SOME FEATURES OF AVALANCHE BREAKDOWN PHENOMENA

Part 1:

R.S.

TRANSISTORS AND DIODES
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The temperature variations of the breakdown voltages of some commonly-used transistors and zener diodes,
the negative-resistance characteristics of a transistor in the avalanche mode and their dependence on the base-circuit
conditions, the temperature dependence of the Miller’s index » and its role in the disappearance of the negative-differen-
tial resistance in the input characteristics of the transistor have been studied experimentally and explained theoretically.
It is concluded that the nature of the reverse volt-ampere characteristics of a p-n junction depends upon the impurity

concentrations on the two sides of the depletion layer.

When the impurity concentrations are low, there is a

negative differential resistance in the output characteristics of the transistor operating in the avalanche mode.

Indexing Terms :

A TRANSISTOR biased in the avalanche multiplication
region shows a negative-differential resistance between
collector and emitter. This makes it possible to operate the
transistor for special high-speed switching purpose in the
“‘avalanche mode” corresponding to operation beyond the
sustaining voltage. A lot of work has been done to study
the behaviour of the transistor in the avalanche multiplica-
tion region (Huang 1967, Mckay 1954, Maheshwari &
Nigam 1974, Miller 1955, Tokuyama 1962), yet it is felt
that the negative-resistance characteristics of the transistor
and their dependence on the breakdown mechanism, the
base-circuit conditions and the ambient temperatures
offer a phenomena which is not fully-understood. An
experimental study of the transistor in the avalanche mode
has been conducted under various base-circuit conditions
so as to enable one to understand the mechanism of
negative-resistance phenomena. In this work, the results
of the experimental study of the various aspects of the
avalanche breakdown phenomena in transistors are
presented and a theoretical explanation of these observa-
tions has been provided.

EFFECT OF THE BASE-CIRCUIT CONDITIONS

Figure 1 shows the circuit diagram used to study the
common-emitter output avalanche characteristics of a
transistor. A study of the collector-to-emitter breakdown
voltage BV cx indicates that this voltage depends on the
supply voltage V35 and on the resistance Rp connected
across the base and emitter terminals. Huang (1967), has
given a relation to explain the temperature behaviour
of the breakdown voltage BVcpyx. The breakdown
voltage when the emitter-base junction is reverse biased
with a voltage Vgp through a resistance Rp is given by

(r» + RB)IcBoO ]l /n
Vs + Vo

Here BV ¢go is the collector-to-base breakdown voltage when
emitter is open, r» is the base-spreading resistance, Vp is

BVcex = BVcpo [l - (D
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the threshold voltage of the emitter-base diode, Icpo
is the reverse leakage current under open-emitter condi-
tions and 7 is the Miller’s index. The Miller’s index »
is believed to be independent of temperature (Huang 1967).
BV go is believed to increase more or less linearly with in-
creasing temperature (Huang 1967, Mckay 1954, Tokuya-
ma 1962). The temperature dependence of BVcpo
is given by the relation (Huang 1967, Maheshwari &
Nigam 1974)

BVcpo (T) = BVepo (Te) {1+ B/ (T— To)}, (2

where, [’ is the temperature co-efficient and T, is the room
temperature. BV gy can have a positive or negative
temperature co-efficient depending upon whether (Vas+
Vp)/(Rg+r,) is greater than Icpe or is less than Icpo
at the temperature under consideration. The relation (1)
has been used by Maheshwari and Nigam (1974) to
explain the negative-temperature co-efficient of BVcgx
of a germanium pnp transistor 2 SA12 and the positive-
temperature co-efficient of BV gy in the case of silicon
npn transistor CIL 471 when the emitter-base junction
is reverse biased with ¥ 55=10 V through a resistance
Ry = 10kQ. We studied the breakdown phenomena of
large number of transistors of different reverse leakage
currents under various bias conditions but failed to notice
the phenomena of the change of the temperature co-effi-
cient of BVcgx from negative to positive as mentioned by
Maheshwari & Nigam (1974) in any of the transistors we
studied including CIL 471. It is not felt necessary to give
the complete details here. The observations regarding the
dependence of the breakdown voltages BVcgx and BVcg
on the emitter-base voltage Vyp and the resistance Rp
are given here, as these results are referred toin the latter
part of this paper. The circuit of Fig. 1 is used to study the
dependence of the collector-emitter breakdown voltage
BV gy of a transistor on the emitter-base voltage Vg
applied in the forward as well as reverse directions. Here
Rp is kept zero. The results are shown in Fig. 2. The
breakdown voltage BV cpy decreases as the emitter-base
junction is more forward biased for most of the transistors
with the exception of the silicon planar epitaxial transistors
BF 195 D (BEL) and 201 CEERI. The collector-base
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