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ABSTRACT 

A NOVEL DUAL-BJT AVALANCHE PULSE GENERATOR WITH MIXER 

EFFECT 

 

Emrah TELLİ 

 

Master of Science (M.Sc.) 

Graduate School of Natural and Applied Sciences 

Dept. of Electrical and Electronics Engineering 

Supervisor: Prof. Dr. Bahadır Süleyman YILDIRIM 

January 2023, 55 pages 

 

Communications, radar, imaging, and medical-related systems have been demanding 

innovations in short-pulse creation for many years. The requisition on pulse creation 

having a short pulse width, high bandwidth, and high pulse amplitude is the main 

motivation of this thesis. As the answer to these requests, a novel, simple, and efficient 

pulse generation technique using two BJTs using the avalanche effect is presented in 

this thesis. The presented design is an improved version of the basic single-transistor 

avalanche pulse generator, and it composes of two identical pulse generators which 

drive a common 50 Ω load resistor at the output. The pulse generator circuit utilizes 

the mixer effect which is inherent to the transistors to broaden the spectrum of the 

output pulse. Thus, the output signal exhibits wider bandwidth and narrower pulse 

width, compared to the basic single-transistor circuit. The presented pulse generator 

also provides increased power output without using any power amplifier. Differently 

from many referred studies, the generated pulse is a positive short pulse having a 

Gaussian shape. Another method, using a Schottky diode as a mixer, to create 

wideband and short pulse signals has also been presented along with the effect of the 

dc supply voltage VCC. As the next step in research, the basic avalanche pulse generator 

circuit was modified to control the pulse width and pulse amplitude of the output pulse 

by injecting a signal having different frequencies to the base of the transistor and by 

varying the value of the effective avalanche capacitance by incorporating a varactor 

diode suitably. The results presented in this thesis show that short pulses can be created 

by achieving a wideband spectrum due to the mixing effect, and the output pulse 

amplitude and pulse width can be controlled as depicted in the thesis. The 

experimented circuit topologies can be used in ground-penetrating radar and ultra-

wideband communication systems. 

 

 

Keywords: Short pulse generators, Avalanche transistors, Schottky diodes, Diode 

mixe 
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ÖZET 

KARIŞTIRICI ETKİSİ İLE YENİ BİR ÇIĞ ETKİLİ ÇİFT BJT DARBE 

ÜRETECİ 

 

Emrah TELLİ 

 

Yüksek Lisans Tezi 

Fen Bilimleri Enstitüsü 

Elektrik Elektronik Mühendisliği Ana Bilim Dalı 

Danışman: Prof. Dr. Bahadır Süleyman YILDIRIM 

Ocak 2023, 55 sayfa 

 

İletişim, radar, görüntüleme ve tıpla ilgili sistemler, uzun yıllardır kısa darbe 

oluşturmada yenilikler talep etmektedir. Kısa darbe genişliğine, yüksek bant 

genişliğine ve yüksek darbe genliğine sahip darbe oluşturma gerekliliği bu tezin ana 

motivasyonudur. Bu isteklere yanıt olarak, bu tezde çığ etkisi ile birlikte iki BJT 

kullanan yeni, basit ve verimli bir darbe üretim tekniği sunulmaktadır. Sunulan 

tasarım, temel tek transistörlü çığ darbe üretecinin geliştirilmiş bir versiyonudur ve 

çıkışta ortak bir 50 Ω yük direncini süren iki özdeş darbe üretecinden oluşur. Darbe 

üreteci devresi, çıkış darbesinin spektrumunu genişletmek için transistörlerde bulunan 

karıştırıcı etkisini kullanır. Böylece çıkış sinyali, temel tek transistör devresine kıyasla 

daha geniş bant genişliği ve daha dar darbe genişliği sergiler. Sunulan darbe üreteci 

ayrıca herhangi bir güç amplifikatörü kullanmadan artırılmış güç çıkışı sağlar. 

Bahsedilen birçok çalışmadan farklı olarak, üretilen darbe, Gauss şekline sahip pozitif 

bir kısa darbedir. Geniş bant ve kısa darbe sinyalleri oluşturmak için karıştırıcı olarak 

bir Schottky diyot kullanan başka bir yöntem de DC besleme gerilimi VCC'nin etkisi 

ile birlikte sunulmuştur. Araştırmanın bir sonraki adımı olarak, temel çığ darbe üreteci 

devresi, transistörün base terminaline farklı frekanslara sahip bir sinyal enjekte ederek 

ve uygun bir varaktör diyotu dahil ederek efektif çığ kapasitansının değerini 

değiştirerek çıkış darbesinin darbe genişliğini ve darbe genliğini kontrol edecek 

şekilde değiştirildi. Bu tezde sunulan sonuçlar, karıştırma etkisi nedeniyle geniş bant 

spektrumu elde edilerek kısa darbelerin oluşturulabileceğini ve tezde gösterildiği gibi 

çıkış darbe genliği ve darbe genişliğinin kontrol edilebileceğini göstermektedir. 

Denenen devre topolojileri, zemine nüfuz eden radar ve ultra geniş bant iletişim 

sistemlerinde kullanılabilir. 

 

 

 

Anahtar Kelimeler: Kısa darbe üreteçleri, Çığ transistörleri, Schottky diyotları, Diyot 

karıştırıcı   
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1. INTRODUCTION 

In this section, the background of short pulse generators, their applications, especially 

avalanche short pulse generators, and some key points to enlighten the design 

processes presented in this thesis are given. 

1.1 Fundamentals of the Short Pulse Generators 

Humanity has been utilizing UWB technology features for many years. In 1960, the 

sampling technology was invented by Hewlett-Packard (HP, now Agilent), and the 

company's first oscilloscope to use it (HP 185A) had a bandwidth of 500 MHz. HP 

185A model oscilloscope is shown in Figure 1.1. This was a milestone, from this day 

forward the measurement and production of wider bandwidth signals were enabled. In 

1962, bandwidth was increased to 1000 MHz with the HP 185B, this was going to be 

the first GHz oscilloscope (Anon 2022c). 

 

 

Figure 1.1 Hewlett-Packard first sampling oscilloscope (HP 185A), 1960 (Anon 2022c). 
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Besides, the studies in electromagnetics in the time domain appeared in 1962 with the 

description and verification of analytical solutions on the transient behavior of the 

TEM-mode microwave networks through impulse response (Ross 1963, 1966). After 

the description and application of measurement with the impulse technique in 

wideband radiating antennas (Ross 1968), it became clear that short pulse radar and 

communications systems could be realized with the same perspective. Ross showed 

the usage of this technique in radar and communications at the Sperry Research Center 

(Bennett and Ross 1978). Sperry received the first UWB communications patent in 

April 1973 (Ross 1973). Until 1989, the UWB term was not used, instead this 

technology was referred to as baseband, carrier-free, or impulse by U.S. Department 

of Defense (Fontana 2002). The first definition of UWB technology dates back to the 

1990s. The U.S. Defense Advanced Research Program Agency (DARPA) published 

the initial definition of UWB signals and systems in 1990 (Taylor 2012). Until the year 

1994, the UWB technology was premature and was only used by U.S. Defense Agency 

for communications but later on, a huge acceleration has been made by all researchers 

and institutions. Some old applications that can be counted as the first applications of 

this technology were given in Figure 1.2 (Fontana 2002). 

 

 
 

(a) 
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(b) 

Figure 1.2 First applications of UWB technology. a) Full duplex UWB handheld transceiver, b) 

UWB groundwave communications system (Fontana 2002). 

 

The device given in Figure 1.2(a) is a handheld transceiver that has a data transfer rate 

of 128 kb/s, and it has a center frequency of 1.5 GHz with 400 MHz instant bandwidth. 

Similarly, Figure 1.2(b) shows a groundwave communication system that has a data 

rate of 128 kb/s. That communication system could support 10 miles using a standard 

30-88 MHz VHF military antenna. More information about applications can be found 

in the cited book chapter. 

The other definition of the UWB term is done in 2002 by Federal Communication 

Commission (FCC). According to that definition, UWB is defined as a spread 

spectrum wireless communication system with a bandwidth at least 20% greater than 

the center frequency, or a bandwidth of 500 MHz or more (Federal Communications 

Commission 2002). In daily applications, UWB signals have a -10dB bandwidth from 

3.1 GHz to 10.6 GHz. Other definitions are also available, but this is accepted by most 

of the application areas such as communications, wall-imaging systems, ground-

penetrating radar systems (GPR), medical systems, and measurement systems. To 

reach up to that bandwidth, a signal generation with narrow pulse width is necessary 

as the Fourier transform explains (Bracewell and Bracewell 1986). These signal 

generators that have ability to generate pulses between 3.1 GHz and 10.6 GHz are 

called short or ultra-short pulse generators. Today, a wide range of applications such 

as UWB communications systems, remote sensing, GPR systems, and medical systems 

necessitate short pulse generators due to demand for high bandwidth. For 

communication systems, high bandwidth is equivalent to high data rate and increased 
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system security. For radar or imaging systems, it means increased resolution and better 

detection of desired objects. 

After understanding the necessity of the shorter pulse generation and its impact on 

daily life, methods to reach this goal are examined by reviewing the literature. The 

short pulse generation primarily relies on the semiconductor device technology. As the 

first method to generate short pulses (nanoseconds or picoseconds), photon conductive 

semiconductor switching devices (PCSS) can be told. In this method, PCSS needs to 

be triggered by a short laser pulse which makes them conductive instantly thus an 

ultra-short pulsed current is created. Semiconductor materials such as GaAs, Si, 

Cr:GaAs, GaP, and InP:Fe can be used to form a PCSS. The second method to create 

a short pulse relies on the nonlinear switching characteristics of semiconductor 

devices. In this method, even though the devices are low power compared to the 

previous method, they have pros such as low power consumption, small size, and ease 

of integration and usage. Some components have been used in the creation of short 

pulses including avalanche transistors (Wang et al. 2009), tunnel diodes (Kamegai et 

al. 2008; Matiss et al. 2007), and step-recovery diodes (Protiva, Mrkvica, and Macháč 

2010; Valizade, Rezaei, and Orouji 2017; Wong Choi, Joo Choi, and Hoon Han 2011) 

as an example of this method (Miller 1986). In general, step-recovery diodes and 

tunnel diodes generate pulses having widths varying from several picoseconds to 

hundreds of picoseconds with amplitude of hundreds of millivolts, while avalanche 

transistors create pulses having widths of hundreds of picoseconds and amplitude of 

tens of volts (Wang et al. 2008). 

Because of the requirement for generators with narrow pulse width, high precision, 

high power, and high bandwidth, research on the short pulse demanding fields is 

becoming more and more popular. Semiconductor devices using the avalanche effect 

are one of the research areas to reach these goals. The recent studies mention the 

avalanche transistors as a more powerful and stable pulse creation technique compared 

to others (Wang et al. 2008). The term avalanche transistor in this thesis refers to a 

transistor operated in avalanche mode. 
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1.2 Literature Survey of The Avalanche Short Pulse Generators 

Avalanche transistors were used to create a monocycle pulse in 1994 by M. Morgan 

(Morgan 1994). They are supplied by a high voltage source to create a strong electric 

field to operate in avalanche mode (Oppermann, Hämäläinen, and Iinatti 2004). The 

avalanche transistors are low cost and provide large amplitude pulses with a narrow 

pulse width at the output compared to other nonlinear pulse generators. They are 

stable, have long life, and are quick to react to trigger signals. They present ease in 

triggering and driving processes (Wang et al. 2008; Wang, Zhang, and Shi 2020; Wu 

and Tian 2010). Numerous applications those involving ground-penetrating radar 

(GPR) (Omurzakov, Keskin, and Turk 2016; Wang et al. 2020), UWB 

communications (Wang et al. 2008), etc. require these characteristics. For radar 

applications, the aforementioned properties suggest higher resolution and better 

imaging, while for UWB communications, high data-rate and increased security. 

Numerous studies for applications involving quick switching and short pulse creation 

have recently been published. 

Some avalanche short pulse generator designs have single or multiple transistors with 

trigger circuits and signals, and a number of multi-transistor designs employ cascaded 

or series-connected transistor topologies (Omurzakov et al. 2016; Wang et al. 2020). 

Some short pulse-generating designs include pulse-shaping circuits just before the 

output. Thus there are pulse-creating and shaping designs using avalanche transistors 

together with SRDs described in (Guo and Zhu 2014; Yin, Pan, and Zhang 2018). As 

can be understood from referred studies, short pulse generators using avalanche 

transistors carry the properties that can meet the mentioned requirements of the areas 

such as radar systems (Ahajjam et al. 2020; Ameri, Kompa, and Bangert 2011; Sim, 

Kim, and Hong 2009; Wang et al. 2020; Xia et al. 2013), UWB communications 

systems (Arafat and Harun-ur-Rashid 2012; Razavi et al. 2005; Wang et al. 2008), and 

many others. 

Avalanche pulse generators are widely discussed in the literature. One study uses 

multiple transistors including trigger circuitry (Omurzakov et al. 2016). In order to 

make the transistor avalanche, such systems include a complex trigger circuitry and a 

high dc voltage (375V). 
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The primary design objective of this thesis was to develop a novel and simple circuit 

topology that was distinct from those described in the literature, and to produce a small 

pulse width and high-power level at the output suitable for radar systems, UWB 

communications systems, etc. 

The second aim for this study is to control the pulse width and pulse amplitude of the 

generated pulse. For example, in imaging systems (wall-imaging, ground-penetrating 

radar, etc.) high precision is required to detect and image smaller objects. And for this 

reason, higher frequencies or shorter wavelengths are desirable. On the other hand, 

larger wavelengths or lower frequencies are needed to detect and image larger objects. 

Thus, a system with controllable pulse width can achieve detection and fine imaging 

of the object. And high amplitude pulses are desired to penetrate thicker walls or 

obstacles. Before going into the individual parts of the avalanche pulse generator, some 

basic theories and design goals are given. As an external requirement, a dc power 

supply design is explained in detail. 
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2. MATERIALS & METHODS 

In this section, the basic theory of the avalanche effect phenomenon, short pulse 

creation through avalanche method, frequency mixing, and their use in this thesis are 

explained. The power supply circuit topology that is required to power the avalanche 

pulse generators is also provided. 

2.1 Avalanche Effect 

Avalanche breakdown or avalanche effect is one of the breakdown mechanisms that is 

observed in Zener diodes and transistors. The other mechanism is the Zener breakdown 

which is out of the scope of this study. A voltage referred to as breakdown voltage 

occurs as a result of these two different breakdown mechanisms and it varies from 2V 

to 2000V in general, 20V to 1000V for the MOSFETs (Horowitz, Hill, and Robinson 

1989). An instant increment happens in the current flowing through mentioned 

material types when they are under high electrical force. 

 

Figure 2.1 Impact ionization in avalanche breakdown process (Jaeger and Blalock 1997). 
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As an example of semiconductors, silicon diodes with breakdown voltages greater than 

about 5.6V enter the breakdown via an avalanche breakdown mechanism. The electric 

field increases as the width of the depletion layer increases in the PN junction under 

reverse bias. When the reverse bias voltage is sufficiently high, free carriers in the 

depletion region are accelerated, they move through the depletion region and collide 

with fixed atoms. At some point, the electric field and the width of the space charge 

region become large enough that some carriers gain enough energy upon impact to 

break covalent bonds, resulting in electron-hole pairs. Through this impact-ionization 

process, the new carriers created can also accelerate and create additional electron-

hole pairs, as shown in Figure 2.1 (Jaeger and Blalock 1997). In this manner, 

considerable amounts of crystals that are insulators typically become electrically 

conductive due to impact ionization. And this sudden increase in current flowing 

through a crystal can be used for short pulse creation. 

For the avalanche transistors, as the main focus of this thesis, same logic is valid. 

However, the working principles of the transistors are slightly different than diodes. 

Transistors have four different operating regions referred as saturation, linear, cut-off, 

and avalanche regions. The emitter junction of an NPN transistor is forward-biased 

when a positive current (IB>0) is introduced into the base. On the contrary, if a negative 

current (IB<0) is introduced into the base, the emitter junction is reverse biased. 

i. For the linear region, collector current IC and base current IB change linearly 

with one another. 

ii. For the saturation region, collector current IC does not exhibit any variation 

with the base current IB. 

iii. A cut-off region is one where the base current IB equals to zero. 

iv. An avalanche region is one where the collector current IC varies substantially 

in a short period of time when the base current IB is negative. 

The 4th statement takes place because of the multiplier effect in avalanche transistors. 

When a strong electric field is created by applying a high collector voltage, electrons 

in the depletion region accelerate because of the reverse bias (IB<0), similar to in the 

diode case (Wang et al. 2008). In Figure 2.2, IC curve characteristics upon the different 

collector-emitter voltages (VCE or UCE) of avalanche transistors are given. 
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In this thesis, short pulses were created through the avalanche effect phenomenon of 

the BJTs. As explained before, NPN BJTs were supplied with high voltage at their 

collector terminals. The current in the collector-emitter junction increases greatly by a 

current multiplication factor (M) due to avalanche. The current multiplication factor 

M is given in Equation 2.1 for BJTs. Here “n” is the resistivity constant of the transistor 

ranging from 2 to 10.  

𝑀 =
1

1−(
𝑉𝐶𝐸

𝑉𝐶𝐸𝑏𝑟
)

𝑛 (2.1) 

When a transistor works in the avalanche mode, it shows the following characteristics: 

i. The current gain of the transistor in the linearity region multiplies with the 

current multiplication factor (M). 

ii. The cut-off frequency goes high. 

iii. Negative resistance characteristics are shown in the collector-emitter junction. 

iv. A pulse created through this effect is dependent on the bias voltage, charged 

capacitor, and load resistor in terms of output pulse amplitude and pulse width. 

 

Figure 2.2 IC versus VCE(or UCE) curve to show avalanche region characteristics (Wang et al. 

2008). 
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2.2 Pulse Shortening due to Mixer Effect 

Mixers are nonlinear devices that have two inputs and one output; mixer translates the 

frequencies at its inputs to sum and difference frequencies at its output. The mixer 

function is mostly named multiplication of frequencies. Sums and differences are the 

products of this multiplication (Davis and Agarwal 2003). By considering equi-

amplitude sinusoidal signals 𝐴(𝑡)  and 𝐵(𝑡), where 𝐴0(𝑡)  =  𝐵0(t) that are input to a 

mixer and 𝑌(𝑡) is the output of the mixer, following Equations can be written to 

represent the optimal mixer operation (Chang, Nair, and Bahl 2001; Vendelin et al. 

2021). 

𝐴(𝑡) = 𝐴0(𝑡) 𝑐𝑜𝑠(𝜔1𝑡)  (2.2) 

𝐵(𝑡) = 𝐵0(𝑡) 𝑐𝑜𝑠(𝜔2𝑡)  (2.3) 

𝑌(𝑡) =  𝐴(𝑡) × 𝐵(𝑡) =
𝐴0

2(𝑡)

2
{𝑐𝑜𝑠[(𝜔1 + 𝜔2)𝑡] + 𝑐𝑜𝑠[(𝜔1 − 𝜔2)𝑡]} (2.4) 

Since a mixer carries out signal multiplication process, let’s find out what happens if 

two identical Gaussian pulses are multiplied instead of sinusoidal signals. MATLAB 

simulations are performed to answer this question. Here in Figure 2.3, an example 

Gaussian pulse with 1.06ns pulse width and 1V pulse amplitude is shown. Its 

frequency spectrum extends to a little bit more than 1 GHz and its magnitude is 

normalized to 1 by dividing its own maximum value. The approximation of Gaussian 

pulse expression is given with the equation below where 𝜏𝑝  is full width at half-

maximum (FWHM) pulse duration. Now, let’s apply Gaussian-shaped pulses to the 

mixer inputs. Equations 2.5 and 2.6 represent identical Gaussian pulses that are input 

to a mixer, and Equation 2.7 represents the output of the mixer due to mixer 

multiplication operation. 
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𝐴(𝑡) = 𝐴0𝑒
−2𝑙𝑛2

𝑡2

𝜏𝑝
2
 (2.5) 

𝐵(𝑡) = 𝐴(𝑡)  (2.6) 

𝑌(𝑡) =  𝐴(𝑡) × 𝐵(𝑡) (2.7) 

Let’s assume that the mixer inputs are 𝐴(𝑡) and 𝐵(𝑡) where 𝐴(𝑡) is given by Equation 

above and 𝐵(𝑡) = 𝐴(𝑡).  So the mixer has two identical Gaussian inputs. Using 

MATLAB, 𝐴(𝑡) (and also 𝐵(𝑡)) is plot and shown in Figure 2.3(a). Spectrum of 𝐴(𝑡) 

is obtained through Fast Fourier Transform (FFT) and denoted as 𝐴(𝑓) which shown 

in Figure 2.3(b). 

 

 
          (a)             (b) 

Figure 2.3 (a) Simple Gaussian pulse 𝑨(𝒕), and (b) its spectrum 𝑨(𝒇). 

 

Figure 2.4(a) shows the comparison of input Gaussian pulse 𝐴(𝑡) and output Gaussian 

pulse 𝑌(𝑡) which is obtained through multiplication process of 𝑌(𝑡) =  𝐴(𝑡) × 𝐵(𝑡) 

where 𝐵(𝑡) = 𝐴(𝑡). It can be seen that the input and output Gaussian pulses have pulse 

widths of 1.06 ns and 0.75 ns, respectively. And that corresponds to about 30% shorter 

pulse width at the output of the mixer. Figure 2.4(b) shows the spectrums of input and 

output Gaussian pulses 𝐴(𝑓) and 𝑌(𝑓), respectively. And it can be seen that the output 

spectrum of the mixer extends up to about 1.51 GHz. And that corresponds to about 

41% wider bandwidth at the output of the mixer compared to its input. In summary, 
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mixer or the multiplication process generates sum and difference frequencies, 

harmonics of the input frequencies and the original frequencies. So the output of a 

mixer appears quite rich in spectrum as opposed to its input. This rich spectrum can 

also be described as broadened or widened. Since the mixer operation results in 

broadening the spectrum, it can be said that it also results in shortened pulse width as 

shown in Figure 2.4(a). This is because wider spectrums are due to narrower pulse 

widths through Fourier transform. In Figure 2.4, normalized values of the Gaussian 

pulses are used for time domain and frequency domain representation. The values in 

the time domain vector of the Simple Gaussian Pulse and Output of Mixer are divided 

by their own maximum element hence, the maximum value is limited to 1 and all 

values are normalized according to 1 as shown in Figure 2.4(a). As the same, Gaussian 

pulse values are transformed into the frequency domain and they are normalized 

according to their own maximum values as shown in Figure 2.4(b). The spectrums and 

the time domain representations were normalized since pulse properties, spectrum, and 

magnitude relation is seen better in this case. This process was done just for 

demonstration since pulse widths and spectrum widths are not changing with this 

modification. 

 
         (a)                                                                 (b) 

Figure 2.4 (a) Time domain comparison of Gaussian pulse A(t) and Output of Mixer 𝒀(𝒕). (b) 

Frequency domain comparison of 𝑨(𝒇) and 𝒀(𝒇). 

 

As can be seen from Figure 2.4, mixer operation narrows the pulse width and enhances 

the bandwidth. A mixer is a nonlinear device or circuit. Nonlinearity can be modeled 

by the Taylor series given in Equation below (Pozar 2011). 
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𝑣𝑜(𝑡) = 𝛼0 + 𝛼1𝑣𝑖(𝑡) + 𝛼2𝑣𝑖
2(𝑡) + 𝛼3𝑣𝑖

3(𝑡) + 𝛼4𝑣𝑖
4(𝑡) + ⋯ (2.8) 

So, applying these identical Gaussian pulses 𝐴(𝑡)  and 𝐵(𝑡) to the nonlinearity 

equation of (2.8) through 𝑣𝑖(𝑡) by setting 𝑣𝑖(𝑡) = 𝐴(𝑡) + 𝐵(𝑡) and assuming 𝛼0 =

0 and the coefficients 𝛼𝑘 = 1 for 𝑘 = 1,2,3,4, … results Figure 2.5. The time domain 

and frequency domain outputs of the nonlinear device are symbolized by 𝑣𝑜(𝑡) and 

𝑣𝑜(𝑓) respectively. 

 
          (a)                                                               (b) 

Figure 2.5 (a) Time domain comparisons of all operations (𝑨(𝒕), 𝒀(𝒕), 𝒗𝒐(𝒕)) (b) Frequency 

domain comparison of all operations (𝑨(𝒇), 𝒀(𝒇), 𝒗𝒐(𝒇)). 

As explained the mixer effect generates harmonics, sum and difference frequency 

components at the output due to second order nonlinearity and Figure 2.4 shows only 

the time domain multiplication products of the two identical signals. In reality, a 

nonlinear device or circuit may exhibit nonlinearities higher than two. To observe 

these effects, input signals are applied to Equation (2.8) up to the 7th order nonlinear 

term. And it is shown that the pulse broadening effect due to nonlinearity is real. Figure 

2.5(a) shows three pulses; a simple Gaussian pulse at the input of a mixer or a nonlinear 

device, output pulse due to mixer, and output pulse due to nonlinear device. Figure 

2.5(b) shows the corresponding spectrums. It can be observed that as the degree of 

nonlinearity increases, spectrum of the output pulse broadens, and the pulse width 

shrinks in time domain. In Figure 2.5(a) and (b), comparisons of all the operations in 

the time domain and frequency domain are given respectively. While they represent 

the operations’ results, their outputs are normalized according to 1 by dividing them 

by the maximum value in their own time vector. Also, after the time domain values 
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were converted to frequency values to see their spectrum they are normalized to 1 as 

well for better visualization. 

The results of all simulations are given in the Table 2.1 to compare in terms of 

bandwidth and pulse width. Here it is obvious that the expectation of enhancement in 

bandwidth is achieved by using this method. 

Table 2.1 The results of all operations 

Pulse Bandwidth (GHz) 
Pulse width 

(ns) 

Simple Gaussian Pulse 𝐴(𝑡) 1.07 1.06 

Output Pulse due to Mixer Operation 

𝐴(𝑡) × 𝐵(𝑡) 
1.51 0.75 

Output Pulse due to Nonlinearity 

Equation 
2.68 0.44 

 

Here the bandwidth is accepted to be the frequency value at the %1 of maximum power 

shown by the spectrum and pulse width is the time axis difference shown at the %50 

of pulse amplitude. 

2.3 Design of the Power Supply 

Thanks to the inherent property of the avalanche effect, which is explained in section 

2.1, it is possible to design short pulse generators using avalanche effect of the 

transistors if a high dc voltage supply is designed and built. Thus, a high-voltage power 

supply is needed to be designed to operate pulse generator circuits. Such a power 

supply was designed using a 555 IC (Anon 2022a) and a suitable MOSFET. 555 IC 

was used to generate a square waveform whose duty cycle can be varied by an external 

potentiometer. Pulses produced by 555 IC are fed to the gate of the IRF840 MOSFET 

(Anon 2021) and turns it ON and OFF. An inductor at the drain of the MOSFET is 

used to charge a capacitor to dc voltage through a rectifier diode. The feedback stage 

includes LM358P Op-Amp (Anon 2022b) and PN2222A BJT (Anon 2004) and works 

as the comparator between the external potentiometer and output voltage to arrange 

and keep the voltage level stable. This circuit is energized by a basic +12V dc supply. 
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The output is a dc which varies from 30 to 300V. The high-voltage dc power supply 

circuit block diagram is given in Figure 2.6. Also, the printed circuit board (PCB) of 

the power supply circuit can be seen in Figure 2.7. 

 

 

Figure 2.6 Circuit block diagram of the dc power supply. 

 

 

Figure 2.7 Manufactured dc power supply. 
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3. ASSESSMENT OF THE FINDINGS 

3.1 Single and Double Transistor Avalanche Pulse Generators 

In this section, before proceeding with the designs and measurements of single and 

double-transistor avalanche pulse generators, the system topology that is imagined to 

enhance the bandwidth and narrow the pulse width using the aforementioned theories 

is proposed. This section continues with the design of a single-transistor base circuit 

its measurements and the double-transistor circuit which will show the mixer effect. 

3.1.1 Key Points of System Topology 

As we understand from sections 2.1 and 2.2, using the avalanche effect, the creation 

of a Gaussian-shaped short pulse is possible, and theoretically broadening the spectrum 

through the mixer effect could be helpful to reach one of the desired goals for this 

thesis. Therefore, a new circuit topology is imagined and proposed. 

The suggested circuit consists of two identical avalanche pulse generators driving the 

same 50-Ω load. The pulse spectrum is assumed to get wider by utilizing the mixing 

effect of the avalanche transistors. As a consequence of the wider bandwidth, the 

output pulse width is decreased. The avalanche pulse generator circuit that is being 

suggested is going to be an improved, novel version of the basic one-transistor circuit 

(Chadderton 1996). In Figure 3.1, the suggested circuit topology is displayed. We used 

measurements rather than simulations to construct our circuits because the available 

Spice models do not incorporate the avalanche multiplication mechanism reliably. 

However, a novel and straightforward approach was created in (Dias 2005) to take the 

avalanche effect into account. 
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Figure 3.1 Block diagram of the proposed circuit. 

 

Figure 3.1 depicts the block diagram of the proposed pulse generator circuit, which 

consists of two identical avalanche pulse generators driving a single 50-Ω load resistor 

and a mixer. As it is explained in 2.2, theoretically, when two signals are applied to 

the mixer, sum and difference frequencies and the harmonics of the input signals are 

seen at the output. Given that the mixer behaves nonlinearly and the input signals are 

assumed to be identical Gaussian-type pulses, the output signal ought to have a larger 

bandwidth than the bandwidth of a single input pulse. According to the Fourier 

transform, a wider spectrum results in shorter pulse width in the time domain. 

Consequently, the output pulse width τ2 must be less than τ1 when the input signals are 

identical and have a pulse width of τ1. An appropriate filter can be used to correct any 

distortion in the output pulse waveform. One other objective of this thesis objective is 

to illustrate this effect by introducing new circuit designs. 

As a starting point to reach the proposed circuit designs and show up the effects 

desired, we shall proceed with the basic avalanche pulse generator circuit in section 

3.1.2.
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3.1.2 Single Transistor Base Circuit Design 

The first step of this study is to make up a primary avalanche pulse generator with 

desired properties. The preferred properties of the short pulse generators can be listed 

as compactness, simplicity, being easy to trigger, and generation of the positive narrow 

pulse in the time domain as explained in section 1.2. To this end one-transistor basic 

avalanche pulse generator is created. This circuitry does not require any trigger signal 

and complex trigger circuit differently from its equivalent circuits in the literature. 

Moreover, it provides a positive high amplitude output pulse and narrow pulse width. 

 

 

Figure 3.2 Circuit schematic of the the single-transistor self-triggered avalanche pulse 

generator. 

In Figure 3.2 circuit schematic of the one-transistor pulse generator circuit is given. 

The schematic includes a 2N2369A transistor as the active device (Anon 2014). 

Initially, there have been many trials to optimize values of C1 and R1 then the values 

were selected as 10pF and 10KΩ. C1 is charged by high dc voltage VCC through R1. 

VCC has been increased slowly when it got closer to the avalanche breakdown voltage 

level. When the VCC reaches the avalanche breakdown voltage, Q1 enters avalanche 
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mode and discharges the charged C1 rapidly. The discharge current of C1 generates a 

Gaussian-shaped short pulse that is taken from R3 via the output capacitor C2. When 

VCC reaches 80V, the one transistor base circuit is in the avalanche mode and is 

referred to as a self-triggered avalanche pulse generator because of the reason that the 

base terminal of Q1 is not driven by any external signal and is grounded via R2. Also, 

the output signal is taken from the emitter terminal to obtain a positive pulse. 

 

For the circuit shown in Figure 3.2 and all other circuits presented in this thesis, a 300 

MHz digital oscilloscope (Rigol Tech. DS2302A) was used to measure the time 

domain response, and a 30 GHz spectrum analyzer (Rohde&Schwarz FSV3030) was 

used to measure the frequency domain response. For more accurate measurements, a 

high bandwidth oscilloscope would be better. However, since it is not available, a 30 

GHz spectrum analyzer was used to observe the pulse broadening effect accurately 

instead of measuring the pulse width accurately. 

The time domain output of the measured pulse is demonstrated in Figure 3.3(a). The 

values of pulse width and pulse amplitude were respectively 1.38ns and 7.12V. The 

output pulse spectrum of the single-transistor pulse generator circuit is shown in Figure 

3.3(b) and the difference shown with the noise floor is presented. In this measurement, 

an external dc block which is up to 6 GHz was used to connect the PCB board to the 

spectrum analyzer device and the internal attenuation was set to 0-dB. The device's 

resolution bandwidth (RBW) and video bandwidth (VBW) were set to the values 3 

MHz and 300 kHz respectively. And for each measurement included in this thesis, 

these configurations remained the same. At roughly 7.5 GHz, the output pulse spectral 

energy eliminates completely, as seen in Figure 3.3(b). 
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(a) 

 
(b) 

Figure 3.3 (a) Output pulse in time domain, and (b) in frequency domain, for the single-

transistor self-triggered avalanche pulse generator. 
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3.1.3 Dual-Transistor Circuit Design 

The base circuit depicted in Figure 3.2 was enhanced with the addition of another 

transistor as shown in Figure 3.4(a). Through the base resistors R3 and R4, both 

transistors are in self-triggered mode. Initially, VCC was adjusted to 80V, just like in 

the circuit with a single transistor. A common load resistor, R5, is driven by transistors 

Q1 and Q2. The manufactured circuit is shown in Figure 3.4(b). 

 
a) 

 
b) 

Figure 3.4 (a) Schematic of the dual-transistor avalanche pulse generator. (b) Photograph of the 

manufactured circuit.  
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The output pulse is displayed in the time domain in Figure 3.5(a). Pulse width and 

pulse amplitude were measured. The measured pulse parameters were 1.24ns and 

17.40V, respectively. In Figure 3.5(b), the measured pulse spectrum is displayed. As 

can be seen, the output of the spectrum power is greater than the single-transistor base 

circuit and the pulse spectral energy is around 6 dB higher than the noise floor at 12 

GHz. 

 
a) 
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(b) 

Figure 3.5 (a) Output pulse in time domain, and (b) in frequency domain of the dual-transistor 

avalanche pulse generator. 

 

Figure 3.6 depicts the comparison of the pulse spectrums of single and dual-transistor 

cases when VCC was set to 80V. The output spectral power seen is approximately 16 

dB higher at 3 GHz, approximately 18 dB higher at 6 GHz, and approximately 8 dB 

higher at 9 GHz. As can be seen, some spectral energy remains at around 12 GHz. The 

mixing of the two output pulses by Q1 and Q2 could explain the broadening of spectral 

energy. Despite the fact that the 2N2369A is a non-RF BJT, the circuit shown in Figure 

3.4 achieves bandwidth enhancement and power amplification without the use of a 

separate broadband power amplifier. 

The claimed 80V supply voltage for UWB applications could appear implausible. 

However, since extremely low currents are enough for the avalanche activity, this 

voltage may readily be produced utilizing a very small power supply on the circuit 

board. 
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Figure 3.6 Comparison of spectrums of the single-transistor base circuit and the dual-transistor 

circuit. 
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3.2 Avalanche Pulse Generator with a Diode Mixer 

After the observation of bandwidth, pulse width and pulse amplitude enhancement of 

the mixer effect of the double-transistor circuit, a passive diode mixer at the output of 

the circuit was tried for further improvement. The purpose here is to use a mixer stage 

to mix the signals generated by the avalanche transistors. 

3.2.1 Single Transistor with Diode Mixer Circuit Design 

A novel circuit topology was designed to decide if there is a mixing effect or not when 

only one mixer diode without a second transistor is placed at the output of the single-

transistor base circuit as given in Figure 3.7. The avalanche mode is activated when 

VCC reaches 80V. The diode which is tested to show mixing effect D1 (BAT15-03W) 

(Anon 2018) is connected in parallel with the load resistor R3 through a coupling 

capacitor C2. The diode D1 is forward-biased through an RF choke L1 and a current-

limiting resistor R4. The bias voltage was selected at about 1.2V to overcome the 0.7V 

diode threshold voltage. The objective here is to create a short pulse using the 

avalanche effect, and then use the mixer diode D1's nonlinearity to create harmonics 

of the input pulse. 
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Figure 3.7 Schematic of the single-transistor avalanche pulse generator circuit with a diode 

mixer. 

 

Figure 3.8(a) depicts the output pulse waveform of the circuit given in Figure 3.7. In 

Figure 3.8(b), the output spectrum demonstrated and compared with the 1TR – 80V 

case. As can be seen, the pulse width and pulse amplitude were depicted as 1.46ns and 

5.56V, respectively. By checking the Figure 3.8(b), pulse spectral energy diminishes 

at about 7 GHz absolutely in both cases. The expectation about the spectral bandwidth 

was to see a slight improvement. The results demonstrate that adding a diode mixer to 

the single-transistor base circuit did not increase the spectrum enlargement. This might 

be because the diode mixer is passive element. 
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a) 

 
b) 

Figure 3.8 (a) Output pulse in time domain, and (b) output pulse spectrum of the base circuit 

with diode at the output for VCC=80V. 

3.2.2 Dual-Transistor with Diode Mixer Circuit Design 

As the following step in this work, two avalanche pulse generators composed of two 

2N2369A transistors combine in parallel through a common load resistance (R5) as 

depicted in Figure 3.9(a). A mixer diode D1 (BAT15-03W) is connected in parallel 
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with the load resistor via a coupling capacitor C3 in the circuit. The mixing process is 

carried out by the diode. Through L1 and R6, it is forward biased. The bias voltage is 

around 1.2V. Both pulse generators are configured to operate in self-triggered 

avalanche mode. VCC was set to 80V, the same as in the dual-transistor circuit. The 

purpose here is to build a broadband spectrum by combining two comparable pulses 

generated by each 2N2369A via the mixer diode. The printed circuit board which were 

manufactured is shown in Figure 3.9(b). 

 
a) 

 
b) 

Figure 3.9 (a) Schematic of the dual-transistor avalanche pulse generator with a diode mixer. (b) 

Photograph of the manufactured circuit. 
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Here, the output pulse spectrum and time domain waveform of the proposed dual-

transistor pulse generator with the diode mixer circuit is given in Figure 3.10(a). As a 

result, the gathered values of pulse width and amplitude were 960ps and 5.28V 

respectively. The output pulse spectrum is depicted and compared with the 2TR – 80V 

result in Figure 3.10(b). As can be read, pulse spectral energy diminishes out at about 

7.5 GHz completely while the 2TR – 80V circuit has still some energy at 12 GHz. 

From this perspective, using a mixer diode seems useless but it is supposed the reason 

for that is just the passive nature of the diode. The study on the VCC effect which will 

be explained in section 3.2.3 can be proof of this hypothesis. 

 

 
a) 
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b) 

Figure 3.10 (a) Output pulse in time domain, and (b) output pulse spectrum of the pulse 

generator with mixer diode for VCC=80V. 

In the following Figure 3.11, the graph compares the measured pulse spectrums for the 

single-transistor base circuit (1TR), dual-transistor circuit (2TR), single-transistor with 

diode mixer (1TR w/diode), and the dual-transistor with diode mixer (2TR w/diode). 
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Figure 3.11 Comparison of the output spectrums of tested circuits. 

 

The given comparison results exhibit that the dual-transistor circuit generates the 

highest bandwidth that can be counted as almost double the single-transistor circuit 

has produced and escalated output power. The mixer effect associated with Q1 and Q2 

may have been the reason for this band broadening. This broadened pulse spectrum 

also indicates shortened pulse width. The given Figure 3.11 further proves that 1TR 

w/diode and 2TR w/diode circuits exhibit a slight improvement in spectral power 

production over single-transistor base circuits below 6 GHz. Yet, beyond 7.5 GHz, the 

output power shown by these circuits is at the same level as the noise floor. This may 

have an explanation as follows: Theoretically, there must definitely be a mixing effect 

due to the diode. But, the diode puts in an appearance as a parallel load next to the 50-

Ω load resistor (R5) as shown in Figure 3.9(a), and the output power for the spectrum 

components produced by the diode's nonlinearity is significantly reduced caused by 

the Schottky diode mixer is inherently passive, especially above 7 GHz. 
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Table 3.1 Comparison of the experiment circuits. 

Circuit 
Pulse amplitude 

(V) 

Pulse width 

(ns) 

Single-transistor base circuit(1TR-80V) 7.12 1.38 

Dual-transistor circuit(2TR-80V) 17.40 1.24 

Single-transistor base circuit with diode 

mixer (1TR w/diode-80V) 
5.56 1.46 

Dual-transistor circuit with diode 

mixer(2TR w/diode-80V) 
5.28 0.96 

 

Table 3.1 reveals the values of output pulse amplitudes and pulse widths for several 

cases when VCC arranged to 80V. Considering the results given in Table 3.1, the dual-

transistor circuit shows an output pulse that has shorter pulse width and higher pulse 

amplitude compared to the single-transistor base circuit case. The mentioned 

advancement has also been certified in the frequency domain by observing the 

broadened bandwidth (beyond 12 GHz) and higher spectral power.  

Now, two challenging question arises to be answered about measurements. Could we 

precisely measure an output pulse whose spectrum extends over 12 GHz while using 

a 300 MHz oscilloscope? And what pulse width (Gaussian waveform) has a spectrum 

of roughly 12 GHz? Let's start by executing a straightforward MATLAB code to 

address the second question. According to simulations, the needed pulse width must 

be less than 200ps in order to achieve a spectrum of roughly 12 GHz from a Gaussian 

pulse. And the oscilloscope's required bandwidth must be at least several GHz in order 

to accurately measure such a short pulse. Therefore, the response to the first query is 

No. Since we were aware of this from the outset of the thesis, we incorporated the 

spectrum analyzer measurements for each scenario. 

3.2.3 Effect of VCC on the Measured Spectrums 

Another important step in the analysis was to evaluate the effect of VCC by increasing 

it to 97V for the 2TR and 2TR w/diode circuits. Here, Figure 3.12 depicts pulse 

spectrum measurements. When VCC is 80V, the results reveal that the 2TR circuit 

performs well. Because of the mixing effect produced by Q1 and Q2, it has a larger 

output power and a broader pulse spectrum. When VCC rises to 97V, the output power 
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of the 2TR w/diode circuit rises as well, and its performance approaches that of the 

2TR circuit for VCC=80V. This could be owing to the faster charging of capacitors C1 

and C2 in Figure 3.9(a), which hold the charge for the avalanche effect, so that may 

boost output power. Overall, the 2TR circuit works better than the 2TR w/diode since 

it is more straightforward and has a lower VCC of 80V. Pulse amplitude and width 

measurements for the 2TR with diode circuit for VCC=97V are 1.04ns and 4.8V, 

respectively. For the 2TR circuit with VCC=97V, these readings were 1.30ns and 9.2V. 

 

Figure 3.12 Comparison of the output spectrums of dual-transistor circuits for different VCC 

values. 

 

In order to conduct further research, Table 3.2 compares the performance of the dual-

transistor circuit described in this thesis with that of (Omurzakov et al., 2016). The 

given circuit design with this thesis offers a positive pulse, a narrower pulse width, a 

unique design, and a lower supply voltage than (Omurzakov et al., 2016). 
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Table 3.2 Comparison of this work and a reference. 

Circuit This work 
Ref. (Omurzakov et al. 

2016) 

VCC (V) 80 375 

Pulse width (ns) 1.24 1.5 

Pulse amplitude (V) 
17.40@10pF 

discharge capacitor 

140V@10pF discharge 

capacitor 

Number of active elements 

in avalanche section 
2 2 

Requires a separate 

triggering circuit? 
No Yes 

Pulse spectrum presented? Yes No 

Pulse polarity Positive Negative 

 

Many UWB devices, including wall imaging systems, GPRs, medical systems, and 

communications systems, operate in the 3.1–10.6 GHz frequency range. The given 

circuit conforms with the 3.1–10.6 GHz band's FCC spectral mask as can be seen in 

Figure 3.13. Yet, below 3.1 GHz, the given design is not conformed by the spectral 

mask. To satisfy the FCC specifications below 3.1 GHz, a straightforward high-pass 

filter may be employed after the pulse generator. Therefore, a few slight circuit-level 

optimizations or adjustments are needed for UWB systems. By modulating the 

produced pulse suitably, the suggested circuit may be employed in UWB systems. 

OOK-type modulation is readily accomplished by correctly high-pass filtering the 

resulting Gaussian pulse and turning the pulses ON and OFF with the binary input data 

once the FCC mask is fulfilled. Other modulation techniques, such as PPM and PAM, 

need more intricate circuitry. 
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Figure 3.13 Spectral mask and the spectrums of proposed circuit designs.  
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3.3 Avalanche Pulse Generator with Control Over Pulse Amplitude and Pulse 

Width 

The avalanche pulse generator circuit described in previous chapters is self-triggered 

and appears to have no control over pulse amplitude and pulse width. Two different 

techniques are presented in this section. In section 3.3.1, the simple single transistor 

avalanche pulse generator circuit was modified to inject a trigger signal to the base 

terminal through a coupling capacitor. The injected signal is a 1V amplitude square 

wave with 50% duty cycle and its frequency is varied to examine any changes in the 

output pulse amplitude. In section 3.3.2 a different technique, involving a varactor 

diode, was implemented to control both the pulse width and pulse amplitude. 

3.3.1 Single Transistor Circuit with External Trigger Signal 

The circuit with external trigger input is shown in Figure 3.14(a). The base terminal is 

injected by a 1V amplitude square wave supplied by a function generator. Frequency 

of the square wave was varied to observe amplitude changes of the output pulse. VCC 

was set to 80V and the component values are the same as those in the base circuit. The 

schematic is the same except the base circuitry part and the circuit board was changed 

slightly to accommodate trigger signal input to the base terminal. The schematic and 

the PCB are shown in Figure 3.14(a) and (b), respectively. 
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(a) 

 

 
(b) 

Figure 3.14 (a) Modified single-transistor avalanche pulse generator schematic, (b) 

manufactured circuit. 

Figure 3.15 shows the time-domain output pulse of the circuit in Figure 3.14(a) without 

any trigger signal at the base terminal. For this case, pulse amplitude and pulse width 

are measured as 10V and 1.38ns, respectively. Pulse repetition frequency is about 111 

kHz. To investigate the effect of external trigger signal over the pulse amplitude, a 1V 

amplitude square wave with 50% duty cycle was injected to the base terminal of Q1 at 
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200 kHz, 2 MHz, 2.5 MHz, 3 MHz, and 10 MHz. The results are shown in Figures 

5.3-5.7 and summarized in Table 3.3. 

 

Figure 3.15 Output pulse without trigger signal injected at the base terminal. 

 

 

Figure 3.16 Output pulse with 200 kHz – 1V trigger signal at the base terminal. 
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Figure 3.17 Output pulse with 2 MHz – 1V trigger signal at the base terminal. 

 

 

Figure 3.18 Output pulse with 2.5 MHz – 1V trigger signal at the base terminal. 
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Figure 3.19 Output pulse with 3 MHz – 1V trigger signal at the base terminal. 

 

 

Figure 3.20 Output pulse with 10 MHz – 1V trigger signal at the base terminal. 

 

Compared to the “no signal at base” reference case, applying a 200 kHz 1V square 

wave to the base terminal results in an increase for the pulse amplitude and decrease 

for the pulse width. New pulse amplitude is 17.8V which is a substantial improvement 

over the 10V amplitude of the reference case. The reason for this improvement can be 

explained as follows. When the transistor avalanches, C1 is discharged onto R3. If 
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there is no external trigger signal, avalanche takes place at the natural resonant 

frequency of the circuit which is the charge-discharge cycle of C1 set by avalanche 

phenomenon. However, in the presence of an external trigger signal, the transistor also 

provides current gain due to amplification of the base current, and this in turn results 

in higher collector current in addition to the collector current due to avalanche effect. 

And the result is further increase of the output pulse amplitude. When the input signal 

is 200 kHz and 2 MHz 1V square waves, pulse amplitude is maximum at about 17.6V 

whereas the pulse width is about 1.2 ns. Further increase of the frequency of the 

injected signal still provides high amplitude pulses up to few MHz. However, pulse 

amplitude drops below that of the reference case for the 10 MHz trigger signal. 

Another observation is the pulse repetition frequency, PRF. Table 3.3 shows that when 

the input frequency is equal to the PRF, output pulse has the highest amplitude. This 

is indeed the case for 200 kHz and 2 MHz input signals which result in 200 kHz and 2 

MHz PRFs, respectively. When the measured PRF is lower than the frequency of the 

trigger signal, maximum pulse amplitude can not be achieved. PRF can be controlled 

by an external base signal, and so the discharge frequency of the charged capacitor is 

controlled. At lower trigger frequencies, the circuit has enough time to charge the 

capacitor fully and so the PRF is equal to the frequency of the trigger signal. When the 

trigger signal frequency is high, the circuit can not fully charge the capacitor so the 

pulse amplitude gets lower. 

Table 3.3 Comparison of output pulse properties when the base terminal is driven by a square 

wave at different frequencies. 

Frequency of the 

injected signal 
Pulse amplitude (V) 

Pulse width 

(ns) 
PRF (kHz) 

No signal at base 10.00 1.38 111 

200 kHz 17.80 1.24 200 

2 MHz 17.40 1.18 2000 

2.5 MHz 16.00 1.20 2422 

3 MHz 14.60 1.18 2528 

10 MHz 6.72 1.40 1986 
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3.3.2 Single-Transistor Circuit with Varactor Diode 

In this part of the study, the single-transistor base circuit is modified by adding a 

varactor diode to control the pulse width at the output. Since the pulse width is 

dependent on the collector capacitance, a suitable modification was done around the 

collector capacitance C1 (10pF) as shown in Figure 3.21(a). The selected varactor 

diode is BB809 (D1) due to availability of the part. BB809 shows a minimum 

capacitance of about 5pF under 28V reverse bias and a maximum capacitance of about 

46pF under 1V reverse bias according to the datasheet (Anon 1996). C1 and the 

capacitance of D1 are connected in parallel as shown in Figure 3.21(a). Manufactured 

circuit is shown in Figure 3.21(b). Let’s denote the capacitance of D1 as Cd(V). Since 

the minimum and maximum capacitances of the varactor diode are 5pF and 46pF, 

respectively, the equivalentcollector capacitance ranges from 

C1+Cd(28V)=10pF+5pF=15pF to C1+Cd(1V)=10pF+46pF=56pF. 

D1 is reverse biased through a voltage divider network composed of R4 and R5 and 

an RF choke L1 (15μH). C4 is a 10nF dc block capacitor. It has minimal effect over 

the equivalent collector capacitance formed by C1 and D1. The presented circuit also 

has external trigger signal input which is connected to the base terminal of Q1 through 

C2. 
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(a) 

 

 
(b) 

Figure 3.21 (a) Single-transistor circuit with varactor diode. (b) Manufactured circuit. 

 

Figure 3.22 shows the output pulse of the modified circuit with a varactor diode. A 1.5 

MHz square wave with 50% duty cycle and 1V amplitude was injected to the base. 

And the reverse bias on D1 is 1V so Cd(1V)=46pF. As a result, the equivalent collector 

capacitance Cec is 56 pF for the result shown in Figure 3.22. Pulse shape is distorted 

as can be seen, and this may be due to the varactor diode selection since it is actually 

a VHF varactor diode. 
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Figure 3.22 Output pulse when the injected signal is 1.5 MHz square wave with 1V amplitude. 

Cd=46pF and Cec=56pF. 

 

Figure 3.23 shows the output pulse of the modified circuit with a varactor diode when 

the reverse bias is 28V. A 1.5 MHz square wave with 50% duty cycle and 1V 

amplitude was injected to the base. Since Cd(28V)=5pF, the equivalent collector 

capacitance Cec is 15 pF for this case. 

 

Figure 3.23 Output pulse when the injected signal is 1.5 MHz square wave with 1V amplitude. 

Cd=5pF and Cec=15pF. 
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Results of Figure 3.22 and Figure 3.23 are summarized in Table 3.4 with a trigger 

signal of 1.5 MHz and 1V amplitude. When Cd=5pF the PRF is 1.5 MHz indicating 

the equivalent collector capacitance is fully charged and discharged at the rate of the 

trigger signal. When Cd=46pF, a higher amplitude is expected. However, since PRF 

is 750 kHz now, Cec can not be charged fully. Therefore, the output pulse amplitude 

is lower than that of the Cd=5pF case. On the other hand, Table 3.4 also shows that 

pulse width can be varied from about 1.5ns to 2.3ns by varying the voltage of the 

varactor diode.  

Table 3.4 Comparison of output pulse properties with varying capacitance values with a trigger 

signal of 1.5 MHz at 1V amplitude. 

Cd (pF) Cec (pF) 
Pulse amplitude 

(V) 

Pulse width 

(ns) 
PRF (kHz) 

5 15 15.00 1.56 1500 

46 56 10.08 2.34 750 

 

By using the same circuit structure, to see the pulse amplitude changes, different 

frequencies were injected into the base terminal of the transistor. For this case, 

capacitance Cd of the varactor diode is about 20pF and this makes the Cec as 30pF. 

The capacitance values of varactor diode were approximated by checking the IC versus 

Cd curve value from a graph at the applied reverse biased voltage (Anon 1996). In 

Figure 3.24 and Figure 3.25, results for 200 kHz and 500 kHz – 1V injected signal 

cases are given. And results continue with increasing triggering signal frequencies 

from Figure 3.26 to Figure 3.30, and they are summarized in Table 3.5. 
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Figure 3.24 Output pulse with 200 kHz – 1V injected signal when Cd=20pF and Cec=30pF. 

 

 

Figure 3.25 Output pulse with 500 kHz – 1V injected signal when Cd=20pF and Cec=30pF. 

 

In Figure 3.26 result for 1 MHz – 1V injected signal is given for Cd=20pF and 

Cec=30pF. 
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Figure 3.26 Output pulse with 1 MHz – 1V injected signal when Cd=20pF and Cec=30pF. 

In Figure 3.27 result with 1.5 MHz – 1V injected signal is given for Cd=20pF and 

Cec=30pF. 

 

 

Figure 3.27 Output pulse with 1.5 MHz – 1V injected signal when Cd=20pF and Cec=30pF. 

 

In Figure 3.28 result with 2 MHz – 1V injected signal is given for Cd=20pF and 

Cec=30pF. 
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Figure 3.28 Output pulse with 2 MHz – 1V injected signal when Cd=20pF and Cec=30pF. 

In Figure 3.29 result with 3 MHz – 1V injected signal is given for Cd=20pF and 

Cec=30pF. 

 

 

Figure 3.29 Output pulse with 3 MHz – 1V injected signal when Cd=20pF and Cec=30pF. 

 

In Figure 3.30 result with 5 MHz – 1V injected signal is given for Cd=20pF and 

Cec=30pF and all above given results are summarized in Table 3.5. 
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Figure 3.30 Output pulse with 5 MHz – 1V injected signal when Cd=20pF and Cec=30pF. 

 

Table 3.5 Comparison of pulse properties with varying frequencies of the trigger signal for a 

fixed Cec value of 30pF. 

Frequency 

of the 

trigger 

signal 

Cd (pF) Cec (pF) 

Pulse 

amplitude 

(V) 

Pulse width 

(ns) 
PRF (kHz) 

200 kHz 20 30 22.80 1.52 200 

500 kHz 20 30 20.40 1.48 500 

1 MHz 20 30 17.60 1.48 992 

1.5 MHz 20 30 15.40 1.54 1115 

2 MHz 20 30 13.20 1.58 623.9 

3 MHz 20 30 13.80 1.54 685.9 

5 MHz 20 30 11.60 1.62 <15Hz 

 

Here PRF helps us to understand confusing amplitude values. The base circuit is able 

to catch up the triggering signal’s frequency up to almost 2.5 MHz, but in here, with 

the inclusion of the varactor diode circuitry, 1 MHz is the top frequency value that the 

circuit giving the best response in terms of amplitude. Thus, while 2 MHz and 200 kHz 

amplitude values gave the best results in the base circuit, here, 200 kHz and 500 kHz 

gave the best amplitude results. Basically, the base circuit have 10pF capacitance and 
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it is quicker to fill it. Now the capacitance is 30pF and 1 MHz trigger signal can barely 

fill it.  

4. CONCLUSIONS 

It is constructed and presented a novel, simple, and low-cost dual-transistor pulse 

generator circuit employing self-triggered BJTs in avalanche mode with mixing effect. 

In comparison to the reference single-transistor design, the suggested circuit delivers 

greater output power without the need of a power amplifier and provides a shorter 

pulse width and a broader spectral energy. Furthermore, when compared to other 

reference studies, it has better output pulse qualities such as stability, positive pulse, 

and so on. In this thesis, the same mixing effect is investigated using a passive Schottky 

diode, and promising findings are obtained. This thesis also includes pulse amplitude 

and pulse width control studies over the base circuit to meet the demands of many 

different areas. All of these features make the proposed circuit suitable for ground-

penetrating radar, remote sensing, and ultra-wideband communications. 
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