
Observation of stress dynamics after fs laser irradiation inside diamond 
 

○Masaaki Sakakura
1
, Takuro Okada

2
, Vibhav Bharadwaj

3,4
, Belen Sotillo

3,4
, Shane M. Eaton

3,4
, Ro-

berta Ramponi
3,4

, Toney T. Fernandez
3,4

, Ali Serpengüzel
5
, Ulaş S. Gökay

5
,Yasuhiko Shimotsuma

2
, 

Kiyotaka Miura
2 

 
1
Kyoto Univ. SACI , 

2
Kyoto Univ. Eng., 

3
Politec. Milano, Italy, 

4
IFN-CNR, Italy, 

5
Koç Univ., Turkey 

E-mail: msakakura@saci.kyoto-u.ac.jp 

 

 

1. Introduction 

Recently, diamond has attracted great interest as a plat-

form for quantum information, because it has nitrogen va-

cancy (NV) centers, which can be exploited as quantum 

bits, since the electron spin at the NV center has a long 

coherence time and be controlled with light [1]. Therefore, 

the precise three-dimensional fabrication inside diamond is 

a great challenge for realization of integrated di-

amond-based quantum devices. One of the key components 

in diamond-based quantum devices is an optical waveguide, 

which can be written by fs laser direct writing. Previously, 

we found that a single-pulse irradiation with 100-300 fs 

laser pulses cannot induce any permanent modification 

inside diamond, but double-pulse irradiation with 200-400 

fs laser pulses was effective to induce larger permanent 

modification [2]. However, the difference in the dynamics 

after fs laser irradiation between single- and double-pulse 

irradiation has remained unclear. In this study, we observed 

stress dynamics using a time-resolved interferometer to 

investigate the difference between single- and double-pulse 

irradiation.  

 

2. Methods 

Fs laser pulses (single or double pulses, central wave-

length = 800 nm, pulse duration 0.1-0.4 ps) were focused 

inside a diamond by a 50× objective lens (NA = 0.80) to 

induce nonlinear photoexcitation at the focus. The focus 

was 50 m below the surface. At the same time, the SHG 

of the fs laser pulse was transmitted through the photoex-

cited region as a probe pulse, and the transmitted light im-

ages were detected by a charge coupled device (CCD). For 

the detection of the phase distribution in the probe pulse, 

the probe light was passed through a Michelson interfero-

meter before detection by the CCD. 

 

3. Results 

   Figure 1 shows transient phase distributions after irrad-

iation with a 300 fs laser pulse inside diamond. We can see 

double ring patterns with opposite phase changes, which is 

due to the interference of two identical probe lights after 

passing through the sample and interferometer. Therefore, 

we focused on the left ring pattern for the analysis. The 

phase change in the photoexcited region did not change 

from 300 ps to 400 ps, while the phase change in the outer 

region propagated away from the center. Since the propa-

gation velocity was similar to the sound velocity in di-

amond, the outer phase change is due to a laser induced 

stress wave. Figure 2 shows radial distributions of the 

phase change plotted against the position from the center of 

the photoexcited region. The phase changes of the stress 

wave by double-pulse irradiation was slightly larger than 

that by single-pulse irradiation, while the phase change at 

the periphery of the photoexcited region by double-pulse 

irradiation was smaller. This difference suggests that the 

double-pulse irradiation can generate a large stress wave 

with less stress around the photoexcited region. 
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Fig. 1 Phase distributions after laser irradiation inside a di-

amond. 

 
Fig. 2. Radial distributions of phase change from the center 

of the photoexcited region. 
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