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ABSTRACT 

Power MOSFETs are often required to operate in a space radiation environment; 

therefore, they are susceptible to a catastrophic failure mode called single-event burnout. 

Single-event burnout of power MOSFETs is initiated by the passage of an energetic-

heavy ion through the parasitic BJT inherent to the power-MOSFET structure. The 

electron-hole pairs generated by the ion support a short-lived current source which 

imposes a base-emitter voltage on the parasitic BJT. If a sufficient base-emitter voltage 

is imposed, the parasitic BJT enters second breakdown and burnout of the MOSFET 

occurs. A semi-analytical model has been developed to predict the energy required of the 

incident ion to initiate burnout. This thesis addresses the portion of this model which 

relates the energy of the incident ion to the base-emitter voltage imposed on the parasitic 

BJT. The initial base-emitter potential is determined using image-source techniques. 
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CHAPTER 1 

INTRODUCTION 

1.1 Power MOSFET Applications 

The power-metal-oxide-semiconductor field-effect transistor (MOSFET) is a very 

important device in the present electronic world [1]. One of the primary uses of the 

power MOSFET is in a regulated switching application. Power supplies and variable 

speed motor controllers (which are significant components in computer systems, 

spacecraft systems, etc...) are examples of regulated switching applications. 

VDS ~ 

V X inrfr X _L I 1 
v' f.D j 

Figure 1.1: Buck Converter, a power MOSFET application example. 

A simple example of a regulated power supply is shown in figure 1.1. This is the 

well-known buck converter. The power MOSFET switches at a given frequency, fs, with 

a duty cycle, D. The output voltage, V, is given by: 

V = DV g .  (1.1) 

The output voltage, V, is then regulated through the duty cycle, D. The control circuitry 

required for this regulation has been omitted from figure 1.1. The peak transistor current 

and voltage are given by: 

IDSMAX ^+{V2LFD> (!-2) 
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VDSMAX = VG. (1.3) 

A power MOSFET used in such an application must be able to withstand these 

maximum stresses. Power MOSFETs capable of blocking up to about 1000 volts and 

drawing up to about 100 amperes are available. The graphic shown in figure 1.2 

illustrates this range of operation compared to the competing technologies of bipolar-

junction transistors (BJTs) and semiconductor-controlled rectifiers (SCRs) [1]. 

1000-
SCR 

On State jqq_ 
Current BJT 

10— 
MOS 

1— 

500 1000 1500 2000 
Off State Voltage [V] 

Figure 1.2: Approximate operating ranges for MOS, BJT, and SCR devices. 

When the maximum device stresses are low enough, the power MOSFET is the 

preferred device in most switching applications. From the point of view of a circuit 

designer, the gate-drive circuit design of a MOSFET switch is much simpler than either 

the base-drive circuit design of a BJT switch or the firing scheme of an SCR-based 

switch. The high input impedance of a MOSFET greatly simplifies the gate-drive 

circuitry. This is attributed to the fact that during the ON state negligible current is 

drawn through the gate. The only appreciable current is that necessary to charge and 
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discharge the gate capacitance. The BIT, on the other hand, draws large amounts of base 

current in the ON state, which complicates the base-drive circuitry. 

From a performance point of view, the power MOSFET is also superior to the 

BJT and the SCR. Since the MOSFET is a unipolar device, only one carrier type, there 

are no switching delays associated with recombination of minority carriers when turning 

off the device. The switching speed of power MOSFETs are typically orders of 

magnitude higher than their counterparts! 1]. This is especially important for high 

switching speed applications when switching losses dominate the overall power losses. It 

should be noted that higher switching frequencies generally reduce overall component 

size and weight in most switching regulator applications. 

Now that the importance of power MOSFETs has been established, attention will 

be directed toward a particular power MOSFET structure and geometry. The state of the 

art power MOSFET structure manufactured today is the double-diffused metal oxide 

semiconductor (DMOS) device. The structure and operation of the DMOS power 

transistor will be discussed in the next section. 

1.2 The DMOS Power Transistor 

f body' source' / 

source-body contacr 

drain ™ ' 

n+substrate 
drain contact 

* / / / / / / / / / / / / / / / / > * / / / / / / / / / / / >  

Figure 1.3: Cross section of a DMOS cell. 
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The cross-section of one cell in an n-channel DMOS power transistor is shown in 

figure 1.3. This device is named for the manner in which it is processed. Both the source 

and the body are diffused using the gate as a mask edge. The channel length is then 

determined by the difference in diffusion rates of the dopants, rather than by 

photolithography limitations. Relatively short channel lengths, on the order of ljim, can 

be obtained in this fashion. At first glance, this device appears much different than a 

traditional lateral MOSFET. A typical lateral MOSFET cross section is shown in figure 

1.4 for comparison. 

The most apparent difference between the two devices is that the contact to the 

drain is made on the bottom surface of the DMOS device, rather than on the top surface 

as in the lateral MOSFET. The rather thick epitaxial drain region is required to drop the 

large drain to source voltages that the power transistor must block while operating in the 

OFF state. When contact is made to the drain through the bottom surface metallization 

and the n+ substrate, the electric field lines can extend along the entire thickness of the 

epitaxial layer to drop the applied voltage [1]. 

That explains how the DMOS device can withstand high voltages, but what about 

the high currents? A power transistor must be able to draw large amounts of current 

while in the ON state. This is achieved by connecting thousands of the DMOS cells in 

parallel. A popular scheme of packing the cells is in a hexagonal pattern similar to a 

Figure 1.4: Cross section of lateral MOSFET. 
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honeycomb. The top view of this hexagonal packing is shown in figure 1.5. This parallel 

combination effectively creates a very wide channel while retaining the same channel 

length of the individual cell, enabling large current flow with the same applied gate to 

source voltage. 

DMOS Cells: 

source 

Figure 1.5: Top view of DMOS device with hexagonal packing. 

v/ 

i/y 
VL 

[A2 
'02 

+ 
VBEI \ VBEI s VBEI 

RQ3 

v/ 

Current Hogging occurs because: 
• For some reason, 12 increases. 

!-• • Q2 gets hotter, and \FEE2 decreases. 
I • VBEI and VBE3 also decrease. 
I • Ii and 13 decrease. 
'—• 12 increases since I remains constant. 

Figure 1.6: Current hogging with BJT parallel connection. 
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The positive temperature coefficient for the gate to source voltage of the 

MOSFET enables a stable parallel connection of the individual cells in the DMOS 

structure. As a counter example, the negative temperature coefficient for the base-emitter 

voltage of the BJT results in current hogging in one device instead of equal current 

distribution. Figure 1.6 illustrates how the negative temperature coefficient results in 

current hogging. Negative feedback prevents current hogging in the DMOS structure 

resulting in an approximately equal current distribution among the cells. 

The DMOS device operates just as a lateral MOSFET does, except that the 

currents flow in different paths. Figure 1.7 will be used to illustrate the path that 

electrons flow in the DMOS device. Since this is an enhancement mode n-channel 

MOSFET, a positive voltage greater than or equal to the threshold voltage applied to the 

gate will invert the channel region below the gate. This highly conductive path enables 

electrons to flow from the source through the channel and into the drain, thus turning the 

MOSFET on. All the cells in the device turn on simultaneously, and currents will flow as 

shown in figure 1.7. 

channel: source, 

.electron flow 

i drain contact 

fezzzzzzzz^z I 

nrsubstrate 

Figure 1.7: Electron flow in a DMOS cell. 
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All real devices are not without their parasitic elements, and the DMOS structure 

is certainly no exception. Inherent to the DMOS structure is a parasitic npn bipolar 

transistor as shown in figure 1.8. The source, body, and drain regions of the MOSFET 

comprise the emitter, base, and collector regions of the parasitic BJT. In normal 

operation of the power MOSFET, this parasitic BJT is always turned off. This is by 

virtue of the common source-body metallization which shorts out the base-emitter 

junction of the parasitic BJT. 

If any lateral current flows in the body below the source region, the base-emitter 

junction becomes forward biased and the parasitic BJT can turn on. If the parasitic BJT 

turns on while the power MOSFET is in the OFF state, the simultaneous high voltage 

and high current imposed on the parasitic BJT could induce second breakdown. This was 

the motivation for the prominent p+-plug region of the DMOS structure. Many power 

MOSFET applications require the device to switch currents through highly inductive 

loads as in the buck convenor shown in figure 1.1. This can result in large current spikes 

while in the OFF state. These current spikes are directed through the p+-plug regions 

and not through the parasitic BJT because of the lower impedance path. This prevents 

second breakdown of the parasitic BJT and hence damage to the power MOSFET when 

switching inductive loads [2]. 

Many important system applications for the power MOSFET are space-born 

applications. The impact of this environment on the normal function of electronic circuits 

must be considered in any system design. Some of the effects of the space environment 

on electronic devices are discussed in the next section. 
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source. .emitter 

X P \ ̂  

' *hase 

nepi 

drain contact n+ substrate 

Figure 1.8: Parasitic npn transistor inherent to DMOS structure. 

collector 

1.3 Operation in a Space Radiation Environment 

It is well known that the natural space environment is very different from our 

more accustomed terrestrial environment. The major differences concerning the normal 

operation of electronics are the temperature extremes and the naturally occurring 

radiation. The ambient temperature of the electronics can be controlled with 

sophisticated heating and cooling units, but the naturally occurring radiation is a different 

story. The radiation can not be screened out or nullified as the temperature could. One 

must live with the fact that the radiation is ubiquitous, and the electronics must be 

designed to accommodate it. 

The radiation present in space creates a very hostile environment for MOS devices 

like the power MOSFET. Radiation effects can be grouped into four categories: total-

dose effects, dose-rate effects, neutron damage, and single-event phenomena [3]. Total-

dose effects and single-event phenomena occur in a natural space-radiation environment, 

while dose-rate effects and neutron damage do not [4]. 
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Radiation damage from total dose or dose rate effects can result in significant 

buildup of positive trapped gate oxide charge and buildup of interface states. This charge 

buildup can change key electrical properties of an MOS device, such as threshold voltage 

shifts [5], mobility degradation [6], and loss of current drive IT]. Positive trapped charge 

within oxides along the periphery of a power MOSFET can lead to breakdown voltage 

degradation [8]. The device's performance degradation can be correlated to the total 

radiation dose, and/or it can be correlated to the rate of the radiation dose. 

Radiation damage from neutron exposure can result in crystal dislocations which 

will alter charge transport properties of the device by introducing energy states within the 

forbidden band gap. Typically the resistivity will increase and the minority carrier 

lifetime will decrease in a radiated area [3]. 

Radiation damage from single-event phenomena, bombardment by single protons 

or heavy ions, can result in single and multiple bit errors in memory elements and various 

logic circuitry [9]. In the case of power MOSFETs, single-event phenomena can result in 

an abrupt and catastrophic thermal destruction of the device. The latter phenomenon is 

known as single-event burnout [10]. 

The consequences of any of the above forms of radiation damage are very 

undesirable, since they may render a prime component of a space-born satellite useless. 

Thus, research in process variations, circuit layouts, and device geometries is under way 

to produce radiation hardened, or rad-hard, electronics (i.e., electronic equipment less 

prone to or immune to radiation damage). 

1.4 The Problem: Single-Event Burnout of Power MOSFETs 

The effects of a space radiation environment on electronic devices is a well 

established area of research. This paper focuses on a portion of the model for single 
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event burnout of power MOSFETs. Single event burnout occurs when a single heavy 

ion with sufficient energy passes through the power MOSFET structure and permanently 

destroys the device through second breakdown of the parasitic bipolar junction transistor 

inherent to the DMOS device. The power MOSFET can no longer function as a switch. 

The mechanism for initiating burnout in a power MOSFET will now be discussed. 

A cross-section of one cell in the power MOSFET structure is shown again in figure 

1.9. The source, body, and drain regions of the MOSFET form the emitter, base, and 

collector regions of the parasitic BJT. Notice that the source metallization, which covers 

the top surface of the chip, locally shorts the base-emitter junction of the parasitic BJT. 

Thus, under normal operating conditions, the parasitic BJT is turned off and draws zero 

current. A current flow through the lateral base region to ground (the source 

metallization) can develop an Ohmic voltage drop to sufficiently forward bias the base-

emitter junction such that the parasitic BJT turns on. This lateral cument flow in the base 

region and subsequent forward biasing of the base emitter-junction of the parasitic BJT 

constitute the major part of the triggering mechanism for burnout. The other pieces of the 

triggering mechanism can best be understood by referring to figure 1.10, which shows the 

model for the parasitic BJT in the power-MOSFET structure 111]. 

The model of the parasitic BJT, shown in figure 1.10, is used to determine the 

burnout threshold for a given power MOSFET. The BJT structure has been simplified 

somewhat, but physical insight has been retained. The regions labeled E, B, and C 

correspond to the emitter, base, and the collector of the parasitic BJT. The source 

metallization has been wrapped around to make contact to both the base and emitter, 

rather than having the base wrap around to make contact to the metal. This has been done 

for mathematical simplicity. Since most of the bipolar action occurs near y=0 in figure 

1.10, the base region near ground is insignificant. The base region is divided into two 

components, RBl and R^, which correspond to the p* body and the p+plug regions 
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Ion Track y 

p-plug 

_ H B 
X 1 (Am 

Collector 

Substrate 

Figure 1.9: Power MOSFET structure showing parasitic BJT and heavy ion track. 

Y, 
_L_ 

yc 
_i_i 

/ / / { / / / / / / / / / / / / / / / / / / / / / / / /  

w, { 
Rm Rw Metal C 

»x •'hc^ 

Figure 1.10: Feedback model of parasitic bipolar junction transistor. 

respectively. The positioning of the boundary between RBI and i?B2 models the 

expansion of the p+ plug. 

The feedback model for the parasitic BJT works as follows. Assuming a potential, 

VBE(y), exists that is large enough to locally turn on the parasitic BJT, elections will be 
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injected from the emitter across the base into the collector. This current is not shown in 

figure 2. Since the base collector junction has a large reverse bias, (the MOSFET is in the 

OFF state), any electrons injected across this junction will result in avalanche-generated 

holes returning to the base region from the collector. This current density is given by 

jHC(y) in figure 2. The avajanche generated hole current density is given by:[l 1] 

jnciy)=Mqvsat I—n'2— exp VBE(Y) 
HT/Q J)* (1,4) 

The parameters Q ,  V S A T  , D N , N • ,  N A B  , W B , K ,  and T  correspond to the charge on the 

electron, saturation velocity, electron diffusivity, intrinsic density, base doping density, 

base width, Boltzman's constant, and absolute temperature, respectively. The term within 

the curly brackets in equation (1.4) is the density of electrons at the base edge of the base 

collector junction, N(XP), given by the Kirk effect [12]. The multiplication factor, Af, in 

equation (1.4) is defined as the ratio of hole density at XP to the electron density at 

XP(i.e. the number of holes returning for each electron entering the base-collector space-

charge region). Implicit in equation (1.4) is that the holes returning to the neutral base 

region from the base-collector space-charge region are travelling with saturation velocity. 

This assumption is valid since the electric field surpasses the critical field, EC, over most 

of the base-collector space-charge region. 

The current density labelled jHE(y) in figure 1.10 is the back-injected hole current 

density due to the forward biasing of the base-emitter junction..The back-injected hole 

current density is given by [13]: 

VBE(Y) .  ,  .  Q D P  N ?  
(1.5) 

i.2 
f*.vn -

W/q  

where D P ,  N D E , and LP are the diffusivity of holes, doping density in the emitter, and 

the diffusion length of holes respectively. Equation (1.5) holds true for low-level 

injection, but it is augmented somewhat for high level injection. The expression for the 

high-level injection case is given by: 
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1 + | e x p  

^gg(y) 
*77? J" (1"6) 

The only difference between equation (1.5) and equation (1.6) is the term within the curly 

brackets. This term is due to the Webster effect [14]. At sufficiently large base-emitter 

biases, the term within the brackets becomes significant and the back-injected hole 

current density rapidly increases. 

There is one remaining current from figure 1.10 to be described. This is the current 

which flows laterally through the neutral base region to the ground contact (source 

metallization) and develops the Ohmic drop necessary to forward bias the base-emitter 

junction. The value of the current density at any point y contributing to this laterally 

flowing current is the difference between the current densities given in equations (1.4) 

and (1.6), which is: 

J'HB (y)=jHc(y )  -JHE(Y)- (1.7) 

A second order differential equation can be formulated describing the physics 

represented by figure 1.10 and equations (1.4), (1.6), and (1.7). The first part of this 

equation develops from the observation that the incremental lateral base current is the 

local current density given by equation (1.7), which is: 

(1.8) 

The second part of this equation relates the incremental voltage drop to the lateral current 

flow. The incremental voltage drop is given by: 

(1.9) 

where Rs(y ) i s  the resistance of the neutral base region. Note that the dependence of the 

resistance on y corresponds to the lightly doped body region and to the heavily doped 

plug region. Equations (1.8) and (1.9) may be combined to give: 

dlV.BE
2
{y)=-RB{y)mb\ d.io) 

dy 2 



23 

The first boundary condition for equation (1.10) states that the lateral base current is zero 

at the point y = 0 and is given by: 

The second boundary condition for equation (1.10) states that the base emitter voltage is 

zero at the ground contact and is given by: 

A solution to equation (1.10) which satisfies the boundary conditions is defined as 

the critical solution for burnout [11]. This solution is called the critical solution because 

any perturbation in the system which causes a larger base emitter voltage or base current 

density will result in regeneratively increasing currents and voltages until second 

breakdown of the BJT occurs. Any perturbation in the system which results in currents or 

voltages less than that given by the critical solution will result in regeneratively 

decreasing currents and voltages and subsequently a shut down of the parasitic BJT [11]. 

Solutions for and V^£(y) at the critical solution are shown in figures 

1.11, 1.12, and 1.13 respectively. There are two curves shown in each figure, 

corresponding to two different p+ plug positions. In one case, the p+ plug composes 20% 

of the parasitic base region, and in the other case, the p+ plug does not extend into the 

parasitic base region at all. Note that as the total resistance within the parasitic base 

region is decreased (i.e., the p+ plug is expanded further into the base region), the 

susceptibility to single-event bumout is decreased. The susceptibility is decreased 

because the amount of perturbation necessary to exceed the critical solution increases. 

This thesis will discuss the portion of the burnout mechanism which relates the 

energy of an incident heavy ion to the initial base-emitter voltage seen in the parasitic 

BJT. One can then compare this initial base-emitter voltage to the critical solution to 

determine if the incident heavy ion has sufficient energy to initiate burnout. 

(1.11) 

vBE{yc)=0. (1.12) 
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Figure 1.11: jm (y) at the critical solution for power MOSFET burnout for two different p+ plug 
positions. 
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Figure 1.12: IB( y )  at the critical solution for power MOSFET burnout for two different p+ plug 
positions. 
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Figure 1.13: VBE (y) at the critical solution for power MOSFET burnout for two different p+ plug 
positions. 

1.5 Steps in the Problem Solution 

This thesis will address one portion of a semi-analytical model for power-

MOSFET burnout. The process relating the heavy-ion-induced electron-hole-pair 

generation in the semiconductor to the initial base-emitter voltage imposed on the 

parasitic BJT will be discussed. The model for determining the initial base-emitter 

voltage was developed by [15]. The thrust of the thesis effort was to implement this 

model and verify it. This will enable one to calculate the initial base-emitter voltage for 

an arbitraiy ion energy and arbitrary DMOS device dimensions. This model will be later 

incorporated into the program to calculate the burnout threshold of a given DMOS 
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device. 

When an energetic heavy ion traverses the semiconductor crystal, it loses energy 

by creating electron-hole-pairs (ehps) along its track length. This high-density charge 

filament will tend to diffuse radially with time. This filament of charge supports a 

cylindrical current filament flowing from drain to source in the MOSFET. The first step 

in the model, which relates the ehp generation and subsequent radial spreading of the 

carriers to the initial strength and radius of the cylindrical current filament, is discussed in 

Chapter 2 of the thesis. The next step in the model is to calculate the initial base-emitter 

voltage imposed by the cylindrical current filament. This calculation requires some 

background information on electrostatic point source solutions which is presented in 

Chapter 3 of the thesis. With the development of the initial current source and the 

necessary background information, one can solve for the initial base-emitter voltage. The 

details of this calculation are shown in Chapter 4 of the thesis. The effects on the initial 

potential of ion strike position, conductivity ratios between the p+ plug and p_ body 

regions, and lateral extent of the p+ plug are also presented in Chapter 4. The software 

implementation of the model which calculates the initial base-emitter voltage is discussed 

in Chapter S. Finally, the thesis is summarized, conclusions are made, and ideas for 

future research are presented in Chapter 6 of the thesis. 
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CHAPTER 2 

INITIAL CURRENT FILAMENT FROM ION STRIKE 

The passage of a single heavy ion through a power MOSFET operating in the OFF 

state (high VDS low /jg) can initiate burnout. Burnout occurs when the parasitic BJT 

inherent to the power MOSFET structure turns on and conducts current when the power 

MOSFET is supposed to be turned off. The parasitic BJT is turned on by a localized 

current source generated by the passage of the heavy ion. This heavy-ion-generated 

current filament will be referred to as the initial current source henceforth. 

The evolution of the initial current source is governed by: (1) the kinetic energy of 

the incident ion and its stopping power in silicon [16]; (2) the diffusion coefficients and 

mobilities of carriers within the plasma filament (carriers along the ion track); and (3) the 

impurity profiles and operating conditions of the parasitic BJT [10]. The kinetic energy 

and stopping power of the incident ion determine the number of electron-hole-pairs 

generated in the silicon. The diffusion coefficients and carrier mobilities within the 

plasma filament determine the rate at which the ehp's generated along the ion track will 

diffuse radially into the silicon. The impurity profiles and operating conditions of the 

parasitic BJT determine the initial strength of the current source. Each of these three 

points will now be expanded upon. 

2.1 Electron-Hole Pair Generation 

The number of ehp's generated in a given target material due to the passage of a 

given heavy ion is a function of the incident ion's energy and species and of the target 

material. One can relate the kinetic energy of an incident ion to a quantity called its 

stopping power using a model developed by Ziegler. [17] The stopping power of an ion is 
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a measure of the energy lost by the passing ion and deposited in the target material type. 

Stopping power has units of energy per distance (i.e., MeV/^tm). Sometimes, the 

stopping power is expressed in units like MeV-cmtymg. This is just the former 

representation divided by the volume density of the target material. Both representations 

are used interchangeably. The energy deposited in the target material results in ehp 

generation. To first order, stopping power is proportional to the square of the charge of 

the ion and inversely proportional to its kinetic energy. [17] This makes sense since the 

higher the charge of the ion, the higher the Coulomb force seen by electrons in the lattice, 

and the higher the kinetic energy of the ion, the higher its velocity and the lower the 

duration during which the Coulomb force is seen by electrons in the lattice. In silicon, 

the energy required to generate an ehp, Ep, is equal to 3.6 eV.[18] To obtain the number 

of ehp's per track length of the incident ion, one simply divides the stopping power, S, 

by 3.6 eV: 

NP = lh\—1 (2.1) p Ep [iim\ 

where S has the units of eV//Jm. For example, the stopping power in silicon is 6.3 

MeVlfim for a 150 MeV iron ion. Application of equation (2.1) yields 1.75xl06 

ehp/jjm for this incident ion. 

2.2 Radial Diffusion Of Generated Carriers 

Initially, the electron-holepairs are generated along the ion track, creating a steep 

carrier gradient in the silicon. Caniers will tend to diffuse away from their initial position 

along the ion track due to this steep gradient. To obtain an analytically tractable model 

for the time evolution of the generated ehps, the carrier plasma is approximated as a 

uniform line source at time t=0 that diffuses radially with a constant diffusion coefficient. 

This constant diffusion coefficient is approximated by [19]: 
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D ^{Mn+Mp)»20-fiai. (2.2) 

It is also assumed that the radial and axial motion of the carriers are totally 

decoupled and may then be treated independently. With this assumption, the time 

evolution of the radial profiles of the ion-generated electrons np , and of the ion-generated 

holes pp , can be expressed as [20]: 

This equation is a Gaussian function in r, with a peak concentration occurring at r = 0. It 

should be noted that the peak carrier concentrations decrease with time, as one would 

expect. We can rearrange equation (2.3) to get an expression for the radius of a given 

concentration, NGA, versus time: 

The terms in equation (2.4) are identical to those in equation (2.3) with the 

exception that NBCI has replaced np or pp. In figure 2.1, equation (2.4) is plotted for 

the two radii, rf, and rc, versus time for the two concentrations Nscb = 1017ow3 and 

densities in a typical parasitic BJT. Also plotted in figure 2.1 is equation (2.3) for the 

case of r=0(rtpl) As shown in figure 2.1, both radii grow to a maximum and then decay 

to zero, while the peak concentration, nple decays to Nga when the corresponding radius 

shrinks to zero. The importance of these properties of various radii will become apparent 

when carrier densities that are able to turn on the parasitic BJT are discussed. 

Several other interesting and important relationships can be developed using 

equations (2.3) and (2.4). One relationship that will be useful in determining the current 

within a core region of radius r; is the total number of carriers contained within that core 

per unit core length. The core length is in the same direction as the ion track. Integration 

of equation (2.3) from 0 to r, yields: 

(2.3) 

(Nach ') = (2.4) 

NBCC = 3xl015o«"3. These concentrations correspond to base and collector doping 



31 

NW = Np\l-exp[^ = Np-AnDtNBCi. (2.5) 

Another interesting relationship would be that which gives the time at which a particular 

radius, r„ vanishes. This equation is simply obtained by setting equation (2.4) to zero and 

solving for t. The result is: 

Ti = — 
AitDNsci' 

(2.6) 
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Figure 2.1: Radii of core regions corresponding to NBO> and NBCC and peak carrier concentration of the 
plasma filament resulting from a ISOMeV Fe ion. 
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2.3 Determining The Initial Source Strength And Radius 

There are now several equations, (2.3) - (2.6), which describe various aspects of the 

time evolution of the heavy-ion-generated electron-hole-pairs. One more issue must be 

resolved before an expression for the current within the plasma filament can be written. 

Typical power MOSFETs have maximum drain-to-source voltage ratings of 50 V to 500 

V.[21] With voltages this high, and typical distances between drain and source contacts 

in the tens of microns range, the electric fields throughout much of the collector 

depletion region will be above the critical field, Ec. In silicon, Ec = 100 kVJcm.[22] 

This causes the holes and electrons to drift at saturation velocity, which is taken to be 

vsat = 101cm/s for both electrons and holes.[22] Thus, the current within a core region 

defined by r; is simply the product of the saturation velocity and the total charge per unit 

length. This current is given by: 

h = qVsatNin). (2.7) 

Equation (2.7) gives the total current within a core region defined by r,-, which 

corresponds to a particular carrier concentration level. In light of equations (2.3) - (2.7), 

the instantaneous current density within a core region is constantly changing. It is 

necessary to determine the initial source strength and radius that acts to turn on the 

parasitic BJT. Somewhere between the uniform line source created by the heavy ion 

strike and the totally diffused plasma filament lies this initial source that acts to turn on 

the parasitic BJT. In order for the currents within the plasma filament to affect the 

parasitic BJT, the carrier densities within the core must be between the donor atom 

doping density in the emitter and the donor atom doping density in the collector. The 

reason for this is straight forward. Carrier densities within the core greater than the 

doping density in the emitter will totally dominate the entire parasitic BJT structure and 

simply short the emitter directly to the collector, preventing any transistor action. Carrier 
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densities within the core less than the doping density in the collector will be insignificant 

to the parasitic BJT structure. 

The upper bound for the carrier densities inside the core region can be further 

restricted if one considers high-level injection of the parasitic BJT. When a BJT is 

operated under high-level conditions, its current gain, p, is greatly reduced.[23] One 

major reason for this is the large increase of back-injected holes across the base-emitter 

junction. This phenomenon is often called the Webster effect.[23] Recall that in the 

model for burnout of the power MOSFET, burnout occurs when the parasitic BJT is 

driven into second breakdown. The harder the parasitic BJT is driven, the more likely 

second breakdown will result The parasitic BJT will be driven the hardest by an initial 

current source that looks like a collector current just below the onset of the Webster 

effect. The maximum carrier density within the plasma filament corresponding to this 

pre-Webster effect collector current will be referred to as NBCW, and the radius 

corresponding to this concentration is rw. 

To arrive at the initial current-source parameters that drive the parasitic BJT, the 

plasma filament is taken at a time TW. This time, TW, corresponds to the time at which the 

radius rw just vanishes. This will ensure that all areas of the parasitic BJT under the 

influence of the initial current source will function at a reasonably high P. The exact 

details of the importance of maintaining a high P in the parasitic BJT are more fully 

described in [11]. 

In summary for Chapter 2, the model for the heavy-ion-induced charge generation 

in the power MOSFET has been described. The manner in which the heavy-ion-induced 

plasma filament evolves with time has been described. And finally, the model for the 

initial current source used to drive the parasitic BJT was described. Putting the three 

models together, it is possible to determine the radius and strength of a heavy ion induced 

current source that will provide maximum drive to the parasitic BJT. It is necessary to 
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determine the actual potential that this initial current source imposes on the base-emitter 

junction of the parasitic BJT. Before this calculation is performed, some background 

material on electrostatic point source problems is discussed. This is the subject of the 

next chapter. 
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BACKGROUND MATERIAL ON ELECTROSTATIC PROBLEMS 

There are three simple scenarios which prove to be very useful in understanding the 

calculation of the initial base-emitter voltage of the parasitic BJT. The first is that of a 

point source in an infinite plane with conductivity a. This particular geometry is useful 

in understanding the basic physics associated with the problem. The second scenario is 

that of a point source in a half infinite plane with conductivity cr. This geometry 

introduces the concept of using image sources to help meet specified boundary 

conditions. The third scenario is that of an infinite plane with a boundary dividing two 

half-infinite planes of conductivities Oi and 02. This geometry demonstrates how to 

match boundary conditions between regions of two differing conductivities. This is 

important since the base region of the parasitic BJT is made from the p" body and the p+ 

plug regions. The results from these three scenarios will be fundamental in the solution 

of the potential in the parasitic base region. 

3.1 Potential Due to a Point Source in an Infinite Plane 

The geometry of the problem at hand is shown in figure 3.1. In three dimensions, 

this geometry is identical to that of a line source coming out of the paper in an infinite 

space of conductivity a. The origin of the coordinate system is placed at the position of 

the point source as suggested by the symmetry of the problem. The electric field 

intensity, current density, and potential are symmetric about the point source, so placing 

the origin as shown in figure 3.1 enables one to solve for these entities in terms of r [24]. 
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Figure 3.1: Geometry for solving for the potential due to a point source in an infinite plane. 

Taking advantage of the existing symmetry, the electric field and current density 

vectors may be expressed as: 

E =rEn (3.1) 

and 

J = rJr. (3.2) 

In this geometry, since the integral of the current density, 7, around a circle of radius, r, 

must equal the total current, /, the following expression for / is obtained: 

J f2n 
I d6rJr = 2nrJr. (3.3) 
o 

Then, from Ohm's law, an expression for the radial component of the electric field, Er, 

may be obtained: 

£ = A  =  r L _ .  ( 3 . 4 )  
a 2nra v ' 

The potential is related to the electric field by the relationship [24]: 

V = -J E-dl. (3.5) 
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The potential as a function of the radius is obtained by combining equations (3.4) and 

(3.5) to get: 

In equation (3.6) the potential at r is referenced to the point rj (i.e. the integral 

determines the difference in potential between r and ri). Performing the integral, the 

resulting potential is: 

where V\ is the potential at r\. 

There are two significant features of equation (3.7) that will be referred to numerous 

times throughout the rest of the thesis. The factor in front of the natural logarithm will 

appear as a pre-multiplier in the subsequent expressions for potentials. This is of course a 

consequence of the use of Ohm's law in equation (3.4). The second important feature is 

the 1/r term inside the natural logarithm. This functional form is characteristic of 

potentials due to point sources and will appear in many of the upcoming potential 

expressions. 

The next relevant geometry in this development is the potential due to a point 

source in a half-infinite plane. This geometry is shown in figure 3.2. This is identical to 

the infinite-plane geometry in figure 3.1, except that there is a ground plane present. This 

is a relevant problem since the geometry of the parasitic base region has a ground plane in 

it as well. The plane to the left of the ground plane is one conductivity type. The point 

source is located at the point y = h and has a strength equal to /. The reason for placing 

the y coordinate origin at the ground plane instead of at the source point is due to 

(3.7) 

3.2 Potential Due to a Point Source in a Half-Infinite Plane 
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y 

Figure 3.2: Geometry for solving for the potential due to a point source in a half infinite plane. 

symmetry and will be made clear later. The solution to the potential for this geometry 

will be similar to equation (3.7), but there will be additional terms in order to satisfy the 

boundary conditions imposed by the ground plane. 

The boundary conditions that must be met for this geometry are: 

The boundary condition set by equation (3.8) could be any constant, but zero is used for 

simplicity. In equation (3.9), £// refers to the component of the electric field parallel to 

the x axis, and in equation (3.10), £j_ refers to the component of the electric field 

perpendicular to the x axis. It would be much easier to meet these boundary conditions 

mathematically if the geometry shown in figure 3.2 were symmetric about the x axis 

(i.e., where the boundary conditions are to be met). 

A technique used to obtain this symmetry about the x axis is shown in figure 3.3. 

The entire plane for y £ 0 has been rotated about the x axis. The geometry for y & 0 is 

identical to that for y £ 0 except that the current source has a strength of The source 

located at -h is called an image source because it does not physically exist. It is just 

V(x,0)=0, 

JE//(X,0) = 0, 

(3.8) 

(3.9) 

and 

E±(x,0)*0. (3.10) 
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Figure 3.3: Imaged geometry for solving for the potential due to a point souice in a half infinite plane. 

there to match the boundary conditions at x = 0. The solution for the potential is only 

valid for y £ 0, since this is the only plane that exists physically. For this problem, there 

is only a need for one image source. In more complex geometries there may be several or 

even an infinite number of image sources, as will be shown later. 

The boundary conditions specified in equations (3.9) and (3.10) are satisfied by 

means of the simple geometrical argument illustrated in figure 3.4. The electric field 

parallel to the x axis is clearly zero and the perpendicular component is clearly non zero. 

The boundary condition specified in equation (3.8) is satisfied as well in this geometry. 

01 
Ax 

y I± A-1 

Figure 3.4: Geometrical argument for boundary conditions in equations (3.9) and (3.10). 
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Figure 3.5: Calculating the potential at a point (x,y). 

Any point along the x axis is equidistant from each point source, and the potential at any 

point on the x axis will be the sum of the potentials from each source. Since the sources 

have opposite sign, the sum will equal zero. 

The potential for y £ 0 can be written by inspection using the results given in 

equation (3.7) and figure 3.5. The potential for any point (x,y) is simply the sum of the 

potentials from each source. The potential is given by: 

This potential is identical in form to the potential due to a point source in an infinite 

plane. The boundary condition specified in equation (3.8) can be verified by inspection 

of equation (3.11). Everywhere along the x axis r\ and are equal; therefore, the natural 

logarithm and the potential will be equal to zero. For values along the y axis, the 

potential expressed in equation (3.11) becomes: 

v ( * > y ) = l n i r + l n & = l n 7 7 -2KG\ RI 2KG\ R2 2no\ 1 
(3.11) 

(3.12) 
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3.3 Potential Due to a Point Source in Two Half-Infinite Planes 

The next relevant geometry in this development is the potential due to a point 

source in two half-infinite planes. This geometry is shown in figure 3.6. The source has 

a strength of / and is located at yo- The origin of the coordinate axis lies on the interface 

between the Oi and Oz regions. The reason for this positioning of the coordinate axis will 

be made apparent later. 

This is a very relevant problem since the geometry of the parasitic base region has a 

boundary separating two distinct regions of differing conductivities (i.e., the p~ body and 

p+ plug regions). The approach to the problem solution is similar to that discussed in 

Section 3.2. For example, there will be imaged planes and imaged point sources in order 

to create symmetry in the problem and to satisfy the boundary conditions required by the 

physics of the problem. 

The boundary conditions that must be satisfied include constraints on the electric 

field and on the current density at the interface between the Oi and 02 regions. The first 

boundary condition is on the electric field component parallel to the x axis and is given 

by: 

% = E/12 = £//. (3.13) 

The second boundary condition is on the component of the current density normal to the 

x axis (thus the component of the electric field normal to the x axis), and is given by: 

J±I = J12 =J±=> Oi E± 1 = OI E±2 (3.14) 

The expression in equation (3.14) is just a form of Gauss' Law. 

An infinite plane corresponding to each conductivity region will be defined to 

create a symmetrical geometry for the problem. These are shown in figure 3.7. The Oi 

plane is valid only for y ^ 0, and the plane is valid only for y <,0. To solve for the 

boundary conditions specified in equations (3.13) and (3.14), the image sources /' and /" 
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01 <h 

Figure 3.6: Geometry for potential due to point source in two half-infinite planes. 

have been added to figure 3.7. This positioning of the image sources along with the yet 

to be determined strengths of the sources will satisfy the boundary conditions. Notice 

that in the physical planes, y £ 0 in the <Xi plane and y £ 0 in the 02 plane, there are no 

sources except for the original point source I. The image sources only exist in the non 

physical imaged planes. This is an important concept for the later development of the 

potential in the simplified geometry of the parasitic base region. 

0i Oi 

y • -y0 

Valid only for fields in Oi region 
of real geometry. 

LI 
7 

Valid only for fields in 02 region 
of real geometry. 

Figure 3.7: Two imaged planes used in potential solution. 

The next step is to satisfy the boundary conditions specified in equations (3.13) and 

(3.14). The approach to this will be the following: (1) Obtain expressions for the electric 

field components for each plane shown in figure 3.7, (2) Make the assumption that the 

strengths of the three current sources in figure 3.7 are proportional, and (3) Set the 
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parallel components of the electric Held from each plane equal to one another to obtain 

one expression for the relative strengths of the current sources, (4) Set the normal 

components of the current density from each plane equal to one another to obtain a 

second expression for the relative strengths of the current sources, and (5) Solve the two 

expressions obtained in steps (3) and (4) to get the strengths of each image source in 

figure 3.7. This will now be done. 

The basic form for the electric Held due to a point source is obtained by combining 

equation (3.1) and equation (3.2) to get: 

£ = -£-=-lL-= £(?), (3.15) 
2Ttar 2nor2 

where 

R=[(* -XQ F + (y -yo)2]m (3.16) 

and 

r=x(x-xo)+y{y-yo) .  (3.17) 

The variables xo andyo refer to the position of the source. Combining equations (3.15), 

(3.16), and (3.17) and noting that XQ = 0 since the source, /, lies on the y axis and that 

y - 0 since the boundary conditions must be met on the x axis, the tangential and normal 

components of the electric fields from each plane can be expressed as: 

En <3.18) 
2lZO\ + y02 x2 + yo2 / 

(3-19) 

a, En = ̂ [4^ + (3.20) 
l x 2  + y 0

2  x  + yo 2  J 
and 

&2. E±2 = ; <h i " ? { - y o )  
2naz , x 2 + y o 2 .  

(3.21) 

Now, the assumption that /<*/'«/" is made. This proportionality can be more 

formally written as: 

l' = al (3.22) 
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and 

l" = bl. (3.23) 

The next step is to substitute equation (3.22) into equation (3.18) and to substitute 

equation (3.23) into equation (3.19). If the resulting two equations are set equal to one 

another, the first equation relating image source strengths becomes: 

J-(l + a) = -Lfc. (3.24) 
Oi ' Oi 

Similarly, equation (3.22) is substituted into equation (3.20), and equation (3.23) is 

substituted into equation (3.21). If the resulting two equations are set equal to one 

another, the second equation relating image source strengths becomes: 

-1 + a=-b. (3.25) 

Equations (3.24) and (3.25) can now be solved simultaneously to get these 

expressions for a and b: 

(3.26) 
Oi + Ol 

and 

b= 2a* . (3.27) 
Oi + oi 

If equations (3.26) and (3.27) are used in equations (3.22) and (3.23), the strengths for the 

image sources are obtained such that the boundary conditions are met. 

The expressions for the potential in each region are simply the sum of the 

potentials) from that particular region. For all points in the <S\ region, the potential along 

the y axis is given by: 

. In yo +(°* ^|/rt y° l (3.28) 
V(y0 - y ) 2  + V(y0+y)2| 

For all points in the region, the potential along the y axis is given by: 

V(0,y) = ( 2q* ) [in y° I (3.29) 
2n&i \oi + <^/| V(yo-y)2l 

Equations (3.28) and (3.29) are called the Green's functions for this geometry. Inspecting 

equation (3.28), one can see the contributions from source I and from image source /'. 
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The contribution from the image source contains the scaling factor given by equation 

(3.26) in front of the natural logarithm. Inspecting equation (3.29), one can only see the 

contribution from image source /". The scaling factor given by equation (3.27) appears in 

this expression. 

If the source in figure 3.6 were in the region instead of the region, the 

positioning and strengths of the image sources would be very similar to those just 

obtained for the point source located in the Oj region. The sources I and /' would now 

be positioned in the plane and the source f would be positioned in the <f\ plane. The 

expressions for a and b would change slightly to: 

and 

a = ~T~ <3-3°) 
Oi + 02 

b = 2(71 . (3.31) 
Oi + OI 

The potentials for each region would be similar to those given by equations (3.28) and 

(3.29). The potential for all points in the C\ region would resemble that of equation 

(3.29), and the potential for all points in the Oi region would resemble that of equation 

(3.28). 

In summary for Chapter 3, the potentials due to point sources in three simple 

geometries have been developed. First, the potential due to a point source in an infinite 

plane was discussed. This example gave an understanding of the basic form of potential 

that a point source produces. Second, the potential due to a point source in a half-infinite 

plane was discussed. This example introduced the imaging technique needed to satisfy a 

given boundary condition. Third, the potential due to a point source in two half-infinite 

planes was discussed. This example showed another type of boundary condition to meet. 

Each of these three examples is relevant in solving for the potential in the parasitic base 

region. This topic is discussed in the next chapter. 
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CALCULATING THE INITIAL BASE-EMITTER POTENTIAL 

The solution for the initial base-emitter potential imposed on the parasitic BJT will 

be addressed in this chapter. This fairly complicated computation will draw significantly 

upon the material presented in Chapter 3 of this thesis. The first step in this calculation 

will be to simplify the geometry of the parasitic base region in order to retain analytical 

tractability. The next step will be to create a symmetrical geometry from the simplified 

geometry in the same manner as in the solution for the half infinite plane geometry in 

Chapter 3. This will help in matching the boundary conditions at the ground plane. The 

third step in this calculation will be to develop the Green's functions for the simplified 

geometry. This will involve the proper positioning and relative strengths of the image 

sources in order to match the necessary boundary conditions. The final step in this 

calculation will be to include the effects of a realistic current source distribution. The 

Green's functions only describe the effects due to point sources, but the actual initial 

current source has a finite radius as described in Chapter 2 of this thesis. With these four 

steps completed, the potential distribution in the simplified geometry of the parasitic base 

region will finally be calculated. The presentation of this material follows that of [15]. 

4.1 Simplified Geometry of the Parasitic Base Region 

The portion of the power-MOSFET structure containing the base region of the 

parasitic BJT has been enlarged and appears in figure 4.1. The base region of the 

parasitic BJT contains a lightly doped p- region and a more heavily doped p+ region. In 

terms of the power MOSFET, the lightly doped region is the body of the MOSFET and 

the heavily doped region is called the p+ plug. Both the lightly doped and the heavily 
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Figure 4.1: Enlarged view of the parasitic BIT inherent to the power-MOSFET structure. 

doped p regions must be present in the simplified geometry of the parasitic base region. 

Also shown in figure 4.1 is the source metallization which locally shorts the source 

and body together. Since this contact is typically grounded, it will be assumed grounded 

for the remainder of this work. This ground plane must also be included in the simplified 

geometry. 

The proposed simplified geometry is shown in figure 4.2. This is a simplified cross 

section looking down onto the base region. The region labelled <j\ models the p~ body 

region and the area labelled 0*2 models the p+ plug region. The labels G\ and 02 refer to 

the conductivities of each region. This model implies uniformly doped p~ body and p+ 

•' 
X 

0*2 

Figure 4.2: Simplified geometry of the base region in the parasitic BJT. 
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plug regions, which is not the case since in reality these are diffused junctions. An 

integrated average of the impurity profile is used to determine the conductivity in each 

region. The boundary between the two regions occurs at h. The shaded portion at y = 0 

is the ground plane modelling the source metallization of the MOSFET. A current source 

of radius r centered at y o is also shown in figure 4.2. This current source would 

correspond to an ion strike penetrating at y Q. The particular radius and strength of the 

current source would of course depend on the incident ion's energy and on the gain 

parameters of the parasitic B JT, as discussed in Chapter 2. 

4.2 Imaged Geometry for Base Region of Parasitic BJT 

The simplified geometry is repeated in the left portion of figure 4.3. To the right of 

the simplified geometry is the imaged geometry used to create symmetry in the problem. 

Notice that the entire plane for y £ 0 in the simplified geometry has just been reflected 

about the x axis to obtain the imaged geometry. There are now two Oi regions which are 

labelled G\L and G\R. Each Oi region will be used to satisfy a different boundary 

condition, namely the boundary made between itself and the Oi region. The Oz region is 

sandwiched in between the two G\ regions. 

To solve for the potential in the simplified geometry, one just needs to sum the 

contributions from current source /, located at yo, and image source -I, located at -yo-

This will satisfy the boundary conditions at the ground plane or at y = 0. A problem 

arises though when tiying to match the boundary conditions at y = ± h. Both boundaries 

must have the electric field and current density restrictions, given by equations (3.13) and 

(3.14), met in this symmetrical geometry. It turns out that in order to meet the boundary 

conditions at both boundaries, an infinite number of image sources is necessary. This 

will become apparent in the next section. 
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Figure 4.3: Real simplified geometry and modeled simplified geometry. 

4.3 Obtaining Green's Functions for Simplified Geometry 

The objective in this section is to generate the Green's functions for the simplified 

geometry. Recall that a Green's function describes the potential in a particular region due 

to a point source. The Green's function contains the relative strengths and positions of 

the image sources necessary to meet the physical boundary conditions. The boundary 

conditions will be met in the modeled geometry shown in figure 4.3. There are three 

boundaries to deal with. They are the boundary between G\L and 02 located at y = h, the 

boundary between GIR ? ,d 02 located at y = - h, and the ground boundary located at 

y ~ 0. The boundary conditions will be met at y = 0 by including the effects of both 

current sources shown in figure 4.3, / and -/. The boundary conditions at y = 0 will be 

met via the same reasoning as the example presented in Chapter 3, Section 3.2. The 

boundary conditions at y = h and at y - - h will be met using the same reasoning as the 

example presented in Chapter 3, Section 3.3. 

The approach to this problem will be to first generate the image sources necessary 

to meet the boundary conditions aty = h and y = -h due to the presence of the single 

source,/, located aty =yo. This will generate functions describing the potential in each 

of the three regions ( OIL, > and G\R) due to the point source located at y = yo. A simple 
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geometrical argument will then be used to generate similar functions due to the point 

source, -/, located at y = -yo- These functions will then be appropriately combined to 

yield the Green's functions due to a point source as shown in the real geometry in figure 

A similar set of Green's functions exists for the case when the point source is 

located in the 02 region instead of in the Oj region as shown in figure 4.3. The 

development of these functions is analogous to the case with the source located in the Oi 

region. Only the results will be shown for these Green's functions. 

The strategy used to determine the positions and relative strengths of the image 

sources when the original source is within the Oi region is depicted in figure 4.4 [15]. 

This strategy will now be described. The modeled simplified geometry is repeated in 

figure 4.4a. The source, /, is positioned at y =yo just as it was in figure 4.3. The 

boundary condition at y = h will be satisfied first in a manner analogous to the case 

discussed in Chapter 3, Section 3.3 with two half planes of differing conductivities. 

The first image source, /', is shown in figure 4.4b. Figure 4.4b contains an infinite 

OiL region. The initial source is simply reflected about the point y = h to arrive at the 

position of /'. Therefore, the location of /' is at: 

The second image source is shown in figure 4.4c, which is an infinite plane with 

conductivity 02. Just as discussed in Chapter 3, Section 3.3, the image source, Iu , is 

located at: 

4.3. 

y = 2h-y0. 

The strength of /' is given by equations (3.22) and (3.26) and is: 

(4.1) 

(4.2) 

y = y  0 ,  (4.3) 

and it has a strength equal to: 

/«'• = I 2°2 W 
\Oi + <%) 

(4.4) 
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Figure 4.4: Imaging strategy for point source located in G\ region; the y axes are marked off in units of h. 
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With the inclusion of I" , the boundary conditions at y = - h have been disrupted. 

To satisfy this boundary condition, /" is first reflected about the point y = -h in an 

infinite plane with conductivity, 02, to obtain the third image source, IM, shown in figure 

4.4d. The location of Iiu is: 

y =—2h—yo, (4.5) 

and it has a strength equal 10: 

/is _ a = (4.6) 
Wi + czl (Oi + <%)2 

The second step in satisfying the boundary conditions at y = - h is to place the fourth 

image source, lw, at the same position as /" in an infinite ar region. This source is 

shown in figure 4.4e positioned at: 

y=yo, (4.7) 

with a strength given by: 

/A- = f 2<T» )/" = -MS—/ (4.8) 
\OI + 02) (AI + O2)2 

With the inclusion of /"', the boundary conditions at y = h have been disrupted. To 

satisfy this boundary condition, /'" is first reflected about the pointy = h in an infinite 02 

region to obtain the fifth image source, /v, shown in figure 4.4f. This fifth image source 

is located at: 

y=4h + y0, (4.9) 

with a strength given by: 

jv _/<%-gj\jtu _ 202 (Q2-Oj)2
f  jo) 

\<h + Oil (oi + Q)3 

The second step in satisfying the boundary conditions at y = h is to place a sixth image 

source, I™, at the same position as /"' in an infinite (J\L region. This source is shown in 

figure 4.4g positioned at: 

y = -2h-y0, (4.11) 

with a strength given by: 
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jvi _ | 2oi | jin _ 4oi<^ (<% — Oi) j j2\ 
Wl + Oi/ (o-j + 02)3 

This pattern of satisfying alternate boundary conditions persists infinitely. Each 

time a new image source is placed in the infinite 02 plane to satisfy one boundary 

condition, the other boundary condition is disrupted. For example, the last image source 

shown in figure 4.4h, Iw, is used to satisfy the boundary condition at y = - h that was 

disrupted by the image source /v. The position of P* is determined by reflecting Iv 

across the boundary y = -h, and it is given by: 

y = -6h-yo. (4.13) 

The strength of /w" is given by: 

/v» J°2~°1 \r Oi)3 L (414) 

\Oi + O2I (oj + 

Notice that as each new image source is added, it is positioned farther from the 

original source, and it has a progressively lower strength. Another physically significant 

point is that in each plane (OIL, 02, or (Tut), the only source present in the modelled 

geometry in figure 4.3 is the original source, /. All the image sources are located in the 

halves of their respective planes that are not part of the physical model. For example, all 

the image sources associated with the Oz plane are either located in the region y > h or in 

the region y<-h. This is similar to the image sources associated with the OIL and G\R 

regions. 

Combining the appropriate parts of equations (4.1) through (4.14) and noticing the 

pattern of image source location and strength, the potential due to the point source, /, in 

each of the three regions shown in figure 4.3 can be written. The potentials along the y 

axis are written as [15]: 

0n(y)  = —{ hV (y-yo)2  + /„ V (y+yo-2h)2  

2noi oi+<& (415) 

+ £ (.^LPFCVB'+M4K+2)H]2}' 
ai+oscS taw-os/ v rJ i 
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<p2l{y) L(_2^_) £ [s^\\^l\y _ (-^(yo+afeA)]\ 
2ff<R2W<%/£SlaiW ^ V / V JI • (4.16) 

and 

3̂i(y) = —-—4o)<̂  f(ô \ ip,V(y-yo-4)Wi)2. 
2ffoi foi+wl2 w) voi+®/ 2ffOi (oi+oi)2 w> 

(4.17) 

The notation for fyj in equations (4.15) through (4.17) is defined to be that i corresponds 

to the region of interest and j corresponds to the region in which the initial source point 

is located. The numbers 1, 2, and 3 correspond to the regions GIL, 02, and <7IR 

respectively. 

Equations (4.15) through (4.17) describe just half of the battle. To satisfy the 

boundary conditions at ground (y = 0), the current source, -/, located aty = -yo must be 

accounted for. With the aid of the simple geometrical argument shown in figure 4.5, 

these functions can be written by inspection. With the inherent symmetry of the modeled 

geometry, it is apparent that: 

<ki(x>y)=-fo3(x-yl  

<hUx>y)=-<h3(x-y)> 

(4.18) 

(4.19) 

and 

<h\{x,y)=-<h3{x~y)- (4.20) 

X 

0il <h <h 0*1 R 

I 

Figure 4.S: Geometrical aid to And potential due to - / source. 
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With the information given by equations (4.15) through (4.20), the Green's 

functions for the source / in the Oi region may be written. There is a separate Green's 

function for both the Oi and 02 regions. For the Oi region, the Green's function is given 

by the sum of (x,y) and 0i3 (x,y), and for the Oi region, the Green's function is given 

by the sum of #21 (x,y) and #23 (x,y). These Green's functions along the y axis may be 

expressed as [15]: 

jfcStaViwSj5 
(421) 

and 

(AA.)'/„A/[(-')' B»™)+>Y. (4.22) 
*r®W®'£;Wo) 7 [(-l)'(»f2H>)->]2 

The functions given by equations (4.21) and (4.22) are similar in most respects to those 

presented for the simpler geometries, except that there are more terms. Each individual 

term corresponds to either the original current source or to one of the infinitely many 

image sources. Each successive source is positioned further from the previous source and 

its strength is weaker than the previous source. 

The Green's functions given by equations (4.21) and (4.22) are applicable only for 

an initial source in the Oi region. There are two more Green's functions which describe 

the potential in the Oi region and in the 02 region for an initial point source in the 02 

region. Their development is analogous to that of equations (4.21) and (4.22). Only the 

resulting Green's functions will be presented in this paper. These Green's functions are 

[15]: 

Gl2(y) = _I_(_2OL.)£ (M.F in/i /[Y + 2^ + (-L)T3T (4.23) 

and 

G2 2(y)=-J-in /HH£te=2L)*.  /  [(-1)* -y0)-y] z[ (-1)* y0)y32  (4  24) 
w  2*a Ny-yotM^) 7 [(- l )»(2t t-yo)+y]2[(- l) k(2*h +yo)-y]2  
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The Green's functions given by equations (4.21) through (4.24) describe the 

potential due to a point source in either the Oi region or the 02 region. The actual initial 

current source has a finite radius, as discussed in Chapter 2. To further complicate 

matters, the initial current source can have a radius such that the source is contained in 

both conductivity regions. This is illustrated in figure 4.6, which shows the four cases 

which are considered in this model. The cases are labelled la, lb, 2a, and 2b. The 

number 1 or 2 corresponds to the region in which the source center is located. If the 

second symbol is a, the current source is totally inside that conductivity region, and if 

the second symbol is b, the current source is contained inside both conductivity regions. 

The potentials arising from non point sources, or self potentials, will have a 

different functional form than the simple natural logarithm form seen in the Green's 

functions. Once found, the self potentials will just be inserted term by term in the 

appropriate Green's function wherever a natural logarithm appears. The image sources 

are thus in the same shape as the initial sources, i.e. they are not point sources. The 

image sources will have the same strength and position given by equations (4.21) through 

(4.24), but they will have different forms for the potential. It is possible for the initial 

current source to have a radius such that part of the source extends into the ground region, 

but that case is not considered in this model. 

It can be deduced from figure 4.6 that there are three shapes of initial current source 

of interest. For the cases la and 2a, the initial source is simply circular. For the cases 

lb and 2b, there are two source shapes to be considered. Since the form of the Green's 

functions requires sources in differing conductivity regions to be considered separately, 

the self potentials due to each of the shaded sources in cases lb and 2b must be found. 

The self potential due to the circular source will be considered first. 
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Figure 4.6: Cases for initial current source position and size. 

To find the self potential due to the circular source, one first notes that at any point 

outside of the circular source with radius ro, the potential will be identical to that of a 

point source with equal strength located at the center of the circular source. This 

observation is due to the symmetry of the problem. So, the potential for any r£ro due to 

a circular source of strength I centered at y = yo in a region of conductivity oi is simply: 

In equation (4.25), r is the distance from the source center and not necessarily from the 

origin. 

The self potential for points inside the circular source, rSro, is given by the 

potential at TQ plus the voltage drop from ro to r. To calculate the voltage drop from r0 to 

r, the negative of the radial component of the electric field is integrated from ro to r. 

The radial component of the electric field can be obtained directly from the radial 

component of the current density. This may be obtained in the following manner. Using 

the constant carrier profile (instead of the Gaussian profile), the total current of the 

filament at any r<,ro may be written as: 

(4.25) 

I=jo nr2 = Jr 2nr, (4.26) 
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where jo is the constant current density associated with the constant carrier profile and Jr 

is the radial component of the current density. Equation (4.26) can be solved for Jr to 

obtain: 

/r=y^p (4.27) 

The radial component of the electric field in a region of conductivity Oi is given by: 

Er = £jr- (4-28) 

So, the potential for r £ ro becomes: 

(4.29) 
Jro Jr0 

Performing the integration and some algebra, the self potential of the circular current 

source for r £ ro is given by: 

Now, assuming that the circular source is lying on the y axis centered at y =yo, the 

potential for any point along the y axis inside the circular source is given by [15]: 

vc{y)= _ / 
2TCGI 

l nyo , ro2-(y-yo); 

ro 2r0
2 

for |y -yo| <, TQ. (4.31) 

Equation (4.25) may be similarly rewritten as [15]: 

Vc<y)=2^'"^yS forty-J'(j2r»- <4-32> 

An important observation about equations (4.31) and (4.32) is that the terms 

containing y -j>o are the distances from any point y to the center of the circular source. 

Equations (4.31) and (4.32) are valid only for the original source, and the potentials for 

all the imaged circular sources must be augmented to reflect the proper distance from any 

point y to the center of the imaged circular sources. 
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Figure 4.7: Geometry for rectangular current source. 

The next self potential that will be calculated will be for the current source 

geometry shown in figure 4.7. This shape of current source arises whenever the initial 

current source is contained in both conductivity regions as shown in figure 4.6. The 

shaded rectangle in figure 4.7 is used to approximate the semi-circular source resulting 

from the boundary between conductivity regions. It turns out that it is analytically 

intractable to solve for the potential due to the semi-circular source. The approximated 

rectangular source is chosen such that it has the same center of gravity, G, and the same 

area (thus the same total current) as the semi-circular source. The area of the semi

circular source in terms of parameters shown in figure 4.7 can be expressed as: [25] 

A = J- r0 
2 (2a - sin 2a) = r0 

2 [cos -1 1-(^)2], (4.33) 

and its center of gravity is given by: [25] 

h _te.pl3/2 

r* = ̂ o3sin̂ H-r<> =r. (4.34) 
2008-1 (£)-2^V1 ~FE)2 

With the expressions given by equations (4.33) and (4.34), it is relatively simple to 

calculate the width, w, and the height, 2xo, of the rectangular source with the same area 

and center of gravity as the semi-circular source. Inspecting figure 4.7, it is apparent that 



the width is given by: 

w = 2(rg-s). 

The area of the rectangular source is: 

Ar = 2xow =A. 

Substitution of equation (4.35) into equation (4.36) and slight rearrangement yields: 

= A 
4 fa-*)' 
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(4.35) 

(4.36) 

(4.37) 

Figure 4.8: Geometry used to calculate rectangular potential. 

With the rectangular source expressed in terms of known parameters, it is possible 

to calculate the self potential resulting from this source. The geometry used for the 

calculation is shown in figure 4.8. An integration will be performed over the area of the 

rectangular source. The potential could be calculated in general for x and y, but for this 

case the potential will only be solved along the y axis. For the integration, a differential 

voltage element must be obtained. Just as in the case for the circular potential, this 

differential voltage element is obtained from the electric field, which is obtained from the 

current density. The differential voltage element along the y axis for a rectangular source 
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in a region of conductivity oi is given by: 

^)=W'4=-W,NVM2^-/)2- (4.38) 

The potential due to the rectangular source is then given by: 

V,M=-5J3-[ l"[{x-)2^-yf}dx-dy\  
Jh-W J-x o 

(4.39) 

Integrating equation (4.39) and performing some simplifying algebra, one obtains 

the analytical expression for the self potential resulting from the rectangular current 

source. This expression is given by equation (4.40) [15]. Equation (4.40) is significantly 

more complex than the potential due to a point source or even the self potential due to a 

circular source. There are some important points to note about equation (4.40). The 

terms containing (y - h) and {y + w-h) are simply the distances from any pointy to the 

edges of the rectangular current source at y = h and y-h-w (see figure 4.8). As 

written, equation (4.40) is only valid for the original rectangular current source. The 

potentials for all of the imaged rectangular sources would have to augment the terms 

(y - h) and (y + w - h) to reflect the proper distances from any point y to the edges of the 

imaged rectangular sources. 

vr(y) = ~2^~ - h)ln[*o2 + (y - h)2] -Xoiy +w - h) In [xo2 + (y + W - h)2] 

+ SXQW 

+ |(y-A)2 tan-1 ^) - {y -w - A)2tan"' 

+xo2 cos.jmr -cos <\/ b + w ](4.40) 
V xo2 + {y-h)2 \ XQ

2 +{y+w-h)2  
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The self potential for the one remaining current source geometry will now be 

calculated. The geometry of interest is shown in figure 4.9. Note that this geometry is 

simply the circular source with the approximated rectangular source removed. Because 

its shape resembles that of the moon in the first quarter, the potential due to this current 

source geometry wil l  be referred to as  the firs t  quarter  potential ,  or  Vfq .  

Figure 4.9: Geometry of first quarter current source (shaded portion). 

There is no reason to perform any integration in order to solve for Vfq , since V c  and 

Vr have already been calculated. The expression for the first quarter potential is given 

by:[15] 

V f y ( y )  =  V c ( y ) - V r ( y ) ,  (4.41) 

where V c(y)  is given by equations (4.31) and (4.32) and V r{y)  is given by equation (4.40). 

Note that the potentials expressed in equations (4.38) through (4.41) are for regions 

of conductivity For current sources in regions of conductivity 0*2» whether the 

original sources or imaged sources, the term <7i is replaced by <72 in each of the potential 

expressions. 

In summary for Section 4.4, the necessary tools for calculating the potential due to 

the initial current source in the simplified geometry of the parasitic base region have been 

developed. The four Green's functions describing the strengths and positions of the 

image sources necessary to meet the required boundary conditions were derived. The self 
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potentials due to the relevant current source geometries were also derived. To calculate 

the potential due to the initial current source in the simplified geometry of the parasitic 

base region, the Green's functions given by equations (4.21) through (4.24) are used in 

conjunction with the self potentials given by equations (4.31), (4.32), (4.40), and (4.41). 

The strengths and positions given by the Green's functions remain unchanged, but the 

point source potentials are replaced by the appropriate self potential. The resulting 

equations for the numerous combinations of Green's functions and self potentials will not 

be presented in this paper. The potentials for several cases of current source radius, 

position, and strength will be shown however. This is the subject of the next section. 

4.5 Calculated Potentials 

The potentials due to the initial current source in the simplified geometry of the 

base region of the parasitic bipolar junction transistor are calculated in this section. The 

curves presented are intended to show that the model presented in this paper satisfies the 

boundary conditions at the ground plane and where the two regions of differing 

conductivities meet, and that the model gives meaningful results when some of the 

physical parameters are slightly altered. The effect of different conductivity ratios for the 

two regions on the potential will be shown. The effect of the position of the initial 

current source will be examined. And finally, the effect of the position of the boundary 

between the two conductivity regions (extent of the p+plug) will be examined 

In each of the graphs that will be shown, several parameters will be held constant. 

Namely, the strength of the initial source, /, will be equal to 10 mA for each potential 

plot. The radius of the initial source, no, will be equal to 1 p.m for each potential plot. 

The total parasitic base length for each potential plot will be equal to 10 |im. This 

convention should provide for easy comparison of the potential plots. 
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The effect of different conductivity ratios for the two regions is shown in figure 

4.10. The boundary between the two regions is at 5 fim for each plot. This should be 

evident from figure 4.10 because of the change in slope at 5 |lm. One would expect this 

change in slope of the potential since this slope is proportional to the electric field which 

is proportional to the conductivity of the region. The difference between the two ratios is 

a greater change in slope at the boundary between the two regions. It is evident that the 

p+ plug reduces the maximum potential noticeably, and it is thus helpful to reduce the 

sensitivity of the power MOSFET to single-event burnout 

The effect of different positions within the base region of the initial current source 

is shown in figure 4.11. The boundary between the two conductivity regions is at 5 nm 
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Figure 4.10: Potential for several different conductivity ratios. 
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for each plot. As the source is moved further from the ground plane (y = 0) the peak 

potential is increased. One would expect this result directly from Ohm's law. As the 

source is moved further from ground, the resistance to ground that the current must flow 

through is increased. Consequently, the product of the higher resistance and the same 

value of current yields a higher potential. The strong variation of the peak potential 

indicates a strong sensitivity of the burnout susceptibility to the location of the ion strike. 

0.6 

V 
OA 

3 
£ 0.4 
> 

a> 
3 

*5 
a 

0.2 

0 
10 

p+plug 

Center at 7 um 

5 fjm 

31um 

0 

y Direction fyim] 

Figure 4.11: Potential for different source positions. 

The last parameter variation to be considered in this paper will be the position of the 

boundary between the two conductivity regions. This is shown in figure 4.12. The 

current source is centered at 5 |im for each of the potential plots in order to make a 

meaningful comparison. This is a significant comparison since it models the effect of 
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various sizes of the p+ plug on the potential. As the plug is moved further from ground, 

the potential decreases. This can also be explained by Ohm's law. As the plug is 

expanded, the total resistance decreases since more of the resistance is determined by the 

higher conductivity p+ plug region. Hie lower resistance means a lower voltage drop for 

the same value of current. Figure 4.12 demonstrates the strong effect of the horizontal 

extension of the p+ plug on the peak voltage and, hence, the single-event burnout 

threshold. Expanding the p+ plug is expected to be the most effective measure to reduce 

the vulnerability to single-event burnout of the devices. 
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Figure 4.12: Potentials for different positions of the boundary between the two regions. 
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In summary for Section 4.5, the potential in the simplified geometry of the parasitic 

base region was calculated for several cases. In the first example, the conductivity ratio 

between the two regions was varied to observe the change of slope in the potential at the 

boundary. In the second example, the initial current source position was varied to 

observe the change in peak potential. In the final example, the boundary between the two 

regions was varied to model the effect of expanding the p+ plug in the actual MOSFET. 

In each of the examples the potential behaved as one would expect 

To summarize Chapter 4, the method of calculating the initial base-emitter voltage 

of the parasitic BJT imposed by the initial current source was presented. This involved a 

simplification of the parasitic base region. Next, the Green's functions for this simplified 

geometry were developed. Since the Green's functions describe the potential due to a 

point source, the self potentials of the various current source shapes were found. The self 

potentials used in conjunction with the Green's functions enables one to find the initial 

base-emitter voltage. The initial potential distributions were calculated for various source 

positions, conductivity ratios, and different conductivity region boundaiy positions. 
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CHAPTERS 

SOFTWARE IMPLEMENTATION 

5.1 Program Description 

The Green's functions given by equations (4.21) through (4.24) and the self 

potentials given by equations (4.31), (4.32), (4.40), and (4.41) must be appropriately 

combined in order to calculate the potential profiles shown in figures 4.10 through 4.12. 

The software which does this is currently written in the C programming language and 

resident on a 86386 based system with a mathematical coprocessor. The C programming 

language was used because of its portability [26]. This code could be run on any type of 

computer with a C compiler. 

The program begins by prompting the user for the following information: 

(1) position in base region of ion strike, 

(2) radius and strength of initial source, 

(3) length of total base region, 

(4) lateral extent of the p+ plug, and 

(5) resistance of the p+ plug and p~ body regions. 

This allows the user the flexibility to test all physically relevant situations. In the 

complete burnout calculation, each of the inputs listed are provided by other subroutines. 

Once the position and radius of the initial current source and the properties of the 

simplified geometry of the parasitic base region are known, the program determines: 

(1) which region is the source center located, 

(2) which self potentials are required (circular, etc..), and 

(3) which Green's functions are required. 

Simple comparisons are made between the input parameters to determine these. 

Next, the parasitic base region is discretized into typically 200 points. The potential 

at each point is then calculated using the appropriate combinations of Green's functions 
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and self potential. The profile is then archived for future inteipretation. The manner in 

which the appropriate Green's functions and self potential are chosen is addressed in the 

next section. 

5.2 Algorithm 

ies no 
(center in body region) (center in plug region) 

yo + n> £ h 1 yo-ro 

no no 

yo- ro  2  0 ?  

no no 

Case IB Case 2B 

Case 1A Case 2A 

Not Allowed <• 

yo E source center 
ro s source radius 
h a plug-body boundary 

y=Qe ground 

Figure 5.1: Algorithm to select appropriate case. 
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A flowchart showing the algorithm of the program is shown in figure 5.1. As 

shown in figure 5.1, there are four possible combinations of Green's functions and self 

potentials depending on which region the source is centered and on the size of the source 

radius. The four cases are labelled 1A, IB, 2A, and 2B. The number in the cases, 1 or 2, 

tells which region the source center is in. The 1 corresponds to the p~ body region, and 

the 2 corresponds to the p+ plug region. The letter in the cases, A or B, tells which self 

potentials are used. The A cases represent the situation where the entire source is 

contained in one region; therefore, only the circular self potentials are used in the A 

cases. The B cases represent the situation where the source is in both regions; therefore, 

both the rectangular and first quarter self potentials are used in the B cases. 

Case 
Green's Functions (Self Potentials) 

Case y < h  y Z h  

1A Gzi (circular) Gn (circular) 

IB 
Gi\ (first quarter) 

+ 
Gn (rectangular) 

Gn (first quarter) 
+ 

G12 (rectangular) 

2A Gn (circular) Gn (circular) 

2B 
G21 (rectangular) 

+ 
Gn (first quarter) 

Gii (rectangular) 
+ 

G12 (first quarter) 

Table 5.1: Combinations of Green's functions and self potentials for each case. 
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For each case, the potential is calculated at each point y in the parasitic base region. 

The appropriate Green's functions and self potentials for each case are shown in table 5.1. 

The actual source code listing is not provided in this thesis. 
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CHAPTER 6 

SUMMARY, CONCLUSIONS, AND AREAS FOR FUTURE WORK 

6.1 Summary 

When electronic systems utilizing power MOSFETs are to be operated in a space 

radiation environment, single event burnout must be taken into consideration. The power 

MOSEET is rendered useless following single event burnout Single event burnout is 

initiated by the passage of a heavy ion near the parasitic BJT inherent to the power 

MOSFET structure. The parasitic BJT is turned OFF during normal device operation 

since the base-emitter junction is shorted via the source-body metallization of the 

MOSFET. Lateral current flow through the body region can locally forward bias the 

base-emitter junction of the parasitic BJT. If the base-emitter junction is more forward 

biased than that given by the critical solution for burnout, the power MOSFET will 

burnout. This thesis discussed the portion of the model for power MOSFET burnout that 

links the energy of the incident ion to the initial forward bias of the base-emitter junction 

of the power MOSFET. 

As the heavy ion passes through the semiconductor, electron-holepairs are 

generated along its path length. This column of electron-holepairs supports a short-lived 

cylindrical-shaped current source. The radius of this current source increases with time, 

hence the current density decreases with time. At a particular point in time, the 

cylindrical current source is used as an initial condition for determining the initial base-

emitter voltage of the parasitic BJT. This point in time is chosen such that the parasitic 

BJT is driven hardest. The parasitic BJT is driven hardest just before the onset of high-

level injection. 

With the parameters of the initial current source determined, the initial base-emitter 
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potential is determined by means of an electrostatic boundary value problem. As 

background information, the potentials due to a point source were calculated in: (1) an 

infinite plane, (2) a half-infinite plane, and (3) two half-infinite planes. Each of these 

solutions provided useful information for calculating the potential in the simplified 

geometry of the parasitic base region. 

The potential in the simplified geometry of the parasitic base region was calculated 

using the Green's functions for that geometry and the self potentials for the appropriate 

current source shapes. The Green's functions describe the potential distribution due to a 

point source in the simplified geometry. The self potentials of the current sources 

describe the potential due to the particular current source in an infinite plane. The initial 

base-emitter potential distribution was then calculated for several initial source positions, 

conductivity ratios, and positions of the p+ plug. 

6.2 Conclusions 

Some conclusions can be made about the initial base-emitter voltage calculation. 

Recalling figure 4.11, the calculations for different source positions, as the ion strikes 

further from ground, the initial potential increases. This means that the power MOSFET 

is more vulnerable to burnout for a given ion energy the farther from the body contact 

that the ion strikes. This information could be used to help determine the burnout cross 

section of a particular power MOSFET. 

Recalling figure 4.12, the calculations for different expansions of the p+ plug, as the 

p+ plug is made larger the initial base-emitter voltage decreases. The reasoning behind 

this is simply that as the p+ plug is expanded, the overall resistance in the parasitic base 

region decreases; therefore, the voltage will decrease for the same amount of current. 

This is an important consequence since a power MOSFET can be made less susceptible to 
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single event burnout by simply expanding the p+ plug as much as possible. The potential 

for the device having the p+ plug extending out to 7 nm would require an ion with 

approximately seven times the energy as the device having the p+ plug extending out to 3 

lim to generate the same initial potential. This could make the difference between a 

reliable and a nonfunctional satellite system. 

6.3 Areas for Future Work 

There are at least three problems to be solved in the future course of this research. 

The first project to complete is the software verification of the complete model for single 

event burnout of power MOSFETs. The initial base-emitter voltage computation will 

play an integral role in this. Results from burnout calculations will then be compared to 

the burnout thresholds and cross sections obtained experimentally. 

The second project will be to incorporate a similar model to predict the burnout 

threshold of power-bipolar-junction transistors. The cross section of a power BJT is very 

similar to that of a power MOSFET. This suggests a similar model. A modified version 

of the initial base-emitter potential calculation will be included in this model. The initial 

base-emitter potential calculation would be modified to reflect the specific geometry of 

the base region of the power BJT. 

The third project would be to include temperature effects in the burnout calculation. 

Some recent data has shown that the susceptibility to single event bumout increases with 

temperature. The model should predict that as well. 
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