
Heavy demand of Large Scale 
Integration of Semiconductor devices:  
Semiconductors are Integrated further

Thiner Gate oxide layer

By 2013 the scale shifted to 12nm with gate oxide layer to 1~0.5nm

Transistor
* Thin Gate oxide layer
* Shorter Gate Length
* Use of SiON, High-k    

* Time Dependent Die-electric Breakdown
* Soft Break Down

* Increment in Drain electric field 
* Chanel hot carrier degradation

BTI
* Huge Increment in Electric field in Gate oxide layer 
* Increase in threshold Voltage 

Heaviest  
Effect
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New 10 years old Performance Degradation

Reliability degradation due to 
aging of MOSFET used in 
Processor, IC or Micro chip  

Electronic Device (PC, 
cellphone etc)

Performance degradation

Long hour operation and large scale integration of chip making it worse 

For irreplaceable devices 
aging is a nightmare 

[such as: pacemaker, satellite, 
embedded devices etc]
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Shift in Vth due to BTI

Slew rate degradation
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Degradation detection  
Using Time Transient 
Comparator Circuit
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BTI effect on MOSFET

TAKAI  LABORATORY 	
  2013 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
 	
  	
 	
 	
 5th International Conference on Advanced Micro‐Device Engineering (AMDE 2013)

BTI : Bias Temperature Instability  
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R-D Model (Reaction De-fusion Model )
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Analytical BTI degradation model  
(based on R-D model)

β, Ea：element parameter　Vg：Gate voltage 
K： Boltzmann constantT ：temperature

β=0.75   Ea = 0.145eV  
temperature T =27°C

 

Vth increase 
due to BTI

Id decrease

transconductance
 decrease  

Slew rate
degradation

NBTI affected pmos
PBTI affected nmos

Simulation of BTI degradation on Comparator circuit 

4. Proposed Detection method
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TTC：Transition Time Comparator
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Conventional comparator produces approximately 4 times slew rate degradation compare 
to its fresh state; Simulation condition: 90nm process, temp. 27°C, time: 10 years

  

   Research on one of the latest reliability concern of MOSFET  
  Theoretical explanation of Bias Temperature Instability Degradation
  Possible effect on MOSFET operation due to BTI degradation 
  Effect of BTI on analog circuit operation based on R-D model 
  BTI degradation simulation using 90nm process 
  Proposal of BTI detection method using Time Transient Comparator

Conclusion 

NBTI

Performance 
Degradation 

Self HealingReliable MOS operation

Fresh State

Future work 

  Much wider application of Time Transient Comparator circuit
  A self healing system for automatic recovery of the chip
  BTI degradation in very high frequency operation and possible effect on 
circuit performance.


