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Abstract: A study on the influence of the external resistor and the external voltage source during the injection of the
electromagnetic pulse (EMP) into the bipolar transistor (BJT) is carried out. Research shows that the increase of the
external resistor R}, at base makes the burnout time of the device decrease slightly, the increase of the external voltage
source V4. at base can aid the damage of the device when the magnitude of the injecting voltage is relatively low and
has little influence when the magnitude is sufficiently high causing the device appearing the PIN structure damage, and
the increase of the external resistor R, can remarkably reduce the voltage drops added to the device and improve the
durability of the device. In the final analysis, the effect of the external circuit component on the BJT damage is the
influence on the condition which makes the device appear current-mode second breakdown.
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1. Introduction

Electromagnetic pulse (EMP) is one of the main reasons
inducing the external electrical-over-stress, which has a great
effect on the device reliability. There were early studied on the
subject of the EMP-induced damage on the single devicel! ¢,
which provided a certain theoretical basis to the EMP assess-
ment and hardening of the electronic systems. However, the
semiconductor device is not in circuit alone, it is useful to study
the influence of the external component to reflect truly the ef-
fect of EMP on the device during the injection of EMP into the
circuit.

Hane et al.l] studied the influence of the external resistor
at collector on the device damage induced by EMP. When the
value of the external resistor is relatively low the current-mode
second breakdown (CSB) occurs with extremely short delay
time, and when the value of the external resistor is sufficiently
high the thermal-mode second breakdown (TSB) occurs with
long delay time. Based on the current distribution relationship,
Chen et al.!® researched the influence of typical components
during the damage process of the device under EMP.

The purpose of this paper is to present the influence of the
component on the typical position of the bipolar transistor un-
der the effect of EMP. Based on the damage mechanism of the
single BJT induced by EMP, three typical connections of the
bipolar transistor are analyzed. It is demonstrated that the ex-
ternal component can change the speed of the device damage.

2. Device structure

The geometric structure of the analyzed bipolar nt—p—
n-n" silicon transistor is shown in Fig. 1. Only half emitter
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finger is analyzed due to the symmetry. Here B, C, and E stand
for its base, collector, and emitter respectively; P and N repre-
sent the p- and n-type silicon regions, respectively; N denotes
the heavy doped region of the n-type silicon. Referring to the
research method in Refs. [1-4], here the authors take the de-
vice lattice temperature reaching the silicon melting point of
1688K as the burnout criteria. By use of the device simulator
Medici and the curve fitting soft Origin, the influence of the
external resistor Ry at base, the voltage source V4, at base, and
the external resistor R. at emitter on the burnout time of BJT
under EMP is analyzed.

3. Results and analysis

3.1. Damage effect of the single device

Under the intense EMP the single device will appear CSB,
which is initiated only when the emitter is injecting[®]. At the
beginning of voltage rising, the current of the reverse-biased
PIN under the emitter only flows to the base and results in a

E B
o T T X
<= NG T T f
< P
g N
g8
g o
2 1 N
8 I I I L I
< 0.0 2.0 4.0 l 6.0 8.0 10.0
Y C
Distance (um)

Fig. 1. Two-dimensional nT—p-n-n™ transistor structure.
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Fig. 2. Transverse voltage drops along the horizontal direction (line
y=2023 Mm)[w].

transverse potential drops. The authors have analyzed the tran-
sient response of the single BJT under the intense EMP in Ref.
[10], and Figure 2 depicts the transverse voltage drops along
the horizontal direction from the emitter center to the emitter
edge at line y =0.3 um before CSB occurs. When the current of
the reverse-biased PIN has built up sufficiently to forward-bias
a portion of the emitter, the current-mode second breakdown
happens, the current increases sharply and burns the device fi-
nally. Due to that the transverse voltage drops, the center of the
emitter is forward biased firstly resulting the damage appears
firstly near the position under the center of the emitter.

3.2. Influence of the external resistor Ry, at base

The simulation circuit with an external resistor R}, at base
is illustrated in Fig. 3. The bipolar transistor is injected voltage
on the collector with the magnitude setting at 50, 55, and 60 V
respectively. Figure 4 depicts the variation of the burnout time
with Ry as a parameter. It is shown that the burnout time has
little decrease with the increase of Ry,. The mechanism of the
influence of R}, on the burnout time is that the influence of Ry,
on the condition which makes the device appear CSB. When
the applied voltage can not make the device breakdown, all of
the collector current flows to the base through the base spread-
ing resistor r, and the external resistor Ry, at base. It is proposed
that when the current is much enough to make the emitter junc-
tion forward-bias, the device appears CSB. Assuming that the
emitter is forward-biased when the potential drops of the junc-
tion reach 0.6 V, the following expression gives the relation-
ships among the base spreading resistor ry, the external resistor
Ry, at base and the critical current I, at which CSB begins.

I.(r, + Ry) = 0.6. (1)

It is seen from Eq. (1) that the external resistor Ry is in-
versely proportional to the critical current /.. Accordingly, the
greater Ry, the smaller /I, and the shorter the burnout time.
However, the influence of the external resistor at base on the
burnout time is not obvious because the current /., flowing to
the base is mainly the reverse-biased current which value is
very small (Fig. 4).

The similar experiment was performed in Ref. [9]. For each
value of Ry, the critical current I, at which CSB began was
measured, as shown in Table 1. It is seen that the critical current

-

I

Fig. 3. Circuit diagram with an external resistor R}, at base.
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Fig. 4. Dependence of the burnout time on Ry.

Table 1. Relationship between the base resistor and the critical cur-
rent[®].

Ry(2) I; (mA) Ryl (V)
1000 0.45 0.45
470 0.90 0.42
100 4.2 0.42
47 8.2 0.39
15 18 0.27

I, gets smaller with the increase of Ry. The variation trend is
in agreement with the simulation analysis.

3.3. Influence of the voltage source V3, at base

Under the operation state of the bipolar transistor, the emit-
ter junction is always forward-biased. It is necessary to study
the influence of the forward-biased emitter junction during the
damage process of the device induced by EMP. The simulation
circuit with a voltage source Vj. at base is illustrated in Fig. 5,
at which the value of Vj, is set at 0 V and 0.8 V respectively.
Figure 6 shows the relationship between the burnout time and
the injecting voltage on the collector with different value of V.
It is seen that the burnout time with V4, = 0.8 V is shorter than
that with Ve = 0 V under the same magnitude of the inject-
ing voltage. However, the aiding effect of the voltage source
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Fig. 5. Circuit diagram with an external voltage source V4, at base.
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Fig. 6. Dependence of the burnout time on the injecting voltage with
different values of V.

at base decreases gradually as the increase of the magnitude
of the injecting voltage (Fig. 6). The reason is that the dam-
age mechanism of the device is different in different injecting
levels.

Figure 7 depicts the temperature distributions of the device
under 50 V and 100 V injecting voltage respectively. When the
magnitude of the injecting voltage is low, the damage of the de-
vice results from CSB (Figs. 7(a), 7(b)). The voltage source at
base has a significant influence on the burnout time (Fig. 6)
since the emitter injection is a necessary condition for the de-
vice occurring CSB. But, when the magnitude of the injecting
voltage is sufficiently high, the voltage source at base has little
effect on the burnout time (Fig. 6) due to the breakdown of the
PIN structure composed of the base-epitaxial layer-substrate
resulting in a burnout spot at the edge of the base near the emit-
ter region (Figs. 7(c), 7(d)).

3.4. Influence of the external resistor R. at emitter

In order to stabilize the quiescent operation point, com-
monly a resistor is inserted in series to the emitter for feedback
effect. Figure 8 shows the simulation circuit with an external
resistor R, at emitter. When the collector is injected the pulse
voltage, R, is equivalent to raising the potential of the emitter
and reducing the voltage drops on the device. Thus, the greater
R., the smaller the voltage drops on the device, and the longer
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Fig. 7. Temperature distributions of the device under different inject-
ing voltage magnitudes. (a) 50 V with V4, = 0.8 V. (b) 50 V with Ve
=0 V. (c) 100 V with Ve =0.8 V. (d) 100 V with Ve =0 V.
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Fig. 8. Circuit diagram with an external resistor R at emitter.
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Fig. 9. Dependence of the burnout time on Re.

the burnout time. The bipolar transistor is difficultly damaged
under EMP with R, at emitter. Figure 9 illustrates the influ-
ence of R, on the burnout time with an injection pulse voltage
of 50 V on the collector. It is seen that the burnout time is in-
creasing as the increase of R.. The external resistor at emitter
can not only stabilize the quiescent operation point, but also be
a method to defend the electromagnetic pulse damage effec-
tively.

4. Conclusion

For the n*—p-n-n* bipolar transistor, the damage mech-
anism induced by EMP is mainly CSB. The emitter injection
is a necessary condition for the device occurring CSB. R}, and
Vee can accelerate the device reaching the condition and make
the device damage easily. R, can reduce the magnitude of the

pulse voltage on the device and significantly improve the dura-
bility of the device against EMP. Therefore, it is believed that
the external component of the device can change the speed of
the EMP-resulted damage.

The damage effect of the device in circuit under EMP is
very complicated in nature. To understand the influence of ba-
sic components in the typical position of the bipolar transistor,
this paper analyses the connection of three kinds of electronic
components on the damage effect of the circuit under EMP on
the collector of the device. In practice, however, every ports of
the device may be the EMP injecting ports. For the emitter in-
jected EMP, Reference [8] analyzes the influence of the exter-
nal components from the current distribution relationship of the
device. For the base injected EMP, the device will not appear
CSB, which damage mechanism still needs further studies. At
the same time, the research of the circuit should consider para-
sitic effects among the electronic components to make it closer
to the actual situation because the entire circuit is integrated on
a chip in practice.
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