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Algorithm of determination of physical parameters of a transistor structure for obtaining a
specified set of its basic electrical characteristics has been presented. Empirical formulas derived
by statistic processing of a large quantity of experimental data which allow to determine
parameters of structure of drift n-p-n-transistor with the most optimum combination of output
characteristics have been used for building the algorithm.

Existing methods and computation algorithms of l@Epadransistors both
discrete as well as bipolar chip elements assumgiicg out of calculation of electric
parameters and characteristics of transistors @basis of known modes of the basic
technological operations in the following sequerna®wn technology - parameters
of impurity distribution - electric parameters aokaracteristics. However, during
real designing of transistors - either the besgifpr analogs or as the elements of
microchips — its electric parameters and charasttesi are known or given, and
technology regarding the modes of technologicakatmmns represents "know-how".
In that case a usage of known methods and algaitbincomputation demands
searching a great number of variants of modesabintglogical operations to obtain a
demanded set of parameters and characteristideniands significant expenditures
of time even using computer facilities as well a&syvhigh qualification of the
developer, based on large practical experience daweloped intuition. But even
under these conditions the set of electric parameted characteristics of transistors
often is not optimal for the chosen variant of teabgy.

It is known, that drift transistors have the best ef parameters, but its

calculation is more difficult and longer, than tbffusion transistors.



With the purpose of reduction of time for develomtnef drift transistors and
bipolar microchips as well as for obtaining of om set of parameters and
characteristics of transistors it is necessarypplyathe calculation method in the
following sequence: electric parameters and chamnatits - parameters of impurity
distribution - modes of technological operations.

The investigations carried out (including the préseork) allow to offer
following computation algorithm of drift n - p -transistors using new method:

The task for carrying out of the calculations imgs:

- minimum amplification coefficient Bymin;

- maximum amplification coefficientBymax

- emitter-base breakdown voltage,y

- collector-base breakdown voltageg,y

- collector-emitter breakdown voltagey

- the mode for the measurement of parameterg and | (collector voltage and
current).
Parameters of impurity distribution in the drifhtisistor are:

- impurity concentration at the emitter-base p-n-florcNy,

- impurity concentration at the collector-base p-nefion Ny,

- emitter depth (emitter-base p-n-junction depth) X

- base depth (collector-base p-n-junction deptfy) X

- thickness of high-resistance collectog;W
The calculation of impurity distribution parametemnsists of three steps:

- calculation of parameters of collector-base jumc{iN.,, Xj,) and concentration
Neb,

- calculation of additional values;

- computation of base thicknessyyVemitter depth X and thickness of high-
resistance collector W

Computation algorithm on the first step includes:

- calculation of the coefficient showing the diffecenof diffusion p-n-junction

from the abrupt one by avalanche breakdown voliagé]
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- calculation of impurity concentration at the emi@se junction [2]
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- calculation of the avalanche breakdown voltage o tollector-base p-n-

junction Vg, o[ 3]:
Vcbo.a. = Vceo . BN max +1;

- calculation of specific resistance of an epitakager pe, [4]:
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- rounding of value, to the magnitude corresponding to technical sjpatibn
for epitaxial structures and assignmenpgffor further calculations in the interactive
mode;

- calculation of breakdown voltage of the flat aré@-m-junction \,, 4. [5]:

0.64.
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- calculation of impurity concentration at the cottgebase p-n-junction N [6]:
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- calculation of base region depth, ¢he depth of collector-base junction) [4]
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- rounding of the obtained valug,Xand adding to it a margin of 0.1+Quén (for
the usage in technical documentation and furthécutaions in the interactive
mode).

Computation algorithm on the second step includes:




- calculation of contact potential difference at eotbr and emitter junctions [7]:
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- calculation of carrier mobility next to emitter (bM.,) and collector p-n-
junctions [8]:
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- calculation of diffusion coefficient next to emittend collector p-n-junction [
DnCa Dpe, Dpc [7]:
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- calculation of the life timee, Tpe, Tne Tpc [9):
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- calculation of carrier diffusion length\d. Lpe, Lne, Lpc (L=+DF) [5].

Computation algorithm on the third step includes:

- calculation of averaged impurity concentrain base N, [10]:
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ln( )
_ cb
20n(Ng,)

- calculation of minimum base thicknessg M\ [10]:

We . = 2‘c"‘E‘O(Vceo +¢cc) .
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- calculation of maximum base thicknesg W [11]:
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- calculation of average base thickness.W

W. — Wb.max +Wb.min .
bav. (2+ 215)

- rounding the value of technological thicknessbake W ,, taking it for further
calculations and putting it into technical docunagion W,, (in the interactive
mode);

- calculation of emitter depth  X;¢ = X =Why,;

- calculation of high-resistance collector thicka s2]:

W. = 2550 (Vcbo + ¢cc)
¢ eNg,

Thus, the parameters of impurity distribution,NNep, Xie, Xjp, Wi are
determined in the process of calculations.

The method offered for calculation of impurity twiisution parameters in the
drift n-p-n transistor allows to determine an impudistribution in the base region
and to estimate the thickness of a high-resistantiector W. with sufficient degree
of accuracy.

However, a real breakdown by overlapping whichedaines breakdown
voltage ., does not occur when the depth of space-chargeme@CR) of a
collector-base junction becomes equal to the trasknw, but when SCR reaches
some pointA (fig.1) being in the region of diffusion of ari-hidden layer (for bipolar

microchips).
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Fig.1. Impurity distribution in the drift n-p-nansistor.

Up to the present time there is no technmju®e accurate enough determination
of the overlap voltage by the impurity distributiimthe regions of lalayer diffusion,
though this is an actual problem for both transssts well as diodes. The absence of
such a technique affects especially strongly devieSHF range as well as high-
power devices.

An excess distance in the region of high-resigtamollector leads to
occurrence of an additional resistance which reslwearking frequency and results
in a saturation voltage that conducts to excesspdited power in the device, to the
overheat and reliability degradation. Thus the [@wis of obtaining of preset
diffusion of layers in the technological procesalcalation of impurity distribution in
it as well as calculation of the overlap voltagetie region of diffusion are still

actual.
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