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lying down on a substrate, the gate oxide and gate metal are deposited while the nanowire is still 
standing up vertically on its original growth substrate. This instead introduces the problem of 
somehow selectively stripping the gate material from the ends of the nanowire in order to create 
source and drain contacts that are not electrically shorted to the wrap-gate. We solve this by defining 
the contacts in a polymer resist using electron beam lithography and then locally removing the gate 
material from the exposed contact regions in a series of wet etches. These wet etches are designed 
to undercut the resist masking the wrap-gate, thereby creating a separation between the wrap-gate 
and the contacts. By careful control and calibration of etch time and etchant dilution, we can control 
the gate length without any need for additional lithography (Fig. 3.1.2). 
 

  

 

Figure 3.1.1. Flow-chart of the fabrication process used to produce a laterally oriented single-nanowire FET with 
a fully wrapped gate. (a) Nanowire growth. (b) Conformal deposition of gate dielectric and gate metal on as-
grown nanowires. (c) Transfer of nanowires to insulated substrate. (inset) Cross-section of wrap-gated nanowire. 
(d) Definition of source and drain contacts by electron beam lithography. (e) Removal of wrap-gate from contact 
regions by wet etching. (f) Definition of gate lead by electron beam lithography. (g) Contact metallization by 
thermal evaporation. (h) Lift-off to remove excess metal. (i) Scanning electron micrograph of completed device. 
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Epitaxi – att bygga vidare på kristaller 
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Exempel: effektivare LED 



Självordnande kvantprickar 
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Dessa öar kan användas som kvantprickar 

Materialsystem: InP/GaInP, InAs/InP, InAs/GaAs, Ge/Si 



InP kvantprick på GaInP  
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Top-down eller bottom-up? 



Vår specialitet: Nanotrådar 
10 nm - 100 nm i diameter, några µm långa 



Nanotrådar 

Nanotrådar 
odlade från 
ordnade rader 
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litografi 

Ordnade rader av GaP nanoträd 
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Halvledare
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•  Grupp IV: Si, Ge

Transistorer, CCD, solceller, indirekt bandgap


•  Grupp III-V: GaP, GaAs, InGaAsP…

LED, lasrar, detektore


•  Grupp III-N: GaN, InGaN…

Blå (& vita) LED, UV lasrar


•  Grupp II-VI: HgCdTe…

IR-kameror




Med nanotrådar kan man: 
- kombinera nya material 
- använda kiselsubstrat 



Solspektrum	
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43%	Elektricitet	->	ljus	
	Mer	forskning	krävs	om	material	&	kontakter	
	(Redan	idag	är	80%	möjligt	vid	låga	effekter)	

	
56%	Ljus	->	ljus	(innebär	förlust	som	värme)	

	ErsäK	lyspulvret	med	grön	och	röd	LED	
	
85%	Ljus	->	synintryck	

	Op;mera	färgerna	hos	lysdioderna	
	Särskilt	grönt	kräver	mer	utveckling	

	
I	vår	forskning	använder	vi	
nanotrådar	av	halvledare	för	aK	
lösa	de	här	problemen	–	och	
dessutom	billigare!	

hKp://energy.sandia.gov/office-of-science/scien;fic-
collabora;ons/solid-state-ligh;ng-2/overview/beyond-2d-3/	

Lyspulver	

Varför	bara	20%	effek;vitet?	
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Elektronik 
… transistorernas storlek minskar 

exponentiellt 
Moores lag: antalet transistorer ökar 

exponentiellt 
(fördubblas vartannat år) 

Nya transistorkoncept 
krävs, t ex 
nanotrådsbaserad 
fälteffekttransistor (FET) 
 


