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Abstract: The experimentations conducted in this paper concentrated on high-

voltage pulse generating using avalanche effect. We analyzed the theory of avalanche 

effect, based on which we designed a circuit using avalanche transistor to generate 

negative high-voltage pulse. Then by simulating the circuit in Advanced Design System, 

we received the pulse with the amplitude of -11.6V and the width of 3.7n. 
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1. Introduction 

Negative high-voltage pulse is widely applied in many fields, such as the transmitting 

signal and the sampling signal in ground penetrating radar technology, which are 

negative high-voltage pulses[1]. Also, in the gated image intensifier, the control of the 

photocathode is negative high-voltage pulse. Generally speaking, the width of the 

pulse should be narrow and the amplitude of the pulse should be large. In this paper, 

the avalanche effect of transistors is introduced in detail, and a simple circuit for 

generating high voltage pulses by avalanche effect is proposed. 

 

2. Principle analysis of avalanche effect 

The output characteristics of crystal triodes as shown in Fig. 1 can be generally divided 

into four regions: saturation region, linear region, cut-off region and avalanche region. 

Taking NPN transistor as an example, when the current flowing into the base is positive, 

that is, when IB is positive, the emitter-base junction is forward biased. When the base 

current IB changes, the area where IC changes proportionally in response is the linear 

region, while the area where IC does not change significantly is the saturation region. 

Cut-off region is the area below where IB=0 shown in Fig. 1. When the current flowing 

into the base is negative, that is, when IB<0, the emitter-base junction is reverse 

biased, the collector current IC will change sharply in relevance to the change of 
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collector voltage UCE and base current IB, and this area is called the avalanche area. 

Electrons in the barrier layer can obtain considerable energy under the acceleration of 

strong electric field. When these electrons collide with nearby atoms, they may 

produce new pairs of electron holes. This chain reaction is called carrier multiplication 

effect, which causes the avalanche effect[2]. 

 

Fig.1 The output characteristics of NPN crystal triodes 

 
As shown in Fig. 1, the area between VCEO and VCBO is the avalanche region where the 

collector current changes sharply while the collector voltage changes. When avalanche 

effects in a transistor collector are considered, the collector current IC is given by 

                           𝐼𝐶 = (𝛼𝑀𝐼𝐸 + 𝐼𝐶𝐵𝑂)                                              (1) 
Where, α is the current amplification factor in low voltage zone, M is miller’s avalanche 

multiplication coefficient. It is the most important parameter in avalanche mode 

operation: its expression is the following 

                           M =
1

1−(
VCB

BVCBO
)n

                                                      (2) 

Where, BVCBO is the collector-base breakdown voltage, n is a constant depending on 

the semiconductor used for the construction of the transistor and doping profile of the 

collector-base junction.  

In avalanche region, the transistor is avalanche crystal transistors have negative 

resistance characteristics. When the collector current keeps rising, a second 

breakdown will appear. The negative resistance characteristics of the device can be 

regarded as strong positive feedback. Compared with the energy consumption by the 

positive resistance, the negative resistance can store and release energy dynamically. 

This is why avalanche crystal transistors can be used as high-speed pulse sources. 
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3. Design of Negative high-voltage pulses generating circuit 

 

Fig.2 The negative high-voltage pulse generating circuit 

 
The negative high-voltage pulse generating circuit is shown in Fig. 2. In this circuit，

the collector of avalanche transistor Q1 is connected to the power supply voltage SRC1 

through resistance R3. At this time, the collector voltage VCE is smaller than VCEO, but 

very close to VCEO. When the driving source SRC2 is not turned on, the input of the 

circuit is in high-resistance state. The power supply SRC1 charges C2 through resistors 

through resistors R3 and R2, thus VCE=Vdc. With this voltage, the Q1 collector is 

reverse biased, where only a relatively small current penetrates the collector and 

enters the base area. The current flowing out of the base is connected to the ground 

by resistance R1. The current flowing out of the emitter is connected to the ground 

directly. At this time, the transistor reaches a stable state, the base current IB < 0, the 

emitter current IE > 0, and the collector current IC is very small, which is basically in 

the cut-off state. 

When the SRC2 pulse arrives, the current flowing out of the base decreases and 

gradually converts to the current flowing into the base. As a result, the working point 

of Q1 keeps moving up. When the working point moves to a breakthrough point Q, 

the collector current IC increases rapidly, bringing a breakdown to transistor Q1. Then 

capacitor C2 discharges rapidly through Q1, and there is a very large current flowing 

through R2 momently. Because the transient current flows from the ground to the 

capacitor C2 through R2, a negative voltage pulse is formed on the load resistance R2. 

When the discharge of capacitor C2 ends, the avalanche transistor enters the cut-off 
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state again and SRC1 starts charging C2 again. Once the next pulse of the driving 

source comes, the process described above is repeated, therefore a series of negative 

voltage pulses are generated. 

 

4. Simulation results 

In this paper, the circuit shown in Fig. 2 is simulated in advanced design system, where 

the time domain simulation is carried out by using time domain signal source and 

transient simulation controller. A pulse with the amplitude of -11.6V and the width of 

3.7ns can be achieved by setting resistance and capacitance equivalents according to 

the parameters shown in Fig. 2. The simulation result is shown in Fig. 3 as below. 

 

 

Fig.3 The simulation result of the designed circuit 

 
When we change the value of the capacitor C2 to 10pf/20pf/50/pf/200pf, and the 

value of R19 to 50Ω/100Ω/200Ω, the simulation results are shown separately in table 

1 and table 2 

Table 1 The simulation results based on different value of C2 

Value of Capacitor C2 10pf 20pf 50pf 200pf 

Amplitude/V -9.19V -10.39V -11.27V -11.77V 

width/ns 3.4ns 3.5ns 3.6ns 3.8ns 
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Table 2 The simulation results based on different value of R2(RL) 

Value of Resistance R2 10Ω 20Ω 100Ω 200Ω 

Amplitude/V -9.40V -11.11V -11.78V -11.87V 

width/ns 3.5ns 3.6ns 3.7ns 3.9ns 

 

When the load resistance RL or avalanche capacitor C2 decreases, both the amplitude 

and width of the output pulse decreases accordingly. Therefore, the size of load 

resistance RL and avalanche capacitor C2 should be properly selected to obtain 

nanosecond pulses whose width and amplitude meet the requirements. The selection 

of capacitor C2 is very significant. If the value of capacitor C2 is too large, the pulse 

width would be widened and the circuit recovery period would be too long. On the 

contrary, if the value of capacitor C2 is too small, the output pulse amplitude would 

be too low. Usually, the value of capacitor C2 is from several pf to dozens of pf and 

ceramic chip capacitor or mica capacitor is often used. 

 

5. Conclusion 

In this paper, the avalanche effect is analyzed in details and based on which a simple 

circuit is designed to output negative high-voltage pulses with an amplitude of -11.6V 

and a width of 3.7ns. It is found that the amplitude and width of the pulse are mainly 

affected by the values of charging capacitance C2 and load resistance RL. Future work 

should be devoted to further shortening the duration and rise time of pulse. 
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