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ABSTRACT

The main purpose of the project is to design and simulate pulse generator impulse
based for Ultra Wide Band (UWB) applications. The UWB technology is defined by the
Federal Communications Commission’s (FCC), the signal must have bandwidth of
greater than 500MHz. The structure of the pulse generator is based on Complementary
Metal Oxide Semiconductor (CMOS) and the topology of the circuit is adaptation of CR-
(RC)" pulse shaping network. The pulse generator circuit consists of variable length
rectangle pulse generator, which mingles up cascaded inverter and N-voltage controlled
with a CMOS quasi-Gaussian pulse-shaping filter. In this project, the author successfully
designed and simulated the pulse generator. The simulation is done using Virtuoso
Analog Design Environment (Cadence) which is able for integrated design circuit and
used AMI 0.6um transistor technology. The circuit takes 100MHz pulse as the input.
Through the simulation, the author has proved to generate pulse with 660MHz passed
frequency. This shows that the topology chosen is able to generate pulse for high

frequency purposes.



ACKNWOLEDGEMENTS

I would like to take this opportunity to thank god Almighty for his grace and
endless bounty and my supervisor Associate Professor Dr Mohammad Awan for his help
and support throughout the course of this project. 1 appreciate the opportunity he has

given to me to work on the project with which I gained new experience in many areas.
I would also like to thank to Mr Said, PHD student who help me a lot and
guidance especially for tutoring the Spectre cadence simulation software. Also not forget

Mr Asnan Seman who gives support from the beginning of the project and all my friends

Last but not least, my parents who have assist me financially to ensure the

completion of the project.

Thank you very much

Fazrul Syahrin Shahadan

vi



TABLE OF CONTENTS

CHAPTER L:INTRODUCTION. ...t tci vttt e 1
1.1 BACKGROUND OF STUDY....ccoviiiiiiiiiiiinincinie e 1
1.2 PROBLEM IDENTIFICATION.....c.ciniiiiiiircciieiiianins 3
L3 OBIECTIVES. ..ttt e e e e e e s 3
CHAPTER 2: LITERATURE REVIEW ... . i 4
2.1 INTRODUCTION. ....cvviinriiirinmineniieniarraiencninereeiienea 4
2.1.1 The Gaussian Pulse .........cocoeoiiiiiiiiiiiiiiiiiininiiin 4
2.1.2 The Gaussian Mono-cycle Pulse.................cociiiniiais 5
2.2 LOGIC CIRCUIT CHARACTERIZATION.......cocvevvevaninvinnnns 6
2.2.1 Noise Margin.......ocovvvevveninreninirnensiivimeieninriennn 6
2.2.2 Propagation Delay..........ccoooviiiiiiiiiiiiiiiin 7
2.2.3 Power Dissipation .......cccccevviiviiiiiiiiinioniiinininininn 7
2.2.4 Fan-In and Fan-Out........ccccovvviiiininiicininnnnininnen, 7
CHAPTER 3:METHODOLOGY ...ttt st s 8
3ADESIGNFLOW. ..ottt rnt e e e eeen e e e e 8
3.1.1 Literature Study......c.ccvieimimr e 9
3.1.2 Research and Design Consideration.......................... 9
3.1.3 Tools and Equipment Needed.............cccovviiriinnnennn 9
CHAPTER 4: GAUSSIAN PULSE GENERATOR.........cc..coeiniviiiniininennan. 10
4.1 INTRODUCTION ...ovviniriiriniiiiieniiieiieriiraiscintneiesiensmsmnne 10
4.2 RECTANGLE PULSE GENERATOR..........cocvviiiinvainiiiannn 13
4.2.1 Cascaded Inverter.........cccceveriiiniiicniieicceeerae s 13
4.2.2 N-Voltage Controlled .........cccoeeriiiiiinininniinnenens 16
4.3 QUASI GAUSSIAN SHAPING FILTER......ccceviiiniieninene 19

vii



CHAPTER 5: SIMULATION RESULTS AND DISCUSSION.......................21

S.TINTRODUCTION. ..ottt iriicniesainasseesinen 21
5.2 SIMULATION SETTING ...ccccvvviiiinimiiiiniiiiine e 21
5.3 SIMULATION RESULT AND DISCUSSION........ccoceerennnan. 23
CHAPTER 6: CONCLUSION AND RECOMMENDATIONS..............ccovveee. 29
6.1 CONCLUSION....c.itiiiiiiiiiiiimiiiiie et cte e reee e eres e 29
6.2 RECOMMENDATIONS. ... .o ene et 30
6.2.1 Design with Different Topology.........ccovevievininnnnnnn. 30
6.2.2 Design Applications Improvement...............coeuevnenn 30
REFERENCES. ...ttt et r e v a s ae s e s rare s anens 31
APPENDICES. .. ..ottt ettt et ee e ee s e re e s aenranas 34
APPENDIX A: PMOS transistor process parameter...........o.vveenss 34
APPENDIX B: NMOS transistor process parameter..................... 36

viii



LIST OF FIGURES

Figure 1: Overall concept of pulse generator design.........ccovvvcinierniaineninienreecenian 2
Figure 2: Gaussian Pulse and Frequency Spectrum...........coovevveieviiiieieninicinrnnnennen. 5

Figure 3: Gaussian Monocycle Pulse and Frequency Spectrum........coccovvvivieiininannes 5

Figure 4: Flow of pulse generator design.........c..vueuviiiieiiirniieriieeioininenenensneens 8

Figure 5: UWB spectrum mask.............cooviiiiiiiiiiimii i 11
Figure 6: Overall block diagram of UWB transmitter.............cccocvevevivnininicrinnnnnnns 11
Figure 7: Overall block diagram of pulse generator..............c.ccvceeiiriiiiicirrnennenes 11
Figure 8: Pulse shaping variations method.............c..ccoooiiiiiiiiii e 12
Figure 9: The CMOS inverter circuit diagram...............ccccoiiviiiiiiiiiienreererernsnreens 15
Figure 10: Example of CMOS inverter chain..........cccoooviiiiiiiiiiiiviieinieneneninnnns 16

Figure 11: Circuit for variable delay buffer using starved inverter.......................... 18
Figure 12 : Rectangle pulse circuit diagram..............oocereieiiiiiniiiiciincnireienenene 19
Figure 13: Quasi Gaussian Shaping Filter circuit........c.covviiiiiiiiiiininiiicienieenn, 20
Figure 14: Gaussian pulse in theoretically.............coovreeiriiiiiiiiiiiiireeens 20
Figure 15: Model library setup for loading the CMOS technology used.................... 22
Figure 16: Transient simulation setting..........cocoivvuviiiieniiiniiraririrrcirree e reeenenns 22
Figure 17: Delay calculation for Rectangle Pulse circuit.............ccccovvvviiiniennnen.... 23
Figure 18: Various parameters, which can be obtained by calculator tools................. 24
Figure 19: Timing diagram of the pulse generator...........cvvvvvveiereeieirernineneernenenes 25
Figure 20: Rectangle pulse output result achieved 500MHz pass frequency................25
Figure 21: The pulse generator output result achieved 660MHz pass frequency........... 26
Figure 22 : Rectangle pulse circuit diagram...........ccovvvvievieniniiviciciieieiieeeenenen. 28
Figure 23: Quasi Gaussian Shaping Filter circuit..........ocooivviiiiiiiniiiiiiiicenennnn, 28

ix



LIST OF TABLES

Table 1: The substitution of waveform labeling..............co.oooiiiiiiiiiiiinnnn. 24
Table 2: Aspect ratio value of the PMOS and NMOS transistors.................... reveens 27



CMOS
UwB
NM
WLAN
FCC

SiGe
RFID
WPAN
VTC
PRF

LIST OF ABBREVIATIONS

: Complementary Metal Oxide Semiconductor
: Ultra Wide Band

: Noise Margin

: Wireless Local Area Network

: Federal Communications Commission’s
: Step Recovery Diode

: Silicon Germanium

: Radio Frequency Identification

: Wireless Personal Area Network
. Voltage Transfer Characteristic

: Pulse Repetition Frequency |

xi



CHAPTER 1

INTRODUCTION

1.1 Background of Study

The advantage of CMOS process in fabricating integrated circuits makes it the
popular choice for digital circuit design. This is due to the low power consumption and

costless fabrication involve.

Since the CMOS was invented in 1963 by Frank Wanlass at Fairchild
Semiconductor, the inventor realized that the CMOS shrank standby power by six times
of magnitude over équivalent bipolar or PMOS logic gates [1]. Then more inventions
were created in various type of fields or applications such as electronics, computer
system, imaging and wireless technology. The invented of wireless transceiver for
Bluetooth and IEEE 802.11 WLANS is the example of applications of CMOS {2]. The
performance of CMOS circuit at high frequency is comparable to those using bipolar
devices due to CMOS aggressive scaling [2]. Ultra Wideband is one of the applications
or technologies that can be applied for a wireless system

Ultra Wideband (UWB) communication is different from all other communication
techniques due to employing short time pulses and wide bandwidth to communicate
between transmitter and receiver. The UWB signal required bandwidth greater than
500MHz, which has been defined by the Federal Communication Commission (F CC).

UWB has a potential for low transmit power design, high performance in
multipath channels and ability to work with low signal to noise ratio. The adaptation of

CMOS architecture gives simpler transceiver. The transmission of low power pulse



eliminates the need for a power amplifier in UWB transmitter. Besides, the carrier less
for UWB transmission, design do not need mixers and local oscillators to translate the
carrier frequency to the required frequency band and consequently there is no need for
carrier recovery stage at the receiver end. Because of that, CMOS design transmitter ié

noticeable less complicated and cheaper to design.

State Bachine

Figure 1: Overall concept of pulse generator design

Figure 1 shows the overall concept of pulse generator that used by {4]. Various
CMOS design topology of generating pulse generator presented by [4, 7, 16] and
different approaches of design and adopted. Before CMOS pulse generator design was
introduced, there are other approaches for generating pulse generator such as step
recovery diode (SRD) [17], avalanche transistor [19] and others. The criterion of low
power design make CMOS design topology is more popular for VLSI design approach.
Among the designs, pulse sources step recovery diode (SRD) is the most popular. Its
employ graded doping when the doping level of the semi conductive materials is reduced
as the PN junction is approached. This produces an abrupt turn-off by allowing a very
fast release of stored charge when switching from forward to reverse bias. Thus it
supports high repetition (up to several hundreds of MHz) and has been widely used in
applications like high speed sampling circuitry. An input trigger source drives the SRD
and generates a step. The step then passes through the short circuited transmission line



and gets reflected with 180 degree phase shift. The design of the broadband baluns was
presented in many publications, but the circuits are rather complicated and take a space in
the final design and introduced unwanted losses [4, 6, 7].

1.2 Problem Identification

The project title is “Design and Simulate Pulse Generator Circuit™. Therefore, the
student is requires to design and simuiate a pulse generator using CMOS technology. The
additional work is to design a pulse generator in high frequency at least SO0MHz. The
design process includes determining the circuit parameter such as transistor aspect ratio,

design approaches etc. to obtain a pulse that can be generated at high frequency.

1.3 Objectives
The objectives of this project are:

1. To design and simulate the pulse generator circuit that can transmit data at high
frequency (0-900MHz) with the UWB technology application.

2. To apply knowledge and hands-on experiences that independently working to the
project with the guidance of a supervisor.

3. To simulate and design circuit with Spectre software (Virtuoso Analog Design
Environment and Virtuoso Analog layout Design).



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

The pulse generator transmitter is combination of processes such as modulating,
generating (obtain the pulse signal), transmitting signal. The pulse generator circuit that
has to be designed is based correlated to UWB technology. Understanding the basic
knowledge of Gaussian pulse and the basic of CMOS is the essential to design the pulse
generator, Since the focus of this project is on the development of a pulse generator for
an impulse-based system, it is essential to describe the type of pulses. The types of pulses

are Gaussian pulses and Gaussian Monocycle pulses [7], [17].

2.1.1 The Gaussian Pulse

Before generating an ultra short pulse, the desired wave shape must be determined
for the system. There is various pulse shape design as presented by [15]. The most
popuiar pulse shape for UWB communication systems is the Gaussian pulse since it has
the lowest side-lobe compared to a rectangular or sinusoidal pulse because of Gaussian

pulse contained most energy in the spectrum.

A Gaussian pulse has the Gaussian shape as shown in Figure 2 and expressed as:

V(t, f,,A) = de ™"

where A is the amplitude of the monocycle puise, and f; is the center frequency [5].
The real Gaussian pulse cannot be realized by equation (1), but can be approximated by
CR-(RC)" pulse shaping network in the form of [9].



2.1.2 The Gaussian Monocycle Pulse

Taking the derivative of the equation for the Gaussian pulse (2), we can obtain the

equation for a Gaussian monocycle pulse.
— ~2(mf, )
Vt,f,,A) = 2~Jedntf,e ?

The centre frequency of the monocycle pulse is usually defined as (mx)! Hz,
where 1 is defined as the time between the maximum and minimum points of the
monocycle pulse [5]. Figure 3 shows the Gaussian monocycle pulse and its frequency
spectrum. There are various of pulse based introduced in [5, 7].

melgmeghawn
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Figure 3: Gaussian Monocycle Pulse and Frequency Spectrum



2.2 Logic Circuit Characterization

To design a pulse generator circuit, there are some parameters that need to be
understood especially CMOS basic operation, logic circuit characterization, circuit
structure and the other relationship parameter to the design [10]. The most important
factor that drives CMOS design development is dissipated the lowest power compare to
other digital IC technology and logic circuit families. Some reasons for displacing

conventional technology to CMOS technology are summarized below.

o The power dissipation of CMOS is less than the BJT. This factor drives to
pack more CMOS circuit on a chip compare to BJT technology.

. High input impedance of MOS allow designer to use charge storage for
temporary storage of information in both logic and memory circuit. |

e The technblogy is developing until 0.06um utilize channel as the features
size of the CMOS circuit.

For the next sub section will be discussed the parameters that usually used to characterize

the performance and operation of logic circuit family.
2.2.1 Noise Margin

Noise margin is the amount by which a signal exceeds the minimum amount for
proper operation. The analysis of stétic operation logic circuit characterize by Voltage
Transfer Characteristic (VTC) to evaluate the noise margin. From the VTC we can obtain
the Voun, Vi, Vo, and Vy, and evaluate the performance. The robustness of a logic
circuit family determines by its ability to reject noise and thus the noise margin NMy and
NM_ [9].

NMy = Vou-Vmi 3)
NM, =VorL- VI “



2.2.2 Propagation Delay

Propagation delay, symbolized ¢, is the time required for a digital signal to travel
from the input(s) of a logic gate to the output. Obviously the shorter propagation delay
the higher speed of logic circuit family can operates. The propagation delay defines as;

t, = 0.5 (toLu + tonr) )

2.2,3 Power Dissipation

Power dissipation is an important issue in digital circuit design. The reason of
reducing the gate power is to maxirnizing the number of gates on a chip. Thus, a compact
and powér effectives chip can be produced. There are two types of power dissipation ina
logic gate; static and'dynamic dissipation. Static dissipation occur when the absence of
switching action whereas dynamic dissipation happen the only if gate is switched. An
inverter operates from a power supply Vpp and driving a load capacitance C;, dissipates

dynamic power Pp, as f, the frequency at which the inverter is being switched [10].

Ppo=Vpp CLf (6)
2.24 Fan-In and fan-Out

Fan-in of a gate is number of the inputs. In the other hand, the fan-out is the
maximum number of similar gates that a gate can drive while remaining within
guaranteed specification [10]. The fan-out can reduce Voy and NMy. This will affect the

level of noise in the design.



CHAPTER 3
METHODOLOGY

3.1 Design Flow

In order to design a pulse generator, the author to understand the basic concept of
pulse generator it self and make use of all references related. Figure 4 shows the overall

design flow for the pulse generator circuit.

Literature Study

l

Analysis and
Design

l NO

Rectangle Pulse —

lox

Quasi Filter

l

Pulse generator
Simulation

Figure 4: Flow of pulse generator design



3.1.1 Literature Study

Figure 3 shows the design flow for the pulse generator. In the flow chart, the
author begins the design phase by doing the literature review. The references such as
[5, 9, 10, 14] brief deeply the author the way of designing the pulse generator. Among the
focus in activity is to find the suitable logic style and the existing circuit that can

implemented for high frequency operation. Among the sources of reference, include:

i. IEEE explore: A lot of references and technical articles that discuss about the
pulse generator design generally. These references can be a guild line for
designing pulse generator circuit.

ii. UTP library: Most of the technical books are available here.

#i. The Internet: Online resources also provided many references for the . circuit

design, parameters assumption, fundamental of UWB and others.

3.1.2 Research and Design Consideration

A lot of sources that has been carried out for research on UWB technology and
the pulse generator circuit design such as via internet and books that available at library.
The pulse generator circuit is based on the CMOS technology. Thus, the author needs to
study and understand the fundamental of CMOS circuit design. Reference from [10]
refreshed the author a lot to understand the fundamental of designing of CMOS circuit
design. Several references describe more details in design of pulse generator circuits with
various type of topology and design approach. The most important thing is the design of
the pulse generator circuit must fulfill the objective of the project; to design and simulate
high frequency puis'e generator circuit. Briefly, for this type of design, the modulated
signal will be the input of the pulse generator. The designing process developed by using
Spectre.

3.1.3 Tools and Equipment Needed
The required software to design pulse generator circuit can be done by using P-spice
or Spectre.



CHAPTER 4

GAUSSIAN PULSE GENERATOR

4.1 Introduction

The Federal Communication and Commission (FCC) has classified the three
bands range 0-960MHz, 3.1-10.6GHz and 22-29GHz [8]. From the previous designs, the
first band will result better low power consumption, lower complexity of design and error
and lower complexity. First, the desired wave shape must be determined either impuise
based or multiple band pulse will be used for the design. The most popular pulse shape
for UWB communication system is the Gaussian pulse due to the accurate location
awareness and strong multi-path fading resistance compared to the other pulses. Figure 5
below shows the spectrum mask and occupying a bandwidth of at least 500 MHz or more
than 20% of the center frequency, which defined by the FCC. For pulse generator design,
it is a requirement of the designers to fuifill the FCC power spectrum mask [18]. The
scope of the project is designing the pulse generator circuit which one of the essential
part in UWB transmitter showed by Figure 6. As mentioned before, this is one of the
designs topology of designing impulse based pulse generator as shown as Figure 7.

10



CHAPTERSS
SIMULATION RESULTS AND DISCUSSION

5.1 Introduction

As the objectives mentioned earlier, the project required the author to design and
simulate pulse generator circuit. It was a successful achievement by the author as the
completion of the project. The simulation done by using Virtuoso Analog Design
(Spectre) with AMI0.16um CMOS transistor technology. The software is suitable for this
project rather than PSPICE or Multisim because the project itself involve micro
technology analogue IC design.

5.2 Simulation Setting

In Spectre window, analysis chosen is transient with simulation time 100ns and
time step 0.05ns. In this simulation, there is no convergence problem as the time step is
sufficiently small to calculate the initial bias point required by Virtuoso analogue Design
Environment to complete the job. Figure 15 below shows the essential step which library
model setup as its loading the CMOS technology that desired to use. The transient
analysis setting setup gives the value of stopping time at 100ns as shows on Figure 16.
For the simulation, the supply voltage is 1.8V and bias voltage supplied by the voltage of
1.4V. The value of time constants can be adjusted in three ways. There are varied the
transistor sizing, increasing the number: of inverters and adding voltage controlled delay
element. All three methods have their own advantages and disadvantages. Transistor
sizing is simple to design, but it may require huge transistors in the last section. The
voltage-controlled delay element can offer flexibility at the cost of an extra control signal
but the tuning range is not too high. All:three approaches can be applied together in order
to get a better result. Figure 17 below shows the delay caiculation setting for the rectangle
pulse circuit design.

21
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Figure 16: Transient simulation setting
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Figure 17: Delay calculation for Rectangle Pulse circuit

5.3 Simulation Result and Discussion

The input of the circuit is set to 100MHz pulse repetition frequency (PRF). The

result obtained is approximately same as the theoretical Gaussian pulse. Figure 19 shows
the timing diagram and rectangle pulse result. The waveform is obtained from the point
represented by the alphabets (Tablel), which is showed by Figure 12. To obtain the
rectangle pulse, NAND operation is applied to the point C output and point F output as

shown in Figure 18. This is the crucial stage where the delay operation time for each

inverters and the N-voltage control need to determine first. NAND logic sequence

required either one of the inputs to be 0 to obtain positive rectangle pulse. Figure 20

shows the rectangle puise simulation generated pulse with 560MHz passed frequency.
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Table 1: The substitution of waveform labeling

Waveform name Representation
Input
Inverter 1
Inverter 2
Inverter3
Inverter 4
- NAND Output
Rectangle Pulse Output
Pulse Output

=ellall-Heliwlle]i--1h=

edl ]
].
{

F .

G)

S,

RecPulse

-

Figure 18: NAND operation applied to obtain the rectangle pulse

24



?@MmOct 1, 531PM &

File €t Frame Graph: Axs Traee: Mr znom Toots “Heln T T SO
gnﬁﬁutﬂ@. f}‘iirzﬂe!x'ﬂ'-%-l . SO e '_@F“he"__—fﬂ_-m_i
TrmslemResponse S X _ '_ ﬂ .

o 55- RectPulse L

- 40.8 .450 el
e tlmetnﬂ ’

3 ¥ graph:l selened ..dauhle-cilck to bring up a!tﬂbute dialng ) i : o ’
]4 T ertmnal[D icfb - Log] {Library le} Vtmmsnﬁl v [Vmuosn(iu Vmuosu@il__] Vmuoso’i]l_] Graph Wl I

Figure 19; Timing diagram of the pulse generator

‘;Q Tue Oct 2, 240 PM @)
[ﬂ@@h ﬁnmzamx'ﬂ-*l T -3_ : @L“'*"%.
_ N Tmnsiemﬁesponse n T L
: g .EEEF.U 5E1 _ : k - -
1.75+
. 15
125
o 1.0
g
e
.v.s_
5 o
41.0° . . 420 - ) 43.0 i 44.0° 460
. . . . . . timens)
e l'l'errﬁina]]!_-? [icfb'eLD‘QJ - flibrary M]3 V.inuosoﬁlg} Vinuosi:@]L: [C&u[’anl[}fhmndcal[:](;mnh’m )
L — — — -

Figure 20: Rectangle pulse output result achieved 500MHz pass frequency
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Figure 21 is the evidence for the output result, Gaussian pulse alike. It is better to
have different time constants in this (RC) " filter. The time constants can be increased by
decreasing the (W/L) ratios of the transistors. Table 2 shows the aspect ratio transistor
value for the design. By decreasing the width of the transistor will be increasing time
constant. Furthermore, the gate and diffusion capacitances also decrease resulting in less
load capacitances. In the CR-RC circuit described, there is a noticeable undershoot as the
pulse attempts to return to the baseline. By using the pole-zero cancellation the peak
shape can be improve and eliminates the overshoot. The result is an output pulse
exhibiting a simple exponential decay to baseline with the desired differentiator time
constant [9]. This circuit uses a zero to cancel a pole in the mathematical representation
by complex variables [21]. M7 and M10 act to provide this adjustable resistance through

bias control.
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Figure 21: The pulse generator output result achieved 660MHz pass frequency
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Table 2: Aspect ratio value of the PMOS and NMOS transistors

AMI 0.6um Aspect Ratio Transistor Technology

Transistor Width{um) Length{nm)
M1 2.4 600
M2 1.5 600
M3 24 600
M4 1.5 600
M5 24 600
M6 1.5 600
M7 1.5 600
M8 24 600
M9 1.5 600
M10 1.5 600
M1l 2.4 600
M12 1.5 600
M13 24 600
Mi14 2.4 600
M15 1.5 600
M16 1.5 600

M17 2.0 600
Mi18 1.2 600
M19 1.9 600
M20 1.5 600
M21 24 600
M22 0.9 600
M23 1.8 600
M24 1.5 600

27
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CHAPTER 6
CONCLUSION AND RECOMMENDATIONS

6.1 Conclusion

Throughout the project, the author has become aware of the challenges and
complexity in designing integrated circuit for high frequency application. The whole
project itself is a new learning process for the author. In particular, the following

objectives set in the beginning have been achieved.

1. To design pulse generator at least 500MHz and that can transmit data in high
frequency.

ii. To use CMOS logic style in the design. From the simulation, it is verified that
the chosen logic style can be used for high frequency application.

ili. = To use Spectre cadence software in the circﬁit simulation. In this project,
Spectre has been used extensively, from the modeling until simulation

process.

Working on this project has been a constant challenge since the beginning.
However, the experience gained and the insight learned is more than what is attained in
classroom. Therefore, it is hope that the new found knowiedge can be used to design

other challenging circuits.
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6.2 Recommendations

For two semesters, many things have been learned for completing the project.
Even though the project has reached the objectives, there are some improvements to be

made for better result. Some of the recommendations are specifically include;
6.2.1 Design with Different Topology

From the references that have been used, there are various puise generator circuit
design with different approach. One interesting approach of designing the pulse generator
is using the H-bridge circuit and off chip filter as reported by [20]. The features of H-
bridge, which provide balanced positive and negative currents, are suitabie for generating
the antipodal UWB pulse. The circuit design is also implementing below 1GHz UWB
system. Interesting study of various pulse comparisons includes power consumptions and

antenna effect consideration in the design.
6.2.2 Design Applications Improvement

In this design, the author makes assumption of high frequency input for
generating the pulse. The scope of the project required to generate the pulse generator.
Thus, for the next improvement the author suggests to implement the pulse generator in
the application design such as reported by [7, 2]. The applications of UWB are very
interesting to explore and implementing it to the daily life such as WPAN and RFID
technology. The world nowadays urged wireless connection and reduced the wired
connection. The assumption is made due to the complexity of the modulation circuit

design (creating the high frequency pulse from the low frequency)
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APPENDICES

Appendix A: PMOS transistor process parameter

+ NBBN SPICE BSIM3 VERSION 3.1 (HSPICE Level 49) PARAMETERS
* level 11 for Cadence Spectre

* DATE: Jan 25/99

*+ LOT: nSbn WAF: 03
*+ Temperature parameterss=Defanlt
.MODEL ami06P PMOS { LEVEL~1l &
VERBION=3.1 &

THOW=27 &

TiE=1.41E-B &

Hlel BE-T7 &

NHCH=1, JE17 &

FrHi=~0, 9179952 &

i=0 5575604 &

ro=0. 010265 &

K3=14. 0655075 &

Erp=-2, 3032921 &

Wi=1. 14T829E-6 &
HLE=1.114768E-10 &

I¥Toy=0 &

D¥Tik=5, 3E6 &

ITive~0. 032 &

UF=2, 2896412 &

Fr1=0. 5213085 &

wrz=-0. 1337987 &%

=202, 4540953 &

Ui=2, 290194E-9 &

UB=0. T79742E-19 &%
Us=-3.6977T1E-11 %

v5nT=1, 307891ES &

=0, 8356881 &

m:a=U 1563?74 &

Bo=2. 365956E-56 &
-~ axiD6P .m . {Dbjt Abbrev)--L32--Top

Write file: /tmp/fr-BUBLCl/nesu-cdk-1.5. 1fnodelsf"spectre.fnom}[|
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R1=5E-6 &

KETh=-5, T69326E-3 &
ai=0 &

ni=1 &

RhsW=2. TA6814E3 &
PRUG=2. M4865E-3 &
PR¥E=0, 0172298 &
WE=1l &

WIiuT=2, 586255E-T &
LINT=7. 205014E-¢ &
=D &

Bi=0 &

owWe=-2, 133054E-8 &
TIWE=0, B57534E-0 &
YOrF=-0. 0837499 &
HFACTORs=1. 2415528 &
CIT=0 &

CNSC=4, 363744E-4 &
CESCD=0 &

COsCR=0 &

ETal=0, 11276 &
ETaB=-2. 94B4E-3 &

- DSUR=0. 3300402 &
FrLi=4, 9847806 &
POIELLL=2. 481735E-5 &
BUIBLEI=0.01 &
BDIBLIB=0 &

DEOUT=0, 9975107 &
PSLEEL=3.49TET2E9 &
PSCEEY=4. 974352E-9 &

t——  aiDP . {UbjC Abbrev)--144--38% —

Write file: /omp/Fr-BUBLi]/nesn-cdk-1.5. 1/uodels/spectre/nom/g]

eyaG=10, 9914549 &
DELTA=0. 01 &
MOEMON=1 &
PET=0 &
TE=-1.5 &
Frl=-0.11 &
KElL=0 &

ET2=0, 022 &%
Ual=4.31E-0 &
UEl=-T7.B1E-18 &
Iol=-5. pE-11 &
aT=3, 384 &
=0 &

W=l &

wHal &

=1 &
Bou=0 &

LL=0 &

L=l &

Ly=0 &

LiH=1 &

LUL=0 &
CRBMON=2 &
HPART=0, 4 &
Cono=2. 4E-10 &
chEnel. 4E-10 &
chpo=0 &

Ca=T. 273568E-4 &
PE=0. 9665597 &
1I=0, 4959837 &
GIsW=3. 114 708E-10 &

#EsU=0,99 &
——  awilEP.m ' b Abbrev)--LT9-~69%——===—=amr=zma=mm-
Write file: /tmp/Er-] L/nceu~cdk-1.5. 1/models /spectre /non/]



wuL=0 &

L0 &

L=l &

Li=0 &

L=l &

LUL=0 &

CARPMOD=E &
GEART=0.4 &

reno=2. 4E-10 &
neso=2.4E-10 &
cEpl=0 &

n3=T. 2T350BE4 %
PE=0, 9665587 &
I=0.4959837 &
GJsy=3, 114708E-10 &
pPESH0, 99 &

1Isy=0. 2653654 &
EYTH(=9. 420541E-3 &
PEOST=-23]. 2571566 &
PEZ=]1, 3966B4E-3 &
PEETL=], BE296RE-3 &
EKETE=5.7295392-3 )

-~ aillP.» {0biC Abbrev)--L10l-~Bot-w--=mmemmm—enee
Hrite file: /tmp/fr-BUBLCL/nesu-cdk-1.5.1/models/spectre/nonq]

Appendix B: NMOS transistor process parameter

BNBER SPICE BSIMI VERSION 3.1 (HSPICE Level 49) PARAMETERS
* level 11 for Cadence Spectre

* DATE: Jan 25/99

* LOT: nShn WAF: 03
* Temperature_parameters=Default
.MODEL =ani06N NMOS ( LEVEL=11 &
YERSTIN=3.1 &

THN=2T &

ToX=1 41E-8 &

AI=1.5E-7 &

uCH=1. TE17 &

yTHO=0. TOB6 &

E1e0. 354582 &

EZ=~0.088431 &

#3=41,4403818 %
#3E=-14 &

Wilehb. 4B0TE6E-T &
WE=1E-10 &
Jrey=0 &

WTlv=5, 386 &
ovTey=-0. 032 &
yTH=3. 6139113 &
ATl=0, 3795745 &
Tyre=-0, 1399976 &
1:0=533, 6953445 &
Ui=T. 5E8023E-10 &
UE=1. 161167E~-18 &
=2 EB2756E-11 &
wsaT=1, 3009681E5 &
z{=0, 5292985 &
&GS=0, 1463715 &
pO=1, 283336E-6 %
El=1.408099E-6 &
¥ETa=-0. 0173166 &
Bi=0 &



EETR=-0, 0173166 &
al=0 & .
aE=1 &

ROSW=2. 268366E3 &
PRUG=-1E-3 &
PRWE=6. 320549E-5 &
Br=1 &

WinT=2, 043512E-7 &
LINT=3, 034496E-B8 &
=0 &%

=0 &

Dyh=~1, 44p149E-8 &
IWE=2, 077530E-B %
VOFF=-0. 1137226 &
HERCTOR=1. 2880596 &
CIT=0 &

nEte=1l. 506004E-4 &
chEcn=0 &

hseE=D &

ETaill=3. 815372E-4 &
ETaB=-1, 029178E-3 &
‘psuUs=2. 1T3055E-4 &
POLM=0, 6171774 &
CPOTBELC1=0, 185986 &
PDIBLGE=3.4T3187E-3 &
POIELCRE=-1E-3 &
NRoTT=0. 4037723 5
BPECEEL=5.998012E% &
PsoEEC=3, TEB06BE-B %
Byan=0, 012927 &
HNELTH=0.01 &
WMOBENMOD=1 &

rET=0 &

TTEw-1.5 &
ETl=-0. 11 &

ETu=U, U &
Ual=4, J1E-9 &
tEl=-7. 61E-18 &
iil=-5 6E-11 &
&T=3.3E4 &

WL=0 &

Hr=1 &

yy=0 &

=1l &

=0 &

LL=0 &

1LH=1 &

Ly=0 &

L=l &

LiL=0 &

CERMID=2 &
iPpET=0.4 &
goi=1, 99E-10 &
ipso=1. 99E-10 &
CeRe=0 &
i=4.233802E-4 &
PE=0. 9899238 &
Hi=0, 4495859 &
GIsW=3. 825632E-10 &
DREsSW=0. 1082556 &
WIsy=0, 1083618 &
prrH0=0. 0212852 &
PENISW=-16. 1546703 &
PE2=0. 0253069 &
WEETR=0. 0188633 &
LEETa=0. 0204965 )
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