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ABSTRACT: 

The effects of NF3 or F2 gas annealing on epitaxially grown GaN and its interface with 

sputter-deposited Pt were investigated using hard X-ray photoelectron spectroscopy. 

Annealing GaN and Pt/GaN samples in an NF3 atmosphere led to the emergence of prominent 

F 1s peaks and chemically shifted Ga 2p peaks, indicating the efficient formation of Ga–Fx 

species not only in the bare GaN surface but also in the Pt/GaN interface, even when the NF3 

treatment was performed after the Pt was deposited. By contrast, F2 annealing also led to the 

fluorination of the GaN surface and nonfluorination of the Pt/GaN interface. Although the 

plasma sputtering process removed F from the surface, band shifts were observed when the 

treatment conditions were varied. The findings in this study suggest that NF3 treatment is an 

effective post-processing method for fluorinating GaN-based systems before or after metal 

deposition. 
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INTRODUCTION 

One of the issues in applying GaN in devices is its high density of vacancies and associated 

dangling bonds [1] The fabrication of high-performance/high-reliability GaN-based devices 

necessitates the development of a method to passivate such defects. In Si devices, H-based 

processes are typically used to passivate defects by terminating the dangling bonds with H 

and removing the states from within the gap [2]. However, this approach is not effective for 

passivating defects in GaN devices [3,4,5]. As an alternative, F has been proposed as an 

element that could terminate the dangling bonds. This approach has been explored for Si and 

Ge [6,7]. F bonds tend to be very stable because of the high electronegativity of F. In addition, 

the small atomic radius of F is expected to result in high diffusivity, which might enable its 

use in an effective post-process defect passivation methodology. Incorporating F into GaN 

or AlGaN/GaN devices has been explored for defect passivation or modification [8,9] as well 

as for modifying device characteristics such as the threshold voltage [10] The incorporation 

of F is usually achieved by exposure to CF4 plasma [8,10,11], ion implantation [12,13], or, 

less frequently, annealing in an NF3 atmosphere [14].These methods utilize conventional Si 

device process technology but have high kinetic energy during the process and require high 

temperature heat treatment, etc., to recover from damage. In recent years, there have also 

been reports of atomic layer etching of GaN surfaces by HF treatment [15 ]. Although F 

termination of the surface proceeds in this process, the discussion is about the oxidation 

process and its removal for the purpose of atomic layer etching, and not about fluorine 

termination. 

In a first-principles study, Yayama et al. compared a nonterminated GaN (0001) 

surface to F- and/or H-terminated surfaces [16]. Their calculations suggested that F atoms 

could stably terminate dangling bonds on the GaN surface and eliminate the associated gap 

states. In the present paper, we examined whether this effect can be realized experimentally 

by treating GaN samples with F-based gases—specifically, NF3 and F2. In terms of 

elementary considerations of reaction thermodynamics, fluorination of GaN is a favorable 

reaction given the heats of reaction for the gas NF3 (−ΔHF = 125 kJ/mol), GaN (110 kJ/mol), 

and fully fluorinated GaF3 (1163 kJ/mol) [17,18]. We hypothesized that F2 gas might also be 

effective for this purpose given the relatively low dissociation energy of an F–F bond (159 
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kJ/mol [19]) compared with that of an NF2–F bond (239 kJ/mol [20]).In addition, to inspect 

whether the technique is feasible as a post-process dangling-bond termination method, we 

prepared Pt/GaN contacts and pre-/post-annealed them in an NF3 or F2 atmosphere. Because 

our region of interest lies beneath more than several nanometers of Pt, hard X-ray 

photoelectron spectroscopy (HAXPES) with the ability to probe depths greater than 10 nm 

for Pt was employed [19,21]. The large probing depth of HAXPES enabled direct observation 

of the Pt/GaN interface. 

 

EXPERIMENTAL PROCEDURES  

Epitaxially grown unintentionally doped GaN (0001) films (thickness: 4–6 μm) on c-plane 

sapphire (c-sapphire) substrates (Powdec) were used. Samples were diced into 7 × 7 mm 

chips and then rinsed sequentially with acetone and ethanol. Samples were annealed at 500°C 

for 120 s in either an NF3 or F2 atmosphere under 30 kPa (hereafter “NF3-treated” and “F2-

treated,” respectively). The NF3 and F2 gases were diluted to 2% with N2 gas. One group of 

samples did not undergo Pt deposition (hereafter “Bare-GaN” samples). Two other groups of 

samples had a layer of Pt deposited either after (hereafter “Post-PtGaN” samples) or before 

(hereafter “Pre-PtGaN” samples) the gas annealing. Pt layers were deposited to a thickness 

of either 5, 10, and 30 nm by DC sputtering at room temperature with Ar plasma at 1 Pa. 

Figure S1 shows a schematic of the sample preparation process. 

HAXPES measurements were carried out at the BL15XU undulator beamline of 

SPring-8 with a high-resolution hemispherical electron analyzer (VG Scienta R4000). Details 

of the HAXPES experimental setup are described elsewhere [22 ,23 ]. The incident X-ray 

energy and the total energy resolution were set at 5.95 keV and 240 meV, respectively. 

Binding energies were calibrated from the Au 4f7/2 photoelectron peak for an Au film, which 

was set at the same ground level as the sample. KolXPD [24] was used for curve fitting and 

analysis with the Voigt function (KolXPD’s implementation of a pseudo-Voigt profile 

[23,25]) after Shirley-type background subtraction [26]. For the Pt-deposited samples, charge 

correction was performed by fitting the Pt 4f7/2 peak to a Doniach–Šunjić function [27] after 

removing the background by the Shirley function and aligning its binding-energy peak 

position to 71.2 eV [ 28 , 29 ] The surface morphology was observed by atomic force 
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microscopy (AFM; Hitachi High-Technologies, AFM5000II). 

  

RESULTS AND DISCUSSION 

I. Bare samples 

Figure 1 shows the surface morphologies of the NF3-, F2-treated, and untreated (Bare-GaN) 

samples. None of the samples showed indications of reactions such as etching by F-based 

gas plasma treatment [30] although a difference in the number of point defects was observed. 

The treated samples retained the atomic scale step-and-terrace structures observed in the 

untreated sample.  

Figure 2 compares the core-level spectra of the NF3-, F2-treated, and untreated 

samples. The intensity was normalized by the peak area of the N 1s peaks. Both the NF3- and 

F2-treated samples showed F 1s peak. The area intensity in the F 1s peak of the F2-treated 

sample is 1/30 or less than that in the spectrum of the NF3-treated sample (Fig. 2(a)). The F 

1s peak consists of two chemical states. Bermudez et al. investigated the shift of F 1s peaks 

for a reaction between XeF2 and GaN (0001) surfaces and addressed the effects of band 

bending and chemical shift of Ga 3d peaks caused by GaFx (x = 1, 2, 3) formation [17] Our 

results show characteristics qualitatively similar to Bermudez’s results. To our knowledge, 

the literature on fluorinated GaN is insufficient to determine the extent of fluorination on the 

basis of chemical shift; however, according to earlier PES observations of fluorinated 

GaAs[31,32] and Bermudez’s argument [17] the two peaks observed in our measurements 

may indicate any two of the species represented as GaF, GaF2, and GaF3. The peak shifts for 

GaF and GaF2 are too similar for these species to be distinguished from each other; in addition, 

their peak shifts are too similar to determine if one of the species is not present as a result of 

instability or desorption. In addition to the results presented in the present work, a comparison 

with other reported results suggests that the peak located at the high-binding-energy side 

corresponds to GaF3 and the peak located at the low-binding-energy side corresponds mainly 

to GaF [33,34] A similar tendency was confirmed in other peaks. For Ga 2p3/2 peaks (Fig. 

2(b)), the peak of the untreated and F2-treated samples exhibit symmetric profiles that can be 

fitted with a single Voigt-type profile. The Ga 2p3/2 and N 1s peaks of the NF3-treated sample 

has an asymmetric shape. Asymmetry is not an intrinsic feature of a photoelectron 
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spectroscopy (PES) peak in GaN as verified in the untreated sample. Furthermore, all of the 

peaks for the NF3-treated samples shifted toward lower binding energies. On the basis of the 

aforementioned assignment, these shifts indicate movement of the valence band toward the 

Fermi level (EF). So, the asymmetric shape is better understood as a poorly resolved satellite 

caused by a chemical shift. Meanwhile, the N 1s peaks show slight asymmetry and unclear 

emergence of chemically shifted peaks for all of the gas-treated samples, as shown in Fig. 

2(c), which should be originated on the surface adsorption such as the N-H and/or N-O-H. 

The Ga 2p3/2 peak of the NF3-treated sample can be fitted either by three Voigt functions by 

considering the band bending, where the satellite peak with higher binding energy is wider 

than the main peak, or by three Voigt peaks of equal width, where the shifted peaks are 

approximately 1 and 2 eV higher in binding energy than the main peak, respectively. 

Considering the results of the F1s peak and prior literature, the main component is GaF3. In 

addition, the full-width at half-maximum (FWHM) values of their Ga 2p3/2 and N 1s peaks 

increased slightly compared to the untreated sample, suggesting the defect formation. 

Figure 3 shows the valence-band spectra and the region close to EF. Two 

observations can be made here. One concerns the in-gap states [Fig. 3(b), the entire structure 

of valence band is shown in the supplementary Fig. S2]. Comparing the edges of the bands 

reveals that the tail toward EF is more prominent in the spectrum of the NF3-treated sample. 

These data suggest an increase of the electronic states in the gap of the NF3-treated sample. 

The other observation is a shift in the binding energy. The valence-band maximum for the 

NF3-treated sample was estimated to be 3.0 ±0.1 eV by linear approximation, which was 

shifted toward EF by 0.2 eV compared to the untreated and F2-treated samples, consistent 

with the shifts of the core-level spectra. By contrast, in the gap of the F2-treated sample 

showed similar changes, but smaller than the NF3-treated sample.  

The other one concerns the shape of the valence-band spectrum corresponding to 

the surface termination. The shape of valence-band spectra implies a change in surface 

termination. GaN has a polar hexagonal structure, which is strongly related to its valence-

band structure [35,36,37]. The relative intensities of the valence-band peaks at the middle 

and lower binding energies for the GaN film, which are respectively denoted as P1 (~5 eV), 

P2 (~8 eV), and P3 (~10 eV) in Fig. 4(b), are characteristics of the surface termination of GaN. 
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Ohsawa et al. reported that the P1 and P3 are dominated by the Ga 4s and N 2p states. By 

contrast the P2 is dominated by N 2p state [37]. For the Ga-terminated GaN, the P1 is more 

intense than the P2 at the x-ray of hv = 6 keV, whereas the P1 of N-terminated GaN conversely 

shows a lower intensity than the P2. The untreated sample shows Ga-terminated 

characteristics, consistent with their report [37]. Typically, metal–organic chemical vapor 

deposition (MOCVD)-grown GaN on a sapphire substrate has a Ga-terminated surface38 

Obtaining an N-terminated surface requires additional intermediate treatments or the 

incorporation of a buffer layer. By contrast, the intensity of the P1 and P3 of the NF3-treated 

samples decreases and shows a similar intensity as the P2. As shown in Fig. 3(b), in addition 

to the P1 reduction, the peak intensity around 10 eV corresponding to the Ga 4s and N 2p 

states relatively decreased. Note that the shape of valence-band spectra of the F2-treated 

sample showed no clear change compared to the untreated sample. These reductions in peak 

intensity suggested the modification of the surface termination.  

By combining the results of core-level spectra as shown in Fig. 2, we consider the 

fluorination to proceed as follows. The Ga-terminated surface ideally has dangling bonds 

[39]. The NF3 or F2 treatment acts upon the bonds, terminating them with F and resulting in 

a GaF3 structure. Other bonding states may exist, such as F as an interstitial caused by the 

defects in GaN or surface oxidization such as Ga–O–F. Possible defects include through-

dislocation structures, as observed by AFM (Fig. 1), and irregular structures resulting from 

unintentional surface oxidation. We have established that the NF3 treatment terminates GaN 

with F to incorporate structures such as GaFx, and the shift of EF to the in-gap state suggesting 

the depletion of electrons at the surface due to this termination process were confirmed as a 

peak shift in the core-level spectra of the NF3-treated samples, which is consistent with the 

effects suggested by first-principles calculations [16]. However, these results also indicate 

that the introduction of F, in addition to passivating and removing dangling bonds, increased 

the in-gap states associated with the nitrogen defects identified in Figure 3(b). Notably, 

however, the calculations only dealt with limited models in which the GaN crystal was nearly 

ideal and the dangling bonds were on the surface pointing toward the vacuum. Also, the 

emergence of multiple shifted peaks in the Ga 2p peaks indicates the presence of multiple 

chemical states of Ga, GaFx (x = 1, 2, 3), which is not addressed in the calculations. A more 
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appropriate comparison might be with calculations that account for defects found in GaN 

bulk, such as a N vacancies, where the dangling bonds on Ga are terminated as Ga–F bonds. 

 

II. Pt-deposited GaN samples 

Figure 4 shows the core-level spectra in post-PtGaN samples with 10 nm-thick Pt layers. The 

emergence of an F 1s peak is observed for the NF3-treated sample but not for the F2-treated 

sample [Fig. 4(a)]. The NF3-treated sample also indicates the emergence of additional shifted 

Ga 2p peaks at the higher binding energies of 1121.7, 1120.0, and 1119.8 eV compared to the 

primary peak at 1118.8 eV [Fig. 4(b)], which are also seen for Bare-GaN. The shifted peaks 

are much more prominent in the Ga 2p spectrum of Post-PtGaN than in that of Bare-GaN 

(compare the Ga 2p spectrum for the NF3-treated bare sample in Fig. 2 with the 

corresponding spectrum for Post-PtGaN in Fig. 4). Meanwhile, the N 1s peak of the NF3-

treated sample shows a similar chemical shift to the Ga 2p peak, but slightly asymmetric as 

same as the bare-GaN. These results imply that F preferentially bonds with metals and/or 

defects, not N. Apart from the chemically shifted peaks, we note that the N 1s peak and the 

primary Ga 2p peak in the spectra of the NF3-treated sample both shifted 0.5 eV toward 

higher binding energies in comparison with the corresponding peaks in the spectra of the 

other samples. These shifts should be interpreted in terms of EF shifting, which coincides 

with the generation of gap states that act like donors at the interface. The detailed 

investigation was performed on the NF3-treated Post-PtGaN samples. 

Figure 5 shows the core-level spectra for the NF3-treated Post-PtGaN samples with 

different Pt film thicknesses. In particular, the intensity of the highest binding energy side of 

the Pt 4f spectrum is enhanced in the sample with a 5 nm thick Pt film compared to the 

samples with 10 nm and 30 nm thicknesses [Fig. 5(a)]. This intensity increase is also not 

observed in the spectrum of the sample with a 5 nm-thick untreated Pt film. By contrast, for 

the Ga 2p and F 1s peaks of the 5 and 10 nm-thick Pt samples, peaks corresponding to 

fluorination were observed. In the F 1s peaks of the 5nm- and 10 nm-thick Pt -Post-PtGaN, 

peaks originating from GaF3 and GaFx (x=1 or 2) were observed [Fig. 5(b)], which showed 

the Pt-thickness dependence of the intensity ratio. At the 10 nm-thick Pt-Post-PtGaN, the 

intensity of GaF3 is greater than that of GaFx. Meanwhile, in the Ga 2p peak, the peak around 
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1119.5 eV was pronounced in addition to GaF3 and GaFx, as shown in Fig. 5(c). There are 

two possible explanations for these changes of peaks. One is the probing depth of our 

HAXPES measurement. For Pt, the inelastic mean free path [40 ] (IMFP) of Pt 4f7/2 for 

HAXPES is 4.68 nm, and the probing depth is approximately 15 nm (probing depth: 3 × 

IMFP [21]) below the surface in our experimental setup. Measurements of samples with a 

thinner Pt layer or no Pt layer resulted in the observation of more unfluorinated GaN layer 

beneath the fluorinated layer than the thick Pt layer; by contrast, observations through a 

thicker Pt layer resulted in the detection of fewer deeper unfluorinated GaN and in a higher 

relative percentage of fluorinated GaN closer to the interface. The second explanation is the 

chemical reaction of Pt by the fluorination. The NF3 treatment enhances this fluorination or 

oxidation of Pt, possibly because of the catalytic reaction on Pt. Grabau et al. suggested that 

the Pt-Ga alloy system enhance the catalytic reactivity [41]. Naturally, oxidation due to 

atmospheric exposure and catalytic reaction occurs and the increase in peak intensity in the 

higher-binding-energy side of the spectrum based on Pt 4f7/2 in the Pt metal of the NF3-treated 

Post-PtGaN is attributable to the surface, interface defects and its oxidation. Oxidization 

effects were also confirmed in the O 1s peaks [Fig. 5(d)]. The spectrum of the 5 nm-thick Pt 

sample showed relatively higher intensity. This oxidized region is not only Pt-Ox but also 

fluorinated Ga, and mainly a defect structure, which is thought to trap electrons and shift the 

HAXPES peak position to the high binding energy side away from EF. This is confirmed by 

the fact that the O 1s peak for the 5 nm-thick Pt sample is shifted to the higher binding energy 

side. From the above, it is inferred that the additional peak in the Ga 2p is due to the binding 

state of oxidized GaFx containing Pt. Although a difference exists for reactions between 

fluorination and oxidization, the change is comparable to the effect of untreated interface 

defects. As a reference experiment, electrical measurements on NF3-treated and untreated 

samples were performed on a simple vertical device structure using a single crystal GaN 

substrate (Supplementary Fig. S3). The Fermi level shift obtained by HAXPES suggests a 

decrease in the Schottky barrier, however due to the interfacial oxidation, the ideal factor 

seems to have increased, while the effective Schottky barrier increased due to the trapping 

effect, so it will be necessary to control the effect of interfacial oxidation to maximize the 

fluorination effect. 
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Meanwhile, no F 1s signal was detected in the sample with a 30 nm thick Pt layer 

[Fig. 5(d)], indicating that no F atoms remain in the Pt layer itself. Furthermore, although it 

is possible that the GaN is fluorinated as shown by the increase in the FWHM of Ga 2p3/2, 

the underlying GaN is mostly beyond the probing depth of the HAXPES measurement, and 

the F 1s peak was not clearly observed. These results suggest that defects in the Pt layer are 

reduced and the Pt layer itself is not fluorinated. However, electrical measurements suggest 

that fluorine gas diffuses from the grain boundary to the interface and reacts with it, since 

there is a change in the Schottky barrier after post-annealing. The fluorination process may 

thought to be important in the vicinity of Ga. For example, a catalytic effect is expected at 

the Pt/GaOx interface and NO desorption and reaction are induced. In addition, the formation 

of PtO2 is promoted, although at a high temperature compared to the present experiment42,43. 

In any case, the changes in the Ga 2p peaks and the emergence of the F 1s peak clearly 

contrast the capabilities of the two gases: NF3 seems to cause the Ga and F to bond, while F2 

seems to have no discernible effect, as also observed in Fig. 4. 

The Pre-PtGaN samples did not show any fluorination observed for the Post-PtGaN 

samples, as shown in Fig. 6. The F 1s peak did not emerge, and the Ga 2p peak remained as 

a single symmetrical peak for the 10 nm-thick PtPre-PtGaN. Pre-PtGaN samples were 

subjected to gas treatment first; at this point, they were identical to the bare samples. However, 

the subsequent Pt sputtering deposition process apparently removes any surface 

modifications caused by the treatment. The highly fluorinated GaN layer might have been 

etched away during the sputter deposition process. These results suggest that, contrary to 

expectations, NF3 treatment was effective when the gas was used for post-process treatment, 

whereas F2 did not cause any fluorination in GaN. 

 

CONCLUSION 

We investigated the effects of NF3 or F2 gas treatment on epitaxially grown GaN and found 

that NF3 is effective in fluorinating its surface, giving rise to a prominent F peak and 

chemically shifted Ga peaks in the corresponding HAXPES spectra, indicating the formation 

of GaFx (x = 1, 2, 3) species. The effects of NF3 treatment are observed not only in bare GaN 

samples but also in Pt/GaN samples treated with NF3 after Pt deposition; however, they are 
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not observed for Pt/GaN samples treated with NF3 before Pt deposition (Supplementary Fig. 

S4). Although our initial motivation was related to post-process passivation of defects by F-

termination, our results show that fluorination may actually lead to gap states in some cases. 

However, the process of incorporating F into GaN has several other applications by itself, 

including modification of device characteristics such as the threshold voltage. The findings 

in the present study suggest that NF3 treatment is an effective post-process method for 

fluorinating GaN-based systems after metal deposition. Moreover, compared with other 

fluorination methods such as exposure to CF4 plasma, the proposed method fluorinates the 

GaN or its metal interface without subjecting the surface to high-energy incident ions and 

can therefore be considered a viable low-damage process. 
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Figure Captions 

 

Figure 1. AFM images of untreated, NF3-treated, and F2-treated Bare-GaN. 

 

Figure 2. (a) F 1s, (b) Ga 2p3/2, and (c) N 1s core-level spectra for untreated, NF3-treated, and 

F2-treated Bare-GaN. The solid lines are the experimental points. The dashed lines 

are the Voigt profiles, and the red dots are their sum. Other Ga lines such as the 

2p1/2 and 3d (not shown) showed similar profiles. 

 

Figure 3. (a) Valence-band spectra near the Fermi level (EF, 0 eV) for untreated, NF3-treated, 

and F2-treated Bare-GaN. (b) Valence-region spectra for untreated and NF3-treated 

Bare-GaN. The spectrum of NF3-treated Bare-GaN is shown shifted by -0.2 eV for 

shape comparison.  

 

Figure 4. (a) F 1s, (b) Ga 2p3/2, and (c) N 1s core-level spectra for Post-Pt/GaN with 10 nm-

thick Pt layer. The solid lines are the experimental points, the dashed lines are the 

Voigt profiles, and the red dots are their sum. Other Ga lines such as 2p1/2 and 3d 

showed similar profiles. The differences in the signal-to-noise ratios are due to 

different numbers of scans. 

 

Figure 5. (a) Pt 4f, (b) F 1s, and (c) Ga 2p3/2 core-level spectra of NF3-treated Pt/GaN with 5, 

10, and 30 nm-thick Pt layer. (a) Pt 4f core-level spectra of untreated samples with 

5 and 10 nm-thick Pt layer are also shown as references. The solid and dashed lines 

correspond to NF3 gas-treated and untreated samples, respectively. (d) O 1s and Pt 

4p3/2 core-level spectra for NF3-treated Pt/GaN with 5, 10, and 30 nm-thick Pt layer. 

 

Figure 6. (a) F 1s, (b) Ga 2p3/2, and (c) N 1s core-level spectra for Pre-Pt/GaN with 10 nm-

thick Pt layer and untreated samples. 
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[Sample preparation] 

Figure S1 shows a schematic of the sample preparation process. Samples were annealed at 

500°C for 120 s in either an NF3 or F2. One group of samples did not undergo Pt deposition. 

Two other groups of samples had a layer of Pt deposited either after or before the gas 

annealing.  

 

 

 
 

 

Figure S1. Schematics of the sample preparation and gas treatment processes. 
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[Valence-band spectrum] 

The entire structure of valence band and Ga 3d spectra were shown in Fig. S2. The NF3-

treated sample shows an additional peak around 23 eV corresponding to GaFx and a peak 

shift to EF. 

 

 

 
 

 

Figure S2. Valence-band and Ga 3d spectra for NF3-treated, F2-treated, and untreated Bare-

GaN. 
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[Schottky properties] 

For the electrical properties on the NF3 treated Post- and Untreated PtGaN, a vertical device 

structure with top and bottom electrodes formed on GaN bulk crystals (Shinyo co. ltd., 

thickness: 362 μm) was used to simplify the sample fabrication process and to suppress the 

effect of surface modification by the additional wet process. 

For electrical measurements, a Pt top electrode with a diameter of 110 μm and a 

thickness of 250 nm was formed by DC-sputtering with a metal mask. On the back side, a 12 

nm thick Ti/100 nm thick Pt stacked ohmic electrode was formed by DC-sputtering. Some of 

the samples were treated with NF3. Current-voltage (I-V) measurements were performed 

using a semiconductor parameter analyzer (Keysight Technologies, B1500A). To investigate 

the Schottky barrier height in detail, the I-V characteristics were analyzed using the 

theoretical equation of thermal electron emission (S. M. Sze, Physics of Semiconductors 

Devices Wiley, New York, 1981., A. Kumar, et al., Nano. Res. Lett. 8 (2013) 481.). 

Figure S3 shows I-V properties of NF3-treated and Untreated Pt-GaN. The values of 

ΦB of NF3-treated and untreated samples are obtained as 1.09 and 0.92 eV, and their ideality 

factors are also estimated as 1.22 and 1.22, respectively. 

 
Figure S3. I-V properties of NF3-treated and Untreated Pt-GaN. 
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[Summary of the results] 

The effects of NF3 treatment are observed not only in bare GaN samples but also in Pt/GaN 

samples treated with NF3 after Pt deposition; however, they are not observed for Pt/GaN 

samples treated with NF3 before Pt deposition. 

 

 

 
 

 

Figure S4. Illustration of the effects of fluorine-containing gas treatment on GaN surfaces. 
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