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Abstract: We report fabrication of GaN microrods and their intracellular lasing characteristics for 
individual cell tracking and labeling application. 
OCIS codes: 140.3945, 120.2230, 170.1530. 

Cell labeling techniques play an essential role in cell imaging and individual cell tracking. In medical and 
biological science, the cell labeling is used for studying cell migration, differentiation, dynamic behavior of cells, 
progression of many diseases including cancer cell metastasis. For cell labeling, fluorescent dyes or quantum dots 
have widely been used, but their relatively broad emission spectrum makes it difficult to distinguish each individual 
cell. To address this issue, small lasers exhibiting sharp spectral lines have been employed [1]. For the cell labeling 
applications, the lasers must be small enough to be internalize into the cells as well as high lasing efficiency and 
biocompatibility. Among numerous nanomaterials, inorganic materials including CdS nanowires [2] and AlGaInP 
multi quantum well nanodisks [3] have been used for inorganic intracellular lasers due to their excellent lasing 
characteristics and stability. Here we propose that GaN microrods can also be a good candidate for intracellular laser 
because of their excellent lasing characteristics and biocompatibility [4]. 

Fig. 1. Sample preparation and schematic illustration for experimental. (a) FESEM image of GaN microrods grown on graphene films. (b) A 
schematic illustration for spreading the dispersed GaN microrods into cells. (c) Fluorescent confocal microscope images with cross sectional 
images. 

The GaN microrods were grown on graphene films using metal-organic vapor phase epitaxy (MOVPE) 
without employing any metal catalysts [5]. In this study, GaN microrods with a diameter of 1.5±1 µm and a length 
of 10±3 µm were employed for intracellular lasing experiments (Fig. 1a). To internalize into cells, the microrods 
were detached from the substrate by sonication and dispersed into a petri dish where HeLa cells were cultured (Fig. 
1b). As shown in Figure 1c, the GaN microrods were internalized into cells via endocytosis process within few 
hours. The internalization of GaN microrods was investigated using confocal microscopy with 4′,6-Diamidino-2-
phenylindole and calcein acetoxymethyl dyes. The cross-sectional fluorescent images clearly show that the GaN 
microrods were successfully introduced into the cells (Fig. 1c).  Then, we confirmed that the cells showed normal 
mobility and cell division for few weeks. For the intracellular lasing experiments, micro-photoluminescence 
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spectroscopy was used using a Nd:YAG pulse laser (355 nm, 10 Hz, 6 ns pulse width). The laser beam was focused 
on each cell using a 39X UV objective lens (NA=0.50). 

Fig. 2. GaN microrods intracellular laser characterization. (a) Power-dependent PL spectra of an intracellular GaN microrod. The inset shows the 
target cell with a GaN micro rod. (b) Integrated PL emission intensity of GaN microrod as a function of input excitation pumping density. 

We investigated lasing characteristics of a single intracellular GaN microrod. Figure 2a shows the 
representative photoluminescence (PL) spectra of an intracellular GaN laser at various excitation densities of 20–
720 kW/cm2. At low optical pumping power densities, a broad emission centered at 366 nm was observed. With 
increasing excitation power density, additional sharp peaks appeared. The intensity of the peaks rapidly increased 
with increasing excitation energy density, indicating a characteristic of stimulated emission. Because of the 
existence of multiple waveguide modes, these PL spectra have quite complex lasing peaks with irregular mode 
spacing and intensity ratios. Since the diameter of the GaN microrod is much larger than the single mode diameter, 
many waveguide modes can be shown simultaneously. Each waveguide mode with Fabry-Perot (FP) oscillations 
shows overlap between multiple waveguide modes and different waveguide modes can result in an irregular spacing 
with a number of resonance peaks [6]. The plot of integrated output emission intensity versus input excitation 
pumping density in figure 2b shows a lasing threshold of 270 kW/cm2, which shows high optical quality of GaN 
microrods. Despite of high reflective index inside of the cell, such a low lasing threshold comes from the high 
reflective index and material of GaN microrods. Since such a complex lasing spectrum highly depended on the 
diameter and length of GaN microrods [6], we believe that GaN microrods with various dimension can be used for 
individual cell tracking method.  
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