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Abstract - Deposition of a nanometer-thin layer-stack of 
pure gallium and boron (PureGaB) on arsenic (As)-doped 
epitaxial germanium (Ge) forms a shallow-junction 
photodiode, reported to have almost ideal I-V characteristics, 
low saturation current densities, and high responsivity down 
to 255 nm wavelengths.  In this work, different physical 
mechanisms that could explain the high anode Gummel 
number in PureGaB-Ge-on-Si diode have been examined. A 
model for point-defect-mediated diffusion of B and Ga in Ge 
has been developed. Formation of a shallow pn junction has 
been modeled using 1D process simulations of B and/or Ga 
drive-in from the PureGaB layer. B diffusion resulted in 
junction depths less than a nanometer deep, while Ga formed 
a highly doped p+ regions with peak concentrations >1020 cm-3 
and junction depths from 31 nm to 123 nm, depending on the 
applied sets of diffusion parameter. Both approaches have 
been used to fit the I-V characteristics of a fabricated 
PureGaB Ge-on-Si diode: B-only diffusion model with 
negative interface charge concentration of 1.9 1013 cm-2 for 
suppression of electron injection and Ga diffusion model, self-
sufficient for the explanation of low electron current 
densities. Both proposed models give possibilities to obtain a 
Gummel number of ��  2×1014 s/cm4, matching the value 
extracted from I-V characteristics of a fabricated device. 

Keywords – PureGaB, Ge-on-Si, germanium, detector, 
infrared, gallium, boron, diffusion, process simulations, anode 
Gummel number, interface charge layer 

I. INTRODUCTION 

For almost half a century, Ge role in commercial-scale 
electronics has been minimal due to the lack of stable natural 
oxide. However, in terms of infra-red (IR) detection, it 
dominates over existing Si technology due to a narrower 
bandgap and higher carrier mobilities [1,2]. Even though 
narrow-bandgap III-V materials are also commercially 
available, their fabrication is expensive and less suitable for 
mass production due to the incompatibility with standard 
CMOS processes. About two decades ago, epitaxial growth 
of thin Ge films on top of the Si wafers arose as an idea for 
monolithic integration of a narrow bandgap material with 
CMOS technology. Methods for epitaxial growth of Ge-on-
Si have been developed and high-quality crystalline (c-Ge) 
layers on Si wafer have been reported [1,3]. 

Deposition of a few-nanometers-thick layer of 
amorphous boron (PureB) on top of an n-Si substrate has 
been previously reported as a novel fabrication technique for 

formation of an ultra-shallow junction photodiode 
demonstrating high Gummel number i.e., with saturation 
current densities expected for a deep-junction Si diode. A 
similar approach for formation of a shallowly-doped p+ 
region in n-doped Ge-on-Si has been reported by Sammak et 
al. [4]. The method consists of the deposition of a Ga wetting 
layer followed by a pure B deposition to form a p-type 
region on epitaxially-grown Ge-islands. In these “PureGaB” 
diodes, the nanometer-thin layer of PureGaB also serves as 
a material barrier, separating the Ge from an Al 
metallization. The I-V characteristics of Al-on-Ge-on-Si 
Schottky diode without PureGaB and Al-PureGaB-Ge-on-
Si diode are both shown in Fig. 1(a). Low values of reverse 
current (<10-14 A/μm2), ideality factor close to unity 
(n � 1.1), low contact resistance, and high responsivity 
down to 255 nm wavelength has been demonstrated [3]. The 
latter requires high sensitivity within a few nanometers of 
the Ge surface. In PureB Si diodes this is achieved due to the 
damage-free ultrashallow p-type regions with gradients that 
create unidirectional electric fields without surface roll-off, 
thus efficiently suppressing the electron injection [5]. It is 
plausible that a similar mechanism is responsible for the 
PureGaB optoelelctronic behavior, making this device an 
ideal candidate for a CMOS-compatible broadband 
photodetector. 

The purpose of this work is to examine the degree of 
B/Ga diffusion that could be expected in the experimental 
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Figure 1.  (a) Comparison of I-V characteristics of 40x40 μm2 
Al-Ge-on-Si Schottky diode and the equivalent-geometry diode with the 
addition of a  PureGaB layer (targeted thickness 3 nm) between Ge and 
top-metallization [1]. Respective PureGaB I-V characteristics has been 

given for reference in all following figures depicting simulated I-Vs.  (b) 
Simulated diode structure. Schematic does not correspond to the actual 

proportions of the diode. 
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PureGaB diodes and the influence that this would have on 
the anode Gummel number and the junction depth.  Firstly, 
we have performed process modeling and simulations of 
diffusion of B, while neglecting possible diffusion of Ga 
atoms. Additional physical phenomena – PureGaB bulk 
material properties, formation of a Schottky barrier on the 
anode contact and the fixed charge at PureGaB/Ge interface 
have been modeled to achieve a proper fit with measured 
PureGaB I-V characteristics. Secondly, a Ga diffusion 
model, based on the parameters taken from the literature, has 
been developed and utilized for process simulations of Ga 
diffusion into Ge. Finally, saturation currents and Gummel 
numbers of both B-diffusion and Ga-diffusion based diode 
models have been compared with the respective values 
extracted from the fabricated device. 

II. MODEL AND PARAMETERS 

The analyzed PureGaB Ge-on-Si diodes are fabricated on 
a n-type 2-5 �-cm Si (100) wafers. In particular, we focus 
on a diodes of dimensions 40×40 μm2, as defined by an 
opening in a 1-μm thick surface SiO2. Selective epitaxial 
growth of c-Ge within the oxide windows forms Ge-islands, 
about 1 μm thick. The Ge is in-situ arsenic doped with 
concentration of � 1016 cm-3. This is followed by the 
deposition of PureGa at 400 °C. Subsequent exposure to 
B2H6 at 700 °C for 30 min forms a thin capping layer of 
amorphous B. The targeted B thickness was 3 nm but due to 
loading effects it may be as thick as ~ 11 nm. 
Al metallization is sputtered and patterned to directly 
contact the PureGaB layer [1,3]. 

A TCAD model of a basic Ge-on-Si heterostructure has 
been previously developed [6]. Further diffusion 
simulations, after predeposition of Ga and amorphous B, 
have been performed using Sentaurus Process simulation 
software, following reported process parameters and 
fabrication steps [1]. Electrical characterization of the 
device model has been performed using Sentaurus Device.  

A. Device parameters 

The basic analyzed structure is shown in Fig. 1 (b). The 
bottom silicon layer with uniform phosphorus doping of 
2·1015 cm-3 was used as a substrate, which is equivalent to 
the 500-μm-thick Si wafer in a fabricated Ge-on-Si diode 
[1]. The modeled structure was 60-μm wide in total, while 
Si substrate thickness was varied to account for the spatial 
distribution of a cathode current over the large-area bottom 
contact. Centered on top of the Si substrate, a 1 μm thick and 
40 μm wide Ge island was positioned between two SiO2 
regions, each 10 μm wide. The Ge layer was uniformly As-
doped, with concentration of 1016 cm-3. Such a 2D structure 
represents a vertical cross section of a real 40×40 μm2 Ge-
on-Si diode [1]. Since the measured 40×40 μm2 diodes show 
only minor impact of the perimeter [1], bulk material 
properties, used for 1D simulations, are assumingly 
dominating the overall current. Therefore, process 
simulations in 1D have been carried out using a stacked 
structure of, bottom-up: Si, Ge, PureGaB and Al layers. 

Material properties of the PureGaB layer, separating Ge-
region and Al top-contact, has been defined according to the 
published references [7,8], and the B-thickness is set to 
11 nm. A limited set of material and electrical 
characterization experiments on PureGaB properties have 

been performed so far. Measurements of sheet resistance of 
PureGaB layer deposited on the Si surface at 400 °C show 
no significant difference between sheet resistance of PureB 
and PureGaB [7]. Deposition at 700 °C in both cases results 
in reduction of sheet resistance which could be explained by 
B and/or Ga diffusion into silicon, thus forming a bulk-Si-
doped p+ region with higher mobilities and carrier 
concentrations than in the case of lateral current conduction 
along the Si surface with the low-temperature 
PureGaB/PureB layers only. The experimental span for 
electron and hole mobilities in PureB layer is between 
10-3 cm2/Vs and 10 cm2/Vs and for concentration of free 
holes between 1017 and 1019 cm-3 [8]. Based on similar sheet 
resistances, free hole concentration in PureGaB model has 
been defined as in PureB – 2×1018 cm-3. Carrier mobilities, 
on the other hand, can be considered insignificant in terms 
of I-V modeling, as the thickness of PureGaB is negligible 
compared to the thickness of the whole device. However, in 
this work we have used PureGa and PureB layers as a 
diffusion source of B and Ga atoms into the Ge island. In 
case of B, whole 11 nm-thick PureGaB layer has been used 
as a source for diffusion. In case of Ga, a predeposited layer 
thickness has been varied from a monoatomic layer to one 
of 1 nm thickness. Furthermore, the total dose of a Ga 
monolayer has been varied from 5×1012 cm-2 to 
6.3×1014 cm-2, the latter corresponding to the maximum 
available bonding sites on (100) Ge surface. 

Shockley-Read-Hall recombination in Ge was simulated 
using the doping-dependent lifetime model. Maximum 
carrier lifetimes for doping concentrations up to 1016 cm-3 
are �e = 10-3 s and �h = 10-4 s [9, 10] with reduction of an 
order of magnitude per decade of dopant concentration [11]. 
Phillips unified mobility model [12] and Fermi-Dirac 
statistics for carrier distribution were used. Bandgap 
narrowing in a highly-doped degenerate semiconductor was 
modeled using Ge-specific parameters, obtained by Jain and 
Roulston [13]. Thermionic emission (TE) was used to 
model carrier transport across the heterojunction interfaces. 
Tunneling effects were disregarded in the entire device. 

TABLE I.  BORON AND GALLIUM DIFFUSION PARAMTERS 

Parameter 
Impurity 

B Ga-shallow Ga-deep 

D0 (cm2/s) 98500 8 34 

Ea (eV) 4.65 3.21 3.1 

V (cm-3), 700 °C 1.00 · 1012 

I (cm-3), 700 °C 4.75 · 1010 

SS (cm-3), 700 °C 2 · 1018 5 · 1020 

Figure 2.  (a) Temperature dependence of Ga diffusion coefficients in Ge 
lattice extracted from different experiments. (b) Comparison of diffusion 

doping profile obtained in [15], with our model of vacancy-mediated 
diffusion, using the same process parameters (T = 713 °C, t = 5.78 105 s). 
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B. Diffusion parameters 

The diffusivity of impurities in the crystal lattice is 
generally given by the Arrhenius law:  

 � � �� ��� �	
�� �� (1) 

where D0 is a constant of the material and Ea activation 
energy (enthalpy) for the diffusion [14]. Diffusion 
parameters for B and Ga in Ge lattice are given in Table 1. 
Only a few experiments obtaining diffusion parameters for 
Ga in Ge have been reported, most of which are shown in 
Fig. 2 (a) [14-18]. 

Even though satisfactory for most purposes, the 
Arrhenius model assumes constant diffusivity in the crystal 
lattice, neglecting field-enhancement of the process and/or 
impurity-defect pairing. Impurity diffusion in Ge lattice is 
driven by point-defect self-diffusion and for most of the 
dopants, the process is vacancy mediated. B diffusion in Ge 
is slow as it requires non-dominant B-interstitial pairing. In 
contrast, Ga atoms in Ge lattice form Ga-vacancy pairs, 
diffusing at a rate similar to vacancy self-diffusion. Even 
though diffusing more efficiently than B, Ga migration in 
the lattice is slower than of the most n-type dopants in Ge, 
enabling formation of the shallow p-regions [16-21]. 

Correction of the basic Arrhenius diffusion model is 
given by Dunham and Wu, in the point-defect based 
equation for the approximation of diffusion activation 
enthalpy [22]: 

 
� � 
�� � 
�� � 
��� � 
���� � (2) 

where 
��  and 
��  stand for the formation and migration 
enthalpies of a single isolated vacancy and 
��� and 
��� 
for binding energy with second and third vacancy, nearest to 
the impurity atom. The binding energy of a Ga atom with a 
single vacancy and GaV complex migration energy are 
calculated using charged-pair diffusion model [23]. 
Considering vacancy-mediated nature of the process and 
parameters from [18], process simulations result in the 
formation of significantly shallower pn junction, compared 
to those using older parameter sets. Furthermore, the model 
generates Ga deep-diffused tails which reduce effective n-
type doping in the bulk Ge. To evaluate charged-pair Ga 
diffusion model from [18] and [23], the comparison of 
simulated doping profile and doping profile taken from [15] 
is shown in Fig. 2(b). 

Simulations of B and Ga diffusion has been performed 
using interstitial-driven and vacancy-driven charged-pair 
model, respectively. Default values for intrinsic point-defect 
densities (V, I) in Ge have been used (see Table 1.) [24]. 
Solid solubility (SS) of Ga in Ge is the highest among all Ge 
dopants [21]. At 700 °C, which is a temperature of PureB 
deposition, thus being the highest temperature in the process 
– Ga solid solubility is more than two orders of magnitude 
higher than solubility of B. Solid solubility of B in Ge is 
� 5×1018 cm-3 at 850 °C [25, 26]. On the other hand, Ga 
solid solubility is 5×1020 cm-3 at 700 °C [21] or up to 1% of 
the mass fraction [27]. 

III. RESULTS AND DISSCUSSION 

Two different approaches for modeling of the PureGaB-
Ge-on-Si diode were examined and compared.  

Firstly, process simulations were performed by 
modeling diffusion of B from the PureGaB layer to 
underlying Ge substrate, while neglecting the Ga diffusion. 
This model was based on the assumption that Ga serves 
exclusively as a wetting layer for further deposition of 
PureB [8] and does not interact with bulk Ge. Therefore, the 
high anode Gummel number is attributed to either B-doped 
p+ layer, electrostatic material properties of the PureGaB or 
the formation of a hole accumulation layer at the 
PureGaB-Ge interface due to the presence of negatively 
charged interface states. Similarly, the interface hole layer 
was already introduced and analyzed in the case of the 
PureB-Si interface [8, 28]. 

Secondly, the diffusion of Ga from the wetting layer into 
the underlying Ge has been examined. Ga diffusion has been 
simulated using process parameters discussed in Section II. 
The impact of the limited dose of Ga atoms in predeposited 
wetting layer and possible existence of charged interface 
states on I-V characteristics has been modeled. 

A. Boron-dominated diffusion model 

Process simulations of B diffusion from PureGaB into 
Ge are shown in Fig. 3(a). The 11-nm-thick PureGaB acted 
as a diffusion source with concentration of B atoms, 
NB = 1020 cm-3, which is above the maximum solid solubility 
of B in Ge. After 30 minutes drive-in at 700 °C, 
corresponding to the real fabrication process in [1], the 
diffusion of B into Ge has been almost negligible. The p-n 
junction has formed at a depth of less than a nanometer. 
Furthermore, the maximum impurity concentration at the p-
side was limited by the B solid solubility and have reached 
almost 2×1018 cm-3. Due to the very shallow acceptor doping 
profile, electron injection from the bulk to the top electrode 
is dominating the total current. Considering that surface 
roughness could already exceed a nanometer, B diffusion in 
real devices could be essentially neglected. However, 
overlaying PureGaB, acting as a p-type semiconductor, 
gradually reduces the injection current with increase in 
thickness, as shown in Fig. 3(b). This is still not enough to 
explain the low forward and reverse currents measured in 
PureGaB Ge-on-Si diodes.  

Another effect that could be used for fitting of the 
PureGaB diode I-V characteristics would be the formation 
of a Schottky barrier on the top contact, as shown in 
Fig. 4(a). The Schottky barrier height needed to suppress the 
electron current sufficiently would be �B = 0.8 eV. 

Figure 3.  (a) B doping profile after drive-in into Ge at T = 700 °C. 
Simulation is performed using interstitial-mediated diffusion model. 

(b) Electron and hole current components of the diode with boron-diffused 
p-side for different thicknesses of overlaying p-doped PureGaB layer. 

Curves correspond to the diode after 30 minutes diffusion.  
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However, such a barrier is much higher than any theoretical 
or experimental value. According to Schottky-Mott rule, 
based on the difference in Al workfunction and Ge electron 
affinity, the theoretical barrier height between Al and Ge is 
�B � 0.08 eV [6]. In addition, different authors report 
measured barriers in range 0.3 - 0.7 eV, with lower values 
generally extracted from C-V measurements and higher 
from I-V characteristics of diodes with a presumably 
defective Al/Ge interface – causing high contact resistances 
and poor ideality factor due to the interface oxide formation. 
[6, 29, 30]. Therefore, the formation of a top-contact 
rectifying barrier of �B = 0.8 eV is unlikely. 

Additional simulations were run by varying the bandgap 
of the PureGaB layer, assuming that the PureGaB layer can 
be modeled as a semiconductor. Although high atomic ratios 
of the conductor (Ga) in the Ga-B alloy might imply more 
metal-like properties, the measurements of the sheet 
resistance of PureGaB on a Si substrate show that the 
difference between the conductivity of PureB and PureGaB 
is within the statistical error [7]. Hence, the assumption of 
semiconducting nature of PureGaB could be considered 
reasonable. Therefore, we can further assume the possibility 
of potential barriers formed in the conduction band due to 
energy band mismatch between Ge and PureGaB. 
Experiments have shown that the PureB layer acts as a p-
type semiconductor with a bandgap in range from 

0.55 eV to 0.8 eV [8]. Examining the effect of PureGaB’s 
bandgap on I-V characteristics, only the values higher than 
maximum reported bandgap of 0.8 eV could explain a 
suppressed forward current, as shown in Fig. 4(b). 

The best I-V fit using a boron-only diffusion model was 
achieved by introducing a negative fixed charge at the 
PureGaB-Ge interface forming a narrow layer of free holes. 
The layer acts as p+ delta doping, which represents an energy 
barrier for the electrons. The modeled diode with a 
PureGaB-Ge interface charge density of 1.9×1013 cm-2 fits 
well with the measurements, as shown in Fig. 5. 

B. Gallium-dominated diffusion model 

The diffusion of Ga into the Ge island was simulated 
using models and parameters discussed in the Section II. 
Different values of the diffusion coefficients taken from the 
literature (see Table 1) result in significantly different 
doping profiles. Therefore, process simulations were 
performed using all four sets of Ga diffusion parameters 
shown in Fig. 2(a). A thin wetting layer of PureGa was 
defined as a limited source for Ga diffusion. Diffusion has 
been modeled for different doses of Ga atoms in the wetting 
layer. Based on the DFT study on surface bonding sites in 
(100) Si, which also has an FCC crystal structure [31], 
density of the surface states at (100) c-Ge surface has been 
calculated and equals 0.063 Å-2. Therefore, sheet 
concentration (dose) of Ga atoms in a monoatomic wetting 
layer deposited on Ge is 6.3×1014 cm-2, assuming all 
available surface states had been occupied. Furthermore, 
initial dose of 5×1012 cm-2 corresponds to surface state 
occupation less than 1%, while maximum simulated dose of 
5.1×1015 cm-2 corresponds to a 1 nm-thick Ga crystalline 
layer. Different doping profiles after 30 min drive-in at 
700 °C and corresponding I-V characteristics are shown in 

 
Figure 4. (a) Total current of a diode with boron-diffused p-side for 
different Schottky barrier heights at the anode. For purpose of this 

simulation, eventual discontinuity in the conduction band on the PureGaB-
Ge interface has been neglected. Therefore, bandgap of PureGaB matches 

the bandgap of Ge, EG = 0.66 eV. (b) Electron and hole current 
components of a diode with boron-diffused p-side for varying bandgap of 
the PureGaB layer. Ohmic boundary conditions have been applied. Curves 

correspond to the diode after 30 minutes diffusion. 

 
Figure 5. Total current of a diode with boron-diffused p-side for 
different concentrations of negative fixed charge at PureGaB/Ge 

interface. Curves correspond to the diode after 30 minutes diffusion.  

 
Figure 6. Ga doping profiles and respective I-V characteristics after 

drive-in into Ge at T = 700 °C and t = 30 min for different predeposited 
Ga doses. Simulation is performed using vacancy-mediated diffusion 

model using parameters from: Dunlap et al. – the deepest junction [(a) 
and (c)], and Riihimäki et al. – the shallowest junction [(b) and (d)]. 
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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: 

 � � ����
� ������ 	 !� "#"$% (3) 

Using (3), the anode Gummel number is: 

 �& � ����
'( � (4) 

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. 
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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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