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Abstract: GaN-based Micro-LED has been widely regarded as the most promising candidate for 
next generation of revolutionary display technology due to its advantages of high efficiency, high 
brightness and high stability. However, the typical micro-fabrication process would leave a great 
number of damages on the sidewalls of LED pixels, especially for Micro-LEDs, thus reducing the 
light emitting efficiency. In this paper, sidewall passivation methods were optimized by using acid-
base wet etching and SiO2 layer passivation. The optical and electrical characteristics of optimized 
Micro-LEDs were measured and analyzed. The internal quantum efficiency (IQE) of Micro-LED was 
increased to 85.4%, and the reverse leakage current was reduced down to 10−13 A at −5 V. Optimized 
sidewall passivation can significantly reduce the non-radiative recombination centers, improving 
the device performance and supporting the development of high-resolution Micro-LED display. 
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1. Introduction 
New display technology using the micron-sized LEDs (Micro-LED or μLED) as pixel 

units has become the hot topic in the display industry recently. As shown in Figure 1, 
Micro-LED has higher brightness [1], wider color gamut [2], higher resolution [3,4], 
greater contrast [5], lower energy consumption [6], longer service life [7], faster response 
speed [8] and better stability [9] with respect to the Organic LED (OLED). Therefore, Mi-
cro-LEDs are considered as the candidate for a wide range of applications, including 
VR/AR/XR displays of the next generation of display [10,11], visible light communications 
[12], medical treatment micro devices [13], etc. Definitely, our lifestyle will be changed in 
the near future. 
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Figure 1. Radar chart of OLED vs. Micro-LED in several aspects. 

However, Micro-LEDs with small pixel size encounter certain challenges, such as 
sidewall damages, luminance efficiency and uniformity [14]. The large body to surface 
area ratio of Micro-LED will lead to a great sidewall effect, where the etching process 
causes high density sidewall damages as non-radiative centers. The light emitting effi-
ciency of Micro-LEDs drops significantly in many reports [15–18]. Therefore, the optimi-
zation of sidewall passivation is particularly important for GaN-based Micro-LEDs. 

Some methods have been reported to reduce the sidewall etching damages. Seok-In 
Na et al. used a KOH solution for selective wet etching, which can increase the light output 
power of LEDs [19]. Sun Y et al. reported that the micro-trenches at bottom corner of mesa 
could be eliminated by a combined etching treatment using tetramethylammonium hy-
droxide (TMAH) [20]. Min-Woo et al. found that the leakage current of LED could be re-
duced by the SiO2 passivation layer, where the surface trapping states could be effectively 
suppressed [21]. S. A. Chevtchenko et al. proved that the combined SiO2 and SiNx layers 
could remove the surface oxygen and surface recombination centers [22]. V. Sheremet et 
al. also demonstrated that SiO2 passivation can reduce the reverse leakage current and 
increase the light emitting intensity [23]. Kyung Rock Son et al. have demonstrated a 39% 
higher light output power, 192% higher current density and 63% higher PL efficiency of 
μLED with optimized SiO2 passivation [24]. Chul Huh et al. further utilized (NH4)2S and 
(NH4)2S + t-C4H9OH to reduce the reverse leakage current [25]. Sabria Benrabah et al. 
demonstrated that the phosphoric acid solution could repair the surface damages [26]. 
However, most reported works focused on conventional large-scale LEDs. In addition, 
the reported light emitting efficiencies of the Micro-LED are still low [27]. Therefore, in 
order to promote the performance of Micro-LEDs, it is necessary to make a deep investi-
gation of the sidewall passivation method. 

In this paper, the passivation method was studied and optimized by combining 
H3PO4, KOH and dielectric layers. Optical and electrical characteristics of Micro-LED sam-
ples with different passivation methods were measured by photoluminescence (PL), tem-
perature-dependent photoluminescence (TDPL), scanning electron microscope (SEM), 
current-voltage (I-V) and electroluminescence (EL). Optimized parameters for passivation 
process were obtained, indicating a high potential in applications including display, visi-
ble light communication, and so on. 

2. Materials and Methods 
The commercial blue and green LED used in this work were grown on patterned 

sapphire substrates by a metal–organic chemical vapor deposition (MOCVD). The struc-
ture consisted of 3 μm thick GaN buffer layer, 2 μm thick n-type doped GaN layer, 15 
pairs of InGaN/GaN multiple quantum wells (MQW), and a 100 nm thick p-type doped 
GaN layer. In this experiment, the typical AlGaN electron blocking layer was not applied 
for the sake of the Micro-LED display application under low injection current. 

Firstly, the LED samples were cleaned by ultrasonic cleaning with acetone, ethanol, 
and deionized water for 10 min, in order to remove the grease and impurities on the 
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surface. Subsequently, 200 nm of the silicon oxide mask layer was grown by plasma-en-
hanced chemical vapor deposition (PECVD). Micro-sized mesa was patterned by a pho-
tolithograph, where reactive ion etching (RIE) and inductively coupled plasma etching 
(ICP) was used. Then, the buffered oxide etch (BOE) solution was used to remove the 
residual silicon oxide. In order to investigate the passivation parameters, one Micro-LED 
sample S1 was kept untreated as the reference sample. The other samples underwent 
phosphoric acid solution in water baths at the temperature of 25 °C, 50 °C and 80 °C for 
10 min, 20 min, 30 min and 60 min, respectively. Finally, five representative samples were 
prepared with different passivation parameters, as shown in Table 1. Sample S2 was put 
in phosphoric acid at 80 °C for 60 min; Sample S3 was put in the KOH solution; Sample 
S4 was placed in a KOH solution and then in the H3PO4 solution at 80 °C for 60 min; 
Sample S5 was prepared by an additional SiO2 passivation layer grown on the treated 
sample as sample S4. Finally, the n-type and p-type electrodes were deposited using an 
electron beam evaporation technique. Then, Ohmic contacts were formed using a typical 
rapid thermal annealing (RTA) process. 

Table 1. Optimization parameters of S1–5 samples. 

Samples Parameters of Optimization Methods 
S1 Untreated 
S2 85% H3PO4 @ 80 °C 60 min 
S3 1 mol/L KOH @ 80 °C 10 min 
S4 1 mol/L KOH @ 80 °C 10 min + 85% H3PO4 @ 80 °C 60 min 
S5 1 mol/L KOH @ 80 °C 10 min + 85% H3PO4 @ 80 °C 60 min + 400 nm SiO2 layer 

3. Results and Discussion 
The statistics light emitting intensity of the room temperature PL of samples with 

different phosphoric acid solution treatments are shown in Figure 2a. Compared to the 
reference sample without any treatment, the emission intensity of Micro-LED samples can 
be enhanced 3.5 times by 85% H3PO4 solution @ 80 °C for 60 min. Figure 2b demonstrates 
the PL spectra of 10 μm Micro-LED samples S1–S5 with different parameters, as shown in 
Table 1. It can be observed that sample S5 has the highest luminescence intensity, which 
is 15-times higher than that of the untreated reference sample S1. We believe the best pas-
sivation parameters might be close to that adopted in sample S5. Subsequently the Micro-
LED devices were fabricated using such passivation parameters as sample S5, namely the 
optimized-treated sample. The internal quantum efficiency (IQE) of S1 and S5 samples 
were tested and shown in Figure 2c,d. The IQE of 10 μm Micro-LED can be enhanced to 
85.4%. It proves that the optimized passivation treatment can effectively suppress the non-
radiative recombination centers, leading to an enhanced IQE and light emitting intensity. 

The time-resolved photoluminescence (TRPL) spectra of sample S1 and S5 were 
measured using the time-correlated single photon counting (TCSPC), of which the results 
were shown in Figure 2e. Typically, a double exponential model can be adopted to fit the 
decay curve. A fast exponential component and a slow exponential component can be 
acquired [28]: 𝐼(𝑡) = 𝐴  exp(−t/𝜏 ) + 𝐴  exp(−t/𝜏 ) (1)

where A1 and τ1 are the fast decay components, and A2 and τ2 are the slow decay compo-
nents. The internal quantum efficiency of LED is highly related to the fast and slow decay 
components. 𝜂 = 11 + 𝜏 /𝜏  (2)1𝜏 = 1𝜏 + 1𝜏   (3)
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where 𝜂  is the quivalent internal quantum efficiency, 𝜏  represents the radiative life-
time, and 𝜏𝑁𝑅 represents the non-radiative lifetime [29]. The radiative recombination is 
sensitive to impurities and defects, and τ1 is mainly determined by 𝜏𝑁𝑅 as the temperature 
higher than 40 K. The fast decay component τ1 of the optimized-treated Micro-LED sam-
ple increases from 5.33 ns to 9.88 ns. It indicates that the etching damages and defects on 
the sidewalls have been removed, thus improving the radiative recombination. 

 

 

Figure 2. (a) Statistics of PL intensity of Micro-LEDs treated by different parameters; (b) PL spectra 
of Micro-LEDs sample S1 to S5; (c) TDPL spectra and IQE of untreated sample S1; (d) TDPL spectra 
and IQE of optimized-treated sample S5; (e) TRPL of sample S1 and sample S5. 

The top-view and cross-sectional SEM images of Micro-LED pixels are shown in Fig-
ure 3. It can be observed that the sidewall of the optimized-treated sample S5 is much 
smoother than that of the untreated sample S1. The focused ion beam technique (FIB) was 
used to expose the cross-section images of the Micro-LED pixel, as shown in Figure 3c,d. 
The tilt angle of sidewall is reduced from the original 112° to 93°, which will also reduce 
the sidewall area. The treatment method used in this paper can modulate the structural 
characteristics, including the verticality and morphology of the sidewall. 

 
Figure 3. (a) SEM images of untreated sample S1; (b) SEM image of the optimized-treated sample 
S5; (c) cross-sectional SEM image of sample S1; (d) cross-sectional SEM image of sample S5. 
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The structural diagram and working images of two fabricated Micro-LED devices 
were shown in Figure 4a. The effects of the sidewall passivation method on device perfor-
mance were studied in comparison. As shown, the optimized-treated Micro-LED sample 
exhibits much higher brightness than that of the untreated sample under the same injected 
current density. I-V results in Figure 4b prove that the leakage current (from −5 V to 2 V) 
of the Micro-LED pixel can be reduced by the optimized sidewall passivation process. The 
dielectric passivation SiO2 layer will prevent the contamination of impurities and particles, 
avoiding the formation of current leakage channels. As shown in Figure 4c,d, the EL in-
tensity of the optimized-treated sample is increased by a factor of 5 times than that of the 
untreated sample. The EL tests were conducted again after 55 days, and there was a little 
change in EL intensity. This provides solid evidence that the optimized sidewall pas-
sivation could give birth to a high radiation efficiency. It will be useful for high resolution 
display and high-speed VLC applications. 

 
Figure 4. (a) Structural diagram and working images of Micro-LED devices; (b) Current-Voltage (I-
V) curves before and after optimization; (c) EL spectra of untreated Micro-LED under the injected 
current of 600 μA; (d) EL spectra of optimized-treated Micro-LED under the injected current of 600 
μA. 

Figure 5 demonstrates the external quantum efficiency (EQE) of Micro-LEDs with 
four pixel sizes. It should be mentioned that the improvement in EQE of 10 μm and 20 μm 
Micro-LED pixels is greater than that of 40 μm and 60 μm pixels due to the large surface 
to area ratio. Therefore, the sidewall passivation process is vital for the development of 
Micro-LEDs with small pixel size. 
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Figure 5. External quantum efficiency for (a) the 10 μm Micro-LED pixel; (b) the 20 μm Micro-LED 
pixel; (c) the 40 μm Micro-LED pixel; and (d) the 60 μm Micro-LED pixel. 

It has been widely reported the ICP dry etching brings a lot of sidewall damages and 
hanging bonds, resulting in low efficiency. The hanging bonds on sidewall are easily ac-
cessible to O2− and OH− ions, forming Ga-O compounds [26]. In this work, KOH solutions 
can dissolve these unnecessary compounds. The OH¯ ions have a high kinetic energy at 
high temperature. Therefore, 80 °C water bath was adopted to increase the passivation 
rate. This is because the c-plane GaN material is very stable to prevent the wet etching. 
Thus, the chemical reaction occurs at non-equilibrium positions such as defects, damages 
and atomic step edges. Next, the phosphoric acid treatment was carried out for further 
dissolving Ga-O compounds and preventing carbon contamination. It is also helpful for 
smoothing the sidewall and improving the verticality of the sidewall [30]. Finally, a silicon 
oxide cover layer was grown to further reduce the probability of the Ga-O bond formation 
and to prevent contamination by the external environment. As a result, the combined side-
wall passivation method can improve the optical and electrical properties of Micro-LED. 

4. Conclusions 
In this paper, a combined H3PO4 and KOH chemical treatment with the SiO2 pas-

sivation layer was carried out to reduce the sidewall damages of the Micro-LED caused 
by the typical micro-fabrication process. The performance of the Micro-LED was signifi-
cantly enhanced, which was proved by the optical and electrical characteristics of the 
treated Micro-LED samples. The IQE was enhanced to 85.4%, and the leakage current was 
reduced. The sidewall passivation treatment could effectively reduce the surface damages 
and hanging bonds. The results of the EQE further proved that passivation is vital for LED 
with small pixel size. Optimized passivation method can repair the sidewall damages and 
suppress the formation of the Ga-O hanging bonds. The improved luminescence effi-
ciency and reliability of Micro-LEDs could support wide applications in display and VLC. 

Author Contributions: Conceptualization, Z.Z., T.T. and B.L.; formal analysis, Z.Z., J.Y. and F.X.; 
investigation, Z.Z., J.Y., D.J., F.X. and Y.S.; resources, T.T., B.L., T.Z., Y.C., Y.Y., Z.X. and R.Z.; writ-
ing—original draft preparation, Z.Z., T.T. and B.L.; writing—review and editing, Z.Z., T.T. and B.L.; 
visualization, Z.Z.; supervision, T.T. and B.L.; project administration, Z.Z., T.T. and B.L.; funding 
acquisition, T.T. and B.L. All authors have read and agreed to the published version of the manu-
script. 



Micromachines 2023, 14, 10 7 of 8 
 

 

Funding: This work was funded by the National Key R&D Program of China (2021YFB3601600), 
the National Nature Science Foundation of China (61974062, 62074077, 62004104, 61921005, 
61974031, 62174141, 61971426), the Leading-edge Technology Program of Jiangsu Natural Science 
Foundation (BE2021008-2), and The Fundamental Research Foundation for the Central Universities, 
Collaborative Innovation Center of Solid-State Lighting and Energy-Saving Electronics. 

Institutional Review Board Statement:  Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: All relevant data are available from the corresponding author upon 
reasonable request. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 
1. Qi, L.; Zhang, X.; Chong, W.C.; Li, P.; Lau, K.M. 848 ppi high-brightness active-matrix micro-LED micro-display using GaN-on-

Si epi-wafers towards mass production. Opt. Express 2021, 29, 10580–10591. https://doi.org/10.1364/oe.419877. 
2. Liu, Y.-T.; Liao, K.-Y.; Lin, C.-L.; Li, Y.-L. 66-2: Invited Paper: PixeLED Display for Transparent Applications. SID Symp. Dig. Tech. 

Pap. 2018, 49, 874–875. https://doi.org/10.1002/sdtp.12235. 
3. Day, J.; Li, J.; Lie, D.Y.C.; Bradford, C.E.; Lin, J.; Jiang, H.X. III-Nitride full-scale high-resolution microdisplays. Appl. Phys. Lett. 

2011, 99, 031116. https://doi.org/10.1063/1.3615679. 
4. Kim, H.; Ryu, M.; Cha, J.H.; Kim, H.S.; Jeong, T.; Jang, J. Ten micrometer pixel, quantum dots color conversion layer for high 

resolution and full color active matrix micro-LED display. J. Soc. Inf. Disp. 2019, 27, 347–353. https://doi.org/10.1002/jsid.782. 
5. Chen, Z.; Yan, S.; Danesh, C. MicroLED technologies and applications: Characteristics, fabrication, progress, and challenges. J. 

Phys. D: Appl. Phys. 2020, 54, 123001. https://doi.org/10.1088/1361-6463/abcfe4. 
6. Huang, Y.; Hsiang, E.-L.; Deng, M.-Y.; Wu, S.-T. Mini-LED, Micro-LED and OLED displays: Present status and future perspec-

tives. Light. Sci. Appl. 2020, 9, 1–16. https://doi.org/10.1038/s41377-020-0341-9. 
7. Feng, Y.; Liu, C.; Cheng, Z.; Liu, Z. P-12.10: Study on Flip-Chip Structure of GaN-Based Micro-LED. SID Symp. Dig. Tech. Pap. 

2021, 52, 628–631. https://doi.org/10.1002/sdtp.14576. 
8. Singh, K.J.; Huang, Y.-M.; Ahmed, T.; Liu, A.-C.; Chen, S.-W.H.; Liou, F.-J.; Wu, T.; Lin, C.-C.; Chow, C.-W.; Lin, G.-R.; et al. 

Micro-LED as a Promising Candidate for High-Speed Visible Light Communication. Appl. Sci. 2020, 10, 7384. 
https://doi.org/10.3390/app10207384. 

9. Zhang, K.; Peng, D.; Lau, K.M.; Liu, Z. Fully-integrated active matrix programmable UV and blue micro-LED display system-
on-panel (SoP). J. Soc. Inf. Disp. 2017, 25, 240–248. https://doi.org/10.1002/jsid.550. 

10. Wu, T.; Sher, C.-W.; Lin, Y.; Lee, C.-F.; Liang, S.; Lu, Y.; Chen, S.-W.H.; Guo, W.; Kuo, H.-C.; Chen, Z. Mini-LED and Micro-LED: 
Promising Candidates for the Next Generation Display Technology. Appl. Sci. 2018, 8, 1557. https://doi.org/10.3390/app8091557. 

11. Lee, V.W.; Twu, N.; Kymissis, I. Micro-LED Technologies and Applications. Inf. Disp. 2016, 32, 16–23. 
https://doi.org/10.1002/j.2637-496x.2016.tb00949.x. 

12. Mei, S.; Liu, X.; Zhang, W.; Liu, R.; Zheng, L.; Guo, R.; Tian, P. High-Bandwidth White-Light System Combining a Micro-LED 
with Perovskite Quantum Dots for Visible Light Communication. ACS Appl. Mater. Interfaces 2018, 10, 5641–5648. 
https://doi.org/10.1021/acsami.7b17810. 

13. Zhanghu, M.; Wang, Y.; Liu, Z. P-4.5: The Applications of Micro-LED Arrays in The Medical Field. SID Symp. Dig. Tech. Pap. 
2019, 50, 710–713. https://doi.org/10.1002/sdtp.13620. 

14. Virey, E.H.; Baron, N. 45-1: Status and Prospects of microLED Displays. SID Symp. Dig. Tech. Pap. 2018, 49, 593–596. 
https://doi.org/10.1002/sdtp.12415. 

15. Horng, R.-H.; Ye, C.-X.; Chen, P.-W.; Iida, D.; Ohkawa, K.; Wu, Y.-R.; Wuu, D.-S. Study on the effect of size on InGaN red micro-
LEDs. Sci. Rep. 2022, 12, 1–7. https://doi.org/10.1038/s41598-022-05370-0. 

16. Olivier, F.; Tirano, S.; Dupré, L.; Aventurier, B.; Largeron, C.; Templier, F. Influence of size-reduction on the performances of 
GaN-based micro-LEDs for display application. J. Lumin. 2017, 191, 112–116. https://doi.org/10.1016/j.jlumin.2016.09.052. 

17. Kou, J.; Shen, C.-C.; Shao, H.; Che, J.; Hou, X.; Chu, C.; Tian, K.; Zhang, Y.; Zhang, Z.-H.; Kuo, H.-C. Impact of the surface 
recombination on InGaN/GaN-based blue micro-light emitting diodes.. Opt. Express 2019, 27, A643–A653. 
https://doi.org/10.1364/OE.27.00A643. 

18. Tian, P.; McKendry, J.J.D.; Gong, Z.; Guilhabert, B.; Watson, I.M.; Gu, E.; Chen, Z.; Zhang, G.; Dawson, M.D. Size-dependent 
efficiency and efficiency droop of blue InGaN micro-light emitting diodes. Appl. Phys. Lett. 2012, 101, 231110. 
https://doi.org/10.1063/1.4769835. 

19. Na, S.I.; Ha, G.Y.; Han, D.S.; Kim, S.S.; Kim, J.Y.; Lim, J.H.; Kim, D.J.; Min, K.I.; Park, S.J. Selective wet etching of p-GaN for 
efficient GaN-based light-emitting diodes. IEEE Photonics Technol. Lett. 2006, 18, 1512–1514. 
https://doi.org/10.1109/LPT.2006.877562. 



Micromachines 2023, 14, 10 8 of 8 
 

 

20. Sun, Y.; Kang, X.; Zheng, Y.; Wei, K.; Li, P.; Wang, W.; Liu, X.; Zhang, G. Optimization of Mesa Etch for a Quasi-Vertical GaN 
Schottky Barrier Diode (SBD) by Inductively Coupled Plasma (ICP) and Device Characteristics. Nanomaterials 2020, 10, 657. 
https://doi.org/10.3390/nano10040657. 

21. Ha, M.-W.; Choi, Y.-H.; Lim, J.; Han, M.-K. SiO2Passivation Effects on the Leakage Current in AlGaN/GaN High-Electron-Mo-
bility Transistors Employing Additional Schottky Gate. Jpn. J. Appl. Phys. 2007, 46, 2291–2295. 
https://doi.org/10.1143/jjap.46.2291. 

22. Chevtchenko, S.A.; Reshchikov, M.A.; Fan, Q.; Ni, X.; Moon, Y.T.; Baski, A.; Morkoç, H. Study of SiNx and SiO2 passivation of 
GaN surfaces. J. Appl. Phys. 2007, 101, 113709. https://doi.org/10.1063/1.2740324. 

23. Sheremet, V.; Genç, M.; Gheshlaghi, N.; Elçi, M.; Aydınlı, A.; Altuntaş, I.; Ding, K.; Avrutin, V.; Özgür, U.; Morkoç, H. Two-step 
passivation for enhanced InGaN/GaN light emitting diodes with step graded electron injectors. Superlattices Microstruct. 2018, 
113, 623–634. https://doi.org/10.1016/j.spmi.2017.11.050. 

24. Son, K.R.; Murugadoss, V.; Kim, K.H.; Kim, T.G. Investigation of sidewall passivation mechanism of InGaN-based blue mi-
croscale light-emitting diodes. Appl. Surf. Sci. 2022, 584, 152612. https://doi.org/10.1016/j.apsusc.2022.152612. 

25. Huh, C.; Kim, S.-W.; Kim, H.-S.; Hwang, H.; Park, S.-J. Effects of sulfur treatment on electrical and optical performance of 
InGaN/GaN multiple-quantum-well blue light-emitting diodes. Appl. Phys. Lett. 2001, 78, 1766–1768. 
https://doi.org/10.1063/1.1355990. 

26. Benrabah, S.; Legallais, M.; Besson, P.; Ruel, S.; Vauche, L.; Pelissier, B.; Thieuleux, C.; Salem, B.; Charles, M. H3PO4-based wet 
chemical etching for recovery of dry-etched GaN surfaces. Appl. Surf. Sci. 2021, 582, 152309. https://doi.org/10.1016/j.ap-
susc.2021.152309. 

27. Ding, K.; Avrutin, V.; Izyumskaya, N.; Özgür, U.; Morkoç, H. Micro-LEDs, a Manufacturability Perspective. Appl. Sci. 2019, 9, 
1206. https://doi.org/10.3390/app9061206. 

28. Liu, B.; Smith, R.; Athanasiou, M.; Yu, X.; Bai, J.; Wang, T. Temporally and spatially resolved photoluminescence investigation 
of (112¯2) semi-polar InGaN/GaN multiple quantum wells grown on nanorod templates. Appl. Phys. Lett. 2014, 105, 261103. 
https://doi.org/10.1063/1.4905191. 

29. Chichibu, S.F.; Hazu, K.; Ishikawa, Y.; Tashiro, M.; Namita, H.; Nagao, S.; Fujito, K.; Uedono, A. Time-resolved photolumines-
cence, positron annihilation, and Al0.23Ga0.77N/GaN heterostructure growth studies on low defect density polar and nonpolar 
freestanding GaN substrates grown by hydride vapor phase epitaxy. J. Appl. Phys. 2012, 111, 103518. 
https://doi.org/10.1063/1.4717955. 

30. Kazanowska, B.A.; Sapkota, K.R.; Lu, P.; Talin, A.A.; Bussmann, E.; Ohta, T.; Gunning, B.P.; Jones, K.S.; Wang, G.T. Fabrication 
and field emission properties of vertical, tapered GaN nanowires etched via phosphoric acid. Nanotechnology 2021, 33, 035301. 
https://doi.org/10.1088/1361-6528/ac2981. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the 
individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim re-
sponsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred 
to in the content. 

 


