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Stickybot	



Z-MAN  project DARPA (Army): 

Demo 2012: 16-inch2 Geckskin à 
support ~660 pounds 

						NASA:	clean	the	trash	in	space	



Interaction area ~1 m2à 
Fcas/vdW~5x104N� 5 tons! 

A.	W.	Rodriguez	et	al.	Nature	Photonics	(2011)	

Broer,	PRB	(2013)	





 

QED says vacuum is full with fluctuating fields:  "vacuum fluctuations” 
 
 

d

H.	Casimir	(1948)	….Perfectly	reflecting	plates		

First	high	accuracy	measurement	in	1997	by	S.	Lamoreaux	

1909-2000 



No	 perfect	 reflectors	 in	 nature	 à	 “real	
dissipative”	matter:		Lifshitz	theory	

Fluctuation dissipation theorem (FDT):  fluctuating currents ↔ dissipation 

Zero-point  
energy 

Thermal  
fluctuations 

A.	W.	Rodriguez	et	al.	Nature	Photonics	(2011)	

Im[�(�)]	
Dielectric	function	



d	

Lifshitz	theory	covers	vdW	(short	range)	&	Casimir	(long	range)	
regimes	
	

	
	
	

												d		<		0.1	�p�10	nm																																d	>	0.1	�p�20	nm		
									vdW	(non-retarded)	regime																																	Casimir	(retarded)	regime		
	
	
	
E.g.	plasma	wavelength	metals	�p	�100-150	nm	
…these		‘	two	forces’		are	ultimately	derived	from	the	same	cause		……	





Temperature 

Optical properties 

Surface roughness  

Separations < 200 nm 

Electrostatic contact potentials  



Experimental	data	

2àOptical properties… 

Crusial	extraplation	to	��0	

Wollam	,	USA	

•  ​​𝝎↓𝒑 ↑𝟐 / ​𝝎↓𝝉 ​|
↓𝑨𝒖 �𝟏𝟔𝟎𝟎  eV	

•  ​​𝝎↓𝒑 ↑𝟐 / ​𝝎↓𝝉 ​|
↓𝐀𝐈𝐒𝐓(𝑪) =𝟏𝟎.𝟏		
eV	

•  ​​𝝎↓𝒑 ↑𝟐 / ​𝝎↓𝝉 ​|
↓𝑺𝒊𝑪 =𝟎.𝟒 eV	

Au	

SiC	

AIST	



�	

Material	optical	properties:	Fundamental	constraints	



Drude	Casimir	�		Plasma	Casimir	?	

Comparison	with	theory,	Decca	et	al.	
Decca	et	al,	PRD	2007	

MEMS	measurement	



Important contribution to Casimir force from imaginary frequencies à  

Svetovoy	et	al.,	PRB	(2008)	



Sphere is usually polysterene coated by Au (�100 nm thick) 

3à Surface roughness influence 

Contact	mode	AFM		
force	measurement	

do:	Distance	upon	contact	due	to	roughness	Zwoll	et	al.,	PRB	(2008)	



Zwoll	et	al.,	PRB	(2008),	Svetovoy-Palasantzas	Adv.	Coll.	Interface	Sci.	2016			



Grass	and	trees	model	

w:	rms	roughness	
�:	correlation	length	
l >>	�		

Broer	et	al.,	EPL	(2012),	PRB	(2008),	Svetovoy-Palasantzas	Adv.	Coll.	Interface	Sci.	2016			



W	(rms	roughness)	�	10	
nm	

Broer	et	al.,	EPL	(2012),	PRB	(2008),	Svetovoy-Palasantzas	Adv.	Coll.	Interface	Sci.	
2016			



Vo:	Contact	potential		

Adv.	Func.	Mat.	2012	

Vo	(Au-AIST)	~0.35	–	0.4	V	

Au-AIST	

Vo	(Au-SiC)	~0.67	V	
PRB	2016	

Au-SiC	

Phys.	Rev.	B	2016	



SiC-C:	Vo	<	0.1	V	 SiC-Si:		Vo~0.7	V	

Ruthenium	

Work	in	progress…..!	
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Signatures of the exotic metallic 
s u r f a c e s t a t e s i n t o p o l o g i c a l 
insulators. Theoretical ideal electronic 
structure of Bi2Se3 

Topological Insulators	

Contact Potential Measurement 
analysis for Bi2Se3  (10 nm thick) - Au 

system 
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Dynamic actuation MEMS: Conservative system �=0 

Broer	et	al.,	PHYSICAL	REVIEW	APPLIED	4,	054016	(2015)	

Unstable	saddle	
center	

Stable	center	



Dynamic driven nononservative MEMS 
�=1 

Chaotic	motion	

Non-Chaotic	motion	
Melnikov	analysis	

Broer	et	al.,	PHYSICAL	REVIEW	APPLIED	4,	054016	(2015)	



Scale	 bar:	 time	 elapses	
until	 stiction	 occurs	
within	100	oscillations.	

   More chaotic   

             � 
   more stiction 

Chaotic	system:	can	not	long	term	actuation	state	
Broer	et	al.,	PHYSICAL	REVIEW	APPLIED	4,	054016	(2015)	



Free	carriers		 optical	data	storage		{�1.5	eV(compact)	-	3	eV	(blu-ray)}	

Stronger Casimir forceà …more  chaoticity…  

Phys.	Rev.	A	2010,		New	Scientist	July	2,	2010,	Adv.	Funct.	Mat.	2012	



Tajik	et	al.,	Phys.	Rev.	E	(2017)	

Torsional	MEM	

Melnikov	analysis	



Tajik	et	al.,	Phys.	Rev.	E	(2017)	

								decrease		�	
																	�	
	Increase	chaoticity 



V=0	

V>0	
Drude modelà conductivity	ratio:	 ​𝝎↓𝒑↑𝟐 / ​
𝝎↓𝝉   
​𝝎↓𝒑  plasma	frequency	
​𝝎↓𝝉  damping	factor		

•  ​​𝝎↓𝒑 ↑𝟐 / ​𝝎↓𝝉 ​|↓𝑨𝒖 �𝟏𝟔𝟎𝟎  eV 
•  ​​𝝎↓𝒑 ↑𝟐 / ​𝝎↓𝝉 ​|↓𝐀𝐈𝐒𝐓(𝑪) =𝟏𝟎.𝟏		

eV	
•  ​​𝝎↓𝒑 ↑𝟐 / ​𝝎↓𝝉 ​|↓𝑺𝒊𝑪 =𝟎.𝟒 eV	

Melnikov	analysis	

Tajik	et	al.,	Eur.	J.	Phys.	B	(2018)	



V=0			�		�à	decreases	

V=0	 V>0	

Voltage	 application	 à	 strong	
effect	depending	on		material	

Tajik	et	al.,	Eur.	J.	Phys.	B	(2018)	





Sensitivity of chaotic behavior: Plasma-Drude model………  



Real		materials	are	promissing	for	applications	in	
Casimir	driven		devices	but	many	“ToDos”	Still	:	
	
•  Optical	properties	&	theory	uncertaities	
•  Electrostatics	
•  Surface	roughness	
•  Chaotic	motion	–	Device	predictability	
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