
Hanneke Gelderblom

EUV source workshop 05-11-2019

Drop impact phenomena  
in EUV lithography 



Drop dynamics challenges in the 
EUV source
✤ Optimal mass distribution for high CE
✤ Minimum debris

➡ How do drops deform?
➡ How do drops splash?

Required: understanding basic fluid 
dynamics

Parameter space: 
prepulse energy, focus, beam 
profile, drop size, main pulse 
timing, wall temperature,..
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Drop impact in the EUV source
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Drop impact in the EUV source
1. A 25-µm tin drop impacted by a 10 ns Nd:YAG laser

stroboscopic movie D. Kurilovich & O. Versolato (ARCNL)
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2.  A 1.6-mm tin drop impacting a sapphire substrate

high-speed movie (30 kFPS)
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Laser impact on a liquid drop: 
Pushing on a liquid sphere
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Gelderblom et al. J. Fluid Mech. 794 (2016)

Laser impact on a liquid drop: 
Pushing on a liquid sphere
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Laser impact on a liquid drop: 
Pushing on a liquid sphere
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Consequences:
1. Other ‘pushing mechanisms’ give similar fluid dynamic response
2. Pressure profile predicts direction of motion, shape & breakup 

Gelderblom et al. J. Fluid Mech. 794 (2016)

Laser impact on a liquid drop: 
Pushing on a liquid sphere
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Kurilovich et al. Phys. Rev. Applied 6 (2016)



Drop breakup scenarios
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rim breakup hole nucleation

Weber number = kinetic energy
surface energy

ρR0U2

γ

key parameter governing drop deformation & fragmentation
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Link speed U to laser pulse energy: Kurilovich et al. Phys. Rev. Applied 6 (2016)
Gelderblom et al. J. Fluid Mech. 794 (2016)
Klein et al. submitted (2019) arXiv:1910.02522 
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Rim breakup 
Rayleigh-Taylor & Rayleigh-Plateau instabilities
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Klein et al. submitted (2019) arXiv:1910.02522 
Villermaux & Bossa J. Fluid Mech. 668 (2011)

Elaser, Weber number



Hole nucleation 
RT instability caused by impulsive acceleration 
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Prediction of breakup time
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•Pre-pulse energy
•Main pulse timing

rim breakup hole nucleation
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Drop impact in the EUV source

1. A 25-µm tin drop impacted by a 10 ns Nd:YAG laser

stroboscopic movie D. Kurilovich & O. Versolato (ARCNL)
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2.  A 1.6-mm tin drop impacting a sapphire substrate

high-speed movie (30 kFPS)



Isothermal impact of tin on sapphire

We= 310, U = 3.9 m/s 
Ts = 250 °C

M.V. Gielen, R. de Ruiter, R. Koldeweij, J.H. Snoeijer, D. Lohse and H. Gelderblom, J. Fluid Mech. 2019 (accepted)

How does freezing affect impact dynamics?
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Tin drop impact on cold sapphire

No bounce, no splash, spreading & fingering reduced

We= 267, U = 3.5 m/s 
Ts = 150 °C

M.V. Gielen et al. J. Fluid Mech. 2019 (accepted)
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Maximum spreading

Dmax
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M.V. Gielen et al. J. Fluid Mech. 2019 (accepted)
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Maximum spreading

U(m/s)
<latexit sha1_base64="41DkaV86p0+phCcJ608/PcMhAwo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXmoigh6LXjxWMG2hDWWz3bRLdzdhdyOE0B/hxYMiXv093vw3btsctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcjfzO09UaRbLR5MlNBB4JFnECDZW6vioLi70+aBacxvuHGiVeAWpQYHWoPrVH8YkFVQawrHWPc9NTJBjZRjhdFrpp5ommEzwiPYslVhQHeTzc6fozCpDFMXKljRorv6eyLHQOhOh7RTYjPWyNxP/83qpiW6CnMkkNVSSxaIo5cjEaPY7GjJFieGZJZgoZm9FZIwVJsYmVLEheMsvr5L2ZcNzG97DVa15W8RRhhM4hTp4cA1NuIcW+EBgAs/wCm9O4rw4787HorXkFDPH8AfO5w/aJo6V</latexit><latexit sha1_base64="41DkaV86p0+phCcJ608/PcMhAwo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXmoigh6LXjxWMG2hDWWz3bRLdzdhdyOE0B/hxYMiXv093vw3btsctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcjfzO09UaRbLR5MlNBB4JFnECDZW6vioLi70+aBacxvuHGiVeAWpQYHWoPrVH8YkFVQawrHWPc9NTJBjZRjhdFrpp5ommEzwiPYslVhQHeTzc6fozCpDFMXKljRorv6eyLHQOhOh7RTYjPWyNxP/83qpiW6CnMkkNVSSxaIo5cjEaPY7GjJFieGZJZgoZm9FZIwVJsYmVLEheMsvr5L2ZcNzG97DVa15W8RRhhM4hTp4cA1NuIcW+EBgAs/wCm9O4rw4787HorXkFDPH8AfO5w/aJo6V</latexit><latexit sha1_base64="41DkaV86p0+phCcJ608/PcMhAwo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXmoigh6LXjxWMG2hDWWz3bRLdzdhdyOE0B/hxYMiXv093vw3btsctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcjfzO09UaRbLR5MlNBB4JFnECDZW6vioLi70+aBacxvuHGiVeAWpQYHWoPrVH8YkFVQawrHWPc9NTJBjZRjhdFrpp5ommEzwiPYslVhQHeTzc6fozCpDFMXKljRorv6eyLHQOhOh7RTYjPWyNxP/83qpiW6CnMkkNVSSxaIo5cjEaPY7GjJFieGZJZgoZm9FZIwVJsYmVLEheMsvr5L2ZcNzG97DVa15W8RRhhM4hTp4cA1NuIcW+EBgAs/wCm9O4rw4787HorXkFDPH8AfO5w/aJo6V</latexit><latexit sha1_base64="41DkaV86p0+phCcJ608/PcMhAwo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXmoigh6LXjxWMG2hDWWz3bRLdzdhdyOE0B/hxYMiXv093vw3btsctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcjfzO09UaRbLR5MlNBB4JFnECDZW6vioLi70+aBacxvuHGiVeAWpQYHWoPrVH8YkFVQawrHWPc9NTJBjZRjhdFrpp5ommEzwiPYslVhQHeTzc6fozCpDFMXKljRorv6eyLHQOhOh7RTYjPWyNxP/83qpiW6CnMkkNVSSxaIo5cjEaPY7GjJFieGZJZgoZm9FZIwVJsYmVLEheMsvr5L2ZcNzG97DVa15W8RRhhM4hTp4cA1NuIcW+EBgAs/wCm9O4rw4787HorXkFDPH8AfO5w/aJo6V</latexit>

D
m

a
x
/D

0
<latexit sha1_base64="r/pmuvv6XYVX6NDlvCSYbI3HIsQ=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4qokIeizag8cK9gPSEDbbTbt0Nxt2N2IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelHKmjet+Oyura+sbm6Wt8vbO7t5+5eCwrWWmCG0RyaXqRlhTzhLaMsxw2k0VxSLitBONbqd+55EqzWTyYMYpDQQeJCxmBBsr+Y0wF/hpct4I3bBSdWvuDGiZeAWpQoFmWPnq9SXJBE0M4Vhr33NTE+RYGUY4nZR7maYpJiM8oL6lCRZUB/ns5Ak6tUofxVLZSgyaqb8nciy0HovIdgpshnrRm4r/eX5m4usgZ0maGZqQ+aI448hINP0f9ZmixPCxJZgoZm9FZIgVJsamVLYheIsvL5P2Rc1za979ZbV+U8RRgmM4gTPw4ArqcAdNaAEBCc/wCm+OcV6cd+dj3rriFDNH8AfO5w+a6JDL</latexit><latexit sha1_base64="r/pmuvv6XYVX6NDlvCSYbI3HIsQ=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4qokIeizag8cK9gPSEDbbTbt0Nxt2N2IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelHKmjet+Oyura+sbm6Wt8vbO7t5+5eCwrWWmCG0RyaXqRlhTzhLaMsxw2k0VxSLitBONbqd+55EqzWTyYMYpDQQeJCxmBBsr+Y0wF/hpct4I3bBSdWvuDGiZeAWpQoFmWPnq9SXJBE0M4Vhr33NTE+RYGUY4nZR7maYpJiM8oL6lCRZUB/ns5Ak6tUofxVLZSgyaqb8nciy0HovIdgpshnrRm4r/eX5m4usgZ0maGZqQ+aI448hINP0f9ZmixPCxJZgoZm9FZIgVJsamVLYheIsvL5P2Rc1za979ZbV+U8RRgmM4gTPw4ArqcAdNaAEBCc/wCm+OcV6cd+dj3rriFDNH8AfO5w+a6JDL</latexit><latexit sha1_base64="r/pmuvv6XYVX6NDlvCSYbI3HIsQ=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4qokIeizag8cK9gPSEDbbTbt0Nxt2N2IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelHKmjet+Oyura+sbm6Wt8vbO7t5+5eCwrWWmCG0RyaXqRlhTzhLaMsxw2k0VxSLitBONbqd+55EqzWTyYMYpDQQeJCxmBBsr+Y0wF/hpct4I3bBSdWvuDGiZeAWpQoFmWPnq9SXJBE0M4Vhr33NTE+RYGUY4nZR7maYpJiM8oL6lCRZUB/ns5Ak6tUofxVLZSgyaqb8nciy0HovIdgpshnrRm4r/eX5m4usgZ0maGZqQ+aI448hINP0f9ZmixPCxJZgoZm9FZIgVJsamVLYheIsvL5P2Rc1za979ZbV+U8RRgmM4gTPw4ArqcAdNaAEBCc/wCm+OcV6cd+dj3rriFDNH8AfO5w+a6JDL</latexit><latexit sha1_base64="r/pmuvv6XYVX6NDlvCSYbI3HIsQ=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4qokIeizag8cK9gPSEDbbTbt0Nxt2N2IJ/RlePCji1V/jzX/jts1BWx8MPN6bYWZelHKmjet+Oyura+sbm6Wt8vbO7t5+5eCwrWWmCG0RyaXqRlhTzhLaMsxw2k0VxSLitBONbqd+55EqzWTyYMYpDQQeJCxmBBsr+Y0wF/hpct4I3bBSdWvuDGiZeAWpQoFmWPnq9SXJBE0M4Vhr33NTE+RYGUY4nZR7maYpJiM8oL6lCRZUB/ns5Ak6tUofxVLZSgyaqb8nciy0HovIdgpshnrRm4r/eX5m4usgZ0maGZqQ+aI448hINP0f9ZmixPCxJZgoZm9FZIgVJsamVLYheIsvL5P2Rc1za979ZbV+U8RRgmM4gTPw4ArqcAdNaAEBCc/wCm+OcV6cd+dj3rriFDNH8AfO5w+a6JDL</latexit>
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<latexit sha1_base64="j1XwLc5nDW/pubwPfWwYr/A3ed8="></latexit><latexit sha1_base64="j1XwLc5nDW/pubwPfWwYr/A3ed8="></latexit><latexit sha1_base64="j1XwLc5nDW/pubwPfWwYr/A3ed8="></latexit><latexit sha1_base64="j1XwLc5nDW/pubwPfWwYr/A3ed8="></latexit>

Pe =
D0U

↵
<latexit sha1_base64="PeZGBbxZ2h4bgt3zvo5f/gEhgss=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgETyURQS9CUQ8eK5i20ISy2W7apbubsLsRSsjRi3/FiwdFvPoTvPlv3LQ5aOuDgcd7M8zMCxNGlXacb6uytLyyulZdr21sbm3v2Lt7bRWnEhMPxyyW3RApwqggnqaakW4iCeIhI51wfF34nQciFY3FvZ4kJOBoKGhEMdJG6tuHPkd6JHnWIvmlH0mEs5u+4+WZj1gyQnnfrjsNZwq4SNyS1EGJVt/+8gcxTjkRGjOkVM91Eh1kSGqKGclrfqpIgvAYDUnPUIE4UUE2fSSHx0YZwCiWpoSGU/X3RIa4UhMems7ibDXvFeJ/Xi/V0UWQUZGkmgg8WxSlDOoYFqnAAZUEazYxBGFJza0Qj5BJQ5vsaiYEd/7lRdI+bbhOw707qzevyjiq4AAcgRPggnPQBLegBTyAwSN4Bq/gzXqyXqx362PWWrHKmX3wB9bnD0vHmiI=</latexit><latexit sha1_base64="PeZGBbxZ2h4bgt3zvo5f/gEhgss=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgETyURQS9CUQ8eK5i20ISy2W7apbubsLsRSsjRi3/FiwdFvPoTvPlv3LQ5aOuDgcd7M8zMCxNGlXacb6uytLyyulZdr21sbm3v2Lt7bRWnEhMPxyyW3RApwqggnqaakW4iCeIhI51wfF34nQciFY3FvZ4kJOBoKGhEMdJG6tuHPkd6JHnWIvmlH0mEs5u+4+WZj1gyQnnfrjsNZwq4SNyS1EGJVt/+8gcxTjkRGjOkVM91Eh1kSGqKGclrfqpIgvAYDUnPUIE4UUE2fSSHx0YZwCiWpoSGU/X3RIa4UhMems7ibDXvFeJ/Xi/V0UWQUZGkmgg8WxSlDOoYFqnAAZUEazYxBGFJza0Qj5BJQ5vsaiYEd/7lRdI+bbhOw707qzevyjiq4AAcgRPggnPQBLegBTyAwSN4Bq/gzXqyXqx362PWWrHKmX3wB9bnD0vHmiI=</latexit><latexit sha1_base64="PeZGBbxZ2h4bgt3zvo5f/gEhgss=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgETyURQS9CUQ8eK5i20ISy2W7apbubsLsRSsjRi3/FiwdFvPoTvPlv3LQ5aOuDgcd7M8zMCxNGlXacb6uytLyyulZdr21sbm3v2Lt7bRWnEhMPxyyW3RApwqggnqaakW4iCeIhI51wfF34nQciFY3FvZ4kJOBoKGhEMdJG6tuHPkd6JHnWIvmlH0mEs5u+4+WZj1gyQnnfrjsNZwq4SNyS1EGJVt/+8gcxTjkRGjOkVM91Eh1kSGqKGclrfqpIgvAYDUnPUIE4UUE2fSSHx0YZwCiWpoSGU/X3RIa4UhMems7ibDXvFeJ/Xi/V0UWQUZGkmgg8WxSlDOoYFqnAAZUEazYxBGFJza0Qj5BJQ5vsaiYEd/7lRdI+bbhOw707qzevyjiq4AAcgRPggnPQBLegBTyAwSN4Bq/gzXqyXqx362PWWrHKmX3wB9bnD0vHmiI=</latexit><latexit sha1_base64="PeZGBbxZ2h4bgt3zvo5f/gEhgss=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgETyURQS9CUQ8eK5i20ISy2W7apbubsLsRSsjRi3/FiwdFvPoTvPlv3LQ5aOuDgcd7M8zMCxNGlXacb6uytLyyulZdr21sbm3v2Lt7bRWnEhMPxyyW3RApwqggnqaakW4iCeIhI51wfF34nQciFY3FvZ4kJOBoKGhEMdJG6tuHPkd6JHnWIvmlH0mEs5u+4+WZj1gyQnnfrjsNZwq4SNyS1EGJVt/+8gcxTjkRGjOkVM91Eh1kSGqKGclrfqpIgvAYDUnPUIE4UUE2fSSHx0YZwCiWpoSGU/X3RIa4UhMems7ibDXvFeJ/Xi/V0UWQUZGkmgg8WxSlDOoYFqnAAZUEazYxBGFJza0Qj5BJQ5vsaiYEd/7lRdI+bbhOw707qzevyjiq4AAcgRPggnPQBLegBTyAwSN4Bq/gzXqyXqx362PWWrHKmX3wB9bnD0vHmiI=</latexit>

Ste =
cp(Tm � Ts)

L<latexit sha1_base64="wf76qGqrXI4DELC6y7qrg09PlmY=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUhWVGBN0IRTcuXFTsCzplyKSZNjTJDElGKMN8gBt/xY0LRdz6Ae78GzPtLLT1QOBwzrnk3uNHjCpt299WYWl5ZXWtuF7a2Nza3inv7rVVGEtMWjhkoez6SBFGBWlpqhnpRpIg7jPS8cfXmd95IFLRUDT1JCJ9joaCBhQjbSSvXHE50iPJk3tN0ks3kAgn2IuqTY+fND11nCa3qUnZNXsKuEicnFRAjoZX/nIHIY45ERozpFTPsSPdT5DUFDOSltxYkQjhMRqSnqECcaL6yfSYFB4ZZQCDUJonNJyqvycSxJWacN8ks9XVvJeJ/3m9WAcX/YSKKNZE4NlHQcygDmHWDBxQSbBmE0MQltTsCvEImUK06a9kSnDmT14k7dOaY9ecu7NK/SqvowgOwCGoAgecgzq4AQ3QAhg8gmfwCt6sJ+vFerc+ZtGClc/sgz+wPn8A3tybeQ==</latexit><latexit sha1_base64="wf76qGqrXI4DELC6y7qrg09PlmY=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUhWVGBN0IRTcuXFTsCzplyKSZNjTJDElGKMN8gBt/xY0LRdz6Ae78GzPtLLT1QOBwzrnk3uNHjCpt299WYWl5ZXWtuF7a2Nza3inv7rVVGEtMWjhkoez6SBFGBWlpqhnpRpIg7jPS8cfXmd95IFLRUDT1JCJ9joaCBhQjbSSvXHE50iPJk3tN0ks3kAgn2IuqTY+fND11nCa3qUnZNXsKuEicnFRAjoZX/nIHIY45ERozpFTPsSPdT5DUFDOSltxYkQjhMRqSnqECcaL6yfSYFB4ZZQCDUJonNJyqvycSxJWacN8ks9XVvJeJ/3m9WAcX/YSKKNZE4NlHQcygDmHWDBxQSbBmE0MQltTsCvEImUK06a9kSnDmT14k7dOaY9ecu7NK/SqvowgOwCGoAgecgzq4AQ3QAhg8gmfwCt6sJ+vFerc+ZtGClc/sgz+wPn8A3tybeQ==</latexit><latexit sha1_base64="wf76qGqrXI4DELC6y7qrg09PlmY=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUhWVGBN0IRTcuXFTsCzplyKSZNjTJDElGKMN8gBt/xY0LRdz6Ae78GzPtLLT1QOBwzrnk3uNHjCpt299WYWl5ZXWtuF7a2Nza3inv7rVVGEtMWjhkoez6SBFGBWlpqhnpRpIg7jPS8cfXmd95IFLRUDT1JCJ9joaCBhQjbSSvXHE50iPJk3tN0ks3kAgn2IuqTY+fND11nCa3qUnZNXsKuEicnFRAjoZX/nIHIY45ERozpFTPsSPdT5DUFDOSltxYkQjhMRqSnqECcaL6yfSYFB4ZZQCDUJonNJyqvycSxJWacN8ks9XVvJeJ/3m9WAcX/YSKKNZE4NlHQcygDmHWDBxQSbBmE0MQltTsCvEImUK06a9kSnDmT14k7dOaY9ecu7NK/SqvowgOwCGoAgecgzq4AQ3QAhg8gmfwCt6sJ+vFerc+ZtGClc/sgz+wPn8A3tybeQ==</latexit><latexit sha1_base64="wf76qGqrXI4DELC6y7qrg09PlmY=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUhWVGBN0IRTcuXFTsCzplyKSZNjTJDElGKMN8gBt/xY0LRdz6Ae78GzPtLLT1QOBwzrnk3uNHjCpt299WYWl5ZXWtuF7a2Nza3inv7rVVGEtMWjhkoez6SBFGBWlpqhnpRpIg7jPS8cfXmd95IFLRUDT1JCJ9joaCBhQjbSSvXHE50iPJk3tN0ks3kAgn2IuqTY+fND11nCa3qUnZNXsKuEicnFRAjoZX/nIHIY45ERozpFTPsSPdT5DUFDOSltxYkQjhMRqSnqECcaL6yfSYFB4ZZQCDUJonNJyqvycSxJWacN8ks9XVvJeJ/3m9WAcX/YSKKNZE4NlHQcygDmHWDBxQSbBmE0MQltTsCvEImUK06a9kSnDmT14k7dOaY9ecu7NK/SqvowgOwCGoAgecgzq4AQ3QAhg8gmfwCt6sJ+vFerc+ZtGClc/sgz+wPn8A3tybeQ==</latexit>
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<latexit sha1_base64="j1XwLc5nDW/pubwPfWwYr/A3ed8="></latexit><latexit sha1_base64="j1XwLc5nDW/pubwPfWwYr/A3ed8="></latexit><latexit sha1_base64="j1XwLc5nDW/pubwPfWwYr/A3ed8="></latexit><latexit sha1_base64="j1XwLc5nDW/pubwPfWwYr/A3ed8="></latexit>

Pe =
D0U

↵
<latexit sha1_base64="PeZGBbxZ2h4bgt3zvo5f/gEhgss=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgETyURQS9CUQ8eK5i20ISy2W7apbubsLsRSsjRi3/FiwdFvPoTvPlv3LQ5aOuDgcd7M8zMCxNGlXacb6uytLyyulZdr21sbm3v2Lt7bRWnEhMPxyyW3RApwqggnqaakW4iCeIhI51wfF34nQciFY3FvZ4kJOBoKGhEMdJG6tuHPkd6JHnWIvmlH0mEs5u+4+WZj1gyQnnfrjsNZwq4SNyS1EGJVt/+8gcxTjkRGjOkVM91Eh1kSGqKGclrfqpIgvAYDUnPUIE4UUE2fSSHx0YZwCiWpoSGU/X3RIa4UhMems7ibDXvFeJ/Xi/V0UWQUZGkmgg8WxSlDOoYFqnAAZUEazYxBGFJza0Qj5BJQ5vsaiYEd/7lRdI+bbhOw707qzevyjiq4AAcgRPggnPQBLegBTyAwSN4Bq/gzXqyXqx362PWWrHKmX3wB9bnD0vHmiI=</latexit><latexit sha1_base64="PeZGBbxZ2h4bgt3zvo5f/gEhgss=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgETyURQS9CUQ8eK5i20ISy2W7apbubsLsRSsjRi3/FiwdFvPoTvPlv3LQ5aOuDgcd7M8zMCxNGlXacb6uytLyyulZdr21sbm3v2Lt7bRWnEhMPxyyW3RApwqggnqaakW4iCeIhI51wfF34nQciFY3FvZ4kJOBoKGhEMdJG6tuHPkd6JHnWIvmlH0mEs5u+4+WZj1gyQnnfrjsNZwq4SNyS1EGJVt/+8gcxTjkRGjOkVM91Eh1kSGqKGclrfqpIgvAYDUnPUIE4UUE2fSSHx0YZwCiWpoSGU/X3RIa4UhMems7ibDXvFeJ/Xi/V0UWQUZGkmgg8WxSlDOoYFqnAAZUEazYxBGFJza0Qj5BJQ5vsaiYEd/7lRdI+bbhOw707qzevyjiq4AAcgRPggnPQBLegBTyAwSN4Bq/gzXqyXqx362PWWrHKmX3wB9bnD0vHmiI=</latexit><latexit sha1_base64="PeZGBbxZ2h4bgt3zvo5f/gEhgss=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgETyURQS9CUQ8eK5i20ISy2W7apbubsLsRSsjRi3/FiwdFvPoTvPlv3LQ5aOuDgcd7M8zMCxNGlXacb6uytLyyulZdr21sbm3v2Lt7bRWnEhMPxyyW3RApwqggnqaakW4iCeIhI51wfF34nQciFY3FvZ4kJOBoKGhEMdJG6tuHPkd6JHnWIvmlH0mEs5u+4+WZj1gyQnnfrjsNZwq4SNyS1EGJVt/+8gcxTjkRGjOkVM91Eh1kSGqKGclrfqpIgvAYDUnPUIE4UUE2fSSHx0YZwCiWpoSGU/X3RIa4UhMems7ibDXvFeJ/Xi/V0UWQUZGkmgg8WxSlDOoYFqnAAZUEazYxBGFJza0Qj5BJQ5vsaiYEd/7lRdI+bbhOw707qzevyjiq4AAcgRPggnPQBLegBTyAwSN4Bq/gzXqyXqx362PWWrHKmX3wB9bnD0vHmiI=</latexit><latexit sha1_base64="PeZGBbxZ2h4bgt3zvo5f/gEhgss=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgETyURQS9CUQ8eK5i20ISy2W7apbubsLsRSsjRi3/FiwdFvPoTvPlv3LQ5aOuDgcd7M8zMCxNGlXacb6uytLyyulZdr21sbm3v2Lt7bRWnEhMPxyyW3RApwqggnqaakW4iCeIhI51wfF34nQciFY3FvZ4kJOBoKGhEMdJG6tuHPkd6JHnWIvmlH0mEs5u+4+WZj1gyQnnfrjsNZwq4SNyS1EGJVt/+8gcxTjkRGjOkVM91Eh1kSGqKGclrfqpIgvAYDUnPUIE4UUE2fSSHx0YZwCiWpoSGU/X3RIa4UhMems7ibDXvFeJ/Xi/V0UWQUZGkmgg8WxSlDOoYFqnAAZUEazYxBGFJza0Qj5BJQ5vsaiYEd/7lRdI+bbhOw707qzevyjiq4AAcgRPggnPQBLegBTyAwSN4Bq/gzXqyXqx362PWWrHKmX3wB9bnD0vHmiI=</latexit>

Ste =
cp(Tm � Ts)
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•Debris control & inspection
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Conclusion

•Impacts by laser pulse & onto a substrate show similar features 

•Fluid dynamic instabilities cause drop breakup 

•Solidification (cold substrate)

✤ Reduces spreading

✤ Reduces or enhances splashing
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