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 Hysteresis found in both  
n-channel and p-channel TFT  
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 Hysteresis found in both  
n-channel and p-channel TFT  

Deep level traps were identified as being 
the cause of hysteresis 
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Trap Dynamic Model 

Trapping and detrapping 

Traps affect both the space 
charge and current 
continuity, and they can be 
very slow (some deep traps 
take days to recover since 
the trapping rates are 
small) 
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Simplified p-channel TFT 
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Initial net-doping as defined in LayerBuilder 
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Definition of deep level traps  

  
doping impurity=trap_2 charge_type=donor level=0.65 
max_conc=2.e23 && 
x_prof=(0   20.  0.1 0.1) y_prof=(0   10.  0.1 0.1) 
trap_ncap_2 value=1.e-23 mater=1 
trap_pcap_2  value=1.e-23 mater=1 

• Trap level  calculated from the conduction band edge. 
• Use of trap_2 instead of trap_1 since trap_1 is reserved for the usual carrier lifetime setting. 
• Ncap or pcap refers to carrier trapping interaction cross section in m^2.  In plain words, 

carriers interact/scatter with the trap/defect with such this cross section. It should be on the 
order of or less than the trap/defect area. (nm squared or less).  

• Uniform single discrete level  trap is the most simple form of carrier trapping while providing 
well defined space charge. More complicated forms include interface traps and trap with 
continuous energy level distributions. Crosslight provides a strong and physical TCAD 
platform for various deep traps. 

• Deep level traps originate from crystal defects and are sensitive to growth process conditions      



  APSYS | CSUPREM | LASTIP | PICS3D | PROCOM | CROSSLIGHTVIEW  

©2020 Crosslight Software, Inc., Burnaby, BC, Canada   www.crosslight.com 

12 

Contents  

• Experiments 

• Trap models 

• Simulated structure and commands 

• Results 

• Process simulation 

• Summary 



  APSYS | CSUPREM | LASTIP | PICS3D | PROCOM | CROSSLIGHTVIEW  

©2020 Crosslight Software, Inc., Burnaby, BC, Canada   www.crosslight.com 

Turn on/off characteristics with hysteresis  

Vds=-1V 

Id vs. Vg Id vs. time 



  APSYS | CSUPREM | LASTIP | PICS3D | PROCOM | CROSSLIGHTVIEW  

©2020 Crosslight Software, Inc., Burnaby, BC, Canada   www.crosslight.com 

14 

Contents  

• Experiments 

• Trap models 

• Simulated structure and commands 

• Results 

• Process simulation 

• Summary 



  APSYS | CSUPREM | LASTIP | PICS3D | PROCOM | CROSSLIGHTVIEW  

©2020 Crosslight Software, Inc., Burnaby, BC, Canada   www.crosslight.com 

region imaterial xlo=lft xhi=rht ylo=top yhi=bot 
bound exposed xlo=lft xhi=rht ylo=top yhi=top 
bound backside xlo=lft xhi=rht ylo=bot yhi=bot 
 
init 
struct outf=01_sub.str 
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#2_gate-iso 
deposit nitride thick=0.05   meshlayer=3 
deposit oxide thick=0.1   meshlayer=3 
 
# deposit the gate poly 
deposit poly phosphorus conc=1.0e17 thick=0.05 
meshlayer=10 
 
#4_source_drain_elec 
mask thick=1. x1.from=0.0 x1.to=2.0  x2.from=5.0 
x2.to=15.0 
implant boron dose=1e13  energy=15 
etch photoresist all 
 
etch poly  p1.x=5 right  
 
#anneal 
diffuse time=5 temp=450 
 
struct outf=02_ACT.str 
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#3_gate_elec 
deposit oxide thick=0.12   meshlayer=3 
deposit MoW thick=0.25   meshlayer=3 
etch    MoW p1.x=2.5  right 
 
deposit oxide thick=0.25   meshlayer=3 
 
struct outf=03_gate_elec.str 
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#4_source_drain_elec 
mask thick=1. x1.from=0.0 x1.to=4.50  x2.from=5.0 x2.to=15.0 
etch oxide  avoidmask depth=1 
etch photoresist all 
 
struct outf=04_source_drain_elec_1.str 
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deposit Mo  thick=1.0 meshlayer=10 
etch Mo p1.x=4.0  left 
 
deposit oxide thick=1.0  meshlayer=10 
 
cmp  y=-11.5 above 
 
struct outf=04_source_drain_elec.str 
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#5-top_nitride 
 
mask thick=1. x1.from=0.0 x1.to=12.0  x2.from=14.0 
x2.to=15.0 
etch Mo  avoidmask depth=0.5 
etch photoresist all 
 
deposit nitride thick=1.0  meshlayer=10 
cmp  y=-12.0 above 
 
mask thick=1. x1.from=0.0 x1.to=12.5 
etch nitride  avoidmask depth=0.5 
etch photoresist all 
 
struct outf=05_top_nitride.str 
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change_material  imaterial  /PI  file=PI.txt 
 
struct outf=06_PI.str 
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# reflect the structure 
struct mirror left 
 
struct outf=07_final.str 
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doping impurity=trap_2 charge_type=donor level=0.65 
max_conc=2.e23 && 
x_prof=(-15.   15.  0.1 0.1) y_prof=(0   15.  0.1 0.1) 
trap_ncap_2  value=1.e-23 mater=4 
trap_pcap_2  value=1.e-23 mater=4 
 

For device simulation, add deep-level 
traps in its most simple form: single 
level, uniformly distributed mid-gap 
donor traps 

Id vs. Vg @ Vds=1V 
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Crosslight provides advanced deep level trap 

model for TFT (LTPS, IGZO or a-Si) 

 

Experimental trends can easily be reproduced 

 

Useful for resolving processing/design issues in 

research or production 
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Thanks  for your 
attention! 
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