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Objective

A To develop

a cost-effective method suitable for NBTI measurement
on p-channel power VDMOSFETSs

A To Investigate

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

A To analyse
-recoverable and permanent components of V- shift in
stressed devices
-lifetime In stressed devices
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Introduction

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

A Negative Bias Temperature Instabilities (NBTI) are
critical:
In p-MOS devices
exposed to negative gate voltages (2-6 MV/cm)
at elevated temperatures (100-250°C)

A The above fields and/or temperatures are typical for
burn-in testing, but also can be approached during the
routine operation of power MOSFETSs Iin automotive and
iIndustrial applications
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NBTI| are manifested asé
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Experimental detalils

ADevices:
Commercial p-channel power VDMOSFETs IRF9520
built in Si-gate technology
(6.8 A/100V; V;=-3.0V; d, =100 nm)

poly Si gejt
oxide

Sors
G\ .\

channel

p- epitaxial layer

) .
- Plastic cases

e T T0-220
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Astress Type:
E.= 2-6 MV/cm Z
d.x =100 nm Z

Experimental details

NBTI
VDMOS

VGS é. '20 : '60\/ '”

Owing to the thick gate oxide, NBT stressing of these devices
required gate stress voltage amplitudes even over -20V

) OB 0z
|0AOn

i

00mm;

|

nooa
RUNE

ADOD
AAA0

l 1
|

o

fory

()
oo

0
f
{
|
]

(@00
1 ()0

000

Exeno

010;

@:

i+

0
@

Ves 4

STATIC STRESS
45V]-- -~

{]‘; ----- - >
time

PULSED STRESS

X

0\7 ----- - >
time



" J
Experimental details

AMVleasurement method: Conventional S-M-S
(Traditional S-M-S)
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Experimental details

AVieasurement method: Conventional S-M-S

Agilent B1500A Semiconductor Device Analyzer

) T T T 1 TTTTH |
There are two problems with Under continuous stress

this traditional NBTI |-

characterization approach: rad LL
AL =+

L
1. The stress voltage 1"
discontinuity, that occurs Wl

when the applied stress
returns to zero before and
after the degradation

| delta Vih |

Under interrupted stress by
Vth measurement

characterization, allows the v

device to recover from the AL

applied stress.
2. The slow Vth measurement

. A lated St Ti
time also allows for recovery crumiatet Sfress Tme

during the measurement

Problem with traditional NBTI test
phase.
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~ Experimental details_New method

AVleasurement method: New Method for NBT Stress and

Measuring NBTI Degradation in
power VDMOSFETs
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Experimental detalils
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A. Prijil, D. Dankovil, Lj. Vralar,
M method for negative bias temperature instability (NBTI) measurements
on power VDMOQOS transistorso Measurement Science and Technology



Experimental detalils

high voI_tagQ low voltage
stress circult measurement circuit
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Experimental detalils

Practical setup for
NBT stress and
measurement on
p-channel power
VDMOQOS transistor

- Tektronix AFG3102

- Agilent 6645A

- Agilent 4156C
parameter analyzer

- Heraeus HEP2
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Graphical user interface

U Computer controlled over IEEE-488 (GPIB) bus.
U PC application software is developed using .NET technology

]
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The timing sample of the gate voltage

the device remained . : : i : ((®@ amms FITER
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The timing sample of the gate voltage at an interim
measurement during the NBTI test

( measur ement .75'Vouth11520 tnoV 1s4t e p ;
Tektronix DP0O4035 oscilloscope).



" S
Measurement Setup Verification

Measured transfer I-V characteristics
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Measurement Setup Verification
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Threshold voltage shift

V; values are
calculated from
|-V characteristics
using second
derivative method

The threshold voltage shifts were clearly
more significant when the measurements
were performed immediately after the stress



