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ABSTRACT 

 

           The main objective of this scientific research is studying the characteristic         

of bipolar junction transistor device and its performance under radiation fields and         

temperature effect as a control element in many power circuits. In this work we 

present the results of experimental measurements and analytical simulation of 

gamma – radiation effects on the electrical characteristics and operation of power 

transistor types 2N3773, 2N3055(as complementary silicon power transistor are 

designed for general-purpose switching and amplifier applications), three samples 

of each type were irradiated by gamma radiation with doses, 1 K rad, 5 K rad,     10 

K rad, 30 K rad, and 10Mrad, the experimental data are utilized to establish an 

analytical relation between the total absorbed dose of gamma irradiation and 

corresponding to effective density of generated charge in the internal structure of 

transistor, the electrical parameters which can be measured to estimate the 

generated defects in the power transistor are current gain, collector current and 

collected emitter leakage current , these changes cause the circuit to case proper 

functioning. Collector current and transconductance of each device are calibrated as 

a function of irradiated dose. Also the threshold voltage and transistor gain can be 

affected and also calibrated as a function of dose.  A silicon NPN power transistor 

type 2N3773 intended for general purpose applications, were used in this work. It 

was designed for medium current and high power circuits. Performance and 

characteristic were discusses under temperature and gamma radiation doses. Also 

the internal junction thermal system of the transistor represented in terms of a 
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junction thermal resistance (Rjth). The thermal resistance changed by ∆Rjth, due to 

the external intended, also due to the gamma doses intended. The final result from 

the model analysis reveals that the emitter-bias configuration is quite stable by 

resistance ratio RB/RE. Also the current amplification factor (β+1) controlled in the 

transistor stability under radiation filed, and the external temperature effects. 

Stability factors S(ICO) ,S(VBE) and S(β) were studied under the effect of radiation 

and temperature, where S(ICO) were sensitive to radiation while S(VBE) and S(β) 

were more affected by temperature. The effect of radiation and temperature were 

various for the same type NPN of device BJT with different models. 
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CHAPTER (I) 

 

INTRODUCTION 

 

The power Transistors are used to handle large current (typically more than 

1A) and/or large voltages. For example, the final audio stage in a stereo system uses 

a power transistors amplifier to drive the speakers [1]. A transistor is a device that 

utilizes a small change in current to produce a large change in voltage, current, or 

power. The transistor, therefore, may be used as an amplifier or an electronic switch. 

An amplifier is a device that increases the voltage, current, or power level of a signal 

applied to that device. An electronic switch is a device which utilizes a small voltage 

or current to turn on or turn off a large current flow with great rapidity [2]. 

Gain degradation and leakage are the most striking and common effects of 

radiation on bipolar transistor. One cause of gain degradation is atomic displacement 

in the bulk of a semiconductor. This bulk damage produces an increase in the 

number of recombination centers and therefore reduces minority-carrier lifetime. 

The other main cause of gain degradation is ionization in the oxide passivation layer, 

particularly that part of the oxide covering the emitter-base junction region.            

By a process similar to that in MOS devices. Charge-trapping and the generation of 

new interface states produces degradation of gain. The trapped surface charge and 

interface states cause an increase in minority-carrier surface recombination velocity, 

reducing gain. Under electron and proton irradiation, such surface-linked 

degradation often precedes minority-carrier effects [3]. 

   The electrical characteristics of two transistors types 2N3773 and 2N3055 were 

measured and tested as a bipolar junction power transistor after and before 

irradiation and with different temperature degrees. These types are strongly depend 

on base operation, forward and reverse currents in the current-voltage (I-V) 

characteristics, breakdown voltage and threshold voltage, values which changed 

generated leakage currents. The charge carrier mobility in depletion region, have 

very strong influence on current–voltage (I-V) characteristics and transconductance 
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[4]. The problems related to stability and reliability of operation arises in the case of 

devices that are either stored electron-hole operated in an ionizing radiation 

environment. Ionizing irradiation is known to induce the appearance of addition 

charges at depletion region. These additional charges increase the leakage current, 

and decrease the transistor total current, and cases a degradation of device electrical 

parameter. (Threshold voltage, leakage currents, and transconductance) [5]. 

Possibility leading to a failure of the circuit or overall system. Electronic devices 

used in satellite equipment are operated in radiation – hazardous space environment. 

Even in low earth orbits the total mission dose absorbed over the years of 

exploitation can be accumulated up to 100Gy ( 1 Gy = 100 rad ), while in high orbits 

this dose can be as high as 10K Gy [6]. The risk is even much higher in nuclear 

power station where under the usual circumstances (not to mention accident 

situations) some devices must be able to with stand gamma – irradiation from the 

reactor coolant system at a rate as high as 1Gy/h, which represents a total dose of 

250KGy over 30 years [7]. On the other hand, some applications require devices that 

are highly sensitive to gamma – irradiation. Thus, an investigation of electrical 

characteristics of power transistors exposed to irradiation is of considerable 

importance since it may help the development of both radiation resistant devices and 

devices that are radiation sensitive to be used as dosimeters. Since the power devices 

are also affected by irradiation. The subject of current in this research is the 

influence of gamma–irradiation on BJT power transistor electrical characteristics. 

The results of preliminary investigations on devices irradiation up to the overall 

absorbed doses of (10Mrad) have already been measured, while in this thesis we 

extend our consideration to more realistic dose range of (10Mrad). First we present 

the analytical model that yields the base current [7].  

     Dependencies of the collector current and transconductance on an effective 

density of charges. The experimental results are utilized for establishing a direct 

relation between the absorbed dose of gamma-irradiation and effective density of 

depletion charge, as well as for the extraction of key parameters of the analytical 

model. Results obtained by modeling are compared with the measured values of 
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collector current and current gain in irradiation power devise. Also (BJT) in 

particular, are susceptible to neutron radiation [8]. Neutron radiation affect BJT 

performance primarily by creating lattice defect, which can dramatically increase 

carrier recondition rate degrades the current gain [9]. 

   As BJT low noise amplifier (LNA) circuit performance under radiation condition 

neutron fluency of 5×10
11 

n/cm
2
 showed shifts in LNA performance [10].    

   When a static current flows through a static potential difference, electrical energy 

is dissipated at rate of current voltage joules/second (watts). Dissipation means that 

energy is lost from the electrical system in that it is converted to some other form, 

usually into thermal energy (heat) which causes the temperature of the material to 

rise, as the material temperature rises above that of its surroundings, heat is induced 

and radiated away from the material surface, for static power dissipation, steady 

state is reached such that the rate of generation of heat within the material is 

balanced by the rate of loss of heat by conduction and radiation and the material 

attains a steady working temperature [11]. 

 

1.1 Prior Research  

The effect of dose rate on radiation-induced current gain degradation was 

quantified for radiation-hardened poly-Si emitter n-p-n bipolar transistors over the 

range of 0.005 to 294 rad(Si)/s. Degradation increases sharply with decreasing dose 

rate and saturates near 0.005 rad(Si)/s. The amount of degradation enhancement at 

low dose rates decreases monotonically with total dose. In addition, the effect of 

ambient temperature on radiation-induced gain degradation at 294 rad(Si)/s was 

investigated over the range of 25 to 240°C. Degradation is enhanced with increasing 

temperature while simultaneously being moderated by in situ annealing, such that, 

for a given total dose, an optimum irradiation temperature for maximum degradation 

results. The optimum irradiation temperature decreases logarithmically with total 

dose and, for a given dose, is smaller than optimum temperatures reported 

previously for p-n-p devices. High dose rate irradiation at elevated temperatures is 
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less effective at simulating low dose rate degradation for the n-p-n transistor than for 

the p-n-p transistors. However, additional degradation of the n-p-n device at elevated 

temperatures is easily obtained using over test. Differences in the radiation responses 

of the device types are attributed to the relative effects of oxide trapped charge on 

gain degradation. High dose rate irradiation near 125°C is found to be suitable for 

the hardness assurance testing of these devices provided a design margin of at least 

two is employed [30]. 

Ionizing-radiation-induced gain degradation in lateral PNP bipolar junction 

transistors is due to an increase in base current as a result of recombination at the 

surface of the device. A qualitative model is presented which identifies the physical 

mechanism responsible for excess base current. The increase in surface 

recombination velocity due to interface traps results in an increase in excess base 

current and the positive oxide charge moderates the increase in excess base current 

and changes the slope of the current-voltage characteristics. Analytical and empirical 

models have been developed to quantitatively describe the excess base current 

response to ionizing radiation. It is shown that the surface recombination velocity 

dominates the excess base current response to total dose [31]. 

The various phenomena occurring in bipolar transistors when they are 

exposed to ionizing radiation are discussed. NPN transistors are found to degrade 

more than PNP transistors. Devices with highly doped base rings will be less 

susceptible to total-dose damage than devices without base rings, especially in NPN 

devices. Devices with small emitter perimeter-to-area ratios will be less susceptible 

than devices with large perimeter-to-area ratios. Collector bias does not affect gain 

degradation. Reverse bias on the emitter is the worst-case irradiation bias condition. 

The increases in base current are larger at small base-emitter voltages than at large 

base-emitter voltages. Poly-emitter devices are initially harder than standard emitter 

devices, but may become worse than standard devices at large total doses. 

Degradation is worse at lower dose rates [32]. 
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Total dose damage is investigated for discrete bipolar transistors and linear 

integrated circuits that are fabricated with older processing technologies, but are 

frequently used in space applications. The Kirk effect limits the current density of 

discrete transistors with high collector breakdown voltage, increasing their 

sensitivity to ionizing radiation because they must operate low injection levels. Bias 

conditions during irradiation had different effects on discrete and integrated circuit 

transistors: discrete devices were strongly dependent on bias conditions, whereas 

damage in the linear ICs was nearly the same with or without bias. There were also 

large differences in the response of these devices at low dose rates. None of the 

discrete transistors exhibited enhanced damage at low dose rates, whereas 

substantially more damage occurred in the linear devices under low dose rate 

conditions, particularly for parameters that rely directly on p-n-p transistors. The 

threshold for dose rate effects in p-n-p transistors was about 0.01 rad (Si)/s, which 

are approximately two orders of magnitude lower than the corresponding threshold 

for n-p-n transistors in integrated circuits [33]. 

 

The characteristic degradations in silicon NPN bipolar junction transistor 

(BJT) of 3DG142 type are examined under the irradiation with 40-MeV chlorine 

(Cl) ions under forward, grounded, and reverse bias conditions, respectively. 

Different electrical parameters are in-situ measured during the exposure under each 

bias condition. From the experimental data, larger variation of base current (IB) is 

observed after irradiation at a given value of base-emitter voltage (VBE), while the 

collector current is slightly affected by irradiation at a given VBE. The gain 

degradation is affected mostly by the behaviour of the base current. From the 

experimental data, the variation of current gain in the case of forward bias is much 

smaller than that in the other conditions. Moreover, for 3DG142 BJT, the current 

gain degradation in the case of reverse bias is more severe than that in the grounded 

case at low fluence, while at high fluence, the gain degradation in the reverse bias 

case becomes smaller than that in the grounded case [34]. 
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The effect of dose rate on radiation-induced current gain degradation at 20 

Krad(Si) was quantified for lateral and substrate pnp bipolar transistors over the 

range of 0.001 to 294 rad(Si)/s. Degradation increases monotonically with 

decreasing dose rate, such that, at an emitter-to-base voltage of 0.7 V, radiation-

induced excess base current differs by a factor of approximately eight at the extreme 

dose rates. Degradation shows little dependence on dose rate below 0.005 rad(Si)/s, 

suggesting that further degradation enhancement at space-like dose rates may be 

negligible. In addition, the effect of ambient temperature on radiation-induced gain 

degradation at 294 rad(Si)/s was thoroughly investigated over the range of 25 to 

240°C. Degradation is enhanced with increasing temperature while simultaneously 

being moderated by in situ annealing such that, for a given total dose, an optimum 

irradiation temperature for maximum degradation results. Optimum irradiation 

temperature decreases logarithmically with total dose and is larger and more 

sensitive to dose in the substrate device than in the lateral device. Based on the 

measurement of midgap interface trap density in the base oxide, enhancement in 

transistor gain degradation due to elevated temperature is explained as an increase in 

surface recombination velocity in the base. Maximum high dose rate degradation at 

elevated temperature closely approaches low dose rate degradation for both devices. 

Based on high-temperature irradiations, a flexible procedure for the accelerated 

prediction of low dose rate gain degradation at 20 Krad(Si) is developed for each of 

the devices studied [35]. 

Rashkeev,and S.N.Astron describe a model for enhanced interface-trap 

formation at low dose rates due to space-charge effects in the base oxides of bipolar 

devices. The use of analytical models allows one to reduce significantly the number 

of free parameters of the theory and to elucidate the main physical mechanisms that 

are responsible for interface-trap and oxide-trap formation processes. We found that 

the hole trapping in the oxide cannot be responsible for all the enhanced low-dose-

rate sensitivity (ELDRS) effects in SiO2, and the contribution of protons is also 

essential. The dynamics of interface-trap formation are defined by the relation 
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between the proton mobility (transport time of the protons across the oxide) and the 

time required for positive-charge buildup near the interface due to trapped holes. The 

analytically estimated and numerically calculated interface-trap densities were found 

to be in very good agreement with available experimental data. [36]. 

Three different voltage-to-frequency converters were tested to determine how 

ionizing radiation affected their critical specifications. All three were fabricated with 

bipolar technologies. A popular charge-balancing architecture converter, AD652, 

was most sensitive with low dose rate (LDR) due to its tight specifications. The 

other astable-multivibrator architecture converters, AD537 and AD654, performed 

much better at high dose rate and low dose rate [37]. 

Metal-oxide-silicon capacitors fabricated in a bipolar process were examined 

for densities of oxide trapped charge, interface traps and deactivated substrate 

acceptors following high-dose-rate irradiation at 100°C. Acceptor neutralization near 

the Si surface occurs most efficiently for small irradiation biases in depletion. The 

bias dependence is consistent with compensation and passivation mechanisms 

involving the drift of H+ ions in the oxide and Si layers and the availability of holes 

in the Si depletion region. The capacitor data were used to simulate the impact of 

acceptor neutralization on the current gain of an irradiated npn bipolar transistor. 

Neutralized accepters near the base surface enhance current gain degradation 

associated with radiation-induced oxide trapped charge and interface traps by 

increasing base recombination. The additional recombination results from the 

convergence of carrier concentrations in the base and increased sensitivity of the 

base to oxide trapped charge. The enhanced gain degradation is moderated by 

increased electron injection from the emitter. These results suggest that acceptor 

neutralization may complicate hardness assurance test methods for linear circuits, 

which are based on elevated temperature irradiations [38]. 

It is shown that emitter-base junction bias is significant for low dose rate 

irradiation response of npn and pnp bipolar transistors. The effect is more 



 26 

pronounced for pnp transistor. Experimental results are explained in terms of 

fringing electric field model. The role of fringing field is confirmed by the radiation 

induced charge neutralization experiment. The experimental results on the effect of 

emitter junction bias on the elevated temperature high dose rate irradiation of bipolar 

devices and its application for low dose rate response simulation are discussed [39]. 

Radiation-induced edge-leakage current in minimum geometry n-channel 

MOSFETs from five submicron technologies is examined as a function of dose rate. 

Under worst-case bias, degradation of transistors from the TSMC 0.35-, 0.25-, and 

0.18-μm processes is more severe following low-dose-rate irradiation than following 

high-dose-rate irradiation and anneal. The leakage current anneals with an activation 

energy of ~1.0 eV, which suggests that charge trapping in the field oxide is 

associated with shallow defects such as E'δ centers. A comparison of the device 

response to a first-order kinetics model for hole trapping and annealing indicates that 

the enhanced degradation results from slower annealing rates following low-dose-

rate irradiation. These results suggest that space charge in the field oxide may 

contribute to the dose rate sensitivity by altering the spatial distribution of trapped 

holes. In contrast to the response of the TSMC parts, high-dose-rate irradiation and 

anneal bounds low-dose-rate degradation of transistors from the HP 0.50- and 0.35-

μm processes. These results imply that existing qualification approaches based on 

high-dose-rate irradiation and anneal may not be conservative for the hardness 

assurance testing of some advanced CMOS devices. [40].  

A pre-irradiation elevated-temperature stress is shown to have a significant 

impact on the radiation response of a linear bipolar circuit. Thermal cycling can lead 

to part-to-part variability in the radiation response of circuits packaged from the 

same wafer. In addition, it is demonstrated that a pre-irradiation elevated-

temperature stress can significantly impact the enhanced low dose rate sensitivity 

(ELDRS) of the LM111 voltage comparator. Thermal stress moderates and, in some 

cases, eliminates ELDRS. The data are consistent with space charge models. These 

results suggest that there may be a connection between the mechanisms responsible 
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for thermal-stress effects and ELDRS in linear circuits. Implications of these results 

for hardness assurance testing and mechanisms are discussed [41]. 

Thermally-stimulated-current (TSC) and capacitance-voltage measurements 

on 370-1080 nm thermal performed, SIMOX, and bipolar-base oxides as functions 

of bias, dose rate, and temperature during irradiation. Base oxides built in a 

development version of Analog Devices' RF25 process show much more interface-

trap buildup than XFCB oxides. Both net-oxide-trap and interface-trap charge 

densities for RF25 capacitors are enhanced significantly during low-dose-rate or 

high-temperature irradiation at 0 V over high-rate, 25°C exposures. TSC 

measurements show the increase in net-oxide-trap charge density is due to a 

decrease in trapped electron density with decreasing dose rate or increasing 

irradiation temperature (at least to 125°C), and not by increased trapped hole 

density. Similar enhancement of net-oxide-trap and interface-trap charge density 

with decreasing dose rate is found for soft thermal oxides irradiated at 0 V, but not 5 

V. These results strongly suggest that space charge effects associated with holes 

metastably trapped in the bulk of the oxide can cause the enhanced bipolar gain 

degradation seen at low dose rates and/or high temperatures in many technologies. 

No enhanced radiation-induced charge trapping is observed for low-dose-rate or 

high-temperature, 0V irradiation of SIMOX capacitors. Implications for hardness 

assurance tests are discussed [42]. 

A gate controlled lateral PNP bipolar device has been designed in a 

commercial BiCMOS process to investigate its sensitivity to radiation-induced 

degradation. New experimental and simulated results concerning total dose effects 

are presented. The improved radiation hardness of this device working in its 

accumulation mode is shown. The influence of the gate potential during irradiation 

is studied as well as the effect of the gate potential on the degraded current 

characteristics [43]. 
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Gain degradation in lateral PNP bipolar junction transistors is minimized by 

controlling the potential of a gate terminal deposited above the active base region. 

Gate biases that deplete the base during radiation exposure establish electric fields in 

the base oxide that limit the generation of oxide defects. Conversely, gate biases that 

accumulate the base during device operation suppress gain degradation by 

decreasing the probability of carrier recombination with interface states. The results 

presented in this paper suggest that, for gate controlled LPNP transistors designed 

for operation in radiation environments, a dynamic control of the gate potential 

improves the transistor's radiation hardness and extend its operating life [44]. 

A physical model is developed to quantify the contribution of oxide-trapped 

charge to enhanced low-dose-rate gain degradation in bipolar junction transistors. 

Multiple-trapping simulations show that space charge limited transport is partially 

responsible for low-dose-rate enhancement. At low dose rates, more holes are 

trapped near the silicon-oxide interface than at high dose rates, resulting in larger 

midgap voltage shifts. The additional trapped charge near the interface causes an 

exponential increase in excess base current and a resultant decrease in current gain 

for some NPN bipolar technologies. Space charge effects also may be responsible 

for differences in interface trap formation at low and high dose rates [45]. 

A comparison of the effects of gamma irradiation on silicon-germanium 

(SiGe) heterojunction bipolar transistor (HBT) and gallium-arsenide (GaAs) HBT 

technologies is reported, DC and radiofrequency (RF) performance as well as the 

low frequency noise are investigated for gamma doses up to 1 Mrad(Si). The results 

indicate that both SiGe and GaAs HBT technologies are tolerant to gamma 

irradiation [46]. 

          Gasperin,A.,Paccagnella  study proton and heavy ion irradiation effects on 

phase change memories (PCM) with MOSFET and BJT selectors and the effect of 

the irradiation on the retention characteristics of these devices. Proton irradiation 

produces noticeable variations in the cell distributions in PCM with MOSFET 



 29 

selectors mostly due to leakage currents affecting the transistors. PCM with BJT 

selectors show only small variations after proton irradiation. PCM cells do not 

appear to be impacted by heavy-ion irradiation. Using high temperature accelerated 

retention tests, we demonstrate that the retention capability of these memories is not 

compromised by the irradiation. [47]. 

       Enhanced low-dose-rate gain degradation of ADI RF25 lateral pnp transistors is 

examined as a function of the bias at which the gain is measured. Degradation 

enhancement at low dose rates diminishes rapidly with increasing measurement bias 

between the emitter and the base. Device simulations reveal that interface trap 

charging, field effects from oxide trapped charge and emitter metallization, base 

series resistance and high-level carrier injection all contribute to this behavior. As a 

practical consequence, accelerated hardness assurance tests of this device require 

higher irradiation temperatures or larger design margins for low power applications 

[48]. 

The effects of total dose on the SPICE model of bipolar junction transistors 

are investigated. The limitations of the standard Gummel-Poon model for simulating 

the radiation-induced excess base current are analyzed, and a new model based on an 

empirical approach is proposed. Four new SPICE rad-parameters are presented, and 

investigated for different dose rates. The relevant parameters are extracted using a 

new algorithmic procedure, combining a genetic approach and the standard 

optimization technique which minimizes the RMS error between measured and 

simulated excess base current. It is shown that the excess base current is accurately 

described by the same formula whatever the device type is. An empirical fitting of 

the rad-parameters as a function of total dose is proposed to use in hardening 

electronic circuits for space-like environments [49]. 

        The excess base current in an irradiated BJT increases superlinearly with total 

dose at low-total-dose levels. In this regime, the excess base current depends on the 

particular charge-trapping properties of the oxide that covers the emitter-base 
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junction. The device response is dose-rate-, irradiation-bias-, and technology-

dependent in this regime. However, once a critical amount of charge has 

accumulated in the oxide, the excess base current saturates at a value that is 

independent of how the charge accumulated. This saturated excess base current 

depends on the device layout, bulk lifetime in the base region, and the measurement 

bias. In addition to providing important insight into the physics of bipolar-transistor 

total-dose response, these results have significant circuit-level implications. For 

example, in some circuits, the transistor gain that corresponds to the saturated excess 

base current is sufficient to allow reliable circuit operation. For cases in which the 

saturated value of current gain is acceptable, and where other circuit elements permit 

such over-testing, this can greatly simplify hardness assurance for space applications 

[50]. 

The dose-rate dependence of gain degradation in lateral PNP transistors is 

even stronger than the dependence previously reported for NPN BJTs. In this work, 

several hardness-assurance approaches are examined and compared to experimental 

results obtained at low dose rates. The approaches considered include irradiation at 

high dose rates while at elevated temperature and high-dose-rate irradiation followed 

by annealing. The lateral PNP transistors continue to degrade during post-irradiation 

annealing, in sharp contrast to NPN devices studied previously. High-temperature 

conditions significantly increase the degradation during high-dose-rate irradiation, 

with the amount of degradation continuing to increase with temperature throughout 

the range studied here (up to 125°C). The high-temperature degradation is nearly as 

great as that observed at very low dose rates, and is even greater when differences 

between 60Co and X-ray irradiation are accounted for. Since high-temperature 

irradiation has previously been shown to enhance the degradation in NPN 

transistors, this appears to be a promising hardness-assurance approach for bipolar 

integrated circuits [51]. 

The high and low dose rate responses of bipolar transistors in a bipolar linear 

circuit process technology have been studied with specially designed gated lateral 
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pnp test transistors that allow for the extraction of the oxide trapped charge (Not) 

and interface trap (Nit) densities. The buildup of Not and Nit with total dose is 

investigated as a function of the irradiation gate voltage at 39 rad/s and 20 mrad/s for 

three variations of the final passivation layer (all variations had the same oxide 

covering the active region of the devices). The three variations in final passivation 

were selected to exhibit minimal degradation at high and low dose rate (no 

passivation), significant degradation at high and low dose rate (p-glass/nitride) and 

enhanced low dose rate sensitivity (ELDRS) (p-glass only). It is shown that the 

increase in base current is dominated by increased Nit and the "true" low dose rate 

enhancement in the ELDRS parts occurs for zero and negative gate voltage, but is 

eliminated for large positive gate voltage and elevated temperature irradiation [52]. 

The input bias current (IIB) of the National LM111 voltage comparator 

exhibits a non-monotonic response to total dose irradiations at various dose rates. At 

low total doses, below 100 krad(SiO2), increased IIB is due primarily to gain 

degradation in the circuit's input transistors. At high total doses, above 100 

krad(SiO2), IIB shows a downward trend that indicates the influence of 

compensating circuit mechanisms. Through correlation of transistor and circuit 

response, the transistors responsible for these compensating mechanisms are 

identified. Non-input transistors in the circuit's input stage lower the emitter-base 

operating point voltage of the input device. Lower emitter-base voltages reduce the 

base current supplied by the input transistors, causing a moderate “recovery” in the 

circuit response [53]. 

         The parasitic bipolar amplification of silicon on insulator (SOI) devices is 

analyzed as a function of the technology integration from 0.8 μm down to 0.1 μm. 

Experiments and simulations show that the bipolar gain does not increase with 

technology downscaling. The body tie efficiency, to reduce the bipolar 

amplification, is measured on both transistors and circuits. Implications on the dose 

rate hardness are deduced on registers with and without body ties as a function of the 

SOI technology integration [54]. 
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A method to predict low dose rate degradation of bipolar transistors using 

high dose-rate, high temperature irradiation is evaluated, based on an analysis of 

four new rad-parameters that are introduced in the BJT SPICE model. This 

improved BST model describes the radiation-induced excess base current with great 

accuracy. The low-level values of the rad-parameters are good tools for evaluating 

the proposed high-temperature test method because of their high sensitivity to 

radiation-induced degradation [55]. 

Mechanisms for enhanced low-dose-rate sensitivity are described. In these 

mechanisms, bimolecular reactions dominate the kinetics at high dose rates thereby 

causing a sub-linear dependence on total dose, and this leads to a dose-rate 

dependence. These bimolecular mechanisms include electron-hole recombination, 

hydrogen recapture at hydrogen source sites, and hydrogen dimerization to form 

hydrogen molecules. The essence of each of these mechanisms is the dominance of 

the bimolecular reactions over the radiolysis reaction at high dose rates. However, at 

low dose rates, the radiolysis reaction dominates leading to a maximum effect of the 

radiation [56]. 

           The combined effects of ionizing radiation and hot-carrier stress on the current 

gain of npn bipolar junction transistors were investigated. The analysis was carried 

out experimentally by examining the consequences of interchanging the order in 

which the two stress types were applied to identical transistors which were stressed 

to various levels of damage. The results indicate that the hot-carrier response of the 

transistor is improved by radiation damage, whereas hot-carrier damage has little 

effect on subsequent radiation stress. Characterization of the temporal progression of 

hot-carrier effects revealed that hot-carrier stress acts initially to reduce excess base 

current and improve current gain in irradiated transistors. PISCES simulations show 

that the magnitude of the peak electric-field within the emitter-base depletion region 

is reduced significantly by net positive oxide charges induced by radiation. The 

interaction of the two stress types is explained in a qualitative model based on the 
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probability of hot-carrier injection determined by radiation damage and on the 

neutralization and compensation of radiation-induced positive oxide charges by 

injected electrons. The results imply that a bound on damage due to the combined 

stress types is achieved when hot-carrier stress precedes any irradiation [57]. 

The experimental data presented in this paper indicate that the doping and 

geometry of critical transistors are the primary factors that affect the proton 

responses of the LM124 and LM148 operational amplifiers. The data also reveal that 

the electrical responses of these circuits and their input transistors to the combined 

effects of displacement damage and defects introduced by ionizing radiation are 

nonlinear. Analysis, supported by device simulation, shows that shifts in device 

parameters (surface potentials, carrier concentrations, etc.) caused by the buildup of 

oxide and interfacial defects affect the recombination rate due to traps resulting from 

displacement damage in the bulk silicon. This nonlinearity complicates the analysis 

of proton radiation effects and can have a significant impact on the qualification of 

analog parts for use in space environments [58]. 

Low dose rate (LDR) cobalt-60 (0.1 rad(Si)/s) gamma irradiated Silicon 

Germanium (SiGe) Heterojunction Bipolar Transistors (HBTs) were studied. 

Comparisons were made with devices irradiated with 300 rad(Si)/s gamma radiation 

to verify if LDR radiation is a serious radiation hardness assurance (RHA) issue. 

Almost no LDR degradation was observed in this technology up to 50 krad(Si). The 

assumption of the presence of two competing mechanisms is justified by 

experimental results. At low total dose (<20 krad), an anomalous base current 

decrease was observed which is attributed to self-annealing of deep-level traps to 

shallower levels. An increase in base current at larger total doses is attributed to 

radiation induced generation-recombination (G/R) center generation [59]. 

The research explain the first study of the effects of radiation on low-

frequency noise in a novel complementary (npn+pnp) silicon-germanium (SiGe) 

HBT BiCMOS technology. In order to manipulate the physical noise sources in 
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these complementary SiGe HBTs, 63.3 MeV protons were used to generate 

additional (potentially noise-sensitive) trap states. The base currents of both the npn 

and pnp SiGe HBTs degrade with increasing proton fluence, as expected, although 

in general more strongly for the npn transistors than for the pnp transistors, 

particularly in inverse mode. For the pnp SiGe HBTs, irradiation has almost no 

effect on the 1/f noise to proton fluence as high as 5.0×1013 p/cm
2
, while the npn 

SiGe HBTs show substantial radiation-induced excess noise. In addition, unlike for 

the pnp devices, which maintain an IB2 bias dependence, the 1/f noise of the post-

irradiated npn SiGe HBTs change to a near-linear dependence on IB at low base 

currents following radiation. That suggests a fundamental difference in the noise 

physics between the two types of devices [60]. 

           A physical model of the dose-rate effect in bipolar junction transistors is 

proposed, based on competition between trapping and recombination of radiation-

induced carriers in the oxide. The initial recombination of the carriers is considered 

in this model, taking into account the temperature effect. The general trends obtained 

with this model are in very good agreement with experimental data. It is also shown 

that the dose rate effect depends significantly on oxide quality [61]. 

Ionization-induced degradation of the 29372 low-dropout voltage regulator is 

most severe at low-dose-rate (~10 mrad(SiO2)/s) and zero load current. The most 

sensitive parameter is the maximum output drive current, which is a function of the 

gain of the large lateral pnp output transistor. Significant degradation of this 

parameter occurs at 5-10 krad(SiO2) at low-dose-rate. A moderate load current 

(~250 mA) during irradiation significantly mitigates the damage. The mitigation of 

the damage is proportional to irradiation load current and is not a strong function of 

irradiation temperature or input voltage. The mechanism for the mitigation of 

damage appears to be current density dependent passivation of interface and/or 

border traps by mobile hydrogen-related species [62]. 
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1.2 Contribution Of The Thesis:-  

The main objective of this scientific research is studying operation of bipolar 

junction transistor (BJT) under the effect of gamma radiation, its performance and 

characteristic under temperature. Two groups of BJT (NPN type 2N3773&NPN type 

2N3055) were investigated. One irradiation source used, Co60 as source of gamma 

ray with dose rate of (5.211KGy/h) and 1.5 Mev, An extensive study has been 

carried out on BJT as a control element by using a semiconductor parameter 

analyzer before and after exposure to irradiation process. Thermal resistance (Rjth), 

permissible dissipated power, stability of power transistor under temperature and 

gamma irradiation were studied. 

Thesis Outline  

1- Aim of the thesis.  

2-  I-V Characteristics for Power BJT and Radiation Effect. 

3- Temperature effect on power Transistors. 

4-Analytical calculations for BJT under radiation effect. 

5- Conclusion and Future work. 

 

1.3 The Thesis Is Written In Five Chapters Described As Follows  

Chapter ( I ) Introduction 

         The construction of BJT and its operation in groups of power circuits under 

radiation and temperature effect 

  

Chapter ( II ) Operation Of Power Transistor. 

          Radiation source which BJT were exposed with variable dose rate and the 

analayzer parameter device, curve tracer and oven, which used to measure the I-V 

characteristics for BJT before and after irradiation which used to indicat and 

determine data and results of the two BJT. The first type NPN type 2N3773, the 
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second type NPN type 2N3055 under doses 1,5,10,30 krad up to 10Mrad by gamma 

rays and heating inside the oven up to 200°c by temperature  rate 50°c for the same 

groups of two previous types. 

 

Chapter ( III ) Experimental Investigation. 

 

          The effect of irradiation on the physical straiten of BJT were explained.                              

Also the effect of temperature on BJT as a thermal resistance which dissipated 

power and its stability were explained.  

                       

Chapter (IV) Modeling of Transistor with Radiation Field. 

 

         Model of BJT circuit under neutron fluence and gamma radiation effect on its 

parameters under radiation and its application by simulated circuits using BJT as a 

control element.    

 

Chapter ( V ) Results and Discussion  

 

          Results and discussion for previous work and its application. 

 

 

Chapter ( VI ) Conclusion 

 

1.4 The Aims of the Thesis:- 

-The thesis aims to study the performance characteristics of power BJT. 

-Study the temperature effect and radiation effect on device. 

-Utilize the device under test to be used as a radiation sensitive devices dosemeter. 
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CHAPTER (II) 

OPERATION OF POWER TRANSISTOR 

2.1 Theoretical Background 

2.1.1 Transistor Basic Structure 

Bipolar transistors consists of a pair of closely spaced p-n junctions in a single 

semiconductor structure. The order can be (n-p-n) or (p-n-p). These devices, in both 

discrete and integrated form, are essential components in many electronic systems, 

especially in applications (such as in amplifiers), which require a high current gain 

or considerable drive current. Radiation produces degradation of gain and an 

increase in leakage currents. The degradation of the gain is well understood and 

derives from degradation of the transport of minority carriers across the base region. 

The effects of electrons, neutrons, and gamma rays on this transport, dividing them 

into those occurring near the surface of the device and those occur deeper in the 

material, i.e, bulk effects. The silicon substrate forms the collector region. Base and 

emitter regions are formed by the successive introduction of appropriate dopants by 

diffusion or ion implantation. The junctions are protected by a passivation layer 

which usually is thermally grown oxide. In general, this layer is thicker than that of 

MOS devices and accumulates charge when irradiated [3].1 

Base

Collector

Emitter
Interface

states

Leakage channel

region

Junction – field surface – recombination 

region showing radiation – induced hole 

charge trapped in oxide

Field – free bulk – recombination 

region having recombination 

statistics similar to bulk silicon

Junction – field bulk – recombination 

region having recombination statistics 

different from filed – free bulk silicon

Oxide

 

 

Fig. 2.1. Planar bipolar transistor, showing regions involved in radiation effects [3]. 

1 
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Fig.2.1 illustrates planar bipolar transistor showing regions involved in radiation 

effect in which:- 

1.Junction – field surface – recombination region showing radiation – induced hole 

charge trapped in oxide. 

2.Field – free bulk – recombination region having recombination statistics similar to 

bulk silicon. 

3.Junction – field bulk – recombination region having recombination statistics 

different from filed – free bulk silicon. 

 

 2.1.2 Bipolar Junction Transistor(BJT): 

A bipolar junction transistor is formed by making two such diodes in a single 

piece of material. A piece of N-type material sandwiched between two pieces of P-

type material becomes a PNP transistor. A piece of P-type material sandwiched 

between two pieces of N-type material becomes an NPN transistor. The most 

common case styles used to hold the semiconductor materials [2]. 

Each of the three pieces of material has an assigned name. The center material 

is always the base, and it is much thinner than the two outer layers. The two outer 

materials are called emitter and collector. The emitter and collector are of the same 

type of material; the only difference is in the physical size. The collector is generally 

much larger than the emitter. These names, terminals, and schematic symbols are 

illustrated in Fig 2.2.  

 

 

 

 

 

 

 

 

 

Fig.2.2. Transistor cross section diagrams and schematic symbols [2]. 
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The potential on the base controls the current between collector and emitter. 

The two junctions are the emitter-base junction and the collector-base junction. 

Notice in the schematic symbol that the emitter contains an arrow. In a PNP 

transistor, this arrow points toward the base. Electron current through a transistor 

always moves against the emitter arrow. Since this is a PNP transistor, the direction 

of electron current is in from both base and collector and out through the emitter. For 

simplification of analysis, hole current will be utilized in explaining the PNP device. 

On the other hand, with the NPN transistor, the arrow points outward from the base. 

Electron current through this transistor in from the emitter and out from both base 

and collector [2]. 

The base region is lightly doped and very thin compared to the heavily doped emitter 

and moderately doped collector regions fig . 2.2 shows the schematic symbols for 

NPN to PNP bipolar transistors . The term bipolar refers to the use of both holes and 

electrons as carriers in the transistor structure [ 12]. 

  

 

2.1.3 Bipolar Junction Transistor Under Irradiation 

 
The bipolar junction transistor (BJT) is one of the most important Solid-stat 

devices because of its ability to provide current gain or amplification [13]. The      

(BJT) derives its name from the fact that both majority and minority carriers take 

part in the physical processes occurring in the device [14]. The amount of radiation 

that semiconductor devices and materials encounter during their life-cycle strongly 

depends on the radiation environment [15]. Bipolar devices are used to detect the 

effect of radiation as a charge trapping in the internal structure of the device, this 

effect can be shared in two categories ; inversion of the silicon under a thick oxide, 

opening a conductive channel, which can be detected by the measured I-V 

characteristics of the transistor of which indicate a decreasing in the current gain         

(β) of the transistor [3]. bipolar junction transistor (BJT) type 2N3773 used in this 

work as a power transistor with large area to used in the experimental work, 
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irradiated and heating by different external degrees of temperature after exposed to 

different C60 gamma doses. 

 

2.2 Transistor Application:-  

The transistor has many uses in the areas of power control and switching 

applications are described as:- 

 

2.2.1 A Simple Application of a Transistor Switch:  

The transistor in Fig.2.3 is used as a switch to turn the LED ON and OFF. For 

example, a square wave input voltage with a period of 2sec is applied to the input as 

indicated. When the square wave is at 0V, the transistor is in cutoff and, since there 

is no collector current, the LED does not emit light. When the square wave goes to 

its high level, the transistor saturates. These forward-biases the LED, and the 

resulting collector current through the LED causes it to emit light. So, we have a 

blinking LED that is on for 1s and off for 1s [1].  

 

 

 

 

 

 

 

 

 

 

 

 

 

     Fig. 2.3. Bipolar Transistor as a Switch [1]. 
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2.2.2 Voltage-Divider Biased PNP Transistor:  

A PNP transistor requires bias polarities opposite to the NPN. This can be 

accomplished with a negative collector supply voltage, or with a positive emitter 

supply voltage, as in Fig.2.4a, or with a positive emitter supply voltage, as in Fig. 

2.4b 

 

 

 

 

 

  

 

 

 

 

 

In a schematic, the pnp is often drawn upside down so that the supply voltage 

line can be drawn across the top of the schematic and ground at the bottom. The 

analysis procedure is basically the same as for an NPN circuit, as demonstrated in 

the following steps with reference to Fig.2.5. The base voltage is determined by 

using the voltage-divider formula [1]. 

 

 

 

 

 

 

 

 

 

Fig. 2.5. Common collector connection with base voltage divider    

Fig . 2.4a Negative collector 

Supply voltage, Vcc 

 

 

(b) Positive collector 

Fig. 2.4b Positive collector 

Supply voltage, VEE 
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By Ohm's law 

E
E

E

V - V
I =

R

EE

  

And 

VC = ICRC   ……………………………………………………………….. (2.4) 

VEC = VE -VC …………………………………………………….……….. (2.5) 

 

2.2.3 Voltage –divider bias: - 

Up to this point a separate dc source, VBB, was used to bias the base – emitter 

junction strictly for convenience in illustrating transistor operation since it could be 

varied independently of Vcc. A more practical method is to use Vcc as the single bias 

source, as shown in Fig.2.6 .To simplify the schematics, the battery symbol can be 

omitted and replaced by a line termination circle with a voltage indicator (Vcc).as 

shown in Fig.2.6 [1].  

  R1 Rc

R2          RE

+Vcc

Ic

IEI2

A

I2+IB

IB

 

Fig. 2.6. Transistor common emitter with base voltage divider 

 

 

 

…………………………………………………(2.1) 

..……………………………………………..………………(2.2) 

………………………………………………..……(2.3) 
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A dc bias voltage at the base of the transistor can be developed by a resistive 

voltage divider consisting of R1 and R2 as shown in Fig.2.6 Vcc is the dc collector 

supply voltage. There are two current paths between point A and ground: one 

through R2 and the other through the base-emitter junction of the transistor and RE.  

If the base current is much smaller than the current through R2, the bias circuit 

can be viewed as a voltage-divider consisting of R1 and R2 as indicated in Fig 2.7a. 

If IB is not small enough to neglect compared to I2, then the dc input resistance, R1N 

(base) that appears from the transistor to the transistor to ground must be considered. 

R1N (base), is in parallel with R2, as shown in Fig.2.7b 

 

 

  R1

R2          

+Vcc

A

                    

  R1

R2          

+Vcc

A

R1N(base)

Looking in at 

base

of transistor

 

                        Fig. 2.7a Unload                                            Fig. 2.7b loaded.   
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2.2.4-Transistor-based DC Motor Controller (Single Supply) 
 

 

 

Fig.2.8. Circuit Diagram for a DC Motor Controller Using Bipolar Transistors [16].  

   
This is a circuit for controlling an ordinary DC motor using two pairs of 

transistors (1 NPN and 1 PNP for each pair).    

A DC motor runs in one direction if the required voltage is applied across its 

winding and runs in the opposite direction if the polarity of the applied voltage 

is reversed. This function can easily be achieved by the circuit above. 

In this circuit, a 'logic 1' voltage at Control 1 and a 'logic 0' voltage at 

Control 2 will turn on Q1 and Q4 and turn off Q2 and Q3, causing the motor to 

turn in one direction.  Reversing the voltage levels at Control 1 and Control 2 

will reverse the pairs of transistors that are 'on' and 'off', causing the motor to 

turn in the opposite direction. Putting the same logic input at Control 1 and 

Control 2 (either '1' or both '0') will cause the motor to stop turning. 

The values of the base resistors of the transistors (or even the transistors 

themselves) required by the circuit may be different from those shown in       

Fig. 2.8.depending on the motor being driven. Experimentation may therefore be 

required on the part of the hobbyist to make this circuit work. 

Since there are 4 resistors, there are actually sixteen possible ways this 

circuit can be commanded. [16]. 
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2.3 Amplifier Configurations 

When a transistor is used as the principal controlling element in an amplifier 

circuit, it can be connected in basically three different ways and still perform is 

amplifying function. Each amplifier must have two input leads and two output leads, 

but a transistor has only three connections or leads (emitter, base, and collector).As a 

result, one of the transistors –leads must be common to both the input and the output 

of the Circuit [2]. 

The three possible circuit configurations are, therefore, formed by using the 

emitter, base, or collector lead as the common lead and the two remaining leads as 

input and output leads. For this reason, the three configurations are commonly called 

common-emitter, common-base, and common-collector circuits. 

The common lead is often connected to circuit ground so that the input and 

output signals are referenced to ground. However, when considering AC signals, the 

common lead does not have to be connected directly to ground to be at ground 

potential. For example, the common lead can be connected to ground through a 

battery or a resistor that is a bypassed with a capacitor and still be at AC ground 

potential. The battery and the bypassed resistor are short circuits as far as the AC 

signal is concerned. When the common lead is connected directly to circuit ground, 

it is then considered to be at both AC and DC ground. The common leads in the 

circuits which will now described are considered to be at AC ground only. 

 

 

2.3.1 Common-collector transistor Amplifier  

 
The last configuration to be presented is the common-collector. In this 

configuration the output will be taken from the emitter with the collector common to 

both inputs. The common-collector amplifiers are shown in Fig.2.9.  
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Fig. 2.9. NPN common-collector transistor amplifier. 

 

The common-collector transistor amplifier is often referred to as an emitter-

follower circuit. Since the input signal is across the base-collector junction-the 

reverse-biased, high-resistance direction-the input impedance of the common-

collector configuration is high. On the other hand, the output impedance of this 

circuit is low, since it is taken in forward-bias, low-resistance direction of the base-

emitter junction. The high input impedance and low output impedance of the 

common-collector circuit make it useful as an impedance matching device. Fig.2.10 

will be explaining the circuit operation of the basic common-collector transistor 

amplifier circuit [2].   

 As shown in Fig.2.10, the transistor is forward-biased. 
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Fig. 2.10. PNP common-collector transistor amplifier. 

 

When the input signal is moving the base potential away from the collector 

voltage (point1on the input signal), forward bias on the emitter-base junction is 

opposed and less current flows in the circuit flowing through RE means that the 

negative potential, with respect to ground on the output end of RE is something less 

than its quiescent value of-5V. The output signal is moving in a positive direction as 

shown by point 1 on the output signal. Again points1 and 2 on the input and output 

waveforms occur at approximately the same period in time. The input signal at point 

2 is of the polarity necessary to increase the difference of potential across the 

emitter-base junction. This aids the forward bias, causing an increase in transistor 

current. Increased current flow through RE results in a larger voltage drop across RE, 

and the output voltage becomes more negative as shown by point 2 on the output 

waveform. 

   The reason that the common or grounded collector configuration is called an 

emitter-follower is because the output voltage on the emitter is practically a replica 

of the input voltage; that is, it has the same waveform and amplitude. In a practical 

circuit, the output amplitude will be slightly less the magnitude of the input. It was 

stated that is across the base-collector junction; however, a closer examination will 

reveal that the input is also across the series combination consisting of the base-

emitter junction and the output load resistor.  Since the input is across two resistors 
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and the output is across only one of these, the output voltage must be less than the 

input. 

However, since all currents in the circuit flow through the load resistor and 

only a small amount of current flows in the input circuit, a considerable current gain 

may be obtained.  

Some typical values from common-collector amplifier are given below: 

1- Input resistance: 20 KΩ to 500KΩ. 

2- Output resistance: 50Ω to 1,000Ω. 

3- Voltage gain: less than unity. 

4- Current gain: 25 to 50. 

5- Power gain: 14 dB to 17 dB (roughly the same as current gain) [2]. 

 

  

2.3.2 Common-Emitter Transistor Amplifier  

The NPN and PNP common-emitter transistor amplifier are shown in        

Figs.2.11a and Fig.2.11b, respectively. Bias (the average difference of potential 

across the emitter-base junction) of the transistors shown in Fig.2.11b is in the 

forward, or low resistance, direction. This means that direct current is flowing 

continuously, with or without an input signal, throughout the entire circuit. The bias 

current, flowing through the emitter-base junction, is supplied by bias battery VBB. 

The average base voltage, as measured with respect to the emitter, depends upon the 

magnitude of the bias voltage supply in the emitter-base circuit and the base resistor. 

The current and the amplitude of the input signal determine the class of operation of 

the transistors. The average collector voltage depends upon the magnitude of the 

collector supply voltage, Vcc. 

   



 49 

RC 

VCC 

0 

OUTPUT

VBB 

RB 

E

B

C

+

+

0

INTPUT

 

Fig .2.11a. Basic NPN common-emitter transistor amplifiers 
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Fig. 2.11b. PNP common-emitter transistor amplifiers. 

When a signal is supplied to the input circuit of the transistor (the base-emitter 

junction here), the bias current varies about the average, or no-signal, value. That 

portion of the signal that aids the bias causes transistor current to increase, while that 

portion of the signal that opposes the bias causes transistor current to decrease. 

    Since the input signal is capable of causing transistor current to increase or 

decrease, according to its polarity, it is also capable of controlling the greater 

amplitude of current flowing in the collector circuit. This, as already explained, is 

amplification. 

The input to the common-emitter amplifier is between the base and the emitter 

as shown in Fig.2.11.the output voltage for this type circuit is that voltage felt across 

the collector to emitter terminals. The emitter is common to both the input and 

output circuits, hence the designation of the common-emitter configuration. 

The output voltage will vary with collector current. This is the same as stating 

that the voltage on the collector will vary with collector current. As collector current 
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increases, collector voltage decreases and vice versa due to the drop across the 

collector resistor RC. 

It is possible to visualize the transistor acting as a variable resistance. When 

the transistor is allowing more current to flow, its resistance is lower than when it is 

causing less current to flow, its resistance is lower than when it is causing less 

current to flow Fig.2.11. will be referred to for further explanation. That portion of 

the input signal indicated by point in the input circuit effectively aids the bias, 

thereby reducing resistance of the transistor to current flow. Current flowing in the 

transistor increases so that current in the entire circuit is increased. This increased 

current must flow through RC and thereby increases the voltage drop across RC. The 

increased voltage drop across RC leaves less voltage to be dropped across the 

transistor. Since the output is taken from the collector terminal to the emitter 

terminal (ground), it is evident that collector voltage (VC) is less that it hat been at its 

no-signal value of +4V. At point 1 of the output waveform (corresponding to point 1 

of the input signal), to collector voltage is at +3V. As the input signal goes from 

point 1 to point 2, the transistor is increasing its resistance until, at point 2, it offers 

its maximum resistance to current flow. Less current flowing in the transistor means 

less current is flowing in the circuit. This reduction in current flowing through RC 

results in a reduced voltage drop across RC. The reduction in the voltage drop across 

RC means that the collector voltage is higher. This increase is shown as +5V at point 

2 on the output signal. Again point 2 on the input signal and point 2 on the output 

signal occur essentially at the same time. In succeeding cycles, as the input aids the 

forward bias, transistor current increases, causing an increased voltage drop across 

RC, thereby decreasing the output voltage. As the input signal opposes the forward 

bias, transistor current decreases. This decrease in current through RC means a 

reduced voltage drop across RC and more voltage available in the output. In any of 

the amplifier circuits which are presented, moving the base potential towards the 

collector voltage (VC) increases transistor current, and moving the base voltage away 

from collector voltage decreases transistor current. As shown in Figs., Fig.2.11a and 
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Fig2.11b, the input and output signals are 180
0
 out of phase. The common-emitter 

amplifier, whether It be an NPN or PNP circuit, provides a phase inversion.  

Some typical values from common-emitter amplifiers are given below: 

1- Input resistance: 500Ω   to 1,500Ω.   

2- Output resistance: 30k Ω to 50k Ω. 

3- Voltage gain: 300 to 1,000. 

4- Current gain: 25 to 50. 

5- Power gain: 25dB to 40 dB (a gain of roughly 200 to 10,000). 

The manufacturer also provides static characteristics graphs for common- 

emitter amplifiers. A family of curves that composes such a graph reflects base 

current and collector current for all possible values of collector voltage. Such a 

graph is shown in Fig.2.11.[2].  

 

2.3.3 A common-emitter amplifier with voltage-divider bias 

A common-emitter amplifier with voltage-divider bias and coupling 

capacitors, C1 and C3, on the input and a bypass capacitor, C2, from emitter to 

ground. The circuit has a combination of dc and ac operation, both of which must be 

considered. The input signal, Vin, is capacitively coupled into the base, and the 

output signal, Vout is capacitively coupled from the collector. The amplified output is 

180
º
 out of phase with the input. As shown in Fig.2.12 [1]. 

C1

1 µF

R2

6.8 KΩ RE

560 Ω

C2

10 µF
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1 µF

C3

RC

1.0 KΩ

VCC

+12 V

R1

22 KΩ

Vm

Vout

βDC=150

βac=160

 

Fig.2.12. A common-emitter amplifier. 
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2.3.3.1 DC Analysis:-   

To analyze the amplifier in Fig.2.12.the dc bias values must first be 

determined. To do this a Dc equivalent circuit is developed by replacing the 

coupling and bypass capacitors with opens (remember, a capacitor open to dc) as 

shown in Fig.2.13. [1].   

R2

6.8 KΩ RE

560 Ω

RC

1.0 KΩ

VCC

+12 V

R1

22 KΩ

βDC =150

 

Fig.2.13. DC equivalent circuit for the amplifier  

  

The dc input resistance at the base is determined as follows: 

 RIN(base) = βDC RE = (150) (560 Ω) = 84KΩ ………………………….....(2.6) 

Since RIN(base) is more than ten time R2 in this case, it will be neglected when 

calculating the dc base voltage. 

2

1 2

6.8
12 2.83

28.8
B CC

R K
V V V V

R R K

   
     

   
 

and 

 VE = VB – VBE = 2.83V – 0.7V = 2.13V  ……………………………….(2.8) 

Therefore,  

 

2.13
3.80

560

E

E

E

V V
I mA

R
  

  

Since ,C EI I then  

 VC = VCC – ICRC = 12V – (3.80mA) (1.0KΩ) = 12V – 3.80V = 8.20V..(2.10) 

Finally,  

 VCE = VC – VE = 8.20V – 3.13V = 6.07V……………………………… (2.11) 

………………….…(2.7) 

…………………..…...………(2.9) 
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2.3.3.2 AC Equivalent Circuit:  

To analyze the ac signal operation of an amplifier, an ac equivalent circuit is 

developed as follows:  

   The capacitors C1, C2, and C3 are replaced by effective shorts because their 

values are selected so that Xc ≈ 0Ω at the signal frequency. 

AC Ground the dc source is replaced by a ground. You assume that the 

voltage source has an internal resistance of approximately 0Ω so that no ac voltage 

is developed across the source terminals. Therefore, the VCC terminal is at a zero-

volt as potential and is called as ground. 

     The equivalent circuit for the common-emitter amplifier in Fig.2.13 is shown 

in Fig.2.14a. Notice that both RC and R1 have one end connected to ac ground 

because in the actual circuit, they are connected to VCC which is, in effect, ac 

ground.  

In ac analysis, the ac ground and the actual ground are treated as the same 

point electrically. The amplifier in Fig.2.13 is common-emitter type because the 

bypass capacitor C2 keeps the emitter at ac ground. Ground is the common point in 

the circuit [1].  

      

          R1 

22 kΩ

           R2 

   6.8 kΩ

Rc

1.0 KΩ

(b) With an ac 

voltage source.

Rs

R1

22 kΩ

R2

6.8 kΩ

Rc

1.0 KΩ

(a) Without  an ac voltage source .

AC ground is shown in red.

Vs

 

                 Fig .2.14a                                                    Fig .2.14b 

Fig.2.14. Ac equivalent circuit for the common-emitter amplifier 
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2.3.3.3 Signal (AC) voltage at the Base: 

           An ac voltage source is shown in Fig.2.15 connected to the input. If the 

internal resistance of the ac source is 0 Ω, then all of the source voltage appears at 

the base terminal. If, however, the ac source has a nonzero internal resistance, then 

three factors must be taken into account in determining the actual signal voltage at 

the base. These are the source resistance (Rs), the bias resistance (R1 || R2), and the 

input resistance (Rin (base)), (some prefer to use the term impedance) at the base.  

Rin(tot) =

R1||R2 ||Rin(base)

VS

Rs

Vin

VS

Rs

R1 R2
Rin(base)

 

             Fig.2.15a                                                 Fig.2.15b 

Fig 2.15. Signal (AC) voltage at the Base 

 

         This is illustrated in Fig.2.15a and is simplified by combining R1,R2, and       

Rin (base) in parallel to get the total input resistance, Rin (base), as you can see, the source 

voltage, Vs, is divided down by Rs (source resistance) and Rin (base) so that the singnal 

voltage at the base of the transistor is found by the voltage-divider formula as 

follows: [1]. 

  

( )

( )

in tot

b s

s in tot

R
V V

R R

 
  
  

…………………………………………………(2.31) 

If Rs << Rin (base), then Vb   Vs where Vb is the input voltage, Vin to the amplifier.  
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Input Resistance: 

 To develop an expression for the input resistance seen by an ac source 

looking in at the base, we will use the simplified r-parmeter model of the transistor. 

The transistor connected with the external collector resistor, Rc.  

The input resistance looking in at the base is          

( )

VV
in bR

in base I I
in b

  ………………….………………………………..….(2.32) 

The base voltage is 

V I re eb
    ……………………………………………………………..……...(2.33) 

 And 

 since  I Ie c ………………..…………………………………….................(2.34) 

IeI
b ac
 ……………………………….………………………...……..…….(2.35) 

Substituting for Vb and Ib, 

( ) /

V I rb e eR
in base I I acb b


  …………………………………………….….(2.36) 

Canceling Ie  

( ) eR racin base


……………………………………………….......(2.37) 

 

The total input resistance seen by the source is the parallel combination of R1, R2, 

and Rin (base). 

Rin (tot) = R1 || R2 || Rin (base) 

 

 

Output Resistance: 

         The output Resistance of the common-emitter amplifier, looking in at the 

collector, is approximately equal to the collector resistor. 

          Rout ≡ RC 
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Actually, Rout =Rc || rc but since the internal ac collector resistance of the transistor 

rc is typical much large than RC the approximation is usually valid.   

re

Vb

Rc

βacIb=Ic

B

+ Vcc

C

Ib

Ie

 

Fig.2.16. The output Resistance of the common-emitter amplifier  

 

 

2.4. 100 Watt Inverter Circuit with the 2N3055Description: 

Here is a 100 Watt inverter circuit using minimum number of components. 

Here use CD 4047 IC from Texas instruments for generating the 100 Hz pulses and 

four 2N3055 transistors for driving the load. 

The IC1 Cd4047 wired as an as table multivibrator produces two 180 degree out of 

phase 100 Hz pulse trains. These pulse trains are preamplifes by the two TIP122 

transistors. The out puts of the TIP122 transistors are amplified by four 2N3055 

transistors (two transistors for each half cycle) to drive the inverter transformer. The 

220V AC will be available at the secondary of the transformer. Nothing complex 

just the elementary inverter principle and the circuit works great for small loads like 

a few bulbs or fans. If you need just a low cost inverter in the region of 100W, then 

this is the best. 
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Fig.2.17. Circuit diagram with parts list for 100W Inverter circuit with the 2N3055  

 

Use the R1 to set the output frequency to 50Hz. 

For the transformer get a 9-0-9V, 10A step down transformer. But here the 9-0-9 

V winding will be the primary and 220V winding will be the secondary. 

If you could not get a 10A rated transformer, don't worry a 5A one will be just 

enough. But the allowed out put power will be reduced to 60W. 

Use a 10A fuse in series with the battery as shown in circuit. 

Mount the IC on an IC holder [17]. 

The maximum allowed output power of an inverter depends on two factors. 

The maximum current rating of the transformer primary and the current rating of the 

driving transistors. 

For example, to get a 100Watt output using 12V car battery the primary 

current will be ~8A, (100/12) because P=Vxl. So the primary of transformer must be 

rated above 8A 

 



 58 

    Also here, each final driver transistors must be rated above 4A. Here two will be 

conducting parallel in each half cycle, so I=8/2=4A.These are only rough 

calculations and enough for this circuit [17]. 

 

2.5 NPN BJT Operation  

Depending on the polarity and magnitude of the applied voltages there are 

three distinct modes or regions of operation of a BJT Known as the active                        

(Normal), saturation and cut-off modes Table 2.1 [11].  

 

Mode operation Application 

Active Intermediate conduction Amplification 

Saturation fully conducting ON state 

Cut-off Full non-conduction OFF state 

 Table 2.1 Modes of operation of BJTs and their practical application 

it is convenient to discuss the active mode of operation initially as the saturation and 

cut-off modes are the conditions that exist at either end of the active range. For 

simplicity a uniform base structure Fig.2.18 is considered which is a portion of the 

planar structure Fig.2.18 
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Fig.2.18 Planer structure for npn type 

 

 The voltage and current symbols used in Fig.2.16 (for example, VBE and IE)  

indicate the general case of a total value composed of a constant (d.c.) component 

(for example, VBE and IE) and a signal (a.c) component (for example, Vbe and ie) in 

accordance with the system of symbols described in appendix B.2 Initial discussion 
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of BJT operation considers the static case of constantly applied voltages causing 

constant current flow and so the appropriate upper case symbols are used in Fig.2.16 

[11].Action operation can be described under the headings injection, diffusion and 

collection. 

 

2.5.1 Injection 

In order to initiate current flow the emitter-base (E-B) junction is forward-

biased by applying a positive value of VBE, thus making the p-type base region 

positive with respect to the n-type emitter. Electrons are thus emitted (hence the 

name emitter) or injected into the base region where they become minority carriers    

Fig.2.19b. These injected electrons are termed excess electrons as they are in 

addition to the thermally generated electrons already in the base as determined by 

the dopant density. The density of electrons just inside the base thus increases. 

 

n p n
E C

B

(majority

Electrons)

(a) Uniform

       geometry

       structure

VBE VCB

 

EMITTER BASE

holes

electrons

Small as base doping << 

emitter doping

(b) injection

VBE positive  

Fig.2.19. Indicate the uniform geometry structure and injection    

 

2.5.2 Diffusion 

The non-uniform density of electrons in the base due to injection initiates 

diffusion whereby the excess electrons move away from the E-B junction tending to 

produce a uniform density. As the electrons move across the base some recombine 
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with holes and are annihilated and, if the base region were wide, the diffusion-

recombination process would result in an exponential decay of the excess electron 

density with distance Fig.2.20 having a diffusion length Ln, as given by the solution 

of the electron continuity equation with zero electric field , Fig.2.20.  

At a distance of five times the diffusion length (5Ln) from the E-B junction less than 

1 percent of the injected electrons would exist as free carriers eq. 2.12. 

∆n(x)=∆n(0)exp
( )

x
Dntn

 
 
  
 

  

           =∆n(0)exp 
n

x-
L

 
 
 

 

Where 

           Ln =√(Dntn) 

Similarly for excess holes in an n-type semiconductor, the hole diffusion length LP 

is given by  

             LP =√(Dptp) 

Lm

EMITTER BASE (if very wide)

Diffusion and recombination

x

Δn

injection

( c) Diffusion

 

Fig.2.20. Indicate the non uniform density of electrons  

in the base due to injection initiates diffusion 

 

 

 

2.5.3 Collection: 

If the collector region is biased positively with respect to the base, any free 

electrons reaching the collector–base (C- B) junction, having avoided recombination 

in the base, are attracted across the junction into the collector region by the influence 

………………………………………….……….…(2.12) 

…………………………………………………….……(2.13) 

…………………………………………………….……(2.14) 
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of the electric field, thus forming a collector current. For an efficient transfer of 

charge from emitter to collector, the loss due to recombination in the base must be 

very small. This is achieved in practice by making the distance between the two 

junctions, the base width w, small compared with the diffusion length Fig.2.21 [11]. 

 

Attraction to collector

EMITTER BASE COLLECTOR

Minority 

carrier 

distribution

Ln

W« Ln

Δn VCB positive

(d) collection

x

 

Fig.2.21. Indicate the collector-base current and minority carrier distribution   

 

So that charge movement across the base occurs a very short time, drastically 

reducing the probability of recombination before reaching the C-B junction. For 

silicon with a recombination lifetime of 1µѕ, the diffusion length for electrons is of 

the order of 60µm. Practical base widths for modern BJT's are of the order of 1µm, 

and so the degree of recombination is very small. The narrow base is thus 

fundamental to transistor action and explains why a BJT cannot be formed by the 

back-to-back connection of two discrete diodes. Fig 2.21 shows The influence of the 

collector voltage on the minority carrier distribution in the base. Since all electrons 

reaching 

 the C-B junction are accelerated in the junction into the collector region, the 

minority carrier density at the C-B junction falls to zero.  

     The condition for attraction of electrons from the base into the collector, that is 

VCB positive, means that the C-B junction is reverse-biased. Initially it is perhaps 

surprising that current flow through the transistor takes place when one of the 

junctions is reverse-biased, a condition associated with very small conduction 

(leakage) when considering a single diode. In the case of a single diode, however, 
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conduction across the junction is due to the diffusion of the majority carriers on each 

side of the junction to the other side. In the active BJT case it is the minority carriers 

on the base side of the C-B junction that from the main current flows hence the 

requirement for the opposite polarity of bias to create current flow. 

 

2.6 Features of the planar epitaxial BJT structure: 

      There are two important features:- 

(1)As showen in Fig.2.22.The base dopant profile produced by the planar is such 

that the dopant density decreases towards the collector. This non-uniform profile 

creates an electric field in the base which accelerates injected carriers towards the 

collector. The resulting carrier drift is in addition to the diffusion mechanism 

described above and has the effect of reducing the transit time of carriers crossing 

the base thus improving the frequency response/switching speed of the BJT 

relative to a structure with a uniformly doped base. 
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Fig.2.22.Typical doping profile of a modern BJT

 

(2) The collector region (epitaxial layer ) has a lower dopant density than the base 

so that it absorbs most of the C-B depletion layer under reverse bias   

     d : width of the depletion layer    

d= dp+dn  

dp =  Nd d
Na+Nd

 

…………………………………………………….…..…(2.15) 

……………………………………………………..…(2.16) 
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  and similarly     

     dn =  Na d
Na+Nd

     

Where: 

              Na : the dopant density on the side P-type 

              Nd : the dopant density on the n-type side  

              dn  :  depth of depletion on side (n) of (pn) junction 

              dp   :  depth of depletion on side (p) of the P n junction  

which is essential as the base width is small (typically <1µm). however, low 

dopant density would cause the collector region to have low conductance 

resulting in a high voltage drop across the collector, high VCE(sat) high power 

dissipation and poor charge /discharge time for the C-B depletion layer under 

dynamic condition. Therefore the lightly doped collector region (the epitaxial 

layer) is formed thick enough to absorb the C-B depletion layer corresponding to 

VCB max required and the remainder of the collector region (the substrate) is 

heavily doped to provide high conductance[11]. 
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Fig.2.23. Charge movement in an npn BJT for active operation  

 

The above discussion identifies the main features of NPN BJT conduction in 

the active mode (VBE and VCB positive) but there are several secondary affects      

Fig. 2.23 which must be considered [11] 

…………………………………………………….……(2.17) 
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2.7 Injection of Holes from base to Emitter: 

(1)-Forward –biasing of the E- B junction causes injection of electrons from 

the emitter into the base as required to initiate conduction but also causes holes 

injection from base to emitter. The emitter current is made up of these two 

components. As the holes injected into the emitter do not come from the collector 

they cannot form part of the main current flow through the device and thus form a 

parasitic component. If IEN is the component injection of emitter current due to 

electron injection E-B Fig.2.24.the ratio of IEN to the total emitter current is termed 

the emitter injection efficiency, γ ,where:  

 

{
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(P)
E
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I

Fig.2.24 (a) charge movement at the 

forward-biased E-B junction

IE=IEp+I  En ;    =
IEn

IE



 

1En En

E EP En

I I

I I I
   

   

 

The relative magnitudes of the two components IEN and IEP depend on the 

relative doping on either side of the junction. In practice the hole injection 

component IEP is reduced to the order of 0.3 per cent of IEN by heavily doping the 

emitter relative to the base giving a value of (  )of typically 0.997. 

 

 

 

……………………………………………………(2.18) 
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(2)-Removal of Holes from the Base due to Recombination 

As injected electrons diffuse across the base region, some are lost due to 

recombination. This not only reduces the collector current but also removes holes 

from the base region which from the external circuit although due to the high free- 

electron population, holes do not exit in metals, and the flow of holes into the base to 

replace those lost by recombination appears as a flow of electrons out of the base 

current .This component is reduced to an acceptably low level by making the base 

very narrow. The term base transport factor B is used to describe the proportion of 

the Electron current injected into the base from the emitter IEN that actually reaches 

the collector Fig.2.24b.For modern BJTs the value of B is typically in the range 

0.993 to 0.999 depending on the base width and the quality of the epitaxial layer. 
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Fig.2.24.a,b,c 
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(3)-Collector-base leakage:  

The reverse bias applied to the C-B junction to attract the excess minority charge 

from the base to the collector also causes a leakage current due to the drift of those 

minority carriers that are present because of the doping levels in each region. These 

are the thermally generated minority carriers that exist in the base and collector 

regions in the unbiased state Fig.2.24a. 

       This is termed the reverse leakage component between collector and base and 

corresponds to the reverse leakage component for a single junction. Without 

injection from the emitter, that is, with the emitter open –circuit, this leakage 

component would form the whole of the collector current and hence it may be 

defined as the current between collector and base with the emitter open-circuit ICBO 

Fig.2.24c. 

For silicon junctions, reverse leakage is due mainly to thermal generation in the 

depletion region and ICBO therefore increases with VCB. Typically Icbo is of the order 

of Na at 25Cfor low- power silicon BJT. 

 IO = nieAd
τ  

Where:  

dn  = depletion layer 

 = is the minority carrier life time  

IO = leakage current  

e: electron charge  

A: junction area 

 

(4)- Base current: 

The three secondary effects described above combine to create a flow of current into 

the base contact Fig 2.24. The relative significance of the three components, namely, 

hole injection into the emitter, recombination and C.B reverse leakage, depends on 

the particular operation conditions but for typical operation of a low-power silicon 

BJT as a small-signal amplifier with Ic=2mA, the base current would probably be of 

………………..…………………………………………………(2.19) 
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the order of 5 to 15µA indicating that the reverse leakage component of up to 20nA 

is negligible. Under such conditions the major component of base current is due to 

the injection of holes from the base into the emitter [11]. 

 

Metallurgical

iunctions
Carrier

density
(m

3
)

nn

pn

E B C

(n)(p)(n)

E-B depletion 

layer

 

C-B depletion 

layer 

Correspondi

ng minority 

carrier 

densities 

Majority 

carrier 

densities 

due to 

doping

nn

pn

pp

np

x

10
6

10
8

10
10

10
12

10
26

10
24

10
22

10
20

10
18

10
16

10
14

Unbiased case

 

Fig.2.25. Illustrate the thermally generated minority  

carriers exist in the base and collector regions in the unbiased  

 

2.8. BJT Action in Voltage Amplification  

If an external resistor connected in series with the collector Fig .2.26. an 

output voltage is developed across the resistor and the ratio of output voltage to 

input (E-B) bias is a measure of the static voltage gain of the arrangement.  
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Fig. 2.26. Static amplification using a BJT. 

 

The C-B reverse bias is provided by the VCC supply in the collector circuit. As 

the C-B junction is reverse-biased, its effective resistance RCB is high and so a 

moderate value of RL can be connected in series without a significant drop in IC 

taking place. It is this situation that allows the transistor to force the collector current 

through the load and so establish the output voltage. Indeed it is the change of 

resistance between the input and output circuits that enables the device to act as an 

amplifier. RBE is low due to the forward bias which allows IE to be established for 

only a small value of VBE (0.6-0.7 V).RCB is high due to the reverse bias, allowing Ic 

to be forced through a load resistor of moderate value enabling a substantial output 

voltage Vo (several volts) to be developed.                                

  Static Voltage gain = 
E BE

o C

in

V I R

V I R
  

BJT operation ensures IC ≈ IE and, as RL can be much greater than RBE by virtue of 

the high value of RCB, it follows that the static voltage gain can be much greater than 

unity. 

 The change of resistance between the input and output of the BJT for this mode of 

operation, that is, the transfer resistance between input and output, which enables 

voltage amplification to take place, is the origin of the name transistor. 

 In practice it is the a.c. voltage gain of the arrangement that is of most interest. Here 

the time-varying signal to be amplified is superimposed on VBE  causing the emitter 

and collector currents to vary , and the varying collector current establishes a 

corresponding time- varying voltage across RL. The same basic explanation applies 

………………………………………(2.20) 
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to the a.c. case, although as the effective resistance of the C-B junction is higher, the 

voltage gain can be larger.  

 

2.8.1 Terminal Current Relations 

Having defined the terms emitter injection efficiency and base transport factor 

B Fig.2.27 the components of charge movement shown in Fig.2.24 which from the 

terminal currents IE, IC and IB can be described quantitatively Fig.2.27 thus  

holesholes electrons
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Fig.2.27. Current components in npn BJT active operation 
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The parameter 
dc

 describes the relationship between output current (IC) and 

input current (IE) and is thus a current gain term for this form of connection of the 

BJT which is referred as common-base as the base terminal is common to both the 

input and output circuits. As the leakage term ICBO is negligible in comparison with 

practical values of IE and IC for silicon BJTs at normal temperatures. 

……………...…………………..……………………… (2.21) 

……………...…………………..……………………… (2.22) 

……………...……………….…………… (2.23) 

……………...…………………..……………………… (2.24) 

……………...…………………..……………………… (2.25) 

……………...……………………….…..……………………… (2.26) 

……………...…………………..…………………………… (2.27) 
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C

dc

E

I

I
 

  

   dc is thus termed the static (d.c.) common-base current gain of the 

transistor. In representation of the performance of a BJT by the h-parameter terminal 

network model, all currents are defined as flowing into the model. Due to the 

different convention adopted for IE in the case of the model compared with actual 

current flow, the corresponding h-parameter describing the static current gain in 

common base hFB is related to 
dc

 by 

dc FBh   ………………………………………………………………...…(2.29) 

Whereby eq.2.9 becomes 

c FB E CBOI h I I    …………………………………………………………....(2.30) 

Typical values of γ and B for a low-power silicon BJT are 0.997 and 0.999 

giving a value of 0.996 for dc (hFB = -0.996). This value indicated that IC is 99.6 per 

cent of IE and the base current IB, due to the secondary effects described above, is 

only 0.4 per cent of IE. Thus for IE = 2mA, IC would be 1.992 mA and the difference 

gives IB as µA. 

 

2.9 Maximum power Dissipation of a BJT:  

          Ina BJT operating under static conditions, power is dissipated at each of the 

junctions where potential differences exist due to the junction biases and, in the bulk 

emitter, base and collection regions due to the finite conductivity of the material. 

The emitter and substrate are heavily doped however and thus have low resistance. 

To a first- order approximation the total power dissipated PTOT within a BJT be taken 

as the power dissipated at the two junctions, that is eq.2.38 

For active region operation IC>>IB AND VCE >>VBE, therefore 

PTOT= VCE ICE  ……………………………………………………………...…(2.38) 

Power dissipation in this mode of operation is thus concentrated at the C- B 

junction due to the relatively large reverse bias VCB. 

……………………………………………………………………(2.28) 
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    The power dissipation of a BJT is limited (ptot max) either to ensure that specified 

properties  such as hfe min or ICBO max are maintained or not exceeded, or to avoid 

excessive temperature rise which may to thermal runaway and eventual melting of 

the semiconductor [11]. 

Thermal runaway is a situation where the temperature rise within the device 

due to power dissipation causes the collector current to increase thereby further 

increasing the power dissipation and subsequent escalation results in failure. 

   The maximum allowable power dissipation of a device p-tot max is a fixed value 

for a particular chip\package arrangement in a fixed environment, the permitted 

variations of vce and ic being limited by  

  ICVCE=Ptotmax ……………………………………………..………………...…(2.39) 

This maximum power limit imposes a boundary to the safe operating area 

(SOAR) on the IC-VCE BJT characteristics for static operation.  

A transistor is safe from excessive power dissipation during active region 

operation if the load line and hence the Q-point is chosen to lie within the SORA. 

    During switching, brief excursions beyond the maximum static power dissipation 

limit can be permitted as the operating point of the BJT moves from saturation to 

cut- off or vice versa. Device safty then depends upon the ratio of time spent above 

and below the static Ptotmax limit and the frequency of the switching operation. 

Sufficient time must be allowed after each excursion beyond the Ptotmax limit , 

relative to the thermal time constants involved, for the generated heat to disperse 

before the next excursion beyond ptot max takes place. 

   

2.9.1Thermal Aspects 

Heat generated within a BJT, notably at the C- B, junction, is conducted to the 

package case or mounting base (mb) via the substrate of the chip and the bonding 

wires. From there, heat is transferred to the environment by conduction and 

radiation.  
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 Fig.2.28.Typically Tj max   = 90˚C for germanium

                            = 175-200˚C for silicon in a metal package

                            =125-150˚C for silicon in plastic 

encapsulation  
 

The thermal system may be represented in terms of a thermal resistance Rth (j-amb) as 

shown in the basic thermal model of Fig.2.29  

Tj

P=VF/F

Rth( j-amb)

Tamb

Fig.2.29. Basic thermal model  
 

The maximum static power dissipation, corresponding to the maximum 

permissible junction temperature Tj max, is given by eq.2.40. 

Tj max depends on the semiconductor and the construction and material of the 

encapsulation. Fig2.28 shows that The maximum junction temperature for 

germanium BJTs is limited to about 90 ºC by excessive increase in leakage current. 

For silicon devices the Tj limit is 175-200ºC unless plastic encapsulation is used, in 

which case the upper limit is about 150ºC.  

   The maximum static power dissipation Ptot max of low- power BJTs is normally 

quoted for an ambient temperature Tamb not exceeding 25ºC. If the transistor is 

required to operate with an ambient temperature > 25ºC, Ptot max must be derated 
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(reduced) so that the junction temperature does not exceed Tj max. Figure 2.28 

shows a typical derating curve, Ptot max being reduced linearly from the value at 

Tamb =25ºC to zero at T amb= Tj max. Clearly if Tamb= Tj max, no power can be 

dissipated in the device without the junction temperature rising above Tj max. The 

modulus of the slope of the derate line AB is termed the derating factor [11]. 

  Derating factor =  

tot amb

j amb

max

max 

P (at )

T -T

T
.......................................................(2.40) 

Comparison with eq.  

max amb
max

th(j-amb)

Tj -T
P  =

R   

P(permissible dissipated power) =Ptot max (at Tamb =25°C)-(derating factor X∆Tamb 

above25°C)……………………..…………………….…………..……………(2.42) 

 

2.9.2 Temperature Effects in BJTs 

  
There are two aspects to temperature effects in devices  

   (1) The change of device characteristics with temperature which affects the 

performance of the device. 

   (2) Operational limitations to avoid failure due to excessive temperature rise. 

The terminal characteristics supplied by manufacturers are for a fixed device 

temperature, often 25ºC being a typical operating temperature at relatively low 

power levels. 

    Forward junction voltage and reverse leakage current are temperature-dependent 

due mainly to the variation of the intrinsic carrier density ni with temperature  

 Form eqs.2.29 and 2.32, the changes of B-E forward bias VBE and C-B leakage ICBO 

with temperature for a silicon BJT are   

E
/ 3I  constant

BEBE V Wg eV k
eTT

  


…………….………………………...……. (2.43) 

         2 /mV C  ……………………………………………………………. (2.43) 

At 25° C for IE in the range 1-10 mA and  

………………………………………………………..(2.41) 
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CBconstant
2 12 2

11 1 2

3/2 T -T3( ) T
 exp 6.3 10

T( ) T T
VCBO

CBO

I T
I T

 
 
 

 
  

  
  

  ………………………. (2.45) 

 exp 0.06 2 1T T  
 

………………………………………………….…… (2.46) 

Where: 

      ( Wg < 0.8 eV) such as germanium 

      For germanium Wg/k =8.1   10
3
K. 

 For silicon Wg/2k =6.3   10
3
K. 

For small changes of temperature in the region of 25ºC. If ICBO (25ºC) is the value of 

C-B leakage at 25 ºC (298k), typically 2-20 nA for a low-power BJT, the leakage 

current at a temperature T ºC near to 25ºC is approximately given by  

      ICBO (T) ≈ ICBO (25ºC) * exp [0.06(T-25)] …………………………..…… (2.47) 

For temperature variation over a wider range, for example > 10 ºC, the simplification 

introduced in eq.2.33 introduces large errors (>10 par cent) and the more accurate 

relation (equation 2.31) must be used. Equation 1.31 leads to the useful results that 

for constant C-B reverse bias, ICBO approximately doubles per 8 ºC rise in 

temperature near 25 ºC and doubles per 20 ºC rise in temperature near 150 ºC. It 

should be noted that the temperature referred to in this section is that of the 

semiconductor, or more specifically the junction temperature TJ, which may differ 

considerably from ambient temperature due to power dissipation within the device. 

The variations of B-E forward voltage VBE and normalized C-B leakage ICBO with 

temperature [11].  
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Fig.2.30. VBE   Vs Tj 
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Fig.2.31. ICBO Vs Tj 
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IC constant (for example, 2mA)

hFE(25˚C)is typically 100-500
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Fig.2.32 hFE  Vs Tj 

 

Fig.2.30.,2.31.,2.32 Change of VBE , ICBO and hFE with the junction temperature 

 for a typical low-power silicon BJT 

 

2.10 Stability Factors, S(ICO), S(VBE) and S(β)  

A stability factor, S, is defined for each of the parameters affecting bias stability as 

listed below:  

( ) C

CO

CO

I
S I

I





………………………………………………………………..(2.48) 

( ) C

BE

BE

I
S V

V





………………………………………………………………..(2.49) 

( ) CI
S B

B





…………………………………………………………………...(2.50)   

In each case the delta symbol (∆) signifies change in that quantity. The numerator of 

each equation is the change in collector current as established by the change in the 

quantity in the denominator. For a particular configuration if a change in ICO fails to 

produce a significant change in IC, the stability factor defined by S(ICO) = ∆IC / ∆ICO 

will be quite small. In other words:  
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Networks that are quite stable and relatively insensitive to temperature variations 

have low stability factors.  

In some ways it would seem more appropriate to consider the quantities defined by 

eqs. 2.48 : 2.50  to be sensitivity factors because:  

The higher the stability factor, the more sensitive the network to variations in that 

parameter [18].  

The study of stability factors requires the knowledge of differential calculus. Our 

purpose, here, however, is to review the results of the mathematical analysis and to 

form an overall assessment of the stability factors for a few of the most popular bias 

configurations. 

2.11 Emitter-Bias Configuration 

For the emitter-bias configuration an analysis of the network will result in  

  
B E

B E

1 /
( ) ( 1)

( 1) /

R R
S Ico

R R





 
 

 ………………………………………..… (2.51) 

For RB/RE » (β +1), Eq. (1.37) will reduce to the following: 

   S(Ico) = β+1…………………………………………………………………(2.52) 

 

As shown on the graph of S(Ico) versus RB/RE in Fig.2.33. 

S=β+1(for RB/RE> β+1)

S=RB/RE (for 1< RB/RE <β+1)

β+1

S(Ico)

S≈1(for RB/RE <1)

β+1

RB

RE

Stability factor

2

1

1

Fig.2.33. Variation of stability factor S(Ico) with the resistor ratio 

RB/RE for the emitter-bias configuration[18]

 

For RB/RE «1, eq.2.51 will approach  the following level (as shown in Fig. 2.33): 

              1
1

( ) ( 1)
( 1)

S Ico 


 
 …………………………… (2.53) 



 78 

Revealing that the stability factor will approach its lowest level as RE becomes 

sufficient large. Keep in mind, however, that good bias control normally requires 

that RB be greater than RE. The result, therefore, is a situation where the best stability 

levels are associated and with poor design criteria. It is interesting to note in that the 

lowest value of S(ICO) is 1, revealing that IC will always increase at a rate equal to 

or greater than ICO  

Where RB/RE ranges between 1 and (β+1) the stability factor will be determined by  

        
B

E

R
co

R
S(I ) =     

As shown in Fig.2.33. The results reveal that the emitter-bias configuration is quite 

stable when the ratio RB/RE is as small as possible and the least stable when the same 

ratio approaches (β+1) [18]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

…………………………………………………..(2.54) 
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CHAPTER ( III ) 

 

EXPERIMENTAL INVESTIGATION 

 

3. The experimental Procedure:- 

1. Characterize BJT devices 

2. Studies the BJT devices in the following circuits: 

amplifier, series Regulations Darlington configuration, transistor Switch, 

voltage-Divider Biased PNP transistor ,Transistor-based DC motor controller, 

H-Bridge motor Driver, Ignition Driver with 2N3055 transistor and 555 IC . 

3. Studies the effect of Gamma ray and temperature on the devices (NPN type 

2N3055, 2N3773) 

4. The effect of radiation and temperature on some previous Circuits which 

simulated by (circuit design suite11.0 program) 

5. Transistor stability under gamma radiation and temperature. 
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3.1 Experimental work and Technique 

The experimental device can be described as shown in the following diagram:- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3 Flowchart to illustrate the experimental investigations 

 

 

 

Radiation Source: Gamma irradiation cell                                     
 

Device 

Under test 

Semiconductor 

Parameter 

Analyzer 

Experimental Results 

Telequipment Curve 

Tracer Type CT71 
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3.1.1 Radiation sources 

  

A wide range of radiation sources are used in process industry Fig.3.1. 

Gamma sources range from 0.3 to 3 mega curies ( M Cu ) are commonly used and  

an electron accelerators, 25mA, 1.5Mev for  surface treatment. 

3.1.2 Gamma Irradiation cell 220 :- 

The Gamma cell ( Gc ) 220 Excel Co 60 irradiation facility (Nordion, Canada)  

is a compact and self-contained irradiation unit offering an irradiation volume of 

approximately 6L Fig.3.1. The activity of this irradiation facility was 11994.8 Cu 

(cuire) at the time of installation (18 Jan. 2002).   

 The Gamma Cell 220 Excel is equipped with a temperature control unit to 

maintain temperature constant of the GC during irradiation in the range from 10 °C – 

60 °C ± 0.1 °C. The temperature controller system installed in the gamma cell 220 

Excell was manufactured at National Physical Laboratory ( NPL ) and exactly 

similar to the system installed at NPL for controlling temperature of their irradiation 

facility. The system is shown in Fig.3.1. The oven has across-linked polystyrene  

(Rexolite ) shell and an aluminium lining. Samples are loaded into the central cavity. 

The temperatures display units show the temperatures side of the junction. 

The relay system cuts OFF power to the CO2 valve and Peltier junction should either 

side of  the junction become excessively hot or cold. The low voltage supply powers 

the relays and current meter. The cooling fans are needed to prevent excessive 

heating of the Peltier junction controller.  

The absorbed dose rate of the GC 220 excel was measured by using NPL 

alanine reference dosimeter. The absorbed dose rate was found to be in the range 

KGy.h ֿ 
1  

(Kilo Grey per hour ) overall the time experimental part of this thesis. The 

overall uncertainty of the absorbed – dose rate is ±2.2 % at the 95 % confidence 

level [19].  

The gamma rays originate from two principal sources prompt gammas 

generated in the first few milliseconds where nucleus excited by capturing a neutron 
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and then falling back to a ground state and delayed gammas generated by the decay 

of radioactive fission fragments. The gamma spectrum extends to 12 MeV with most 

of the fluence in the range up to 0.75 MeV [19]. 

 

                          

 
     

  

 

 

 

 

 

   

          

 
  

 

Fig.3.1. The irradiator gamma source (Gamma cell 220) 

 

3.2 Device under Test (Transistor Type 2N3773 and Type 2N3055):- 
 

Passivated bipolar junction transistor in metal envelope are intended for the 

use in applications requiring high bidirectional blocking voltage capability and high 

thermal cycling performance.   

 

 

 

                   

Fig.3.2. NPN type2N3055 and NPN type 2N3773 



 83 

3.3 Semiconductor parameter analyzer (4155B/4156B) 

      Agilent 4155B is an electronic instrument used for measuring and analyzing the 

characteristic devices Fig.3.3. This instrument allows you to perform both 

measurement and analysis of the results. It has four highly accurate source/monitor 

units (SMUs), two voltage source units (VSUs), and two voltage measurement units 

(VMUs). It is designed for Kelvin connections and has high-resolution SMUs 

(HRSMUs), so it is especially suited for low resistance and low current 

measurements. You can measure voltage values with a resolution of 1 V by using 

the differential measurement mode of VMUs. It can perform two types of 

measurements, sweep measurement and sampling measurement. It also provides 

knob sweep measurement function for quick sweep measurements executed by 

rotating the rotary knob on the front panel. It can perform stress testing. That is, can 

force a specified dc voltage or current for the specified duration. Also, you can force 

ac stress by using pulse generator units (PGUs), witch are installed in Agilent 

41501A/BSMU/ pulse Generator Expander [20]. 

It provides a marker and two lines for analyzing the obtained results. it also 

provides the automatic analysis function which moves marker and lines at a desired 

location and displays desired calculations automatically after the measurement is 

completed. 

 

 

 

 

 

 

 

 

 

 

 

Fig.3.3a. Agilent 4155B picture and Fig.3.3b the device and its parts.   
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Fig.3.3b. Agilent semiconductor parameter analyzer 4155B/4156B 

 

3.4 Telequipment Curve Tracer Type CT71  

 The CT71 Curve Tracer Fig.3.4 is used for the display and measurement of 

the dynamic characteristics of transistor, FET's and diodes. Several different 

transistor characteristics may be displayed, including the collector family in the 

common emitter configuration [21]. 

 A cursor is stored in the pocked at the front of this manual to assist in 

measuring the slope of the displayed characteristic, particularly output admittance 

(hoe) on transistor, dynamic resistance (rd) on diodes and dynamic resistance (rz) on 

zener diodes. 

 The appropriate edge of the cursor is held against the graticule, tangential to 

the required point on the displayed curve. Read off ∆V on X axis and ∆I on Y axis 

using the maximum number of divisions in both directions for the greatest accuracy. 

It may be necessary to alter the position of the trace on the screen to suit the cursor.     

Select volts position of step amplitude switch:-  

Device                           Type Characteristic 
Base Supply 

Polarity + Switch 

Horizontal Controls 

AC-DC + VCE-VBE 

Bipolae-Transistor  NPN 

Common emitter  
Configuration   PNP   

VCE/VBE against /C + AC + Select 

VCE/VBE against /C - AC - Select 
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Fig.3.4. Telequipment Curve Tracer Type CT71   

 

3.5 Experimental Results 

Current-Voltage characteristics measurement of bipolar junction transistor:- 

 The( Ic – VCE)characteristics measured by semiconductor parameter analyzer 

and curve tracer devices for BJT types 2N3055 and 2N3773, before and after 

irradiation, with gamma doses up to 10 M rads. 

 

3.5.1 Transistor irradiation by Co60 gamma:- 

The low current( Ic – VCE ) curves, for the two types of transistor devices, 

before and after irradiation process, with different gamma doses were measured. The 

characteristic curves are shown in Fig.3.5 to 3.9 for the NPN type (2N3055) group 

and Fig.3.10 to 3.16 for the NPN type (2N3773) group respectively.  

  

3.5.2 Transistor under temperature effect: 

The low current(Ic –VCE) curves, for the two types of transistor devices, before 

and after exposed to temperature effect, with different degree were measured. The 

characteristic curves are shown in figures (3.17to3.19) for the NPN type (2N3773) 

group.  
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3.5.3Group ( I ) NPN type 2N3055 Under Radiation Effect :- 

         I-V C/S 

   

At Initial value:- 

 

  

 

 

 

 

 

 

 

 

 

 

Dose VCE  (mV) IC mA 

- 707.69 26 

- 738.4 46 

- 746.15 66 

- 792.3 86 

- 800 100 

 
Measurements by analyzer device 

 

 

IC μA at voltage value 600 mv by curve tracer device 

 

Table.3.1.  a- VCE: Voltage between Collector-Emitter before irradiation at (Initial Value) 

                   b- IC(μA): Collector current before irradiation  

 

 

 

 

 

IC μA 26.8 50 98.2 107.1 183. 214.3 303.6 321 

  

Fig.3.5a. I-V characteristic by 

analyzer device (Initial value). 

Fig.3.5b. I-V characteristic by 

curve tracer device (Initial value). 
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At 1 Krad: 
 

 

 

 

 

 

 

 

 

                                    

VCE (mV) 

Initial value 

VCE (mV)                                                                                                                      

1Krad 

707.69 750 

738.4 781.25 

746.15 812.5 

792.3 837.5 

800 850 

 

 

 

IC μA at voltage value 600 mv by curve tracer device 

Table.3.2.a VCE: Voltage between Collector-Emitter before and after irradiation at (1Krad) 

                 b- IC(μA): Collector current after irradiation at 1Krad 

 

VCE(mV): Voltage between collector-emitter before and after irradiation at 1Krad 

where the voltage between the collector and emitter increased from750 to 

850mv.  

 

 

 

 

 

IC μA 21.4 35.7 46.4 76.4 85.7 114 121 157 

  

Fig.3.6a. I-V C/S by analyzer 

device at 1Krad. 

Fig.3.6b. I-V C/S by curve tracer 

device at 1Krad. 
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At 5 Krad: 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

VCE (mV) 

Initial value 

VCE (mV)                                                                                                                       
5Krad 

707.69 752.63 

738.4 789.47 

746.15 815.78 

792.3 852.63 

800 868.42 

 

 

 

 

IC μA at voltage value 600 mv by curve tracer device 

 
Table.3.3.a VCE: Voltage between Collector-Emitter before and after irradiation at (5Krad) 

                 b- IC(μA): Collector current after irradiation at 5Krad 

 

VCE(mV): Voltage between collector-emitter before and after irradiation at 5Krad      

                where the voltage between the collector and emitter increased from752 to    

                864 mv. 

 

 

 

IC μA 14.3 35.7 50 78.5 92.8 121.4 142.8 171.4 

  

Fig.3.7a. I-V C/S  by analyzer 

device at 5Krad. 

Fig.3.7b. I-V C/S by curve tracer 

device at 5Krad. 
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At 10 Krad: 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VCE (mV)       
Initial value 

VCE (mV)                                                                                                                       
10Krad 

707.69 782.35 

738.4 811.76 

746.15 847.05 

792.3 882.35 

800 900 

 

 

 

IC μA at voltage value 600 mv by curve tracer device 

 

Table.3.4.a VCE: Voltage between Collector-Emitter before and after irradiation at (10Krad) 

                 b- IC(μA): Collector current after irradiation at 10Krad 

 

VCE(mV): Voltage between collector-emitter before and after irradiation at 10Krad   

                 where the voltage between the collector and emitter increased from782 to  

                 900mv.  

  

 

 

 

IC μA 11.1 33.3 44.4 72.2 83.3 111 150 166.6 

  

Fig.3.8a. I-V C/S  by analyzer 

device at 10Krad. 

Fig.3.8b. I-V C/S  by curve tracer 

device at 10Krad. 
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At 30 Krad: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

VCE (mV) 

Initial value 

VCE (mV)                                                                                                                       

30Krad 

707.69 792.85 

738.4 842.85 

746.15 871.42 

792.3 900 

800 928.57 

 

 

 

IC μA at voltage value 600 mv by curve tracer device 

 

Table.3.5.a VCE: Voltage between Collector-Emitter before and after irradiation at (30Krad) 

                 b- IC(μA): Collector current after irradiation at 30Krad 

 

VCE(mV): Voltage between collector-emitter before and after irradiation at 30Krad  

                 where the voltage between the collector and emitter increased from792 to  

                 928mv. 

 

 

IC μA 6.25 25 31 50 62.5 81.2 93.7 118.7 

  

Fig.3.9a. I-V C/S by analyzer 

device at 30Krad. 

Fig.3.9b. I-V C/S  by curve tracer 

device at 30Krad. 
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3.5.4 Group (II) NPN type 2N3773 Under Radiation Effect:-   

 

          I-V C/S 

At Initial value:- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dose 

 
 VCE (mV) 

IC mA 

- 723.07 26 

- 730.76 46 

- 738.46 66 

- 753.84 86 

- 769.23 100 

 
Measurements by analyzer device 

 

 
 

 

IC μA at voltage value 600 mv by curve tracer device 

 

Table.3.6.a VCE: Voltage between Collector-Emitter before irradiation at (Initial Value) 

                  b- IC(μA): Collector current before irradiation  

 

 

 

 

IC μA 10 15 25 30 43 48 63 70 

  

Fig.3.10a. I-V characteristic by 

analyzer device (Initial value). 
Fig.3.10b. I-V characteristic by 

curve tracer device (Initial value). 
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At 1 Krad:- 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VCE (mV) 

Initial value 

VCE (mV)                                                                                                                       

1Krad 

723.07 716.66 

730.76 733.33 

738.46 750 

753.84 766.66 

769.23 783.33 

 

 
 

 

Table.3.7 .aVCE: Voltage between Collector-Emitter before and after irradiation at (1Krad) 

                  b- IC(μA): Collector current after irradiation at 1Krad 

 

VCE(mV): Voltage between collector-emitter before and after irradiation at 1Krad    

                 where the voltage between the collector and emitter increased from716    

                  to783mv . 

 

 

 

 

 

IC μA 11 14.2 22.5 25 36.6 40 51.6 56.6 

  

Fig.3.11a. I-V C/S by analyzer 

device at 1Krad. 

Fig.3.11b. I-V C/S by curve tracer 

device at 1Krad. 
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At 5Krad:- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VCE (mV )          

Initial value 

VCE (mV)                                                                                                                       

5Krad 

723.07 723.07 

730.76 753.84 

738.46 784.61 

753.84 830.76 

769.23 846.15 

 

 

 

 

Table.3.8.a VCE: Voltage between Collector-Emitter before and after irradiation at (5Krad) 

                   b- IC(μA): Collector current after irradiation at (5Krad) 

 

VCE(mV): Voltage between collector-emitter before and after irradiation at(5Krad) 

where the voltage between the collector and emitter increased from 723 

to 846mv.  

 

 

 

 

 

 

IC μA 3.3 11 20 29 29.7 41 50 49 

  

Fig.3.12a. I-V C/S by analyzer 

device at 5Krad. 

Fig.3.12b. I-V C/S  by curve 

tracer device at 5Krad. 
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At 10Krad:- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VCE (mV )          

Initial value 
VCE (mV)                                                                                                                       

10Krad 

723.07 735.29 

730.76 770.58 

738.46 794.11 

769.23 841.17 

 

 

 

 

Table.3.9.a VCE: Voltage between Collector-Emitter before and after irradiation at (10Krad) 

                 b- IC(μA): Collector current after irradiation at 10Krad 

 

VCE(mV): Voltage between collector-emitter before and after irradiation at 10Krad  

                where the voltage between the collector and emitter increased from735 to  

               841mv.  

                      

 

 

 

 

IC μA 6.3 9 16.3 19 28 31.8 38.2 46.3 

  

Fig.3.13a. I-V C/S by analyzer 

device at 10Krad. 

Fig.3.13b. I-V C/S by curve tracer 

device at 10Krad. 
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At 30Krad:- 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

VCE (mV )          

Initial value 
VCE (mV)                                                                                                                       

30Krad 

723.07 740 

730.76 780 

738.46 806.66 

753.84 846.66 

769.23 853.33 

 
 

 

 

Table.3.10.a VCE: Voltage between Collector-Emitter before and after irradiation at (30Krad) 

                   b- IC(μA): Collector current after irradiation at 30Krad 

 

 

VCE(mV): Voltage between collector-emitter before and after irradiation at 30Krad 

where the voltage between the collector and emitter increased from 740 

to 853mv.  

 

 

 

IC μA 0 1.25 5 7.5 15 22.5 26.25 40 

  

Fig.3.14a. I-V by C/S analyzer 

device at 30Krad. 

Fig.3.14b. I-V C/S by curve tracer 

device at 30Krad. 
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-The effect of gamma irradiation on BJT type 2N3773 (10Mrad) 

 

 

 

 

 

 

 

 

 

Fig.3.15. the initial VCE -IC characteristic of 2N3773 transistor 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.3.16. I-V C/S by curve tracer device at 10Mrad. 

 

 

IC(μA)  : Collector current before and after irradiation at 10Mrad  
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3.6. The effect of Temperature on BJT type 2N3773 

 

I-V C/S 

At 25°C 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

   Fig.3.17a. V-I C/S of (2N3773)                                           Fig.3.17b- V-I C/S of (2N3773) 

        by analyzer device at 25°c                                              by curve tracer device at 25°c                                                                        

 

 

 

 

 

 

 

 

                                                Measurements by analyzer device 

 
 

 

Table.3.11 IC μA at voltage value 600 mv by curve tracer device 

 

VCE(mV): Voltage between collector-emitter at Temperature at 25°c where the 

voltage between the collector and emitter increased from722 to 850mv.  

IC(μA): Collector current at Temperature at 25°c .  

 VCE (mV) IC mA 

722.22 26 

7610.11 46 

800 66 

833.33 86 

850 100 

IC μA 22.8 21.2 17.6 15.6 13.6 12 10 9.6 
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At 50°C 

 

 

 

 

 

 

 

 

 

                                                                                          

 

Fig.3.18a. V-I C/S by analyzer device                                Fig.3.18b- V-I C/S by curve tracer device                                                                                                                         

                                                                                                                                                                                         

                               

VCE (mV ) 

At 50°C 

840.9 

822.72 

800 

777.27 

740.9 

 

 

 

VCE(mV): Voltage between collector-emitter before and after irradiation at 

Temperature at 50°c where the voltage between the collector and emitter increased 

from 840 to740mv.  

IC(μA): Collector current at Temperature at 50°c.   

 

 

IC μA 21 18.5 15 12.5 10 8 4.5 3.5 
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At 100°C 

 

 

   

 

 

 

 

 

 

 

Fig.3.19a. V-I C/S of (2N3773)                                           Fig.3.19b. V-I C/S of (2N3773) 

         by analyzer device                                                                by curve tracer device  

 

 

VCE (mV )          

At100°C 

880 

880 

865 

850 

815 

 

 

 

 VCE(mV): Voltage between collector-emitter before and after irradiation at 

Temperature at 100°c where the voltage between the collector and emitter increased 

from 880 to 815mv.   

IC(μA): Collector current at Temperature at 100°c .  

 

 

 

IC μA 20.58 15.29 12.94 8.82 7.05 4.7 0 - 
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At 150°C 

 

 

 

 

 

 

 

             

 

Fig.3.20a. V-I C/S  by analyzer                                             Fig.3.20a. V-I C/S  by curve tracer  

 

VCE (mV )          

At150°C 

891.3 

873.9 

847.8 

868.7 

786.9 

 

 

 

 

VCE(mV): Voltage between collector-emitter at Temperature at 150°c where the 

voltage between the collector and emitter increased from 891to786mv.  

IC(μA): Collector current at Temperature at 150°c   

 

 

 

 

 

 

 

IC μA 19.5 13.9 10 7.37 4.34 2.6 1.73 - 
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At 200°C 

 

 

 

 

 

 

 

 

 

 

Fig.3.21a. V-I C/S) by analyzer                                         Fig.3.21b. V-I C/S bycurve tracer                              

 

 

VCE (mV )          

At 200°C 

927.77 

927.77 

905.55 

894.44 

861.11 

 

 

 

 

VCE(mV): Voltage between collector-emitter before and after irradiation at temperature 

at 200°c where the voltage between the collector and emitter increased from 927 to 

861mv.  

IC(μA): Collector current at Temperature at 200°c   

 

 

 

 

 

IC μA 15.5 10 6.5 3.5 1.5 - - - 
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CHAPTER (IV) 

 

Modeling of Power Transistor with Radiation Field Effect 

4.1 Gamma rays: 

This chapter addresses the effects of gamma rays on three layer structure as a 

power bipolar junction transistor. Gamma rays are defined by manifestations of 

electromagnetic energy that are also characterized by their wave length. High-energy 

gamma rays possess the shortest wave length of the order of fractions of an angstrom 

(10
-8

 cm) to a few angstroms for X-rays. These wave lengths increase to very long 

radio waves, whose wave length can be up to a few miles. 

 

4.2 Ionization damage:  

The amount of radiation that semiconductor devices and materials encounter 

during their Life-cycle strongly depends on the radiation environment [15]. The 

principal of ionization-induced charge in bulk material is the increasing in 

conductivity which increases through production of excess charged carriers               

(electrons and holes), trapped charges mainly in insulators, production of electric 

and magnetic fields, and chemical effects. Upon being released from an ionized 

atom, free electrons with enough energy are excited from the valance band and span 

the forbidden gap to easily reach the conduction band of energy level states, thus 

creation hole-electron pairs, as already mentioned, or is transferred to the lattice as 

thermal energy. The electron, after dissipating this energy, now has just enough to 

reside in an energy state near the upper edge of the conduction band.Similarly for the 

hole, but just enough energy to reside near the lower edge of the valance band. In 

silicon experiments reveal that about 3.6 eV is expanded to create hole-electron pair. 

This is greater than three times the band gap energy of 1.1 eV for silicon. For semi 

conductors and insulators, the hole-electron pair creation energy is (2-3) times that 

of the corresponding band gap energy [15]. 
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4.3 Power bipolar transistor model with radiation effects 

4.3.1 Bipolar junction transistor  

 The structure of bipolar junction transistor ( BJT ) essentially comprise two 

very closely spaced pn junctions called emitter-base ( E-B ) junction and collector-

base (CB ) junction. These junctions divide the structure into three regions and its 

operation depends on both of electrons and holes [22&23]. 

 

4.3.2 Degradation of gain 

The term gain can refer to either of two separate parameters in a bipolar 

transistor. Common-base current gain (α or hFE) is the ratio between collector current 

and emitter current has a value rather less than unity. Common-emitter current gain 

(β or hFE) is the ratio between collector current and base current; it will have a value, 

typically, of 50 to 2000 [3].  

Gain degradation is often analyzed by plotting the change in reciprocal gain 

(1/β) versus radiation fluence. The term (1/β) is known as the gain damage figure, 

represented by the equation   

(1/ ) 1/ 1/
o

     ………………………………………………………….. (4.1) 

Where βO and β are the gain values before and after irradiation this is a convenient 

mathematical from in that the effects or bulk and surface damage are separated, as 

follows: 

(1/ ) (1/ ) (1/ )
b s

     ………………………………………………….. (4.2) 

Where the suffixes b and s indicate the bulk and surface contributions 

respectively. However, while the bulk contribution may be reasonably well predicted 

from analysis of minority carrier lifetime behaviour, the surface contribution is 

highly dependent upon process factors [3].  

Apart from causing the degradation of gain, irradiation also causes other 

important effects in bipolar transistor. Increases in the junction leakage currents (e.g. 

collector-base reverse leakage, ICBO), like the surface-linked gain degradation 

already mentioned; result from ionization in the surface oxide, particularly the 
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region over the collector-base junction. It is also found that heavy atomic 

displacement damage in the semiconductor causes an increase in the collector-

emitter saturation voltage, VCE(sat). The rate of this increase with fluence is roughly 

the same as that with which gain decreases, i.e, the fluences producing a 50 per cent 

change in either parameter are about the same. This is because VCE(sat), the voltage at 

which both transistor junctions are just forward-biased, is an inverse function of 

transistor gain and is thus affected by changes in minority-carrier lifetime [3].  

Transistors with high breakdown voltages have high resistivity (low doping) 

in the collector region. At very high bulk damage levels, the resistivity may be 

changed noticeably, causing further changes in VCE(sat). Such effect of less 

importance in low-power transistors such as logic devices, because the switching or 

amplifying action is not affected by relatively high VCE(sat) values. On the other hand, 

the efficient operation of power transistor, especially switching power transistor, 

requires low VCE(sat) values indicate that failure in power transistor circuits can be 

caused by a 50 per cent indicate in VCE(sat) or a hundredfold increase in VCEO ( a 

surface-controlled leakage ) [3].  

The effect of ionization on the p-n junction of a bipolar transistor may lead to 

transient photocurrent effects. The lowest radiation dose rates required to produce 

significant effects are in the region of 10
6
 rad s

-1
, well above the rates produced by 

either the natural space environment or typical isotope sources. The response of a 

bipolar transistor to dose rate is usually controlled by the photocurrent generated in 

the collector-base junction sources. These currents may be calculated if the dose rate 

and junction area are known.[4] However, if a transistor is biased to operate in the 

active region, the flow of primary photocurrent is amplified by the current gain, hFE, 

of the transistor [24] . This secondary photocurrent is linear below a dose rate of 

about 10
8
 rad(Si)sec

-1
 but to conductivity changes, can increase suddenly as dose 

rate increases above this value. These unstable current conditions can give rise to 

destructive burnout of the junctions [25&26]. 

Current gain degradation has been attributed to increase interface traps or reduce life 

time in the base –emitter region or small stacking faults in the base-emitter region 
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fluctuations of the knee current might be due to stacking faults in the collector 

region [27]. 

Two possible mechanism, which may be simultaneously present in the device, are 

through to be responsible: 

(a) Increase in the surface recombination particularly in the regien between the 

emitter and the base implant, and (b) bulk recombination in the base due to the 

generation and growth stacking faults [28].  

4.3.3 Bulk damage  

The effect of atomic displacement in bulk silicon is a reduction in 

conductivity and minority-carrier lifetime. The reduction in lifetime may be 

represented by the following equation:  

1/
0

  


    …………………………………………………………………(4.3) 


 (cm

2
s

-1
) is known as the minority-carrier lifetime damage constant for a given 

type and resistivity of silicon at a given radiation energy,  is the fluence, and 
0
  

and  are the initial and post-irradiation lifetime values. The value of 


  is 

dependent upon material properties [3]. 

1-The effectiveness of a given recombination centre on lifetime depends upon 

the charge state of that centre, and this in controlled by the minority-carrier 

equilibrium pertaining to that point. A diffused-junction device contains 

depletion regions near the junction. In these regions, the electric fields are high 

and carriers are swept out rapidly. The material here resembles an intrinsic 

semiconductor, and recombination rates are very low, although the addition of 

new defects will certainly alter these rates. The actual fields, and hence the 

carrier equilibria, vary with the bias applied.  

2-When current flows in the transistor, the Fermi level is altered by the presence 

of excess carriers injected at the emitter-base junction and is effectively 

dependent upon the operation level of the transistor. Therefore, other factors 

being equal, the value of 


  in a device carrying a signal current of 1 mA will 
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be different from the value in a device carrying a current of, say, 10A. Thus, it is 

a complex task to predict the 


  value of a device from first principles [3].  

4.3.4 Influence of base width:  

For irradiation MOS transistor, the oxide thickness was a key device 

parameter; in bipolar devices, base width is an equally important factor and – as 

described below – has a significant influence upon gain degradation by bulk 

damage.  

The gain of a bipolar transistor uses the following term for relating gain   to 

minority carrier lifetime . 

21/ /2 .
b

W D etc   ……………………………………………………………. (4.4) 

Where Wb is the base width and D  is the minority-carrier diffusion constant. 

Other terms in this equation account for the contributions of surface recombination 

(the surface effect) and emitter efficiency. The base-width term is the controlling one 

for reduction in  (i.e. bulk damage). Assuming that the surface recombination and 

emitter efficiency terms remain constant, a combination of the Webster equation 

produces the following equation for the figure of gain caused by bulk damage: 

2

(1/ ) . .
2

W b k
D

 


   ………………………………………...……………………(4..5) 

This equation demonstrates the strong dependence of the gain damage figure 

upon base width. Thus, it is necessary to measure or calculate this term for devices 

under consideration. The value of bW  itself cannot be measured easily; however, the 

cut-off frequency fα (the frequency at which common-base current gain α falls to 

one-half of its low-frequency value, say at 1KHZ) bears a close relation to Wb. 

By using this dependence, the following prediction for the effect of bulk damage on 

transistors : 

f




 


 


 ……………………………………………...…………………(4.6) 

 Here, gain degradation has been related to more easily measurable 

parameters. For the purpose of the prediction K must be determined for at least one 
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type of particle for any given bipolar transistor technology. Typical figures for K , 

measured for diffused n-p-n and p-n-p transistors under 1 MeV electron irradiation, 

are 1x10
-8

 and 3x10
-8

 cm
-2

 s
-1

 respectively and, for reactor neutrons, 1x10
-6

 and  

3x10
-6

 cm
-2

 s
-1

 respectively. As might be expected from solar cell investigations (p 

diffusion on n-type base is more sensitive than n on p), p-n-p transistors are more 

sensitive than the n-p-n type by a factor of about 3 (the fluence required to yield a 

given degradation value is three times lower). Although the cut-off frequency f


is 

included in the equation for gain prediction, an alternative parameter f


 (the gain-

bandwidth product) is more easily measured and also most commonly quoted for 

transistors. It is the product of common-emitter gain   and the frequency of 

measurement at which the gain-frequency curve begins to descend. The value of f


 

is also the frequency at which  falls to unity. The frequencies f


and f


are not 

exactly equal, f


being slightly lower. The ratio between them depends on the 

doping profile. For ideal step junction, 1.22f f
 
 ; for diffused junctions, the 

ratio is 1.33. Thus, in practice, the error introduced by using f


in the prediction of 

(1/ )  is not often significant and, in any case, errs on the side of safety. 

The specific ionization density, i-e the number of hole-electron pairs created 

per/incident rad absorbed in the material is constant and independent of temperature. 

For silicon, this is about 4.2 × 10
13

 e.h pairs per cm
3
 rad ( si )[3].s 

 

4.4 Radiation Inclusive Ebers-Moll Models  
 

The description of how the incident gamma fluence affects bipolar devices 

from the electronic circuit and system viewpoint begins with the Ebers-Moll 

equations for the pertinent device element currents. The radiation-inclusive Ebers-

Moll equivalent circuit for large signals for the diode. Where radiation is introduced 

through photocurrent production, as discussed in Fig 4.1 is that for the field effect 

transistor, and models the bipolar transistor. The additional loop (dotted line) on the 

far right of fig corresponds to the parasitic junction that sometimes exists within 

such systems by virtue of the fabrication process.  
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c

Rc

Cc

CE

E

RE

RB

B

TI 
MACIDC

iDC iDC(t)

iDE(t)REL

RCLIPPC(t)

IPPE(t)

MAEIDETNiDC

 

Fig .4.1.  Radiation-inclusive bipolar transistor model[26]. 

 

RC, Ra, RE – bulk collector, base, emitter resistance  

CC, CE – base collector, base emitter depletion capacitances  

RCL, REL – base collector, base emitter junction leakage resistance 

MAC, MAE-base collector, base emitter junction breakdown current multipliers 

IDC, IDE – base collector, base emitter junction breakdown currents  

XN, XI - normal and inverse gain, respectively, XN = βN / (1+β0) 

AC, AE - collector, emitter junction deep storage transport factors  

IPPC, IPPE - collector, emitter junction primary photocurrent  

iDC, iDE - collector, emitter junction current  

TI, TN - base collector, base emitter junction deep storage time constants  

The value of certain elements in the bipolar transistor equivalent circuit of Fig.4.1 

depend on the neutron fluence. These include the normal gain αN  

where ∆(1/αN)=Фn/  NK, and the inverse gain α 1. 

Minority carrier damage effects are manifest at relatively low fluence levels of  
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10
10

-10
12

 neutrons per cm
2
. Such fluence are orders of magnitude below the high 

fluence of 10
14

- 10
15

 that deleteriously affect resistively, carrier removal, mobility, 

and the diffusion parameters. These, in turn, cause changes in the values of almost 

every element in the above equivalent circuit.  

 Without any explicit statement about the internally generated electric field. Other 

than that is it a function of position within the bipolar transistor, and that the 

transistor, and that the transistor can be described as a two-port network, the Ebers-

moll equations for the bipolar transistor element current arising from both minority 

carrier diffusion and drift due to internal fields can be written [26].  

 

4.5 Model of NPN-transistor under radiation effect: 

IB

B

E

C

IC

ICEO

IE

βIB

 

Fig.4.2. Model of NPN-transistor [8]. 

 

 

The model of a transistor is shown in Fig.4.2. under large-signal dc operation which 

is a sensitive parameters of radiation. The equation relating to the current is:  

IE = IC + IB …………………………………………………...…...…………… (4.3) 

The base current is effectively the input current and the collector current is the 

output current.  

  = hFE = 
B

C

I

I
…………………………...………………………………...…..….. (4.4)  
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Fig .4.3. BJT power transistor                

connected as common emitter 

The ratio of the collector current ( IC ) to base current, ( IB ) is known as the current 

gain (  ), in which the generated electron /  hole pairs due to irradiation accmulated 

in the base region increased the base current as in practical measurement, due to this 

increased value, make the current gain decrease                                      

The collector current has two components: one due to the base current and the other 

were related to the leakage current of the collector-base- junction (CBJ). This 

leakage current can be increased by the generated electron / hole pairs in the 

transistor base.    

IC =   IB + ICE0…………………………………………………..…………….…(4.5) 

also the collector current can be decreased by the higher increased in   from 

eq.(4.3) and (4.5). 

IE = IB ( 1 +  ) + ICE0 = IB ( 1 +   ) ……….…….…………….….…...………...(4.6)  

 

 

 

The collector current can be expressed as  

    IC =  IE   ………………………………………….…..……………………..(4.7)   
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Related to Fig.4.3 

VCC = 200V  

 min = 8    max = 40 

Rc = 11Ω  

Overdrive factor ODF = 5 

Overdrive factor (ODF) = 
BS

I

B
I

…………………………………..……………..(4.8) 

VB = 10V  

VCE( sat ) = 1.0V and VBE(sat ) = 1.5V 

A
Rc

VV
Ic CEcc 1.18

11

1200






 ………………………………….………..………..(4.9) 

AcsI

BS
I 2625.2

8

1.18

min

1.18



……………………….……......……….……(4.10) 

ODF =  
BS

B

I

I
   

IB = 5X 2.2625 = 11.3125A 

6.1
3125.11

1.18


B
I

cI

f
  

PT = VBE IB + VCE IC ………………………………………….……………….(4.11) 

     = 1.5 X 11.3125 + 1.0 X 18.1  

     = 16.97 + 18.1 = 35.07W  

 decreased due to IB, the base current can be increased due to the generated e/h 

pairs in base of the transistor, over drive factor (ODF) increased due to the increased 

in IB by irradiation .  
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4.6 Power BJT Emitter Stabilized bias Circuit: 
 

Model to calculate IB, IC, VCE, VC, VE, VB, VB for BJT  Emitter stabilized bias circuit: 

                                                                  

 

 

 

 

 

 

 

 

 

 

    

Fig.4.4. BJT stabilized bias circuit [18]. 

  

IB = 

B E

Vcc-V

R +( +1)R
BE

B
 = 

20 0.7

430 (51)(1 )

v v

K



 
……………………………...………(4.12) 

        =40.1µA 

IC = β IB    = (50) (40.1 µA) = 2.01mA ……………………………………...…..(4.13)  

VCE = VCC - IC (RC+RE) …………………………………………………………(4.14) 

      = 20v – (2.01 mA)(2kΩ+1KΩ) = 20v -6.03v = 13.97v  

VC = VCC – IC RC ………………………………………………………………..(4.15)  

     = 20v – (2.01 mA) (2 kΩ) = 20v – 4.02v  

      = 15.98 v 

VE = VC –VCE =15.98 v- 13.97 v = 2.01v ………………………………..……..(4.16) 

Or  

VE = IE RE ≈ IC RE = (2.01mA) (1kΩ) ………………………...………………..(4.17) 

      = 2.01 vVB = VBE + VE = 0.7 v + 2.01 v = 2.71v ……..……………………(4.18)  

VBC =VB – VC = 2.71 v – 15.98v        = - 13.27v……………………….………(4.19) 

        

+20 V

430 kΩ

10 uF

V і

V o

40 uF

10 uF

1 kΩ

2 kΩ
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4.7 Applied circuits using BJT as a control element under radiation and 

temperature effect.  

4.7.1. Series Regulation Darlington Configuration: 

In the series regulator circuit just examined, the power dissipated by the zener 

diode will become quite large when higher output voltage and load currents are 

desired. However, this amount of power dissipated can be reduced by adding another 

transistor of the circuit. Fig.4.5. illustrates a series regulator with a Darlington 

configuration [2]. 

 

 

 

 

Fig.4.5. The Darlington configuration permits series voltage  

regulation with a lower wattage zener diode. 

 

Q1 has a   of 30 and Q2 has a   of 50, thus the overall  is 1,500 (30 x 50). 

Because Q2 carries only the base current of Q1, Q2 can have much lower power 
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dissipation than Q1. Notice that R1 only carries the base current Q2 now; therefore, 

R1 can have a higher resistance value and a lower power rating. Since the maximum 

current through R1 is lower, the zener diode can have a lower current and power 

rating.  

Because there are now two base-emitter junctions between the zener and the 

load, this circuit is more sensitive to changes in temperature than the single transistor 

version. 

1.The Effect of Radiation :-  
 

        If Darlington circuit exposed under radiation effect from 1 Krad up to 30 Krad 

according to experimental work suppose that Q NPN BJT type 2N3055 and Q2 NPN 

BJT type 2N3773, all parameters IC,VC, VB,VCE , VBE, VE, IB, β were changed to 

variable values according dose rate of radiation and the type of transistor as shown 

in   table.5.6 

So, the operation of all elements in the circuit will change at the different values of 

dose radiation, also stability S(ICO ), S(VBE)and S (β) . 

 

2.The Effect of Temperature:-  
 

       An increase in temperature (25, 50,100,150,200) ºC ,an increase in the minority 

carrier  current, but  negative change in VBE. Increase in thermal resistance , increase 

in base current at higher temperature degree the device will go to turn OFF its 

operation    
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V1

927.77mVrms 

1kHz 

0° 

V2
12 V 

R1
11kΩ

R2
47kΩ

R3
1.8kΩ

R4
600Ω

R5
150kΩ

C1

1µF

C2

1µF

Q1

2N1711

XLV1

In
1

XLV2

In1

4.7.2 The applied simulated amplifier circuit by BJT [29]   

 

 

 

 

 

 

 

 

 

Fig.4.6. The applied simulated amplifier circuit by BJT 

 

Using Circuit Design Suite 11.0 Computer program to solvate  the circuit in Fig.4.6 

using power BJT 2N1711, the input impedance can be controlled by XC1 and R1 the 

output controlled by XC2 and R3, also the transfer parameter can be used as control 

element , in the effect of transistor irradiation R2&R3 values.     

 

1. The Effect of radiation 

  

                                            
 

 

 

 

 

 

 

 

 

 

    Fig.4.7. the Initial Input as a sinwave applied 

on the circuit                                        

    Fig.4.8. the Initial of the output signal                                        
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       Fig.4.9. the input signal at 30krad                          Fig.4.10. the output signal at 30krad 

 

2. The Effect of Temperature:- 

 

 

 

 

 

 

 

 

 

 

 
           Fig.4.11. Initial (Input)                                            Fig.4.12. Initial (output) 

 

 

 

 

 

 

 

 

 

 

 

 

 
    Fig.4.13. 200ºC (input)                                           Fig.4.14.200ºC (output) 

 

Fig.4.7.to 4.14. show that: 

With respect to the amplifier circuit Fig.4.6. the different values of the effect of 

radiation and temperature not appeared in the different output results (the peak to 
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peak of the amplitude were fixed from 3 to -3 where the input and output values of 

voltage were very minimum (mv) and approached from each other.                                    

 

4.7.3The applied control power circuit bipolar junction transistor 2N3055 

Power Transistor Sources 

The 2N3055 transistor is widely available from a variety of sources from 

Radio Shack to Allied Electronics. 

 

4.7.3.1 Ignition Coil Driver with 2N3055 Transistor and 555 IC 

 

A very simple circuit that will provide high voltage (15-40kV) sparks using a 

common ignition coil Fig.4.15. The input is 12VDC at around 5 to 6 Amps. Mine 

produces sparks that are about 3/4" to 1" in length. A 2N3055 power transistor is 

pulsed with a square wave signal that comes from the 555 IC Timers. The frequency 

of the pulses depends on the resistors between pins 7 and 8 and between pins 7 and 

6. The pulse is also dependent on the capacitor. You can experiment with these 

values. Try inserting a smaller capacitor to raise the frequency. At different 

frequencies the sparks will change certain characteristics. At a high frequency the 

sparks will get fatter but shorter in length. At lower frequencies the spark maybe 

longer but thinner. The capacitor should be a tantalum or Mylar type, but this is not 

absolutely necessary. A ceramic type should work fine just as long as the 

temperature is not too high around it [17].  
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Fig.4.15.Ignition Coil Driver Circuit [17]. 
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 4.7.3.2 Simulated control power circuit using BJT NPN type 2N3055 under 

radiation and temperature effect. 

 

 

Fig.4.16 Simulated ignition coil driver at npn type 2N3055 

 By circuit design suite 11.0 program 

 

This system is acting as second order system, so the frequency has great effect 

on the response as the output shape takes the shape of damped oscillation until it 

goes to the system steady state region. 

The temperature also has great effect on the system maximum overshooting as it 

changes the characteristic equation , the system poles ,zeros and the elements values 

(specially the transistor), 

The higher frequencies makes the system goes to its steady state faster (12v) 

The higher temperatures make the system transient response badly (as it increases 

the system maximum over shoot from 120v to over 3000v)[30]. 
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(a) the output signal at low frequency  

 

 

(b) the output signal at high frequency 

 

 

(c)  the output signal at high frequency 

 

 

 

27c, low freq. 

27c, high 

freq. 

100c, high freq. 
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(d) the output signal at low frequency 

 

 

Fig.4.17( a ,b, c, d) 

 

 

4.7.3.3Transient time:  

For injected electrons to cross the effective base width WB the dependence of 

Cb'e on WB shows that the reduction in base width improves the high frequency 

performance of the BJT . Cb'e is typically 10-150pf for low-power silicon BJT. 

At high frequency a component of base current IB is necessary to charge the 

device capacitances and so for a certain collector signal current IC the base current IB 

is larger » than at low frequency Causing the small-signal CE current gain to fall 

[11]. 

Where: Cb'e base  
BE

B

dV

dq
 charge in npn BJT is negative  

IB >> at high frequency than IB at Low frequency. 

 

so the frequency has great effect on the response as the output shape takes the 

shape of damped oscillation until it goes to the system steady state region where: 

  tb = 
1

2
t

F
[3]. 

Where:  tb   base transient current  

             at ft = 1 KHZ  

100c, low freq. 
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               tb = 
3

1

2 10 
 = 0.159*10

-3
 sec  

               at ft = 2 KHZ  

                tb  = 0.0796 *10
-3

 sec 

                at ft = 3 KHZ  

                tb  = 0.053*10
-3

 sec 

Fig.4.17(a,b,c,d)Indicate the transient base time were decreased by variable 

resistance which connected to control of the irradiation and temperature operation . 

 

4.7.4 H-Bridge Motor Driver Using Bipolar Transistors 

        The classic beginner's DC motor driver circuit that appears in every electronics 

textbook is the bipolar transistor H-bridge.  

An H-bridge is an arrangement of transistors that allows a circuit full control 

over a standard electric DC motor. That is, with an H-bridge a microcontroller, logic 

chip, or remote control can electronically command the motor to go forward, 

reverse, brake, and coast.  

For the purposes of this article, H-bridge that is a good choice for most robots 

(including BEAM robots) and portable gadgets. This H-bridge can operate from a 

power source as low as two nearly-exhausted 'AAA' batteries (2.2V) all the way up 

to a fresh 9V battery (9.6V).  

The H-bridge circuit (below) looks complicated at first glance, but it is really 

just four copies of a resistor + transistor + diode [16]. 
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Fig.4.18. Schematic of a bipolar transistor h-bridge circuit to drive a DC motor. 

There are many different ways to draw the circuitry, but the above wiring 

diagram matches the model of most h-bridges.  

 Q1, Q3: These are NPN transistors. They connect the motor to ground 

(negative terminal of the battery).  

 Q2, Q4: These are PNP transistors. They connect the motor to +2.2V to +9.6V 

(positive terminal of the battery).  

 R1-R4: These resistors prevent too much current from passing through the 

base (labeled B) control pin of the transistor. The resistor value of 1 kilohm 

(1000 ohms) was chosen to provide enough current to fully turn on (saturate) 

the transistor. A higher resistance would waste less power, but might cause the 

motor to receive less power. A lower resistance would waste more power, but 

wouldn't likely provide better performance for motors running on consumer 

batteries.  

 D1-D4: Diodes provide a safe path for the motor energy to be dispersed or 

returned to the battery when the motor is commanded to coast or stop. I notice 

many H-bridge circuits on the web lack these diodes. I suppose that's safe 



 124 

enough for light loads at low voltages, but without diodes, a motor voltage 

spike can force its way through the unprotected transistors, damaging or 

destroying them.  

 M1: This is a direct-current (DC) motor. These are very common. You can 

find them in surplus stores online or in salvaged toys. The motor should have 

only two wires. Measure the resistance of the two motor wires using a 

multimeter. If it is much less than 5 ohms, then the transistor parts listed in 

this article are too weak to power the motor [16].  

4.7.4.1 Controlling the H-Bridge Motor Driver 

The resistors are the inputs that control the H-bridge. By connecting a resistor 

to either +VDC or GND, it turns on or off the corresponding transistor. (+VDC is 

the positive end of the battery. GND is the negative end of the battery.) When a 

particular pair of transistors is turned on, the motor does something. 

Command R1 R2 R3 R4 

Coast/Roll/Off: 
GND or 

disconnected 

+VDC or 

disconnected 

GND or 

disconnected 

+VDC or 

disconnected 

Forward: 
GND or 

disconnected 
GND +VDC 

+VDC or 

disconnected 

Reverse: +VDC 
+VDC or 

disconnected 

GND or 

disconnected 
GND 

Brake/Slow 

Down: 
+VDC 

+VDC or 

disconnected 
+VDC 

+VDC or 

disconnected 

 

Table 4.1 resistor stats R1,R2,R3and R4 

 

4.7.4.2 The effect of heating over H-Bridge motor Driver using Bipolar 

transistors:   

At variable values of temperatures the thermal resistance for Q1&Q2&Q3 and Q4 

will increase (form practical work):-  

We assume that transistor type 2N3772 (Q1) at this circuit  
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  T° C 25 50 100 150 200 

RQ1 0.122 1.53 4.6 7.6 10.7 

 

Table 4.2 RQ1 with different temperature degree 

 

 Similarly RQ2, RQ3 and RQ4 each transistor has a private thermal resistance for 

each temperature degree  

Values of collector current , were decreased , collector-Emitter voltage shift (VCE) , 

were increase ,static power dissipation P(mw) were decrease and the stability S(ICO) 

were decreased by increasing the temperature , these variable parameters were 

effected on the operation of H-Bridge motor. The operation of motor at very high 

temperatures will turn-off or will stop turning. 

4.7.4.3 H-Bridge Motor Driver Using Bipolar transistors under 

gamma radiation:- 

At variable values of gamma radiation dose, collector current for each transistor (Q1, 

Q2, Q3, and Q4) were decreased, the shift of Collector-Emitter voltage were 

increased, all parameters as shown in table.5.6 were changed. These variable 

parameters will effect on the operation of motor. 
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CHAPTER ( V ) 

 

RESULTS AND DISCUSSIONS 

 

5.1 Collector current and collector-emitter voltage characteristics:-  

The two power transistors type 2N3055, 2N3773 are used to illustrate the operation 

under gamma radiation, temperature, test stability and reliability of devices. From 

the IC-VCE characteristics curves figures (3.5 to 3.14), after devices exposed to 

irradiation the collector-emitter voltage shifted to the higher value on voltage curves, 

this result make the irradiated devices required high collector-emitter voltage to 

operate or to start with respect to the initial devices as in tables (3.1 to 3.5) for BJT 

type 2N3055, (3.6 to 3.10) for BJT type 2N3773 for gamma irradiation. 

 

5.1.1 Gamma irradiation results: 

      From the measurements of the IC & VCE characteristic of two sample groups 

(1,2) for BJT NPN type 2N3773, BJT type 2N3055 before and after gamma 

irradiation by dose up to 10Mrad, the results illustrated that VCE shifted to higher 

values where device exposed to irradiation, the shift in group (1) is (∆IC 42.85%, 

∆VCE 10.9%) from initial to 30Krad and (∆IC80%, ∆VCE 14.63%) for 10Mrad as in 

table (5.12a) and in group (II) is (16.07%) as in table (5.13).  
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5.1.1.1 The relation between collector-current IC and gamma dose Krad for 

type 2N3055. 

  

Dose       

            IC   
1Krad 5Krad 10Krad 30Krad 

26.78 21.42 14.28 11.11 6.25 

50 35.71 35.71 33.33 25 

98.2 46.42 50 44.44 31 

107.14 76.42 78.5 72.22 50 

183.9 85.71 92.85 83.33 62.5 

214.28 114.285 121.42 111.11 81.25 

303.57 121.42 142.85 150 93.75 

321.42 157.14 171.42 166.6 118.75 

Table.5.1. IC with dose ( Krad ) of 2N3055 power transistor 

IC(μA): Collector current before and after irradiation at (1,5,10,30Krad) 

5.1.1.2 The relation between collector-emitter voltage and gamma doses for 

type 2N3055. 

 

Dose 

                 VCE 

                mV 

1Krad 5Krad 10Krad 30Krad 

707.69 750 752.63 782.35 792.85 

738.4 781.25 789.47 811.76 842.85 

746.15 812.5 815.78 847.05 871.42 

792.3 837.5 852.63 882.35 900 

800 850 868.42 900 928.57 

Table.5.2. VCE with dose ( Krad ) of 2N3055 power transistor 

VCE(mV):Voltage between collector-emitter before and after irradiation at (1,5,10,30Krad)  
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5.1.1.3 The relation between collector-current IC and gamma dose Krad for 

type 2N3773. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table.5.3. IC with dose ( Krad ) of 2N3773 power transistor doses. 

    IC(μA): Collector current before and after irradiation at (1,5,10,30Krad)  

5.1.1.4The relation between collector-emitter voltage and gamma doses for type 

2N3773. 

 

 

 

 

 

 

 

 

 

 

 

 

Table.5.4. VCE with dose (Krad) of 2N3773 power transistor. 

VCE(mV):Voltage between collector-emitter before and after irradiation at (1,5,10,30Krad)  

Dose 

           IC 
1Krad 5Krad 10Krad 30Krad 

10 9.5 7.33 6.36 0 

15 14.16 11 9.09 1.25 

25 22.5 20 16.36 5 

30 25 29 19.09 7.5 

43 36.66 29.69 28.18 15 

48 40 41 31.81 22.5 

63 51.66 50 38.18 26.25 

70 56.66 49 46.36 40 

Dose 

           VCE 

          mV 

1Krad 5Krad 10Krad 30Krad 

723.07 716.66 723.07 735.29 740 

730.76 733.33 753.84 770.58 780 

738.46 750 784.61 794.11 806.66 

753.84 766.66 830.76 829.41 846.66 

769.23 783.33 846.15 841.17 853.33 
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Table 5.1, 5.3 Indicate the values of IC with the different values of gamma dose for 

type 2N3055 and 2N3773 respectively.   

 Table 5.2, 5.4 Represent the shift in VCE along the voltage axis with gamma dose 

indicate the different values of threshold voltage shift at different values of gamma 

dose for each type 2N3055 and 2N3773 respectively. 

 

5.1.1.5 The collector current IC and gamma dose Krad for two types 2N3055, 

2N3773  

 

 

 

 

 

 

 

 

Fig.5.1 Gamma dose, krad  

Fig.5.1. the relation between the collector-current and the gamma dose for both transistors 

NPN type 2N3773 and 2N3055.  

 

5.1.1.6The Collector Emitter -Voltage and gamma dose krad for two types    

2N3055, 2N3733 

 
  

 

 

 

 

 

 
Fig.5.2 Gamma dose, krad 

Fig.5.2.IndecateThe relation between the collector-emitter voltage and the gamma dose for 

both transistors NPN type 2N3773 and 2N3055.  
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5.1.1.7 The effect of gamma irradiation on BJT type 2N3773 at 10Mrad  

The relation between collector current and Gamma Dose Mrad for type 2N3773 

Dose Mrad
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I C
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A
 )

0

5
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15

20

25

 
Fig.5.3. IC VS dose 

Fig 5.3 indicates the Collector current (Ic) changed from 5:25μA after sample 

exposed to 10Mrad. 

 

5.1.1.8. The effect of gamma irradiation on BJT type 2N3773 at 10Mrad 

The relation between collector-Emitter VCE voltages and Gamma Dose for type 

2N3773   

 

 

 

 

 

 

 

 

 

 
Fig.5.4. VCE Vs dose   

 

Fig 5.4 indicate the Collector-emitter bias voltage (VCE) shifted by VCE = Vth 

(threshold voltage) to positive direction by values 820:940mv by total absorbed 

gamma doses up to 10Mrad . 
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5.1.1.9 The effect of gamma rays on the current gain:-  

αDC range from 0.95 to 0.99 <1 

1

DC C

DC

DC B

I
B

I




 


          ,           C

B

I

I
   

Dose  0 1 5 10 30 

B  50 49 45 42 32 

 

      Table 5.5. Indicate the relation between current gain and gamma dose krad   

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5.5.   Vs Dose Krad 

 

Fig.5.5 Indicate that the current gain decreases by transistor exposed under gamma 

irradiation. 
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5.2Analytical parameters for BJT under radiation effect:-  

For previous model Fig 4.4 the following parameters IC,VCE,VC,VE,VB,VBC   

were determined under radiation effect and calculated by equation no. 4.12 to 4.19in 

the same model which explained  by the following table : 

Dose(Krad) Iin 1Krad 5Krad 10Kred 30Kred 

IC mA 2.01 1.96 1.8 1.71 1.33 

IB μA 40.1 40.2 40.6 40.8 41.6 

VC  15.98 16.08 16.04 16.58 17.34 

VE 2.01 1.96 1.8 1.71 1.33 

VBC -13.27 -13.92 -13.9 -14.18 -15.31 

VCE 13.97 14.12 14.6 14.87 16.01 

VB 2.71 2.66 2.5 2.4 2.03 
  

Table.5.6 Physical Parameters of the irradiated and gamma irradiated NPN BJT type 

2N3773 with (1, 5, 10, 30Krad) irradiation dose. 

   

VBE = 0.7 V     VCC= 20 V 

 

The previous table.(4.1) illustrate the variable parameter for BJT as a control 

element in circuit under the effect of variable does where explain that  

IC: collectors current decreased by increasing irradiation doses. 

IB : base current increased by irradiation. 

VC:  collector voltage were increased.   

VBC : collector-base voltage (reverse-bais) decreased . 

VCE :  collector-emitter voltage increased.  

VB : base-voltage decreased .  

Table 5.6 all previous parameters IC,VCE,VC,VE,VB,VBC  were affected by irradiation 

when BJT exposed as a control element in all power circuits  
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5.3 Temperature Effects in BJT: 

          The measurements of the IC &VCE C/Sof sample power transistor type 2N3773 

before and after exposed under the effect of temperature. 

 

5.3.1 Collector- emitter voltage measurements under temperature effect:- 

 

  T ºC  

VCE 

                mV 

50 ºc 100 ºc 150 ºc 200 ºc 

722.22 840.9 880 891.3 927.77 

761.11 822.72 880 873.9 927.77 

800 800 865 847.8 905.55 

833.33 777.27 850 868.7 894.44 

850 740.9 815 786.956 861.11 

 

Table.5.7. VCE with different temperature degree 

Table 5.7 illustrate the value of collector –emitter voltage shift at different 

temperature degree 

Temperature T ؛c
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Fig.5.6. VCE Collector emitter voltage Vs temperature. 

 



 134 

Fig 5.7 indicate the Collector emitter voltage (VCE) shifted by increasing temperature 

degree from 25 ºc to 200 ºc by 722 mV up to 927 mV . 

5.3.2 Collector current measurements under temperature effect: 

 

T  ºc 

Ic µA 

50 ºc 100 ºc 150 ºc 200 ºc 

22.8 21 20.58 19.56 15.5 

21.2 18.5 15.29 13.91 10 

17.6 15 12.94 10 6.5 

15.6 12.5 8.82 7.37 3.5 

13.6 10 7.05 4.34 1.5 

12 8 4.7 2.6 - 

10 4.5 0 1.73 - 

9.6 3.5 - - - 

 

Table.5.8. IC µA, with different degrees of temperature 

 IC(μA): Collector current at different values of temperature (25,50,100,150,200T ºc)  

 

Table5.8 illustrate the value of collector current IC at different values of temperature  
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                               Fig.5.7 Temperature VS Collector Current in type (2N3773) 
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Fig5.7 shows that the relation between collector-current and temperature where 

in power transistor the temperature annealed the current is in the µA range, the 

collector current decreased by increasing temperature from 25Cº up to 200Cº,  

5.3.3 Current gain β under the effect of temperature: 

 

 

 

 

Table.5.9 β with different temperature degrees                

              T ؛C
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Fig 5.8. T ºC Vs β 

5.4. Power Effects in BJTs 

  

 

 

Table.5.10. P (mW) with different temperature degrees  

T ºC 25 50 100 150 200 

β 50 55 66 82 99 

T ºC 25 50 100 150 200 

Ptot(mW) 16.3 15.22 13.455 12.155 9.277 
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Temperature T oC
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Fig.5.9 Power (mW) VS Temperature (T 
o

C) for BJT type 2N3773 

 

Fig 5.10 indicate the relation between max static power dissipation at the different 

value of Temperature, the BJT type 2N3773, power in mW shifted to lower values 

after device exposed under different temperature degree 50,100,150, and 200 the 

temperature used as an energy to reduce the induced energy in the junction 

transistor.  

 

5.4.1 Thermal resistance and permissible dissipated power under the effect of 

temperature for BJT device:-  

 

 

 

 

 

Table.5.11 indicate Rth, Pmw  values and T ºC 

 

T ºC 25 50 100 150 200 

Rth 0.122 1.53 4.6 7.6 10.7 

Pmw 16.3 15.22 13.455 12.155 9.277 
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temperature. 

 

 

 

Fig.5.10 indicate that permissible dissipated power were decreased but Rth increased 

with different values of temperature 

 

5.4.2 The variation in BJT collector-Emitter voltage and current under 

radiation filed, and Heating effect:-  

 

 

  

  

           

 

 

 

Krad ∆IC% ∆VCE% 

 1 Krad 19.05 % 1.83 % 

5 Krad 30 % 8.16 % 

10 Krad 33.77% 9.34 % 

30 Krad 42.85% 10.9 % 

10 Mrad 80% 14.63 % 

Heat ∆IC% ∆VCE% 

50° C 12.73% 8.09% 

100° C 28.19 % 15.62 % 

150° C 14.81 % 14.81 % 

200° C 21.89 % 21.89 % 
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                Table.5.12a For type 2N3773 

 ∆IC(μA): The percentage rate of change in 

collector current for radiation  

∆VCE(mV): The percentage rate of change in 

collector-Emitter Voltage for radiation 

 

 

 

Krad ∆IC% ∆VCE% 

          Table.5.12b For type 2N3773  

 ∆IC(μA): The percentage rate of change in 

collector current for heating 

∆VCE(mV): The percentage rate of change 

in collector-Emitter Voltage for heating 
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Krad ∆IC% ∆VCE% 

1 Krad 51.10% 6.25% 

5 Krad 46.66% 8.55% 

10 Krad 48.16% 12.5% 

30 Krad 63.07% 16.075 

 

Table 5.13 for type 2N3055 

 

 

 

 

 

5.5 Emitter-bias configuration S (ICO): 

The collector- current were changed as a result of the change of temperature using 

applied circuit Fig.4.6 by eq.(2.50 to 2.52) 

Where the values of RB and RE of the BJT were changed by the effect of temperature 

and radiation with different values of them  

So, S (ICO) depends on the ratio RB/RE 
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Fig.5.11 S (ICO) Vs RB/RE 

So, with respect of   emitter-bias configuration S (ICO) depends on the ratio RB/RE 

∆IC(μA): The percentage rate of change in    

   collector current for radiation 

∆VCE(mV): The percentage rate of change in 

collector-Emitter Voltage for radiation 

 

 

 

∆IC(μA): The percentage rate of change in 

collector current for radiation 

∆VCE(mV): The percentage rate of change in 

collector-Emitter Voltage for radiation 
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5.6 Stability factors S (ICO), S (VBE) and S (β) 

A stability factor S is defined for each of the parameter affecting bias stability as 

listed bellow: 

5.6.1 Stability factor S (ICO) : 

1. The effect of Radiation    

COS(I ) C

CO

I

I



  

ICBO = ICO 

IC 25 22.5 20 16.36 5 

ICO 15 14.16 11 9.09 1.25 

∆ IC 2.5 2.5 3.69 11.36 - 

∆ ICO 0.89 3.16 1.97 7.84 - 

S(ICO) 2.97 0.79 1.90 1.44 - 

Krad 1 5 10 30 - 
 

Table 5.14 explain the values of the, IC, ICO , ∆ IC, ∆ ICO and S(ICO) Vs dose 

 

Krad
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Fig.5.12 Illustrate the relation between S (ICO) Vs Krad under the effect of radiation 
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2. The effect of Temperature :- 

    

IC 13.6 10 7.05 4.34 1.5 

ICO 12 8 4.7 2.6 - 

∆ IC 3.6 2.95 2.71 2.84 - 

∆ ICO 4 3.3 2.5 - - 

S(ICO) 0.9 0.89 0.82 1.35 - 
 

Table 5.15 Illustrate IC, ICO, ∆ IC, ∆ ICO and S(ICO) values under the effect of temperature  

 

T
o
C
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SICO VS T
o
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Fig .5.13 S(ICO) VS  IC 

 

 

Fig.5.13 Illustrate the effect of temperature on the BJT and its effect on the stability                            

             factor S (ICO) which goes to higher values.  
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5.6.2 Stability factor S(VBE): 
 

 SVBE= C

BE

Δ I
Δ V

 

1. The effect of Radiation:- 

IC 25 22.5 20 16.36 5 

∆ IC 2.5 2.5 3.64 11.36 - 

VBE 0.71 0.76 0.69 0.68 - 

∆ VBE 0.01 0.01 0.01 0.01 - 

S VBE 250 250 364 1136 - 

Krad 1 5 10 30 - 
 

Table 5.16 explain the values of IC , ∆ IC, VBE , ∆ VBE, S VBE Vs Dose Krad 
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Fig.5.14 SVBE  VS  Dose Krad 

 

Fig.5.14 Illustrate the effect of radiation on the BJT and its effect on the stability 

factor S VBE . 
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2.The effect of temperature: 

  

∆ IC 3.6 2.95 2.71 2.84 

∆ VBE 0.01 0.01 0.01 0.01 

S VBE 360 295 271 284 

T°C 50 100 150 200 

 
                     Table 5.17  explain the values ∆ IC, ∆ VBE , S VBE and T°C 

T°C
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Fig 5.15  SVBE Vs TºC 

 

 

Fig.5.15  Illustrate the effect of temperature on the BJT and its effect on the stability  

factor S VBE  
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5.6.3 Stability factor S(β ): 
 

                 S(β) = CΔ I
Δβ

 

1.The effect of Radiation:- 

 

∆ IC 2.5 2.5 3.69 11.36 - 

β 50 46 45 42 32 

∆ β 4 1 3 10 - 

S(β) 0.62 2.5 1.21 1.13 - 

Krad 1 5 10 30 - 

 

Table 5.18 explain the values ∆ IC, β, S(β) and Dose Krad 

 

Krad

0 2 4 6 8 10 12

S
(B

)

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

1.3

S(B) VS Krad  

Fig 5.16  S(β) Vs  Dose Krad 
 

 

Fig.5.16 Illustrate the effect of radiation on the BJT and its effect on the stability 

factor S (β) . 
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2.The effect of Temperature:-  

    β at initial temp 25 ° = 50 

                    

                    β = DC

DC1-



 

   

   α DC at 25 ° C = 0.98  

   α DC range 0.89 → 0.99  

  at 25°c and 200°c respectively  

 

∆ IC 3.5 2.95 2.71 2.84 

∆ B 5 11 16 17 

S(B) 0.7 0.26 0.16 0.16 

T°C 50 100 150 200 

 

                           Table 5.19  explain the values ∆ IC, ∆ B, S(β)  and T°C 
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Fig.5.17. S(β) Vs  TºC 
   

 

Fig.5.17 Illustrate the effect of temperature on the BJT and its effect on the stability 

factor S (β) . 
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CHAPTER ( V ) 

 

                                       Conclusion 

 

The characterization and operation of BJT devices (2N3773&2N3055) were studied 

in this thesis initially and after its exposure to gamma irradiation and exposed to 

different degree of temperature illustrate the following results: 

1- collector-emitter voltage (VCE) shifted to the forward side, in which the 

irradiated devices required higher values of operating voltage:-  

2- Device under gamma irradiation (1 krad up to 30 krad) and Heating(from 

25ºC to 200 ºC: 

       * BJT type 2N3773(∆VCE) shifted by (1.83% to 10.9%), (∆IC) changed by  

         (19.05%→42.8%)under radiation , (∆VCE) shifted by (8.09% to 12.89%)and  

        (∆IC) changed by (12.7% → 57.5% ) under temperature effect . 

            * BJT type 2N3055(∆VCE) shifted  by(6.25 % → 16.07%) under radiation .  

               (∆IC) changed by (51.107%→63.07%)under radiation. 

3-  collector-Emitter voltage (VCE) shift for BJT under gamma radiation effect                  

            is lower than the collect-Emitter voltage shift for heating effect  

4- For BJT both of gamma radiation and Heating collector current (IC) for BJT 

going to lower values  

    The operation of H-motor circuit under radiation effect will delay the motor    

     movement where VCE shifted to higher values and will reduce its speed. 

5- The operation of H-motor under heating effect, will turn-off or will stop 

turning at higher value of temperature degree.  

6- for the operation of BJT as a control element in H-Bridge motor Driver 

circuit, the starting of motor conduction will delay by the rate of  collector-

emitter voltage shift, the speed of motor depends on the net voltage and 

collector current which affected by radiation and heating. 
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7- Permissible power dissipation decreases by increasing temperature degree 

as a result of increasing (Rth) and lower values of collector current (IC) 

8- The gain degradation (β) decreased for exposure the device under  gamma 

radiation but it were increased for exposure the device under temperature 

effect.  

9- The higher the stability factor, the more sensitive the network to variation in 

that parameter. 

10- Stability factor S(ICO) were sensitive for radiation but S(VBE)and S(β) were 

sensitive for temperature. 

11- Parameters IC, VCE, VBE, VE, VC, and β for BJT as a control element in all 

power circuits changed under radiation filed. 

12- Parameters IC, VCE, VBE, RTh, Ptotmax, Permissible power dissipation and β for 

BJT as a control element in all power circuits were changed under 

temperature degradation.  

13-  The emitter-bias configuration is quite stable when ratio RB/RE is as small 

as possible and the least stable when the same ratio approaches (B+1). 

14- So, Stability factor S(ICO) for bias-emitter depends on the ratio of RB/RE for 

BJT. 

15- Transient base times were decreased by increasing the value of frequency 

which depends on the temperature degree.    
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APPENDIX 

 

Complementary silicon power Transistors 

The 2N3773 NPN and 2N6609 PNP are power Base power transistors designed for 

high power audio, disk head petitioners and other linear applications. These devices 

can also be used in power switching circuits such as relay or solenoid drivers, dc to 

dc converters.  

 High Safe Operating Area (100% Tested) 150W, 100V 

 Completely Characterized for Linear Operation  

 High DC Current Gain and Low Saturation Voltage  

hFE = 15 (Min), 8A, 4V  

VCE(sat) = 1.4V (Max), IC = 8A. IB = 0.8A 

 For Low Distortion Complementary Designs 

MAXIMUM RATINGS  

                        Rating Symbol Value Unit 

Collector Emitter Voltage  VCEO 140 Vdc 

Collector -Emitter Voltage  VCEx 160 Vdc 

Collector -Base Voltage  VCBO 160 Vdc 

Emitter-Base Voltage  VCBO 7 Vdc 

Collector Current - Continuous  

                          - peak(1) 
IC 

16 

30 
Adc 

Base Current - Continuous  

                          - peak(1) 
IB 

4 

15 
Adc 

Total Power Dissipation @ TC = 25ºC 

         Derate above 25ºC  
PD 

150 

0.855 

Watts 

W/ºC 

Operating and Storage Junction 

         Temperature Range   
TJ, Tstg 

-65to + 200 

 

ºC 

 

THERMAL CHARCTERISTICS  

                        Characteristic  Symbol Max Unit 

Thermal Resistance, Junction to Case  R0JC 1.17 ºC ºC /W  
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*Indicates JEDEC Registered Data. 

(1) Pulse Test: Pulse Width = 5ms, Duty Cycle ≤ 10% 

2N3773  2N6609 

ELECTRICAL CHARCTERISTICS ( TC = 25ºC unless otherwise noted) 

                        Characteristic  Symbol Max Unit 

 

OFF CHARCTERISTICS (1)  

Collector-Emitter Breakdown Voltage 

    (IC = 0.2 Adc, IB = 0)  
VCEO(sus) 140 _ Vdc 

Collector-Emitter Sustaining Voltage 
(IC = 0.1 Adc, VBE(off)=1.5Vdc, RBE=100 Ohms) 

VCEX(sus) 160 _ Vdc 

Collector-Emitter Sustaining Voltage 
(IC = 0.2 Adc, RBE=100 Ohms) 

VCER(sus) 150 _ Vdc 

Collector Cutoff Current 
(VCE = 120 Vdc, IB= 0) 

ICBO _ 10 mAdc 

Collector Cutoff Current 
(VCE = 140 Vdc, IBE(off)= 1.5 Vdc) 

(VCE = 140 Vdc, IBE(off)= 1.5 Vdc, TC = 150ºC)  

ICEX 
_ 

_ 
2 

10 

mAdc 

Collector Cutoff Current 
(VCB = 140 Vdc, IE = 0) 

ICBO _ 2 mAdc 

Emitter Cutoff Current 
(VBE = 7 Vdc, IC = 0) 

IEBO _ 5 mAdc 

 

ON CHARCTERISTICS (1) 

DC Current Gain 
(IC = 8 Adc, VCE = 4 Vdc) 

(IC = 16 Adc, VCE = 4 Vdc)  

hFE 
15 

5 

60 

- 

- 

Collector-Emitter Sustaining Voltage  

(IC = 8 Adc, IB = 800 mAdc) 

(IC = 16 Adc, IB = 3.2 Adc) 

VCE(sat) 
- 

- 
1.4 

4 
Vdc 

Base-Emitter On Voltage 
(IC = 8 Adc, VCE = 4 Vdc) 

VBE(on) _ 2.2 Vdc 

  

DYNAMIC CHARCTERISTICS  

Magnitude of Common-Emitter 
Small-Signal, Short-Circuit, Forward Current Transfer Ration  

(IC = 1A, f = 50KHz)  

 - - 4 ׀hfe׀

Small-Signal Current Gain  
(IC = 1Adc, VCE = 4 Vdc, f = 1KHz) 

hfe 40 - - 

SECOND BREAKDOWN CHARCTERISTICS 

Second Breakdown Collector Current with Base Forward Biased 
t = 1s (non-repetitive), VCE = 100V, See Figure 12  

Is/b 1.5 - Adc 
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(1) pulse Test Width = 300 πs, Duty Cycle ≤ 2% 

*Indicates JEDEC Registered Data. 

Transistor NPN 60V 15A TO-3-2N3055- Discrete Semiconductor Products 

Digi-Keg Part 

Number   

497-2612-5-ND Price  

Break 

Unit  

Price 

Extended 

Price 

Manufacturer 

Part Number  

2N3055 1 1.8200 1.82 

10 1.64600 16.46 

Description Transistor NPN 

60V 15A TO-3 

100 1.32300 132.30 

250 1.17600 294.00 

Quantity 

Available 

2138 500 1.02900 514.50 

All prices are in US dollars. 

 

When requested quantity exceeds displayed pricing table quantities, a lesser unit 

price may appear on your order.  

You may submit a request for quotation on quantities which are greater than those 

displayed in the pricing table.  

 

Specifications for Transistor (bjt) – Single Discrete Semiconductor Product 15A 

60V 115W STMicroelectronics NPN 2N3055    

Technical/Catalog Information 2N3055 

Vendor STMicroelectronics 

Category Discrete Semiconductor Products 

Transistor Type  NPN 

Voltage-Collector Emitter Breakdown 

(Max) 

60V 

Current-Collector (Ic) (Max) 15A 

Power - Max 115W 

DC Current Gain (hFE)(Min)@Ic,Vce 20@4A,4V 

Vce Saturation (Max) @Ib, Ic 3V@3.3A,10A 

Frequency – Transition  - 

Current- Collector Cutoff (Max) 700µA 

Mounting Type Chassis Mount  

Package / Case  TO-204AA,TO-3(2 Leads + case) 

Packaging  Tray 

Lead Free Status  Lead Free  

 

mailto:3V@3.3A,10A
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Future work: 
 

1-Dynamic characteristic of power transistor and radiation effect.         

 

2-Applications of power transistor in radiated environmental control systems. 
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 ربىــص العـخـلـالم

 تحسين أداء ترانزستورات القوى وتأثير االشعاع  

 

اإلشعاعاث انًإيُت ئرا يا حعشضج نٓا انًكَٕاث اإلنكخشَٔيت فآَا حغيش يٍ انخٕاص انكٓشبيت نٓزِ 

انًكَٕاث ٔبانخانٗ أداؤْا فٗ انذٔائش انكٓشبيت ٔيٍ ْزِ انًكَٕاث انخشاَضسخٕس ٔيٍ رى فاَّ حى انقياو 

بذساست عهٗ انخشاَضسخٕس انزُائٗ انٕصهت كعُصش حذكى فٗ دٔائش انخذكى انكٓشبيت ٔيذٖ حأريش 

انًجاالث االشعاعيت ٔدسجاث انذشاسة انًخخهفت ٔحى قياط خٕاص انخشاَضسخٕس بًعشفت يُذُٗ انخياس 

 كًصذس 60ٔانجٓذ ٔرى قياط ْزِ انٕدذاث قبم ٔبعذ انخعشض ألشعت جايا يٍ يصذس انكٕبانج  

ٔقذ حى حطبيق جشعاث ئشعاعيت .  كيهٕ جشاٖ نكم ساعت 5.211نالشعاع انجايٗ بُشاط ئشعاع بـ 

  krad and 10Mrad 1.5,10,30يخخهفت 

 بٓذف دساست  2N3055 ٔاالخش  2N3773 نًجًٕعخيٍ يخخهفيٍ ًْا  NPN حى دساست انخشاَضسخٕس 

 أو أَّ يذذد فٗ  NPN&PNPْم حأريش االشعاع فقظ يكٌٕ عهٗ انًجًٕعاث انًخخهفت فٗ االَٕاع 

انُٕع انٕادذ  

 ديذ أَٓا حذخفظ  2N3773 نهًجًٕعت NPNٔكزنك حى دساست انخأريش انذشاسٖ عهٗ انخشاَضسخٕس 

 انزٖ ْٕ اكزش دساسيت يٍ االٔل فٗ انخأرش  2N3055بانخأريش االشعاعٗ نًذة أطٕل يٍ انُٕع االخش

. باالشعاع انجايٗ 

: ٔقذ حى حقذيى انشسانت فٗ سخّ فصٕل

 

: انفصم االول 

 يقذيت نخعشيف حشاَضسخٕس انقٕٖ ٔئسخخذايّ كعُصش حذكى فٗ انذٔائش انكٓشبيت انخٗ يًكٍ 

. أٌ حخعشض نالشعاع 
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: انفصم انزبًَ 

 يٕضخ حشكيب انخشاَضسخٕس رٔ انٕصهّ انزُائيت ٔكيفيت أداؤِ فٗ يجًٕعت يٍ دٔائش انقٕٖ 

. ٔدٔائش انخذكى فٗ يٕحٕس انخياس انًسخًش 

 

:  انفصم انزبنذ 

 ٔ يُخقم انفصم انزانذ ئنٗ ئسخعشاض ٔدذة االشعاع انجايٗ انزٖ حعشض نٓا انخشاَضسخٕس 

 ٔكزنك أجٓضة انقياط  krad and 10Mrad 1.5,10,30بقيى يخخهفت يٍ انجشعاث االشعاعيت 

انخٗ بٕاسطخٓا حى قياط خٕاص انجٓذ ٔانخياس نهخشاَضسخٕس قبم ٔبعذ االشعاع ٔانبياَاث ٔانُخائج 

 ٔرنك بأسخخذاو جٓاص 2N3773& 2N3055 ًْٔا  NPNانخاصت بًجًٕعخيٍ يٍ َٕع ٔادذ 

  oven ٔقذ حى ئسخخذاو ْزِ االجٓضة ٔكزنك Curve  Tracer ٔجٓاص انـ          Analyzer انـ

 . 2N3773عُذ قياط انجٓذ ٔانخياس أرُاء دساست حأريش دسجاث انذشاسة انًخخهفت عهٗ انًجًٕعت 

 

:  انفصم انشابع 

يُخقم انفصم انشابع ئنٗ ئيضاح حأريش االشعاع عهٗ انخشاَضسخٕس يٍ انُاديت انفيضيائيت 

ٔئسخخذايّ فٗ حطبيقاث نًعشفت حأريش االشعاع ٔدسجاث انذشاسة انًخخهفت عهٗ خٕاصّ انكٓشبيت 

 .

 

:  انفصم انخبيظ 

.         يعشض انُخائج ٔيُاقشت ْزِ انُخائج ٔيا حى انخٕصم ئنيّ يٍ حطبيقاث نٓزِ انُخائج 

 

: انفصم انغبدط 

.         ٔيقذو انفصم انسادط خالصت انُخائج انخٗ حى انخٕصم ئنيٓا
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 جبيعت األصهش

 كهيت انهُذعت

  قغى انهُذعت انكهشبيت

 شعبت قىي وأآلالث كهشبيت

"ححــغيٍ أداء حشاَضعخىساث انقىي وحأريش االشعبع  "   

 

 سعبنت يقذيت إنً 

 جبيعت االصهش 

(دكخىساة انفهغفت)نهحصىل عهً دسجت انعبنًيت   

 في انهُذعت انكهشبيت 

  شعبت قىي واآلالث كهشبيت

 

 يقذيت يٍ 

  رشيب عبذ انًجيذ عهً حغٍ/ انًهُذعت 

 ححج أششاف 

 

كشو أييٍ عهً شششش    . د.و.انغعيذ عبذ انعضيض عزًبٌ       أ. د.      أ

أعخبر انقىي انكهشبيت وعًيذ كهيت انهُذعت               سئيظ قغى انهُذعت األشعبعيت                                                                                                                          

جبيعت األصهـــــش                                                                     انًشكض انقىيي نبحىد وحكُىنىجيب اإلشعبع 

                                                                                                    هيئـــــت انطبقــــت انزسيــــــت 

شعببٌ يشصوق انعذل.د  

 يذسط بقغى انهُذعت اإلشعبعيت

انًشكض انقىيي نبحىد وحكُىنىجيب اإلشعبع 

هيئـــــت انطبقــــت انزسيــــــت 
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