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In order to study the surface morphologies of the Cr doped sapphire, AFM images
of the bulk sapphire and Cr diffused sapphire in the size of 5 JLnl by 5 JLm scans are taken
and shown in Fig. 9 (a) and (b). The root mean square values (RMS) of the surface
roughness of sapphire and Cr diffused sapphire are 0.68 nm and 0.73 nm respectively..
This indicates the materials growth on Cr diffused sapphire is a plicable.

Figure 9. (a) AFM image of bulk sapphire in the size of 5 JLm by 5 JLrn scan
(b) AFM image of Cr diffused sapphire in the size of 5 JLm by 5 JLID scan

The transmission spectrum ofCr doped sapphire was taken with a Lambda9
ultraviolet- visible-near infrared (UV-VIS-NIR) absorption spectrophotometer. The
transmission spectnml is shown in Fig 10 (a). There is about 78% of transmission of the
Cr doped sapphire from 300 nm to 800 nm. Also, based on the transmission data, the
absorbance spectmm ofCr doped sapphire waveguide as a function of wavelength is
plotted in Fig. 10 (b). The two broad absorption bands at wavelengths of around 424nm
and 566 11m are due to transitions from the A2 ground state ofC~+ to the excited 4F2 and
4FI levels. This indicates that the Cr ions were incorporated into sapphire in the trivalent
state resulting in strong emission at 694 nm.
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Figure 10 (a) Transmission spectrum of Cr doped sapphire waveguide
(b) Absorbance spectrum of Cr doped sapphire waveguide



Fig. 11 shows the cathodoluminescence spectrum of the Cr diffilsed waveguide.
The strong emission ofR) line at 694 nm is due to the transition from the E level to the
grand state of 4A2. This indicates that the Cr ions were incorporated into sapphire in the
trivalent state resulting in strong emission at 694 DID.
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Figure 11. Cathodoluminescence of Cr diffused sapphire waveguide

By using a lensed-fiber integrated with a 2 mm diameter ofball lens coupling
system, light is coupled into the Cr-diffused waveguide from the input to the output end
face at 632.8 om shown in Fig. 12. This conftrnlS that the high quality optical Cr
diffused waveguide is fabricated.

Figure 12 Light coupled into the Cr-diffused waveguide



In summary, we demonstrated the formation of Cr diffused sapphire waveguides.
The C~+ ions are incorporated into the sapphire planar waveguide by thermal diffusion.

After diffusion, the surface of the Cr doped sapphire is very smooth, which is suitable for
devices fabrication. The light at 632.8 nm is coupled into the Cr-diffllsed planar
waveguide. These results demonstrate that the potential applications ofthe Cr-diffused
waveguide in integrated optical circuits.

One difficulty was obtaining multimode waveguides. This was accomplished by
instead of diffusing the Cr into the sapphire at high temperatures, by ablating a ruby laser
rod to place an amorphous layer of Cr:Sapphire and then re crystallizing the Cr:Sapphire.
However further work is needed to optimize this approach.

Preliminary growths of wide bandgap semiconductors were also performed on the
Cr:Sapphire waveguides. The materials were of high enough quality that they could
support optical modes, in both the Cr doped sapphire layer and the ZnO wide band gap
semiconductor. As shown in Figure 13 below.
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Figure 13.: ZoO film deposited on Cr:Sapphire waveguide.

A variety of other studies that were performed that were related to the original
proposa~ included the fabrication of GaN waveguides, and the simulation and design of
GaN waveguide devices. Additionally multiple materials were investigated using the
Prism coupling technique.
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