
Assignment1

THESIS_F

Document Details

Submission ID

trn:oid:::27535:142318269

Submission Date

Jun 9, 2026, 7:30 PM GMT+5:30

Download Date

Jun 9, 2026, 7:33 PM GMT+5:30

File Name

THESIS_F.pdf

File Size

1.0 MB

46 Pages

10,138 Words

61,568 Characters

Page 1 of 53 - Cover Page Submission ID trn:oid:::27535:142318269

Page 1 of 53 - Cover Page Submission ID trn:oid:::27535:142318269

Arushi Saxena



9% Overall Similarity
The combined total of all matches, including overlapping sources, for each database.

Filtered from the Report

Bibliography

Small Matches (less than 8 words)

Exclusions
9 Excluded Matches

Match Groups

79 Not Cited or Quoted  7%
Matches with neither in-text citation nor quotation marks

6 Missing Quotations  1%
Matches that are still very similar to source material

8 Missing Citation  1%
Matches that have quotation marks, but no in-text citation

0 Cited and Quoted  0%
Matches with in-text citation present, but no quotation marks

Top Sources

3% Internet sources

4% Publications

5% Submitted works (Student Papers)

Page 2 of 53 - Integrity Overview Submission ID trn:oid:::27535:142318269

Page 2 of 53 - Integrity Overview Submission ID trn:oid:::27535:142318269



Match Groups

79 Not Cited or Quoted  7%
Matches with neither in-text citation nor quotation marks

6 Missing Quotations  1%
Matches that are still very similar to source material

8 Missing Citation  1%
Matches that have quotation marks, but no in-text citation

0 Cited and Quoted  0%
Matches with in-text citation present, but no quotation marks

Top Sources

3% Internet sources

4% Publications

5% Submitted works (Student Papers)

Top Sources
The sources with the highest number of matches within the submission. Overlapping sources will not be displayed.

1 Internet

dokumen.pub <1%

2 Student papers

Universiti Kebangsaan Malaysia on 2020-12-01 <1%

3 Publication

Rongtai Wang. "Partial positive feedback for gain enhancement of low-power CM… <1%

4 Publication

Akanksha Ninawe, Richa Srivastava, Akanksha Dewaker, Maneesha Gupta. "Desig… <1%

5 Student papers

Delhi Technological University on 2026-05-20 <1%

6 Student papers

National Institute of Food Technology Entrepreneurship and Management on 201… <1%

7 Internet

www.ettis.org <1%

8 Internet

tudr.thapar.edu:8080 <1%

9 Publication

J.M. Carrillo, G. Torelli, R. Perez-Aloe, J.F. Duque-Carrillo. "1-V rail-to-rail bulk-drive… <1%

10 Internet

www.doria.fi <1%

Page 3 of 53 - Integrity Overview Submission ID trn:oid:::27535:142318269

Page 3 of 53 - Integrity Overview Submission ID trn:oid:::27535:142318269

https://dokumen.pub/cmos-analog-integrated-circuits-amplifiers-comparators-multipliers-filters-and-oscillators-9780429455995-0429455992-9780429850387-0429850387-9780429850394-0429850395-9780429850400-0429850409.html
https://doi.org/10.1007/BF01239377
https://doi.org/10.4236/cs.2016.71001
https://www.ettis.org/ettis2023
https://tudr.thapar.edu:8080/jspui/bitstream/10266/3993/4/3993.pdf
https://doi.org/10.1109/ECCTD.2005.1522960
https://www.doria.fi/bitstream/handle/10024/194953/rafath_md_anzir_hossain.pdf?isAllowed=y&sequence=3


11 Internet

www.mdpi.com <1%

12 Internet

www.researchgate.net <1%

13 Publication

Akshdeep Kumar, Rakshit Srivastava, Richa Srivastava, Garima Varshney,  Praves… <1%

14 Student papers

King Mongkut's Institute of Technology Ladkrabang on 2019-10-16 <1%

15 Student papers

Delhi Technological University on 2026-05-31 <1%

16 Student papers

Universiti Sains Malaysia on 2018-11-12 <1%

17 Internet

arxiv.org <1%

18 Student papers

Delhi Technological University on 2026-05-27 <1%

19 Publication

Juan M. Carrillo, Guido Torelli, J. Francisco Duque-Carrillo. "Transconductance enh… <1%

20 Internet

dspace.dtu.ac.in:8080 <1%

21 Student papers

King Mongkut's Institute of Technology Ladkrabang on 2019-03-08 <1%

22 Internet

coek.info <1%

23 Student papers

UT, Dallas on 2019-04-18 <1%

24 Publication

JoselynMayte Fernandez‐Martinez, Gregorio Zamora‐Mejia, Esteban Tlelo‐Cuautle… <1%

Page 4 of 53 - Integrity Overview Submission ID trn:oid:::27535:142318269

Page 4 of 53 - Integrity Overview Submission ID trn:oid:::27535:142318269

https://www.mdpi.com/2072-666X/14/10/1873
https://www.researchgate.net/publication/3981627_FGMOS_based_wide_range_low_voltage_current_mirror_and_its_applications
https://doi.org/10.1007/s10470-025-02399-9
https://arxiv.org/list/cs.PF/2025-12
https://doi.org/10.1007/s10470-011-9603-z
http://dspace.dtu.ac.in:8080/jspui/bitstream/repository/16314/1/Major_Project_File_2K15spd501_full_version_updated_FOR_MANOJ.pdf
https://coek.info/pdf-dtmos-and-fd-fvf-based-low-voltage-high-performance-voltage-differencing-transco.html
https://doi.org/10.1002/cta.70192


25 Publication

P.S Sushma, S.Y. Kulkarni. "Low Power OTA with Series Parallel Current Mirror for … <1%

26 Student papers

University of Ulster on 2026-05-07 <1%

27 Student papers

iGroup on 2014-07-14 <1%

28 Publication

"Guest editorial", Analog Integrated Circuits and Signal Processing, 1995 <1%

29 Student papers

Delhi Technological University on 2026-05-25 <1%

30 Publication

"Analog Circuit Design", Springer Science and Business Media LLC, 2006 <1%

31 Student papers

Associatie K.U.Leuven on 2026-06-06 <1%

32 Student papers

Dayalbag Educational Institute on 2014-12-06 <1%

33 Publication

Fabian Khateb, Nabhan Khatib, Jaroslav Koton. "Novel low-voltage ultra-low-pow… <1%

34 Publication

J. Ramirez-Angulo, B. Calvo, S. R. S. Garimella, S. Celma, M. T. Sanz. "New highly-ac… <1%

35 Publication

J. Ramirez-Angulo. "D/A conversion based on multiple-input floating-gate MOST", … <1%

36 Publication

Pitchayanin Moonmuang, Natchanai Roongmuanpha, Tattaya Pukkalanun, Wora… <1%

37 Publication

Priyanka Gupta,  Surbhi, Yashika Aggarwal, Utkarsh Singh, Shruti Arya. "A New A… <1%

38 Student papers

Vignan's Foundation for Science, Technology and Research University on 2016-10-… <1%

Page 5 of 53 - Integrity Overview Submission ID trn:oid:::27535:142318269

Page 5 of 53 - Integrity Overview Submission ID trn:oid:::27535:142318269

https://doi.org/10.1109/RTEICT49044.2020.9315711
https://doi.org/10.1007/BF01239375
https://doi.org/10.1007/1-4020-5186-7
https://doi.org/10.1016/j.mejo.2011.05.001
https://doi.org/10.1109/ECCTD.2007.4529600
https://doi.org/10.1109/MWSCAS.1999.867230
https://doi.org/10.1109/iEECON48109.2020.229469
https://doi.org/10.1142/S0218126624500233


39 Publication

Xiaokang Luo, Meng Zhang, Qing Wang, Zhanpeng Wei, Mukhtiar Ali, Shirui Dong… <1%

40 Student papers

Birla Institute of Technology on 2016-01-28 <1%

41 Student papers

CSU Northridge on 2025-07-23 <1%

42 Student papers

Curtin University of Technology on 2013-07-24 <1%

43 Publication

D. Stoppa, A. Simoni, L. Gonzo, M. Gottardi, G.-F. Dalla Betta. "Novel CMOS image … <1%

44 Student papers

Delhi Technological University on 2026-06-01 <1%

45 Publication

Harshmani Yadav, Urvashi Bansal. "A Novel Low-Voltage Low-Power FGMOS and … <1%

46 Student papers

Indian Institute of Science Education and Research (IISER) Bhopal on 2016-08-13 <1%

47 Student papers

Indian School of Mines on 2017-02-26 <1%

48 Publication

Jirapun Pimpol, Natchanai Roongmuanpha, Worapong Tangsrirat. "Low-output-i… <1%

49 Publication

Juan M. Carrillo. "Transconductance enhancement in bulk-driven input stages", 2… <1%

50 Student papers

Krea University on 2026-05-23 <1%

51 Student papers

Maulana Azad National Institute of Technology Bhopal on 2019-04-27 <1%

52 Student papers

Rochester Institute of Technology on 2020-10-14 <1%

Page 6 of 53 - Integrity Overview Submission ID trn:oid:::27535:142318269

Page 6 of 53 - Integrity Overview Submission ID trn:oid:::27535:142318269

https://doi.org/10.1016/j.envpol.2025.126365
https://doi.org/10.1109/JSSC.2002.804347
https://doi.org/10.1109/ICIERA53202.2021.9726723
https://doi.org/10.1145/3323716.3323738
https://doi.org/10.1109/ICECS.2008.4674779


53 Publication

Roshani Gupta, Rockey Gupta, Susheel Sharma. "Design of high speed and low po… <1%

54 Publication

Sajad Hadidi, Alireza Hassanzadeh. "An Ultra-Low-Power and High-Gain Four-Qua… <1%

55 Publication

Tuan Vu Cao, Dag T. Wisland, Tor Sverre Lande, Farshad Moradi. "Low-power, enh… <1%

56 Student papers

Universiti Teknikal Malaysia Melaka on 2018-04-15 <1%

57 Student papers

University of Pretoria on 2019-04-22 <1%

58 Publication

V. Suresh Babu. "Floating gate MOSFET based Operational Transconductance Am… <1%

59 Internet

core.ac.uk <1%

60 Internet

digitalarchive.boun.edu.tr <1%

Page 7 of 53 - Integrity Overview Submission ID trn:oid:::27535:142318269

Page 7 of 53 - Integrity Overview Submission ID trn:oid:::27535:142318269

https://doi.org/10.1016/j.aeue.2017.04.004
https://doi.org/10.1109/ICEE50131.2020.9260843
https://doi.org/10.1109/NORCHP.2009.5397853
https://doi.org/10.1109/ICIEA.2009.5138183
https://core.ac.uk/download/pdf/30311814.pdf
http://digitalarchive.boun.edu.tr/bitstream/handle/123456789/13092/b1642091.009013.001.PDF?isAllowed=y&sequence=1


M
. T

e
c
h

 (V
L

S
I a

n
d

 E
m

b
e
d

d
e
d

 S
y

s
te

m
s
)                A

ru
s
h

i S
a

x
e
n

a
             

FGMOS based VDTA realizations with enhanced 

performance 
 
 
 

A DISSERTATION 

 

SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENTS  

FOR THE AWARD OF THE DEGREE  

OF  

 

MASTER OF TECHNOLOGY 
IN  

VLSI and Embedded Systems  

 

 

 

Submitted by: 
 

Arushi Saxena 
 

24/VLS/007  
 
 

Under the supervision of 
 

Dr. Rajeshwari Pandey  
 

 

 
 

 
 

 

 

 

 

Department of Electronics and Communication Engineering 
DELHI TECHNOLOGICAL UNIVERSITY 

(Formerly Delhi College of Engineering) 

                                                               Bawana Road, Delhi-110042 

 

MAY, 2026 

Page 8 of 53 - Integrity Submission Submission ID trn:oid:::27535:142318269

Page 8 of 53 - Integrity Submission Submission ID trn:oid:::27535:142318269



i 
 

 

Dept. of Electronics and Communication Engineering 
DELHI TECHNOLOGICAL UNIVERSITY 

(Formerly Delhi College of Engineering) 

Bawana Road, Delhi-110042 

CANDIDATE’S DECLARATION 

I, Arushi Saxena, Roll No. 24/VLS/007 student of M. Tech. in VLSI and Embedded Systems 

hereby declare that the project Dissertation titled “FGMOS based VDTA designs with 

enhanced performance” which is submitted by me to the Department of Electronics and 

Communication Engineering, Delhi Technological University, Delhi in partial fulfillment of 

the requirement for the award of the degree of Master of Technology, is original and not copied 

from any source without proper citation. This work has not previously formed the basis for the 

award of any Degree, Diploma Associateship, Fellowship or other similar title or recognition. 

 

  

Place: Delhi                                                          Arushi Saxena  

Date: 27/05/2026 

   

Page 9 of 53 - Integrity Submission Submission ID trn:oid:::27535:142318269

Page 9 of 53 - Integrity Submission Submission ID trn:oid:::27535:142318269



ii 
 

Dept. of Electronics and Communication Engineering 
DELHI TECHNOLOGICAL UNIVERSITY 

(Formerly Delhi College of Engineering) 
Bawana Road, Delhi-110042 

CERTIFICATE 

  
I, hereby certify that the Project Dissertation titled “FGMOS based VDTA designs with 

enhanced performance” which is submitted by Arushi Saxena, Roll No. 24/VLS/007  to 

Department of Electronics and Communication Engineering, Delhi Technological University, 

Delhi in partial fulfillment of the requirement for the award of the degree of Master of 

Technology, is a record of the project work carried out by the student under my supervision. 

To the best of my knowledge this work has not been submitted in part or full for any Degree 

or Diploma to this University or elsewhere.  

  

 

Place: Delhi                         Dr. Rajeshwari Pandey 

Date:                                    SUPERVISOR

                 

  

 

 

 

 
 

  

Page 10 of 53 - Integrity Submission Submission ID trn:oid:::27535:142318269

Page 10 of 53 - Integrity Submission Submission ID trn:oid:::27535:142318269



iii 
 

CONTENTS 

Candidate’s Declaration             i 

Certificate               ii 

Acknowledgement              iv 

Abstract               v 

Contents               iii 

List of Figures              vi 

List of Tables               vii 

CHAPTER 1     INTRODUCTION         1 

1.1 Voltage Differencing Transconductance Amplifier             1 

1.2 Floating-gate MOSFETs         4 

1.3 Transconductance enhancement techniques for VDTA realizations      6 

CHAPTER 2  LITERATURE REVIEW           8 

CHAPTER 3  CMOS BASED AND FGMOS BASED VDTA                              11 

3.1 Conventional CMOS based VDTA                                                                       11 

3.2 Floating-gate MOSFET based VDTA                                                                   14 

CHAPTER 4     PARTIAL POSITIVE FEEDBACK ENHANCED VDTA           17 

CHAPTER 5     SERIES-PARALLEL CURRENT MIRROR  

                           ENHANCED VDTA                                                                          25 

CHAPTER 6    COMPARATIVE RESULTS AND DISCUSSION                        31 

CHAPTER 7     CONCLUSIONS                                                                               33 

APPENDICES                                                                                                              35 

REFERENCES                                                                                                             36 

 

31

Page 11 of 53 - Integrity Submission Submission ID trn:oid:::27535:142318269

Page 11 of 53 - Integrity Submission Submission ID trn:oid:::27535:142318269



iv 
 

ACKNOWLEDGEMENT 

 

I would like to express my sincere gratitude to my supervisor, Dr. Rajeshwari Pandey, for her 

invaluable guidance, continuous encouragement and insightful suggestions throughout the 

course of this research work. Her profound knowledge, constructive feedback and constructive 

feedback and constant motivation greatly contributed to the successful completion of this 

thesis. 

I am also thankful to the Head of Department, faculty members and staff of the Department of 

Electronics and Communication Engineering, at Delhi Technological University for providing 

the necessary academic environment, resources and continuous support required for carrying 

out this research work successfully. 

I extend my heartfelt appreciation to my classmates, colleagues and friends for their 

cooperation, discussions and encouragement during various stages of this research. Their 

support and companionship made this academic journey both productive and memorable. 

I am deeply indebted to my parents, family members and friends for their unconditional love, 

patience and unwavering support throughout my postgraduate studies. Their faith in me has 

always been a source of strength and inspiration.  

Finally, I extend my sincere appreciation to all those who, directly or indirectly, contributed to 

the successful completion of this thesis and supported me throughout this significant academic 

endeavour. 

 

 

   Arushi Saxena 

10

44

50

Page 12 of 53 - Integrity Submission Submission ID trn:oid:::27535:142318269

Page 12 of 53 - Integrity Submission Submission ID trn:oid:::27535:142318269



v 
 

ABSTRACT 

 

This thesis presents a comparative study of floating-gate MOSFET-based voltage differencing 

transconductance amplifier realizations with the objective of improving low-voltage operation 

and transconductance performance for analog signal-processing applications. This work 

consolidates two research studies carried out during the M. Tech. program, both using the 

CMOS VDTA as the reference architecture and then explore circuit modifications at the input 

transconductance stage. In the first study, FGMOS devices are introduced to exploit the 

capacitive gate coupling and threshold voltage modulation. Then, partial positive feedback is 

subsequently employed to enhance the effective transconductance. In the second study, a series-

parallel current mirror is incorporated to further boost transconductance while preserving the 

low-voltage benefits of the FGMOS-based structure. All circuits are simulated in 180 nm 

CMOS technology using LTspice under identical supply and biasing conditions to ensure a fair 

comparison. 

The simulation results show that the conventional CMOS VDTA provides a transconductance 

of 1.27 mS with a bandwidth of 405.7 MHz, whereas the FGMOS-based realization supports 

low-voltage operation and exhibits modified frequency behaviour with a bandwidth 

improvement. The PPF-enhanced design increases transconductance to 1.84 mS with a 

bandwidth reduction to 148 MHz, while the SPCM-enhanced implementation achieves the 

highest transconductance of 4.23 mS, with bandwidth of 126.3 MHz. 

Overall, the findings demonstrate that FGMOS-based VDTA architectures are effective for 

low-voltage analog design, while PPF and SPCM techniques offer significant transconductance 

boost with the expected gain-bandwidth trade-off. 
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CHAPTER 1 

INTRODUCTION 

 

1.1. Voltage Differencing Transconductance Amplifier 

The VDTA is a versatile current-mode active building block that has gained 

considerable attention in modern analog circuit design. It is a dual-input, dual-output 

transconductance-based device in which the differential voltage is applied at the input 

terminals is converted into currents at the internal and output terminals. Owing to its 

high input impedance, high output impedance and electronically adjustable 

transconductance, the VDTA is well suited for low-voltage, low-power and high 

frequency analog signal-processing applications. The block is especially useful in the 

realization of filters and oscillators, where precise control of transconductance and 

frequency response is needed.  

 

Figure 1: Symbolic representation of the VDTA [3] 

Figure 1 illustrates the symbolic representation of the VDTA, showing the differential 

input terminals 𝑉𝑃and 𝑉𝑁, the Z-terminal current outputs, and the X-terminal current 

outputs. In its ideal form, the VDTA consists of two differential input terminals, 

commonly denoted as 𝑉𝑃and 𝑉𝑁, and a pair of high-impedance output terminals, 

typically represented as 𝑍+, 𝑍−, 𝑋+, and 𝑋−. The differential voltage 𝑉𝑃 − 𝑉𝑁 is first 

converted into a current at the 𝑍 terminals through the input transconductance stage. 

This current is then further processed by the second transconductance stage to generate 

the corresponding output currents at the 𝑋 terminals. The terminal relations can be 

expressed in simplified form as a proportional relationship between the input 

differential voltage and output currents. This two-stage conversion mechanism provides 

flexibility in circuit design and allows the VDTA to function as an important 

transconductance -controlled element. 

11
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The principal advantage of the VDTA lies in its ability to provide tuneable 

transconductance without requiring a proportional increase in the bias current. This 

makes it particularly attractive for low-power analog designs. Furthermore, the use of 

VDTA enables the compact implementation of high-order analog functions with 

improved robustness to voltage swings. However, the performance of a conventional 

CMOS VDTA is often constraint by supply-voltage limitations, finite bandwidth and 

the trade-off between transconductance enhancement and frequency response. 

Consequently, several modified implementations have been proposed in the literature 

to improve its low-voltage operation and overall performance. In the present works, the 

VDTA serves as the baseline architecture and its modified realizations are investigates 

using floating-gate MOSFET devices and transconductance-boosting techniques to 

achieve improves low-voltage analog performance. 

The operation of the VDTA may also be understood from its small-signal terminal 

behavior. In an ideal implementation, the differential voltage applied between 𝑉𝑃and 

𝑉𝑁is converted into equal and opposite currents at the 𝑍+and 𝑍−terminals by the first 

transconductance stage. These currents are subsequently processed by the second 

transconductance stage to generate the corresponding output currents at the 𝑋+and 

𝑋−terminals. Since the input terminals exhibit high impedance, the preceding stage is 

not significantly loaded, while the high output impedance at the current terminals 

facilitates straightforward cascading in analog integrated circuits. Such current-mode 

operation is advantageous because it supports small-signal processing with improved 

bandwidth and reduced voltage headroom, compared with conventional voltage-mode 

amplifiers. 

A further important feature of the VDTA is the independent control of its 

transconductance parameters. In practical CMOS realizations, the two 

transconductance stages are biased separately, allowing the designer to tune the circuit 

response through adjustment of the bias currents. This enables a wide range of transfer 

characteristics to be obtained without altering passive component values, making the 

VDTA particularly attractive for electronically tuneable filters, oscillators and 

impedance conversion circuits. The independent tuneablity of the two stages also 

provides greater flexibility in shaping the gain and frequency response of the overall 

system. 

 

14
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Figure 2: Transistor level schematic of the conventional CMOS VDTA architecture [10] 

The CMOS implementation of the VDTA shown in Figure 2 illustrates the transistor 

level realization of the ideal block using a differential transconductance stage, current-

mirror loading, and biasing networks to establish the required small-signal operation. 

In this topology, the input differential voltage applied between 𝑉𝑃and 𝑉𝑁is sensed by 

the first transconductance stage and translated into currents at the internal 𝑍node. The 

Z-terminal voltage is then further processed by the second transconductance stage to 

generate the corresponding output currents at the 𝑋+and 𝑋−terminals. The circuit 

operates in current mode, and therefore the input terminals exhibit high impedance, 

while the output terminals provide high output impedance, which is desirable for 

cascading in integrated analog signal-processing systems. The use of bias currents 

𝐼𝑏1and 𝐼𝑏2sets the operating point of the two transconductance stages and determines 

the effective transconductance values of the VDTA. 

From a small-signal perspective, the ideal terminal relations of the VDTA may be 

written as 

𝐼𝑍+ = 𝑔𝑚1(𝑉𝑃 − 𝑉𝑁), 𝐼𝑍− = −𝑔𝑚1(𝑉𝑃 − 𝑉𝑁)                  (1.1) 

𝐼𝑋+ = 𝑔𝑚2𝑉𝑍, 𝐼𝑋− = −𝑔𝑚2𝑉𝑍                                          (1.2) 

where 𝑔𝑚1 and 𝑔𝑚2 denote the transconductances of the first and second stages, 

respectively. For a MOS-based realization operating in saturation, the transconductance 

is approximately given by 

        𝑔𝑚 = √2𝜇𝐶𝑜𝑥
𝑊

𝐿
𝐼𝐷                                                  (1.3)      

1

47

49
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which shows that the transconductance can be controlled electronically through the bias 

current and device dimensions. This tunability is one of the main advantages of the 

VDTA, since the same core can be adapted for a wide range of current-mode 

applications simply by adjusting the biasing conditions.  

The structure shown in the figure is therefore well suited for low-voltage analog design, 

because the differential input stage enables signal transfer without requiring large 

voltage swings. Nevertheless, the performance of a conventional CMOS VDTA remains 

limited by finite output resistance, parasitic capacitances and the trade-off between 

transconductance and bandwidth. For this reason, modified versions based on floating-

gate MOSFETs and transconductance enhancement techniques are considered in this 

thesis to improve low-voltage operation and overall circuit performance. 

1.2. Floating gate MOSFETs 

The floating-gate MOSFETs are specialized MOS transistors in which the gate 

terminal is electrically isolated and receives input signals through capacitive coupling 

rather than direct ohmic connection. Figure 3 illustrates the floating gate, that is 

surrounded by multiple control gates, and the applied voltages are capacitively 

summed at the isolated gate node. This unique structure enables the effective gate 

voltage to be influenced by more than one input, thereby offering a flexible means of 

controlling the device operating point. This capacitive charge-sharing mechanism 

allows the threshold voltage of the transistor to be effectively shifted, making the 

FGMOS devices highly suitable for low-voltage analog circuit design. 

 

Figure 3: (a) Structure of MIFG transistor (b) Symbol of MIFG transistor [1] 

One of the principal advantages of the FGMOS devices is their ability to reduce the 

voltage headroom required for proper transistor operation. The device can remain 

functional even when the supply voltage is significantly constraint due to the lowered 
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effective threshold voltage achieved as a result of capacitive division. This feature 

makes the device particularly useful in the modern CMOS technologies, where scaling 

of supply voltages often limits the performance of conventional analog circuits.  

The practical use of the FGMOS devices is associated with certain non-idealities, such 

as charge leakage, parasitic capacitances and the need for an appropriate DC bias path 

to establish a stable operating point. In the present works, FGMOS devices are 

employed in the input transconductance stage of the VDTA to facilitate low-voltage 

operation and to investigate their impact in circuit performance. The structure shown 

in figure 3 highlights the basic floating-gate configuration and the manner in which 

multiple control inputs are capacitively coupled to the isolated gate terminal. 

The operation of an FGMOS device is governed by the potential developed at the 

floating gate, which is determined by capacitive charge sharing among the input gates 

and the parasitic capacitances associated with the structure. Since the gate node is 

electrically isolated, the effective gate voltage is a weighted combination of the applied 

input voltages, stored charge, and bias potentials. For an 𝑛-input floating-gate 

transistor, the floating-gate voltage may be expressed as 

𝑉𝐹𝐺 =
∑ 𝐶𝑖

𝑛

𝑖=1
𝑉𝑖+𝐶𝐵𝑉𝐵+𝐶𝐷𝑉𝐷+𝐶𝑆𝑉𝑆+𝑄𝐹𝐺

𝐶𝑇
                                    (1.4) 

where 𝐶𝑖is the coupling capacitance associated with the 𝑖𝑡ℎinput, 𝑉𝑖is the 

corresponding input voltage, 𝐶𝐵, 𝐶𝐷, and 𝐶𝑆represent the parasitic capacitances 

associated with the body, drain, and source nodes, 𝑄𝐹𝐺is the charge stored on the 

floating gate, and 𝐶𝑇is the total capacitance seen at the floating node. The total 

capacitance can be written as 

𝐶𝑇 = ∑ 𝐶𝑖
𝑛
𝑖=1 + 𝐶𝐵 + 𝐶𝐷 + 𝐶𝑆 + 𝐶𝑝𝑎𝑟                                   (1.5) 

where 𝐶𝑝𝑎𝑟denotes the remaining parasitic capacitance of the floating-gate node. The 

capacitive coupling factor for the 𝑖𝑡ℎinput is defined as 

               𝛼𝑖 =
𝐶𝑖

𝐶𝑇
                                                                    (1.6) 

so that the floating-gate voltage may also be expressed in the compact form 

𝑉𝐹𝐺 = ∑ 𝛼𝑖
𝑛
𝑖=1 𝑉𝑖 +

𝑄𝐹𝐺

𝐶𝑇
                                                          (1.7) 

with ∑ 𝛼𝑖
𝑛
𝑖=1 < 1 due to the presence of parasitic capacitances. 

For a MOS transistor operating in the saturation region, the drain current is given by 

𝐼𝐷 =
1

2
𝜇𝐶𝑜𝑥

𝑊

𝐿
(𝑉𝐺𝑆 − 𝑉𝑇𝐻)2(1 + 𝜆𝑉𝐷𝑆)                              (1.8) 
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where 𝜇is the carrier mobility, 𝐶𝑜𝑥is the oxide capacitance per unit area, 𝑊/𝐿is the 

aspect ratio, 𝑉𝑇𝐻 is the threshold voltage, 𝜆 is the channel-length modulation 

coefficient, and 𝑉𝐷𝑆 is the drain-to-source voltage. In an FGMOS device, the gate-to-

source voltage is replaced by the floating-gate potential, i.e., 𝑉𝐺𝑆 → 𝑉𝐹𝐺 − 𝑉𝑆. Hence, 

the effective threshold requirement is reduced, allowing the transistor to conduct at 

lower supply voltages. This property is especially beneficial in low-voltage VDTA 

realizations, where the available voltage headroom is limited. 

The small-signal transconductance of the device is obtained as 

𝑔𝑚 =
∂𝐼𝐷

∂𝑉𝐹𝐺
= 𝜇𝐶𝑜𝑥

𝑊

𝐿
(𝑉𝐹𝐺 − 𝑉𝑇𝐻)(1 + 𝜆𝑉𝐷𝑆)                          (1.9) 

and, under the square-law approximation, it may also be written as 

        𝑔𝑚 = √2𝜇𝐶𝑜𝑥
𝑊

𝐿
𝐼𝐷                                                            (1.10) 

This relation shows that the transconductance can be controlled by the bias current and 

effective gate coupling, enabling tuneable analog operation without requiring a 

proportional increase in power consumption. In the VDTA, the devices FGMOS 

devices in the input transconductance stage therefore provides two important 

advantages, first, it reduces the effective threshold voltage and supports operation at 

reduced supply voltage, second, it improves the flexibility of transconductance control 

through capacitive weighting of input signal, as a result, the FGMOS-based VDTA is 

better suited for low-voltage, low-power current-mode analog signal-processing 

applications. 

1.3. Transconductance enhancement techniques for VDTA realization 

The conventional CMOS and FGMOS-based VDTA structures, although suitable for 

low-voltage operation, are still constrained by the trade-off between transconductance, 

bandwidth and bias current. In a practical analog integrated circuit, the effective 

transconductance of a VDTA directly influences key performance metrics such as 

current transfer efficiency, frequency response and gain in current-mode filter and 

oscillator applications. Consequently, transconductance enhancement techniques are 

introduced to improve the effective small-signal performance of the circuit without a 

proportional increase in static power dissipation. Among the commonly used 

approaches, partial positive feedback and series-parallel techniques are particularly 

attractive because they operate at the circuit level and can be integrated with the 

existing VDTA topology without fundamentally altering its basic differential structure, 
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The motivation for using partial positive feedback lies in its ability to introduce 

controlled regenerative action in the transconductance stage, but feeding a fraction of 

the output signal back in phase to the input, the effective loop gain if the stage is 

increased, resulting in a higher equivalent transconductance, this technique is 

especiallyuseful when stronger current conversion is required by reduction in 

bandwidth, since the added regenerative feedback shifts the dominant pole toward 

lower frequencies. Therefore, PPF provides a means of boosting transconductance 

while maintaining low-voltage operation. 

The SPCM technique, in contrast, improves transconductance by modifying the 

current-mirror load structure so that the output current is effectively replicated and 

amplified through series and parallel current paths. This approach increases the 

current-driving capability of the transconductance stage without requiring an increase 

in bias current. From a design perspective, SPCM is attractive because it achieves 

significant transconductance enhancement through improved current transfer 

efficiency rather than strong regenerative feedback. As a result, it is particularly 

suitable for applications in which high transconductance is required within a fixed 

power budget. Nevertheless, the additional mirror devices introduce parasitic 

capacitances and internal node loading, which may reduce bandwidth and must be 

considered during device sizing and bias optimization. 

In the present work, both PPF and SPCM are employed as complementary 

transconductance boosting strategies for the FGMOS-based VDTA. The use of these 

techniques allows a systematic comparison of circuit-level enhancement methods in 

terms of transconductance improvement, bandwidth degradation, and overall 

suitability for low-voltage analog signal-processing applications. Together, they 

provide two distinct but effective routes for optimizing the performance of the 

proposed VDTA architectures under constrained supply conditions. 

  

2

Page 23 of 53 - Integrity Submission Submission ID trn:oid:::27535:142318269

Page 23 of 53 - Integrity Submission Submission ID trn:oid:::27535:142318269



8 
 

CHAPTER 2 

LITERATURE REVIEW 

 

The continuous scaling down of the CMOS technology node has led to an increase in the 

demand for analog devices that can reliably operate at low supply voltages and also maintain 

the performance parameters like transconductance, bandwidth and power efficiency. Current 

mode signal processing is thus a sought-out approach because it offers improved dynamic range 

and better suitability for low-voltage operations than many conventional voltage mode 

counterparts. The voltage differencing transconductance amplifier (VDTA) has gained 

attention due to its flexible use in realizing filters, oscillators and other signal processing 

blocks. In this work, the conventional VDTA serves as the baseline circuit, providing the 

reference AC and DC behaviours. The recent research has focused mostly on improving the 

VDTA performance using circuit level transconductance boosting. The transconductance-

boosted VDTA architectures reported in [1] show that partial positive feedback can be used 

effectively to increase the effective transconductance of a VDTA. That work demonstrates 

substantial enhancement in 𝑔𝑚, but also confirms the associated reduction in bandwidth, 

revealing the well-known trade-off between gain boosting and frequency response. At the same 

time, there have been multiple researches investigating device level techniques for low-voltage 

analog designs. The broader performance-improvement strategies summarized in [2] show that 

low-power analog design requires a careful balance among device choice, biasing method, and 

circuit performance. The DTMOS- and FD-FVF-based VDTA reported in [3] further confirms 

that low-voltage operation is achievable, although typically with increased implementation 

complexity and design constraints. Likewise, the CMOS realization of voltage-differencing 

structures in [4] demonstrates that practical analog blocks can be implemented in standard 

CMOS processes, but their performance remains strongly influenced by supply-voltage and 

biasing limitations. Enhanced low-voltage analog design can be obtained by using floating gate 

techniques.  The captive coupling mechanism in the device allows threshold voltage 

programmability in floating-gate MOSFETs making them suitable for analog circuits that 

require post fabrication tuning and reduced voltage headroom [5]. The work in [6] extends the 

same concept to QFGMOS-based circuit by using quasi floating gate operations approach, 

which improved the low-voltage behaviour, bandwidth and power performance issues of the 

conventional FGMOS device by reducing the charge accumulation. Similarly, for 
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FGMOS/QFGMOS-based MI-OTA, it has been established that floating-gate based structures 

function efficiently at low voltage supply and offer flexible analog circuit design. The study 

supports that to improve performance parameters of VDTA realizations, FGMOS-based 

transconductance stages should be used [7]. In order to enhance the transconductance without 

proportionally increasing power consumption various circuit-level enhancement techniques 

have been employed. It has also been observed that in an adaptive-biased VDBA, positive 

response in combination with adaptive basing can improve transconductance gain and dynamic 

response while retaining the circuit’s power efficiency [8]. The study proves, that partial 

positive feedback is a practical approach to enhance transconductance gain in analog blocks 

with bandwidth penalty in acceptable range [1 and 8]. In [9] a low-voltage low-power FGMOS 

transistor based cascode current mirror is used to design a current-mode full wave rectifier. It 

has been simulated in various conditions and shows improved performance in terms of output 

impedance, current accuracy and power consumption. 

Gupta et al. [11] presented a high performance VDBA with adaptive biasing and partial positive 

feedback for improving the transconductance of the circuit while maintaining low standby 

power. In other works, Gupta et al. [12] proposed an adaptive biased VDIBA and established 

that partial positive feedback combined with adaptive biasing can significantly improve 

transconductance with only a moderate bandwidth penalty. More recently, Rani et al. [13] 

presented two transconductance-boosted VDTA structures, one focusing on partial positive 

feedback and the other based on gate-to-source voltage enhancement and concluded that 

transconductance can be increased substantially with acceptable reduction in bandwidth. Gupta 

et al. [14] further demonstrated that a series-parallel current mirror (SPCM) can also be used 

to boost transconductance in VDIBA structures by increasing the effective current gain at 

constant bias current. 

These prior studies, motivated the present work to investigate the comparison of various VDTA 

implementations. The conventional CMOS VDTA is used as the baseline reference, further the 

input stage devices are replaced with floating-gate devices for improved low-voltage operation 

and for the final enhancement SPCM-based architecture in added to the circuit for boosting the 

transconductance. The aim of this study is to show that the combination of FGMOS and SPCM 

can be used for producing higher transconductance while preserving low-voltage operation. 

Despite these advancements, in most of the studies the VDTA realization focuses either on 

device-level low-voltage operation or circuit-level transconductance boosting lacking the 

combination of both the concepts in a unified framework. The proposed work addresses this 

gap by considering a conventional VDTA, FGMOS-based VDTA, PPF-enhanced VDTA and 
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the SPCM-enhanced under identical simulation conditions in 180 nm CMOS technology using 

LTspice. A comparative analysis has been presented considering low-voltage operation and 

transconductance boosting for analog signal processing in practical applications. The study 

aims to provide the criteria to select the suitable topology based on the application whether the 

priority is tunability, bandwidth enhancement or transconductance efficiency. The simulation 

results showed that the conventional CMOS VDTA attains 𝑔𝑚 = 1.27 mS with a bandwidth of 

405.7MHz, the FGMOS-based VDTA attains 𝑔𝑚 = 0.88 mS with a bandwidth of 443.3 MHz, 

the PPF-enhanced VDTA achieves 𝑔𝑚= 1.84 mS with a bandwidth of 148 MHz, and the SPCM-

enhanced VDTA achieves the highest transconductance of 4.23 mS, with bandwidth of 126.3 

MHz, clearly showing the trade-off between transconductance boosting and bandwidth 

reduction. 
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CHAPTER 3 

CMOS BASED AND FLOATING GATE MOSFET BASED 

VDTA 

 

This chapter presents the design and implementation of the conventional CMOS-based VDTA 

and the FGMOS-based VDTA architectures considered in the present work. The conventional 

CMOS realization is first discussed to establish the fundamental operating principles and 

baseline performance characteristics of the VDTA under low-voltage operating conditions. 

Subsequently, the FGMOS-based implementation is introduced by incorporating floating-gate 

MOSFET devices into the input transconductance stage in order to improve low-voltage 

operation and transconductance behavior. 

1. Conventional CMOS based VDTA 

The CMOS-based VDTA is used as the reference topology in this work. The architecture is 

typically realized using two cascaded transconductance stages. The first stage senses the 

differential input voltages 𝑉𝑃 − 𝑉𝑁 and converts it into a differential current that is directly 

proportional to the voltage difference at the internal high impedance Z terminals. The 

second stage processes the current of the first stage and produces the corresponding output 

current at X terminal. Owing to the high input impedance of the P and N terminals and the 

high output impedance of the Z and X terminals, the VDTA is well suited for analog signal-

processing applications. 

 
Figure. 4: Conventional CMOS-based VDTA circuit implementation 
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In the small-signal domain, the terminal relations of the conventional VDTA can be 

written as:  

𝐼𝑍+ = 𝑔𝑚1(𝑉𝑃 − 𝑉𝑁)              (3.1)  

𝐼𝑍− = −𝑔𝑚1(𝑉𝑃 − 𝑉𝑁)                (3.2) 

𝐼𝑋+ = 𝑔𝑚2𝑉𝑍+                               (3.3) 

𝐼𝑋− = −𝑔𝑚2𝑉𝑍+                     (3.4)  

where, 𝑔𝑚1 and 𝑔𝑚2 denote the transconductances of the first and second stages, 

respectively. In an ideal VDTA, the differential input voltage is therefore translated into 

a pair of equal and opposite currents at the Z terminals, which are subsequently mirrored 

and converted at the X terminal. This two-stage current conversion provides flexible 

transconductance control and facilitates cascading with other current-mode blocks. For 

the MOS-based implementation, the input differential pair is operated in saturation so 

that the drain current can be approximated by 

𝐼𝐷 =
1

2
𝜇𝐶𝑜𝑥

𝑊

𝐿
(𝑉𝐺𝑆 − 𝑉𝑇𝐻)2(1 + 𝜆𝑉𝐷𝑆) (3.5) 

and the corresponding transconductance is given by 

𝑔𝑚 =
∂𝐼𝐷

∂𝑉𝐺𝑆
≈

2𝐼𝐷

𝑉𝑂𝑉
= √2𝜇𝐶𝑜𝑥

𝑊

𝐿
𝐼𝐷         (3.6) 

where 𝑉𝑂𝑉 = 𝑉𝐺𝑆 − 𝑉𝑇𝐻 is the overdrive voltage, 𝜇𝐶𝑜𝑥 is the process transconductance 

parameter. The small-signal resistance of the circuit directly influences the finite output 

impedance and the high-frequency response of the conventional VDTA. The reference 

CMOS VDTA therefore establishes the baseline transconductance and bandwidth 

against which the FGMOS-based and SPCM-enhanced versions are compared. 

To validate the performance of the conventional CMOS VDTA realization, extensive 

simulations have been performed using LTspice in 180 nm CMOS technology. The 

circuit characteristics have been investigated through DC, AC, noise, and voltage-

temperature variation analyses. The DC analysis establishes the operating point and 

verifies the proper biasing conditions of the transconductance stages, whereas the AC 

analysis evaluates the frequency response, transconductance characteristics, and 

bandwidth performance of the conventional architecture. Noise analysis is included to 

assess the spectral noise behavior and signal integrity of the circuit under small-signal 
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operation. Furthermore, voltage and temperature variation analyses are carried out to 

investigate the robustness and stability of the conventional CMOS VDTA under varying 

supply and environmental conditions. The corresponding simulation results are 

presented and discussed in the following plots 

 

Figure 5: DC response of conventional CMOS-based VDTA configurations 

 

Figure 6: AC response of conventional CMOS-based VDTA configurations 

Overall, the simulation results validate the proper operation of the conventional CMOS 

VDTA and establish it as a suitable reference architecture for evaluating the 

performance improvements achieved through the proposed enhancement techniques. 
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3.2. Floating gate MOSFET based VDTA  
The input CMOS transconductance stage is replaced by a floating-gate MOSFET based 

realization to investigate the effect of capacitive charge sharing on the VDTA behaviour. 

In an FGMOS device, the control gate is established through capacitive coupling from 

multiple input terminals. This feature enables threshold-voltage modulation. In the 

present topology, the floating-gate is biased through a very large resistance connected to 

a reference node, while one or more capacitors 𝐶𝑖 couple the input signals to the floating-

gate node. The resistor provides a DC discharge path for leakage and charge 

accumulation, whereas the capacitors determine the AC coupling strength.  

The floating-gate voltage is given by the capacitive division relation 

𝑉𝐹𝐺 =
∑ 𝐶𝑖

𝑛
𝑖=1 𝑉𝑖 + 𝐶𝐵𝑉𝐵 + 𝐶𝑝𝑎𝑟𝑉𝑝𝑎𝑟

∑ 𝐶𝑖
𝑛
𝑖=1 + 𝐶𝐵 + 𝐶𝑝𝑎𝑟

              (3.7) 

where 𝐶𝑖 represents the input coupling capacitors, 𝑉𝑖 are the applied input voltages, 𝐶𝐵 is 

the bias coupling capacitance, 𝑉𝐵 is the bias voltage, and 𝐶𝑝𝑎𝑟 denotes the parasitic 

capacitance associated with the floating-gate node. For a simplified single-input case, the 

relation can be written as 

𝑉𝐹𝐺 =
𝐶𝑖𝑛𝑉𝑖𝑛 + 𝐶𝐵𝑉𝐵

𝐶𝑖𝑛 + 𝐶𝐵 + 𝐶𝑝𝑎𝑟
                                (3.8) 

The corresponding floating-gate transconductance stage generates a drain current that can 

be approximated, in saturation, by 

𝐼𝐷 =
1

2
𝜇𝐶𝑜𝑥

𝑊

𝐿
(𝑉𝐹𝐺−𝑉𝑇𝐻)2(1 + 𝜆𝑉𝐷𝑆) (3.9) 

and the small-signal transconductance becomes 

      𝑔𝑚,𝐹𝐺 ≈ 𝑔𝑚 ⋅ 𝛼 𝑖𝑛                                           (3.10) 

where 𝛼𝑖𝑛 is the capacitive coupling coefficient defined as 

𝛼𝑖𝑛 =
𝐶𝑖𝑛

𝐶𝑖𝑛 + 𝐶𝐵 + 𝐶𝑝𝑎𝑟
                                  (3.11) 

Equation (12) shows that the effective transconductance of the FGMOS stage is not only 

determined by the intrinsic MOS transconductance 𝑔𝑚, but also by the coupling factor 𝛼𝑖𝑛. 

3

42

20

Page 30 of 53 - Integrity Submission Submission ID trn:oid:::27535:142318269

Page 30 of 53 - Integrity Submission Submission ID trn:oid:::27535:142318269



15 
 

Hence, the overall gain is strongly influenced by the selected capacitor values and parasitic 

floating at the floating node. 

The large resistor 𝑅and the total floating-node capacitance 𝐶𝐹𝐺  define the low-frequency 

pole of the floating-gate network as 

       𝑓𝐹𝐺 =
1

2𝜋𝑅𝐶𝐹𝐺
                                           (3.12) 

   𝐶𝐹𝐺 = 𝐶𝑖𝑛 + 𝐶𝐵 + 𝐶𝑝𝑎𝑟                            (3.13) 

The pole determines the frequency range over which the floating-gate node behaves as a 

quasi-static charge-sharing node. The FGMOS-based VDTA provides a modified 

transconductance response and slightly reduced bandwidth. 

 

Figure. 7: FGMOS-based VDTA implementation 

To examine the effectiveness of the floating-gate implementation, the FGMOS-based 

VDTA has been extensively simulated using LTspice in 180 nm CMOS technology. The 

proposed architecture has been evaluated through DC, AC, noise, and voltage-temperature 

variation analyses in order to investigate its low-voltage operating characteristics and 

overall analog performance. The DC analysis verifies the proper establishment of the 

floating-gate bias conditions and the operating point of the transconductance stages, while 

the AC analysis is used to study the frequency response, effective transconductance, and 

bandwidth behavior of the FGMOS-based realization. Noise analysis has been performed 

to evaluate the influence of floating-gate operation on the spectral noise characteristics of 

the circuit. In addition, voltage and temperature variation analyses are included to assess 
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the sensitivity and stability of the proposed architecture under changing operating 

conditions. The obtained results are presented in the subsequent sections for performance 

evaluation and comparison with the conventional CMOS implementation. 

 

Figure 8: DC response FGMOS-based VDTA configurations 

 

Figure 9: AC response FGMOS-based VDTA configurations 

The obtained results confirm that the incorporation of FGMOS devices enables effective 

low-voltage operation while maintaining satisfactory transconductance and frequency 

response characteristics suitable for analog signal-processing applications. 
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CHAPTER 4 

PARTIAL POSITIVE FEEDBACK ENHANCED VDTA 

 

Partial positive feedback is an effective transconductance boosting technique widely employed 

in low-voltage analog circuits to enhance the small-signal gain and effective transconductance 

of differential stages without significantly increasing the bias current. The technique operates 

by introducing a controlled regenerative feedback mechanism through cross-coupled MOS 

transistors, which partially compensate the output conductance of the active load and 

strengthen the differential current transfer of the input stage. 

In a conventional differential transconductance stage, the effective transconductance is limited 

by the intrinsic transconductance parameter 𝑔𝑚 of the MOS devices and the available bias 

current. The incorporation of the cross-coupled transistor pair int the load section, a fraction of 

the output signal is positively fed back to the input nodes in phase with the differential signal. 

The regenerative action reduces the effective output conductance and introduces a negative 

incremental resistance at the output nodes. Consequently, the differential voltage developed 

across the active load increases, resulting in an amplified small-signal current response and an 

enhancement in the effective transconductance of the overall circuit. 

The operation of the PPF structure can be studies through the small-signal analysis. 𝑔𝑚𝑝 

represents the transconductance of the cross-coupled feedback transistors and 𝑔𝑚𝑛 represents 

the transconductance of the main differential pair, the effective transconductance may be 

approximated as: 

                                         𝑔 𝑚,𝑒𝑓𝑓 =
𝑔𝑚𝑛

1−𝑘
                                                        (4.1) 

where 𝑘 denotes the positive feedback factor associated with the regenerative network. As the 

value of 𝑘 approaches unity, the effective transconductance increases significantly due to the 

reduction in the equivalent output resistance of the load network. However, the excessive 

positive feedback may drive the circuit toward instability or latch-up conditions, therefore the 

feedback factor must remain below the critical limit required for stable operation. 

The addition of PPF also modifies the pole structure of the amplifier. Since the regenerative 

action effectively increases the low-frequency gain, the dominant pole shifts towards the lower 

frequencies, resulting in a reduction in bandwidth. Thus, PPF inherently introduces a gain-

bandwidth trade-off, where transconductance enhancement is achieved at the expense of the 

frequency response. Therefore, proper sizing and appropriate biasing conditions are therefore 

1
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necessary to obtain an optimum compromise among transconductance improvement, linearity, 

bandwidth, power dissipation and stability. 

In the present works, the PPF technique is incorporated into the FGMOS-based VDTA 

architecture to enhance the effective transconductance of the input stage under low-voltage 

operating conditions. The regenerative feedback provided by the cross-coupled structure 

increases the current-driving capacity of the VDTA and improves its transconductance 

performance while maintaining low-power operation. 

 

Figure 10: Cross-coupled partial positive feedback (PPF) structure used for transconductance enhancement in the proposed 

VDTA architecture [15] 

The origin of transconductance enhancement in a PPF network may be understood from the 

reduction in effective output impedance produced by the regenerative path. In a conventional 

differential transconductance stage, the incremental output current is determined primarily by 

the intrinsic transconductance of the input pair and the finite output resistance of the active 

load. When a cross-coupled pair is introduced, a portion of the output voltage is coupled back 

in phase to reinforce the input differential signal. This action increases the incremental current 

response for a given input excitation and therefore increases the effective transconductance of 

the stage.  

The corresponding effective gain of the stage may also be represented in a similar form as 

                                  𝐴𝑣,eff =
𝐴𝑣

1−𝛽
                                             (4.2) 

where 𝐴𝑣 is the small-signal gain of the uncompensated stage. Likewise, the effective output 

resistance is increased by the regenerative action of the feedback network and may be 

approximated as 

3

3
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                                       𝑅𝑜𝑢𝑡,eff =
𝑅𝑜𝑢𝑡

1−𝛽
                                       (4.3) 

where 𝑅𝑜𝑢𝑡 is the output resistance without feedback. These relations indicate that the PPF 

technique strengthens the current transfer capability of the circuit by effectively increasing the 

small-signal gain seen at the output nodes. In VDTA-based implementations, this translates 

into a larger output current for the same input differential voltage, thereby improving the 

effective transconductance of the Z-stage or X-stage depending on the point of feedback 

insertion. 

From a frequency-domain perspective, the regenerative network modifies the pole locations of 

the amplifier. Since the low-frequency gain is increased, the dominant pole is shifted toward 

lower frequencies, and the bandwidth is reduced accordingly. A simplified first-order 

representation of this effect can be written as 

                               𝜔𝑝,eff ≈ 𝜔𝑝(1 − 𝛽)                                     (4.4) 

                           𝑓−3dB,eff ≈ 𝑓−3dB(1 − 𝛽)                                 (4.5) 

where 𝜔𝑝and 𝑓−3dBare the dominant pole frequency and 3-dB bandwidth of the uncompensated 

stage, respectively. This expression clearly reflects the gain-bandwidth trade-off associated 

with positive feedback. Although the transconductance enhancement is significant, the designer 

must ensure that 𝛽remains below unity so that the circuit remains stable and does not enter a 

latch-up or bistable condition. In practice, the feedback strength is selected such that the 

enhancement in transconductance is obtained while preserving an acceptable phase margin and 

linear operating range. 

For the VDTA realization considered in this thesis, the PPF network is introduced in the input 

transconductance stage to increase the current conversion efficiency under fixed bias 

conditions.  

The PPF technique is therefore particularly useful in applications where a higher 

transconductance is required without increasing the bias current, such as low-voltage filters, 

tuneable analog blocks, and current-mode signal-processing circuits. However, because the 

technique introduces a deliberate regenerative path, careful transistor sizing and bias 

optimization are necessary to achieve a practical compromise among transconductance 

enhancement, bandwidth, power dissipation, and circuit stability. 

In the present work, the PPF technique is employed as a circuit-level enhancement strategy for 

the FGMOS-based VDTA. The objective is to exploit the low-voltage capability of the floating-

gate input stage while using positive feedback to recover and improve the effective 

transconductance. This combination provides a useful design framework for analog building 
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blocks that must operate under limited supply voltage yet still require strong small-signal 

performance. 

In the proposed architecture, the cross-coupled PMOS transistor pair provides a regenerative 

effect that behaves as a negative impedance, thereby strengthening the effective current 

conversion of the input stage. This increases the apparent transconductance without requiring 

a proportional increase in bias current. The PPF-enhancement in VDTA structures results in 

𝑔𝑚 improvement at the cost of reduced bandwidth. 

For the proposed architecture, the effective transconductance may be expressed in the 

simplified firm as: 

The gain enhancement factor due to partial positive feedback can be observed to be: 

                               𝐴𝑃𝑃𝐹 =
𝑔𝑚,𝑒𝑓𝑓

𝑔𝑚
=

1

1−𝜂
                            (4.6) 

which shows that the effective transconductance increases as the feedback factor approaches 

unity. For the differential input pair, the output current at Z-terminal can be written as:  

                            𝐼𝑍 = 𝑔𝑚,𝑒𝑓𝑓(𝑉𝑃 − 𝑉𝑁)              (4.7) 

Now, substituting the value of  𝑔𝑚,𝑒𝑓𝑓,   

                         𝐼𝑍 =
𝑔𝑚

1−𝜂
(𝑉𝑃 − 𝑉𝑁)                          (4.8) 

In this work, PPF is therefore used as the final enhancement stage, allowing the VDTA to 

achieve a 𝑔𝑚 higher while retaining the low-voltage benefits. To further increase the effective 

transconductance of the proposed FGMOS-based VDTA, a series-parallel current mirror is 

introduced in the load path of the input transconductance stage. The purpose of this addition is 

to reinforce the differential current generated by the FGMOS input stage without increasing 

the bias current of the circuit. In contrast to the conventional current mirror, the SPCM structure 

employs a series connection in one branch and a parallel connection in the complementary 

branch, thereby providing current amplification through stacking and current replication. 
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Figure 11: Proposed PPF-enhanced VDTA implementation 

To validate the effectiveness of the partial positive feedback enhancement technique, the PPF-

based VDTA architecture has been simulated in LTspice using 180nm CMOS technology. The 

performance of the proposed circuit has been investigated through DC, AC, noise analyses. 

The DC analysis is used to confirm the proper biasing of the regenerative feedback network 

and stable operation of the transconductance stage. The AC analysis evaluates the enhancement 

in effective transconductance, gain characteristics and the corresponding variation in 

bandwidth resulting from the introduction of the PPF technique. Noise analysis has also been 

carried out to study the influence of the regenerative feedback mechanism on the spectral noise 

performance of the circuit. Furthermore, voltage and temperature variation analyses are 

performed to examine the robustness and operational stability of the PPF-enhanced architecture 

under varying environmental and supply conditions. The obtained simulation results are 

discussed in the following sections to analyse the trade-offs between transconductance 

enhancement, bandwidth and stability. 

 

Figure 12: DC response of PPF-enhanced VDTA implementation 

9

Page 37 of 53 - Integrity Submission Submission ID trn:oid:::27535:142318269

Page 37 of 53 - Integrity Submission Submission ID trn:oid:::27535:142318269



22 
 

 

Figure 13: AC response of PPF-enhanced VDTA implementation 

The simulated noise response exhibits a near constant behaviour across the central portion of 

the frequency band and exhibits a mild downward trend at higher frequencies, indicating that 

the circuit preserves stable small-signal behaviour with the useful operating range. This gradual 

variation is physically consistent with the finite bandwidth of the transconductance stage and 

the frequency-dependent attenuation of noise at the output node. Overall, the obtained response 

confirms that the proposed realization provides transconductance boosting without introducing 

any abnormal noise peaking or instability in the operating range. 

 

Figure 14: Noise characterisation of the PPF-enhanced VDTA 

Overall, the simulation results demonstrate that the incorporation of partial positive feedback 

effectively enhances the transconductance performance of the FGMOS-based VDTA under 

low-voltage operating conditions, while exhibiting the expected trade-off between gain 

enhancement and bandwidth reduction. 

In the temperature variations analysis, the circuit was simulated at −20∘𝐶, 27∘𝐶, and 80∘𝐶. 

The obtained responses indicate that the effective transconductance decreases progressively 

with increasing temperature. The highest transconductance decreases progressively with 

increasing temperature. The highest transconductance is observed at −20∘𝐶, while the lowest 
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response occurs at 80∘𝐶. This behaviour is attributed to the reduction in carrier mobility at 

elevated temperatures, which lowers the current driving capability of the MOS transistors. A 

corresponding reduction in the high-frequency response is also observed with increasing 

temperature. However, the overall frequency characteristics remain stable without any 

abnormal gain peaking., thereby confirming reliable thermal stability of the proposed 

architecture. 

The supply voltage variation analysis was further carried out for supply voltages of  ±0.8V, 

±0.9V, and ±1.0V. The obtained AC characteristics demonstrate that the effective 

transconductance increases gradually with increasing supply voltage due to improved transistor 

overdrive conditions and enhanced current transfer efficiency. The circuit exhibits only minor 

variation in bandwidth over the considered supply voltage range while maintaining stable 

overall frequency response characteristics. The absence of instability or excessive gain 

variation confirms the robustness of the proposed PPF-enhanced FGMOS-based VDTA under 

supply voltage fluctuations. 

The obtained voltage and temperature variations results validate the operational stability of the 

proposed architecture and demonstrate its suitability for low-voltage applications operating 

under varying environmental conditions. 

 

(a) 

 

Figure 15: Voltage and temperature variation characteristics of the proposed PPF-enhanced FGMOS-based VDTA 

5
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Overall, the simulation results demonstrate that the incorporation of partial positive feedback 

effectively enhances the transconductance performance of the FGMOS-based VDTA under 

low-voltage operating conditions, while exhibiting the expected trade-off between gain 

enhancement and bandwidth reduction. 

 

  

9
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CHAPTER 5 

SERIES-PARALLEL CURRENT MIRROR ENHANCED VDTA 

 

The series-parallel current mirror technique is a transconductance enhancement approach 

employed in analog integrated circuits to improve current-driving capability, effective 

transconductance and gain characteristics while operation under low-voltage and low-power 

conditions. The technique utilizes a combination of series-connected and parallel-connected 

current mirror branches to achieve controlled current amplification and improved current 

distribution within the transconductance stage. In comparison with conventional current mirror 

configurations, the SPCM structure provides higher current transfer efficiency and better 

utilization of the available bias current, thereby enhancing the overall performance of the 

circuit.  

 

Figure 16: Series-parallel current mirror configuration for effective current multiplication and transconductance boosting [14] 

 

In conventional differential transconductance stage, the output current is directly limited by the 

bias current and intrinsic device transconductance, the SPCM architecture overcomes this 

limitation by employing multiple current-mirroring paths that replicate and scale the 

differential signal currents. The parallel mirror branches increase the effective 

transconductance of the circuit without requiring a proportional increase in the effective output 

current capability, whereas the series-connected arrangement improves current transfer 

25
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accuracy and output resistance. As a result, the effective transconductance of the circuit 

increases without requiring a proportional increase in the static power dissipation.  

The SPCM network effectively multiplies the signal current generated by the input differential 

pair. The enhancement in effective transconductance results in larger output currents for a given 

differential input voltage, thereby improving the gain and signal-processing capability of the 

active block. 

An important advantage of the SPCM technique is that the transconductance enhancement is 

achieved through current replication rather than aggressive regenerative feedback. 

Consequently, the stability issues commonly associated with strong positive feedback 

structures are significantly reduced. Furthermore, the increase output resistance provided by 

cascaded current-mirroring paths contributes to improved gain characteristics and better 

current matching. However, the introduction of additional mirror stages increases parasitic 

capacitance at internal nides, which may shift the dominant poles of the circuit and reduce the 

overall bandwidth. 

The working principle of the SPCM technique may be further interpreted in terms of current 

replication and effective gain multiplication in the transconductance stage. In a practical MOS 

current mirror, the mirrored output current is determined by the aspect-ratio ratio of the mirror 

devices and by the finite output resistance of the transistors. For an ideal current mirror, the 

output current can be expressed as 

                  𝐼𝑜𝑢𝑡 = 𝐼𝑟𝑒𝑓 (
(𝑊/𝐿)𝑜𝑢𝑡

(𝑊/𝐿)𝑟𝑒𝑓
)                                                      (5.1) 

where 𝐼𝑟𝑒𝑓is the reference current and 𝐼𝑜𝑢𝑡is the mirrored current. In the presence of channel-

length modulation, the current becomes slightly dependent on the drain-to-source voltage and 

may be written as 

                  𝐼𝑜𝑢𝑡 = 𝐼𝑟𝑒𝑓(1 + 𝜆𝑉𝐷𝑆)                                                    (5.2) 

where 𝜆is the channel-length modulation parameter. The SPCM configuration improves upon 

this conventional relation by using a composite mirror structure that provides a larger effective 

current transfer ratio through the combined action of series and parallel branches. This leads to 

a higher output current for the same input excitation, thereby increasing the effective 

transconductance of the VDTA stage. 

For the input differential pair, the signal current may be written as 

                            𝐼𝑖𝑑 = 𝑔𝑚𝑉𝑖𝑑                                                          (5.3) 

where 𝑉𝑖𝑑 = 𝑉𝑃 − 𝑉𝑁 is the differential input voltage. When the SPCM network multiplies this 

current by a factor 𝑛, the effective output current becomes 
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              𝐼𝑜𝑢𝑡,𝑒𝑓𝑓 = 𝑛𝐼𝑖𝑑 = 𝑛𝑔𝑚𝑉𝑖𝑑                                                   (5.4) 

and hence the effective transconductance of the stage is given by 

                          𝑔𝑚,𝑒𝑓𝑓 = 𝑛𝑔𝑚                                                        (5.5) 

This expression shows that the SPCM technique enhances transconductance by increasing the 

current delivered to the output node without requiring a proportional increase in bias current. 

Since the enhancement is obtained through current-mirror reconfiguration rather than 

regenerative positive feedback, the circuit generally preserves stable small-signal operation and 

avoids the latch-up conditions that may arise in strongly feedback-biased structures. 

Another important aspect of the SPCM topology is its effect on the small-signal output 

resistance. Since the series-connected branch increases the incremental resistance seen at the 

output node, the effective output resistance can be approximated as 

                 𝑅𝑜𝑢𝑡,𝑒𝑓𝑓 ≈ 𝑛𝑅𝑜𝑢𝑡                                                           (5.6) 

where 𝑅𝑜𝑢𝑡is the output resistance of a conventional mirror branch. The increase in output 

resistance improves the current-source behavior of the stage and enhances the signal transfer 

capability of the VDTA. However, the additional devices required by the SPCM network 

introduce parasitic capacitances at internal nodes, and these parasitics influence the frequency 

response of the circuit. The dominant pole may be approximated by 

           𝜔𝑝 ≈
1

𝑅𝑜𝑢𝑡,𝑒𝑓𝑓𝐶𝑝𝑎𝑟
                                                             (5.7) 

where 𝐶𝑝𝑎𝑟 represents the effective parasitic capacitance at the internal node. As 𝑅𝑜𝑢𝑡,𝑒𝑓𝑓 

increases, the pole may shift to a lower frequency, which explains the observed reduction in 

bandwidth in SPCM-enhanced realizations. Thus, the technique introduces a gain-bandwidth 

trade-off, although the transconductance improvement is often substantial. 

In the present works, the SPCM technique is incorporated into the FGMOS-based VDTA 

architecture to achieve substantial transconductance enhancement under low-voltage operating 

conditions. The current-mirroring network improves the effective current transfer capability of 

the transconductance stage and enables the VDTA to deliver significantly higher output 

currents compared to the conventional and the PPF-enhanced structures. This makes SPCM-

based VDTA suitable for high-gain current-mode analog signal processing applications. 

In the proposed VDTA architecture, the SPCM network is used as a local gain-enhancement 

element for the FGMOS input stage. If the series branch is formed using N identical MOSFETs 

and the parallel branch using M identical MOSFETs, the mirror output current can be ideally 

expressed as: 

19
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                      𝐼𝑜𝑢𝑡,𝑆𝑃𝐶𝑀 = (𝑀 ⋅ 𝑁)𝐼𝑟𝑒𝑓                                   (5.8) 

where 𝐼𝑟𝑒𝑓 is the reference current of the mirror. Under the assumption of matched devices and 

equal bias conditions, the effective differential current generated at the transconductor output 

is increased by approximately the same factor. Consequently, the effective small-signal 

transconductance of the proposed stage can be written as: 

         𝑔𝑚,eff ≈ (𝑀 ⋅ 𝑁) 𝑔𝑚,FGMOS                                 (5.9) 

where 𝑔𝑚,FGMOS denotes the transconductance of the standalone FGMOS-based input stage. 

For the low-frequency region, this relation shows that the SPCM network provides a direct 𝑔𝑚 

multiplication effect, while the overall bias current remains essentially fixed. This is the key 

advantage of this approach, since 𝑔𝑚 enhancement is achieved through current-mirror 

reconfiguration rather than through an increase in static power dissipation.  

From a small-signal perspective, the transconductance boost arises because the SPCM reduces 

the effective loading seen by the floating-gate input node and increases the incremental current 

delivered to the next stage. A first-order representation of the boosted transconductance may 

be expressed as 

𝑔𝑚,SPCM ≈ 𝛼𝐹𝐺  
(𝑀 ⋅ 𝑁) 𝑔𝑚,MOS

1 − 𝛽
                           (5.10) 

where 𝛼𝐹𝐺  is the capacitive coupling factor of the floating-gate node, 𝑔𝑚,MOS is the intrinsic 

MOS transconductance, and 𝛽 is the effective positive-feedback coefficient introduced by the 

mirror arrangement. Equation (18) indicates that the final transconductance is governed jointly 

by the floating-gate coupling and the mirror multiplication factor. Therefore, the proposed stage 

can be tuned to obtain a substantially larger 𝑔𝑚 than the conventional CMOS and FGMOS 

realizations. 

 The enhancement, however is accompanied by a reduction in bandwidth because the current 

multiplication provided by the positive feedback increases the effective gain of the input stage 

and shifts the dominant pole to a lower frequency. This gain-bandwidth trade-off is consistent 

with the behaviour of SPCM-enhanced circuit variation. The SPCM-enhanced VDTA presents 

a structure with a significantly larger effective output current and a correspondingly higher 

transconductance while preserving the same bias current range, this results in a reduction in 

bandwidth. 

1
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Figure. 17: Proposed SPCM-enhanced VDTA implementation 

The performance of the SPCM-enhanced VDTA has been investigated throigh extensive 

simulations performed in LTspice using 180nm CMOS technology. To evaluate the 

effectiveness of the series-parallel current mirror technique, the proposed architecture has been 

subjected to DC, AC and voltage temperature variation analyses. The DC analysis verifies the 

correct operation of the modified current mirror network and establishes theoperating point of 

the transconductance stages. The AC analysis is employed to evaluate the enhancement in the 

effective transconductance, gain behaviour and bandwidth characteristics achieved through the 

SPCM configuration. The voltage and temperature varuiation analyses are carried out to 

investigate the robustness and stability of the proposed architecture under varying operating 

conditions.The corresponding simulation results are presented in the following plots. 

 

Figure 18: DC response of SPCM-enhanced VDTA  
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Figure 19: AC response of SPCM-enhanced VDTA  

The simulation results indicate that the SPCM technique provides substantial transconductance 

enhancement through improved current transfer efficiency, thereby making the proposed 

architecture suitable for high-gain current-mode analog applications operating under low-

voltage conditions. 
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CHAPTER 6 

COMPARATIVE RESULTS AND DISCUSSION 

 

The performance of the proposed VDTA is evaluated for the four implementations. The 

principal performance metrics considered in this study are the effective transconductance and 

the -3dB bandwidth, extracted from small-signal AC analysis. DC analysis is also performed 

to verify proper biasing and stable circuit operation across all three configurations. The 

conventional CMOS VDTA serves as the reference and exhibits a transconductance of 

approximately 1.27 mS with a bandwidth of about 405.7 MHz. This result represents a balanced 

trade-off between transconductance and frequency response and provides a suitable benchmark 

for evaluating the impact of the subsequent modifications. When the input stage is replaced by 

an FGMOS-based realization, the transconductance is observed to be approximately 1.19 mS, 

while the bandwidth increases slightly to around 414 MHz. This behavior is attributed to the 

capacitive coupling at the floating-gate node, which modifies the effective gate control and 

shifts the operating point. A significant enhancement is obtained when the PPF-enhanced 

technique is used, an effective transconductance of 1.84 mS is obtained with bandwidth of 

148MHz. then with the SPCM technique is incorporated into the FGMOS-based VDTA. In this 

case, the effective transconductance increases to approximately 4.23 mS, corresponding to 

more than a threefold improvement over the conventional CMOS design. The transconductance 

boost is achieved without increasing the bias current. The enhancement in transconductance is 

accompanied by a reduction in bandwidth to approximately 126.3 MHz. 

VDTA Scheme 𝑰𝒃(𝝁A) 𝒈𝒎(mS) BW (MHz) 

Conventional CMOS VDTA 50 1.27 405.7 

FGMOS-based VDTA 50 1.19 414 

PPF-enhanced VDTA 50 1.84 148 

SPCM-enhanced VDTA 50 4.23 126.3 

Table 2: Performance Comparison of VDTA Implementations 

The proposed results are compared with the performance of existing VDTA-based structures. 

Since, the published works use different circuit parameters used for simulation, thus this 

comparison can be interpreted as a trend-based benchmark. Narang and Aggarwal reported 

DTMOS/FD-FVF-based VDTAs in 180 nm CMOS, obtaining transconductance values of 
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415.62 μS and 422.89 μS with bandwidths of 225.9 MHz and 296.21 MHz, respectively, at a 

bias current of 10 μA. Rani et al. later proposed transconductance-boosted VDTA structures 

using partial positive feedback and gate-to-source voltage enhancement, reporting gm 

enhancement of 140% and 53% with -3 dB frequencies of 160 MHz and 630 MHz, respectively. 

These results confirm that feedback-assisted techniques can significantly improve 

transconductance, although at the cost of a bandwidth penalty in certain cases. Table 3 presents 

a comparison between the proposed VDTA and selected existing structures. 

Ref. VDTA Topology 

Supply 

Voltage 

(V) 

Bias 

Curren

t (𝝁A) 

𝒈𝒎 (S) 
BW 

(MHz) 
Key Observation 

Proposed CMOS ±0.9 50 1.27 m 405.7 Baseline reference 

Proposed FGMOS ±0.9 50 1.19 m 414 
Floating-gate 

input stage 

Proposed PPF-Enhanced 0.9 50 1.84 m 148 

Enhanced 

transconductance 

using PPF 

Proposed SPCM-enhanced ±0.9 50 4.23 m 126.3 
Highest 𝑔𝑚in this 

study 

[3] 
FD-FVF/DTMOS 

(proposed-I) 
±0.7 10 415.62 𝜇 225.9 

Low-voltage 

operation 

[3] 
FD-FVF/DTMOS 

(proposed-II) 
±0.5 10 422.89 𝜇 296.21 

Lower supply, 

improved BW 

[13] 
PPF-based 

boosted 
±0.6 50 

140% 

improvement 
160 

Strong gm 

enhancement 

[13] 
Inverting-

amplifier boosted 
±0.6 50 

53% above 

conventional 
630 

Moderate gm 

boost, higher BW 

Table 3: Comparison between the proposed VDTA and existing structures having technology 180nm 

The comparison indicates that the proposed circuit with the combination of FGMOS and SPCM 

technique achieves a higher transconductance than the reference CMOS VDTA and also 

exceeds the reported boosted transconductance VDTA trends. Overall, the results demonstrate 

that the FGMOS devices introduce flexibility in biasing and input coupling and the addition of 

the SPCM technique increases the effective transconductance. Thus, making the proposed 

architecture is suitable for low voltage operation with boosted transconductance. 

5
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CHAPTER 7 

CONCLUSIONS 

 

This thesis has presented the design, implementation, and comparative evaluation of several 

VDTA realizations based on a conventional CMOS architecture, an FGMOS-based input stage, 

and two transconductance enhancement techniques, namely partial positive feedback (PPF) 

and series-parallel current mirror (SPCM). The conventional CMOS VDTA was employed as 

the benchmark structure to establish a reference point for transconductance, bandwidth, 

linearity, and overall small-signal performance. The modified architectures were then 

investigated to assess the extent to which device-level and circuit-level enhancement 

techniques can improve the suitability of VDTA structures for low-voltage current-mode 

analog signal-processing applications. 

The incorporation of FGMOS devices at the input stage demonstrated that capacitive coupling 

and threshold-voltage modulation can be effectively exploited to reduce the voltage headroom 

required for circuit operation. This enables the VDTA to function reliably under low-supply-

voltage conditions, which is a critical requirement in deep-submicron analog design. The 

floating-gate configuration also provides flexibility in controlling the effective gate potential 

through capacitive division, thereby allowing the input stage to be biased more efficiently than 

in a conventional gate-driven CMOS implementation. The simulation results confirm that the 

FGMOS-based realization preserves the fundamental functionality of the VDTA while 

improving low-voltage operability. 

The first enhancement approach investigated in this thesis, namely PPF, was introduced to 

increase the effective transconductance of the FGMOS-based VDTA through regenerative 

feedback. By incorporating a controlled positive feedback path in the active load section, the 

input differential signal is reinforced, resulting in an increase in the effective current conversion 

capability of the transconductance stage. This mechanism significantly improves the 

transconductance compared to the conventional CMOS realization. However, the enhancement 

is accompanied by a reduction in bandwidth, which is consistent with the well-known gain-

bandwidth trade-off inherent to positive-feedback-based circuits. The results therefore indicate 

that PPF is particularly suitable when higher transconductance is required and a moderate 

reduction in frequency response is acceptable. 
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The second enhancement approach, based on SPCM, was used to further increase the current-

driving capability of the FGMOS-based VDTA. In this structure, the current mirror network is 

reconfigured using series and parallel branches to improve current replication and transfer 

efficiency without increasing the bias current. The SPCM technique strengthens the effective 

output current delivered by the transconductance stage and produces a marked increase in 

overall transconductance. Among the investigated realizations, the SPCM-enhanced 

architecture exhibited the highest transconductance, demonstrating that mirror-based current 

amplification can be an effective means of boosting VDTA performance within a fixed power 

budget. As in the case of PPF, this improvement is achieved with a bandwidth penalty, thereby 

confirming that transconductance enhancement and frequency response must be traded off 

against one another in practical analog design. 

The simulation results obtained in 180 nm CMOS technology using LTspice validate the 

effectiveness of the proposed approaches under identical operating conditions. The 

conventional CMOS VDTA yielded a transconductance of 1.27 mS with a bandwidth of 405.7 

MHz. The PPF-enhanced version increased the transconductance to 1.84 mS, while reducing 

the bandwidth to 148 MHz. The SPCM-enhanced realization achieved a transconductance of 

4.23 mS with a bandwidth of 126.3 MHz. These results clearly establish that both enhancement 

techniques are capable of substantially improving transconductance, though each does so 

through a different mechanism and with a distinct impact on bandwidth and circuit response. 

The DC transfer characteristics confirmed proper biasing and linear operation in the intended 

signal range, while the AC analysis demonstrated the frequency-domain trade-offs introduced 

by the enhancement networks. Additional noise and variation analyses further indicated that 

the proposed structures maintain acceptable robustness under operating changes. 

Overall, the thesis shows that FGMOS, PPF, and SPCM constitute practical and effective 

design strategies for improving VDTA performance in low-voltage current-mode analog 

systems. The FGMOS device provides the basic low-voltage operating advantage, PPF offers 

regenerative transconductance enhancement, and SPCM yields strong current-mirror-based 

gain boosting. Taken together, these results demonstrate that the proposed VDTA architectures 

can serve as suitable active building blocks for analog filters, tuneable transconductor, and 

other current-mode signal-processing circuits where design objectives such as 

transconductance, bandwidth, supply voltage, and power dissipation must be carefully 

balanced.  
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