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Abstract-:  This paper covers and contrasts
the various reliability issues of SiGeHBTSs.
Self heating and elevated junction
temperature are focused as emerging major
reliability issues which effects both reliability
and performance of the device. As a
foundation for study, an analytical thermal
model is developed. Based on the model
different parameters of 200 GHz SiGeHBT
are measured.
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I.INTRODUCTION

SiGeHBT are vertical transport devices.
Commercially there exists four generations of
SiGeHBT technology. These generations are
classified as first generation, second generation,
third generation, and fourth generation. First
generation comprises of peak unity gain cut-off
frequency of 50GHz, followed by 100-120 GHz
of second generation SiGeHBT technology.
Third generation has peak unity-gain cut off
frequency of 200 GHz range. Fourth generation
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also called as research level has record peak
unity-gain  cutoff frequency of 350GHz.
SiGeHBT technology exists in BICMOS
implementation  (SiGeHBT+SiCMQOS). This
BICMOS implementation of SiGeHBT provides
the optimum advantages of its potential and

makes it an excellent contender in radar
systems, communications, THz sensing, Imaging
and communications, analog applications,
electronic warfare, and the most important
domain of “mixed-signal” ICs.

II.RELIABILITY ISSUES OF SiGeHBTSs

The reliability of a system is defined as the
ability of the system to perform successfully in
both expected and unexpected circumstances.
There are different reliability issues for different
devices. Consider a capacitor, its main
reliability issues are operating temperature,
ripple current, inrush current, and operating
voltage. In the same fashion for SiGeHBT,
temperature solely is the key concern.

According to J. D. Cressler et al. [1]
reliability issues
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temperature  conditions, high temperature
conditions and radiation rich environment. He
proposed that SiGeHBT can successfully
operate under all these three extreme
environment conditions.

J. D. Cressler also proposed that reliability
issues for mixed circuit applications of
SiGeHBTs are thermal effects; impact
ionization induced bias point instabilities, and
operating voltages.

According to J. Kuchenbecker et al. [6],
reliability issues of SiGeHBTs may be two
factors. First is electrical degradation due to DC
life tests and second due to the influence of hot
electron stress on electrical behavior of devices.
He provided the curve between normalized DC
current Gain and stress time (hours) that clearly
indicated that no major problem occurs during
life tests. He also proposed hot carrier stress
experiments which provide a degradation
mechanism located at the surface of device.

According to Zhang Wan-rong et al. [7], the
major reliability issues for a single MBE SiGe
HBT

are DC current gain and increase in turn-on
voltage. AC current gain degrades slowly. He
proposed that introduction of Ge into base
potentially maintain the junction reliability of
bipolar transistors.

Greg Freeman et al. [8] proposed that

increase in collector concentration is the most
important reliability concern. As increase in
collector concentration affects the current density
and avalanche current. He proposed that
reduction in strip widths of SiGeHBTs will
reduce electro migration and self heating effects.
He also proposed that the ratio of emitter
polysilicon to single-crystal interface needs to be
minimized to reduce base current and emitter
resistance shifts. He proposed that reduction in
base resistance is needed to maintain a high
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pinch in voltage. At high voltage designing,
avalanche introduces a degradation mechanism
which cannot be ignored.

SiGeHBT has ability to operate in extreme
environment. Extreme environment is the
important profitable corner of the market for
electronics. Extreme environment includes very
low operating temperatures, very high operating
temperatures, and radiation rich environment.
Very low temperatures mean temperatures below
70K or even 4.2K. Very high temperatures mean
temperatures up to 473K or 573K. Radiation rich
environment may be space, a high vibration
environment, a high pressure environment, a low
pressure environment, or a caustic or chemically
corrosive environment (inside the human body).
The unique band gap engineered feature of
SiGeHBT offers great potential to make it
operate successfully without need of any
modification. This ultimately makes SiGeHBT
economically strong at both IC and system level.
This unique feature of SiGeHBT to operate
successfully outside the domain of conventional
commercial  specifications  maintains  its
reliability [9-16].

The reliability issues due to radiation
environment are categorized into three classes.

1. TOTAL IONIZING DOSE EFFECTS
(TID):

These types of damage are caused due to
the destruction of semiconductor-dielectric
interface. This occurs when energy of
incident  photons induces incomplete
bonding at surfaces,

which causes excessive leakage, shifts
operating points and performance degradation.

2. DISPLACEMENT DAMAGE (DD):
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As the name suggests such types of damage are
caused due to displacement of host Si atom in the
lattice. This occurs due to high momentum of the
incident high energy particles.

3. SINGLE EVENT EFFECTS (SEE):

Particles of high energy (GeV) cannot be shielded.

These particles easily pass through the spacecraft.
This causes the deposition of electron-hole pairs.
This “heavy —ion induced charge” sweeps easily
into the transistor terminals. This causes
nanosecond-scale voltage and/or current transients
occur. This finally degrades the performance and
functionality of circuit.

Description of model:

The device structure used in this work is
represented by Fig. 1. The Germanium
concentration of the base is 14%.
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Fig. 1: Structure of SiGe HBT
I1l. SELF HEATING AND SCALING

Temperature is responsible for most device failure
mechanisms. Temperature variation in SiGe HBT
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may be internally in device or due to extreme
environment conditions. Temperature variation may
be due to rise in junction temperature ATj which is
an important reliability concern. This basically
occurs due to self heating. Since increased
temperature causes most of the device degradation
problems, so its suppression is mandatory.

iy
= Rep * Pyiss €y
R, Is thermal resistance and P ;s IS the
dissipated power. A  straightforward

procedure to suppress AT; is the reduction of

both R;;, and P, . Rth and ATj both vary
with emitter strip length and emitter strip
width. The base transit time is given by
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Variation n Rth (K/W) with power density
(mW/pu’)
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Figure 2: Variation in AT with power density

Figure 3: Variation in thermal resistance with
power density

IV. RESULTS AND DISCUSSION

Variation in R, and AT; with L and Wy
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Figure 4: variation of Rin(Q) with
Lg (um)

From Fig. 4 it is clear that on decreasing
emitter strip length L , there is sharp
increase in R, . On the other hand for
constant power density and constant emitter
length L, on decreasing emitter strip width
Wy, there is increase in Ry, but variation is
not as large as in case of Lg scaling, due to
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relatively small change in cross sectional
area, as shown by Fig. 5.
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Figure 5: Variation of Ri(Q2) with
Wg (um)

For constant power density and constant
emitter width, on decreasing emitter strip
length, Ly (um) there is smaller temperature
rise AT; as shown by Fig 6.
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Figure 6: Variation of T;(K) with
Lg (um)

On the other hand for constant power
density and constant emitter strip length, on
decreasing emitter strip width Wy , T;
suppression is more pronounced as shown

by Fig. 'F,—'
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Figure 7: Variation of T;(K) with
W (um)

Lateral scaling imposes positive impacts on
devices in terms of self-heating
management. Vertical scaling is expected to
have a much less impact on R,;, than lateral
scaling. It is because no significant impact
exists on heat dissipation path due to vertical
scaling. But, increment in Jc for vertically
scaled devices, results in raised dissipated
power which causes increase in AT;

although R;;, remains unchanged.

V. EFFECT OF PROTON
IRRADIATION ON GUMMEL
CHARACTERISTICS OF SIGE HBT

The base current increases after a
sufficiently high proton influence due to the
production of G/R trapping centers, and
hence current gain of the device degrades.
There are two main physical origins of this
degradation. The base current density is
inversely proportional to the minority carrier
life time in the emitter, so that a degradation
of the hole life time will induce an increase
in the base current. The G/R centers also
degrade the base current, particularly if they
are placed inside the EB space-charge
region, where they will yield an additional
non-ideal base current component (non
KT/q exponential voltage dependence).
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At proton influence of 1x10'? p/cm?, the
measured total ionizing dose is 135 Krad
(Si). At 5x10% p/cm? the measured total
ionizing dose is 6759 Krad (Si). 6759 Krad
(Si) is far larger than most orbital missions
require. So, 6759 Krad (Si) is the worst case
of exposure level. So, proton influence of 63
MeV energy is considered in this work.

The major effect of proton irradiation is the
creation of Generation-Recombination (G/R)
trap centers. This mechanism leads to the
observed increase of base current leakage in
the SiGe HBTs. An important phenomenon
to notice is that at low Vg base current
increases after proton influence increases,
and collector current remains unchanged. On
the other hand, at high Vg, the base current
decreases as the proton influence increases;
but the collector current increases with the
proton influence. The possible mechanism
that is responsible for this anomalous
behavior is the decrease in the quasi-
saturation effect through the decrease of the
collector resistance.

base bias (V)

Figure 8: Pre irradiation characteristics of
SiGe HBT

In Fig. 8, the pre-irradiation characteristics
of SiGe HBT are observed. From the
conduction current density equation of SiGe
HBT before radiation exposure et al. [15], it
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can be noticed that J. is directly
aVBE

proportional toe ¥8T . Thus on increasing

VsE, Jc increases and hence I gets increased

as shown in Fig. 8.
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But after proton radiation exposure I remains
unchanged but I is increased as shown in Fig.
9.
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Figure 9: Post irradiation characteristics of
SiGe HBT

In Fig. 9, the Post irradiation characteristics
of SiGe HBT are observed. The Gummel
Characteristics up to proton influence of 63
MeV, 1Krad/s with total dose of 3Mrad, are
observed. The base current at low Vgg
increases monotonically with increase in
proton influence, which is the major reason
for radiation induced damage. The major
effect of proton irradiation is the creation of
Generation-Recombination (G/IR)  trap
centers. This mechanism leads to the
observed increase of base current leakage in
the SiGe HBTs. An important phenomenon
to notice is that at low Vg base current
increases after increase in proton influence
and collector current remains unchanged. On
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the other hand, at high Vg, the base current
decreases as the proton influence increases;
but the collector current increases with the
proton influence. The possible mechanism
that is responsible for this anomalous
behavior is the decrease in the quasi-
saturation effect through the decrease of the
collector resistance.

The reason of this anomalous behavior is
also  mathematically explained through
equations,

Iz and Ic are given by et al [5],

Vv vV
ly=lo+l =1y exp(%)+ N exp(qij

2KT
qVee

I.=1. ex

¢ G p( KTJ

From both equations it is clear that I is
having an additional component

of Igexp (qz‘;ff) . This excess 2KT

recombination component is responsible for
increment in I;. 2KT component is called
thermal energy. In case of base current
characteristics, more thermal energy is
deposited as compared to collector current
characteristics. Thus we see that proton
influence of 63 MeV, 1Krad/s with total
dose of 3Mrad creates no degradation in
collector current in low bias region after
radiation exposure as shown in figure 14.
But the base current comprises of 2KT slope
leakage component so it gets increased.

VI. CONCLUSION

In this  paper the major reliability
concerns of SiGe HBTs are observed
including junction temperature. It has been
observed that R,, variation with Lp for
constant Wy and constant power density is
more strongly dominating than R,, variation
with Wy for constant L and constant power
density. T; Suppression is more pronounced
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with varying W for constant L and constant
power density as compared with variation of T;
with Lg for constant W; and constant power
density. The effect of cooling on peak value of
current gain through collector current is
observed in medium injection region. It has
been noticed surprisingly through simulated
results that peak value of current gain through
collector current decreases slightly with
cooling. The base current at low Vg increases
monotonically with increase in  proton
influence, which is the major reason for
radiation induced damage. The major effect of
proton irradiation is the creation of Generation-
Recombination (G/R) trap centers. This
mechanism leads to the observed increase of
base current leakage in the SiGe HBTs. An
important phenomenon to notice is that at low
Vge base current increases after increase in
proton influence and collector current remains
unchanged. On the other hand, at high Vg, the
base current decreases as the proton influence
increases; but the collector current increases
with the proton influence. The possible
mechanism that is responsible for this
anomalous behavior is the decrease in the
quasi-saturation effect through the decrease of
the collector resistance. It has been observed
that degradation due to irradiation is within the
performance limits and the device can
adequately perform for practical circuit
applications.
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