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Abstract 

Laser-based displays have attracted much attention owing to large-size screen 
and full-color gamut compared with other displays such as liquid crystal dis-
play and light emitting diode. However, there exists a phenomenon, speckle, 
limits the applications of laser display because of the high coherence of laser. 
In this work, we developed an electrically injected 6xx nm dual-emitter laser 
which combines the low-spatial coherence with the high-power. The output 
power of the dual-emitter laser exceeds 500 mW under 20˚C pulse operation. 
The single emitter consists of D-shaped section used to obtain more inde-
pendent spatial modes thus reduces coherence and a stripe area to obtain the 
high power. The radius of the D-shaped cavity is 500 μm and the length of 
stripe is 1000 μm. We used the standard photolithography and inductively 
coupled plasma (ICP) process to fabricate the device. The speckle contrast 
was measured to be 5%. It exhibits a great potential of reducing speckle from 
the source directly for laser display. 
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1. Introduction 

Laser-based displays have attracted much attention and a bright prospect, be-
cause the laser is the only light source that produces saturated primary colors 
that reach over 90% of what our eyes can see, in another word, big gamut [1] 
and the laser display can realize the larger screen. However, there still exist the 
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drawbacks such as the speckle, a pattern formed by the interference of the laser 
owing to the high spatial coherence. The speckle pattern is considered as a nega-
tive factor in the laser display [2].During the years, different ways have been 
presented to reduce the speckle pattern. For instance, angle diversity, polariza-
tion diversity, wavelength diversity [3], rotating diffuser [4], and the Grating 
Light Valve (GLV) [3]. Goodman has proved that the speckle contrast C will be 
N−1/2 which N means the independent modes [5]. Nevertheless, the methods 
mentioned above achieve the low speckle contrast by averaging the speckle pat-
terns in the external cavity. To decrease the speckle effect fundamentally, we 
have to realize the low-spatial coherence of the light source. 

There are some ways to suppress the speckle by reducing the spatial coherence 
of the laser such as the random laser that can tune the spatial coherence by va-
rying the density of the scatters [6], degenerate cavity which can obtain the many 
transverse modes to reduce the spatial coherence [7]. However, the random laser 
and degenerate cavity cannot realize the electrical injection and the compact 
size. In order to realize the commercialization, there are some conditions to sa-
tisfy for the device: electrically injection; high conversion efficiency and direc-
tionally emission beam [8]. We recently demonstrated that the electrically in-
jected random lasing based on disordered photonic crystal structures [9] and the 
low-spatial coherence electrically injected red-emitting semiconductor laser [10]. 

In this paper, we will present latest results of new low-spatial coherence 6xx 
nm dual-emitter for relative high power. The maximal output power is 510 mW 
under 20˚C, pulsewidth of 40 μs and repetition frequency of 40 Hz after packag-
ing. The speckle contrast is measured to be 5% in the same way in [11]. 

2. The Structure Design of Device 

We use the coupled-cavity structure that consists the D-shaped cavity and the 
Fabry Perot (FP) cavity to obtain the multimode lasing simultaneously and rela-
tive high power output. The D-shaped cavity structure depends on the R, d and 
L which represent the radius of the D-shaped cavity, the distance between the 
flat edge and the center of the D-shaped cavity and FP cavity length respectively. 
Figure 1 is the schematic structure of the dual-emitter laser. We simulated the 
mode distributions of different d at the wavelength of 630 nm and adopted d = 
0.5R because of the uniform mode distribution while the other parameter like d 
= 0.8R showed the stable orbit in the D-shaped cavity. The former has more 
modes lasing simultaneously. 

3. Device Fabrication 

We adopted the R = 500 μm, d = 250 μm and L = 1000 μm to obtain the more 
lasing modes in order for low-spatial coherence. The fabrication process is rela-
tively simple and low-cost. We used the standard photolithography and ICP to 
obtain the pattern of the cavity. The cleaved laser bars coated with 8% antireflec-
tion film to increase output power. Finally, the devices were mounted P-side up 
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on Cu mounts. 

4. Device Result 

4.1. Power and Spectrum Measurement 

First, the power-current curve is measured first to confirm the maximal power 
the dual-emitter can reach under 20˚C, pulsewidth of 40 μs and repetition fre-
quency of 40 Hz. The power of the dual-emitter laser emitted exceeds 500 mW 
while the single emitter emits 300 mW. Then we measure the spectrum of the 
dual-emitter laser at different currents under the same pulse condition. Figure 2 
is the spectrum and spectrum width at full-width-at-half-maximum (FWHM). 
There is an obvious narrowing for spectrum width when the current exceeds the 
threshold value. It proves the dual-emitter become lasing further. 

 

 
Figure 1. Schematic of the dual-emitter laser. 

 

 
Figure 2. Schematic of the emission spectrum and the spectrum width at FWHM col-
lected from the dual-emitter laser at different currents. 
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4.2. Speckle Measurement 

Next we characterized the spatial coherence of the dual-emitter laser. The 
speckle contrast C is introduced to characterize the spatial coherence of the la-
ser. It is defined as: 

IC
I

σ
= .                           (1) 

The Iσ  is the standard deviation of intensity and I  is the average intensity. 
The speckle contrast is a value from 0 to 1. The low-spatial coherence equivalent 
to the low C which means the less influence on the image quality. However, 
there is still no standard method to measure the speckle [12]. We make a com-
parison between the dual-emitter laser and the traditional broad area (BA) laser 
in speckle contrast and image quality. It is similar to the method in [11]. Figure 
3 shows the setup of speckle measurement. Figure 4 is the speckle pattern col-
lected from the traditional laser and the dual-emitter laser. We can clearly see 
the speckle patterns collected from the BA laser and the dual-emitter laser. The 
speckle contrast of the BA laser is 0.11 while the dual-emitter laser is 0.05. It 
means the dual-emitter laser has the lower spatial coherence. 

5. Conclusion 

For the fabrication of the dual-emitter laser, it only needs the standard photoli-
thography and ICP etching process. It shows the low-spatial coherence which  

 

 
Figure 3. The speckle measurement setup. 

 

 
Figure 4. (a) The speckle pattern collected from the BA laser and (b) the dual-emitter la-
ser. 
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the speckle contrast is 5%. The relatively power exceeds 500 mW is obtained 
under 15A pulse condition (40 μs 40 Hz). It has a bright prospect as a low-spatial 
coherence light source in the laser display. 
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