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Abstract—This paper presents the design and implementation 

of impulse distributed waveform generator which generates UWB 

pulses with a bandwidth of 7GHz (1GHz to 8GHz).It utilizes time 

interleaved impulse generators to generate waveforms. Wide 

bandwidth is achieved by reducing the width of the impulses 

generated by time-interleaved impulse generators. Each of the 

impulse generators are triggered by the tunable delay unit which 

introduces the delay between the impulses generated. The Pulse 

shaping circuit shapes the impulses, by pulse amplitude tuning. 

The amplitude tuned impulses are combined together to obtain the 

waveform by using on-chip transmission line. Pulse width tuning 

and delay tuning makes this circuit reconfigurable. The pulse 

width can be tuned from 80ps to 1ns, and trigger delay can be 

varied from 30ps to 100ps. 
 

Index Terms—delay tuning, impulse generator, pulse width 

tuning, time-interleaved.  

I. INTRODUCTION 

  Ultra Wide Bandwidth radio has become a very promising 

wireless technology. It possesses major attractive advantages 

in wireless communications, networking, radar, imaging, and 

positioning systems. It provides extremely broad bandwidth 

for transmission and very high data rate by generating and 

processing high speed pulses [1].UWB transmissions 

transmit information by generating radio energy at specific 

intervals and occupying a large bandwidth. In pulse based 

UWB, the pulses are very short, in subnano second time 

resolution, so most signal reflections do not overlap the 

original pulse and the multipath fading of narrow band 

signals does not exist. [2] So, the basic requirements of UWB 

systems are to achieve the large signal bandwidth, to generate 

and process the UWB pulses with sub-nano second time 

resolution and also to achieve this with low power 

consumption and small circuit complexity which translates 

into low cost. 

A fully integrated UWB transceiver in CMOS technologies 

can be given as a solution for the above requirements of sub 

nano-second pulse generation and low power consumption. 

[3]. The existing system of  UWB waveform generation has a 

pulse bandwidth of 5GHz(.5GHz to 5.5GHz), the minimum 
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time delay of 104ps and the generated impulse has a 

minimum pulse width of 140ps.[3]. 

The main objective of this work is to increase bandwidth 

compared to the existing system. Bandwidth can be increased 

by reducing the pulse width [4] and also by reducing the 

trigger delay. [5].  

Pulse width can be reduced by reducing the charging time of 

the feedback path of the impulse generators and the trigger 

delay can be reduced by properly choosing the size of the 

current starved inverter used in the delay unit. In this work, 

the minimum pulse width is achieved as 80ps and the 

minimum trigger delay is achieved as 30ps.Thus, the 

bandwidth has been increased upto 7GHz (1GHz to 8GHz), 

which is higher compared to the existing work. 

In this paper, the impulse distributed waveform generator is 

designed in .18µm CMOS technology and can achieve a 

bandwidth of 7GHz from 1GHz to 8GHz. The delay unit is 

implemented to introduce the delay between the trigger 

signals. The impulse generators are implemented to generate 

the impulses. The switched current source is implemented to 

shape the amplitude of the individual impulses. The on-chip 

transmission line is implemented to combine all the impulses 

to generate the waveform. 

Impulse Distributed Waveform Generator is explained 

briefly in Section – II. The circuit implementation of all the 

blocks is discussed in Section-III. Experimental results as 

compared to the existing work are shown in Section-IV. 

Conclusion is given in Section-V. 

II. IMPULSE DISTRIBUTED WAVEFORM 

GENERATOR 

Fig.1 shows a 10-tap impulse distributed waveform generator 

implemented in 0.18µm CMOS technology. The designed 

circuit consists of the following sub-blocks such as trigger 

distribution block, impulse generator, pulse shaping block, 

and pulse combining block. To the circuit a trigger signal i.e. 

the base band data is given as the input .The purpose of the 

trigger distribution block is to introduce delay between the 

inputs applied to the two consecutive  impulse generators. So 

the output of the delay unit should be the same as the input 

but with a delay. 

A. Time-Interleaved Impulse Generator 

The delayed trigger signal is distributed to each impulse 

generator, which enables narrow basis impulses to be 

generated at a specific sampling time by one of the impulse 

generators. The rate of the trigger signal may vary from KHz 

to MHz, based on the baseband data.  
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Whenever, there is a pulse in the baseband data, the impulses 

are generated. i.e. the impulse generator and other circuits 

operate only when a pulse is transmitted. Thus the power 

consumption reduces considerably, which explains the major 

benefit of time- interleaved architecture. Also, the pulse 

shapes are predetermined and do not change in real time. The 

above two characteristics makes the Time – interleaved 

Impulse Generators suitable for UWB pulse generation. [3]. 

The technique of time interleaving has been used to achieve 

higher sampling rate [3].  The overall sampling rate Fs is 

given by  

  NfF ss =     --------------------- (1) 

Where fs is the sampling clock frequency of each impulse 

generator, and N is the number of impulse generators. i.e., fs 

can be effectively lowered by N. So, 10 tap time interleaving 

is chosen to generate a 1ns UWB pulse with 100ps delay 

between each. i.e. a sampling rate of 10GSamples/s. [3]  

All the impulses are assumed to have uniform shape and 

amplitude. Amplitude and the shape of the waveform are 

tuned by pulse shaping block. Every impulse can be 

processed individually. Here, we use impulse to emphasize 

the pulse generated by each impulse generator is ultra-short, 

and to distinguish it from the overall generated UWB pulse. 

An on chip transmission line is used to combine the 

conditioned impulses. The output impedance of the pulse 

conditioner is modeled as G0 and C0 which loads the 

transmission line. Conditioned impulses forms a travelling 

wave on the loaded transmission line. Such a distributed 

circuit structure extends the bandwidth at the output node [3] 

– [5]. 

 
Fig. 1 Block Diagram of Impulse Distributed Waveform 

Generator 

III. CIRCUIT IMPLEMENTATION 

A. Trigger Distribution Block 

The trigger distribution block consists of 10 delay units to 

introduce delay. The circuit for the delay unit is shown in 

fig.2 [3] It consists of two stages of inverter. The first stage is 

an asynchronous, current starved active delay line, to achieve 

low power and large tuning range [3]. The second stage is an 

inverter just to obtain the same trigger signal at the output. 

The delay per unit is designed to be from 30 to 100ps and can 

be tuned by varying the delay tuning voltage Vdt .Vdt 

determines the drain current of the first stage inverter and 

also changes the fall time of the current starved inverter. A 

single Vdt is used for all delay units and all the delay units 

produce uniform delay. The advantage is the trigger signal 

runs at the pulse repetition Frequency (PRF), which is usually 

much lower than the RF Nyquist rate [4]. 

 
 

Fig.2   Trigger distribution block 

B. Impulse Generators 

The impulse generator is shown in the fig3. The circuit 

consists of a NAND circuit, and a feedback loop, followed by 

two stage inverter. A short impulse is generated by the 

NAND operation of the input trigger signal and its delayed 

version. The delay time in the feedback loop, which consists 

of the propagation delay of NAND gate, the following 

inverter and the charging time of M1, determines the pulse 

width. The feedback loop has a NMOS transistor M3 as a 

voltage controlled transistor. By varying the width-tuning 

voltage, Vwt the time constant of the charging path of M1 

changes, which changes the pulse width [3].The narrow basis 

pulses are generated at a specific sampling time by one of the 

impulse generators. The impulses generated can be expressed 

in the time domain  

X (t) = 
2

A
exp (

22

2



t
− )       ------ (2) 

where A is the magnitude factor and σ is the pulse shape 

factor controlling the pulse width [4].Fig.4(a) and Fig.4(b) 

shows that the generated impulse in the time domain and its 

corresponding Power Spectral Density (PSD).It also explains 

that the impulse generated is  with the smaller σ, pulse width 

is smaller and the bandwidth is larger. For UWB 

communication applications, the pulse width of the UWB 

pulse has to be smaller than 1 nanosecond i.e. the impulse 

width has to be less than 100ps, to cover the designated 

frequency band. [4]. 

 
Fig.3 Impulse Generator 
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Fig.4 (a) Time Domain of Impulse 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In this work, minimum width of the impulse is achieved as 

80ps, which is considerably smaller compared to the existing 

work, which implies considerable increase in the bandwidth. 

C. Pulse Shaping & Combining  Circuit 

The Switched current source is used in the pulse shaping 

circuit. It can change the impulse amplitude, which is 

equivalent to multiplying each generated pulse x(t) by a 

coefficient. Each impulse can be independently conditioned, 

i.e., changed to desired pulse shape, polarity and amplitude in 

each path called tap, and then combined to form the output    

pulse waveform by a wide-band pulse combining circuit [3]. 

The output of a DWG in the time domain is given as  

      
=

−=
N

k

dk Ttxcty
1

)()(   ----------------------- (3) 

where ck is the tap coefficient, and Td is the delay on the 

trigger distribution. The output waveform y (t) is determined 

by three factors, the coefficients ck, the delay Td and the pulse 

shape x (t) generated by each impulse generator. The 

frequency response is given by 

)()(

)exp()()(
1





jHjx

Tjcjxjy d

N

k

k

=

−= 
= --------------(4) 

where 
=

−=
N

k

dk TjcjH
1

)exp()(   -------------(5) 

x (jω) is the spectrum of the impulse signal x (t), and H (jω) is 

the transfer function of pulse shaping circuit. The impulse 

response of impulse signal  

                
=

−=
N

k

dk Ttxcth
1

)()(  ------------------(6) 

Thus, the output spectrum can be changed by changing width 

of the impulses generated as well as by reducing the trigger 

delay. [3]. 

IV. MEASUREMENT RESULTS 

The circuit is implemented in 0.18µm CMOS technology 

with the supply voltage as 1.8V. A 200MHz step signal is 

used as the input trigger. Fig.5 shows the variation of delay 

with Vdt. The delay tuning voltage Vdt is varied from 0 .7 V to 

1.8V. The delay is 30ps at 1.8V and 130ps at 0 .7V. 

 
Fig.5. Variation of Delay with Vdt  

 

 

 

 

 

 

 

 

 

 

 

 

It has a minimum delay of 30ps, which is considerably less 

compared to the existing system which implies reduced width 

of generated UWB pulse. The timing accuracy is determined 

by the delay and hence it is affected by process, voltage and 

temperature variations. Fig.6 shows the variation of delay 

with the temperature. The temperature is varied from -30°C 

to 110°C, and the variation in the delay is observed as 35.3ps 

to 43.5ps which is also lesser than the existing system[3]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The noise contributed by the delay unit is observed from the 

noise analysis shown in Fig.7. The white noise at high 

frequency is 2 ×10-21 V/sqrt (Hz) or V2 /Hz and the flicker 

noise is 1.19444×  e-35 V2/Hz.   The Total Summarised Noise is 

2.52552×e-18 V2 /Hz. The summary states that noise 

contributed by NM2 (Fig.2)  is 99.56%, and contributions of 

other components are negligible or almost 

zero.  

 

 

 

 

 
 

Fig.4 (b) Frequency Domain of Impulse  

 
Fig.6. Variation of Delay with Temperature 

 
Fig.7 Noise Analysis of Delay unit  
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So, it is understood that noise is only because of the 

component NM2, and if the size of that particular transistor 

can be increased without affecting the output of the delay 

unit, the noise can be reduced. Table 1 &2 summarizes the 

noise optimization by increasing the size of NM2.Further 

increase in the size of NM2 distorts the expected output. 

Table 1 summarizes the noise contribution before 

optimization and Table 2 summarizes the noise after 

optimization. Fig.8 shows the parametric analysis of 

variation of Vdd. 
TABLE 1 – NOISE SUMMARY – 1  DELAY UNIT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The supply voltage is 1.8V. But, the circuit can tolerate the 

change in the supply voltage from 1.3V to 2.5V.i.e, a 

tolerance of ±0.6V, and can produce an undistorted output. 

Fig.9 shows the output of the impulse generator. The 

impulses are generated at the rising edge of the trigger signal. 

 
Fig.8. Variation of Delay with Vdd  

 
Fig.9. Output of Impulse Generator  

 

Fig.10 shows the variation of width of the impulses generated 

The pulse width can be varied from 80ps to 1ns. Vwt  is varied 

from 1.8 V to 0.7V.  As the controlling voltage decreases, the 

pulse width increases. The  minimum pulse width is obtained 

as 80ps which is lesser than the existing system having 

minimum pulse width as 132ps.  

 

 
Fig.10.Variation of Impulse Width with Vwt 

 

Fig.11 shows the variation of width with temperature. 

Variation is from 252ps  to 312ps. The difference is 60ps, 

which is preferable for this circuit and can be compensated by  

tuning Vwt  during the initial calibration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
           Fig.12. Noise Analysis of Impulse Generator 

 

Fig.12 shows the noise analysis for the impulse Generator.  

The corner frequency is observed as 2.9 × 1011 Hz. And the 

white noise is observed as 2.589678 × 10-21. Flicker noise is 

dominant in the frequency range of operation of this circuit.  

The Total Summarised Noise is 2.66901 × e-18 V2 /Hz. The 

summary states that noise contributed by NM12 (Fig.3) is 

99.64%, and contributions of other components are 

negligible or almost zero. So, it is understood that noise is 

only because of the component NM12, and if the size of that 

particular transistor can be increased without affecting the 

output of the delay unit, the noise can be reduced. Table 3 

summarizes the noise contribution of NM12.  The optimized 

noise summary is summarized in Table 4. 

Fig13 shows the parametric analysis of variation of Vdd .The 

supply voltage is 1.8V. But, the circuit can tolerate the 

change in the supply voltage from 1.2V to 2.5V.i.e, a 

tolerance of ±0.7V, and can produce an undistorted output. 
 

 

 

 

 

Noise as per the initial Design WNM2  = 2µ 

Total Summarised Noise 2.52552e -18 

Noise Contributed by NM2 2.51436 e -18 

Noise due to  Drain current 2.50603 e -18 

Noise due to rd 4.21165 e -21 

Noise due to rs 4.1224 e -21 

Flicker noise component 1.19444 e-35  

 TABLE2 NOISE SUMMARY -2 DELAY UNIT 

Noise after optimization  WNM2 = 5µ 

Total Summarised Noise 1.31687 e -18      

Noise Contributed by NM2 1.31162 e -18 

Noise due to Drain current 1.30729 e -18 

Noise due to rd 2.18984 e -21 

Noise due to rs 2.13954 e -21 

Flicker noise component 1.56906 e -36 

 

 
 

Fig.11.Variation of Impulse width with Temperature 
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TABLE 3 NOISE SUMMARY 1 IMPULSE GENERATOR 
 

 
TABLE 4 NOISE SUMMARY 2  IMPULSE GENERATOR 

 

Noise after optimization  WNM12 = 10µ 

Total Summarised Noise 1.34998 e -18 

Noise Contributed by NM2 1.34637 e -18 

Noise due to Drain current 1.34193 e -18 

Noise due to rd 2.24201 e -21 

Noise due to rs 2.19908 e -21 

Flicker noise component 1.36375 e -38 

 

 

 

 

 

 

 

 

 

 

 

Fig14(a)  is an example waveform synthesised by this      

design, which has a pulse width of  0.8ns and Fig.14(b) shows 

Power Spectral Density which covers a band of  7GHz from 

1GHz to 8GHz, with a center frequency of 5GHz. 

 

 
 

Fig.14 (a) Waveform Synthesised by all 10 taps 

 

 

V. CONCLUSION 

Thus, the Impulse Distributed Waveform Generator is 

implemented using 0.18µm technology. The minimum 

impulse width is achieved as 80ps, and the minimum trigger 

dealy is achieved as 30ps, which leads to the generation of 

UWB waveform with a bandwidth of 7GHz (1GHz to 8GHz). 
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Fig.13. Variation of Impulse with Vdd  
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