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1. Analysis multiplication coefficient (37 (&) of P-N junction
The total number of electron-hole pairs [1] created in the
depletion region due to a single electron-hole pair initially

generated at a distance x from the junction is given by :

M (x) =1+ [ e, M (%) dx+ e, M (x) dx Eq.(1)

In order to perform the avalanche breakdown analysis, assume
that an electron-hole pair is generated at a distance x from the

junction as illustrated in the next figure.
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M(Xx) is a total number of electron-hole pairs treated in the depletion

region. The solution of Eq.(1) is showed as follows :

M (x)—lz_[oxanM (x) dx+jxwapM (x) dx
M (x)-1=M (x)| [J'a, dx+ ["a, o]

M(x) 1 M (X)onan dx+_[xwap dx}

M (x) M (x) M ()
1 X w w
1- M (%) :fo a, dX+IX a, dX=J-0 a dx
M (x)=M (O)exp[_[ox(an—ap)dx} Eq.(2)

M (O) = {1—I0Wap exp on(an — ap) dx} dx}1 Eq.(3)

M(0) is the total number of electron-hole pairs at the edge of the

depletion region.
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By substituting Eq.(3) into Eq.(2), a solution of Eq.(4) is showed

as follows :

M(x)=M (O)exp“ox(ocn —ap) dx}

M (x) = {1— “a, exp[jox(an ~a,) dx} dx}1 eprox(an ~a,) dx}

M (x)= 1 ) exp“ox(an —ap) dx}

) 1—.[0W05p exp on(an —ap) dx}d

v () exp“ox(acn —ap) dx}

- Eq.(4)
1—.[0W05p exp on(an —ap) dx} dx !

To solution jox(an —ap) dx , ifwedefinea, =«a,

then jox(an —a, ) dx :joxo dx =0 and eXpUOX(an ~a,) dx} —exp0=1

exp on (an -, ) dx}

therefore M (x) = —— - _ 1 infinity
1—_[0 a, eXpU0 (an —ap) dx} ax 1-1
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Using the solution of Eq.(2).

]_ X w w
1- M (%) :IO a, dXJrjX a, dX=jO o dx
1 . 0
If we set the M(x) tending to infinity, then \, (x) =
Therefore, we get Eq.(5) and Eq.(6).
jo a, exp“0 (- a,) dx} dx = _[O a,dx=1 Eq.(5)
IOW o, dx=1 Eq.(6)

The empirical expression of the multiplication coefficient [2] can be

calculated by using

M(V)=

M, =— Eq.(7)

Mp = —— Eq.(8)
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for the case of a P*/N diode.

In these equations, V. is the avalanche breakdown voltage and V is the
applied reverse bias supported by the junction. These expressions for the
multiplication coefficient are useful for analysis of the blocking voltage
capability of devices containing internal open base transistors. Some

examples of these devices are thyristors and IGBTSs.
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