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Abstract 
 
        In this work, the random-walk drift-diffusion (RWDD) model has been coupled to a circuit simulator to 
investigate single event upsets (SEU) induced by alpha particles in SRAM cells with silicon or germanium as 
bulk material. The impact of the semiconductor properties in terms of charge generation and transport on the 
SEU mechanisms is illustrated and discussed. 

  
 
1. Introduction 
 

There is a growing interest in high-mobility 
channel materials for pushing the CMOS 
downscaling beyond the current silicon limit. 
Germanium (Ge) CMOS is considered as a 
promising alternative to Si because the bulk mobility 
values of electrons and holes in Ge are much higher 
than those of electrons and holes in Si (see Table 1) 
[1-4]. From a radiation response point-of-view, the 
question of the susceptibility of Ge to natural 
radiation, primarily atmospheric neutrons, has been 
recently investigated [5]. On one hand, with a 
number of interactions close to the one observed in 
silicon for identical target geometries [5], Ge 
therefore presents a lower energy for electron-pair 
creation than Si due to its lower bandgap, 2.9 eV 
versus 3.6 eV respectively [6]. This difference has a 
direct negative impact on the magnitude of single 
event transients created by the passage of ionizing 
particles in the semiconductor [7] because it signifies 
that, for a given LET particle, the deposited charge 
will be +24% larger in Ge than in Si. On the other 
hand, with an Ion current expected to be larger in both 
n-channel and p-channel Ge MOS transistors with 
respect to Si devices of identical geometries, this 
theoretical gain in current will give a certain 
robustness advantage for Ge SRAM stability with 
respect to the one of Si SRAM. The aim of this work 
is precisely to explore this dual aspect of Ge SRAM 
subjected to the direct impact of ionizing particles 
(alpha particles in this study) and to compare it to the  

 
 
reference silicon case. The paper is organized in two 
main sections: section 2 details our simulation 
approach for both radiation transport and electrical 
circuit solving; section 3 presents and discuss our 
simulation results for both Si and Ge cases in terms 
of transient current pulse characteristics and SEU 
occurrence in a standard SRAM cell designed in 
CMOS bulk 180nm. 

 
Table 1. 
Main properties for silicon and germanium at 300 K. 
 
Properties (300 K) Si Ge 

Atomic number 14 32 

Bandgap (eV) 1.124 0.661 

Lattice constant (Å) 5.43 5.65 

Density (g/cm3) 2.329 5.3267 

Atoms (/cm3) 5.0´1022 4.42´1022 

Dielectric constant (relative) 11.9 16.1 

Energy for creation of an  
electron-hole pair (eV) 3.6 2.9 

Intrinsic carrier concentration 
(cm-3) 

1´1010 2.4´1013 

Electron mobility (cm2/V/s) 1400 3900 

Hole mobility (cm2/V/s) 450 1900 
 



 

 

         
Fig. 1.  Methodology of simulation developed in this work. 

 
2. Modelling approach and numerical details 
 
 Figure 1 illustrates the methodology developed 
in this work. We considered a standard SRAM cell 
composed of six MOSFETs. Four transistors (N1, N2, 
P1, P2) form the storage cell (two cross-coupled 
inverters #1 and #2) that has two stable states used to 
represent the “0” and “1”. Two additional access 
transistors (A1, A2) serve to control the access to the 
storage cell during read and write operations. The 
transient radiation response and stability of this cell 
is studied in retention mode (blocked transistors A1 
and A2) by simulating the passage of an ionizing 
particle in the drain region of one of the off-state 
transistors (N1 in the example of Fig. 1). After 
initialization of the structure (electrostatics of the 
drain junction) and computation of the charge 
packets along the particle track (as a function of the 
nature and energy of the incident particle using 
SRIM tabulated functions [8]), the simulation is    

 
 

Fig. 2.  Simplified flowchart of the simulation.  

performed in two steps, as shown in the flowchart of 
Fig. 2: i) the transport of the radiation-induced 
charge within the drain structure using the random-
walk drift-diffusion (RWDD) particle model [9] and 
ii) the SRAM circuit solving taking into account the 
radiation-induced parasitic current collected by the 
drain and injected into the circuit (at node V1 in the 
example of Fig. 1). These steps are self-consistently 
solved over the whole time-domain from t=0 (impact 
of the particle) to t = tfinal (return to equilibrium in the 
impacted zone). Fig. 3 illustrates such a simulation 
process in the case of a single event upset occurring 
in the SRAM (silicon case) due to the emission of a 
1 MeV alpha particle in the middle of the space 
charge region of the transistor drain in the vertical 
direction oriented downwards. Charge packet 
distributions are represented at t = 1.2 fs, 0.3, 1.0 and 
27.8 ps after the particle strike in the projected Y-Z 
plan of the 3D structure. These pictures correspond 
to different values of the transient current, labeled on 
the current curve. The result of this transient is the 
upset of the SRAM cell, evidenced by the changes in 
V1 (0®VDD) and V2 (VDD®0) values. Other details 
about equations and numerical implementations of 
both RWDD model and circuit solving can be found 
in [9-11]. 
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Fig. 3.  Cartoon of a single event upset occurring in the Si-SRAM due to the emission of a 1 MeV alpha particle in the space 
charge region of the transistor drain. Charge packet distributions are represented at t = 1.2 fs, 0.3, 1.0 and 27.8 ps after the 

particle strike in the projected Y-Z plan of the 3D structure.  

 
3. Results and discussion 
 
3.1. Transistors characteristics 
 0.18 µm n-channel and p-channel MOS 
transistor have been simulated considering the EKV 
v1.0 compact model of the drain current [12]. This 
model is perfectly continuous in all transistor 
operation regimes, captures the essential physics of 
the MOS transistor but does not take into account the 
mobility dependence with the high electrical field 
and doping level and the band-to-band tunnelling. 
Threshold voltages of N-MOS and P-MOS have 
been adjusted in order to have the same off-current 
IOFF = 8´10-3 µA/µm at VG = 0V and VD = VDD. Due 
to higher electron and holes mobilities, Ge transistors 
exhibit larger on-currents than for Si devices, 
respectively ION = 1170 µA/µm for P-MOS and ION = 
2200 µA/µm for N-MOS, to be compared with ION = 
253 µA/µm for P-MOS and ION = 663 µA/µm for N-
MOS in the case of Si. In absence of simulation 
calibration on experimental data, these values remain 
theoretical and must be considered as an ideal and 
limit comparison case. Their interest in the following 
is to provide performance projections for Ge with 
respect to Si in the most favourable case, i.e. for the  

 
Fig. 4.  Butterfly curves for silicon and germanium-based 
SRAMs in retention (hold) operation and extraction of the 

retention SNM in both cases. 
 
best transport properties theoretically reachable with 
a perfect material exempt of defects. 
 
3.2. SRAM cell stability 
 The stability and robustness of the designed 
SRAM cell designed has been investigated for both 
semiconductor materials, Si and Ge. Fig. 4 shows the 
corresponding butterfly curves that correspond to the 



 

 

voltage transfer characteristics of the two cross-
coupled inverters #1 and #2 (see Fig. 1) in retention 
(hold) mode. From these curves, it is possible to 
extract the Static Noise Margin (SNM) that 
graphically corresponds to the diagonal of the largest 
square that fits within the back-to-back DC 
characteristics of the two inverters [13]. Results 
show that the SNM for the Ge-based SRAM is +11% 
higher than the SNM extracted for the Si-based 
SRAM. Such a result is logically due to the better 
on-currents obtained in the case of Ge-transistors 
with respect to Si-devices that contribute to increase 
the stability of the cell in retention mode, the other 
design parameters being the same for the two 
SRAMs. 
  
3.3. Critical charge determination 
 In order to confirm previous results, we 
performed a series of simulations to determine the 
critical charge of the SRAM cells. A low energy 
alpha particle was emitted in the middle of the space 
charge region of the drain contact in the horizontal 
direction, to ensure the collection of almost all the 
minority carriers (charge packets) created along the 
particle track. Fig. 5 shows the SRAM transient 
responses for different alpha initial energies. Both 
the initial time and durations of these transient 
responses are different for Si and Ge. For the critical 
energy values (red curves in Fig. 5), the Ge structure 
collects the charges in 2 ps whereas the transient 
regime ends after 10 ps for Si. As a result, Si-based 
SRAM is upset at 50.9 keV and Ge-based SRAM at 
51.2 keV. Taking into account the  
e-h pair creation energies, respectively 3.6 eV for Si 
and 2.9 eV for Ge, these two values respectively 
correspond to an electrical charge equal to 2.26 fC 
for Si and 2.82 fC for Ge. These values are a good 
estimation of the critical charges for the two SRAM 
cells, confirming the greater robustness of the Ge 
cell with respect to the Si cell due to transistor better 
performances in terms of ION values. 
 
3.4. SEU occurrence for alpha particles 
 We examined the SEU occurrence for the 
particular case of alpha particles emitted in the drain 
structure in the vertical direction oriented 
downwards (as illustrated in Fig. 3) and also in the 
horizontal direction. The distance between the 
emission point and the drain electrode is noted DZ. 
 For alpha vertical tracks, we observed that 
SRAM cells are upset until a critical value of DZ, 
lower for Si than for Ge, which also depends on the 
energy (and consequently on the initial LET) of the 
particle. For example, for 1 MeV alpha, DZ are very 
short and inferior to the width of the space charge    

 
Fig. 5.  SRAM transient responses for low-energy alpha 
particles depositing all their energy in the drain space 

charge region. 
 

 
Fig. 6.  SRAM transient responses for 1 MeV alpha 

particle emitted at DZ = 0.1 µm from the drain electrode in 
the vertical direction oriented downwards. 

 
region: DZ  = 0.05 µm for Si and DZ = 0.1 µm for 
Ge. Fig. 6 illustrates this case for precisely DZ = 
0.1µm where SRAM in only upset for Ge. The large 



 

 

difference in charge deposition between Si and Ge, 
due to differences in the e-h pair creation energies, 
and the fast dynamics of charge collection explains 
such a behaviour at low distances from the collecting 
electrode. In Fig. 6, note the formations of 
oscillations in the current transients due to the 
counter-reaction of the space charge region during 
the carrier collecting process. Indeed, the width of 
this space charge region depends on the voltage V2, 
which is varying due to the circuit reaction. This is a 
main difference with a simulation considering a 
fixed drain voltage and, consequently, neglecting the 
effect of the rest of the circuit connected to the 
transistor drain. 
 For horizontal alpha tracks, we also performed 
many simulations to explore the impact of DZ on the 
upset occurrence. Contrary to the previous case, 
when a particle deposits its energy completely 
outside the space charge region, the current becomes 
limited by the diffusion of carriers generated in the 
neutral zone. These carriers diffuse to the space 
charge region and are then rapidly collected by 
drifting under the action of the electric field. In this 
case, the other pertinent factor with respect to the 
collected charge is the minority carrier mobility, in 
addition to the e-h pair creation energy. For 1 MeV 
horizontal alphas, DZ is surprisingly found slightly  
 

 
Fig. 7.  SRAM transient responses for 1MeV alpha particle 

emitted at a distance DZ = 0.39 µm from the drain 
electrode in the horizontal direction. 

larger for Si (DZ  = 0.41 µm) than for Ge (DZ = 0.39 
µm). It signifies that one can find DZ values 
(between these two limits) for which the Si-SRAM is 
upset and not the Ge-SRAM. This singular case is 
illustrated for DZ = 0.39 µm in Fig. 7. In this 
example, the intrinsic robustness of the Ge-SRAM 
circuit is enough to absorb a larger current pulse, 
contrary to the case of the Si-SRAM, which is upset 
by a lower pulse.  
 
4. Conclusion 
 

In conclusion, we successfully coupled the 
random-walk drift-diffusion (RWDD) model to a 
circuit simulator to investigate single event upsets 
(SEU) induced by alpha particles in SRAM cells 
with silicon or germanium as bulk material. This 
preliminary work evidenced and explored the dual 
aspect of germanium with respect to silicon from a 
radiation response point-of-view: i) its theoretical 
gain in carrier mobility that contributes to reinforce 
the robustness of circuit and ii) its lower energy for 
electron-pair creation that induces more electrical 
charges in the material for the same amount of 
deposited energy. We illustrated the impact of these 
two essential characteristics of germanium on the 
SEU response of a generic 0.18 µm SRAM cell 
subjected to alpha particles. At this level of our 
investigations and taking into account the different 
simplifications inherent to our modelling approach, 
these results suggest that the radiation response of 
Ge-based SRAM should be similar to the one 
observed for Si-SRAM; in other words, the benefits 
of higher mobilities at circuit level offsetting the 
negative impact of a relatively low energy value for 
electron-pair creation on transient current pulse 
magnitudes. These results should be confirmed or 
infirmed on other particles at various lower and 
higher LET in future studies. The impact of the 
transistor modelling on the simulation results may be 
also carefully evaluated.  
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