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Vapor-liquid-solid (VLS) grown wires have become key 
components of various devices. To maximize potential capability of 
electrical and optical device performance, knowledge of dopant 
control information is of utmost important [1]. Secondary ion mass 
spectroscopy (SIMS) method, a very powerful tool to investigate 
doping control, is typically used for films because of over hundreds 
of µm2 analysis area. On one hand, embedding high-density wire 
ensemble into other materials is an alternative way to measure dopant 
concentration by conventional SIMS [2]. On the other hand, it is 
necessarily important to analyze dopant distribution in single wires 
for more precise measurement. NanoSIMS, recently developed with 
sub-microscale ion beam size, makes the measurement possible [3]. 
Here we report controllable S concentration (NS) in VLS grown InP 
wires revealed by NanoSIMS with nanoscale-spatial-resolution 
mapping function.  

We synthesized InP/InAs wires in a metalorganic vapor phase 
epitaxy system in the self-catalyzed VLS mode [4]. In each wire, there are 6 InP segments with increasing S dose 
along growth direction. In order to localize these InP segments with different dose in measurement, we put a 
number of InAs disks into InP wires as markers (Fig. 1). We mechanically dispersed these InP/InAs wires onto a 
Si substrate. A Cameca NanoSIMS-50L was then used for dopant analysis with a 16 keV Cs+ primary ion beam 
at normal incidence. The ion beam size of 80-100 nm enables us to perform mapping analysis of phosphors (P), S, 
and As (arsenic) elements with nanoscale spatial resolution for single wires. Such mapping analysis can directly 
reveal S distribution along growth direction.  

Figure 2 shows the elemental mapping results. P profile shows 
homogeneous intensity along the axial direction, indicating the 
existence of InP segments. The high solubility of As in indium particles 
results in greater signal intensity in particle tip, revealing the particle 
position indicated by a grey arrow in Fig. 2b. The As profile clearly 
indicates the position of 6 InAs markers. S profile apparently shows 
increasing intensity along the growth direction, indicating an increasing 
NS. The result is well in agreement with the doping dose profile used 
for the wire (Fig. 1b).  

We also quantitatively extract the NS in InP wires by estimate 
Relative Sensitivity Factor (RSF) value. The RSF can be obtained by 
doing the same measurement for a reference sample (S:InP crystalline 
substrate with NS of 5.1E+16 cm-3) under same condition. NS is 
approximately linearly proportional to S doping dose. NS in InP wires 
is roughly estimated to be 1.59~8.6E+18 cm-3.  

In conclusion, we show direct evidence of controllable S 
concentration in InP wires by using NanoSIMS method with nanoscale-
spatial-resolution mapping function. This work is greatly helpful to 
access potential capability of electrical and optical device performance. 
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Fig. 1. (a) Cross-section HAADF-STEM 
image of an InP/InAs wire with increasing 
doping dose. The inset shows enlared 
InP/InAs double hetero structures. (b) 
Schematic of InP/InAs wire shown in (a). 1 
SSCM is equal to 0.16 µmol/min. for DTBS 
of sulfur source material.  
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Fig. 2. Elemental mapping of P (a), As 
(b), and S (c) for a single nanowire. The 
yellow-color arrows indicate 6 InAs 
markers. The grey arrow indicates the 
indium particle. The area size is 2.5 μm 
× 5.0 μm with 128 pix × 256 pix.  
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