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A B S T R A C T

Electrostatic discharge behavior of integrated SiGe heterojunction bipolar transistors is investigated by transmission line pulse (TLP) and transient interferometric
mapping techniques. When stressing collector - base junction in reverse direction, two distinct non-thermal failure modes, depending on TLP pulse rise time (RT),
have been found: For RT≥10 ns the observed failure at a critical voltage is attributed to base corner breakdown as supported by failure analysis. For RT≤5 ns the
failure occurs due to parasitic capacitance coupling which virtually short-circuits the base-emitter junction at the pulse beginning and thus induces a parasitic bipolar
action.

1. Introduction

Discrete SiGe heterojunction bipolar transistors (HBTs) are widely
used in RF amplifiers for telecommunication and mobile applications in
the frequency range of 0.6–6 GHz [1]. During the amplifier assembly
the HBT devices are subjected to various disturbing pulses as electro-
static discharge (ESD) [2]. Human body model ESD robustness of 1 kV
[3] and charged device model robustness of 300–500 V [4] are typically
required. ESD behavior of SiGe HBTs has been studied in different
configurations [5–8]. Usually the reverse biased base-collector (BC)
junction is the most vulnerable junction due to highest voltage and thus
highest power dissipation on it. Power to failure has been studied in
[7], showing a thermal failure according to Wunsch-Bell behavior [9].

This works investigates ESD behavior of reverse-bias stressed col-
lector-base junctions of SiGe HBTs of 0.35 μm bipolar process. TLP
analysis is combined with imaging of finger activity by transient in-
terferometric mapping (TIM) [10]. Two non-thermal modes of failure
have been found depending on TLP pulse rise time (RT). The failure
mode at long RT (10 ns) is found to be due to breakdown at the base
corner. At short RTs (≤5 ns), the failure is attributed to virtual short-
circuiting of the base-emitter junction caused by capacitance coupling
effect and thus activation of parasitic bipolar action leading to de-
structive current filamentation.

2. Devices and experiments

Studied HBTs are composed of n-doped buried collector layer (NBL),
about 75 nm thick epitaxial SixGe1−x (x= 0.85) p-doped base and
highly n-doped epitaxial and polysilicon emitter. Simplified schematics
of the cross section of one HBT finger (i.e. a half of a double finger)
including metallization layers and contacts is given in Fig. 1a. The top
layout of a device composed of 16 active double fingers (labeled here as
32F device) is given in Fig. 1b. For simplicity, the metal lines for con-
tacting base, emitter and collector regions are indicated only in selected
fingers. In the 32F device the emitter is connected to the substrate by
top metallization. The lumped element representation of this device
with parasitic substrate diode D and parasitic base, RB, and collector,
RC, resistances is given in Fig. 1c. The emitter resistance is negligible.
The emitter length LE was 20 μm and the emitter width WE=0.5 μm.
Test structures of single double finger devices (labeled 2F), with sepa-
rate emitter and substrate contacts, were also investigated, with
LE= 20 μm and WE ranging 0.35 μm to 1.8 μm.

The TLP characterization has been performed with a HPPI pulser
[11] in 4 - point configuration with pulse RTs of 300 ps, 1 ns, 5 ns and
10 ns. TLP pulse width (PW) was in the range 20–400 ns.

For the analysis of dissipated power along the device fingers, TIM
technique [10] has been used. The measured optical phase shift is
proportional to areal density of thermal energy [12]. Although the
photon energy of the probing laser beam (0.95 eV for wavelength of
1.3 μm) is above the band bap of SiGe, the resulting small photocurrent
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due to absorption in the thin base layer was found to have negligible
influence of the triggering behavior of the device and its failure current
IT2. TIM measurements were performed at wafer level, using the same
TLP setup with microwave probes, but only in two-point configuration.

3. Results and discussion

3.1. General behaviour

Typical 100 ns TLP IV characteristics of reverse biased CB junction
of the 32F device for two different rise times are given in Fig. 2a. While
for RT= 10 ns the failure current IT2 is 1A, for RT= 300 ps the IT2 is
about 0.35 A. By stressing devices with different rise times we have
found that the IT2 varies in the 0.3–0.7 A range for RT≤5 ns. Typical
current and voltage waveforms just before and at the failure for the
RT=10 ns and RT=300 ps are given in Fig. 3a and b, respectively.
The device failure exhibits itself as a sudden drop in voltage. While for
RT= 10 ns, the device can fail at any time during the pulse duration (in
Fig. 3a it is close to the pulse end), for RT= 300 ps the failure occurs at
the pulse beginning (Fig. 3b). The same type of failure, i.e. occurring at
the pulse beginning, is observed also for other rise times up to 5 ns.

The differential resistance of the reverse-biased CB junction
(Fig. 2a) is a sum of RC and RB as can be seen from Fig. 1c. To distin-
guish between the RB and RC we have also performed characterization
of reverse biased EB junction, see Fig. 2b. The differential resistance of
the reverse-biased EB junction is mainly due to the base resistance RB
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Fig. 1. (a) Simplified cross section of a half of a double finger of the studied
devices. The base corner to collector breakdown is indicated by “BD”. The base
to emitter overlap region causing parasitic CB,EXT is indicated by “A”. (b)
Simplified layout of 32F device with 16 double-fingers. (c) Lumped element
representation of the HBT with the main considered parasitic elements: RB -
base resistance which includes both intrinsic and extrinsic parts; RC - effective
collector resistance composed of NBL and NBL-contact resistances (cf. (a)); D -
NBL to p-substrate diode, CBE,EXT – base to emitter parasitic overlap capacitance
of region A from (a). The emitter and substrate (SUB) contacts are short -
circuited in 32F device.
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Fig. 2. 100 ns TLP IV characteristics of 32F device for (a) reverse-biased CB
junction at two different rise times and (b) reverse-biased EB junction at
RT=10 ns. The averaging window is 70–90% of the pulse width. The ON re-
sistance of the IC (VCB) curve in (a) is dominated by RC.
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which is estimated to be 1 Ω. Thus RC of ≈7Ω can be deduced by
analyzing the CB and EB TLP IV data in Fig. 2a and b, respectively. RC is
composed of the effective resistance of the collector buried layer NBL
and the NBL-contact resistance, see Fig. 1a. The breakdown voltage VBD

of the CB junction of about 25 V is higher compared to VBD≈ 5.2 V of
the EB junction since the latter junction is highly doped. The IT2 of EB
junction (2A) is twice higher than that of the CB junction for
RT=10 ns, but it does not scale proportionally with the applied power.
This is because in the case of CB stressing a large part of power is
dissipated in semiconductor bulk compared to a small active volume
around thin epitaxial base in the case of EB stressing.

In the next two subsections we investigate the origin of reverse
biased CB junction failures for RT= 10 ns and RT≤5 ns.

3.2. Failure mode for RT=10 ns

3.2.1. TLP analysis
Fig. 4a and b show typical current and voltage waveforms for the

32F device for different pulse durations and RT=10 ns. The charging
voltage is chosen so that the moment of device failure (i.e. voltage
drop) is visible at the pulse end. Fig. 4c shows the corresponding TLP IV
curves for different PW. The extracted IT2, VT2, differential resistance
RON and power at failure as a function of PW are given in Fig. 5a–d
respectively.

Fig. 5b shows that the device fails at constant VT2 of 33 V which
indicates a non-thermal failure mechanism. Fig. 5d shows that power to
failure data have power exponent coefficient of (−0.17) confirming

that this failure mode is non-explainable by any known thermal failure
models of Wunsch-Bell [9] or Dwyer [13] where the power exponent is
−0.5 or −1. This power exponent of −0.17 is an apparent effect of
constant VT2 and decreasing IT2 with increasing pulse width.

The increase in RON in Figs. 4c and 5c is attributed to the self-
heating effect. RON increases during the TLP pulse which is seen as a
voltage increase during the TLP pulse plateau in Fig. 4b. When a critical
voltage of 33 V is reached, the device fails.

Fig. 6 shows the 100 ns TLP IV curves of the 2F devices with WE as
parameter. For these experiments the emitter was connected to the
substrate externally to mimic the conditions in the 32F device. VT2

increases with WE until WE=0.7 μm and then saturates at 33 V (see the
inset of Fig. 6) which shows again the voltage-limited failure behavior.

3.2.2. TIM analysis
Fig. 7a shows a TIM scan across one double finger of a 32F device at

I= 0.6 A. The temperature-induced phase shift shows a main peak at
the position of the two emitters and two side peaks at the collector
contacts. The central peak is due to power dissipation at the BC junction
plus a contribution from the NBL-contact, while the side peaks indicate
power dissipation at the collector access resistance RC due to NBL and
NBL-contacts. Thus the power sharing between the BC junction and RC
resistance is demonstrated (c.f. the TLP IV curve 1 in Fig. 2a for
RT=10 ns). The power dissipation along the emitter length (i.e. the
longer device lateral dimension) has been found homogeneous (not
shown).

Fig. 7b shows a TIM scan at the equivalent position of the peaks in
the 16 active double fingers, demonstrating a homogeneous power
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Fig. 3. Typical voltage and current waveforms of the reverse-biased CB junction
in 32F device just before and during the failure for (a) RT=10 ns and (b)
RT=300 ps. The peaks in the voltage waveform at the failure in (b) are arti-
facts and do not represent the actual voltage on the device.

Fig. 4. (a) Current and (b) voltage waveforms for different pulse durations in
reverse-bias stressed CB junction of 32F device. The charging voltage was
chosen so that the failure moment is captured; (c) corresponding TLP IV curves
as a function of pulse width PW; RT=10 ns. The averaging window is 70–90%
of the pulse width.
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Fig. 5. Extracted parameters from the analysis of TLP data of the reverse biased
BC junction of the 32F device of Fig. 4: (a) IT2, (b) VT2, (c) RON for 70–90% of
the pulse width as averaging window and (d) power to failure as a function of
time-to-failure. In (d) the failure power is calculated as averaged power from
the I (t) and V (t) curves up to the failure moment; RT=10 ns.

Fig. 6. 100 ns TLP IV characteristics of the reverse-biased stressed CB junction
of 2F devices for different WE parameter. Inset: failure voltage VT2 as a func-
tion of WE; RT=10 ns.

Fig. 7. TIM experiments in a 32F devices for I= 0.6A in the reverse-bias
stressed CB configuration. Time during a 100 ns long TLP pulse is parameter.
The scanning position is in the middle of finger (s): (a) detailed scan across one
double finger; (b) TIM-phase values in the middle of a double finger (cf. (a)) for
16 active double fingers. The middle double finger is not contacted; RT=10 ns.
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sharing between the fingers. In total there is no sign of a hot spot, at
least for the geometry and stress conditions that were investigated.

3.2.3. Failure analysis
For physical failure analysis, a 2F device has been chosen which

exhibited only a small increase in CB leakage current after failure (500
pA compared to <10 pA at 1 V reverse bias before the stress). In this
device the failure occurred close to the pulse end at 33 V, so the device
was not stressed a long time in the failed state. We notice that the
normalized failure current in the 2F and 32F device is the same: 1.5 μA/
μm. Such a weak damage was suitable for failure localization by ther-
mally induced voltage alteration (TIVA) technique [14]. Furthermore,
sequential focused ion beam cross sectioning and the scanning electron
microscopy (SEM) have been used to find the exact failure location. The
SEM image on Fig. 8 shows a crack at the corner of the base epitaxial
region (see the arrow). We suppose that due to high electric field at the
sharp base corner, a breakdown between the base corner and the buried
collector regions occurs (see “BD” in Fig. 1c). This breakdown voltage
(33 V) is clearly independent of the layout parameters, in accordance
with the results of Figs. 5b and 6. The weak increase of VT2 with We in
Fig. 6 is attributed to the rise of the voltage on the contact resistance, as
a wider emitter involves a higher current due to the related design
variations.

3.3. Failure mode for RT≤5 ns

We suppose that this failure mode resembles to failure of reverse-
biased BC junction with short-circuited base and emitter where para-
sitic capacitive action between the base and emitter plays a decisive
role. We consider that for short rise times the extrinsic BE capacitance
CBE,EXT (Fig. 1c) virtually short-circuits the B and E terminals at position
A indicated in Fig. 1a. This is feasible because CBE,EXT likely dominates
other overlap capacitances. As a result, the emitter potential at point A
will follow the base potential at the same location during the short
pulse rising edge. When the avalanche multiplication in the BC junction
starts, the holes from the collector move vertically toward the base
layer and then laterally in the p-base toward the base contact.

The resulting lateral potential drop on the base resistance RB and the
virtually short – circuited BE junction causes a similar situation as in a
grounded gate MOSFET [2] and thus activates the parasitic bipolar
action. As the device enters the negative differential resistance region of
the IV curve, destructive current filaments are quickly formed and

destroy the device.
To support this hypothesis, we have first examined the extreme case

where the base and emitter are short-circuited. Fig. 9 shows the TLP IV
curve under the condition where E and B contacts are externally short-
circuited by a short between the needles of a coaxial probe. Typical
current and voltage waveform at failure are qualitatively similar as for
the failure mode for RT≤5 ns (see Fig. 3b). The failure current is 0.25
A. Here the failure is due to the potential drop on the base resistance RB
(see Fig. 1c). Taking RB= 1Ω, the potential drop of 0.25 A *
1 Ω=0.25 V at the forward-biased BE junction is thus already expected
to activate the parasitic bipolar action. We notice that within the above
hypothesis, the IT2 of 0.25 A for the short-circuited B and E contacts
represents the lower bound for IT2 for failure mode for RT≤5 ns.

To further support the existence of parasitic bipolar action at such
low forward BE voltage VBE we have examined how IT2 depends on an
externally applied VBE, see Fig. 10a. In these experiments a 10 nF capa-
citor has been placed as close as possible to the E and B contacts to
reduce possible parasitics (Fig. 10b). The voltage appearing at the BE
junction is thus the sum of applied VBE voltage and the potential drop I *
RB on the RB resistance. The value of IT2 for VBE=0V is in between 0.25
and 0.3 A (Fig. 10a) which is consistent with the IT2 value found from the
measurements with the short-circuited BE contacts (Fig. 9). The decrease
in IT2 under forwardly-biased BE junction in Fig. 10a shows that the part
of electrons injected from the emitter through the base can be multiplied
in the collector, thus activating parasitic bipolar transistor action leading
to voltage snapback behavior. This strongly supports the failure hy-
pothesis proposed at the beginning of this paragraph. No failure analysis
could be performed on the devices that were damaged with this failure
mode, as the energy could not be limited to values that would create a
damage signature worth analyzing. Other stressing modes such as very
fast TLP could be used for this purpose.

4. Conclusions

The studied SiGe HBTs exhibit two distinct non-thermal failure
behaviors of the reverse – bias stressed BC junction, depending on TLP
pulse rise time. For long rise times (RT≥ 10 ns) the device exhibits a
voltage-limited failure at a critical voltage of 33 V. The failure analysis
revealed damage at the base corner, which indicates that the failure
occurs when a critical breakdown voltage between the corner and
buried collector is reached. For short rise times (RT≤5 ns) the failure
is due to due to virtual short-circuiting of the base and emitter terminals
by a parasitic capacitance which occurs at the pulse beginning. The
resulting parasitic bipolar action leads to the formation of destructive

Fig. 8. SEM image of a failed 2F device at the position of failure crack. The
arrow indicates the base corner damage as the origin of voltage-limited failure
mode at RT=10 ns (see “BD” in Fig. 1a for failure localization).

Fig. 9. 100 ns TLP IV curve for the reverse-biased CB junction with short-
circuited base and emitter contacts in 32F device; RT= 10 ns.
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current filaments. This type of failure is not critical to HBM or CDM
robustness in the current designs but poses limits on the current miti-
gation strategies for the development of future ESD self-protection
schemes. Designing the sub-collector region for high parasitic break-
down and limiting the BE capacitance should increase the robustness of
SiGe-HBTs.
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