ZYVEX APPLICATION NOTE 9724

Force Measurement in an SEM Using the
Zyvex Force Characterization Package

By Kanzan “KZ” Inoue, Applications & Development Scientist

and Adam Hartman, Production Mechanical Engineer

Introduction

The Zyvex Force Characterization Package (FCP)
provides a simple, plug-in upgrade to any Zyvex
Nanomanipulator, allowing nano-scale force
measurement capability.

By integrating a piezoresistive cantilever with 5
nanometer resolution positioners, and high precision
electrical measuring hardware and software, the Zyvex
FCP provides researchers with a unique and powerful
tool to investigate the forces ranging from nanonewtons
to millinewtons on nano and micro structures.

Figure 1. Drawing of the FCP End-Effector Assembly.

System Requirements

The FCP uses the following components to allow users to
manipulate nanostructures and measure applied forces.

¢ Piezoresistive cantilevers.

» Zyvex FCP End-Effector Assembly, Part No. T10-C-
2250-01.

e Zyvex Nanomanipulator, including the S100, sProber,
dProber, and nProber product lines.

* High resolution scanning electron microscope (systems
equipped with a turbo-molecular pump, TMP, are
preferred).

» High precision voltage supply and characterization
system, such as the Keithley Instruments 4200
Semiconductor Characterization System equipped with
at least 4 Medium Power SMUs w/ Pre-Amps.
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Figure 2. Close-up image of a piezoresistive cantilever.

Installing a Force Sensor Assembly

By integrating a commercially available piezoresistive
cantilever assembly, the Zyvex FCP allows great
flexibility in choosing the right force sensor for the
desired measurement range. Custom cantilever
dimensions and spring constants are also available,
subject to pricing, availability, and lead time. The
design of the FCP end-effector allows quick and easy
exchange of force sensors without the need to mount,
bond, or wirebond delicate cantilevers. When a new
spring constant is desired, or when a cantilever is
damaged, the old sensor assembly can be quickly
unplugged from the End-Effector and a new one put in
its place.

The steps to follow in order to install a force sensor
assembly into the FCP end-effector are given below,
with pictures of the procedure included after each step.
Be sure to always wear clean, powder free, latex or
nitrile gloves and to use clean, sturdy tweezers when
handling any parts that will go into the SEM chamber.
Placing a piece of clean, uncoated aluminum foil on a
flat surface is recommended as a working surface.

1. Remove the FCP End-Effector Assembly from the
Nanomanipulator fine positioner.

The fine positioners are delicate and may be damaged
by the forces involved in installing force sensors.

Remove the End-Effector using tweezers by placing the
tips in the round channel at the back of the Assembly
and pulling straight out, along the central axis of the
fine positioner tube, while simultaneously holding the
back of the positioner with the fingertips of your free
hand.

Warning: Avoid rocking or twisting the End-Effector,
as this may damage the fine positioner.

Set the End-Effector Assembly on a clean surface,
taking care not to damage the cantilever of any
previously installed force sensor.

FCP End-
Effector

Fine
Positioner

Step 1. Pull the FCP End-Effector Assembly straight out of
the fine positioner.

2. If the End-Effector Assembly already has a force
sensor assembly installed, it must be carefully removed
in order to install a new sensor assembly. If no sensor is
installed, skip to step 3.

Hold the End-Effector assembly with the fingertips of
one hand and a clean pair of tweezers in the other hand.
Approach the tips of the tweezers slowly toward the
side of the force sensor ceramic printed circuit board
(PCB), near the 45° cut corner and the mounted silicon
chip.

Step 2. Carefully remove the old force sensor.

Warning: Take caution to not touch the silicon chip or
the wirebond wires with the tweezers.

Firmly grasp the ceramic PCB with the tweezers and
pull the force sensor assembly straight out from the
End-Effector Assembly.
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Carefully place the old sensor assembly on the adhesive
strip inside the force sensor storage case, making sure
to touch the back of the ceramic PCB to the adhesive
before gently laying the rest of the PCB surface down
flat.

Set the End-Effector Assembly on a clean surface.

3. Check that the alignment notch on the End-Effector
Assembly aluminum bracket is aligned with the top
hole in the round End-Effector Plug.

If the alignment notch is not aligned with the top hole
of the plug, grasp the back of the plug firmly with the
fingertips of one hand and the aluminum bracket in the
fingertips of the other hand.

Twist the two parts until they are aligned.

Step 4. Move the tweezers to hold the PCB near the front.

Alignment
Notch

5. Pick up the End-Effector Assembly with the
fingertips of your free hand so that the slot faces
outward.

Gently insert the back end of the sensor PCB into the
center of the slot. There should be a slight feeling of
force as the spring fingers inside the slot are forced
open by the ceramic PCB.

Warning: Take caution not to touch the bonded silicon
chip or wirebond wires, as this may damage the force
sensor. The PCB may twist slightly during insertion,
and this is not a problem.

Step 3. Twist the plug and End-Effector assembly to align
with notch.

4. Carefully remove a force sensor assembly from the
adhesive strip in the storage case.

Approach the tips of the tweezers slowly toward the
side of the force sensor ceramic PCB, near the 45° cut
corner and the mounted silicon chip.

Warning: Take caution to not touch the silicon chip or
the wirebond wires with the tweezers. The tweezers
should be pointing perpendicular to the long axis of the

force sensor assembly. Step 5. Slowly insert the PCB into the End-Effector
Assembly slot.
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6. Change the position of the tweezer tips so that the
tweezers are perpendicular to the ceramic PCB and the
sides of the tips are pressed against the 45° cut corners.

Pressing against the corners, continue sliding the PCB
all the way into the slot until it stops moving.

The PCB may appear slightly tilted forward or
backward once inserted. This is not a problem.

Warning: Do not attempt to tilt the PCB in the slot, as
this may damage the force sensor or the End-Effector
spring contacts.

Step 6. Use the tweezer tips to push the ceramic PCB all the
way into the slot.

7. Using the tweezers, carefully adjust the position of
the sensor PCB in the slot to ensure that it is centered,
side-to-side, in the opening.

Warning: Avoid contacting the bonded silicon chip or
wirebond wires.

Step 7. Carefully adjust the position of the sensor to be
centered in the slot.

8. Install any samples in the Nanomanipulator, making
sure to secure the sample stub with the available set
screw.

After installing the sample, the FCP can be installed. It
is best to install the FCP on a positioner that is aligned
with the tilt axis of the SEM stage, to allow any slight
misalignment of the sensor assembly to be corrected
through stage tilt.

Hold the back of the desired fine positioner with the
finger tips of one hand and grip the back of the End-
Effector Assembly with tweezers in the other hand.

Carefully insert the pins at the back of the End-Effector
Assembly straight into the sockets at the front of the
fine positioner. Make sure that all five pins are lined up
with the sockets in the positioner.

Warning: Use caution to avoid damaging the fragile
cantilever on the front of the sensor, and do not use
excessive force when inserting the pins into the
positioner.
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Generic 4-Positioner
Nanomanipulator

- Best
SEM Tilt Positioners for
Axis FCP

Step 8a. Install the FCP on a positioner aligned with the
SEM stage tilt axis.

Once the End-Effector Assembly has been installed,
move all positioners into the desired locations by gently
holding the back of a positioner with the fingertips and
adjusting its X, Y, and Z position.

Warning: Use caution to avoid crashing the sensor
cantilever or the End-Effector Assembly into the
sample, other probes, or other positioners, as this may
damage the sensor or positioners.

Before closing the SEM chamber door, make sure that
all positioners are low enough to clear the bottom of the
column and any other SEM detectors or equipment.

Pump down the SEM as normal, running an Anti-
Contamination Unit script if necessary.

Step 8b. Gently insert the pins of the End-Effector
Assembly into the fine positioner.

ZYVEX INSTRUMENTS. CONFIDENTIAL. Force Characterization Package | Page 5



ZYVEX APPLICATION NOTE 9724

After the system has reached working pressure, turn
he beam and locate the sensor cantilever in the SEM

ge.

bck to see that the cantilever is exactly perpendicular
e beam axis, by making sure that only the edge of
sensor is visible. If any misalignment is seen,

pfully tilt the SEM stage and re-check the SEM

ge until only the edge of the sensor can be observed.

RNING: Be careful when tilting the stage to ensure
nothing damages the SEM column.

Before Stage Tilt

Mag= 188K X 30pm EHT = 2,00 b Sigral A = SE2 Date 5 Feb 2008
= T

e WD Photo hlo.=9484  Time 116:52

After Stage Tilt

Step 9. Adjust the location of each positioner to place the
FCP sensor and probes near the sample.

Mag= 188KX 20um EHT= 200KV Signal A = SE2 Date 5 Feb 2008
4 wD= 7mm Photo Mo, =9496  Time :16:55

Step 10. Tilt the SEM stage to correct any sensor
misalignment.
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Electrical Connections for the FCP

The Zyvex FCP uses a piezoresistive force sensor with
an integrated Wheatstone bridge to convert mechanical
forces on the sensor tip into a change in bridge
resistance.

Figure 3. Schematic of the Wheatstone bridge built-into
the force sensor.

A method to supply and measure small voltages and
currents, such as a Keithley Instruments 4200
Semiconductor Characterization System (Keithley
4200), is required to apply the voltage to the bridge and
measure its output.

In this example, 4 Keithley Source Measurement Units
(SMUs) are connected to the channels of one
positioner. Once installed on a chosen positioner, the
channels 1, 3, 4, and 5 for that positioner (on the front
panel of the rack) need to be connected to the back of
the Keithley 4200 as shown below. Connect the outputs
at the back of each SMU to the front panel connections
for the chosen positioner on the Zyvex equipment rack
as indicated in Table 1.

UOUT

Note: If your Keithley 4200 unit has only 2 SMUs, you
may use another external voltage source-measure unit
(ex. Keithley 2410). If the external unit has 2 channels
capable of supplying 2 different voltages
simultaneously, one channel should be set at 1.75V and
the other at -1.75V. The unit common must then be
connected to the 4200’s common line. If the external
unit has only 1 channel, then the voltage should be set
to 3.5V, with the common similarly connected to the
4200’s common. Finally, in the case of a differential
external voltage unit such as the Keithley 2410, its
“High” terminal should be set at 3.5V and the “Low”
terminal must be connected to the 4200’s common (see
the Figure 4 on page 7). Notice that this external
voltage unit does not have a common connection.
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- "High" side output

- “Low" side output
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Figure 4. Keithley 2410 Voltage Source Meter.

Figure 5. Electrical connections on the front panel for FCP measurements.
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SMU # (Back) Front Panel Name
Channel

1 1 Vinl

2 3 Vout 1

3 4 Vin?2

4 5 V out 2

Table 1. Electrical connections for the FCP.

For the case of a set-up made up of 2 Keithley 4200
SMUs plus an external voltage unit, the following
connection configuration must be used.

SMU # (Back) Front Panel Name
Channel
1 1 Vin 1
2 3 V out 2
External Unit 4 Vin 1
“High” or +V
Terminal
External Unit 5 Vin?2
“Low” or =V or
Common
Terminal

Table 2. Electrical connections for the FCP.

Note that V in 1 should be connected to the 2410’s
“High” output line, and V in 2 needs to be connected to
the 4200’s common, hence, it also connects to the
2410’s “Low” output connection.

Force Measurements with the FCP

When using the Keithley 4200, the FCP is equipped
with DC Measurements software that automates sensor
calibration and force measuring. Measurements are
performed in real-time to allow the user to apply
varying mechanical loads to the sample as they watch
the SEM video, and are collected as both a graph and as
raw data, allowing further data analysis in any software
package desired. All of the software and hardware
settings used for the test are also included in the data
files, for comparing different tests to each other.
Instructions for setting and using the FCP software are
given below.

Software Configuration

Before force measurements can be made, it is necessary
to properly configure the Zyvex Nanomanipulator
software for force measurement. If you do not have the
DC Measurement Package from Zyvex then refer to the
other vendor’s documentation. The steps for
configuration are given below:

1. Make sure that all electrical connections are made
and that a force sensor is correctly installed in the
Nanomanipulator.

Ensure that the Keithley 4200 is turned on and that the
Keithley External Control Interface (KXCI) has
automatically started.

Also make sure that the Nanomanipulator software is
running and the DC Measurement window is active.
The DC Measurement window can be activated by
clicking Tools, then selecting DC Measurement in the
drop down menu of the Nanomanipulator software.
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2. In the DC Measurement window, a list of
measurement sequences is shown. Near the top of the
list is a sequence called Force Sensor.

This sequence contains the tests which will perform
calibration and measurement.

Double click the sequence Force Sensor and verify that
the sequence is configured as shown in Table 3:

Channel Configuration Name
1 Med. Power SMU w/ preamp Vin 1
2 Med. Power SMU w/ preamp Vout 1
3 Med. Power SMU w/ preamp Vin2
4 Med. Power SMU w/ preamp Vout?2

Table 3. Configurations for the Force Sensor sequence.

For the case of a set-up made up of 2 Keithley 4200
SMUs plus an external voltage unit, a special DC
Measurement sequence has been included near the top
of the list in the DC Measurement window, and is
called “Force Sensor (2 SMUs + external V source)”.
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Figure 6. Double click to configure the Force Sensor
sequence.

This test sequence works in the same as the case of 4
SMU set-up, except with the added requirement of
manually triggering the external voltage source. For this
sequence, the operator manually starts the external
voltage sourcing prior to performing the measurements.
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Initial Sensor Calibration

After configuring software, initial sensor calibration is
needed. The FCP software automatically calibrates at
the beginning of each measurement using input
parameters determined during initial calibration. The
purpose of this calibration is to find a correlation
between the output voltage of the Wheatstone bridge
and the physical deflection of the sensor cantilever, in
the form of

x=f (Vout)

[Ta]

where “x” is the displacement and f(V ) is some
function of output voltage. Once the displacement is
characterized, it can be combined with the cantilever’s
given spring constant to yield force, as given in the
equation

F=k-x

where “F” is the measured force and “k” is the
mechanical spring constant of the cantilever.

This initial sensor calibration is performed by using a
probe installed in a Nanomanipulator fine positioner to
deflect the cantilever by a known distance, in even
steps, and measuring the bridge output voltages. The
SEM measurement tool is used to measure
displacement steps and the Keithley 4200 records
output voltages.

The direction of sensor calibration is important, and
depends on the expected deflections to be measured
during the desired experiment. For example, if the
sample to be measured is a thin and wire-like shape, a
tensile (pulling) experiment may be desired. The
direction of deflection caused by a tensile test should be
the same as the direction in which initial sensor
calibration was performed. It may be necessary to push
on the backside of the cantilever to calibrate in the
proper direction. Deflection in this way will yield
effectively the same results as pulling from the front of
the cantilever.
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Figure 7 shows a method for deflecting the cantilever
for initial sensor calibration. Cantilever displacement is
strictly measured as the deflection of the cantilever tip
before and after applying a force with the probe. In this

way, any probe bending does not affect calibration data.

If a compression (pushing) experiment is desired, it is
oppositely necessarily to push the cantilever from the
front side of the lever. However, do not push on the tip
of the sharp cantilever tip, which may cause to damage
the tip. The tip is so sharp that a single walled carbon
nanotube can be mounted; on the other hand, it is not
designed to handle a great force as exerted during the
calibration.

Probe

Force I-D
applied

-

Cantilever
displacement

Figure 7. Example of initial sensor calibration.

The measurement used for the initial calibration is
structured as a voltage versus time test (V vs T). While
watching a live image on the SEM, the user presses on
the cantilever with the probe tip until the cantilever has
deflected a known distance as measured with the SEM
measurement tool. The probe motion is stopped and
several data points are collected at the given
displacement.

The following plot shows an example wherein a total
displacement of 30 microns was broken into 6
individual 5 micron steps. The cantilever in this
example had a k value of 142 N/m. The actual
calibration size may depend on the k value as well as
the dimensions of the cantilever, but it also depends on
the deflection range you desire for your experiments.

Wheatstone
bridge
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Figure 8. Voltage versus Time test.
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Figure 9. Graph of an initial calibration test.
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After successfully obtaining an initial calibration test Take note of the “Delta Vout” for each displacement
with flat, well defined voltage steps for each step, as shown below. These values must be recorded
displacement, click “List” (shown above) to access the manually, and are based on the user’s best judgment of
raw data. the stable voltage value for the given displacement.
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Figure 10. Raw data of an initial calibration test.

After the data has been recorded, external software may Note that you make sure and plot the displacement

be used to plot the Displacement values versus the values vs the delta voltage, but not the other way

“Delta Vout” values. around because we would like to obtain the calibration
coefficients for the displace as a function of output
voltage.

—u—Displacement vs 4%
20 v i 3
—— 27 Order Paolynomial Fit
25 —
g 20 -
=
a—
=
o 15
=
8 Folynomial Regression for Datad_pull:
s W= AXAZ+ BN+
o 10
L)
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T S A e it
A -3 3027ZET 4.31207E6
B 492094 9239 S553832.08737
o C -17828.53032 12417506
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Delta YWout (V)

Figure 11. Graph of the data relating Displacement to Delta Vout.
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In addition, a 2" order polynomial fit should be added to determine coefficients to be entered for subsequent
measurements. The equation found in this example is

x(AV,, )=-3.30-10"AV,,* + 4.92-10°AV,, —1.79-10°

Furthermore, to maximize the accuracy of the We are only interested in the shape of the polynomial
measurements, the force measurement test is designed curve; hence, we subtract the “Delta Voltage” value at
to measure the delta voltage offset at the beginning of zero displacement (0.00629V) from every “Delta
each test and feed the value back to the equation as a Voltage” that was obtained in the initial calibration
preset value (zero value). earlier and re-plot the values once again.
Delta¥ettage(<jDisplacement DeltaVoltage[X] Bisplacement[r]

1 (_ o.00629] ) 1 C o ) 0

2 . 5 | 2 s o il 5

3 0.00643 10 3 1.35E-4 10

4 0.0065 15 4 Z2.09E-4 15

5 0.00659 20 5 3.07E-4 20

6 0.00669 25 B 3.93F-4 25

Fi 0.006738 30 7 4.97E-4 30
Figure 12. Removing the beginning offset value from the data.
Therefore, the new and final expression will have a that the force measurements software (F vs T normal)
polynomial expression to match the shapes of the takes roughly a quarter of a minute to start taking
curves, while the resetting the off-set value is left to the measurements because of this automated calibration,
software’s auto-calibration for each measurement. Note and this is normal.

s —n—[isplacement vs AW
—— 2™ Order Polynomial Fit
25 —
‘= 207
=
L —
=
o 15 4
% | Ad_lLISth off-set Folynomial R egression for D atad_pull:
5 = AXAZ + BTE 4L
a0,
W
5 Farameter “Walue Error
57 A -3.3027ZET 4.3 207EG
B 7E6480.09116 21906679
2 c 0206867 0.21816

I T T T T T I
0.0000 0.0001 0.0002 0.0003 0.0004 0.0005
Delta %Wout (W)

Figure 13. Graph of the data relating Displacement to Delta Vout with
offset correction.
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Hence, the new correlation is

X =-3.30-10'V* +7.65-10" -V

Also, notice that there is no constant coefficient is

the “Force Measurement” data sheet along with the

included in this final expression. This is because of the spring constant (k) of the cantilever. The next several
auto-zero function of the software which again reset the screen-shots expressively show how to get to the value
initial offset of the output voltage. Once the correlation input page.

coefficients are found, their values should be entered in

 DC Measurements [KI4200 V7.0]

Sequences

= []Force Sensor
[O¥wsT

. F VE T [ﬂ

armnal]
0

# [_] Probe Cleaning Suite

&[] Probe Cross Cleaning Suite
® [] Standard IC Probing Suite N
[# [] Standard IC Probing Suite P
# []Zuvex Testing

Oo0s+vvRDOBEA=®E&

Edit DC Measurement Test: F vs T (normal)

”Dascriptlnn:

x)

Surmary

% n 1: Fixed, Ch 1, Voltage, 1.75 ¥, 2 Volt

Y out 1; Fixed, Ch 2, Current, 0 nA, 10 milismg
Yin2: Fixed, Ch 3, Voltage, -1 75 V, 2 Yol

Y out 2 Fixed, Ch4, Current, 0 na, 10 milidmg

Test Run Logging: Disakled

D eseriptior:
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It Furiction Dperation Summary Ei"‘"‘d ———
Vin Fied Ch 1, Voltage, 1.... e RS Close
W oout 1 Fined Ch 2. Current, 0 .. StepSlave
Vin2 Fixed Ch 3, Voltage, 1., ListSwespSlave
W out 2 Fired Ch 4, Current, 0 ... Stephdaster
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ListS weeph aster
Unasigned
Remove Edit
Cancel 0k,

Figure 14. Navigating to the data sheet to enter coefficients.
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Edit DC Measurement Test: F vs T [normal)

Drescription; | |

m m Data Dizplay |M|
2 Aais: | Time A | Parameters
1 Ais: |.f-‘-.|:|p|ied Forze [uM] V| Parameters
W2 Buie | Cantilever Dizplacen | Parameters

Goasoren)

S

Cancel ak

Figure 15. Navigating to the data sheet to enter coefficients.

ZYVEX INSTRUMENTS. CONFIDENTIAL. Force Characterization Package | Page 17



ZYVEX APPLICATION NOTE 9724

™ Data Sheet: F vs T (normal) (With Sample Data)

Cantilever

¥Youtl ¥out 1 ¥ out 2 ¥ out 2 Delta Yout Average B splareme Applied - .
Current Yoltage Current Yoltage (¥} Offset ¥Yout t (um Force (uN} N (o]
[F1 [G] [H] [11 1 [x1
1 -7.758044E-0 i-1,704322  1-1,038936E-0 i-1,705769  {0,000552999999999504 /
2 -3,261745E-0 :-1,704349 -1,089373E-0:-1, 703737 0.00056199999999991 Spring constant (k) = 142 (N,l'm)\
3 -3,261738E-0 i-1,704347 -1,094417E-0 i -1, 703753 D.DDDSﬁ‘}UUDDDDDDUEﬁQ Correlation cosficient: A= -3.30e7 )
4 -5.5639559E-0 i-1,70436 -1.089374E-0 : -1, 703806 D.DDDSS‘}DDDDDDDUDI* Correlation coeficient: B= 7.65ed /
5 -5,563963E-0 i -1, 704375 -1,124683E-0:-1,703807 0,000567 999999999302 (Displacement = AY-~2 + BY + ) /
b -5.866175E-0 :-1,704369 -1.139514E-0:-1.703511 0,000558000000000055 -~
7 -9, 165404E-0 -1, 704374 i-1.180164E-0 (-1.703791 0000553 9,63333333...|0.74905505 ... oot 1
8 -3.66470ZE-0 -1.704364  i-1.12468E-07 i-1. 703798  {0.00056600.. 9. 16666666 .. (0. 69547708 .. IP45E3397 34
g -8, 110624E-0 -1.704369  i-1,094417E-0(-1.7033 0.00056900 .. | 1.28333333 .. 0,97631505 .. | MENEAE741533021
10 -3.412859E-0 -1.704364  i-1.119838E-0:-1.703802  (0.00056199 . 5.83333333 .. 0.44512708 .. (50455337405
11 -3,966927E-0 i-1,704361 -1, 149902E-0 : -1, 703796 000056499 15,49999999  0,41975174 \6047434999142
12 -5.866191E-0:-1,704352 -1,1095%E-07 :-1,703301 0,00055100. .- = A3267149955415
13 -8.966933E-0 i-1,704365 -1,109551E-0i-1,703802 0,00056100.. - J05575416592339
< >
Cancel ‘ ak.
Delta ¥Yout Average [l;_an::llever Applied
v Offset Yout =~ -P'dCEME - -
nt {um} [N] [o]
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Figure 16. Enter the coefficients here.
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ZYVEX APPLICATION NOTE 9724

Taking a Force Measurement

To take force measurements, F vs T programs may be
used. There are three types of programs are provided to
choose from. For most measurements, “F vs T
(normal)” may be used, while in case of needing fast

response thus also higher noise level, the “F vs T (fast)”
can be used. Oppositely, when slow steady-state
measurements are required, the “F vs T (slow)” may be
chosen.

[~ Sequences [ Summary

DRs+vRBD00BRA=HEA

=[] Foree Sensor
| JFweT [fast)
[IF % T [nomal)
L] FvaT [show
&[] Probe =M=afng Suite

&[] Probe Cross Cleaning Suite
# [ ] Standard IC Probing Suite M
&[] Standard IC Probing Suite P

Mame: Force Sensar
Dezcription:
File: c\Zywexibbi3 DeuperDCMForce Sensor.dos

Logging Mode: TilmeStamp
Results File: cdocuments and
zettingsprober\desktopifop_test 3-21-08Force Sensor

Function: % in 1, Channel: 1
Function: % out 1, Channel: 2
Function; % in 2, Channel. 3
Function: % out 2, Channel: 4

&[] Zyvex Testing

Cloze

Figure 17. Navigating to the data sheet to enter
coefficients.

The sample on which the experiment will be performed
should be mounted between a probe and the cantilever,
if a tensile experiment is desired. One way of attaching
a material to a desired surface is to use electron-beam
induced deposition (EBID). The intrinsic Wheatstone
bridge voltage-out needs to be measured. Ideally a
Wheatstone bridge is balanced, so that voltage-out is
zero when no force is applied. However, in reality,
these photo-lithographed Wheatstone bridges are not
balanced at exactly zero.

Hence, there is a slight built-in offset, which needs to
be determined and set as a preset initial value by the
Zyvex software. When the measurement test (F vs T) is
executed, this calibration process is automatically done.
The time lag in the plot is because of this process. The
probe, with attached sample, should be moved away
from the tip of the cantilever slowly until the slack of
the material disappears. This can be checked by
monitoring the voltage-out change from the preset
value, while pulling the material gradually.
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Slacked sarrple

e

T

probe

" l

v

Figure 18. Taking out the slack in a tensile test.

To measure the strain of the sample, it will also be difference between the probe displacement and the
necessary to measure the displacement of the probe tip cantilever displacement will be the overall strain of the
at the point where the sample is attached. The sample.
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