
ULP POWER AMPLIFIER USING 65nm CMOS TECHNOLOGY

eg

:rly‘Unrm m

K 1 s 7 A NP \

MUHAMMAD OVAIS AKHTER
02-281192-001

A thesis submitted in fulfilment of the 

requirements for the award of the degree of 

Doctor of Philosophy (Electrical Engineering)

Department of Electrical Engineering

BAHR1A UNIVERSITY ISLAMABAD

JULY 2024



Bahria University
< Discovering Knowledger NjUiLT -i N

PhD-15
Approval for Examination

Muhammad Ovais Akhter 02-281192-001Scholar's Name: Registration No.
PhD Electrical EngineeringProgramme of Study:

ULP Power Amplifier Using 65nm CMOS TechnologyThesis Title:

It is to certify that the above scholar's thesis has been completed to my satisfaction and, 
to my belief, its standard is appropriate for submission for examination. I have also 

conducted plagiarism test of this thesis using HEC prescribed software and found 

similarity index
PhD degree thesis. I have also found the thesis in a format recognized by the BU for the 
PhD thesis.

17 % that is within the permissible limit set by the HEC for the

Principal Supervisor's Signature:

12-07-2024 Dr. Aurangzeb Rashid MasudDate: Name:

58



^7%
m Kfp Bahria University

< Discovering KnowledgeK 1 s rr n ■i \

PhD-16A

Author's Declaration

Muhammad Ovais AkhterI. hereby state that my PhD thesis titled 

« ULP Power Amplifier Using 65nm CMOS Technology

is my own work and has not been submitted previously by me for taking any degree from 
this university

Bahria University

or anywhere else in the country/world.

At any time if my statement is found to be incorrect even after my graduation, the 

University has the right to withdraw/cancel my PhD degree.

Muhammad Ovais AkhterName of scholar:

12-07-2024Date:

58



iKi Bahria University
Discovering Knowledge

PhD-16B

Plagiarism Undertaking

I, solemnly declare that research work presented in the thesis titled

« ULP Power Amplifier Using 65nm CMOS Technology

is solely my research work with no significant contribution from any other person. Small 
contribution / help wherever taken has been duly acknowledged and that complete 

thesis has been written by me.

I understand the zero tolerance policy of the HEC and Bahria University towards 

plagiarism. Therefore I as an Author of the above titled thesis declare that no portion of 

my thesis has been plagiarized and any material used as reference is properly referred / 

cited.

I undertake that if I am found guilty of any formal plagiarism in the above titled thesis 

even after award of PhD degree, the university reserves the right to withdraw / revoke 

my PhD degree and that HEC and the University has the right to publish my name on the 

HEC / University website on which names of scholars are placed who submitted 

plagiarized thesis.

Scholar / Author's Sign:

Name of the Scholar: Muhammad Ovais Akhter

59



11

ACKNOWLEDGEMENT

I would want to express my gratitude to Engr. Dr. Najam Muhammad Amin, in the 

strongest terms possible, who supported this work. I was able to complete all of the 

publishing phases of my project because to his direction and suggestions. He has been the 

ideal instructor, mentor, and advisor, providing guidance and inspiration with the proper 

balance of knowledge and excitement. I'm happy to have worked with him and am proud of 

him. I learned about wireless communication and analogue IC design for the first time in 

the course he delivered. Many of the concepts in this thesis were created with his assistance, 
and it builds on the work from previous classes.

Additionally, I want to express my gratitude to Engr. Dr. Aurangzeb Rashid and 

Engr. Dr Mukesh Kumar Maheshwari, for their brilliant comments and suggestions, and 

helping me developing my ideas. Without their guidance and persistent help this dissertation 

would not have been possible. To me, both of them are motivating teachers who paved the 

way for me while I was writing my thesis. I admire all the friends and co-workers that 

supported me in starting the project, sticking with it, and successfully delivering it. 

Particularly, Engr. Dr. Razia Zia made a lot of beneficial remarks and recommendations. 
She helped me to get the most out of my archive study.

Finally, I would want to thank all of my family members for their support and 

affection, especially my parents Jawed and Rana, my sister Beena, my wife Sunia, and my 

brothers Asad & Ghayas, for their ongoing assistance and support while I do my research 

and write my paper. They all kept me going, and this work would not have been possible 

without them.



Ill

ABSTRACT

Power amplifier (PA) is the most power-hungry component of RF transceiver, 
portraying design issues. These include insufficient connectivity, power distribution, 
bandwidth, linearity and efficiency parameters that did not match system requirements. 
The primary challenge in a PA design is achieving higher efficiency while maintaining 

linearity over a bandwidth with wide range of output power levels. The power-added 

efficiency (PAE) is a figure-of-merit (FoM) that indicates how well the PA transfonns DC 

power to RF power. Designers have raised concerns about PA in the front-end of wireless 

radios because of the system's significant power consumption. There has been a lot of 

study on PA methods for optimizing PA efficiency. It is a challenging measure in the 

design of PAs for various low-power IEEE 802 wireless standards. The result to this 

study's primary concern and problem is this issue, that presents the design and 

optimization of two ultra-low power (ULP) PA architectures using 65-nm CMOS 

technology. The first part of the dissertation is ULP Doherty PA (DPA) architecture with 

fixed interstage capacitances. The main amplifier and the peaking amplifier have been 

designed and optimized with power divider & combiner models using equivalent lumped 

parameters. Due to 40 MHz narrowband communication (2.4 - 2.44 GHz ISM band), it 

offers fixed capacitances before the input-impedance stages, for a perfect impedance 

matching at both stages. The novel design shows 2.1mW ultra-low DC power 

consumption, 29.2% PAE, and 4 dBm Pl-dB compression point. The post-lay out 

simulations show an extremely high gain of 10.14 dB, very low input-insertion loss of- 

11.9 dB, very strong drive current capability of 547pA & 663 p A for main & peaking PAs 

respectively. Impedance matching is acquired to achieve the desired harmonic suppression 

at the output of DPA design, the consequences are all in comparison to state-of-the-art PA 

architectures for ZigBee and similar devices under short-range and low-power IEEE 

802.15.4 WPAN standards. The second part of dissertation is class-F architecture with ET 

supply biasing to increase efficiency of overall PA design. The ET consists of a pre­

amplifier before the envelope detector (ED) in a cascaded linear model, to increase



IV

efficiency and to reduce DC power consumption. The gate-to-drain feedback in the PA's 

two cascode cells, terminated as class-F, helps to improve linearity and reduce harmonic 

content in the input signal. The novel design meets the requirements of the IEEE 802.11 ah 

standard for long-range low power WLAN by using a DC power consumption of 3.75mW, 
a PAE of 37.1%, and an operating frequency in the unlicensed 915-931 MHz band in the 

United States. The chip layout size is reduced to just 0.13mm2 by the ET inductor-less 

supply bias design.

Keywords - power amplifier, gain, ultra-low power, internet of things, power added 

efficiency, class-F, envelope tracking, gain, insertion loss, 65-mu CMOS technology
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