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On Lake Ontario, one of the 

Great Lakes. 

 

RIT 

Å Founded in 1829  

Å Privately endowed coeducational university 

Å 15,000 undergraduate and 3,000 graduate students 

Å More than 120,000 alumni world-wide 

Å Rochester is ~ 320 miles from NYC 

Å City population of ~250,000 

Å Six county area population of >1,000,000 
people 

Å Strong Engineering and Business History 
ï Eastman Kodak, Xerox, Bausch and Lomb 

Å 11 other colleges in the area 

ï Totaling  over 80,000 students 

Strategically positioned for the growth 
of semiconductor industry in NY 

Where is Rochester? 
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Microelectronic Engineering @ RIT 
Emphasis on semiconductor device design, process integration, Litho, DOE, SPC 

hǳǊ оо ¸ŜŀǊǎ aƻƻǊŜΩǎ [ŀǿ 
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Agenda 

 
 
 

ÅNon Volatile Memory Technologies rely on a variety of Materials 
 
ÅNeed for Advanced Characterizations 

 
ÅTwo Type of Devices Investigated are Presented 

 
ÅMagnetic Tunnel Junction 
ÅPhase Change Memory Devices 
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Ref: Leti, June 2012, 

SRAM Charge Trap  Polarization 
                              change 

DRAM 

FLASH SONOS FRAM PRAM MRAM RRAM 

Phase change 
causes  
resistance 
change 

Magneto- 
resistance 
change 

Interface 
or bulk 
resistance 
change 

Charge based 
Programming &  
Reading 

Current based 
Programming &  
Reading 

Memory Devices 

Volatile Memory                                    Non-Volatile Memory 

Resistance Change 

Atom  
Movement 

Electron Spin 
Movement 

Ion Movement 

Moving electrons 
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Top electrode 

Bottom  electrode 

Polycrystalline 

Chalcogenide 
Programming 

volume 

Heater Insulation 

Magnetic Tunnel Junction in MRAM, STTRAM Phase Change Memory Cell 

Crystallization and Inter-diffusion in nanoscale thin films plays a Huge role in their functioning 
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TRXRD 

TEM/EELS & XRD 
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MTJ Design/Fabrication 

Deposited at Veeco using a multi-target sputter deposition system 

9 
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Materials Characterization of Device Structures 

Wide Range of Analytical Techniques Used in this Study 

Characterization 
Electrical, Material, 
aŀƎƴŜǘƛŎΣ Χ 

Test and Characterization Techniques 

Magnetic Electrical Microscopic Structural 

Å (VSM)  Vibrating 

Sample Magnetometer 

Å  (MOKE) (Magneto-

Optic Kerr Effect) 

Å  MR 
(Magnetoresistance) 

Å  I-V 
Å  MR 

Å  SEM (Scanning 

Electron Microscope) 

Å  TEM (Transmission 

Electron Microscope) 

Å  PEELS (Parallel 

Electron Energy Loss 
Spectroscopy) 

Å  AFM (Atomic Force 
Microscope) 

Å  XRD (X-Ray 

Diffraction) 

Å  HRTEM (High 

Resolution TEM) 

ωI-V, SEM, AFM, XRD  at RIT 
ωVSM, MOKE at IBM 
ωTEM, PEELS at Micron 
ωMR at Cornell and NUS 

10 


