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Figure S1.A schematic showing the growth of GaAs/AlGaAs core-shell nanowire growth. After 

GaAs core growth, the temperature of the reactor is increased to 750 
o
C with a 2 min 

stabilization period before growth of the AlGaAs shell. After shell growth, 1 min was allocated 

for stabilizing the gas flows for the GaAs cap growth. Interdiffusion occurred once the GaAs-

core/AlGaAs-shell interface was formed and during the time for the shell and cap growth 

  



 

                                    Bare GaAs              ts = 1.5 min               ts = 3 min                     ts = 8 min 

Figure S2. FESEM images of bare-GaAs nanowires and GaAs/AlGaAs core-shell nanowires 

with different shell growth times, ts. All nanowires grew vertically on GaAs (111) B substrate 

with smooth and parallel sidewall facets. Scale bars are 1 µm. 

  



 

Figure S3. (a) A conventional bright field TEM image of a core-shell nanowire with 1.5 min 

shell growth time. The core-shell nanowire is stacking fault free along the length of the 

nanowire. Red dots on the wire indicate the positions where EDX measurements were taken. The 

red dotted box indicates unintentional AlGaAs axial growth during the shell growth. (b) EDX 

counts ratio of Al/As along the nanowire. Note that The Al/As X-ray counts ratio recorded in this 

geometry can only identify whether there is any change in the Al distribution along the wire axis 

but cannot distinguish the absolute Al mole fraction in the AlGaAs shell. The EDX results show 

that the Al concentration is approximately uniform along the nanowire and increases at the 

unintentionally grown AlGaAs axial segment followed by a drop to 0 at the unintentionally 

grown axial GaAs segment during the GaAs cap growth (c-e) Cross-sectional bright field images 

of core-shell nanowires at positions marked by vertical dashed line in (a). The facets are along 

the �110� planes. The AlGaAs shell thicknesses (Lb) for nanowires with different shell growth 



time (normal growth rate, IIIo = 1.5 × 10
-5

 mol/min) are measured from a few cross-sections and 

results are shown in Figure S4. 

  



Figure S4. AlGaAs shell thickness (Lb) versus shell growth time (ts) for samples with normal 

shell growth rate (IIIo = 1.5 × 10
-5

 mol/min). Lb is measured from the cross-sectional TEM 

images. 

  



 

Figure S5. Statistics of measured lifetimes (τmc) of the sample with 3 min shell growth (shell 

thickness of 16 nm). 13 nanowires were randomly picked from two growths with identical 

growth parameters which were used to test the reproducibility.  



Simulation: 

Figure S6. (a) Conduction band (C. B.) diagram of a GaAs/AlGaAs/GaAs core-shell-cap 

nanowire. No quantum confinement is taken into account since the radius of the GaAs core 

nanowires is larger than Bohr radius for an exciton in GaAs. Iin represents the incident current 



density, Ire the reflected current density and Itun the tunnelling current density. V represents the 

conduction band offsets and Lb the barrier thickness. (b-c) The effect of lattice temperature (TLa) 

and Al concentration of the AlGaAs shell on the tunnelling probability of electrons in the core 

(Pe) as a function of Lb, respectively. (d-f) The effect of surface recombination velocity (Ssurf), 

saturated minority carrier lifetime in the core (τ) and the diameter of the core (d) on minority 

carrier lifetime (τmc) as a function of Lb, respectively. τ is considered as the minority carrier 

lifetime in the core when the effect of Pe on τmc vanishes. The effect of non-radiative 

recombination velocity at the core-shell interface (Sint) is incorporated in τ. 

Considering a rectangular barrier provided by the AlGaAs shell, the tunnelling probability of 

electrons in the core, Pe is
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ћ is the reduced Planck constant, mo the effective mass. E represents the energy of the carriers. 

This energy is primarily thermal  energy in this study, given by E ≈ kbTLa (where kb is the 

Boltzmann constant). TLa can be obtained by fitting the high energy tail of the PL spectrum. E 

will increase Pe by thermally activated the carriers in GaAs core to AlGaAs shell. For GaAs, mo 

= 0.063m. V is a function of Al concentration in AlGaAs, V = 0.77 × Al%. Figure S6(b) shows 

the effect of Al% on Pe. While 50% of Al is used in vapour phase for the AlGaAs shell growth, 

the incorporated Al was estimated to be about 40%,
2
 which makes V = 308 meV. Since V is 

much higher than E (~ 26 meV at 300 K), the contribution of thermal activation to Pe is 

negligible, as shown in Figure S6(c) that Pe does not change much with TLa in the range of 300 ~ 



500 K. With an effective mass of 0.51mo for the holes confined in valence band, the tunnelling 

probability of heavy holes in the core is much lower than Pe; thus only Pe is considered in this 

simulation. 

For a nanowire,
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where τr is the radiative recombination lifetime, τb,non is the non-radiative recombination lifetime 

of bulk material, Ssurf is surface recombination velocity of GaAs which is about 10
6
 cm/s

4,5
 and d 

is the diameter of nanowire. According to this equation, τmc strongly depends on the third term 

which includes both the diameter and Ssurf . In order to study the effect of Ssurf, the diameter of 

GaAs core nanowires was fixed in this study; in this way, Ssurf is the only independent variable. 

If tunnelling is taken into account, 
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where τ represents the τmc when Lb is thick enough to eliminate tunnelling effect. While Sint is 

dominated by the interdiffusion in this study, the longest measured τmc is used to represent τ 

where the effect of interdiffusion on τmc is excluded. For AlGaAs passivated GaAs nanowires, 

Sint is typical in a range of 10
3
 cm/s or even lower

6,7
 which is 3 orders of magnitudes smaller than 

Ssurf. This will magnify the effect of Pe on τmc and make τmc extremely sensitive to Pe, (Figure 

S6(d)), which  explains the difference in Lb where τmc saturated, Lb,s and where Pe falls to 0 in 

Figure 1(c). The effect of τ on τmc is also displayed in Figure S6(e). τ will not have a significant 

impact on Lb,s once it is in ns range. By comparing Figure S6(d), (e) and (f), it is found that Ssurf 

is the dominant parameter which determines Lb,s.  
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