Using the Agilent B1500A with a Nanoprober
to Perform Failure Analysis

Application Note B1500-7

Agilent B1500A Semiconductor Device Analyzer

Introduction

Recent advances in nanoprobers,
which enable the probing of ex-
tremely small line widths, permit
the electrical characterization of
individual devices within an inte-
grated circuit. This application
note describes how to use the Agi-
lent B1500A Semiconductor De-
vice Analyzer to make these types
of electrical measurements, using
SRAM failure analysis to illustrate
this technique.

In conventional memory failure
analysis, the failed bit is detected
by a logic tester and then a Scan-
ning Electron Microscope (SEM)
and a Transmission Electron Mi-
croscope (TEM) are used to physi-
cally observe and determine the
root cause of the failure.

However, the SEM and TEM are
both destructive tests, and they
only allow you to look at one point
among several possible failure lo-
cations. This greatly restricts the
user’s ability to locate the specific
cause of a failure. In addition, it is
difficult to apply conventional
physical observation techniques
to electrical failures caused by
very small residues or abnormal
dopant densities, which also rein-
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forces the need to perform some
sort of electrical testing.

Conventional probing schemes to
electrically test a device require
that the device be placed into a
TEG (test element group) with
probing pads, and this TEG is nor-
mally placed in the scribe lines be-

tween dice on the wafer.
Obviously, this does not permit
electrical characterization of the
failed locations within an actual
die.

Recently, nanoprobers utilizing
Scanning Probe Microscope (SPM)
techniques that can probe at the
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nm (9-10 nm) level using a piezo-
electric actuator have become
available. This application note in-
troduces a new failure analysis
technique that uses one of the
most popular nanoprobers, the N-
6000 Fine-structured Device
Characteristic Evaluation System
made by Hitachi High-Technolo-
gies Corporation, and the Agilent
B1500A Semiconductor Device
Analyzer. The N-6000 can contact
directly to devices inside of an in-
tegrated circuit, which helps to
bridge the gap between physical
and electrical failure analysis
techniques.

Nanoprobers Solve Problems but
Present New Challenges

Using the appropriate preprocess-
ing techniques, it is possible to use
a nanoprober to measure individ-
ual transistors and wires within a
failing device just as if they were
test devices within a standard
TEG (see Figure 1). This is a revo-
lutionary leap forward; however,
the nanoprober creates its own set
of measurement challenges be-
cause thermal expansion and
"creep" by the piezoelectric actua-
tors make it difficult to maintain
good electrical contact for long
time periods.

The Agilent B1500A Semiconduc-
tor Device Analyzer can meet
these challenges using the
B1500A’s EasyEXPERT software
capability to quickly run one or
more application tests within the
short time window when good
electrical contact is being made.

The remainder of this application
note will show how to use the
B1500A and a nanoprober to per-
form failure analysis on an SRAM
cell using data provided by NEC
Electronics Corporation.
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Fig. 2 1-V curve measured by nano-prober and B1500A
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Fig. 3 Failure analysis data on dopant profile defect




An SRAM Failure Analysis Example

The first step in SRAM failure
analysis is to identify the location
of the questionable bit using a log-
ic tester. However, the logic tester
cannot identify which of the six
transistors in the SRAM cell is fail-
ing. In traditional failure analysis
the next step would involve de-
structive analysis on the SRAM
cell using a TEM after estimating
the failed transistor location with-
in the SRAM cell by some means.
Unfortunately, in some cases the
cause of the SRAM failure still
cannot be determined, which il-
lustrates the gap between physical
and electrical analysis capabili-
ties. As shown in Figure 1, the
nanoprober can directly probe the
six transistors of an SRAM cell
where a failure is suspected and
perform electrical evaluation of
each cell individually, thus help-
ing to fill in the physical and elec-
trical measurement gap. Of
course, in order to perform this
type of analysis you must remove
the upper layers in order to con-
tact each transistor individually.
This is similar to the process per-
formed in traditional failure anal-
ysis using a TEM and SEM. As
previously mentioned, when using
a nanoprober you have a very
short time in which to make an
electrical measurement. There-
fore, the B1500A is a highly appro-
priate measuring device for this
situation due to its large number
of furnished application tests, its
ability to make measurements
with simple parameter settings,
and its fast measurement speed.

Figure 2 shows Id-Vd curves for
the six transistors of a failing
SRAM memory cell measured us-
ing the B1500A and a nanoprober.
Graph (a) shows the access tran-
sistors, graph (b) shows the driver
transistors, and graph (c) shows
the load transistors. A solid line is
used to indicate the left transis-
tors and a dashed line is used to
indicate the right transistors.
From these graphs it is easy to de-

Source

(a) Z-CONTRAST image
(conventional TEM image)

Drain \ / Source

As dopant
anisotropic profile

(b) STEM-EDX As mapping

Fig. 4 Sectional view of abnormal NMOS

termine that the cause of the
SRAM bit failure is a defective
right side driver transistor.

In order to perform a more de-
tailed analysis on the defective
transistor it is necessary to mea-
sure the transistor by switching
the roles of the source (S) and the
drain (D). Figure 3 (a) shows nor-
mal transistor characteristics,
and Figure 3 (b) shows the charac-
teristics of the apparently bad
transistor. Figure 3 (¢) shows data
measured by reversing the
source/drain (S/D) of the transis-
tor (note: this can be done very
easily using the B1500A and does
not require changing any device
connections). In the case where
the S/D is in the forward direc-
tion, only a digit less current than
the normal value flows and the I-V
curve shows a downward tenden-
cy. Conversely, in the case where
the S/D is in the reverse direction,
although the IV curve shows an
upward tendency, less than 1/
1000 of the normal amount of cur-
rent is flowing.

Comparing the measured results
to simulated results, a hypothesis
is generated that the arsenic (As)
dopant density directly under the
electrode of the left side of the fail-
ing transistor is not at its speci-
fied level. As a next step a cross-

sectional TEM image of the sus-
pect transistor is performed.

Figure 4 (b) shows the As dopant
anisotropic profile created by
EDX (Energy Dispersive X- ray
Spectrometer), and it supports the
hypothesis of the root cause of the
failure. This type of detailed anal-
ysis cannot be performed using
only conventional observations of
the cross-sectional TEM. It shows
that the combination of the
B1500A and a nanoprober is a
more powerful solution than con-
ventional failure analysis tech-
niques alone.



Customizing Application Tests for SRAM Failure Analysis

The Agilent B1500A Semiconduc-
tor Device Analyzer with EasyEX-
PERT software comes standard
with more than 150 application
tests. These furnished application
tests support the vast majority of
basic I-V measurement needs
Moreover, using the built-in GUI-
based application test develop-
ment environment, it is easy to
modify the supplied application
tests, create new application tests,
and string together sequences of
application tests (including sup-
port for conditional branching).

The data in Figure 2 shows the re-
sult of Id-Vd measurement. As an
I-V measurement used to evaluate
the MOS transistor in the SRAM,
the Id-Vd measurement or 1d-Vg
measurement is generally per-
formed.

Therefore, in this application
note, for the SRAM failure analy-

Yes

IDVD=0N IDVD=0N

IDVG=0N

IDVD=0FF &
IDVG=0FF
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sis, the example of an application
test for which either the Id-Vd
measurement or Id-Vg measure-
ment can be selected is intro-
duced.

As previously described, once a
failing SRAM cell is identified it is
necessary to determine which of
the six transistors in the cell is
bad. One method to do this is by
electrical characterization of each
transistor in the cell, and this can
be done using a nanoprober. It is
also very important to be able to
measure a transistor in both di-
rections (reversing the source and
drain) to compare actual device
performance with simulated de-
vice performance, as this can give
important insight into processing
issues.

There are several ways to achieve
the above described measure-
ment. One option is to create two

separate sets of application tests
with source and drain reversed,
and then to perform both sets of
tests for each transistor. The
drawback of this approach is the
time wasted taking unnecessary
measurements. A second option is
to first perform standard transis-
tor measurements on each tran-
sistor, and then to measure the
suspect transistor a second time
with tests where the source and
drain are reversed. The problem
with this approach is that, if per-
formed manually, it can take so
much time that you may lose elec-
trical contact before you can fin-
ish the testing. A third option
(similar to option 2) is to first per-
form standard transistor mea-
surements on each transistor, and
then to manually switch the con-
nections on the suspect transistor
and repeat the tests. While this
eliminates the need to create a
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Fig. 5 Flowchart of application test for SRAM failure analysis



second set of tests, it takes even
longer to perform this manual
switching than it does to switch to
a second set of tests as in the sec-
ond case. Using EasyEXPERT

software on the B15004, it is easy
to change the source and drain
SMU assignments on the fly. This
means thatitis easy to reverse the
assignment of the source and

Sample SRAM Failure Analysis Test Flow

Figure 5 shows the flowchart for
the sample application test for
SRAM failure analysis. An over-
view of the program is as follows:

1. Select desired measurement
tests (either Id-Vd or Id-Vg
measurement, or both)

2. Set up the integration time

3. Set up X axis of the graph
screen

4. Assign SMUs to the source and
drain (set up the channel)

5. Perform the measurement (Id-
Vd measurement or Id-Vg mea-
surement)

6. After checking the measure-
ment result, select the next
step in the message box.

6.2 Measure after switching
the source and the drain
(Repeat the above 4 and 5)

6.b End

Note: If both Id-Vd and Id-Vg mea-
surements are selected in
step 1 above, then after the
1d-Vd measurement steps 2
through 6 are repeated for
the Id-Vg measurement.
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drain for the transistor identified
as abnormal, thereby making the
desired measurements in the min-
imum amount of time.

The main window for the applica-
tion test definition and the Ex-
tended Setup screen are shown in
Figure 6. The main window en-
ables the selection of measure-
ment items, the setup of the
channel for each terminal of the
transistor, and the setup of the
measurement condition. The mea-
surement is possible only by set-
ting these parameters in the
EasyEXPERT main window. The
example of the measurement re-
sult of this application test is
shown in Figure 7.
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Measurement data is stored auto-
matically as a test record in the
list area of Results. In the default
condition, the list area of Result
shows only the name of the appli-
cation test that was last shown by
the Data Display.

To show all of the executed appli-
cation tests, select the "Results >
Filter > Expand Application Test
Results" option from the drop-
down menu. All of the measure-
ment data will then be shown in
the list area as shown in Figure 8.

Summary

Many failure mechanisms (such as
dopant abnormalities) are diffi-
cult to detect using conventional
failure analysis methods. Howev-
er, by combining the Agilent
B1500A with a nanoprober, it is
possible to probe individual tran-
sistors within an integrated cir-
cuit just as easily as it is to
measure devices in a conventional
TEG. The ability of the B1500A’s
EasyEXPERT software to swap
SMU pin assignments on the fly,
coupled with EasyEXPERT’s pow-
erful application test sequencing
capabilities, permit the automated
evaluation of suspect transistors
in both the forward and reverse
directions quickly and efficiently.
The ability to perform this electri-
cal testing extremely fast is very
important when using a nano-
prober, since there is a very small
time window during which to
make the measurements before
electrical contact is lost. This ap-
plication note outlines this pro-
cess using the debug of an SRAM
cell as an example.

The definition file of the applica-
tion test for the SRAM failure
analysis introduced in this appli-
cation note can be downloaded
from the Agilent B1500A web site
(http://www.agilent.com/see/
B1500A).
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Additional Information

For more information about Agilent Technol-
ogies parametric test products, please visit:
www.agilent.com/see/parametric

Contact Information
Americas
Brazil (11) 4197-3600
Canada (French) 1 877 894-4414
Canada (English) 1 800 447-8378
Mexico 33 134-5841
United States 1 800 447-8378
Asia/Asia Pacific
Australia 1 800 629-485
China 1 800 276-3059
Hong Kong 852 2599 7889
India 91/11 690-6156
Japan 0120 421-345
Malaysia 1 800 880-780
New Zealand 0 800 738 378
Philippines 1 800 1651-0135
Singapore 1 800 276-3059
South Korea 080 778-0011
Taiwan 0 800 047-662
Thailand 1 800 2758-5822
Europe
Austria (01) 25 125-7183
Belgium (0) 2 404-9380
Denmark 080301040
Finland 20 547-9999
France (0) 825010710
Germany (0) 18 05 24-63 34
Greece 20 547-9999
Ireland 016158393
Italy 02 92 60 8333
Luxembourg (0) 2 404-9340
Netherlands (0) 20 547-9999
Poland 20 547-9999
Russia 20 547-9999
Spain 91 631 3383
Sweden 020 120-9975
Switzerland (ltalian) (0) 2 92 60 8484
Switzerland (German) (0) 1 735-9300
Switzerland (French) (0) 825 010 700
United Kingdom (0) 7004 222-222
Middle East
Israel 20 547-9999
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