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In tlie development of GaN and related nitride compound, using Mg doping to form a p-type GaN plays a critical 
role for making green-to-blue light emitting devices.’ Despite of the progress in the in-situ Mg doping process,’ the 
conventional post-growth doping techniques, such as the diffusion process to achieve higher hole concentration for 
bcttcr p-type ohmic contact or device operation, haven’t been successfully demonstrated yet. Also due to the lack of 
reliable process the diffision properties of Mg, which may affect the device structure and operation, still remain 
unknown. In this paper, we report on Mg diffision into unintentionally doped n-type GaN resulting in p-type GaN 
formation. 

- 

The experiment is briefly described as tlie following: First, using a thermal evaporator a MdAu film was 
deposited on GaNhapphire samples with 2-4 y m thick unintentionally doped n-type GaN grown by MOCVD, then 

the sample was sealed in a vacuumed quarts ampoule and put into a 900-1000 “C furnace for Mg diffision After 

diffiision tlie sample was removed from the ampoule and tlie deposited MdAu was etched off by a solution of 1 HN03: 
3 HCI. Finally the samples were put in RTA for thermal annealing at 850-1050 “C for 5-20 minutes to activate the 

diffused Mg. Thc Mg diffisioii profile of a processed sample has been nieasurcd by SIMS and is shown in Figurc 1.  
The profile with double fronts agrces with tlie previous results of Mg diffised in A1,Gal.,As,3 which can be well 
esplaincd by the kick-out me~hanisni.~ The Hall nieasurenient data indicate that all the diffised and annealed samples 
consistently show p-type conductivity with hole conccntrations in the range of 10’6/cm3-10’7/cni3 and niobility of < 

IO0 cm2-Vs. In Figure 2 the variable tcmpcrature Hall nieasurcnient data show that the activation cncrgy Ea (dcrivcd 
from the dash line) ofthc diffused Mg around the room tempcrature is 166 meV, which is consistent with that of the 
in-situ doped Mg Typical low temperature PLs of samples with and without diffision are shown in Figure 3. Both 
spectra show extonic emission peaks at 3.47 eV which is attributed to the neutral donor bound extonic 

recombination,6 and a ‘‘yellow” emission band around 2.2 eV which is possibly due to the defect related emission and 

conunonly observed in the other GaN. One can note that only the diffused GaN shows a strong Mg related “blue” 
emission band with first peak at 3.27 eV and followed by two LO phonon replica with -90 meV separation, which is 
attributed to a donor-acceptor(DA) transition and agrccs wcll with the previous result of p-type Mg-doped GaN .’ 
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rigure 3 .  iypicai rL spectra or as-grown (aasn line) and 

Mg diffused (solid line) GaN samples at 10 K . 
Figure 1. SIMS profile for Mg diffUsion in GaN at 

900°C for 24 hrs. 
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Figure 2. The hole concentrations as function of 

temperature from the variable temperature Hall 

measurement. The activation energy Ea of Mg derived 

from the dash line is 166meV. 
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