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Wet nitridation of GaAs disk optical resonators. Thin layers 
of GaN are interesting candidates for GaAs surface passivation 
thanks to the high stability of GaN bonds. In addition, because of 
their high electronegativity, nitrogen atoms bonded onto surface 
gallium atoms should not lead to electronic states within the gap of 
GaAs. To form a thin nitride film, a wet chemical nitridation 
procedure has been developed [1,2]. It consists in treating the 
GaAs crystal in a highly alkaline (pH=12) hydrazine (N2H4) 
solution with a small amount (0.01M) of sodium sulfide (Na2S) 
added. The latter removes surface arsenic atoms under the form of 
soluble thioarsenic acid H3AsS3. The surface nitridation proceeds 
through dissociative adsorption of hydrazine molecules on the 
opened gallium atoms. The process stops after the formation of a 
continuous monolayer of GaN [2]. The formed nitride monolayer 
protects the crystal surface against oxidation. Unfortunately, the 
process also comes with surface microetching, which can affect the 
morphology of miniature structures [2,3]. This parasitic etching 
originates from the interaction of hydroxyl anions OH- with surface 
gallium atoms. To circumvent this problem, here we intentionally 

decreased the pH of the hydrazine–sulfide solution down to a 
value of 8.5. The preparation of the solution consists in two steps: 
firstly, we obtain a hydrazine buffer solution by adding anhydrous 
hydrazine-dihydrochloride (N2H4×2HCl) to hydrazine-hydrate, 
until reaching a target pH value. Secondly, Na2S is introduced into 
the solution up to a concentration of 0.01 M, leading to a 
concentration of OH- anions lowered by 4 orders of magnitude and 
a negligible parasitic etching [4].  The finally obtained parasitic 
etching amounts to few nanometers to few tens of nanometers at 
the surface of our resonators, and can be quantified by measuring 
the shifts of WGMs resonances after treatment. 

Before nitridation, the samples supporting GaAs disk 
resonators were rinsed in methylene chloride (CH2Cl2) and 
acetone, and immersed in concentrated NH4OH solution 
(35%) for a few minutes before rinsing with water. After 
drying they were immersed in the low alkaline hydrazine-
sulfide solution for 10 minutes at 80°C. The samples were 
subsequently rinsed in deionized water. 
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Impact of the surface treatment on WGMs resonant 
wavelength. In order to understand the evolution of WGM 
resonant wavelengths, we numerically simulated the 
electromagnetic changes induced by the subsequent steps of 
the ALD surface treatment process. We used for the 
refractive index of alumina a commonly found value of 
n=1,7471. In [8], the refractive index of alumina deposited 
by ALD was measured for different deposition temperature, 
up to 180° C. Our growth temperature being of 300° C, these 
results extrapolate to a value of 1.7, consistent with the 
employed value. With this value in hands, axisymmetric 
FEM calculations allowed determining the WGMs 
wavelength shifts produced by ALD deposition. In order to 
compare these values to the experimentally measured 
shifts, one needs to evaluate the shifts produced by the 
surface preparation made prior to ALD itself. In our 
experiments, it consists (sometimes) in a dip in ammonia, 
followed (always) by a hydrogen plasma exposure. These 
steps not only remove the surface reconstruction layer 
(SRL), but also etch away some GaAs material, hence 
reducing the dimensions of the disks and shifting the optical 
resonances as well. Our past experience indicates that the 
removal of the mere surface reconstruction layer with a 
short dip in ammonia leads to reduce the dimensions of a 
GaAs disk by about 2 nm (radius and thickness) [7]. In the 
present work, the ammonia dips tend to be longer hence the 
amount of removed GaAs should be larger. Additionally the 
dips are performed manually, with variations in their 
duration and in the stirring conditions in the solution, such 
that a variation in the produced surface etching is also 
expected. The subsequent hydrogen plasma treatment, 
which is carried under more reproducible conditions, also 
contributes to the wavelength shift by etching away some 
GaAs, in a way that we are evaluating below.  
 
On the disk of radius 4.5 µm employed in Fig. 3 (a) and (b), 
there is no ammonia treatment, but only a hydrogen plasma 
treatment followed by ALD. FEM simulations indicate that 
the ALD deposition of 30 nm of alumina experienced by this 
disk should red shift the TE WGMs resonance wavelengths 
by 19 (±1) nm. Of course, the exact amplitude of the shift 
depends on the radial and azimuthal number of each WGM 
(p=1 to 6 in the present case, corresponding to the variation 
of ±1 nm). Experimentally, this disk experiences a red shift 
of its WGM resonances by 9.5±2 nm (again for p=1 to 6). 
This means that the hydrogen-plasma treatment blue 
shifted the resonances by 9.5±3nm. FEM simulations 
indicate that such blue shift corresponds to the removal of a 
GaAs layer of thickness 2.3±0.7 nm all around the disk. Our 
hydrogen plasma process being reproducible; our 
understanding is that it always removes that same amount 
of GaAs on the surface. In Fig 2, the disk has a radius of 4.5 
µm and it experiences first an ammonia pre-treatment. With 
the hydrogen plasma, our analysis from above shows that 
WGM resonances are blue shifted by 9.5±3nm. An ALD 
deposition of 30 nm red shifts the resonances by 19±1 nm. 
Experimentally, we measure a red shift of 2.4±1 nm, which 
means that our ammonia pre-treatment has induced a blue 
shift of 7.1±5 nm. According to our FEM simulations, this 
corresponds to the removal of a GaAs layer of thickness 
1.7±1.2nm. This finding is consistent with our past 
experience on short dips of GaAs disks in ammonia [7]. On a 
disk of radius 3.4 µm, like the one employed in Fig. 3 (c) and 
(d), FEM calculations show that the hydrogen plasma 

produces a blue shift or resonances of 9.44±2.9 nm, and that 
an ALD of 20 nm of alumina produces a red shift of 14.3±1 
nm. Because the measured shift for the disk employed in 
Fig. 3 (c) and (d) is a blue shift of 13.3±1.7 nm, we deduce 
that the long dip in ammonia experienced by this disk has 
generated a blue shift of 18.1±6.6 nm. According to our FEM 
calculations, this corresponds to the removal of a GaAs layer 
of thickness 4.4±1.6 nm. There again, this finding is 
consistent with our past experience on ammonia dips, even 
if this disk has visibly experienced a slightly more 
pronounced etching (longer dip duration, different stirring 
conditions).  
 

Impact of the ALD thickness on the Q improvement. In Fig. 5 
of the main text, data of Q improvement by ALD were reported 
without mentioning precisely the ALD thickness employed for 
each disk and for for each WGM. In Fig. S3, this thickness is 
reported, evolving between 5 and 30 nm. From the (limited) 
statistics gathered here, it seems that the beneficial features of the 
ALD appear already at the smallest thickness of 5 nm, and that a 
thicker amount of deposition is not required. 

 
 

 
Fig. S3.  Role of the alumina thickness in the Q improvement by ALD.  
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