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Abstract

Because of being complex and multidimensional, thyristor
devices has been a subject of frulitfull investigations both
theoretically and experimentally for the last two decades.
The main purpose of the majority ¢f studies in this field has
been to minimize the turn-con time without adversely effecting
the other characteristics . 'In this thesis a new CAD. model
is developed to determine the turn-on times and parameters of
a thyristor given its technological and fabricaticon data .The
CaD. model is based on the two-dimensional two-transistor
model to account for both axial and lateral turn-on processes
in the large area devices. The essential fs=atures of this
model can be summerized in the following Jjobes:

1-The calculation of the current amplificaticn facteors
{betas} and bases transit times (tv's}) as functions of the
emitter current density for the two-transistor pairs of the
two-dimensional twe-transistor model. This task is performed
using a new cne-dimensional numerical scluticon of the basic
semicnnduétnr equations by the initial-value shooting metheds
2-The obtained numerical results are fitted in polynomials
and coupled with the transit function recurrence relations of
the turn-on process and then excuted by a computer progran
for obtaining the turn-on characteristics and parameters .
The effect o0f circuit parameters on the turn-on behaviour are

discussed . Horecver, the plasma spreading wvelocity is
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calculated as & function of the anode current density and
compared with the measured walues .Good agreement has been
found at relatively high current densities even If the

variations of the lateral currents with time are neglected.
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SYMBOLS:

N

LIST OF SYMBOLS AND ABEREVIATIONS.

Auger capture cngfficient.

Specific heat.

Shockley-Read-Hall capture coefficient.
Shunt capacitance.

Lateral length of bar-shaped thyristor.
Ambipolar diffusion coefficient.
Carrier diffusion coefficient.

Thermal diffusion coefficient.
Electronic charge.

Edges of valence and conduction bands..
Quasi-Fermi level energy.

Effective electric field.

Critical electric f£ield.

Volume traps and surface states energy levels,

Emitter Gummel number.

Thermal generation rate.

Time-cycle number.

.ateral electron and hole currents.

Base, collecteor and emitter currents.

ODff-state currnts of the n-base and p-base.

Collector reverse saturation current.
anode, cathede and gate currents.

Carrier current density.
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Total current density.

Volume and Surface recomblnatlon current desity.
Space-charge recombination current density.
Lateral positinn'numher.

Thermal conduckivity.

Carrier dlffusion length.

Multiplication factor.

Electron concentration.

Effective 1Intrinsic concentration.

Net doping concentraticen.

Ionized doncr and acceptor concentration.

Base, ccllector and emitter doping concentration
Maximum doping concentration in the P-base.
H-base doping concentration.

Effective density of states in the conduction
and valenc bands.

Density of volume traps and surface states.

Hole concentration.

Emitter-short resistance.

Surface recombination velocity of carriers.
Time.

Transit time.

Delay, rise and spreading times.

Lattice temprature.

Het generaticn / recombination rate.
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Base to emitter Function voltage.

Ancde, cathode and middle juncticon voltages.

Spreading Velocity.

Effectiv base width.
Emitter-base space-charge width.
Axial position wvector.

Lateral position wvector.

Elemental lateral length.

Common-base current gain.
Current transport factor.
Current amplification factor.

Emitter injection efficiency.

Shorted-emitter injection efficiency.

Injection level parameter,.
Lateral gate current.
Absolute permitivity.
Wavelength.

Carrier mobility.

Specific mass density.
Average base resistivity.
Carrier lifetime,.
Electrostatic potential.
Injection constant (1--» 2).
NHapla or del operator.

Pi-Product.
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ABBREVIATIONS:

Au.
B.C.(=5)
ERFC.
EFI.
E.F.
G.NH.
H.I.L
L.L.I

M.I.L

5.R.H.

SUBSCRIPTS.

v stands for
i stnds for

k stands for
I stands for
L stands for
E stands for

1, 2 stands for

Auger.

Boundary condlt;on{sl.
Error function complementary.
Epltaxlial.

Electric field.

Gummel number.

High injection level.

Low injection level.
Medium injection lewvel.
Runge-Kutta-Nystrom.
Shockley-Read-Hall.

Space charge recombination.

Semiconduactor.

{n} electreoens or {p) holes.
the time after the ith cycle.

the lateral pesition of the kth element.
the icnized impurity scattering.

the lattice wvibrations scattering.

the wvelocity saturation at high field.

the npn and pnp transistor sections.

B,C,E stands for the base, collector and emitter.
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INTRCDUCTION

When a thyristor is fired by a gate current, the initial
conducting region in the defice is confined t¢ the area
adjacent to the gate periphery . A relatively slow lateral
spreading of the electron-hole plasma in the the base region
fmmediately follows and eventually the whole area of the

device becomes conductive.

The plasma spreading in a thyristor influnces several
important characteristics of the device such as the allowable
(dlasdt}, short-time surge current,switching 3Icsses and

dynamic thermal resistance .,

One of the most interesting facts in thyristor physics
is that the permanent emitter shorts Introduced by CHANG.
CHU [1]1,[2], to increase the {d¥/dt) capability of the device

sadversely affect the plasmz spread rate.

Other factors that affect plasmz spreading are the
device geometry and fabricaticn techneclogical parameters as

well as external circuit parameters.

The experimental studies of the turn-on process are
able to measure plasma spreading wvelocity as a function of

ancde current density by many methods such as:

—The electrical probes method [3]1,{4]
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-Infrared recombination methed [(51,[61,(7].
~Recovery current measurement methed [B].

-Microwave absorption method [&].

These methods are not able to determine the physical
mechanisms underlying the plasma spread process. Horeover,the
initial turn-on phases goccur within few microseconds before
any significant current begins tc flow that these methods may

cease to be -effective.

For these reasons, different theoretical approaches and
models were introduced for the purpose of calculation of
plasma spreading velocity.

Several thecoretical studies propesed plasma spreading
models based on amblpolar diffusionm [10]1,[111,[12]1, while
others assumed that the spreading process is due to the

spread of the emitter region that is injecting carriers [131.

Using the diffusien model Longini and Melngailis

derived an approximate relation for the welccity Vs given by:
2 2
Vs= F/No - [(Hoe/F)( D/T + K D /fa ]

Where Z2F/X = Flux of carriers that is fed to the off-regioen
per unit base thlckness per unit length of periphery of the
cn—-region.

@ = Thickness cof each base of the thyristor.

2
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