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Objective

ÂTo develop
a cost-effective method suitable for NBTI measurement
on p-channel power VDMOSFETs

ÂTo investigate
-effects of static and pulsed NBT stressing on threshold
voltage in p-channel power VDMOSFETs IRF9520
-NBTI and radiation related degradation

ÂTo analyse
-recoverable and permanent components of VT shift in
stressed devices
-lifetime in stressed devices
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Outline



Á Degradation of power MOSFETs under the stresses,
such as ionizing irradiation, high electric field, elevated
temperature, etc., has been subject of extensive
research

Á Negative Bias Temperature Instabilities (NBTI) are
critical:
ü in p-MOS devices

ü exposed to negative gate voltages (2-6 MV/cm)

ü at elevated temperatures (100-250oC)

Á The above fields and/or temperatures are typical for
burn-in testing, but also can be approached during the
routine operation of power MOSFETs in automotive and
industrial applications

Introduction



NBTI are manifested asé

IRF9520 (pMOS)

Eox = 4MV/cm

T = 150oC

tstress = 2034h
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NBTI are manifested asé
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IRF9520 (pMOS)

Eox = 4MV/cm

T = 150oC

tstress = 2034h



ÁDevices:

Commercial p-channel power VDMOSFETs IRF9520

built in Si-gate technology

(6.8 A / 100 V; VT = -3.0 V; dox=100 nm)

Plastic cases

TO-220

Experimental details
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Owing to the thick gate oxide, NBT stressing of these devices

required gate stress voltage amplitudes even over -20V

Experimental details
ÁStress Type:
Eox = 2-6 MV/cm ź NBTI

dox = 100 nm ź VDMOS
________________________________________________

VGS å Eox * dox Ÿ VGSå -20 ·-60V !!!



ÁMeasurement method: Conventional S-M-S

(Traditional S-M-S)

Experimental details



ÁMeasurement method: Conventional S-M-S

Experimental details



Experimental details_New Method

ÁMeasurement method: New Method for NBT Stress and

Measuring NBTI Degradation in

power VDMOSFETs



Tektronix AFG3102

Agilent 6645A

Agilent 4156C parameter

analyzer

Heraeus HEP2

A. Prijiĺ, D. Dankoviĺ, Lj. Vraļar, I. Maniĺ, Z. Prijiĺ, and N. Stojadinoviĺ, 

ñA method for negative bias temperature instability (NBTI) measurements 

on power VDMOS transistorsò, Measurement Science and Technology

Experimental details
Block diagram for 

NBT stress and 

measurement on 

p-channel power 

VDMOS transistor



high voltage 

stress circuit

Experimental details

NBT stress   and measurement

on p-channel power VDMOSFETs 

low voltage 

measurement circuit



Practical setup for 

NBT stress and 

measurement on 

p-channel power 

VDMOS transistor

Experimental details

- Tektronix AFG3102

- Agilent 6645A

- Agilent 4156C

parameter analyzer

- Heraeus HEP2



Graphical user interface

üComputer controlled over IEEE-488 (GPIB) bus. 

üPC application software is developed using .NET technology 



The timing sample of the gate voltage

The timing sample of the gate voltage at an interim 

measurement during the NBTI test 

(measurement from ī2 to ī4.75 V, with ī50 mV step; 

Tektronix DPO4035 oscilloscope).

the device remained 

unstressed for 

approximately 235 ms !!!



Measurement Setup Verification

IRF9520

Eox = 4.5MV/cm

T = 175oC

f=10kHz

DTC=50%

tstress = 24hours

pause after stress=0s 

Measured transfer I-V characteristics



ókneeô region

Measured transfer I-V characteristics in the 

ókneeô region, illustrating the recovery effect

Measurement Setup Verification



Threshold voltage shift 

The threshold voltage shifts were clearly 

more significant when the measurements 

were performed immediately after the stress

VT values are 

calculated from 

I-V characteristics 

using second 

derivative method


