APPLICATION NOTE

SEM-Based Electrical Characterization of NMOS and PMOS Transistors on
7 nm Technology Node Chip

INTRODUCTION
Components of integrated circuits are constantly shrinking
in size. To keep up with this trend, IC design and electrical
failure analysis engineers rely on nanoprobing in scanning
electron microscope (SEM) to characterize the performance
of microchips.
Characterization of small technology nodes can be very
challenging. To probe the nodes smaller than 45 nm with
high-κ materials in the gate stack, one must operate SEM
under low acceleration voltage and short working distance.
It is also crucial to control the position of the probes very
precisely and to maintain the stability of the electrical contact
between the tips and the sample. Efficient measurements and
data collection can simplify the workflow and reduce the timeto-data.
In this application note, we show how Imina Technologies’
Nanoprobing Solution was used to characterize NMOS and
PMOS transistors of a 7 nm technology node chip.

EXPERIMENTAL SETUP

Figure 1. Four miBot™ nanoprobers around a semiconductor
sample to test. The platform is mounted on the SEM motorized
stage.

The following electrical probing setup is used and installed in
a Zeiss Gemini 300 SEM:
• Imina Technologies’ nanoprobing platform equipped with
Sample Positioning XYZ Sub-Stage and four miBots™
• Tungsten probes with tip curvature radius of 10 nm, the tip
bent at 40° for each miBot™.
• Semiconductor parameter analyzer (Keithley 4200A-SCS)
equipped with four 4210-SMU modules operated from Imina
Technologies Precisio™ software (Nanoprobing Workflow
edition 2022).

Sample Preparation and Characterization
First, the sample is delayered down to Metal 1 for independent
access to single transistors of the SRAM cells and is mounted
on a standard SEM stub. The stub is then placed on the
electrically active (can be grounded or biased) stub holder at
the center of the nanoprobing platform on an XYZ substage.
After pumping the SEM chamber, plasma cleaning is crucial
to remove hydrocarbon contamination.

Figure 2. View from the SEM chamber scope on the miBot™
nanoprobers above the sample with a 2.8 mm working
distance.

Then one can configure measurement test recipes from
Precisio™ software to remotely control the parameter
analyzer. Predefined test recipes for NMOS and PMOS
transistor characterization are also available. The parameters
such as the current compliance, current and voltage range,
and number of test points are chosen based on the expected
properties of the device under test (DUT) as shown in Fig 3.
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In this experiment, the acceleration voltage of the SEM is set
at 500 V and the working distance at 2.8 mm to resolve single
transistor contacts.
To efficiently find the location to probe at low magnification it
is very helpful to have some prior knowledge of the position of
the test area on each circuit and the orientation of the sample
in the SEM. To quickly find the test area, one can use the
substage to move the sample laterally without moving the
probers individually. When on the right spot, the probe tips
are sequentially lowered until they are in contact with each
transistor node. Here, the control pad is very convenient for
switching from one prober to another and for adjusting their
speed and step size. The quality of electrical contacts can
be checked by fast measurements using Precisio™ contact
test module. The probes position should be adjusted until the
measured curves become characteristic of the DUT. After this
step, the measurement sequence can be launched.

Figure 3. Configuration of electrical test recipes in Precisio™
software for the remotely controlled semiconductor parameter
analyzer

Measurements
In order to measure ID and IS, we implemented the following
measurement sequence:
• NMOS: Sweep VDS (ID=f(VDS)) in 0.025 V steps at different
values of VGS.
• PMOS: Sweep VDS (ID=f(VDS)) in 0.016 V steps at different
values of VGS.
• VGS steps of 0.25V.
• Current compliance 1mA.
All the measurements are run directly from Precisio™
software. The results are displayed immediately with a graph
and a table of values. Both are stored on the computer along
with the parameters of the test recipe for post-processing and
reporting.

Figure 4. Three nanoprobes in contact with the Drain, Source
and Gate of a 7 nm technology node NMOS transistor at
Metal 1.

Notations
ID – Drain current
VDS – Drain-Source voltage
VGS – Gate-Source voltage
IS – Source current
IG – Gate current

Figure 5. Three nanoprobes in contact with the Drain, Source
and Gate of a PMOS transistor at Metal 1 (7 nm technology
node).

Results and Discussion
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Plotted curves are consistent and smooth. The normalized
standard deviation of the difference between Drain and Source
current is smaller than 1% over the measured range. This low
value highlights the excellent stability of the contact resistance
during measurement. Noise and measurement resolution: on
NMOS transistor at VGS = 0V (transistor OFF), Drain current ID
< 10 pA at VDS = 0V and ID < 2 nA at VDS = 0.7V.
Thermal drift is inevitable on samples with small dimensions
and can disrupt electrical contact of the probe tips with the
transistor nodes. On the 7 nm sample, the probe tip that was
first landed kept electrical contact for 15 minutes. This amounts
to a drift of < 1 nm/min. Such low sensitivity to thermal drift
is achieved thanks to the short distance between the probe
tip and the robot body, and the fact that the sample and the
nanoprobers are mounted on the same support.

Conclusions
We have conducted nanoprobing experiments to characterize
NMOS and PMOS transistors of 7 nm semiconductor
technology nodes. The results demonstrate the capability of
Imina Technologies’ Nanoprobing Solutions to perform reliable
measurements on such small nodes. miBot™ nanoprobers’
compact design proves to be advantageous to maintain stable
electrical contacts over time.
The Nanoprobing Solutions from Imina Technologies include
two to eight miBot™ nanoprobers and are available as “stagemounted” or “load-lock” versions to adapt to nearly any SEM
chamber. The system’s shielded cabling allows transistor
characterizations, as well as EBIC and EBAC/RCI analysis
with excellent signal-to-noise ratio. The Sample Positioning
XYZ Sub-Stage helps to optimize the workflow on lateral
movements from one sample area to another without having
to move the probers one by one. The operator is assisted
at each step of the nanoprobing workflow: the nanoprobers
placement around the DUT, landing the probe tips in contact,
setting up test recipes, running measurements and storing
data.

Figure 6. 7 nm NMOS transistor characteristics. Drain
current ID vs Drain-Source voltage VDS sweep at different
values of Gate-Source Voltage VGS.

Figure 7. 7 nm PMOS transistor characteristics. Drain
current ID vs Drain-Source voltage VDS sweep at different
values of Gate-Source Voltage VGS.
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