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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -
HOT CARRIER TEST ON MOS TRANSISTORS

FOREWORD

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

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

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

In order to promote international “uniformity; IEC/National Committees /undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and thie.corresponding-national-or regionalypublication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access(to!IEC (marks of conformity. IEC is not responsible for any
services carried out hy.independent certificationbodies

All users should ensure that they have the Tatestedition of thisspublication.

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

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

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

International Standard IEC 62416 has been prepared by IEC technical committee 47:
Semiconductor devices.

The text of this standard is based on the following documents:

FDIS Report on voting
47/2041/FDIS 47/2048/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

» replaced by a revised edition, or
*+ amended.
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1 Scope

- 5-

SEMICONDUCTOR DEVICES -
HOT CARRIER TEST ON MOS TRANSISTORS

This standard describes the wafer level hot carrier test on NMOS and PMOS transistors. The
test is intended to determine whether the single transistors in a certain (C)MOS process meet
the required hot carrier lifetime.

2 Abbreviations and letter symbols

In this document the following abbreviations and letter symbols apply:

MOS

NMOS
PMOS
(C)MOS

L [um]

W [um]
Lnominal [um]
Wnominal [um]
Vgs [V]

Vas [V]

Vs [V]

lys [MA]:

Iy [WA]

Iy [nA]
Vgs,stress [V]
Vds,stress (V]

Vds,use_max [V]

Vds,breakdown [V]

Vi [V

I [LAIV]
9m.max [MA/V]
/ds,sat [”A]

L( MOST)

Metal Oxide Semiconductor

n-channel MOS transistor

p-channel MOS transistor

Complementary MOS

length of polysilicon gate of MOS transistor

width of ‘polysilicon ‘gate of MOS transistor

minimum L allowed!bythe designirules of the process
minimum W allowed by the design rules of the process
gate-source voltage of MOS transistor

drain-source voltage/ of:MOS transistor
backgate-source voltage of MOS transistor
drain-source current of MOS transistor

substrate current of MOS transistor

gate current of MOS transistor

VgS biasing condition during hot carrier stress

V4s biasing condition during hot carrier stress

maximum V. allowed by the design rules of the process as stated in the
design manual

V4s at which avalanche or punch-through currents become dominant;
defined as Vg at which /ys= 1,5 x (45 at Vs yse_max) While Vgs= Vs use max

threshold voltage of MOS transistor defined as Vi, voltage at which /4=
0,01 x W/ L [uA]. Other (commonly agreed) definitions of V; are also
allowed as long as this is clearly reported.

transconductance of MOS transistor
maximum transconductance of MOS transistor

saturated drain-source current at Vg o= V4= Vs use max lds,sat_forward
measured with source and drain having same polarity as during stress,
lys sat reverse Measured with source and drain polarity interchanged with
respect to stress.

length of the square MOS transistor (L = W)

9m.max ( MOST) g, max Of the square MOS transistor (L = W)
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T[s] lifetime of the MOS transistor

Lgss [um] effective electrical channel length of MOS transistor; the L4 for a given L is
determined using the g, .« Of @ large ‘square ()° MOS transistor with W =
L >> Lpominal

3 Test structures

For the evaluation of the hot carrier degradation vulnerability of a technology, nominal
transistors (L = L,ominal) @re recommended. The following gate lengths are recommended
when lifetime extrapolation versus L is needed (see 9.1): L =1,0 X Lyomina L = 1,5 X Lyominals
L=20xL L=5,0xL L=W.

nominal’ nominal’

Gates and sources of the transistors may be combined to reduce the number of bond pads
required for these test structures.

nominal < 1 um, and 20 pm for L,minal Z 1um. A
can be used to evaluate the occurrence of potential

Typical values for W are 10 um for L
transistor with small W (e.g. W =1L
‘narrow width’ effects.

nominal)

The nominal transistor shall be placed with various orientations on the wafer (e.g. one with
the orientation of its gate parallel to the flat of the wafer and one with its gate orientation
perpendicular to the flat) whenever asymmetry effects due to ion implantation are expected.

4 Stress time

Typically 40 000 s (one night), in some ‘low voltage’ cases 200 000 s (1 weekend); readpoints
logarithmically spaced (at least 3 per decade). Stress times shall be chosen such that the
degradation exceeds'at least 20 % of the maximum value for the selected failure criterion (see
Clause 8).

5 Stress conditions

At least 3 different Vg giress CONditions where Vg siress max < Vds breakdowns Vbs = 0 V.

S

NMOS transistors are stressed at maximum substrate current conditions. Usually, the
maximum substrate current occurs at approximately

Vv,

gs,stress = Vds,stress

/2V - 0,5V (1)

If this is not the case for a certain technology, one shall determine the appropriate Vg siress
by substrate current measurements.

For deep-submicron transistors worst-case degradation may not occur at maximum substrate
current, and it is therefore recommended that the worst-case stress conditions are checked.

PMOS transistors are stressed at maximum gate current conditions. Usually, maximum gate
current occurs at approximately

Vgs,stress = Vt -1.0V (2)
(e.g. V;=-0,8 Vthen Vys =-1,8V)

If this is not the case for a certain technology, one shall determine the appropriate Vg siress
by gate current measurements.
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For accurate determination of the life time it is recommended to reach the failure criterion
during the stress. This can be achieved by choosing a high V44 value. A reasonable starting
value is V4= 0,9 X Vg preakdown- If this is not feasible it is recommended to take at least two
time decades of valid data and extrapolate to the failure criterion.

6 Sample size

The sample size is not prescribed. Too low sample sizes will result in short life times due to
the 60 % confidence requirement for extrapolation.

It is recommended to use at least 3 V¢ bias conditions and 4 different W/L ratios.

The resulting number of datapoints is for example 3 (V) x 4 (transistors) x 2 batches = 24
datapoints.

7 Temperature

Room temperature, kept constant within £3 °C.

8 Failure criteria

Failure criteria have to-bei selected 'forone Jor more ‘ofl 'the 'following parameters:
A9m max: AVt Algs sat_forward: Alds,sat, reverser AMus,liny Recommended criteria are given below:
|49m max/9m maxl = 10% at V4= 0,1V or
|AV{| = 0,02XV g4 max With @ minimum value of 100 mV at V4= 0,1 V or
| Al sat’lgs satlforward = 10 % or
| Al s sat’lgs satlreverse = 10 % or
|Alys 1in/lgs inlforward = 10 %

NMOS transistors typically show a decrease in g, and /ys ¢5; @nd an increase in |Vy|.
PMOS transistors typically show an increase in g, and /yq o5t and a decrease in |[Vy].

Lifetimes can be determined by interpolation and extrapolation of data. However it is
recommended to disregard data where the shift in g, /45 sat O V4 did not exceed 20 % of the
failure criteria or when the data must be extrapolated by more than one decade in time in
order to reach the failure criteria.

9 Lifetime estimation method

9.1 DC acceleration models
9.1.1 General

Two different methods for lifetime estimation are given. Method 1 uses the dependence of
lifetime on the drain current, and requires only the nominal transistor. Method 2 uses the
dependency of lifetime on gate length, and requires test structures with different L. Method 2
is used when the dependency of lifetime on channel length is needed.
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9.1.2 Method 1: extrapolation vs. drain current

For NMOS transistors, extrapolation is done according to
T=AX ()™M (3)

where

A is a process-dependent constant, and
m is the substrate current acceleration exponent.

For L < 0,5 um, a better fit may be obtained with [1]1:
Ty = A X (Ipllgs)™™ (4)
For PMOS transistors, extrapolation is done according to [2]:
T=Ax (I (5)
The parameters A and m are found by plotting log(t) versus log(/,) or Iog(lg) (see equation 4
and equation 6 respectively), or by plotting log(t*/y) versus log(/,/l4) (see equation 5). A

straight line is found with slope m and intercept log(A).

9.1.3 Method 2: extrapolation versus drain bias and channel length
For NMOS transistors, the Takeda model [3] can be used for the channel length dependence.

T=AXxexp(B/ Vds,stress) & (Leff)C (6)

where

A is a process-dependent constant;
B is the process-dependent voltage acceleration constant;
C is the process-dependent channel length acceleration constant.

Lo¢s is given by
Letr = L(. MOST) X g max ( MOST) / g max(L) (7)
For PMOS transistors, the Woltjer model [4] can be used for the channel length dependence.
T = Ax exp(B/ Vyg syress) X €XP(C x V(Lgt)) (8)

The parameters A, B and C are found from a simultaneous fit of the lifetime 1 as a function of
Vds,stress and Leff'

For deep submicron CMOS technologies other extrapolation models are also used for the
channel length dependence of lifetime for both NMOS en PMOS transistors, e.g. 1 = A X
exp(CxLgs) or T = A x exp(C/Lg¢)

NOTE In these models, only lifetime data based on one failure criterion should be used at a time.

1 The figures in square brackets refer to the Bibliography.
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9.2 AC estimation model

For AC applications, lifetime is calculated according to
Tac = Toc X teycte/(trise Tall) (9)

where

Tac is the lifetime of the AC bias condition,
Tpc the lifetime of the DC bias condition,
t

trise
try) is the fall time of the AC stress.

cycle 1S the cycle time of the AC stress,

is the rise time of the AC stress, and

AC tests are recommended.

10 Lifetime requirements

In analog circuits, the required lifetime may be achieved by increasing the minimum L
allowed in analog designs.

Hot carrier lifetime of:digital, circuitry exceeds the static transistor lifetime by far due to duty
cycle effects and limited sensitivity of digital circuitry to transistor degradation [5].

11 Reporting

The following items'shall“be“replorted as‘a minimum:;’when’presenting hoot'carrier data:

— number of transistors used as well as their dimensions;

— stress voltages used;

— failure criterion which is reached first;

— values of the constants A, B and C as well as their sigma’s;

— aplot of the lifetime as a function of 1/V for all transistors used.
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