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Figure S1: TEM image showing a Si0.25Ge0.75 layer embedded in the vertical Si-Si1−xGex-Si
stack.

Figure S2: Binary Al-Si phase diagram showing a simple eutectic type with no intermetallic
phase formation.1 The melting points of Al and Si are 993K and 1684K, respectively, and
the eutectic point is located at a composition of about 12.6 wt % Si with a solid to liquid
transition at 830K.
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Figure S3: Binary Al-Ge phase diagram showing a simple eutectic type with no intermetallic
phase formation.2 The melting points of Al and Ge are 993K and 1211K, respectively, and
the eutectic point is located at composition of about 29.5 wt % Ge with a solid to liquid
transition at 693K.

Table S1: Diffusion coefficients of the Al-Si3,4 and Al-Ge5,6 material system. The diffusion
coefficients are shown for a temperature of T = 774K.

Al in Al
(cm2 s−1)

Al in Si
(cm2 s−1)

Al in Ge
(cm2 s−1)

Si in Al
(cm2 s−1)

Ge in Al
(cm2 s−1)

Si in Si
(cm2 s−1)

Ge in Ge
(cm2 s−1)

6.3× 10−10 2.0× 10−22 3.3× 10−20 4.4 × 10−8 3.1 × 10−9 6.5× 10−19 8.4× 10−20
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Figure S4: Temperature dependent mean resistivity of five similar Al nanosheets obtained
from thermally induced Al-Si1−xGex exchange measured between T = 77.5K and 400K. For
comparison the temperature dependent resistivity of bulk Al is also plotted (dashed line).
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Si1−xGex device performance

For a better comparison of the different Si1−xGex alloys, Table S2 shows the conductivity

σ of the on-state as well as the subthreshold slope SS at VTG = 5V (n-type) and VTG =

−5V (p-type). These two parameters are of high importance for the realization of actual

devices, as the on-capabilities as well as the transition between the on- and off-state are

characteristic parameters for transistors. Note that the conductivity (σ = L/(A · R)) is

chosen as a figure of merit due to the fact, that the applied voltage (and current) as well as

the geometries are taken into account, providing a fair comparison between different devices.

It needs to be considered that the oxide (thickness) as well as the geometries of the devices

are not optimized in the devices presented in this work. Decreasing the oxide thickness,

utilizing a high-κ dielectric and reducing the geometrical parameters, would lead to better

performance metrics. Additionally, values are stated of a vapor-liquid-solid (VLS)-grown Ge

NW contacted by Ni-germanide7 and a VLS-grown Ge/Si core/shell NW.8 Note that these

devices are ultrascaled with a NW diameter of 18 nm. Remarkably, the Ge/Si core/shell

NWs utilize 4 nm of HfO2 as gate dielectric, further enhancing the performance.

Table S2: Device performance of top-gated vertically stacked Si1−xGex transistors with dif-
ferent Ge concentrations. For the Si-Ge-Si nanosheets no value is given for SSn, since no
electron-conduction is evident. Additionally, VLS-grown Ge as well as VLS-grown Ge/Si
core/shell NWs are compared. Note that the Ge/Si core/shell NW8 utilizes 18 nm thick
NWs with a 4 nm thick HfO2-layer as gate dielectric.

Vertical device stack
σon,p

(S/cm)
σon,n

(S/cm)
SSp

(V/dec)
SSn

(V/dec)
Si device layer 8 2.22 0.50 0.82
Si-Si0.5Ge0.5-Si 9.20 0.18 0.35 0.86
Si-Si0.25Ge0.75-Si 28 0.003 0.46 3.90

Si-Ge-Si 46.20 0.052 1 -

VLS-grown Ge NW7 7.52 0.004 0.83 1.66
VLS-grown Ge/Si core/shell NW8 1180 3.93 0.13 0.20
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Experimental eSBH modelling

The theoretical assumptions for the experimental eSBH extraction is taken from the work

”Metal-Semiconductor Contacts” by E.H. Rhoderick and R.H. Williams.9 Here, it needs to

be considered, that the I/V(-T) approach, which relies on thermionic emission theory, is

utilized. In general, this theory is valid for barrier heights larger than kBT (25.7meV at T

= 300K) and small bias voltages to avoid barrier lowering, and thus significant tunneling

currents. Nevertheless, the contribution of tunneling to the total current plays an important

role in the Si1−xGex nanosheets analyzed in the scope of this work. Note that, experimental

investigations do not allow to differentiate between thermionic and tunneling contributions to

the total current. Moreover, this experimental approximation neglects the potential between

the metal and semiconductor and thus leads to a simplified equation. According to E.H.

Rhoderick and R.H. Williams the current through the Schottky barrier can be simplified

when the applied bias voltage exceeds 3 × kBT/q (76mV at T = 300K). Equation 1 gives

the simplified equation based on thermionic emission theory for the evaluation of the total

effective activation energy. Note that previous published works promote this model for

determining the total effective activation energy.10,11

JTE(T ) = A∗T 2 exp
−qϕeSBH

kBT
(1)

where JTE is the measured current density through the device, A∗ is the effective Richard-

son constant, T is the corresponding temperature and (q)ϕeSBH is the total effective acti-

vation energy, which is interpreted as the effective barrier height. Thus, the total effective

activation energy can be extracted by measuring the I/V-characteristic at different tem-

peratures and applying the natural logarithm to extract the barrier height of the previous

equation. Finally, equation 2 shows the obtained expression. Figure S5 exemplary shows

the T-dependent I/V-characteristic of Si0.5Ge0.5 device at VTG = −5V.
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Figure S5: Exemplary temperature dependent I/V-characteristic of a Si0.5Ge0.5 based SBFET
at VTG = −5V. As seen in the zoom-in of the I/V in the inset, even a near linear I/V
characteristic towards the extrapolated point at VD = 0V was measured.

ln
JTE

T 2
= lnA∗ − qϕeSBH

kBT
(2)

Thus, by plotting ln JTE

T 2 (y-axis) as a function of 1000/T (x-axis), a so-called Richardson

plot is obtained (cf. Figure S6).

Using the linear equation and setting the factors of the above equation correspondingly

to y = kx + d, the individual parameters can be extracted. By analyzing the slope k, the

corresponding qϕeSBH can be determined for a specific drain bias voltage VD as depicted in

Equation 3.

qϕeSBH = −k · kB · 1000 (3)

where k is the evaluated slope of the Richardson plot. Finally, qϕeSBH can be plotted

over VD for the evaluation of the total effective activation energy. Extrapolation of the data

points to VD = 0V is used to perform a careful estimation of the activation energy then,
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Figure S6: Exemplary ln J/T 2 vs. 1000/T (Richardson plot) plot of the Si0.5Ge0.5 based
SBFET.

including initial effects of barrier lowering and tunneling at the tip of the barrier. Figure S7

shows the corresponding plot at a dedicated VTG = −5V.
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Figure S7: Exemplary eSBH extraction by linear fitting and extrapolating to VD = 0V for
VTG = −5V. In the particular case, the data of the Si0.5Ge0.5 based SBFET is shown.
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Figure S8: Temperature dependent four-point resistivity of a Si-capped Ge nanosheet on SOI
compared to a GeOI nanosheet, measured between T = 3K and 300K. The substrate was
grounded. While the GeOI nanosheet shows a distinct increase of the resistivity for lower
temperatures, due to charge carrier freeze-out, the vertical Si-Ge-Si stack formed hole-gas,
due to a confinement of holes close to the Ge-Si interface, revealing only a slight resistivity
decrease.
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Figure S9: Temperature dependence of the off-current extracted from Figure 4 for all inves-
tigated Si1−xGex compositions embedded in top-gated Al-Si1−xGex-Al heterostructures.
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