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Electron holographic technique based on a transmission electron microscope (TEM) has been used 
to map and characterize two-dimensional electrostatic potential distributions across p-n junctions in 
silicon devices with high resolution [1, 2]. In particular, this technique, has been recently, used to 
successfully observe a p-n junction under a reverse-bias condition in a Si/Si p-n junction film 
prepared by 30-kV gallium focused-ion-beam (FIB) milling [3]. The current report presents an 
in-situ observation of the potential distribution of a p-n junction in a reverse-biased GaP light- 
emitting diode (LED) by combination of electron holography and FIB milling. 
 
To apply a voltage externally to the GaP LED sample, a special sample stage, which enables the 
sample to be easily fixed and bonded to a holder with two electrodes, was developed [4]. The holder 
can be compatible with both Hitachi’s FIB system and HF-2000 TEM equipped with an electron 
biprism. Figure 1 shows a scanning ion microscopic (SIM) image of the bonded GaP LED sample in 
the FIB system. To find the exact location of the p-n junction, the sample was examined firstly by 
electron holography under the reverse-bias condition. Figure 2(a) shows the electron hologram taken 
in vacuum near the p-n junction. Figure 2(b) is the reconstructed interference image, in which the 
external electrostatic-field distribution can be seen clearly around the junction. The sample was then 
placed in the FIB system, and an electron-transparent membrane was fabricated carefully at the 
junction position by using 30-kV gallium FIB. However, it was not possible to observe the apparent 
potential change across the junction in the film even under reverse bias. This is because FIB milling 
introduced a damage layer with low resistivity on the film surface, which leaked the electric current 
over the junction during applying reverse bias. To reduce the damaged layer, the surface of the film 
was therefore milled for about one minute by an argon ion beam at an accelerating voltage of 7 kV. 
The final sample was examined by electron holography at different reverse-bias voltages. Figure 3 
shows the reconstructed phase images (2 ×  phase-amplified), respectively, at 0 V (a), 2.0 V (b), 4.0 
V (c), 6.0 V (d), 8.0 V (e) and 10.0 V (f). It can be seen from these images that the phase shift across 
the p-n junction increases with increasing bias voltage in the thicker part of the film, which indicates 
that the argon ion milling effectively reduces the surface damage. 
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In summary, the combined electron holography-FIB milling was used to observe the electrostatic 
potential in a biased GaP diode. The FIB milling induces a low resistivity surface damage layer in 
the specimen; it is therefore essential to remove the damage layer in our experiment [5]. 
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FIG. 1 SIM image of a GaP LED        FIG. 2  Electric field around a biased p-n junction 

FIG. 3 Reconstructed phase images (2 × ) of a GaP p-n junction at different reverse bias voltages 
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