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Indirect	Excitons	

Exciton:	bound	electron-hole	pair	
	
Indirect	excitons:		
	
	

•  e	and	h	are	confined	to	spa?ally	separated	
quantum	wells	

•  Increased	lifeNmes	and	transport	distances	
	
	

•  Oriented	dipoles	

Indirect	exciton	energy	controllable	by	
applied	voltage:	δE	=	-edFz	

disorder	screening	
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Control	of	Excitons	by	Electrode	Density	
electrode	padern	at	
uniform	voltage	

ground	plane	

<<	D	

shaping	the	top	electrode	can	
control	Fz	due	to	fringing	field	

Electrode	area	density	
M.	Hagn	et	al,	APL	67,	232	(1995)	
A.	Gartner	et	al,	APL	89,	052108	(2006)	

	D	

δE	=	-edFz	

Y.Y.	Kuznetsova,	A.A.	High,	L.V.	Butov,	APL	97,	201106	(2010)	

Advantage:		suppression	of	heaNng	by	electric		
currents	in	electrodes	
	
Important	for		
•  creaNng	devices	with	low	energy	consump0on		
•  studies	of	ultra-cold	exciton	gasses	

Earlier	method:	control	of	excitons	by	voltage	gradient	



Exciton	ramp	
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Directed	Transport	of	Excitons	

-30	meV	

-24	meV	

Simulated 		

Measured
		

ΔE	

Energy	profile:	

•  Directs	transport	of	excitons	as	a	diode	directs	
transport	of	electrons	

•  PotenNal	energy	gradient	created	by	shaped	
electrode	

•  Exciton	fluxes	are	limited	by	geometry	
	

shaped	electrode	method	
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Perforated	electrode	SEM	

•  Opportunity	to	create	versa0le	
poten0al	landscapes	for	
indirect	excitons		

	
•  Create	channels	for	direc0ng	

exciton	fluxes	with	the	
required	geometry	and	energy	
profile	

•  Exciton	fluxes	are	not	limited	
by	geometry	

Perforated	electrode	method	

C.J.	Dorow,	Y.Y.	Kuznetsova,	J.R.	Leonard,	M.K.	Chu,	L.V.	Butov,	J.	Wilkes,	M.	Hanson,	A.C.	Gossard,	APL	108,	073502	(2016).	

Ramp	Created	by	Perforated	Electrode	Method	
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Ramp	Created	by	Perforated	Electrode	Method	

ExcitaNon	

Exciton	
PL	

Flat	channel,		
no	preferred	exciton	transport	direc0on	

Ramp,		
directed	exciton	transport	

Observed	exciton	transport	distance	
increase	with	excitaNon	power:	

higher	excitaNon	power	
	
higher	exciton	density	
	
beder	disorder	screening	
	
longer	transport	distances	

Similar	to	ring	due	to	PL	enhancement	outside	of	excitaNon	spot		
Y.Y.	Kuznetsova	et	al,	PRB	85,	165452	(2012)	



drif	

cooling	through	
phonons	

heaNng	due	to	laser	excitaNon	

exciton	
generaNon	

opNcal		
decay	

The	exciton	system	was	modeled	by	solving	coupled	differenNal	equaNons:	

Numerical	Simula0ons	

	heat	balance	equa0on	
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Control	of	Excitons:	Perforated	Electrode	Method	

Y.Y.	Kuznetsova	et	al,	APL	97,	201106	(2010)		

Ramp:	proof	of	principle	demonstra0on	
of	perforated	electrode	method	for	
controlling	exciton	fluxes.	
	

Outlook:		
Apply	method	to	other	types	of		

excitonic	devices	

Example:	
	

Elevated	trap	poten0al	created	
by	a	perforated	electrode	



Conclusion	
•  We	realized	a	linear	potenNal	energy	gradient	(ramp)	for	indirect	

excitons	using	a	perforated	electrode	at	constant	voltage.	

•  The	excitonic	ramp	realizes	directed	transport	of	excitons	as	a	
diode	realizes	directed	transport	of	electrons.	

	

•  The	ramp	provides	an	experimental	proof	of	principle	for	the	
perforated	electrode	method	of	controlling	exciton	transport	with	
electrode	density	gradients.	

•  The	perforated	electrode	method	is	non-dissipa0ve,										
important	for		
–  creaNng	devices	with	low	energy	consump0on	
–  studies	of	ultra-cold	exciton	gasses	
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