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1. Estimation of excess Ga and Al accumulated during QW growth under different
Me-rich conditions.

During the growth of MQW structures under Me-rich conditions with various
Ga/N2* flux ratio the following typical growth parameters were used. MQW-2.2-S struc-
ture was grown at the growth fluxes of Ga=1.00 ML/s, N2*=0.464 ML/s and the duration of
the growth of QW with a nominal thickness of 1.5ML tqw=3.2s. Substrate temperature
was Ts=691°C and in accordance with [1] the equilibrium Ga desorption flux at this
temperature was estimated as GaPF = 0.22ML/s. These fluxes provided the strong Ga-rich
growth conditions of GaN: (Ga - N2¥) > GaP® and the effective Ga-desorption flux GaP =
GaPE. Thus, the excess Ga accumulated during the QW growth equals

EGa= (Ga - GaP - N2¥)-tow = 1.0ML (81)

MQW-1.1-S structure was grown at the growth fluxes of Ga = 0.50 ML/s, N>* =
0.450ML/s and the duration of the growth of QW with a nominal thickness of 1.5ML
tow=3.1s. At the same substrate temperature (691°C), the fluxes used ensured the weak
Ga-rich conditions (Ga — N2*) < GaPF, at which the Ga desorption flux was equal to GaP =
(Ga—N2*)=0.5-0.45=0.05 ML/s and excess Ga did not accumulate.

2. Calculation of the stress in the 400x{GaN1s/AIN1c} MQW structure coherently grown
on AIN layer

An average Al-content (x) in the 400x{GaNu1s/AlN1} MQW structure was calculated
by the equation x=dst/(dow + dst), which at the used thicknesses dcan=1.5ML and dain=16
gave the value x=0.91. Vegard’s law was used for the calculations of the a-lattice con-
stant of the equivalent ternary alloy as aaican=aain-x + acan-(1-x)=3.118 A, where a-lattice
constants for binary alloys were aan = 3.111 A, acan = 3.189 A [2]. Using these data, the
biaxial strain in the coherently grown Al«Ga1~xN/AIN heterostructure was estimated as
&x = (aaN - gaican)/aacan = -0.00221. In the same way, the biaxial elastic modulus of
Al«GaixN (was calculated as Maican = Mainx + Mcan(1-x) = 472 GPa with the following
reference data for biaxial elastic modulus AIN and GaN: and Ma = 471 GPa [3], Mcan =
479 GPa [4], which was used to estimate the biaxial stress in this coherently grown het-
erostructure as ox = Maicanxexx = 1.0 GPa.

3. The SEM image of this structure with clearly visible cracks

Figure S1. SEM images of structure MQW-2.2-D1 obtained at various magnifications.
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4. The (105) RSMs of {GaN1s/AlN16} (N=50,100) MQW structures grown at various
Ga/N2* flux ratio

(a)

1.349E3
8.473E2
5.323E2
3.343E2
2.100E2
1.319E2
8.287E1
| 5.205E1

3 i 3.270E1
- ! 2.054E1
1.290E1
8.104E0
5.091E0
3.198E0
2.009E0
1.262E0

S.éB4 3.712 3.740 3767 3.795 3.823 3.850

a,, h[110]

T T T
3.601 3.629 3.657

2.185E3
1.351E3
8.356E2
5.168E2
3.196E2
1.976E2
1.222E1
7.559E1
4.674E1
2.891E1
1.788E1
1.106E1
6.837E0
4.228E0
2.615E0
1.617E0

3576 3595 3615 3.634 3.653 3673 3.692 3.712 3731 3751

q,, h[110]

1.310E3
8.365E2
5.341E2
3.410E2
2.177E2
1.390E2
8.878E1
5.668E1
3.619E1
2.31E1

1.476E1
9.422E0
6.016E0
3.841E0
2.453E0
1.566E0

3630 3.653 3676 3.609 3.723 3746 3769 3.792 3815 3.838
qa,, h[110]

Figure S2. The (105) RSMs of Nx{GaNis/AlNie} structures (a) 400xQW-1.5-1.1-S grown under
Ga/N2* =1.1; (b) 400xQW-1.5-2.2-5 (c) 400xQW-1.5-2.2-S (both (b) and (c) were grown under Ga/N>*
=2.2).
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