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Introduction

Surges from lightning, induction, and electrostatic discharge are based on the laws of physics and are known to cause problems (circuit burning out, some or most of the components not functioning properly) to many electronic devices, especially communications devices. The types of surges seen by these devices are as following:

Lightning: - Over voltage surge is the most common cause of surge damage. Lightning strikes, near or far from an electronic device, can generate a surge, which travels through aerial or buried cable to the equipment. 

Power Line Cross: - Accidental crossing of power lines with telecommunication lines causes this over current surge. 

Conductive Spikes: - Voltage surges caused by the momentary contact between a power and telecommunications lines.

Inductive Spikes: - Induced voltage/current surges caused by electromagnetic fields of high energy switching equipment or surges in cables near communications cables.

Communications equipment can be subjected to over voltage surges, over current surges or both. Over voltages destroy sensitive semiconductors in microprocessor based PBX/KSU systems, as well as CPU's in PC's or workstations. Over current events can generate enough heat to cause a building wiring fire. There are devices that prevent the potential destruction caused by these surges. A SIDACtor® product is one such device. SIDACtor components are solid-state devices designed to protect telecommunications equipment during hazardous transient conditions. Compared with surge suppression devices using other technologies, SIDACtor devices offer absolute surge protection regardless of the surge current and the rate of applied voltage. In order to prevent damage to telecommunications equipment, these devices and their applications need to be tested thoroughly. If any improvements are to be made, a new prototype must be built and tested. This procedure takes time and money. Hence, simulation models on software, such as PSpice, are built and tested. Building simulation models doesn’t take as much time as building and testing prototypes, Therefore simulation models help expedite the design and development process. PSpice is merely a circuit simulation program. It is based on SPICE simulators developed by faculty at the University of California at Berkeley. PSpice has all models of electronic components required to duplicate simulation of circuits. 

Background of the Problem

Telecommunication equipment has become an inherent part of our daily lives and is used in a wide range of applications. The equipment has to function properly because of its importance and applicability. Over voltage and over current surges are major causes for the destruction of these devices. Hence, telecom equipment has to be protected from these surges. Many companies are working towards developing over voltage and over current protection devices in a competitive atmosphere. Companies must build and deliver them to market as soon as possible because of the competition.  The process of building an actual device and testing it for its functionality is a time consuming. Hence, models of the device are built and tested to save time. Simulation models must exhibit the same characteristics as the actual devices.

Problem Statement

Existing PSpice models are not fully simulating the SIDACtor device’s function as expected. SPICE models show higher overshoot (the maximum voltage allowed across the SIDACtor device), and higher VT (the voltage across the SIDACtor device immediately after it has turned on). These models indicate that the SIDACtor device is much slower to turn on and hence, make it appear as a clamping device (slow response to surge events) rather than a crowbarring device (fast response to surge events).

Statement of Need

The need for releasing end products arose due to ever increasing competition among companies. In addition to speed of design and development, the need for high quality of the end product also increased. A company’s need for high quality and fast release of products resulted in dependence on software tools to speed the design and test process. 

SIDACtor components are built by TECCOR Electronics (an Invensys Company). SIDACtor components are solid-state devices, which protect telecom equipment from voltage and current surges. There are other solid-state devices available in the market such as zener diode, gas tubes, and avalanche diode. Selection of an over voltage and over current protection device is based on the device’s quality and its response to voltage and current surges. As new telecom equipment is designed, the need for enhancing the protection device’s performance is increasing. Since there are many companies that build these devices, the protection device has to be designed, developed, tested and released into the market as soon as possible. The design and development process takes time. Moreover, if the application does not work satisfactorily, a new prototype has to built and tested. In order to save time, many companies rely on software to build models of these applications and simulate for their performance. The number of iterations in the design process is greatly reduced.

The existing Pspice model for the SIDACtor device, crated by Intusoft, does not have the same performance as the actual model. The model exhibits higher overshoot and VT values. Therefore, there is a need for improving the existing PSpice model and test it for its performance. 

Hypothesis

Null Hypothesis

The response characteristics of the actual device and that of the existing Pspice model differ by more than 10%.  

Alternative Hypothesis

The response characteristics of the actual device and that of the existing Pspice model differ by no more than 10%.  

Purpose of Research

The purpose of this research is to build a SIDACtor model using PSpice whose characteristics closely resemble that of the real world device. The new PSpice model being developed should have:

· lower overshoot, and 

· lower VT.

When these two objectives are achieved, the characteristics of the device make it appear like a crowbarring device, which is the characteristic of a SIDACtor device.

Research Method

The research method for this thesis is experimental. The existing Pspice model is first tested and the results will be obtained. The real world SIDACtor device is tested and the results will be compared with those from PSpice model. The PSpice model is then analyzed and the problem area will be determined. The existing PSpice model is modified and tested for its performance. Maximum allowable deviation of results from PSpice to those of actual device, as stated by TECCOR Electronics, is up to 10%. If the modified version does not function properly, design effort in the direction of developing a new model is initiated. A detailed description of the research method is presented in the later portion of this document.

Assumptions

It is assumed that the actual device built at TECCOR Electronics is working properly. The thesis is based on building a right PSpice model that simulates actual device’s characteristics. 
Limitations

1. The research is limited to the resources found in the University of North Texas library, and information provided by TECCOR Electronics catalog of SIDACtor device. The reason is that information about SIDACtor is available only at TECCOR Electronics. The search engines and university resources are used mainly for references to power electronics.

2. Only student version of PSpice software is available at the University of North Texas. Another software limitation is the inability to produce 100% accurate results. 

3. Availability of test equipment and testing device at University of North Texas: - The device is manufactured at TECCOR Electronics. 

Research Questions

· Will the new PSpice model have the same characteristics as that of actual SIDACtor device?

· How reliable is the existing simulation software?

Methodology

1) Learn Pspice basics and build surge generator waveforms: - During this phase of research, a test surge generator model is built using PSpice software. These transients are of the for 2x10 μsecs (read as 2by10 μsecs), which means that the surge waveform will rise to maximum voltage (example: 1.5 KV) in 2 μsecs and falls from maximum value to half the maximum value in 10 μsecs. Transients such as 2x10 μsecs, 8x20 μsecs and 10x700 μsecs are built for testing the simulation model.

2) Analyze surge generator schematics for their proper functioning: - Simulate the surge generator circuit to extract waveforms for the following two conditions:
· Output voltage waveform for an open circuit connection: - This is the voltage across a resistor (5 Mega ohms) connected across the output.
· Output current waveform for a short circuit connection: - This is the current through a short circuit between the output and the ground. 
3) Build and simulate the existing PSpice model of the device: - In this phase the current model is built and connected across the surge generator. The device is tested with various surge generator waveforms and the waveforms of the model’s response are saved.
4) Compare response characteristic to those of SIDACtor device: - In this phase, the reasons for any incorrect device response curves are analyzed and determined.
5) Initiate design effort on an improved SPICE model for the SIDACtor
device: - A new PSpice model, or an improved PSpice model is built and tested for its working for various surge generator waveforms.
Review of Literature

The SIDACtor device behaves like a thyristor. The differences between the thyristor and SIDACtor device are:

1. No gate current that can be applied to the SIDACtor device

2. SIDACtor device is bidirectional. 

The only way to make the device to conduct is to increase the supply voltage to the device. The principle of operation of the SIDACtor device can be explained based on the principle of operation of thyristor. Thyristor is a semiconducting device characterized as having four layers of alternating conductivity as shown in the figure below.
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The operation of the thyristor device can be easily understood by:

1. Static characteristics

2. Two transistor analogy

3. Physical theory.

Static Characteristics of Thyristor:

The SIDACtor device has three modes of operation – Forward blocking, Forward conduction and Reverse Blocking as shown in the figure #:
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Forward Blocking condition:

When a positive voltage is applied to the anode, junctions J1 and J3 are forward biased and junction J2 is reversed biased. Junction J2 will not allow any forward current to flow. Only a small leakage current flows due to the n and p type regions. 

Forward conduction condition:

When the anode voltage is increased above VFBO, junction J2 breaks down. Since junctions J1 and J3 are forward biased, there will be free carrier movement across all the three junctions resulting in a forward current. The device remains in the ON state as longs as the forward current is above the holding current, IH (minimum amount of current required to maintain the thyristor in the ON state).

Reverse Blocking condition:

When the cathode is made positive than the anode the thyristor is said to be in reverse blocking condition. Junctions J1 and J3 are reverse biased and junction J2 is forward biased. A small reverse current is produced as the reverse voltage is produced reverse avalanche region is reached. After this point, if the reverse voltage is increased further, the reverse current increases rapidly as the reverse breakdown voltage. 

Two Transistor analogy:

A thyristor can be understood by the equivalent circuit shown in the figure:
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Figure 1
When applied voltage is less than VFBO, the two transistors will be in their active regions. Therefore, the relation for collector current, IC = (IE + ICBO, is valid (( is the current amplification factor and ICBO is the leakage current form collector to base with emitter open). Therefore

IC1 = (IE1 + ICBO1




…(1)




IC2  = (IE2 + ICBO2




…(2)

And 


IE1 = IE2 = I

(


IC1 = (I + ICBO1




…(3)

IC1 = (I + ICBO1 




…(4)

Also


IC1 + IC2 = IE2 = I




…(5)

Adding eq (3) eq (4) and solving for I.
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Current amplification factors in the above equation are low for low collector currents and increase with increasing collector currents. Hence, initially when the applied forward voltage is small ((1+(2) will be less than 1. As the reverse leakage current (ICBO) increases, ((1+(2) will approach 1. This is because Mp (hole multiplication factor) and Mn (electron multiplication factor) are large and breakdown of junction J2 take place. Internal regeneration begins and the thyristor turns ON. The two-transistor analogy is not valid when the device turns ON. The forward current is then limited by the external impedance and not by the base currents of the two transistors. The device can go into the OFF state only when the forward current falls below the holding current. 

Physical Theory:

Whenever p and n type materials come into contact, a depletion region is formed. The depletion regions depend on the impurity concentration, device dimensions and temperature.
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Fig
Whenever a voltage is applied to the anode of the thyristor, electrons from N1 towards junction J1 and holes from P2 towards junction J3create a depletion region at junction J2. Hence, junction J2 is reversed biased. If the anode is made more positive, more electrons from N1 move towards junction J1 and more holes from P2 move towards junction J3. Because of this strong electric field is developed at junction J2. Due to thermal agitation electron-hole pairs are formed at junction J2. These carriers immediately move into neighboring regions of N1 and P2. This is regenerative since more and more electrons and holes are diffused through junction J2. this reduces the depletion region thickness and finally a stage comes when junction J2 is no more reverse biased. At this stage the device is in forward conducting state.

Background of the Study

SIDACtor components are used to protect telecom equipment from hazardous transient voltages. They are the fastest, most stable and reliable over voltage protection equipment available. The SIDACtor device operates like a switch. As the voltage across the SIDACtor device exceeds a certain threshold voltage, the device starts entering into the protective mode with characteristics similar to that of an avalanche diode. When supplied with enough current, the SIDACtor device switches to an on state. The device allows large currents to pass across it while in the on state. The device remains in the on state as long as the supplied current is above a minimum holding current. As soon as the supplied current is interrupted or falls below the holding current, the device turns off. 

Existing Pspice models exhibit higher overshoot and higher VT values. Overshoot is the peak value of the voltage across the SIDACtor device. This overshoot may be due to the current leakage values of the transistor models used or may be because of device’s slow response. The second case seems highly unlikely because it is clear from the response characteristics that the device is responding well considering time. VT is the voltage value across the device after it has turned on. The reasons for high VT are not yet determined at this stage of my research. 

Figure 1 is a sample waveform of the SIDACtor device (P3100SC) when tested in a lab at TECCOR Electronics using a 10x700 (sec surge waveform. The overshoot is approximately 300V and VT is 3.5V approximately.
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Figure 1:  Sample waveform of actual device tested with a 10x700 (sec surge waveform

Results of the SIDACtor model when simulated in PSpice using 10x700 (sec surge waveform are shown in Figure 2. In this case the overshoot is 1100V and the VT is 100V approximately.  
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Figure 2: Sample waveform of simulation model tested with a 10x700 (sec surge waveform

It can be clearly seen that SPICE model exhibits high overshoot and VT values than those of actual device. 

Definition of Terms

· VDRM: - Peak voltage across the device at any point (in the off state). 
· IDRM: - Maximum value of leakage current that results from the application of VDRM (in the off state).
· VS: - Maximum voltage that subsequent components may be subjected to during a fast rising over voltage condition (this is the starting point to turn on).
· IH: - Minimum amount of current required to maintain the device in the on state.
· VT: - Voltage across the device after it has turned on.
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Typical characteristic curve of a SIDACtor device.
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