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Introduction
This draft standard is based on national and international discussions. Your comments on this draft are invited and will assist in
the preparation of the consequent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx

1 2 (3) 4 5 (6) 7

MB Clause No./ Subclause
No./Annex (e.g. 3.1)

Paragraph/Figure/
Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.

Full document details: 24/30499092 DC

http://www.avadocuments.com/doc/24-30499092-dc
http://www.avadocuments.com/doc/24-30499092-dc


 

 

Internal 

 

47/2866/CDV 

COMMITTEE DRAFT FOR VOTE (CDV) 

 PROJECT NUMBER: 

IEC 63601 ED1 

 DATE OF CIRCULATION: CLOSING DATE FOR VOTING: 

2024-10-04 2024-12-27 

 SUPERSEDES DOCUMENTS: 

 

 

IEC TC 47 : SEMICONDUCTOR DEVICES 

SECRETARIAT: SECRETARY: 

Korea, Republic of Mr Cheolung Cha 

OF INTEREST TO THE FOLLOWING COMMITTEES: HORIZONTAL FUNCTION(S): 

TC 91,TC 104  

ASPECTS CONCERNED: 

 

 SUBMITTED FOR CENELEC PARALLEL VOTING 

 

 NOT SUBMITTED FOR CENELEC PARALLEL VOTING 

 

This document is still under study and subject to change. It should not be used for reference purposes.  

Recipients of this document are invited to submit, with their comments, notification of any relevant patent rights of which t hey are 
aware and to provide supporting documentation.  

Recipients of this document are invited to submit, with their comments, notification of any relevant “In Some Countries” clau ses to be 

included should this proposal proceed. Recipients are reminded that the CDV stage is the final stage for submitting ISC c lauses. (SEE 

AC/22/2007 OR NEW GUIDANCE DOC). 

 

TITLE: 

Guideline for Evaluating Bias Temperature Instability of Silicon Carbide Metal -Oxide-Semiconductor Devices 
for Power Electronic Conversion (Fast track) 

 

PROPOSED STABILITY DATE: 2028 

 

NOTE FROM TC/SC OFFICERS: 

This CDV is based upon JEDEC document JEP184 (title: Guideline for Evaluating Bias Temperature Instability of Silicon 
Carbide Metal-Oxide Semiconductor Devices for Power Electronic Conversion) and is circulated according to the IEC 
fast-track procedure (see F.2 of ISO/IEC Directives, Part 1, 2024). This document is proposed by the US National 
Committee and TC 47/WG 8 at the November 2023 meeting approved fast -track procedure and was presented to TC 47 
Plenary meeting in November 2023.  

This project is allocated to TC 47/WG 8 and Project Leader: Peter Friedrichs.  

 

 
Copyright © 2024 International Electrotechnical Commission, IEC . All rights reserved. It is permitted to download this electronic 
file, to make a copy and to print out the content for the sole purpose of preparing National Committee positions. You may not copy 
or "mirror" the file or printed version of the document, or any part of it, for any other purpose without permission in writi ng from 
IEC. 

Full document details: 24/30499092 DC

https://documents.iec.ch/ords/f?p=700:610:::::P610_DOCUMENT_FILE_ID:887989
https://www.iec.ch/tc-tools/grt
http://www.avadocuments.com/doc/24-30499092-dc
http://www.avadocuments.com/doc/24-30499092-dc


 

 

Internal 

CONTENTS 1 

 2 

FOREWORD ................................................................................................................................................. 3 3 

INTRODUCTION ........................................................................................................................................... 5 4 

1 Scope ............................................................................................................................................... 6 5 

2 Normative References ..................................................................................................................... 6 6 

3 Terms and definitions ....................................................................................................................... 6 7 

4 General introduction to threshold voltage (VT) stability and SiC-based MOS devices .................. 10 8 

5 Considerations for bias-temperature instability (BTI) stress methods and shift evaluation for SiC-9 
based MOS devices ................................................................................................................................ 12 10 

6 General Measure Stress Measure (MSM) method ........................................................................ 24 11 

7 Fast Drain Current (FDC) method .................................................................................................. 25 12 

8 Gate sweep MSM method.............................................................................................................. 27 13 

9 Conditioning Method ...................................................................................................................... 28 14 

10 Hysteresis method (or double sense method) ........................................................................... 30 15 

11 Triple sense method .................................................................................................................. 31 16 

12 Bibliography ............................................................................................................................... 32 17 

Annex A (informative) Supplemental sampling guidelines .............................................................. 33 18 

Annex B (informative) Examples demonstrating VT shift during BTI measurements ...................... 34 19 

Annex C (informative) Examples demonstrating VT shift during gate switching .............................. 38 20 

Annex D (informative) Lifetime models ............................................................................................ 40 21 

 22 

  23 

Full document details: 24/30499092 DC

http://www.avadocuments.com/doc/24-30499092-dc
http://www.avadocuments.com/doc/24-30499092-dc


IEC CDV 63601© IEC 2024 - 3 - 47/2866/CDV 

 

 

Internal 

INTERNATIONAL ELECTROTECHNICAL COMMISSION 24 

 25 

GUIDELINE FOR EVALUATING BIAS TEMPERATURE INSTABILITY OF SILICON 26 

CARBIDE METAL-OXIDE-SEMICONDUCTOR DEVICES FOR POWER ELECTRONIC 27 

CONVERSION 28 

 29 

FOREWORD 30 

 31 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 32 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 33 
international co-operation on all questions concerning standardization in the electrical and electronic fields. 34 
To this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 35 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 36 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 37 
in the subject dealt with may participate in this preparatory work. International, governmental and non- governmental 38 
organizations liaising with the IEC also participate in this preparation. IEC collaborates closely with the 39 
International Organization for Standardization (ISO) in accordance with conditions determined by agreement 40 
between the two organizations. 41 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 42 
consensus of opinion on the relevant subjects since each technical committee has representation from all 43 
interested IEC National Committees. 44 

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 45 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 46 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 47 
misinterpretation by any end user. 48 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 49 
transparently to the maximum extent possible in their national and regional publications. Any divergence 50 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated 51 
in the latter. 52 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 53 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 54 
services carried out by independent certification bodies. 55 

6) All users should ensure that they have the latest edition of this publication. 56 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 57 
members of its technical committees and IEC National Committees for any personal injury, property damage or 58 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 59 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 60 
Publications. 61 

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 62 
indispensable for the correct application of this publication. 63 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 64 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 65 

  66 
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International Standard IEC XXXXX has been prepared by IEC technical committee 47: Semiconductor 67 
devices. 68 

This standard is based upon JEDEC JEP184: Guideline for Evaluating Bias Temperature Instability of 69 
Silicon Carbide Metal-Oxide Semiconductor Devices for Power Electronic Conversion. It is used with 70 
permission of the copyright holder, JEDEC Solid State Technology Association. 71 

 72 
The text of this International Standard is based on the following documents: 73 

 74 

FDIS Report on voting 

XX/XX/FDIS XX/XX/RVD 

 75 

Full information on the voting for the approval of this International Standard can be found 76 
in the report on voting indicated in the above table. 77 

This document has been drafted in accordance with the ISO/IEC Directives, Part 2. 78 

The committee has decided that the contents of this document will remain unchanged until the 79 
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to 80 
the specific document. At this date, the document will be 81 

• reconfirmed, 82 

• withdrawn, 83 

• replaced by a revised edition, or 84 

• amended. 85 

 86 
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INTRODUCTION 88 
 89 
 90 
The objective of this publication is to provide useful definitions and procedures for characterizing the 91 
threshold voltage instability of SiC-based power electronic conversion semiconductor (PECS) devices 92 
having a gate dielectric region biased to turn devices on and off. This typically refers to MOS devices 93 
such as field-effect transistors (MOSFETs) and insulated-gate bipolar transistors (IGBTs). Monitoring of 94 
threshold-voltage instability in MOS devices is commonly referred to by the term “bias-temperature 95 
instability” (BTI), while the applied stress to check for instability is usually referred to as “bias-96 
temperature-stress” (BTS). The terms BTI, BTS, and threshold-voltage instability will be used throughout 97 
this document. 98 
 99 
 100 

 101 
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GUIDELINE FOR EVALUATING BIAS TEMPERATURE INSTABILITY OF SILICON 102 

CARBIDE METAL-OXIDE-SEMICONDUCTOR DEVICES FOR POWER ELECTRONIC 103 

CONVERSION 104 

 105 

1 Scope 106 

 107 

The scope of this document covers SiC-based PECS devices having a gate dielectric region 108 

biased to turn devices on and off. This typically refers to MOS devices such as MOSFETs and 109 

IGBTs.  In this document, only NMOS devices are discussed as these are dominant for power 110 

device applications; however, the procedures apply to PMOS devices as well. 111 

 112 

This document does not define device failure criteria, acceptable use conditions or acceptable 113 

lifetime targets. That is up to the device manufacturers and users.  But it provides stress 114 

procedures such that the threshold voltage stability over time as affected by gate bias and 115 

temperature can be demonstrated and evaluated. 116 

 117 

2 Normative References 118 

 119 

JEP183, Guidelines for Measuring the Threshold Voltage (VT) of SiC MOSFETs. 120 

 121 

3 Terms and definitions 122 

 123 

3.1 metal-oxide-semiconductor field-effect transistor, MOSFET: an insulated-gate field-124 

effect transistor in which the insulating layer between the gate electrode and the channel is oxide 125 

(or dielectric) material and the gate is metal or another highly conductive material. (Ref. IEC 126 

747-8 and JESD77). 127 

 128 

3.2 silicon carbide, SiC: A wide bandgap semiconducting material that serves as the active 129 

device semiconductor material, for example the channel and drift region. Typically the 4H 130 

hexagonal polytype is preferred, denoted 4H-SiC, in the (0001) wafer orientation (other 131 

polytypes sometimes used are 6H-SiC, or 3C-SiC). 132 

 133 

3.3 power electronic conversion semiconductor (PECS) devices: Power devices used for 134 

power conversion to different voltage or current levels, or as inverters between alternating and 135 

direct current power (or vice versa). 136 

 137 

3.4 gate oxide: oxide (or dielectric) region under the gate electrode in the MOS portion of the 138 

MOS device 139 

 140 

3.4.1 oxide thickness (Tox): gate oxide (or dielectric) thickness, measured electrically, optically, 141 

or physically.  142 

 143 

3.4.2 oxide field (Eox): oxide field (V/cm), Vox/Tox. 144 

 145 

3.4.3 oxide voltage (Vox): voltage drop across gate oxide (V). 146 

 147 
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3.4.4 gate to source voltage (VGS): Voltage drop from gate to source (V). 148 

 149 

3.4.5 gate current (IG): Gate current (A) measured with a bias on the gate electrode. 150 

 151 

3.5 drain to source voltage (VDS): Voltage drop from drain to source (V). 152 

 153 

3.6 drain current (ID): Drain current (A) measured with a bias on the drain. 154 

 155 

3.7 voltage of tied gate and drain to source (VGDS): Voltage drop of gate and drain to source 156 

(V), when gate and drain biases are tied together (gated diode configuration). 157 

 158 

3.8 gate-source voltage maximum (VGSmax): Maximum gate-source voltage recommended for a 159 

device, for any time period during operation. 160 

 161 

3.9 gate-source voltage recommended operating value (VGSop): Recommended range of gate 162 

to source bias during normal on-state or off-state operation. 163 

 164 

3.10 bias temperature instability (BTI): susceptibility of the threshold voltage of an MOS 165 

device to change over time under bias and temperature stress. 166 

 167 

3.11 negative BTI (NBTI): BTI due to a negative gate bias stress, at a fixed stress temperature. 168 

 169 

3.12 positive BTI (PBTI): BTI due to positive gate bias stress, at a fixed stress temperature. 170 

 171 

3.13 bias-temperature stress (BTS): stressing a device by simultaneous exposure to gate bias 172 

and elevated temperature.  Often used in place of the acronym BTI; the difference (if any) is that 173 

BTI refers more specifically to the effect of stress on Vth, whereas BTS is more of a descriptor of 174 

the stress condition on the device. 175 

 176 

3.14 threshold voltage VT: the gate-source voltage VGS value (at some specified drain voltage 177 

VDS) at which the device conducts forward current of a specified current value.  A drain-current-178 

defined threshold is used in this document, with the selected current at threshold being a very 179 

small fraction of the rated device current. 180 

 181 

3.14.1 threshold current (IT): the drain current at which VT is defined. 182 

 183 

3.14.2 threshold voltage, gate-source sweep configuration (VT(GS)): VT measurement 184 

performed by sweeping the gate bias with a constant and relatively low drain bias (~100 mV 185 

min, up to a few Volts typically) until a certain ID current value is reached. 186 

 187 

 188 

3.14.3 threshold voltage, gated-diode configuration (VT(GDS)): VT measurement performed by 189 

sweeping the gate and drain together (VGS = VDS) until reaching a chosen constant ID value. The 190 

gated-diode configuration allows for fast and reproducible point measurements of the VT and 191 

guarantees a constant electron density in the channel during VT readout. 192 

 193 
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3.14.4 threshold voltage measurement, following a Negative Bias Stress (VT UP): the VT 194 

measurement performed immediately following a negative gate bias stress during NBTI, or 195 

following a negative VGS conditioning pulse (as in a hysteresis measurement), or if performed by 196 

sweeping the gate bias starting from a negative gate voltage and sweeping up until IT is reached.  197 

In general, VT
UP will represent the low VT side of the hysteresis in VT.  To minimize recoverable 198 

fast charge-trapping effects and achieve repeatable results, it is recommended to stabilize the 199 

traps by holding at the negative VGS for a sufficient duration; 100 ms is a typical recommended 200 

value for SiC. 201 

 202 

3.14.5 threshold voltage measurement, following a Positive Bias Stress (VT DOWN): the VT 203 

measurement performed immediately following a positive gate bias stress during PBTI, or 204 

following a positive VGS conditioning pulse (as in a hysteresis measurement), or if performed by 205 

sweeping the gate bias starting from a positive gate voltage and sweeping down until IT is 206 

reached.  In general, VT
DOWN will represent the high VT side of the hysteresis in VT.  To 207 

minimize recoverable fast charge-trapping effects and achieve repeatable results, it is 208 

recommended to stabilize the traps by holding at the positive VGS for a sufficient duration; 209 

100 ms is a typical recommended value for SiC. 210 

 211 

3.14.6 threshold voltage at a given stress time (VTt# ): the VT is measured over time during the 212 

BTI stress, thus a time-related subscript can be used when referring to a particular stress time.  213 

For improved extrapolation of VT over time, the initial measured VT during BTI should be after a 214 

brief (~100ms) initial stress and/or conditioning, such that VTi (or VTt0) occurs after the initial 215 

brief stress.  The initial pre-stress VT and the final post-stress VT may be defined using different 216 

subscripts, such as VTpre and VTpost, respectively. 217 

 218 

3.15 threshold voltage shift (VT
shift

 ): a change in the measured VT value from an initial to a 219 

final condition, here particularly focused on the VT shift during BTI stress. This shift is described 220 

as the ongoing shift over time (VTt# - VTi), which by the end of the stress would be the final VTf 221 

minus the initial VTi. This shift value could be due to: 1) transient charging effects (VT
trans) 222 

which are fully recoverable, 2) transient effects which have a permanent component (VT
HYST), 223 

or 3) permanent (non-transient) interface effects (VT
drift). More generally, VT shift is the change 224 

in VT between any two measured values, and can arise from a change in gate bias, or the 225 

continued application of the same gate bias. 226 

 227 

3.15.1 threshold voltage drift (VT
drift

 ):  threshold voltage drift describes BTI changes in VT 228 

(VT
shift ) which are relatively permanent, after transient VT recovery effects are removed.  For 229 

example, if a VT
shift

 is measured without a change in transient effects, there would be a shift in 230 

the voltage location of the threshold voltage due only to a VT
drift effect. 231 

 232 

 233 

3.15.2 threshold voltage transient shift (VT
trans): portion of the BTI threshold shift (VT

shift
 ) 234 

that quickly recovers after removal of gate stress.  This is typically larger or beyond what a short 235 

hysteresis measurement would reveal, due to time at bias effects during BTI that result in 236 

charging on a time scale that a short hysteresis measurement does not capture. 237 

 238 
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3.16 threshold voltage hysteresis (VT HYST = VT 
DOWN

 -VT 
UP): difference in threshold voltage 239 

measured after a positive gate bias stress (VT 
DOWN) and that measured after a negative gate-bias 240 

stress (VT 
UP) of equal stress time.  For normal devices, with at least some active interfacial traps 241 

(and little or no mobile ions), this hysteresis value will be positive.  For what is here considered 242 

intrinsic device hysteresis, the timing for the stress and sense portions of a hysteresis 243 

measurement called for are on the order of 100ms. Faster or slower measurements can be useful 244 

to reveal more complete details of the transient effects.   245 

3.16.1 change in threshold voltage hysteresis (VT
HYST = VT

HYST
(f) – VT

HYST
(i)): the difference 246 

between final (post-BTS) and initial (pre-BTS) hysteresis values would comprise a change in 247 

hysteresis.  Because there is a stress time dependence of the magnitude of this value, this term is 248 

used to describe the permanent (repeatable) hysteresis effects observed when performing a 249 

standard 2-sequence hysteresis measurement as described above.   250 

 251 

3.17 conditioning: term to describe applying a gate bias to induce a certain charge state 252 

immediately prior to a VT measurement.  To make a fair comparison of changes in VT due to a 253 

BTS, the same VGS conditions (conditioning) should be used before each measurement. 254 

 255 

3.18 relaxation: term referring to charge redistribution over time after gate bias is removed, 256 

which typically allows the VT to shift back towards values before stress was applied. 257 

  258 

3.19 recovery: term to describe the change of the VT value after BTI towards the previous value 259 

due to a removal of bias (similar to relaxation), or due to the application of a different fixed bias. 260 

 261 

3.20 degradation: a change in the charge state or trap density of the interface or near-interface 262 

regions as a result of BTI stress, which will manifest itself as a change in VT
drift, VT

HYST, or 263 

VT
trans, depending on the physical nature of the interface changes. 264 

 265 

3.21 drain-source on-state resistance (RDS(on)): resistance of the device (Drain-Source) in the 266 

on-state with the rated VGS applied, and at a specified (typically the rated) on-state current. 267 

 268 

3.22 off-state drain current (IDSS(off)): drain leakage from source with device in the off-state (at 269 

VGS = 0 V or the rated off-state VGS value), in the static mode (non-switching), at a specified 270 

high VDS bias (such as the rated blocking voltage).  271 

 272 

  273 
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4 General introduction to threshold voltage (VT) stability and SiC-based MOS devices 274 

 275 

Threshold voltage (VT) stability is a general aspect of MOS device reliability that has been 276 

studied extensively for Si-based MOS devices [1-4] and has been touched upon in existing 277 

JEDEC documents focused on Si device reliability [5-11]. However, numerous literature reports 278 

have shown that SiC devices have more excessive threshold instability and much larger fast VT 279 

recovery effects than Si-based devices [12-16], and unlike Si have appreciable shift in both PBTI 280 

and NBTI stress conditions. Thus, a more detailed BTI document is needed to address SiC MOS 281 

device behavior. 282 

 283 

The different behavior of SiC MOS devices is believed to be related to the much more complex 284 

interface and near-interface trap levels (differences in both density and energy level compared to 285 

Si devices). Although high interface trap density (DIT) levels at the oxide/SiC interface have been 286 

reduced by using N interface passivation for SiC (as H passivation is ineffective for the (0001) 287 

Si-face of SiC), the interface trap density of modern SiC MOS devices is still >10X higher than 288 

that of silicon MOS devices, covering a wider range of energy levels as well. In addition to 289 

interface traps, the near-interface oxide trap (also known as a border trap) density is also high. 290 

Border traps may be charged more readily due to the larger bandgap of SiC and the smaller band 291 

offsets to the oxide.  The wide bandgap of SiC allows existing oxide defects that may be 292 

electrically inactive in Si to now fall within the SiC bandgap and act as traps. 293 

 294 

The higher density of charge traps (regardless of origin) and other interface bonding differences 295 

can result in larger amounts of threshold voltage shift with time, temperature and bias; this 296 

phenomenon is commonly referred to as bias-temperature instability (BTI). This higher trap 297 

density can also result in faster VT recovery when bias is removed, if the density of traps close to 298 

the conduction band energy level is very high. This means that VT shift due to permanent and 299 

transient effects need to both be well understood and evaluated. Although both silicon-based and 300 

SiC-based devices display BTI likely due to the same general physical phenomena, the BTI in 301 

SiC-based devices is higher and transient effects are larger in magnitude. Therefore, it is critical 302 

to have well described approaches to characterize the BTI of SiC devices.  303 

 304 

The trap charging and discharging process also results in a threshold voltage hysteresis (VT
HYST) 305 

when VT is measured after positive and negative gate bias sequences. Some portion of the BTI 306 

shift may not recover over time in an unbiased state; this would be defined as a (permanent) drift 307 

(VT
drift) arising from the BTI stress. It may also be the case that the threshold hysteresis 308 

magnitude (VT
HYST) increases during BTI stress, termed a change in hysteresis (VT

HYST).  309 

Because the faster transient portion of the VT
shift has a time dependence and may increase with 310 

stress time, this fast-transient shift is termed here VT
trans (this can contain changes in the 311 

hysteresis as well, depending on the measurement conditions).  312 

 313 

In summary, the measured threshold shift (VT
shift) during BTI is composed of possibly three 314 

components: permanent drift (VT
drift) + transient effects (VT

trans), wherein the transient effects 315 

may include changes in hysteresis (VT
HYST). The inherent hysteresis (VT

HYST) which is present 316 

may or may not be monitored during BTI, depending on the method of the BTI measurement.  317 

 318 
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SiC PECS devices are typically used in switching applications, in which the gate can either be 319 

switched continually from zero to positive gate bias or from a small negative gate bias to positive 320 

gate bias. In those cases, the VT shift would depend on frequency of switching and duty cycle as 321 

well as VGS levels of the positive and negative switching states. However, the most 322 

straightforward stress for the determination of MOS device stability is BTI stress performed 323 

under constant gate bias, as also occurs in qualification stress methods such as high temperature 324 

gate bias (HTGB) called out in JESD47 [8]. The procedures described here can be applied to 325 

HTGB stress as well. BTI under constant positive (PBTI) and negative (NBTI) bias results in VT 326 

shifts which serve as a good metric to demonstrate MOS interface quality. Both PBTI and NBTI 327 

need to be characterized because they represent device on-state and off-state situations, and can 328 

show different time, temperature, and bias dependences. 329 

  330 

Measurement of device switching characteristics, whether under conditions of high-power 331 

dissipation or not, while extremely important, falls outside the scope of BTI stress methods 332 

discussed here. However, a general description of device behavior during gate switching is 333 

included in Annex C.  334 

 335 

 336 

  337 
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