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Measurement of  bulk traps 
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VT Method and Trap Coloring 
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Fluence ~ time 
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1. Background: Measurement of bulk traps 

 
2. Shift in Threshold Voltage and C-V Method 

 
3. Stressed induced leakage current (SILC) method 

 
4. Quantum Yield Experiments 

 
5. Conclusions 

 



Gate Oxide Breakdown: SiO2 on Planar Si 
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Stress Induced Leakage Current (SILC) 
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The low voltage leakage part is defined by half the slope 
of typical IG-VG curves ! 
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Native Traps: VG Dependence 
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Low Voltage Stress Induced Leakage (LV-SILC) 
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Classical SILC and  low-voltage SILC 
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Low-voltage SILC (LV-SILC) 
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Gate Leakage  at Low Voltages (SILC) 
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Gate Leakage Fluctuation at Breakdown  
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Precaution: log-t Trapping must be 
subtracted 
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Outline 
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1.  Background: Measurement of bulk traps 

 
2. Shift in Threshold Voltage and C-V Method 

 
3. Stressed induced leakage current (SILC) method 

 
4. Quantum Yield Experiments 

 
5. Conclusions 

 



What is the energy of injected electrons? 

• Reliability depends on the energy of 
injected carriers 

• Many tunneling components with 
different energy characteristics 
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Quantum yield  by carrier separation 

SILC:  Inelastic Takagi et al.,T-ED, 46, 1999, p. 335. 

Elastic Ricco’ et al., T-ED 45, 1999, p. 1554. 
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QY in unstressed Devices 

-5.5 -4.5 -3.5 -2.510-3

10-2

10-1

100

-8 -7 -6 -5 -4
0.0

0.5

1.0

1.5

2.0
TAT
dominates

Gate Voltage [V]

 

 

Q
ua

nt
um

 Y
iel

d

 Q
ua

nt
um

 Y
iel

d

 

 Meas.
 Sim. δE=0
 Sim. δE=0.2eV

 
24 

Alam  ECE-695 

/S D

G

IQY
I

=



QY in Stressed Devices 
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Ref. Koabashi, Analytical formulation of QY. 
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Inelastic energy spectroscopy by QY 
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Apparently there is a structural relaxation for oxide defects … 



Correlated SILC and QY …  
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Conclusions 
1. Bulk traps require new measurement techniques – 

such as pulse CV, SILC, and Quantum yield 
experiments.  

2. Classical SILC probe mid-thickness taps (in thick 
oxides); LV-SILC appropriate probes surface 
states, in thin oxides).  

3. Quantum Yield experiments show that native 
traps are elastic, while stress-induced traps are 
inelastic. 

4. Low-frequency CP can be correlated to SILC and 
QY experiments for a comprehensive analysis.  
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Review Questions 
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G1:   Can you use charge pumping method to determine bulk trap density? 
 

G2:   What method would you use if you want to determine defect close to the 
middle of the oxide? 

 
G3:   Define Quantum yield.  How does quantum yield change with electron 

energy?  
 
G4: Can you think of similar use of QY in HCI measurement? Explain.  
 
G5:   QY experiments used gate injection technique. Can you use substrate 

injection?  
 
G6:   There is a striking similarity between SILC and SRH in terms of the position 

of the traps. Can you say what the similarity is?  
 
G7:    What is the difference between SILC and LV-SILC ? Why do we use LV-SILC? 
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