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Abstract 
The smallest green laser containing a built-in temperature 
controlling unit has been demonstrated. The device volume 
was just 0. 5 cubic centimeters, which is nearly the same 
size as existing red and blue diode lasers, has an electrical-
to-optical conversion efficiency of 10% and 150 mW power 
output. Furthermore as an alternative approach for 
compact green laser development, a quasi-phase matching 
method with wide spectral bandwidth for the reduction of 
speckle noise will be presented. 

 
 

1. Introduction of green laser for laser 
projection display 

 
The laser projection display (LPD) technology is a 

promising for the mobile applications owing to its 
small size, power efficiency, and always-in-focus 
characteristic [1, 2]. A full-color LPD requires three 
primary color lasers, red (R), green (G), and blue (B) 
lasers. Among them, the R and B lasers are 
commercially available in by compact laser diodes 
(LDs). However, the green LDs have not yet been 
commercialized due to low emission efficiency and 
instability of materials. One of the alternatives way to 
get green is that second harmonic generation (SHG).  

In this work, a diode-pumped Nd:YVO4/KTP 
microchip green laser [3-4], which is a very 
competitive approach due to its simplicity, high-
efficiency, and low-cost was demonstrated by SHG 
process. And a quasi-phase matching (QPM) method 
was suggested for wide green light especially for the 
reduction of speckle noise at LPD. 

 
 

2. Experimental result 
 

2.1 Diode pumped compact microchip green 
laser  

 
The schematic configurations and real image of the 
microchip green laser are shown in Fig. 1. A QA-
mounted 808-nm pump LD and a thermistor were 
thermally bonded onto one TEC and onto the other 
TEC, a Nd:YVO4/KTP microchip, a photodiode, a 
beam splitter, and a thermistor were thermally bonded 
via a submount. The LD had the optical power of 
about 500 mW at the injection current of 540 mA. The 
microchip was an optical-contact composite of a 
Nd:YVO4 crystal and a KTP crystal  

For the 532-nm intra-cavity SHG from 1064-nm 
fundamental oscillation beam, the pump-input facet of 
Nd:YVO4 crystal was coated to have a high 
transmittance at 808 nm and high reflectances at both 
1064 nm and 532 nm, and the green-output facet of 
KTP crystal was coated to have a high transmittance 
at 532 nm and a high reflectance at 1064 nm. The 
beam splitter next to the microchip was used to reflect 
the green output beam just a little into the photodiode 
which monitored the green output power. The IR-
absorbing filter was placed in front of the photodiode 
to block the 1064-nm beam. Another IR-absorbing 
filter was also attached to an aperture of the outer cap 
for the same reason. The two pairs of thermistor and 
TEC were connected to TEC drivers respectively, and 
the temperatures of the pump LD and the microchip 
were independently tuned by feedback control. The 
packaged laser has the external appearance of a 
hexahedron with the dimensions of 6×6×14 mm3, 
resulting in the volume of less than 0.50 cm3, which is 
small enough for use in mobile LPD systems. 

The average output power had the maximum of 
35.7 mW at the microchip temperature of 27oC, which 
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resulted in the maximum electrical-to-optical 
conversion efficiency of 10.5%. Also, the peak green 
output power during the “ON” time of injection 
current could be considered to be over 140 mW. 

 
 

 
 

Fig. 1. Schematic of the green laser:  Top and 
v iew  ( le f t ) ,  packaged real  image  ( l ight) 

 
2.2 Wide band green light source by Sum 
frequency generation using quasi-phase 

matched 
 

Generally to get compact green light a LD at 
wavelength of 1064 nm with spectral bandwidth of 
about 1~2 nm was used.  However, currently 
available IR LD around 1064 nm is very low power 
and expensive compared with the R and B LDs. So we 
tried sum frequency generation (SFG) to get green 
light using QPM method and two LDs at wavelength 
of 808 and 1550 nm. The periodically poled LiNbO3 
with QPM period of 7.8 ~ 7.3 um was designed for 
SFG as shown in Fig. 2. 

 
 

Fig.  2. Schematic of SFG process for green 
generation by QPM method. 

 
 

3. Summary 
 
We demonstrated two types of compact green light 

source which is a diode pumped SHG device and 
QPM device for mobile projection display. The details 
of optical characteristics will be present in the 
conference. 
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