Electronics Conference and Exposition, 19-23 March 2006.[]

[9] Nabeel Rahman, Amir Parayandeh, Kun Wang, and Aleksandar Prodic, “© Multimode digital SMPS controller 1C for low-power management,
" |EEE International Symposium on Circuits and Systems, 21-24 May 2006.0

[10] Daegyu Lee, Jincheol Yoo, Kyusun Choi, and Jahan Ghaznavi, “ Fat tree encoder design for ultra-high speed flash A/D converters,” The
2002 45th Midwest Symposium on Circuits and Systems, Aug. 2002.01

[11] Mohamed A. Farahat, Fathi. A. Farag and Hamed A. Elsimary, “ Only Digital Technology Analog To Digital Converter Circuit,”
Proceedings of the 46th IEEE International Midwest Symposium on Circuits and Systems, Volume 1, 27-30 December 2003.00

[12] Tao Zhou and Jianping Xu, “ ADC architecture with direct binary output for digital controllers of high-frequency SMPS,” CES/IEEE 5th
International Power Electronics and Motion Control Conference, Aug. 2006.0

[13] Jincheol Yoo, Daegyu Lee, Kyusun Choi, and Jongsoo Kim, “ A power and resolution adaptive flash analog-to-digital converter,”
Proceedings of the 2002 International Symposium on Low Power Electronics and Design, 2002.00

[14] Sunny Nahata, Kyusun Choi, and Jincheol Yoo, “ A high-speed power and resolution adaptive flash analog-to-digital converter,” IEEE
International SOC Conference, Sept. 2004.00

[15] Mor Mordechai Peretz, Graguate Student Memeber, IEEE, and Sam Ben-Yaakov, Member, IEEE, “ Investigation of Time Domain Design
of Digital Controllers for PWM Converters,” [1EEE 24th Convention of Electrical and Electronics Engineers in Israel, November 2006.0

[16] Eiji Takegami, Kohji Higuchi, Kazushi Nakano, Satoshi Tomioka, and Kazushi Watanbe, “ A Resolution Improving Method of Digital
PWM using Pulse Composite Technique,” International Joint Conference, Oct. 2006.01

[17] Wen-Chieh Cheng “ PWM Controller ICs for DC-DC converter,” Master’ s thesis, Dayeh University, Taiwan, R. O. C. July, 2007.0]
[18] Adel S. Sedra and Kenneth C. Smith, “ Microelectronic circuits, 5th edition,” Oxford University Press, 2004 [19] Roubik Gregorian,

“ Introduction to CMOS OP-AMPs and Comparators,” Wiley, New York, 1999 [20] Behzad Razavi, “ Design of Analog CMOS Integrated
Circuits,” McGraw-Hill, 2001.0

[21] Sung-Mo Kang, Yusuf Leblebici, “* CMOS Digital Integrated Circuits Analysis and Design, 3rd edition,” McGraw-Hill, 2002.00
[221000,“ ODODOO0OOOO0ODOODOODOOO" ,000000000000,00900 [231000,* VerilogDOOO:O

O Modelsim” ,00000000O0O0O, 20050070 150



