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The effect of an electrical ageing on npn bipolar transistor has been studied. The current
gain decreases substantially and the electrical properties are discussed. The emitter-base
junction parameters are degraded during the electrical stress experiments. Both the
amplitude and the rate of this degradation depend on the stress duration. The
evaluation of these parameters allows to discuss hot carrier degradation process. to
estimate the stress magnitude and to control the device.

1. INTRODUCTION

The bipolar transistor, one of the most important semiconductor de-
vices, has had an unprecedented impact on the electronic industry in
general and on solid state research in particular [1].

Degradation of the performance of silicon bipolar transistors by an
electrical stress [2,3,4,5] is an important part of reliability considera-
tions. A shift of the threshold voltage is observed, the carrier mobility,
the current gain of the bipolar transistor, the leakage current of
the reverse-biased p-n junction, the emitter series resistance and the
ideality factor of the p-n junction are degraded [5].

The current gain Ic/Ip of bipolar transistors strongly decreases
when the oxide over the emitter-base junction is damaged [3,4]. This
can occur in normal operation conditions since, when the emitter-base
junction is reverse-biased [3,4], hot carried are created and the base
current /g increases. It has been generally assumed [3,6] that the excess
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base current Al is caused primarily by interface states created in the
oxide over the emitter-base junction during the stress.

This work shows out the effects of an electric ageing experiments.
The current gain of the transistor, and both the recombination cur-
rent and the ideality factor of the emitter-base junction have been
studied according to the stress duration. The results obtained with
different stress conditions lead to point out two degradations pro-
cesses: the main process consists in the increase of the recombination
in the vicinity of the space-charge region in the emitter-base junction.

2. METHOD

2a. Electrical Stress

An electrical ageing [3] of npn bipolar transistors has been performed
in order to investigate the gradual degradation in time of the emitter-
base junction parameters. It is attributed to hot carrier injection in the
space charge region of the emitter-base interface [3,4] and involves
different complex mechanisms.

The devices used in this experiment were n*-p-n silicon bipolar
transistor, manufactured 2N2222A type. The electrical stressing was
realized with a reverse bias, Vg = —8V, applied to the emitter-base
junction and the collector open (Fig. 1). The value, 60 mA, of the
reversed current biased the junction well into avalanche breakdown.
The emitter-base junction parameters have been extracted from the
junction current voltage characteristics of the transistor, before stress
and for numerous stressing times.

2b. Measurements

f is obtained through the measurements of the collector current /- and
of the base current /5 while the emitter-base junction is forward biased
and the base-collector junction is reverse biased.

Junction parameters are obtained from a numerical analysis per-
formed on experimental I-V characteristic of the forward biased
emitter-base junction [7].
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FIGURE 1 Experimental setup: electrical stress of a n*-p-n transistor.

The emitter-base junction is commonly represented [1] by either a
single diode model (SEM) or a double diode model (DEM). Its
characteristic can be described by the implicit /-V equation:

V — Rgl V — Rgl
=Y =Rs_ g [exp<~———————s—> - 1]
Ry,

fe(24)

where T is the temperature, V7 is the thermal potential, 4 is the
junction ideality factor, Ry is the series resistance and Ry, is the shunt
resistance. Iy is the diffusion-recombination current in the bulk of the
junction and Iy corresponds to the recombination current in the space
charge region of the junction.

The parameters 4, Iy, Iy, Rs, Rsy are extracted by the software
PARADI [8] available in our laboratory.



158 N. TOUFIK et al.

3. RESULTS AND DISCUSSION

Figure 2 displays the variations of the current gain f versus the
emitter-base voltage for different aging times. The current gain de-
grades substantially, and the degradation is most severe at lower va-
lues of V. A strong degradation of f§ appears after a short ageing time.
This f# variation is clearly described by Figure 3, where f, represents
the f value before any stress, Af = f§ — B, and Af/ B, measures a kind
of degradation rate.

This figure points out the strong decrease of B during the first
minutes of the electrical stress. Beyond a stress time around 5-10 min,
the degradation rate is nearly constant.

This B decrease is due to the base current /I increase as shown in
Figure 4, it points out an increase of the recombination mechanisms in
the base. In addition, it can be observed in Figure 4 that the slope of
the Iy curve increases with the stress duration. It is related to the
increase of junction ideality factor which will be discuss below.

It can be concluded that the electric ageing creates defects localized
near the emitter-base junction which degrades its performance [5].
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FIGURE 2 Current gain variations versus Vpg for different stress times.
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FIGURE 4 Variations of the base current versus Vpp.
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FIGURE 5 Variation of the maximum value of f versus the stress time.

Figures 5, 6 and 7, showing respectively the variations, during the
first stage of the ageing process, of the current gain, the diffusion-
recombination current y; and the ideality factor of the emitter-base
junction versus the stress time, allow a more detailed study. When the
stress duration is lower than fifty seconds, the f degradation (Fig. 5)
is clearly related to the recombination process occurring in the very
vicinity of the space-charge region of the junction since the ideality
factor (Fig. 6) and the recombination current (Fig. 7) are increasing,
which confirms previous results [3]. On the other hand, beyond the
first fifty seconds, recombination current and the ideality factor stay
quasi constants while f still degrades: then, this degradation is un-
likely to be due to the emitter-base junction recombination process.
Other mechanisms, degrading the transistor behavior, appear, which
have been considered in [9]. In order to understand these mechan-
isms, an other experimental study has been performed: the base-
collector junction I-V characteristics of the transistor have been
measured, the emitter open, before and after the electrical stress.
The evolution of these characteristics (Fig. 8) points out that the
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FIGURE 6 Evolution of the ideality factor versus the stress time.
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FIGURE 7 The extracted value of the reverse diffusion-recombination current time of
the emitter-base junction versus the stress time.
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FIGURE 8 The base-collector junction I-V characteristics before and after stress, the
emitter open.

base-collector junction is not degraded by the stress. Then, the me-
chanisms responsible of the extra degradation of the transistor, are
localized near the oxide-bulk interface.

Electrical stress degradation in bipolar junction transistors has
been attributed [9] to hot carrier injection at the periphery of the
emitter-base junction. Due to the high electric field in this region,
hot electrons and holes can gain sufficient energy to generate active
point defect. Increased charged defect populations cause the re-
combination current to increasing the base current and decreasing
the current gain. A second class of mechanisms involving hot car-
riers liberating hydrogen have to be considered. Energetic holes and
electrons can break SiO—H bonds in the passivating SiO, layer
resulting in interfacial hydrogen center which are sensitive to de-
grade the current gain.

The parameters of the emitter-base junction appear strongly sen-
sitive to the stress duration. It points out the degradation of the
junction and the existence of a particular process involves in the
transistor degradation. These results describe a direct observation of
this process effect.
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4. CONCLUSION

A commercial npn transistor has been electrically stressed. Degrada-
tion of the emitter-base junction versus stress time has been observed
and correlated, in the first stage of the stress process with an increase
of both the diffusion-recombination current and the ideality factor.
The current gain of the transistor and of both the recombination
current and the ideality factor of the emitter-base junction have been
studied according to the ageing duration. The results obtained with
different stress conditions lead to point out two degradations pro-
cesses: the main one consists in the increase of the recombination in
the vicinity of the space-charge region in the emitter-base junction.
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