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• Introduction 

 

• Growth and Characterization 

 

• Giant magneto-resistance 

 



Sample growth 
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O2 

growth parameters: 

 

30W, 20 mTorr 

 

5:1 for Ar:O2 

 

Substrate Temp: 700 or 750 °C 

Jon Ihlefeld 

O2 

rf magnetron sputtering  



XRD and TEM characterizations 
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distinct LSMO and ZnO peaks 

• high density, 

epitaxial growth 

 

• two-phase 

composites 

7 nm  



XRD reciprocal-space analysis 
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(002) LSMO 
(~1100 cps 
    at peak) 

Sample 021815A 

LSMO/ZnO on LAO 

 
 

(002) LAO: 

2theta=47.985° 

Qy=3.3171 (1/Å) 

 

(002) LSMO: 

2theta=46.368° 

Qy=3.2099 (1/Å) 

 

 

The broad LSMO peak shape reflects 

the presence of both misfit 

dislocations and the quasi-periodic 

columnar holes in the epilayer (filled 

with ZnO) . 



Plan-view TEM and EDS mapping 
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A core-shell 

structure 

around ZnO, 

correspondin

g to a (La, 

Mn) –rich, 

and Sr-

deficient layer 

ZnO 

ZnO 

ZnO 

LSMO 

 5 nm 

HAADF 

Zn-red 

La-green 

Sr-blue 

Mn-cyan 

EDS Maps 

plan-view 

Ping Lu 



Substrates: STO(SrTiO3) vs LAO(LaAlO3) 
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Substrate matters 
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EDS mapping:  

Sample C:  750C, STO substrate  

STO substrate  
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Sample D:  750C, LAO substrate  

EDS mapping:  

LAO substrate  
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Sample D:  750C, LAO substrate  

ZnO 

ZnO 

ZnO 
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Sample A:  700C, STO substrate  

STO substrate  

ZnO 

ZnO 
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Sample A: LSMO:ZnO/STO, 700C  Sample D: LSMO:ZnO/LAO , 750C  

[100] 

[010] 

[100] 

[010] 

The pillar orientation is different!  

On STO, the pillars are in different orientation! 

On LAO, same orientation (in different variant due to the symmetry).   

Different OR 

Perhaps, even 

different phase? 

Same OR 



Transport characterizations 
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1) For LSMO:ZnO on STO substrate, resistance is lower at high growth 

temperature. 

2) At room temperature, resistance at two growth temperatures differs by a factor of 

less than 2. at 77K, the ratio is  20.  
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1) For LSMO:ZnO on LAO substrate, resistance is lower at lower 
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2) At 77K, the ratio is 2.5. 
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energy gap =2210K ~ 190 meV

sample: 021615A

B = 0
Resistance shows 

activated behavior 

 

R  exp(-/2kBT).  

 

 ~ 190meV  



Giant magneto-resistance (GMR) 
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Origin of GMR? 
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La0.67Sr0.33MnO3 single-phase film on LAO 

(1 Tesla)  

ZnO nanopillars must play an import role! 



Extra slides 
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• film/substrate crystal orientation: 

  

 LSMO[001]//LAO[001], LSMO[010]//LAO[010] 

  

 ZnO[110]//LAO[001], ZnO[001]//LAO[110] 
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the smallest ZnO nucleated at an 

edge dislocation core! 

LAO substrate 

 

Presence of Zn 

at the core was 

confirmed by 

EDS! 


