


 

apparatus (a modified stylus profilometer) is an extension of previous work on in-situ electrical resistance 
heating of Si during scratching 6. Results give direct evidence of the existence of the high pressure 
metallic phase of silicon during scratching and this correlates well with previous reported and related work 
utilizing electrical detection 7. 

2. Infrared in-situ detection of metallic high pressure phase transformation in Silicon 

The previously developed nanoscratching setup is augmented with a laser source and detection system2 . 
The laser beam is coupled to a fiber optic cable and then passes through a diamond tip, which is attached 
to the diode laser�s fiber ferrule. The whole system can be easily built but the phenomenon behind this 
simple experiment might inspire some new thoughts and novel applications. 

2.1 Experimental design 
The experimental setup is shown in Fig-1. The main part of the system is a profilometer with precision 
tracing driver (Surfcom110B). The scribing length and speed are controlled by the tracing driver. A dead 
weight-load is added onto the stylus that holds the ferrule. The load direction is perpendicular to the 
wafer�s surface.  The silicon wafer is a p type (100) 4 inch diameter wafer with a thickness of 475~575 
micrometer. A 90 degree cone diamond tip (5µm nominal radius) mounted on the ferrule end is used as 
the scratching tool, see Fig-2. A low power laser (1310 nm wavelength, 8mW power) and corresponding 
detector (INGAAS DETECTOR 3000MICRON DIA, 900-1700nm) are used as the illumination and 
detection devices respectively. The diamond tip is gold coated to minimize stray radiation from being 
emitted from the ferrule end and diamond stylus.  Fig-3 and 4 are the SEM images of the gold coated 
diamond tip before and after scratching test. The area which has the gold removed is about 4 um in 
diameter.  This small area represents the aperture of the illumination system; i.e. the IR radiation mostly 
emerges from this small area. The small hole ~ 4 micrometer in diameter is visible at the tip of the 
diamond; i.e. on the radius of the diamond tip.  This small hole also represents the area of contact 
between the diamond tip and the silicon wafer, i.e. the gold coating is removed due to the contact 
between the diamond tip and the silicon wafer. 
 
2.2 Test of laser signal  
The laser output power was calibrated using an IQ-1200 power meter. The diamond tip is attached to the 
fiber ferrule using epoxy. A thin layer of gold, 2000 Angstrom thick, is vacuum coated on the diamond tip, 
which is used to converge or concentrate (guide) the laser beam to the contact area between the tip and 
the wafer. The coating, and small aperture size, brings the laser power down to several micro watts (from 
the peak of 8mW). The epoxy may also attenuate some of the power of the laser beam.  The beam size 
of the laser, from the fiber, is about 10 µm. The detector reading versus laser power measured on the 
power meter has been calibrated and shown in Chart-1. The laser runs at 18mA driving current during 
scratching. 

 

                     

             Fig-1 Experimental setup                                      Fig-2 Diamond tip attached on the ferrule 






