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Abstract

This paper presents a new physics-based compact model implementation for interface state creation due to hot-carrier
degradation in advanced SiGe HBTs. This model accounts for dynamic stress bias conditions through a combination of the
solution of reaction-diffusion theory and Fick’s law of diffusion. The model reflects transistor degradation in terms of base
recombination current parameters of HiCuM compact model and its accuracy has been validated against results from long-
term DC and dynamic aging tests performed close to the safe-operating-areas of various HBT technologies.
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1. Introduction

Aggressive miniaturization of SiGe
heterojunction bipolar transistors (HBTs) has
enhanced the frequency performances of the
transistors while increasing the operating current
density and sacrificing breakdown voltages [1]. This
has posed as a major concern in terms of long-term
reliability since modern transistors are required to
operate closer and even beyond their classical safe-
operating areas (SOA) thus shortening the
transistor’s lifetime. This is only possible, if the
underlying physical processes of degradation are well
understood and accurately modeled. One of the major
reliability issues is hot-carrier degradation (HCD)
that predominantly limits the lifetimes of modern
SiGe HBTs [2-6], the underlying mechanism of
which is trap generation at the emitter-base (EB)
spacer oxide interface through Si-H bond-breaking
followed by non-ideal base current degradation [2].
Despite the criticism put forward against reaction—
diffusion (R-D) theory, it has remained a well-
accepted modeling framework over the years for
understanding HCD [2-12]. In the context of modern
HBTs, R-D theory remains valid [2, 12] owing to the
fact that recovery is quite scarce under conventional
operating conditions (since interface traps do not
recover significantly without annealing). Moreover,
the analytic form of R-D model is quite suitable for
circuit design while preserving the physical basis of
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degradation [9]. In compact model implementation,
an approximate solution of the R-D rate equation is
commonly used in which the time-dependence of the
degradation is governed by a power law (") [7-8, 11-
12]. Though it offers simplicity, this power law does
neither account for the saturation of the degradation
characteristics after long-term aging (when the trap
density approaches the total number of available
dangling bonds), nor for the initial phase when the
generation process dominates (~f). Other solutions
include an empirical time dependence of the power
law exponent by Fischer et al. [3-4] or an exponential
model for trap density in [5], based on the R-D
model, however omitting trap annihilation. To
circumvent specific limitations of all these models, a
complete analytical solution of the R-D model has
also been proposed [2] which captures all phases of
degradation in one single analytic form, thus
enabling physics-based compact modeling owing to
its design-friendly implementation. However, this
model, though comprehensive and accurate in all
other aspects, does not account for a dynamic stress
condition, i.e., the invariance in time is not preserved
for the degradation in case of variable stress bias
intervals, which is an essential criterion for AC
circuit simulation [13]. Consider for example the
scenario illustrated in Fig. 1 for the base
recombination current parameter at the base-emitter
periphery, Irgps, extracted from measurements under
a dynamic stress bias condition (switching between
two stress biases). In the first interval, between (0-t;),
previous implementation [2] (HiCuM AL-V1)
follows the actual measurements. However, between
t; and ty, i.e. under the low stress condition, the



previous implementation calculates the degradation
according to the new stress bias without retaining the
final value of Irgys from the first (high) stress phase,
thus leading to a discontinuity compared to the
measured data which shows a weak recovery under
low-stress conditions.
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Fig. 1: Impact of variable stress condition on base current

recombination parameter, Iggys, comparing the measurements,

previous and newly proposed implementations.

It is to be noted that, one cannot directly transpose a
model with both constant and variable stress types as
long as the model accounts for recovery and non-
quasi-static behavior of the dynamic stress [13].
Hence, to circumvent this problem, a new
implementation is proposed in this work to account
for dynamic stress conditions, while preserving the
same R-D model framework as before [2]. In Fig.1,
corresponding new model (to be detailed in the next
section) simulation (HiCuM AL-V2) is illustrated
showing a much better agreement with the
measurements under variable stress conditions.

The rest of this paper is organized as follows; Section
I  illustrates the model formulation and
implementation; Section III describes the three SiGe
HBT technologies under test and their respective
stress bias conditions, the aging test results, model
validation and a discussion on the evolution of aging
model parameters with bias followed by the
conclusion.

2. Implementation of the Aging Model

The schematic in Fig. 2 illustrates the spatial
dynamics of hydrogen diffusion in the emitter-base

spacer oxide due to the hot-carrier-induced
degradation in SiGe HBTs and the subsequent Si-H
bond breakage at the [2-8,14] oxide interface.
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Fig. 2: Schematic of the hydrogen diffusion model considering the
interface between the base and the EB-spacer; L is the E-B spacer
thickness.

The rate of bond dissociation is governed by a
chemical interaction between the carriers and the
passivated Si-H bond through generation and
annihilation of traps. The interface-trap density, Nr
(7), increases with the net rate of reaction, gr (7),
which is described by the R-D model [2, 10] as,

gr(t) = KF(NF - NT(t)) — KgNr(t)Ny(0,8) (1)

Here, Kris the rate constant of the forward reaction,
i.e., generation of traps, K is the rate constant of trap
annihilation by hydrogen atoms, Ng(x,t)is the
volumetric density of hydrogen at distance x of the
Si/SiO; interface and N is the total number of
available bonds that can break. When a Si—H breaks,
every dangling Si bond is associated with a free H
atom in the oxide [11], hence,

dN
gr(t) =—==4(0,0) @)
where @y (x,t) is the surface flow density of
hydrogen. In the oxide volume, the flow of hydrogen
is related to the density by Fick’s law of diffusion:
ONy(x,t
(6, 6) )
ox
where Dy is the diffusion constant of hydrogen.
Adding the hydrogen conservation law when x>0,
Fick’s second law reads,

ANy (x,t) %Ny (x,t)
o Pioe =0 )
In order to introduce in the compact model the time-
invariance property and the memory effect necessary
for dynamic stress simulation, we introduce a new
structure of the compact model compared to [2], and



especially the diffusion model implementation (Fig.
3). Equations (1) and (2) can be directly embedded in
a Verilog-A model, resulting in relations
between gr(t), @5(0,t), Ny(t) and Ny(0,t)(=
Nyo(t)) along with their time derivatives, all of
them being located at the interface (x=0). This part of
the model interacts with the electrical part of the
model through Kr and Kr as inputs, and through the
trap density Nt(t) as an output. In the previous
version [2], the aging model (HiCuM-AL) had been
implemented in HiCuM compact model [15] through
the recombination current parameter in the periphery,
Irgps, featuring a similar evolution as the trap density
Nr (x, 7). Hence, in the the aging model (HiCuM-AL
v2), Kr (s), Kr (cm’s!) are represented by their
corresponding compact model parameters Kp; (s7),
Kgi (cm.Als!), respectively, and Ng by Ir (A) which
is the final value of Alggps, (A).

diffusion model

Fig. 3: Organization of the R-D and Diffusion model
implementation.

The rest of the system is modeled by the diffusion
equations in the oxide volume or at the interface. The
diffusion model cannot directly be implemented in
Verilog-A. However, there is no need to implement
the complete equations but only to identify the
relation between Ny (0,t) and g, (t), ie. @y(t).
Moreover, diffusion being a linear and time-invariant
phenomenon, its useful properties can be summarized
by the equivalent admittance-like quantity defined as
40, f) = @4 (0,£)/Ny (0, f), where Ny (x, f) and
@, (x,f) are the Fourier transforms of Ny(x,t)
and @, (x,t). In order to simulate the diffusion
model in a Spice-like circuit simulator, it must be
organized around a finite set of nodes or variables.
To obtain a time-invariant model, the time must not
appear explicitly in the equations but only in time
derivatives. The distributed partial derivative
equations will be replaced by a finite set of first order
differential equations implemented by a resistor-
capacitor (R-C) network. As the physical system can
only be considered for one dimension, an R-C ladder
network is used. This architecture is commonly used
for thermal diffusion modeling [16]. It is made of N

resistors and N capacitors followed by an optional
terminal resistor (of conductance G) depicted in
Fig.4.

R, R, R, D, R,

Fig. 4: R-C ladder network representing Hydrogen diffusion
model.

The node Dy is the input of the circuit. For an easier
conversion to Verilog-A model, hydrogen flow
density is presented as currents In (ensuring
conservation law) and hydrogen density as potential
Vn at node Dn. The voltage at Dy is Vy; = Ny (0, t).
The input current isly = ®5(0,t) = gr(t). In

frequency representation, introducing
admittances Y,, = I /Vy, we have the recurrence:
YN = G
5 1
YVp1=——"F;n=1.N ®)
Rnt anfen+vn

In order to reduce the number of parameters added to
our model, the values of R, and C, follow two
geometrical sequences:

R, =Riaf™!, C,=Cial? (6)

This sequence can be identified to a finite difference
approximation along the x axis depicted in Fig. 2,
considering a geometrically increasing sequence of x.
Owing to a one dimensional system, both sequences
must have the same common ratio agp = a,. To
identify the diffusion compact model parameters, we
need to compare them with the ones of the diffusion
model equations. For this, the Fick’s second law is
translated into the frequency domain as:

0’Ny(x,f)  2nf __ _
“axr —JENH(x.f) =0 N

whose general solution is Ny(x,f) = Aye™ +
Bye™™* with a = (1+)) /;—f Hence, Fick’s first
H

law, which reads,

&, (x, f) = —Dy % ®)
becomes, By (x, ) = —aDy (A e®™ — ©)

BHe—(Zx)

Coefficients Ay and By are determined by the limit
conditions at the interfaces x =0 andx =L as



represented in Fig. 2. Considering the limits at x=0,
we obtain the following relationships:

Nu(0,f) = Ay + By

®,(0,/)=-(1 +j)M(AH_BH) 1o
and for x = L:
N, f) = (Aye® + Bye™) an
Bp(L,f) =~ + )/rfDy(Ape™
— Bye~b)

Accordingly, the three limit conditions of the
diffusion  admittance-like quantity Y(f) are
summarized in Table I: one for very thick oxide, and
two for finite thickness. Parameter values can be
derived from the R-C network configuration. At high
frequency, the network is equivalent to the R;
resistor. For az > 1, the limit frequency is:

1
fi= 21R, C,

By identifying 1/R, ~ |®(0,f,)| for the semi-
infinite exact model, we derive

12)

R, ~ —ZH;W and C; ~ R, Dy, (13)
We can now approximate R; and C; on the basis of
the diffusion coefficient Dy and the maximum
frequency f; for the validity of the R-C network
approximation. On the other hand, the minimum
accurate frequency of the RC model is approximated
by the cut-off frequency of the last cell:

At N 14
fN~2nRNCN aézN—z) ( )

The effective values of the number of R-C cells, N,
and ap = a, are adjusted using (14), and by taking
into account the desired accuracy/complexity trade-
off. Finally, the terminal conductance G is chosen to
adjust the long term behavior of the model and the
nature of the second interface on the other side of the
spacer. In Figure 5 the Bode-like representation of
normalized admittance Y(f) as a function of
frequency f is drawn using the quantities:

~ DPH_ ~ DH 15
fo= p— and Yy = L 15)

We observe that all models have identical behavior
for frequencies between fy = f; and f; following a
\/? law, characteristic of diffusion. We observe that
the R-C model fits well approximately for 4 decades
using a 5 R-C cell network with a slight offset. Hence
this 5-cell configuration was chosen as optimum
(accuracy vs. complexity) for further analysis.
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Fig. 5: Bode-like representation of normalized "Admittance"
Y()/Y, of diffusion through oxide for the theoretical model
(symbols, three cases according to second interface properties) and
for the RC-ladder (lines) model for ag = 3 and N = 5; Arrows
indicating the domain of validity.

3. Stress Conditions and Model Validation

While the new implementation ensures model
validity under dynamic stress (Fig. 1), in this section,
we test the versatility of the model under various
aging conditions, close to the SOA of the transistors,
through comparison between the aging model
simulation and results of aging tests on three
different advanced SiGe HBT technologies. We
present the details of the extracted parameters
pertaining to the model HiCuM-AL V2 in Table II
for the SiGe HBTSs under study.

3.1 Technology 1
Aging-tests were performed on SiGe NPN HBTs
from Infineon Technologies [2, 5]. The DUTs of

drawn emitter dimension 0.2x10 pm? exhibit peak
frlfuax of 240/380 GHz and a BVcgo of 1.3V. Details

TABLE I: LIMIT CONDITIONS FOR HYDROGEN DIFFUSION MODEL

Limit conditions

Y(f) = &, (0,/)/Ny (0, 1)

Very thick oxide L—->wA; =0 (1 +j)/nfDy

Finite thickness: Hydrogen _ . .
barrier at L ®,(L,t)=0 (1 + j)/nfDytanh ((1 +5) nf/DHL)
Finite thickness: Free hydrogen Ny(Lt) = 0 (1 +j)MCoth ((1 +)) T[f/DHL)

atL




of the aging tests are presented in [2, 5]. For the
validation of the new aging model, here we chose to
illustrate with the stress conditions P2 and P3 (above
BVcEo win Ve = 2V, Je =5 mA/pm? and Vg = 3V, Je
=1 mA/um?, respectively) [2, 5]. Pre-stress parameter
extraction were performed by an initial model
calibration using a foundry generated scalable model
card. Post-stress Irgps values have been extracted
from the low-Vgg region of the measured Gummel
characteristics at each aging interval using the initial
model card. Figure 6(a) compares the evolution of
Irgps under the two stress conditions, P2 and P3,
between the aging model simulation and the
extracted values (from measured forward Gummel
characteristics), depicting good model accuracy.
Once the accuracy of the principal aging model
parameter, Irgps, is validated, Fig. 6(b) compares the
aging model simulation results with measurements
for the Gummel plots under P2 stress condition at
different stress intervals (0, 1, 3, 7, 72, 1000h) as a
final model validation. Very good agreement
between measurement and simulation at all aging
times can be observed.
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IREpS (Al
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ime=0, 1,3, 7,72, 1000 H
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Aging Time [h] Vi [V1
Fig. 6: Comparison between measurement and HiCuM-AL-V2
model simulation: (a) Izgys under P2 and P3 conditions, and (b)
Gummel plots under P2 stress condition.

3.2 Technology 2

The devices under test are NPN SiGe HBTs [17]
based on an advanced BICMOS 55nm technology
from STMicroelectronics featuring devices with a
drawn emitter size of 0.2x5 pum? in CBEBC
configuration. Transistors featuring low breakdown
voltages are studied and DC test structures have been
submitted to aging tests for 120h. The bias stress
condition (Vcp=1.5V, Jeg=8mA/um?, T=25°C as
shown Fig. 7 (a)) are chosen above BVcgo to
accelerate the degradation mechanism. In [14], it was
shown by a separation of the intrinsic and peripheral
contributions of the base current that only the
perimeter component is impacted by stress. This
reaffirms that, alike technology 1 (and technology 3),
the origin of the degradation mechanisms in these

HBTs are in the B-E periphery, adhering to classical
hot-carrier degradation physics. Fig. 7 (b) shows the
evolution of the Irg,s parameter under the stress
conditions, JEsmress=8 mA/um?2, and Vg gress=1.5V
comparing model simulation and extracted values
from the measured Gummel plot, depicting a very
good model accuracy. Next, in Fig. 7(c), model
simulation and measurements are compared for the
evolution of normalized excess base current (Alp/Ipo)
with aging time, illustrating good model accuracy at
Vee= 0.5 and 0.6 V. A final validation is performed
through simulation of the Gummel plot (Fig. 7(d))
employing both a foundry-generated scalable model
card and the extracted aging model parameters,
showing good agreement between the measurement
and the simulation.
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Fig. 7: (a) Aging test bias conditions for technology 2; Comparison

between measurement and HiCuM-AL-V2 model simulation: (b)

Irgps, (c) normalized excess base current and (d) Gummel plots at

different aging intervals.

Next the model validation was extended under
dynamic mixed-mode stress conditions, similar to
what has been illustrated in Fig. 1. For this, HBTs
from technology 2 were subjected to two mixed-
mode stress scenarios illustrated in Fig. 8: (i) in the
first phase of duration 18h a C-B stress voltage of
1.5V has been applied followed by a higher stress
bias of 2.2V for another 18h, followed by a final
stress phase of 18h under a Vcp of 1.5V (same as
phase 1); (ii) in the first phase of duration 18h, a Vcg
stress of 1.6V has been applied followed by a higher
stress bias of 2.1V for another 18h, followed by a
final stress phase of 18h under a Vg of 1.6V. While



the dynamics of the two cases are different due to
different Vg values, in both cases a pseudo-recovery
phase can be observed in the last 18h due to a
reduction in the stress voltage compared to phase 2
under stress 2. Note that, even though for scenario (i)
(in red) a higher Vcp results in a higher degradation
of Irgps in phase 1, due to a higher Vcp in phase 2,
scenario (ii) (in blue) shows a higher degradation of
Ireps. In both cases the model simulation have been
compared with the extracted Irgps values depicting
very good model accuracy thus validating the model
under dynamic operating conditions.
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Fig. 8: Evolution of Iggys for technology 2 under two dynamic
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HiCuM-AL V2 (line).
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3.3 Technology 3

The aging model was finally validated on SG13S
IHP technology [18] featuring transistors in BEC
configuration with an effective emitter area of
8x0.16x0.52 um?. Aging tests were performed under
various mixed-mode stress conditions as presented in
[2-4]. Corresponding stress bias conditions are
presented in Fig. 9 highlighting a very large spectrum
of aging tests allowing analysis of hot-carrier
degradation governed by the two accelerating factors:
Ver and Je. In all cases, aging tests were performed
up to 1000h of stress time.
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Fig. 9: Aging test bias conditions for technology 3.
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Fig. 10: Comparison between measurement and HiCuM-AL-V2
simulation: (a) Izg,s and (b) excess base current (Alg/Igy) under
JE stress Of 0.12, mA/um? for different Vg sress-

For aging model validation, primarily a specific set
of DC mixed-mode stress-conditions has been chosen
among the cases illustrated in [2]: a Jggress Of 0.12
mA/um? under different Vepsiess (2.5, 2.75, 3 and
3.25 V). Figs. 10 (a) and (b) show the evolution of
the Irg,s parameter and the normalized excess base
current (Alp/lIpp) as a function of aging time. Initial
simulation is performed using a foundry-generated
scalable model card followed by re-simulations using
extracted aging model parameters, for different aging
intervals. Good agreement between model and
measurement is observed for all stress conditions.
Next, the model validation has been performed under
dynamic  mixed-mode stress conditions on
technology 3. A specific DC mixed-mode stress
condition was chosen as a reference for this analysis:
Iggress of 0.12 mA under a Vcpguess of 3V. The
normalized excess base current (Alg/Ipp) has been
monitored over a period of 4000 s as shown in Fig.
11 (in blue). For the dynamic mixed-mode condition,
both Veg and Ig switch in an interval of 360s,
between the initial (Vcgsiess Of 3V and I sess of 0.12
mA) and a high-current recovery phase (VcBgsiress Of



0V and a Igess of 5.2 mA at 3 times the current at

Fig. 11: Evolution of excess base current for technology 3 under

TABLE II: AGING PARAMETERS FOR THREE SIGE HBT TECHNOLOGIES

Tech Cum u JEne Kro Rio Cro Gy
(sH vhH (mAum?) (cmA’'s™ (cm’'s) (cm) (cms™)
1 3.8x10° 1.5 145 -0.35 1" 60 0.4 8x10°
2 4.8x10° 1.2 145 -0.15 10' 60 0.4 1x10”
3 7.5%107 2.1 205 -0.35 10" 60 0.4 3x10?
peak-fr). dynamic mixed-mode stress conditions comparing the

In case of dynamic stress, a significant recovery can
be observed during the high- current phase (Fig. 11),
owing to the annealing effect during this phase.
Compared to the DC case, the dynamic case shows a
smaller overall degradation, while at the first stress
phase (at identical stress bias) both cases coincide.
The aging model simulation has been compared to
both measurements depicting good model accuracy
in either cases. While the degradation phases under
both DC and dynamic stress conditions (e.g. the first
360s of both cases) show identical values of the rate
constants, Kg; and Kg}, interestingly, the recovery
phase shows an elevated value of the recombination
rate constant Krj, while the Kg; value diminishes.
Due to the annealing effect in the recovery phase, the
generation rate (Kgj) decreases and recombination
rate (Kg 1) increases owing to increased passivation of
interface traps by the hydrogen at the elevated
temperature. It is important to note the absence of
significant recovery in both cases depicted in Figs. 1
and 8 in comparison to that of Fig.11. This again
affirms the fact that only with annealing or under
temperature treatment the recovery can become
significant in SiGe HBTs.
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3.4 Model Parameters

The general observation while extracting the aging
model parameters is that forward rate constant, Kr,,
increases with Vepress following an exponential
dependence while Jggress is kept constant, On the
other hand, while Vcpress is kept constant, Kr;
demonstrates a peak value before starting to roll off.
This is consistent with the behavior observed
previously [2-4]. This has been explained by a
decrease in the C-B electric field at the onset of the
Kirk effect at such high stress current densities [2, 4,
12], resulting in a reduction in Alp. An empirical
expression is valid for Kp; similar to the one
proposed in [2, 4],
— 1 |]E,stress| ‘
Ker = Cym eXp(HVCB,stress) — (16)
|]E,Stress | ]Ehc

On the other hand, we observe a very weak bias
dependence of the parameter Kr and its evolution is
principally dominated by temperature. This has also
been observed in our previous work [2] where much
smaller values of the bias-related coefficients (Cymr,
UR, JEne), had been extracted compared to that of Kgj.
Hence we have modified this equation in the sense
that
Kry is solely governed by junction temperature.
Thus, the trap annihilation now follows an Arrhenius
law,

Eq
Kgr; = Kro exp [— — (I7)
RI ) RO kBT
. Jr . ‘I x)nA/um’] ) 10°

O IHPHBTS
F~ O Infineon HBTs

S~ Ky=10
Tts-l o
o Tt-_
K=K, explE KT
E024eV (®)

18 20 22 24 26 28 30 32 2 24 26 30 32 34

28

Ve V1 1000/T (K]
Fig. 12: Evolution of (a) Kr, for different Vg sess and Jgspess and
(b) Kras a function of the inverse of junction temperature.



Figure 12 shows extracted values of the generation-
annihilation rate constants (Kr; and Kg;) plotted as a
function of the stress bias and inverse of temperature,
respectively. Here, the values chosen to fit the K in
Fig. 12 (a) are Cum =7.8x107s’!, degradation
acceleration exponential factor u=2.75V"!, empirical
fit factor Jgi=155 mA/um? and power exponent € = -
0.35. The activation energy, Ey, can also be extracted
(Fig. 12(b), shown for both the IHP and Infineon
technologies), resulting in an identical value of 0.24
eV for all technologies. This is logically consistent to
the fact that both technologies employ the same
Si/Si0; system, while the magnitudes differ due to a
difference in device dimensions. Due to the diversity
of stress conditions, many junction temperatures have
been investigated allowing extraction of temperature
dependence for the H* diffusion parameter Dy. This
parameter has a physical meaning since the diffusion
of H* atoms is accelerated by the temperature
regardless of the technology features. Figure 13
presents the extracted values of Dy the three
technologies under test plotted as a function of the
inverse of junction temperature. It shows a general
Arrhenius law (18) for Dy (T;) with an excellent
accuracy:

Dy = Doexp(—E/k5T)) (18)
with the activation energy Ea and the hydrogen
diffusion constant Do at Tj=To. The extracted
parameter values are close to the values reported in
[19]. The temperature dependence of Dy directly
influences the parameters R; and C; following eq.
(13) as well as the terminal conductance G. However,
it requires an activation energy, Eo, related to the trap
features (similar to that of Kgy), to describe
temperature dependence of the R-C network
parameters similarly to (18), as follows,

Ry = RmeXp(_Eo/kBTj)»
¢, = C109Xp(_Eo/k37}‘)’

19)

and G = Goexp(—E,/kpT}).

We observe that all the new parameter values Eo, Rio
and Cjo are identical regardless of the technology,
which is consistent since they describe the same H-
diffusion dynamics of Si/SiO, system. However, Go
changes from one technology to another since it is
governed by the final trap number. Finally using
eqns. (16)-(19), we can now obtain a unique aging
parameter set for each technology, as listed in table
II, which is even more convenient from a design
point-of-view.

10"
e 100
=)
2
T
=)
10—10 N DH: Dnexp(_En/kBT;)
D,=0.01 cm’s’”
Ez048 eV
1

24 25 26 27 28 29 3.0 3.1 32 33 34
IOOO/Tj [K]
Fig. 13: General form of the temperature dependence of the

hydrogen diffusion parameter Dy for the three technologies under
test.

4. Conclusion

In this work, we have presented a new physical
and accurate aging compact model implementation
for modern SiGe HBTs based on the reaction-
diffusion theory of hot-carrier degradation and a
differential form of Fick’s law of diffusion. The
model implementation, although complex compared
to its predecessor while employing additional
transistor nodes in simulation, ensures invariance in
time of the degradation characteristics. The aging
model has been compared with long-term aging tests
on various SiGe HBT technologies, yielding very
good agreement thus confirming its accuracy and
versatility. The proposed model formulation can
easily be co-integrated with existing circuit design
framework. With its strong physical basis, the
proposed model can prove to be indispensable for
ensuring stable circuit operation close to the SOA of
the technology, through prediction of reliability-
aware circuit architectures.
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