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Heterojunction Si-Ge nanowires (NWs) have potential applications such as field effect transistors [1]. 

Knowledge of the active dopant concentration and distribution, and resultant built-in potential across the 

Si-Ge p-n junction under biasing conditions is important for improving device performance. Off-axis 

electron holography is an effective method to measure electrostatic potential with nanoscale resolution 

[2,3]. By reconstructing phase images from interference holograms, the projected potential distribution 

of the sample along the electron beam direction can be quantitatively mapped. Here, we have used 

off-axis electron holography to measure the potential profile across p-n heterojunctions in Si-Ge NWs in 

situ under varying biasing conditions. The heterojunction Si-Ge NWs are grown using the 

vapor-liquid-solid method with AuGa catalyst [4], and consist of a B-doped (~10
18

 cm
-3

) tapered Ge 

base and an untapered P-doped (~10
19

 cm
-3

) Si tip. 

 

Figure 1a and b show TEM and HAADF-STEM images, respectively, of a typical Si-Ge NW where the 

Ge portion is tapered due to vapor-solid surface growth. Some small particles are observed on the NW 

surface most likely due to catalyst breakup when changing growth temperature and reactant gases from 

Ge to Si. Figure 2 shows the hologram of a typical unbiased Si-Ge NW, while the resultant 

reconstructed phase image is shown in Figure 3a. The Ge region has higher phase due to its higher mean 

inner potential (MIP) and greater thickness. A slightly higher phase is also observed for Si near the 

catalyst. The reason is not yet clear but may be due to higher dopant concentration. After accounting for 

the thickness and electron interaction factor, the total potential profile can be extracted as shown in 

Figure 3b. The potential goes from 13.5 V in Ge to 11.7 V in Si. Since the MIP is 14.3V for Ge and 12.1 

V for Si, then the built-in potential is 0.4 V with the Ge side being lower. Using the dopant 

concentrations estimated from the growth conditions, the built-in potential is calculated to be 0.43V. 

Thus, the holography result is consistent, and suggests that most of the dopants are active. The Si-Ge 

NW was then connected via tungsten contacts to an in situ biasing TEM holder with Si biased and Ge 

grounded. The I-V curve measured in Figure 4a indicates rectifying behavior. In forward bias, turn-on is 

observed above ~1 V. On the other hand, in reverse bias, the NW has higher resistance and because of 

tunneling, there is still current through the junction. Holograms were taken under varying biasing 

conditions and the measured phase and potential line profiles are shown in figure 4b. Under positive 

bias, the junction is in reverse bias and the junction resistance is high with most of the voltage across the 

junction. Under negative bias, the junction is in forward bias and the junction resistance is low, so that 

not all of the voltage is applied to the junction and the change of phase and potential is small. Further 

simulations are in progress to interpret these biasing results [5]. 
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Figure 1. (a) TEM image, and (b) HAADF-STEM image of Si-Ge NW. (c) TEM image of Si-Ge NW 

mounted to tungsten contacts. Figure 2. Hologram of typical Si-Ge NW without bias. 

 
Figure 3. (a) Reconstructed phase image of Si-Ge NW in pseudo-color without bias. (b) Measured 

potential line profile along white arrow in (a). 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. (a) Measured I-V curve. The bias is on Si (n) side. (b) Phase and potential line profiles 

measured under bias. The change of thickness is not considered. 
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