








Fig. 6. The shallowest doping profile was obtained using 
parameters from the most recent work [18], while the 
deepest was obtained using parameters from pioneering 
work in the field [14]. Resulting metallurgical junction 
depths are 31 nm and 123 nm, respectively. The “deep” 
model by Dunlap results in deeper junctions, but also in a 
lower peak concentration, resulting in a higher current, as 
shown in Fig. 6(b) and (d). However, for doses exceeding 
1015 cm-2, both models reach peak acceptor concentration of 
4×1020 cm-3 and a “deep” model results with lower 
saturation current densities. Further increase in predeposited 
dose does not impact the electrical characteristics of the 
device, as shown of Fig. 7. Diffusion from Ga monolayer 
has been taken as a referent model in further analysis as it 
matches the current of a fabricated device, in cases of both 
diffusion parameter sets. Simultaneous diffusion of B atoms 
from the PureGaB has been simulated, but due to the slow 
diffusion and the low peak concentration, B doping is 
negligible. 

The introduction of a negative interface charge at the 
PureGaB/Ge interface further reduces the electronic 
component of the current. For concentration of interface 
charge above 1013 cm-2, hole current dominates the overall 
current. Further increase in the interface charge 

concentration reduces the electron current, but the hole 
component remains unaffected, as shown in Fig. 8.  

C. Saturation current and Gummel number comparison 

for B-only and Ga diffusion models 

Both proposed technology models, based on either 
B-only or Ga diffusion, could explain the formation of a 
shallow pn junction with high Gummel number and low 
saturation current densities. In the case of B-diffused 
model, interface hole layer has stronger impact on total 
current, as it reduces the dominant electron component. 
Introduction of an interface charge layer is responsible for 
additional hole accumulation at the top interface, and is 
necessary for the explanation of the low saturation current 
density. In the case of the Ga-diffused model, the electron 
current component is already reduced and comparable to 
the hole component and the total current is mostly 
determined by the dopants in diffused p+ region (Fig. 9). 
 The Gummel number extracted from the I-V 
characteristics accounts for all conduction mechanisms in 
the device. The ideal diode current can be written as: 
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Using (3), the anode Gummel number is: 
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where JS is the electron saturation current density, which 
can be extracted from current in forward bias. Anode 
Gummel numbers of B-diffused and Ga-diffused device 
models are given in Fig. 10. The Gummel number of a 
fabricated PureGaB diode has been extracted from I-V 
measurements and equals 1.3×1014 s/cm4. In real devices, 
extraction of the anode Gummel number is possible only for 
devices where the electron current is dominant, which is 
confirmed by simulations in case of both fitted models. 
Significant increase occurs for sheet concentrations of 
interface charge above 2×1013 cm-2, but in this region hole 
current becomes dominant (see Fig. 9). In the case when 
Boltzmann statistics is used for calculation, the increase of 
the anode Gummel number is proportional to the additional 
charge on p-side of the diode. However, in degenerate 

 
Figure 7. Comparison of electron and hole saturation currents for 
Ga-diffused p-side in respect to predeposited Ga dose. Values of 

predeposited sheet concentration corresponding to Ga monolayer and a 
1 nm-thick layer of predeposited Ga are specially marked. Saturation 

current of the fabricated PureGaB diode is given for reference. 

Figure 8.  Total current of a diode with gallium-diffused p-side for 
different concentrations on negative fixed charge on PureGaB/Ge 

interface. P-side is formed after drive-in from predeposited Ga 
monolayer, as shown on Fig. 6. (a) Deep-diffused junction with 

pararameters taken from [14].  (b) Shallow-diffused junction with 
parameters taken from [18].  

 
Figure 9. Comparison of electron and hole saturation currents for B and 

Ga-diffused p-side in respect to interface negative fixed charge 
concentration. Ga-diffused p-side correspond to predeposited 

Ga-monolayer, as shown on Fig. 6. Saturation current of the fabricated 
PureGaB diode is given for reference. 

76 MIPRO 2021/MEET



semiconductors with highly-doped regions, more accurate 
Fermi-Dirac statistics has to be employed and a sharp 
increase in anode Gummel number with respect to the 
increase of total charge can be observed in Fig. 10. 

IV. CONCLUSION 

The diffusion of dopants from the deposited PureGaB 
layer into the underlying Ge could result in different profiles 
depending on dominating dopant species.  

If diffusion is dominated by B, process simulations result 
in junctions shallower than 1 nm with peak acceptor 
concentrations under 2×1018 cm-3. However, if the PureGaB 
is a p-type semiconductor, it could act as the p-side of a 
PureGaB/n-Ge heterojunction, but this on its own cannot 
explain of high extracted anode Gummel number. 
Introduction of an interface hole layer is necessary to 
suppress the electron injection from the substrate.  

If diffusion is dominated by Ga, drive-in from 
predeposited monoatomic wetting layer results in formation 
of a highly-doped p+ side. The resulting deeper junctions, 
between 31 and 123 nm – depending on the diffusion model, 
are sufficient to suppress the electron injection.  

With both proposed models it is possible to obtain a high 
Gummel number by using various contributions of 
dominant mechanisms, to match the values extracted from 
I-V characteristics of the fabricated device. An experimental 
determination of the junction depth would be needed to 
verify which mechanisms are in fact playing a role in the 
formation of the PureGaB anode region.  
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Figure 10. Comparison of anode Gummel numbers extracted from 

simulated electron currents in forward bias for B and Ga-diffused anode 
and different carrier distribution simulation models. Ga-diffused p-side 
correspond to predeposited Ga-monolayer, as shown in Fig. 6. Gummel 

number of the fabricated PureGaB diode has been extracted from 
forward-bias current and given for reference. 
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