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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -
MOBILE ION TESTS FOR METAL-OXIDE
SEMICONDUCTOR FIELD EFFECT
TRANSISTORS (MOSFETs)

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 serse." While @Il reasonableyeffortsy are, made ito ensurelthat jthe 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, 1EC 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 the corresponding-national or regional publication 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 I[EC ‘marks of ‘conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

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 62417 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
47/2042/FDIS 47/2049/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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SEMICONDUCTOR DEVICES -
MOBILE ION TESTS FOR METAL-OXIDE
SEMICONDUCTOR FIELD EFFECT
TRANSISTORS (MOSFETS)

1 Scope

This present standard provides a wafer level test procedure to determine the amount of
positive mobile charge in oxide layers in metal-oxide semiconductor field effect transistors. . It
is applicable to both active and parasitic field effect transistors. The mobile charge can cause
degradation of microelectronic devices, e.g. by shifting the threshold voltage of MOSFETSs or
by inversion of the base in bipolar transistors.

2 Abbreviations and letter symbols
This standard uses the following abbreviations and letter symbols:

CV test capacitance-voltage measurement

HFCV test high frequency capacitance-voltage, measurement
V gate voltage

oxide thickness

l4s drain-source current

Vyd positive power supply. voltage

Vad. max maximum supply voltage

Vi transistor threshold voltage

V4 initial the absolute value of the threshold voltage before the test
Vsupply the absolute value of the supply voltage

€ox dielectric constant of the oxide

3 General description

The stress applied is on test structures at an elevated temperature where mobile ions can
overcome the energy barriers at the interfaces and the ion mobility in the oxide is sufficiently
high. Two test methods are described in this document.

e Bias temperature stress (BTS)

e Voltage sweep (VS).

The bias temperature stress test is done on transistors. The threshold voltage is determined
from an /44 - V, measurement at room temperature on fresh structures. The threshold voltage
is defined as ﬁwe gate voltage needed to force a fixed drain current through the transistor.
Then, a positive gate stress is applied at a high temperature, to sweep the mobile ions
towards the substrate. After the stress the test structure is cooled to room temperature with
the bias still applied. A second /45 - Vs curve is measured at room temperature. The
sequence is completed with a negative gate stress at high temperature followed by an /y -
V4s measurement at room temperature. Mobile charge causes a shift in the /4 - Vs curve.
Tﬁe distance over which the curve is shifted is a measure of the amount of mobile charge in
the insulator.
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Edge effects of the transistor structure can be taken into account by applying a negative gate
bias for 2 minutes duration at the elevated temperature prior to the BTS measurement.

NOTE Mobile charge in dielectric layers above a large area polysilicon or metal-plate cannot be detected,
because there is no electric field which drives the ions towards the underlying oxide. To overcome this problem
special edge sensitive test structures can be used, that have a large edge/area value, e.g. structures with fingers.

The voltage sweep measurements are done on capacitors. A quasi-static C-V curve is
measured and compared with a low-frequency C-V curve. The ionic displacement current,
which appears as a peak in the quasi-static C-V curve, is indicative of the mobile ion
concentration.

4 Test equipment

The hot chuck shall be capable of maintaining a temperature of 250 °C. A capacitance (LCR)
meter is needed for HFCV measurements and quasi-static C-V measurements. A pA-meter is
needed for low-frequency C-V (typical frequency = 1 kHz) measurements. The frequency for
low-frequency C-V measurements may differ from 1 kHz as long as the accumulation and
inversion capacitances differ no more than 10 %.

5 Test structures

The test structures for bias temperature stress are transistors and, for voltage sweep,
capacitors are used. The minimum area Ay,;; of this capadcitor/is [calculated from the voltage
sweep rate dV/dt and the Towest measurable current /,;, (determined by the resolution of the
test equipment) according to the following equation:

Imin
A . JE min ox 1
M g 8o A ldt (1)

where

gg is the permittivity of vacuum.

6 Sample size

The recommended sample size is 5.

7 Conditions

The electric field during stress is as follows:

1,0 MV/cm with a minimum of (operating voltage +10 %) for gate oxide;
+0,2 MV/cm for polysilicon gates on field oxide;

+ 0,3 MV/cm for metal gates on field oxide.

The electric field is calculated as V/t,.
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8 Procedure

8.1 Bias temperature stress
The test structures are subsequently subjected to the following procedures:

e measure the first /s - Vs (or HFCV) characteristic at room temperature;

e apply a positive gate bias to collect mobile ions at the silicon/oxide interface;
e ramp the temperature to 250 °C;

e hold 5 min;

e ramp down to room temperature;

e remove bias;

* measure the second /ys - V3 (or HFCV) characteristic;

e apply a negative gate bias to collect mobile ions at the gate/oxide interface;
e ramp the temperature to 250 °C;

e hold 5 min;

e ramp down to room temperature;

e remove bias;

e measure the third /ys - Vg (or HFCV) characteristic.

l4s - Vg4 characteristics may be measured at 250 °C (fast tests). HFCV and /qg - Vi,
measurements shall be started with ¢the polarity used in the)preceding high temperature stress.

NOTE Reporting of correlation data is required if the stress temperature deviates from 250 °C by more than 10 °C.
8.2 Voltage sweep

The device temperature is 250 °C. The start/stop values of the gate bias are calculated from
the oxide thickness, so that the maximum electric field is 1 MV/cm. The stress field is
+1 MV/cm.

The capacitors are subsequently subjected to

e a positive gate stress of 1 MV/cm for 5 seconds duration to collect mobile ions at the
silicon/oxide interface,

e a low-frequency C-V measurement,
e a positive gate stress of 1 MV/cm for a period of 20 s,

e a quasi-static C-V measurement with a negative gate voltage ramp of 100 mV/s.

The electric field is defined as V/,,.

For thick oxides the electric field is limited by the supply voltage of the equipment. The values
for the stress field and the start/stop values may then be reduced, but shall be at least
2 x 105 V/cm.

NOTE Reporting of correlation data is required if the temperature deviates from 250 °C by more than 10 °C.
9 Criteria

The shift in the threshold voltage shall be less than

e 0,02 X Vg4 max With a minimum value of 100 mV for gate oxides, where Vg4 nax is the
maximum voltage difference between V44 pins and ground,;
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*  Viinitial = 1,5 X Vgyppiy for polysilicon and metal gates on field oxide, where Vi jijis is the
absolute value of the threshold voltage before the test, and Vg, is the absolute value of
the supply voltage. If V, initial — 1.5 X Vgppiy < 0, then the shift shall be less than V4/10.

Typical values for the observed shifts are less than 10 mV for gate oxides, less than 1 V for

polysilicon gates on field oxide, and less than 3 V for metal gates on field oxides.

If 1/0-pins are subjected to a voltage higher than the supply voltage in any production
components, then this value shall be used to determine the maximum shift for field oxide
structures.

For bias temperature stress the shift in the threshold voltage in the second and third /ys - Vg

with respect to the first /y5 - V4 curve (or the shift of the flat band voltage for capacitor
measurements) shall be less than the maximum allowed threshold voltage shift defined above.

For voltage sweep the maximum allowed mobile ion density (in cm=2) can be calculated from

_ &0 Eox " AV

Npax = 2
max q-to, (2)

where
AV, is the maximum threshold voltage shift, defined\above; and
gg is the permittivity of vacuum.

The mobile ion density is given by N, = Q/(Axq), where q is the elementary electronic
charge, and A is the.areaof.the capacitor. The total amount of mobile charge Q. in the
insulator equals the area of the peak.in;the quasi-static,C-V curve. This area is found by
subtracting the low-frequency C-V curve from the quasi-static C-V curve.

10 Reporting

The sample size, the maximum allowed threshold voltage shift, the test results and any
deviations from the given conditions shall be reported.
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